1 DESCRIPTION BLOOD COMPONENT SEPARATION SYSTEM AND SEPARATION MATERIAL
TECHNICAL FIELD [0001] The present invention relates to a method for separating a red blood
cell-rich fraction, a white blood cell-rich fraction, and/or a platelet rich-fraction from a biological fluid 10
containing these blood cell components. The present invention also relates to a separation material
and a separation method that can selectively recover, ih particular, a mononuclear cell-rich fraction
containing a hematopoietic stem cell among white blood cells. 15 BACKGROUND ART [0002]

Recent rapid developments in hematology and scientific technology have allowed wide spread of a
treatment style that 20 enhances therapeutic eff8EtsahdFredttes side effects in which only a blood
fraction necessary for the treatment is separated from a biological fluid such as whole blood, bone

marrow, umbilicat gershblestlpena figsus extiactiand administerodioarpationt withous administering

unnecessary fractions. 25[0003] One example thereof is blood transfusion. Red blood cell
products are blood products used to treat lack of oxygen caused by hemorrhage, lack of red blood
cells, or hypofunction of red blood cells. BecatiseMiHiteBlodd élfls may induce an abnormal 30
immunoreaction and ajside effect such as graft versus host disease (GVHD), the white blood cells are

unnecessary for these products and should b}% moved ysing a filter. In so%;p% cases, not anéwhite
0

re

blood cells but also plateﬁlee’isparrgsrgr%byle%vf 4] 35Platere 'pr%%uact%%i%}el Piodd préd&&s tised Yo treat
2 patients with RehF6tthhgedFRemoirhagié ferfdereios AU fo-adkl el slesd coaglistioactattor. For
these products,ainhesessatyicetls pat comaperems piher thanplatelptsaresemoved hy:gentrifugation
and only desired plaielel compenaisarseaqered, (0Bl - Alsg.hemalopoiefic.stem,cel
transplants have recently become popular as treatment for leukemia or solid cancers. In the

transplants, celRreguirBdForH e freatMBREGATIEHIB RS, A FariifaRBRGMICBSEEEIR) have
been separatedtard adannisteted: i aeltitionstocbone, marrowzand perigherakblnodcuabiliealrcord

blood has attracted attentignas:.a source-af the:hematapaielic stem gells:hecause atits adyantages

such as small burden on donars and high proliferativé ability. Recent 15 studies have suggested that

menstrual bloo&]fé%gogi%ﬂci’rasfé%%éhs, and this suggestion indicates the possibility of using

menstrual blood, which has conventionally been discarded, as a valuable source of stem cells. [0006]

20In the case of bone marrow or peripheral blegd,xhite;Rlgod gells (in particular mononuclear cells)

should be separﬁtg(?ffd purified by removing unnecessary cells and administered. Also in the case of
ood, S

umbilical cord b nce umbilical cord blood banking for blood relatives has become popular and
umbilical Recent rapid developments in hematology and scientific

technology have allowed wide spread of a treatment style that
20  enhances therapeutic effects and reduces side effects in which
only a blood fraction necessary for the treatment is separated
from a biological fluid such as whole blecod, bone marrow,
umbiliczal cord blood, or a tissue extract and administered to
a patient without administering unnecessary fractions.
25 [0003)

One example thereof is blood transfusion. Red blood cell
products are blood products used to treat lack of oxygen caused
by hemorrhage, lack of red blood cells, or hypecfunction of red
blood cells. Because white blcod cells may induce an abnormal

30 immunoreaction and a side effect such as graft versus host
disease (GVHD), the white blood cells are unnecessary for these
products and should be removed using a filter. In some cases,
not only white blood cells but also platelets are removed.
[C0GC4]

35 Platelet products are blood products used to treat



25 cord blood then needs to be cryopreserved until used, white blood cells are separated and purified
in order to prevent red blood cell hemolysis that may occur during cryopreservation. [0007]

~ Centrifugation using a specific gravity solution 30 containing ficoll and centrifugation using
hydroxyethyl starch as a red blood cell sedimentation agent have been proposed as separation
methods, but have a problem of contamination of bactéria and other foreign matter because these
processes cannot be carried out in closed systems. Recent documents have 35 also reported cell
separation methods in which 1\{\[};“%6 blood Ig:ells 3 arﬁ recovegred usir%% aéilter materjal that IS'[apt11res
only white bloodTeli§and does'nd %36&1?8 F&dDlood cefid and :b?ate ets without Sélr?oﬁﬁi 5 cx
centrifugation (Patert Desurreatsil ahd®). Hewever, ré@ blébe eells spduysialetr canot pery
separated frorrb%r;a@h@H@Brwﬁb@mm@h@%&-@w%@&bn p@yﬂem&?gs sdli;‘igr@nt:a@w@%@?@wthods |
appropriate to respective target components ha een use cifically: separation filters are use
for red blood céf§£%b§%?aﬁ%%c%%tn {Jlgci{:it?(?rli i ége%lf%?%ia?e%%?%%%%cgé% %%rﬁtﬁﬁugé:t?on using a
specific grévity%%qiﬁw&da red blood cell sedimentation agent is used for white blood cell products.
Although red blpodaells, platelets, and white blood cells can all be theoretically recovered from a

single source sample of 13 blogd.hene manw, unbiicalsard blood, ot the Jke, the conentignal

separation methods let useful celis go to waste. This has created a démand for separation techniques

that enable red 568 CeNSARAITE Hicod TeAS MY pletlets I aRiy I8 Saifidd SaRfile ¥ Be sédarated
rapidly without peeformeamg 20 zoomlicatdd epesations: 0GR theThese tasbeetwandther densand for

further impyoving, in partigular the-purity. ol manonsdglearcell fraglion.coptaining hematopgigtic stem
cells among Whl'[$ hlood cells. 25 However, the current techniques still gllow hlg Gggn amjnation of

granular leukocy B W has credfed Aeetto FEdne thaYr Al TURG Aot to
lower levels thairiheldrrentievd Nt Paent Docarient 19 L([0en 0L 30Itdm e disu:beensuddested

that the use of adlighlyyisceds salutioncontainag gextanas assehitiondarecavering white blood
cells or mononucle%cells caCPtured on.a filtgr:.L ingrease§ the recovery g%gio Whiteﬁblood cells and

mononuclear cells 'aﬁeﬁp DocUment ﬁlq'hls etl?orcf hjbw%{r/gr, as a pro em tha 55 %ﬁ%h a dextran
solution is 30 visEBEs Bfab R IR 2DhisR it BERSTE Sringeé BYhasd2 Which #Ftuiihas<reated a
demand for sepasatien soldiaiisitBat epgbleasy eoavedngusigea sysrde and alse enablenwhite

blood cells or mananuelear qefls 4o be, ieeayered ata high recavery 1316, 21001 fateni Rocyment 1.
JP 2001-518792 T
a valuable source of stem cells.

100067

20 In the case of bone marrow or peripheral blood, whiteblocod
cells (inparticular mencnuclear cells) should be separated and
purified by removing unnecessary cells and administered. Also
in the case of umbilical cord bleood, since umbilical cord blood
banking for blood relatives has beccocme popular and umbilical

25 cord blood then needs to be cryopreserved until used, white
blood cells are separated and purified in order to prevent red
blood cell hemclysis that may occur during crycpreservation.
[0007]

Centrifugation using a specific gravity solution

30 containing ficoll and centrifugation using hydroxyethyl starch
2s a red blood cell sedimentation agent have been propcsed as
separation methods, but have a problem of contamination of.
bacteria and other foreign matter because these processes
cannot be carried out in closad systems. Recent documents have

35 alsoreportedcell separationmethods inwhichwhitebloocdcells



Patent Document 2: WO 98/32840 [0012] Non-Patent Document 1: TRANSFUSION, Vol. 45,
pp. 101899-1908, 2005 SUMMARY OF THE INVENTION [0013] An object of the present invention is

~ to provide a method 15 that can rapidly and easily separate a red blood cell-rich fraction, a white blood
cell-rich fraction, and/or a platelet-rich fraction from a biological fluid containing these blood cell
components without requiring centrifugation. A further dbject of the present invention is to provide a 20
separation material and a separation method that can recover, in particular, a mononuclear cell-rich
fraction with low contamination of %ranular\lfziggqétes, amon% whijte blood cells. [0014] The present

inventors have Thferfsiiaty Stutfied Yo 38hfe SSRGS that enableS BRobE T SSmBofehtsto be
separated fronPa bislogichl fusdidithos reqiiliaptemafugation, avdicheiabsheed diffistk te achieve,

and have foung, that aredblped wellich-fraetians aywhite hlogskeallrich Hagtienand/oL agptajelet-rich
fraction can beﬁgvpg\r%ted fro a bé%lﬁgciceaﬂ 0 ﬂHifQ tg <5lt%IIo s: the re% gjto%d cell-rich frac i%r% is
o} et’o

: [ . t -
obtained by capturing white blood ¢élls an Sla?te na %odscgl?gepara %r?ﬁ?aaféfﬁgleo a sBrencmc

type; and then #fWhite BidodPeelRET fraBdi 6btained by recovering the white blood cells
captured on the biopgl) cell separation material using a 35 separation solution. Thus, the present

inventors have 5 completed the presentdpyentign. 100131 . . [The present invention relates to a
method that can separate a t?ed l:%)bd cell-r%ch t#?gct%o% a v%hi%éj-%lood ceﬁ-r%c%@ét%nﬁ%%% ort%)

platelet-rich frat6h fFoht & hidiBgiR &I iaToRERAhg thesenio68 el 28fmomeffst by taing’a blood
cell separation seateriakthatisfable 4o saptuee wiite Hoad celts andplateletslandraltovesseparation

and recoygry 0&@%@&%9‘%&9%‘@9 fraction- Accardingly, the methed of the 1, present invention is

completely different froglft e conventional white blood cell cggture and recovery methods in which a

white blood celf Fahoval titar i isEd bP 8 makfiarthat Ib&ahtdl§ ahbis Platdiets 16 passe o
therethrough isgsed agdissiodad:indPatattDodwmetst I¥ ardw 15§0016jcd cdhe presént frventors

have also found thatinpartiewlas onaneauclearcellvichfractionwhigh: centains.a high level of
mononuclear ce § amon white bIoodﬁeIIs can be effciicigntcljynseparateq by usir}%a nonwaven fabric
<3 e rom a SOl

that has a specific density %ra%%llé: &slpeéffié Ef’i%fé?fafé%weter, As & pioocr el separa?io?lar%ag erial. 0017]
Specifically, th® pfesent IEntiBA Félates (e inethied forsepakatingblosd céll:eormhpsRentstfrom a
biological fluid, 2xwhichiibelddlese pa r £a)icaptueng whitelkleod selts andlatelets e akleed cell
separation matefial by i o]! ' I})I id with.the. blood cell,separatio teriagt ereby
providing a red bﬁggd ca;%rﬁg%%ﬁ%%?o%;é%%ggﬁb %ggvé tltrjfgg ]é)lv?/)ﬁllté: %fo%ra?c%e‘fl?ﬁc%%:aztctﬁ)% fkr)g'r% the

resulting bloodcefl SelRF&GT Materidittisity Rl&Ksrafion SoluibA. fpbigflets in a single

source sample to be separated rapidly without performing
20 complicated operations.
[000C2]

There has been another demand for further improving, in
particular, the purity of a mononuclear cell fracticn
containing hematopcietic stem cells among white blood cells.

25 However, the current technigues still allow high contamination
of granular leukocytes, which has created a need to reduce the
granular leukocyte contamination to lower levels than the
current levels (Non-Patent Document 1).

(00103

30 It has also been suggested that the use of a highly viscous
solution containing dextran as a solution for recovering white
plocd cells or mononuclear cells captured on a filter increases
the recovery rates of white blcood cells and mononuclear cells
(Patent Document Z). This method, however, has a problem that

35 such a dextran solution is so viscous that it is difficult to



6 fluid, and the contact of the biological fluid with the blood cell separation material is accomplished by
introducing the biological fluid from the inlet. [0019] SPreferably, in the step (a), after the contact of the
biological fluid with the blood cell separation material, remaining red blood cells are washed out of the
resulting blood cell separation material with a washing solution. [0020] 10Preferably, in the step (b),
the separation solution is introduced from the outlet fofthe biological fluid to separate and recover
white blood cells. [0021] Preferably, the separation solution includes 15 physiological saline, a buffer,
dextran, a culture medium, or an infusion, [0022] Preferab%, the biological fluid is blood, bone

marrow, umbiliBACbribIB8d, MendutikFBrRea, BY atilde S%irheh 20106241 Dapr&eradif héfore the
contact of the bleod tell Separationmatedal with tie biodogidad fluehimihe steys(a) rthedblead cell

separation matggakis preliminasily contasted withia solutiope 25100241 . ) 1 Breferably, fhe solution for

preliminarily con% ting, the blood cell separation material includes physiological saline or a buffer.
[0025] 30Prefefa ,Sthgcblggd Egl‘f’gé’ﬁ tioft materidfdcladés’a wioteh fabric. Preferably, the

nonwovensfabrictiféfuties a split fiber. [0026] Preferably, the nonwoven fabric includes a
polyester 35 fiber, a pobgarepylene fibekra-nylon jiber, qr pnacylicfiber. 7 Preferably, the polyester

fiber is a polyethylene E?,{%%@} a@te sza%% ora powgu%e/?ﬁztgg%phthalate fiber. Preferably, the
nonwoven fabric includes a ny on?i%er, a’‘polypropyleng fiber, or a polybutylene terephthalate fiber.

5[0027] Préfdtably, the nonwoven fabric has a density K of 2.0 x 104 to 1.9 x 105 and has a fiber
diameter of 1 um to 15§A-Patent Document 1: TRANSFUSION, Vol. 45, pp.

10 1898-1908, 2005

SUMMARY OF THE INVENTION
[0013]
An object of the present invention 1s to provide a method
15 that can rapidly and easily separate a red blood cell-rich
fraction, a white blood cell-zrich fraction, and/cr a
platelet-rich fraction fromabiclogical fluidcontaining these
blcod cell components without requiring centrifugation. A
further object of the present invention is to provide a
20 separation material and a separation method that can recover,
in particular, a mononuclear cell-rich fraction with low
contamination of granular leukocytes, among white blood cells.
rcC14]
- The present inventors have intensively studied tc achieve
25 amethod that enables blood cell components to be separated from
a biological fluid without requiring centrifugation, which has
been difficult to achieve, and have found that a red bloocd
celi-rich fraction, a white blood cell-rich fraction, and/or
a platelet-rich fraction can be separated from a bioclogical
30  fluid as follows: the red blood cell~rich fraction is obtained
by capturing white blood cells and platelet on a blood cell
separationmaterial of a specific type; and then the white blood
cell~rich fraction is obtained by recovering the white blocd
cells captured on the blood cell separation material using a

35 separation solution. Thus, the present inventors have



and the white blood cell-rich fraction is a mononuclear cell-rich fraction. 10[0028] Preferably, the
separation solution is a solution having a viscosity of from 1 mPa.s or higher to lower than 5 mPa.s.
[0029] Preferably, a platelet recovery rate of the white blood 15 cell-rich fraction or the mononuclear
cell-rich fraction is not more than a white blood cell recovery rate of the white blood cell-rich fraction or
the mononuclear cell-rich fraction. Preferably, a platel€et recovery rate of the white blood cell-rich
fraction or the mononuclear cell-rich fraction is not 20 more than a mononuclear cell recovery rate of
the white blood cell-rich fraction or the mononuclear cell-rich fraction. [0030] Preferably, a ratio of

a mononuclearTEReESRSy Ak B §RINuIaMEEKICEE recovery rate of the white blood 25 cell-rich
fraction or the moAanidclear cell-rich fraction is larger than 1.0. [0031] Preferably, the white blood

cell-rich fraction or the 1, menanuglear celiaich-fractipnincludes a hernatopejstic stem 30gell a

mesenchymal stem cell, or a 0034-positive jﬁ”'r[oOSZ The present invention also relates to a red

blood celi-rich fF&&tdh? RSWhTE BIGIE REIST f?a&%ﬁ,}gﬁgﬁlja?&étﬁ'igﬁ) HhEtion S¥pafated by the
above-deseribetr3® method 28400332 plEhe pedsent ivehtion further felatesitocd blooglicsill
separation matenal:which-ioghides @ Rarweven dakric that allgwys-separation of asmenonyciegycell-rich
fraction from ag b{(:_llo jecal flgigi\évgereigérrle non Y(;)r)i/%nifabrcj'rcbEas taod(%:nsité/uK gf 2}9i)§:%041t.%%dg x 105
and has a fiber diameferof 1 pmto 150m: f(ﬁ)%}]v e eraebly, theﬁﬁoodtcel‘fsepara%on Material
includes 10 a nyRhlibenNgd pphdprepiése fiber, df aPtlyiiRylane terephiiatatediber oU35E @ The

present inventiem furthen eelates:tora blosdl cel separatiorrdeyviceiinchiting the akove-deseribed blood

1115 ti ial ' ' . f1 d ' rial | ked
i contaer Havint i et e BB of & iglogheat T (0081 e T BreSent Hnton

ological fiuid. [00 . he present invention
further relates {8& b ot CEF268dparation Hevice WHicH feffgegretnods in which a white

blood cell removal filter is used or a material that
substantially allows platelets to pass therethrough is used as
disclosed in Patent Documents 1 and 2.

15 [0016]

The present inventors have alsc found that in particular
a mononuclear cell-rich fraction which contains a high level
of mononuclear cells among white blood cells canbe efficiently
separated by using a nonwoven fabric that has a specific density

20 and a specific fiber diameter, as a blood cell separation
material.
[0017]

Specifically, the present invention relates to a method

for separating blcod cell components from a biclogical fluid,
25 which includes:

{a) capturing white blcod cells and platelets on a blcod
cell separation material by contacting the biological fluid
with the blood cell separation material, thereby providing a
red blood cell~-rich fraction; and

30 (b} separating a white blood cell-rich fraction from the
resulting blood cell separation material using a separation
solution.

[0018]
Preferably, the blood cell separatiocn material is packed

35 in a container having an inlet and an outlet for the biclogical



the container packed with a laminate of layers of the blood cell separation material; a flow-path
opening and closing means located upstream of the inlet of the container; 25a white blood cell-rich
fraction recovery means connected to the flow-path opening and closing means; and a separation
~ solution introducing means located downstream of the outlet of the container. [0037] 30The present
invention further relates to a separation solution for recovering white blood cells captured on a blood
cell separation material or a nonwoven fabric, which has a viscosity of from 1 mPa.s or higher to lower
than 5 mPa.s. Preferably, the separation solution is free from dextran. 35[0038] 9 The method of
the present invéntibica? BEshP 8naTapRifF sepaidte &red fgéE eell-ricH Fractibhh abisit® biisd
cell-rich fractiorsahd/crem pladed étricim fraetidr frofrea dbiatagied! fhiick Sutly as mhotesblobdgbehe
marrow, umbilicgy cord blogd, - menstral blogd, oka tissue extract. The method of the present
invention enablimgl% lood cells, platelets, and white blood cells in a biological fluid to be separated
and recovered al g}n the conventional methods cannot separate and recover all these components,
and cannobrecover sonig of tresel In 10additens trepuderof the ohwovea fabric inctheqiTesémt

invention as a eed sell sgparatignanaterial providesamonanuyclearealkrich, fagtion. {0@39] The

method of the present invention provides a red blood 15 cell-rich fraction with remarkably. low
contamination of other blodd- ceecils.?sou%% 3‘#@0 ioh-can S(;ﬁu@séd) tor tcﬂgolc}ht?aﬁse u%%%lv{}i%{ggto gglng

subjected to an§recee3r The thethad ©Ff Hie preseht mveREeH prvides d iite blood cell-rich
fraction or a monongclear cell-rich fraction with remarkably low 20 contamination of red blood cells.

Such a fragfion will ha?%é%%"%ﬁ? d ipfluence %’3‘% ed;by ,regrpéo‘%geﬁdﬂ%gm&l}’%%P&E@eo!%k% gven if
it is cryopreserved until used. A filtet constituted container packed wit %he separation material of
the present inverftiorcht e dseditaf &éétp%i%‘blggédté}%t@ﬁﬂ? SPiieH mednsith& f8eAcA€an be
aseptically recovered-anch used to: anplibl cells thebein,. without being subjected to any processes.
[0040] The bloogo@ejllsjeparation material of the present 30 invention can be used as a filter for the

preparation of therapeutic cells for_regenerative medicine, such_as leukemia treatment, cardiac muscle

regeneration, and blood V&S #E8deterafisn. SARAHIDOY oIl SPEtiBh mARHEFsTthe present

inventionls als@ieyiusefgliasa fitel fordhe8%5 pieparatic® st celhsoarcesifon regenstative medicine

as well 10 as fartheprgparation of blood transfusion products because the use of the blood cell

separation mateg'adé)%ivides a white blood cell-rich fraction or a mononuclear cell-rich fraction that is
e

rich in hematopol em cells. Thus, the blood cell
Preferably, the biological fluid is bloocd, bone marrow,

umbilical cord bklced, menstrual klood, or a tissue extract.
20 [C023]

Preferably, before the contact of the blood cell
separation material with the biological fluid in the step (a),
the bloed cell separation material is preliminarily contacted
with a solution.

25 [0024]

Preferably, the sclution for preliminarily contacting
the blocd cell separation material includes physiological
saline or a buffer,

[0025]
30 Preferably, the blcod cell separation material includes
a nonwoven fabric. Preferably, the nonwoven fabric includes
a split fiber.
[0026]
Preferably, the nonwoven fabric includes a polyester

35 fiber, apolypropylene fiber, anylon fiber, or an acrylic fiber.



5 separation material makes it possible to prepare highly safe therapeutic cells that have fewer side
effects. BRIEF DESCRIPTION OF THE DRAWINGS [0041] 10Fig. 1 is a graph illustrating the
relationship between densities K and mononuclear cell recovery rates; Fig. 2 is a graph illustrating
~ the relationship between fiber diameters and mononuclear cell recovery rates; and Fig. 3 is a view
illustrating bne example of a blood cell 15 component Separation system including the blood cell
separation material of the present invention. BEST MODE FOR CARRYING OUT THE INVENTION
[0042] 20The following discussion provides a detailed description of the present invention and is not

intended to lim# Tre- SEG5E-8F the rRIEHERVEMIDALRDAS 2 P IMBHOH-BP Sdpar Ay Bivoa ¢l
components framlzehictogigab25 fiond: v1 e Thetmethoutios Separatingstood Eed Deongiohents from a

biological fluid ageardingorienresent inyeaton 'WM?SEiber(a)acgetu?r(iﬁgafggiﬁ?e%@i%@,and
platelets on a blood cell se arati\zn mat%rial b %%ntitct{r}eg the biological fluid 30 with the blood cell
separation mat8fial thet B%%Fé’ -girﬁa ated Blood ¢

eefi-rich rla%ﬁgﬁ; and (b) separating a white
blood cell-kich ft&étibnlfrom the resulting blood cell separation material using a separation solution.
35[%'044_1]h 11 Inthepmethacsefithe wﬁfeﬂaﬂﬁm, mep@d}}@_@p@é@tﬁq&mz&w rnlamkf)e
used without usin contajper qr ma acked ip.a container having nlet and an outlet for a
biological ﬂuid.>1209r625r1'?1%:‘i’|cgl'r_ea)éo?'ig,]1 tt%an att%ar‘?nzf‘nn%r in v%liéﬁl%cee geﬁgfpa%onmét%ri%ﬁspﬁlacked in
a container is ptéférrede THE BiGod e6iPSearhtion hidtedal 34y BE used®ifher PPRike ¥8fH of a flat
sheet cut to an@pplepriate sizesartinanrolled-up form to treat the biological fluid. In the case that the
blood celﬁepaﬁ%)ggrpaterial is packed in a 10 container having an inlet and an outlet fora biological
fluid, the biological fluid is introduced from the inlet so as to contact the blood cell separation material.

[0045] (a) Biological flufdFfeEdifrfPprocess® SFRRRIIrbE8sS tha hiGBgicaff§ia I8 ntrBU Gest-F8m the
inlet of the container packed withftherbiood cell separationimateriat.cAs awesult, hemtesbiobe cells and
platelets are 10029]
Preferably, a platelet recovery rate of the white blood
15 cell-rich fraction or the moncnuclear cell~rich fraction is not
more than a white blood cell recovery rate of the white blood
cell-rich fraction or the mononuclear cell-rich fraction.
Preferably, a platelet recovery rate cof the white blood
celli-rich fraction or the mononuclear cell-rich fraction is not
20 more than a mononuclear cell recovery rate of the white blood
cell-rich fraction or the mononuclear cell-rich fraction.
[0030]
Preferably, a ratic of a mononuclear cell reccvery rate
to a granular leukocyte recovery rate c¢f the white blood
25 cell-rich fraction or the mononuclear celli-rich fraction is
larger than 1.0.
[0031]
Preferably, the white blood cell-rich fraction or the
moncnuclear cell-rich fraction includes a hematopcietic stem
30 cell, a mesenchymal stem cell, or a CD34-positive cell.
(00323
The present invention also relates to a red blocod
cell-rich fraction, a white bloocd cell-rich fraction, or a
platelet-rich fraction separated by the above-described
35 method.



captured, and thereby a red blood cell-rich fraction is obtained. 20[0046] The term "biological fluid"
is intended to include whole blood, bone marrow, umbilical cord blood, menstrual blood, and tissue

~ extracts and to further include fluids obtained by rough separation of these. The animal origin thereof
is not limited 25 and is any species of mammals such as humans, bovines, mice, rats, swine,
monkeys, dogs, and cats. The biological fluid may be derived from any of umbilical cord blood, bone
marrow, and tissues, in addition to blood of these animals. Also, the type of anticoagulants for the
biological fluid is not limited, and 30 any of citrate anticoagulants (e.g. ACD (acid-citrate-dextrose)
solution, CPD (Eﬂpaatéjphosphate-dextrose) solution, CPDA (citrate-phosphate-dextrose-adenine)
solution), heparin, low-fToie cuiasweight treparin,cFutham ¢refamosiat teesitate)a 3b anddEREA IMay be

used for anticoaglatian pf the:piological flyid -2 Eurther the storage, sondjtiens,of;thehiglogical fluid

are not limited a@ll as long as the conditjons cause no.influence %_? the intended uses of the fractions.
Pr

[0047] 5In ordet 13 HifodtidRha BidBgiehl AulFPoMHheé Bifoditarfiuid et SFHE TORtainEFpacked
with the bldod belPdepsragdn Pateral, the biologichkfnidmmaybe 6 frohs aheontaiméz Tohtaning the

biological fluid tyough a.fluid feed lineitherdsy freg fall undergravity or by a-pump 19 Alternatively, a
syringe containir%g the biological fluid may be directly connected to the container and then pressed by
hand. In the casé that the biological fluid is fed by a pump, too high a feed rate may lead to low
separation efficiéficiés, and too low a feed rate may elongate the process time. Based on these 15

considerations, the feed rate=may be, bttt ds nobbmitedltd, 8dombAninde x0@ axli@in :[048KA process
for immetrsion of the sgparation,material into, physjelogical-saline or_a buffer erformed as a 20
pretreatment prior % the biologicél %Jlg fggging%?ocess. T%% pr(‘)cé3 ure r%ggl ﬁ%)gt@ gg@lé&éssary but
may be optionalfy'Erforieddn Somd Edses because the immersion of the separation material into
such a solution[i§ @xpécted to contribute to increasing the separation efficiencies and securing blood

25 flow-paths. The pretreaiment solution dnesnoyneed to e the same.as that usgd in the washing

process described later hut may be the same for simplicity of the line system and handleabilit

[ , dh
because the sahi& 20ftioRhay canBe Shared’ FBP platticatedSons Thé VBRSPS fetréatment
solution 5380 peeferaisy aboura tte 100timek ¢hre Volumbaot the tapafity of ¢hes cofitdiher td begpacked

with the blood el sepasation materials[A0A9) 113 separatiocnimaterial is;washed Anythis prgcedure, a
washing solution ife%asseg through ttﬂe co]rgtainer in the same df'[re Eion, so that red blood cells
i) 5 an goutiet for 3 O aeg

L2 -an 1 o%lca §¢d. . .
remaining in thé container aré effectively recovered and separ incé the washing 5 solution

mainly recovers ®hBArkd blood cells, the recovered solution may be mixed with a fluid that has passed
through the container aftes the kdrodtction efthedkiolpgicahfiidrand thesmbguee mayhe usedias a

redtﬂoo%56”45@ﬂ§¥§@Dogxgggice which includes:
the container packedwitha laminate of layers of theblood
cell separation material;
a flow-path opening and closing means located upstream
of the inlet of the container;

25 awhiteblood cell-rich fraction recovery means connected
to the flow-path opening and closing means; and

a separaticn solution introducing means located
downstream cf the cutlet of the container.
[0037] '

30 The present invention further relates to a separation
sclution for recovering white blood cells captured on a blood
cell separation material or a nonwoven fabric, which has a
viscosity of from 1 mPa-s or higher to lower than 5 mPa-s.

Preferably, the separation sclutiocon i1s free from dextran.
35 [0038]



10In order to allow passage of the washing solution in the same direction as that of the biological fluid
feeding from the washing solution inlet, the washing solution may be fed through a line either by free

~ fall under gravity or by a pump. In the case that the biological fluid is fed by a pump, the flow rate 15 is
similar to that of the biological fluid feeding, and may be specifically, but is not limited to, 0.1 mL/min to
100 mL/min. The volume of the washing solution deperfds on the capacity of the container. Too little
washing solution may leave more red blood cell components in the container, and too much washing
20 solution may lead to_low separatjon efficiencies and remarkabply elongate the process time. Based

on these considerationd, tié il 3f theSWRERMG SoBaR e proferih et 16 Ri5atH 6 3300 times
the volume of tkepapadiy afthd cdmtather J005L]@5Ame washing sotliticredahdieiuset lasrlong as it is

able to wash outenbt reshblogd gelis, redyeg the sentamination.ofiother bipgd cells,ina whiteblood
cell-rich fractior}z ﬁg]fl dmaint%in bloo}gl ell cla Ct)%relg:}on the blood cell s%pjzjrfatio material. Preferred are
i

common buffers stich as physiclogicar 30°salire’ RiTger<Siatich, me ?)P%@EII CafGre wnad
phosphatebuffeie 60521 4B) Whitsl blegcecelitiehdractioreseparalios protessl of the Theseparation

solution is introducedhtoithe eeniaines 3b-paekesbwitbdhe blogd celbseparatign materiakinomthe 14
direction opposj iological flujd feedi irection (from the biological fluid outlet), so that a
white blood ceIIJ-gr%:lttii f%r};;l?:'t%%onlaisg:B gb%éiﬁ%%%t?e%agslodﬁ vihy the gteeﬁaargﬁc‘?r% é:olﬁaléin iSin r‘g%ﬁgé%d from the
direction opposfté 16 H5 Bigicdl fitith fedting BRESRHSsIRBRMe WhRE BIdG eBifrecsveTs Fate of
the white bloodz=cell-richefractionrearbe: increaset! by introtdueingdhe separatiopsolitiondtonmrthe

outlet, Thejntroghystion of ihe. spparalion, soluiion.an. e asromplished by nauing Ig sgparation
solution into a f%/rln e 10 or the like, and then strongly pressing a plunger of the syringe by hand or by

using an instrurh&x = FheolGime i o rate of tRE PecoRvenPSollitdrt dépend &R Thé 88pacity of the
container and theamount f thecsamplei Fhefuodurne igpreferably, but is not limited to, about 1 to 100
times the volumgyofthe capacity 15 of the container. The flow rate is preferably, but is not limited to,

0.5 mL/sec to 20 mL/s 005 The separation solution is not particularly limited, as Igng asitis
a hypotonic solution. E?(%r%pﬁré%sgt%?ie f%n%%l%)ég ﬁﬁss%ﬂﬁi&%‘rtﬁ%ﬁéf\gé 1658%%%8 Rrifecionte.g.
physiological sélfrel Ridget S salation)) butfers rerdiakiob éoll takuas eneinfusionsn [0054 neorder to
enhance the repavery reéa 0kcapiired celts; 251theviseosity-of thesrecovery solution may e on
increased. For thi rpose, ta the_separation. solution may be added a substance such as, but not
limited to, albur%l%%%}%osggﬁn ogu?r% ed%%( rgn?ﬁygr%}xjyg{ﬁﬁlcsﬁgﬁc%? hyd‘ic%?yelfﬁ% %gﬁgge%aagen,
hyaluronic acidPafd Gelati Fowe\et, BOIV theare covery 56l iioprsbmains-4 high leveF(abprosimately
not less than 1@%ahof.dextrdrearthedike; tHe-viscesity-thereof is:b mRa=s-auhighen &nd therefore it is
ikely to beifieuhioperfor e iecouemiappraling syrnge0y hand. Based,on thig, » o1
consideration, the separation_solution is preferably 35 free from y hasa ge%tran

, extran or preferably
concentration {5 EEntr61EG SuthithaEieSeESEFALH ﬁ%dré?b%oﬁjoﬁ?i}n%%‘@éryﬁgﬁe@foqé\%er than

5 mPa.s. like even if it i1s cryopreserved until used. A filter
constituted by a container packed with the separation material
of the present invention can be used in an aseptic closed system,

25 whichmeans that fractions canbe aseptically recovered and used
to amplify cells therein, without being subjected to any
processes.

(00407
The bloecd cell separation material of the present

30  invention can be used as a filter for the preparation of
therapeutic cells for regenerative medicine, such as leukemia
Treatment, cardiac muscle regeneration, and blood vessel
regeneration. The blood cell separation material of the
present invention is alsc very useful as a filter for the

35 preparation of cell sources for regenerative medicine as well



[0055] 2. Blood cell components The red blood cell-rich fraction refers to a flow-through fraction
that has a red blood cell recovery rate more than its other blood cell component recovery rate (white
blood cell recovery rate, platelet recovery rate). The red blood cell recovery rate of the red blood
cell-rich fraction is not less 10 than 80%, preferably not less than 90%, and more preferably not less
than 95%. Here, the red blood cell recovery rate is a peétcentage determined by dividing the total
number of red blood cells in the red blood cell-rich fraction by the total number of red blood cells
before the above-described processes. 15[0056] Regarding the white blood cell content of the red
blood cell-rich ff8ctiGH, thé vmteehId6a tefitebdvéry Tafd thaR RS pércentaye e hhimersy afiding
the total numberhaf whitedfood €elisdin theséd Heqd: celt:-tich: fractien by thertotal 20 humbet o&white

blood cells beferefhe ahove-described progesses, is,nghmore; ihan,10%. and preferably not more than
5%. Regarding_ the Fﬁlatelet c%nten of the red blood cell-rich fraction, the platelet recovery rate that is a

percentage detePfined By GiVidiAg FB Ao RufibeT of prateTas 1 the 164 35 BoBLIEL ch Frattion by
the total n@mbercgfystatelets befdre the Aboveatesttibpd pradelssesrisiessy tan 80YL prefeedsty not

more than 40%; ogapere: preferablysnatipere than 20% [00371iEhe whiteblood cell-rich fraction,
which is separated 30 and recovered by the method of the present invention using the blood cell

separation material in the present invention, refers to a recovered separation solution that is
characterized in that anyone of it8wHite blood el Téedvery ratB EmondrLlesr cell recovery rate, and
granular leukocyte gegovery rate is not less 35 than half of its other blood cell component recovery rate
(red 16 blgod cell recoyery rate Blaateﬁ 80!%.’1!@%92 A Irr?. tigﬂ Q%v' lymphacyte recovery rate
of not less than half Qf?tls %/t'her lood ce %?om onent re%gveé rate (re%géﬁ%%ﬁ%g?vee%%et%,
platelet recoveRFrate)tis isdingRideBah the bI665d eelFREPTAEHOT RERTT. The white blood cell

recovery rate is not less thyan 259, preferalily nol lessithan 66%:. rend aloxe preferably meot lessthan
80%. Here, theawhite blpod.cellrecovery rateis,g,parcentage determined py dividing the total number

of white blood cells in the white blood 10 cell-rich fraction by the total number of white blood cells

before the above-deschibéd protésiet: FHemonGiddedrIPRRGVERTPAE SHd YrantRe IGKdcyte
recoveryate canraisoba tetepamnetiintheysame manhedfrom thetbfab ndmbérs twgreof nion

alternatively may, be each determined by Jaultiplying-a 415positive ratio determined using a flow
cytometer or the like by the number of white blood cells. [0058] The white blood cell-rich fraction

or the mononuclear cell-rich fraction preferably has a platelet recovery rate of 20 not more than its
white blood cell recovery ratéEFheNtite Blobd eRrichNractibn of ife MoMORTERHr cell-rich fraction
preferably has aqjatelet recovery rate of not more than its mononuclear cell recovery rate. The white
blood cell-rich fraction o t onuclear.cell-rich. fraction preferably.25 includes a hematopoietic
stem cel%g mesenchyr%% S%&%‘J_Q%w’l (I)lrgac{(}ﬁ?acﬁﬁcs)sliﬁ\?epcreﬂe ﬁoé%S]a as %ﬁa?ﬁ%ﬁﬁgﬁég Biood cell
content of the Whité hfoBd BERHEN RGN ¥e 388 BiSoEellirebEVisGte thatist the scope

of the present invention.
[0043]
1. Method for separating blecod cell components froma biclogical
25  fluid
The method for separating blood cell components from a
biological fluid according to the present invention includes:
(&) capturing white blood cells and platelets on a blooed
cell separation material by contacting the biological fluid
30 with the blood cell separation material, thereby providing a
red bloecd cell-rich fraction; and
{(b) separating a white blood cell-rich fraction from the
resulting blood cell separaticn material using a separation
solution.
35 [C044]



30 a percentage determined by dividing the total number of red blood cells in the white blood cell-rich
fraction by the total number of red blood cells before the above-described processes, is not more than
10%, and preferably not more than 5%. Regarding the platelet content of the white blood cell-rich
fraction, the 35 platelet recovery rate that is a percentage determined by 17 dividing the total number
of platelets in the white blood cell-rich fraction by the tbtal number of platelets before the
above-described processes, is not more than 50%, preferably not more than 25%, more preferably not
more than 10%, and further 5 more preferably not more than 5%. [0060] The platelet-rich fraction
herein refers to a cell fratish Vet Ferfiams daptuittesititie Sepeaaticr matétia &fferaide agite blood
cell-rich fraction isreegverad nsingrthe 10:sepatatiansolutioncand hasasplatelet seeaveny ratey: which
is a rate of recqvery,of platelets remaining captured on the separation material, of more than its other
blood cell comgno%er}ﬁer&:%gtla?re%a%g ?raeé: gfg%agléleﬁlrre%%‘\%%/gra?a \%Vﬁl_?gr%ﬁg c%ﬁ rggg\?e% r%?e]i.
15[0061] The V\ﬁﬂ}EéLBI%%Jéé‘ﬂ}/co%ﬁdﬁion Bt e hachion d3épartsdand recbvemdgsinganass
separationssolutionvdaicihe chatrekedh by tsing thetwmmrovehSabeie disglased:hereirt, avhielr has a

density K of 2.0.x 104,10 1,9 x 193 and bag a.fiRer diameter 20.0f Lumto.15 um, The nonwoyen fabric

can be used, for example, for separation of mononucléar cells (I%/Omphocytes + monocytes) and

granular leukoAe o pravidd's mMERBhGdedr teR-FichEmipdsitort AmdRoRHEREP L& Figh $rattion).
The mononuclear cell-dctr frattioh herein refers to asfeaction2 5 separatech and Yedaveredrusihg the

separation solutiggwhigh is gharagterized in that ifsgaonenuclear cell recavery rate is more,than its
granular Eeéjkoc%/te ‘[rec.over I{ate.or its other blood cell comLP%o?ent r]{ecovery rzite red blood cell
recovery Tate, PIaterét reoveR) rtd). patificdly e Al (mdhonTdedr 36 cslPretdvery 12
rate)/(granular fdukoeyteregovary rate) IsilarGerithanddods preferably het less ears .2z andanore

preferably not less: than: 1.6k 0062} 3aBlaoth celksepasatiothmaterial 35The material for the blood cell
separation mat %I 4i 18 not particularly limited, and the following are mentioned as examples thereof

based on considerations of sterilization resistance and safety of cells: synthetic polymers such as
polyethylene teféphtRarte Polfoutfiete ferephthdiateP 5 posRtMylene, high-density polyethylene,
low-densitg polyethylerni; polydnytaleelel, vimdidenelehidride] rayon ovinylam pelypiepyenesacrylics

(e.g. polymethyl methacrylate, pﬂ@%ﬂ{%&%@%@ﬁ%&@&%ﬂ%@@@&

réi’cp%ﬁa%%’ G agd, .,
polyacrylate), nylon, polyimide, aramids 10(e.g. aromatic polyamides), polyamide, cuprammonium

rayon, carbonsTffiéfdit resit Holydstsih rp,“Héﬁ,epﬁ}&%%aﬁ%}bély‘%ﬂf?eﬁ’é,aérﬁjlﬁ&?c%’éﬁnate;
natural polymersguchrasi agaroset telltdse, elleldse heetate,«chitesar arf-ehitincnorganic
materials such gs:alass; @nd metals. Among these,

20 [0046]

The term “biclogical fluid” is intended to include whole
blood, bone marrow, umbilical cord blood, menstrual blood, and
tissue extracts and te further include fluids obtained by rough
separation of these. The animal origin therecf is not limited

25 and 1s any species ¢f mammals such as humans, bovines, mice,
rats, swine, monkeys, dogs, and cats. The biological fluidmay
be derived from any of umbilical cord blood, bone marrow, and
tissues, in addition to blood of these animals. Also, the type
of anticoagulants for the biclogical fluid is not limited, and

30 any of citrate anticoagulants (e.g. ACD
(acid-citrate-dextrose) solution, CPD
(citrate-phosphate-dextrose) solution, CPDA
(citrate-phosphate-dextrose-adenine) solution), heparin,
low-molecular-weight heparin, Futhan (nafamostat mesilate),

35 and EDTAmay be used for anticocagulation of the biclogical fluid.



15 preferred are polyethylene terephthalate, polybutylene terephthalate, polypropylene, acrylics, nylon,
polyurethane, and glass. One of these materials may be used alone, or any of these may be
combined, mixed, or fused, if necessary. In addition, molecules having affinity for specific cells, such
20 as proteins, peptides, amino acids, and saccharides, may be fixed thereto, if necessary. [0063]

The form of the blood cell separation material is not pagicularly limited and the blood cell separation
material may 25 be particles, a nonwoven fabric, a textile fabric, a sponge, a porous material, a mesh,
or the like. In particular, the blood cell separation material preferably includes fibers, and more

preferably inclUdés T REmWovRF fabFi dif teRNE b eaky reparaticn ahd Bvafability 3O@0B41°t  In
the case that theifotmeaf the blbbdacelll separadionHmatenal s a moawovendabsici HE nemyever fabric

preferably includes at least one Qlfsqipéyeosfe_rtf}iltéer]%@@ggr&qglgne fibers, nylon fibers, and acrylic

fibers. Preferred examples of 35 polyester include polyethylene terephthalate and polybutylene 19
terephthalate betdide they enhance the red blood cell separation efficiency and the white blood cell
separatiorbefficiency. The marigavencfabric necreqareférablly inclodes-aylon L palgpropytenes and/or

polybutylene tefepfithglate in rder to,ephange the red Rlogd-cell sepagation; efficiency and the white
blood cell separatiop efficienc%/. %0065 . ,Mghé)F S f%r,pr ducin higonwoven abric %re LOngghly
classified into Wt metiods and dry Hethods: and 85eRific 10%xamples HErESHnefide” Ut Hre not
limited to, resintbefdingL tvetrhobsading 'spuhREAg Lrscdie punching tstiteln Bordib: pulbending,
and melt blowing.zinee smal fiber diasaeters leadiadighbloedcell sepaiationeffigiencies, melt
blowing spunlacing are preferred. Materials subjected.to 15 calendering or a plasma treatment
o e L B N e oor
into a plurality 6f¥iBersS are- HISG Bhitetr &6 flsels forahe bhdve RAbMEhee 4GSE fiey had g eomplex
20 structure of entangleckfteensnand enbantce 1he bieod telk separatieniafficiencies [0064]) higThe

densiy K (. basis wgighi GIm2)hickess m))of e sepavalon majerals preferably L0 404 to

5.0 x 105 25 fram the viewpoint of efficiencies for separating the re od cell-rich fraction, the white

blood cell-rich fr&ich TGP tHé pRBRERhITEIOR. B th&EASE§FréddiRry o BREMATitTiss
cell-rich ftactiomomisichiés particoky richan feenbnuscieames)iskaamoing white bload télts, the reguired
density 30 K is 2,0 x104.101.9 X H0%; The density K is more preferably 4.0 x 104 to 1.9 x 105 in terms
of the mononucf:oo%crélc?jl recovery rate, and more preferably 5.0 x 104 to 1.9 x 105 in order to reduce

y

the granular leu contamination to low levels. [0068] 35The density K, which is defined as basis
weight 20 A process for immersion of the separation material into

physiclogical saline or a buffer may be performed as a
20 pretreatment prior to the biological fluid feeding process.
This procedure may not be necessary but may be opticnally
performed in some cases because the immersion of the separation
material into such a soluticn is expected to contribute to
increasing the separation efficiencies and securing bleood
25 flow-paths. The pretreatment sclution does not need to be the
same as that used in the washing process described later but
may be the same for simplicity of the line system and
handleability because the same soluticn bag can be shared. For
practical reasons, the veclume of the pretreatment sclution is
30 preferably about 1 te 100 times the volume of the capacity of
The container to be packed with the blood cell separation
material.
[0049]
After white blood cells and platelets are captured on the

35 blocod cell separation material, the resulting blood cell



(g/m2)/thickness (m), can be also representedbyweight (g)/unit volume (m3). Namely, the density K
may be determined by measuring the weight (g) per unit volume (m3) regardless of the form of the
separation material. During the measurement, no 5 pressure is applied to the separation material to
avoid deformation. For example, a CCD laser displacement sensor (LK-035 produced by KEYENCE)
or the like enables non-contact thickness measuremeng It goes without saying that if a catalogue,
manual or the like of a material to be used says the 10 basis weight and the thickness of the material,
the data may be used to determine the density K as basis weight (g/m2)/thickness (m). [0069] The
fiber diameter GTtR&E S@partidiAmaterfal ne8d¥ 3¢ 18%e 1 16115 e AF & fitsor dlaietdriis fess
than 1 pm, the probahility: df cloggingteridsdadie tigh cif thesfiber diametes is aereithan-15 pm, white
blood cells andlo piatgiets anaqthe cantiied oa4hs sepayation Mmaleial,tesplling ig figh levels of

contamination of white blood cells and/or platelets in the 20 red blood ce fraction. This in turn

leads to remarkbhy*fow Sfitienti N Tepardith Srha i blood CeRichractivatathe
platelet-rich fraetion: tThefiberidiameterdspreferaibly i pedodiOopm, nwré prefenably depmeatostpm,

and particularlysprefarably 4 pmre 2RRJA Qrdente enhange the 25-separatian efficiencies, [0070]

The fiber diameter refers to the width of fiber in the e,rpendigular direction tq the fiber axis, and can be

determined by FR&tograBHiInG e SepAratidh matelial hi&de of A Horieverd3d fabric-Usify & 8Ganning
electron microstbpeeasuing e diameies cffibers bdsed ona seale o thigphotegtdph; and
averaging the measured diameters. Namely, the fiber diameter herein means the average fiber
diameterpgtermined as descgg%d ts";l(l):)ovgl g&d ig sgaeciéical %@1% aver enof SS% or. ﬁnore fi.ber§h35 and
preferably the average'o? 1%3(’).or more Tibers. It should 21 be noted that when mu fb?enfibgrs are
overlapped, sof@ibérstirdécmessirbmertiofthe Ridth @8 atargdtiibet, e schrdibersrvhleh
remarkably differzigrdiameten arei presetitcthe data o& Hesedibersare aotiusedto determingtba fiber

diameter. SI00ZL] . l1LNe G5 hat fae nenwpNegabrig nghudss fibegs, oLmuligle tybes yhich

largely differ in Width,jor example, differ in diameter by more than 7 pm, amefer is
calculated for e3RA Sibet Iype "Sinceierd Gith & Siflet 3 ofGdnfoter HAVER rdnir TRfi& 6n the
separatiochZefficiences;ithe smallehfiercdiametep isfegaided. as the fibée diiimeier af theagriwoven

fabric. In the casg.0f iwo types, of fipers which differ in diamsterdy, far example, % Y Qf 1635, the both
types are treated as the same gpe angqt %}ﬁ\dlameter thereof Is 15 determined. [0072] . Inthe

separation method o‘f?ﬁré“ﬁ?eég tifve W8 oF thore-SEpatERER atehals’8s Ge5&hbtYabdve
according to thé peesenttinvastion ngcheé usedgogetierngr altémativelyrRytheseparation material of

the present inventiosand separaiiouatesial(s) oherdhanr hissenaration materialof the Jresent
invention.jpay Q.seo"_r'zsﬁd gorgether Namgg/ even a case.in whic?&%%paratjon matgrial havina%% iber

diameter of, for exarﬁﬁe, 1510 é &E)Crin IS &S%% i %%Fuad%Jdpiﬁ {he scopeemo e s%%arﬁﬁgﬁ 25 athod of
the present invErRtioH, PeSvicetl Biak @k Rast Ohe separafiondhatéris tnaga di day of thiens, the
above-mentioned materials ane hayigia depsity:Kiand adiber diarneter withint the,abpwe fanges is
used together. [0073} 304 Blaod el separation feyice . The plood el separation.device of the
present invention is obtained by packing the blood ce sepapation aterial in a contamer%a\'/ing an
inlet and an outl&tara biological fluid. [0074]

25 Any washing sclution can be used as long as it is able

to wash out only red blood cells, reduce the contaminaticn of
other blood cells in a white blood cell-rich fraction, and
maintain blood cells captured on the blood cell separation
material. Preferred are common buffers such as physiological
30 saline, Ringer’s solution, media for cell culture, and

phosphate buifer.
[0052]
(b} White blood cell-rich fraction separation process

The separation sclution is introduced to the container

35 packed with the blood cell separation material from the



35The blood cell separation device preferably further 22 includes an inlet and an outlet for the
washing solution, an inlet and an outlet for the separation solution, a red blood cell-rich fraction
~ recovery means, a white blood cell-rich fraction recovery means (or a mononuclear cell-rich fraction 5
recovery means), and the like for practical use. The recovery means may be bags. Further, the blood
cell separation device preferably includes the containértpacked with a laminate of layers of the blood
cell separation material; a flow-path opening and closing means located upstream of the inlet of the 10
container; a white blood cell-rich fraction recovery means connected to the flow-path opening and
closing means: 48 SepRrafFPSaIGRort hiFdtRidHg hRAMS idcadted HowrREeanFofithessiitit f the
container. [0075F 158petifically they bload cellseparationedevices whithe has antiileefds intraducing the
biological fluid gad an,outletdor dischargingfhe biglegical duid, is preferably furtber characterized in
that: the inlet for the biological f| "!;g serves a %n inlet for introducing the washing solution for washing
[

20 out red bloodcels T8Matriing i #E E5itaingF, Bt th8 BIobu &t separatigh device his Saf washing
solution infet indépendamblfrbhv e frdedion the bisiegitarfldig; the outlet fohtheehivlegidat #uill serves
as an outlet for,dischasgingthe washing, solytion.conihe Hpag-qell-separation: 25 deyvicehassaid
washing solution %utéeatsinde%endiezgtt:q fg%r% :tLhe ou,étklneet fogE ttr;grbail%lggirgi:alsﬂ}iid;tancgl,‘i thfr%utlett}j%r
discharging the“lg‘iofoglca? uid' and/or the wagl%ng‘solustlo‘n Serves as an et tor in rodrtﬂcm‘g the
separation solutiohi Bf the BisddicelirseparaticiidéVicé hes sarEsearaiorssalufiéPThlersp be
independently femcihelouklet ibbdiseharging tha bielogicak fluidrand/on theowashing sodutions e inlet

and outlet for t i lutj f.t i inl tlet for i ical fluid,
respecti\?lel[gy, an%ggﬁ%;fo% the %%gt%%%?lm%e%}?g@ §g$g%t§§ %%%?Q%%%%z& garil%q % \k%vggf%\ solution
35 bag via a floW.pafi'Gparing artfciBsing meats SHERaS a thté&wiy! 23%tepcdck: PHe Ghitigt and
inlet for the biolafjicakfluElmay alseskene as atedetdarintrbducingathetse peration sotutionhrand an
outlet for recovgring the separation selutian, respectively; and.aling maybe.similagly,copnegted to

bags, syringes,.or the like via a three-way stopcock. Fig. 3 is a view illustrating_ one example of a blood

I
cell separation 5§t&th intiidifig the bdd Eelf separation-Matefiffor the Prasentmeerion foo7 6]
10Preferably, aBiolgicat finichstorage badheca Séparativhsolirionrefevery bag forkecbyering the white

blood cell-rich fragtion: @ red blead cell:-righ fagtion recovernsbag, and the like are also attached to the
container. If the, %aqu are connected to the inlet(s) and the outlet(s) for the solutions, 15 the
e

biological fluid can bé separated in an aseptic closed system. Preferably, these bags after use can be
cut off, and may have & 8apeHiRE 3tdtBT & edmbrioily LsedBloba bag bt ay HavémaifiaplaiSshape
of a cartridge typsher the like.iEhe whitechlead eeddich:fiagtion recemerydiag aetheononepuclear 20

cell-rich f %ctioryﬁ ery, Qr.e I . ysable for cell culture or_a cryopreservation
resistant bag according togta%l'%?r)éléseé %%%}%%%gn%tﬁggﬁ%%% (lf:e%ﬁ %régaerégdnp%migt%ﬁaﬁi%%a% %éd into

25 the containet2the5lool cel Beparadtivhihafdtial il BE ESmpressedl §iohay hbt be'ddripiessed.

Whether the bleod! celh Sepdration material is compressed may be determined appropriately based on
the material anrfi@t@% J;jlfe of the blood cell separation material. One preferred example of the usage 30
form of the blood cell separation material is obtained by cutting the blood cell separation material

made of a nonwoven faBHE s bicceS BF AR GPprolsTiaf~S7& Bhd forfmifg £8RGREIESer SOrs taminate
of layers 26f thecbleodiceficseayatidh tieteriabwhiehshasa thickmessagf atsoutricmes $e200 Ak In

terms this purpose, to the separation solution may be added a
substance such as, but not limited to, albumin, fibrinogen,
globulin, dextran, hydroxyethyl starch, hydroxyethyl
cellulose, collagen, hyaluronic acid, and gelatin. However,

30 if the recovery sclution contains a high level {(approximately
not less than 10%) of dextran or the like, the viscosity thereof
is 5 mPa - s or higher, and therefore it is likely to be difficult
to perform the recovery by operating a syringe by hand. Rased
on this consideration, the separation solution is preferably

35 free from dextran or preferably has a dextran concentration



35 of the fraction separation efficiencies, the thickness is more 24 preferably 1.5 mm to 150 mm, and
further more preferably 2 mm to 100 mm. Preferably, the thickness of the single layer or the laminate
of layers of the separation material packed in the container is approximately 1 mm to 50 mm. In terms
of the 5 fraction separation efficiencies, the thickness is more preferably 1.5 mm to 40 mm, and further
more preferably 2 mm to 35 mm. [0078] The blood cell separation material maybe rolled up into 10 a
rolled-up form and then packed into the container. In the case that the blood cell separation material is
used in a rolled-up form, the biological fluid may be allowed to pass through this roll from the inside to
the outside or CHITvEFSEY HOM e ouhsie dtneliRsias ¥orsdfardtion 6f bROvHFceiC™S[ODTI S The
shape, size, ansrmatetiad of the dentainer farrpatkmgathe blood cell separation material therein are not
particularly Iimit{% gHe shape of the container may be any shape such as spherical,
container-shaped, cassette-shaped, bag-shaged, 20 tubular, or columnar. Specific preferred examples
of the containef ncfud®® But &re nGERMIEF I & translucent tubular container having a volume of about
0.1 mL te4 00 mL and edizdetércofabeutlo: I taitd 15cm cand alguadiatic plisavshaped: gbntainer

having a thickness of abeut Q-CrLto 3 craanshhaving Lectapgulay 25 prsauaredaces with sides
having a length %fhaebro%f.l m to.20 cm.é}OOSOl]l The container ma¥ge @g?e é)f g %ggugtg{arl
acti -

material. Speciﬁc examp 68°6F SUCH Struc r%?rena%erfaﬁg inciude 36 ronr Ve polymers,

biocompatible ety and alleys -aml glasses B@mIes bf Aéeactivé polyhrsrsinclade aghdonitrile
polymers (e.g. aekytonitrile butadiere shywenedergolynerk halogenatetipelymers (& hot less
polytetrafjuoroethyl pol rogrifluoroethylene, 35, tetrafluqroethylene-hexaf I
Copolyms PORIZS| S nlo) Ol amde: At ol lfoms ok earbonis: Boyyiene.
polypropylene, pdRFinyt 2Rlotite-acryfic Bopsifmef S5oIYcatBEn &t ‘acryiGHitE butddiéfe sfréne,
polystyrene, anskpaipmetiydpentenen Examplestifwsablegmeétal bonatenalsiferthefcontainénod

(biocompatible mefals and allayghigcude sfainless steel, tilgnium; platioyum,{antalum; gold,and alloys

of these, gold plated ferroalloy, platinum glated ferroalloy, cobalt chromium alloy, and titanium
nitride-coatedsfinI&§EseeP IO[GEAT]S PoMateTials Faving Lerfizaion rsfstaice sreopatticularly
preferredland spetifie examples thereof include polypropylene, polyvinyl chloride, polyethylene,

polyimide, polycarbonatg polysulfonen ang-polymsthylpeniene. 1o EXAMMPLES (008214 11 odhe

folowing exampies.are pfered iyay of detalled llusiation el s present fypion o he present
a percentage determined by dividing the total number of white
blcod cells in the red blood cell-rich fraction by the total
20 number of white blood cells before the above-described
processes, 1s not more than 10%, and preferably not more than
5%, Regarding the platelet content of the red blcood cell-rich
fraction, the platelet recovery rate that is a percentage
determinad by dividing the total number of platelets in the red
25 Dbloocdceli-rich fraction by the total number of platelets before
the above-described processes, is less than 60%, preferably not
more than 40%, and more preferably not more than 20%.
[0057]
The white blood cell-rich fraction, which is separated
30 and recovered by the method of the present invention using the
blood cell separationmaterial in the present invention, refers
to a recovered separation solution that ig characterized in that
any one of its white blocd cell recovery rate, mononuclear cell
recovery rate, and granular leukocyte recovery rate is not less

25 than half of its cther blood cell component recovery rate (red



[0083] (Example 1) A laminate of 28 layers of a polypropylene nonwoven fabric (fiber diameter: 3.5
pm, density K: 8.3 x 104 g/m3) was packed 25 into a container having a thickness of 6 mm and a
diameter of 18 mm, and physiological saline (45 mL) was first passed through the container from an
inlet by pressing a syringe by hand . Next, citrate-anticoagulated fresh bovine blood (10 mL) was
introduced at 2.5 mL/min and passed through the contginer, and 30 then physiological saline (10 mL)
was passed through the container in the same direction. Subsequently, MEM supplemented with 10%
FBS (30 mL) was passed through the container in_the direction opposite to the above flow direction by

pressing a syrifge By ! it REsEréd e BlcddEddhple 85 Beiotelthe bhove pidcestésran
obtained red bload cel:rich Réiraction: anccarv ebtaimad whité bloodiesdlsrich: fractian Wveré evaluated

for blood countysing a blogd;cell.aqunier(-4a0Q praduced by Sysmex Corp-), anckthe bleod cell

recovery rates of the fractions were calculated. Portions of the blood sample 5 before the processes

and the recovefstSSFHr&tibA Soluffori Werté hehfaiy2et With FAC Sy &ing Sollfdr aRE evalaifed for
mononucléar celhpositivitycand geddular leukocye tpositivity using-a flonecytbiiete i (FACSCantb

e Grantia lecGoytes tece calculntod by rultbhing the nuToer e blogel callo oy the -

and granular leukqcytes were calcula ultiplying the n er ite_blood cells e
respgctive posigéi%é);.aﬁ?e mononuc e%?%ge/ﬁ?gccﬁ/%try%rgt% Sar%ﬁ%% g?rg\%lmar &ﬁ(eo’cy ekFe&%/%Fyerate
were determin&ll&s BefeentaRscetdiiared by dividipgiRe IstabRuAer s ot rohenuclésd ééiitand
granular 15 leukaeytes t:theregbyeredseparation-salution-by the totalinunbers ©f manasnwclear cells

and granylar leukqaytes hefoie Ihe abave, pragesses, resegiyel. Table 1, shaws the [esuls, [0084]

(Example 2) 20The same procedures as i Example 1 were carried out, except that a laminate of 28

layers of a polyBEfyferfe [ftRalate ABARBYER FadticoFBSCGiameter 2 BPRT Henshy K: 450-% 105
g/mb5) was packett: dabtey 1rshows the gesultsl 0085 25 Examplte: 3p ve r T heasamesprocesdres as in

Example 1 werg caried; oulexgeptthat aJaminateqf 28 [ayers, of apolybutylene tereghthalate

nonwoven fabric (fiber diameter: 3.8 pm, density K: 1.2 x 105 g/m5) was packed. Table 1 shows the

results. 30[0088](EXalHie a] - Ve Thd6am® préceturéS &€ e RGN pleY1 Werd TEE U2 except that
a laminatéof 44 taykets vka potyiethylehe terephthalsterprvdvervabyit {filberediametémnd. 1 phg

density 35 K: 19X 102 omB)rwaspacked - Lable Jshowsthe results. 27 [0087]
100581
The white blecod cell-rich fraction or the mononuclear
cell-rich fraction preferably has a platelet recovery rate of
20 not more than its white blood cell recovery rate. The white
blood cell-rich fraction or the mononuclear cell~rich fraction
preferzbly has a platelet recovery rate of not more than its
monconuclear cell recovery rate. The white blood cell-rich
fraction or the mononuclear cell-rich fraction preferably
25 includes a hematopoietic stem cell, a mesenchymal stem cell,
or a (CD34-positive cell.
[0059]
Regarding the red blood cell content of the white blood
cell-rich fraction, the red blood cell recovery rate that is
30 a percentage determined by dividing the total number of red
blood cells in the white blood cell=-rich fraction by the total
number of red blood cells before the above-described processes,
isnotmore than 10%, and preferably not more than 5%. Regarding
the platelet content of the white blood cell-rich fraction, the

35 platelet recovery rate that is a percentage determined by



(Example 5) The same procedures as in Example 1 were carried out, except that a laminate of 44
layers of an acrylic nonwoven fabric 5(fiber diameter: 4.7 pm, density K: 1.4 x 105 g/m3) was packed.
Table 1 shows the results. [0088] (Example 6) The same procedures as in Example 1 were carried
out, 10 except that a laminate of 22 layers of a nonwoven fabric made of polyethylene
terephthalate-polypropylene split fibers (fiber diameterz 10 pm, density K: 1.6 x 105 g/m5) was packed.
Table 1 shows the results. [0089] 15(Example 7) The same procedures as in Example 1 were
carried out, except that a laminate of 22 layers of a nonwoven fabric made of polyethylene

terephthalate-rijiof-spit Hb&RsS(fibef dlhnfeteR a0 §h, BérsiyIe 4 X1 05 g/mB) s packed, and that
20 ACD-anticoagulateglifrestt bovinedood (ifemid wmes Hsedbnsteadf ihe Citiatermitiseagutated
oo povine s (0 Akl tabled sbavedus Lesuls, IOMAEwarpe Bl 250 he sapis pipgedires as
in Example 1 were carried out, except that a laminate of 33 layers ofa nyloh nonwoven abric (fiber

diameter: 5.0 p‘ﬁ’f’,%r&k&?rk:zﬁé x 165 §/M5F WREPatked O d tta EPBRaktioadiiated #ed R uman
blood (10 L) was eised énfSteach of theccitraterantidcoagubated fresh bovine blood (10 30 mL). Table 1
shows the resuttéo[g)@?l] (Example 9) The same procedures as in Example 8 were carried out,
except that a laminate of 30 Iai/ers of a polypropylene nonwoven 35fabric (fiber diameter; 2.4 pm,

density K: 5.6 x 104 g/mBFwRS 328 paEked-“Fabié 3 Shows tRE Téddits” 05T (ERarfipfe®to)

fraction which remains captured on the separation material
after the white blood cell-rich fraction is recovered using the

10 separation solution, and has a platelet recovery rate, which
is a rate of recovery of platelets remaining captured on the
separationmaterial, cf more than its other blood cell component
recovery rate (red blood cell recovery rate, white blocd cell
recocvery rate).

15 [0061]

The white blood cell composition of the fraction
separated and recovered using the separation sclution can be
controlled by using the nonwoven fabric disclesed herein, which
has a density Kof 2.0x 10 to 1.9 x 10° and has a fiber diameter

20 of 1 umto 15 um. The nonwoven fabric can be used, for example,
for separation of menenuclear cells {lymphocytes + monocytes)
and granular leukocytes to provide a moncnuclear cell-rich
compesition (mononuclear cell-rich fraction). The
mononuclear cell-rich fraction herein refers to a fraction

25 separated and recovered using the separation sclution which is
characterized in that itsmeononuclear cell recovery rate ismore
than its granular leukocyte recovery rate or its other blood
cell compeonent recovery rate (red blocd cell recovery rate,
platelet recovery rate). Specifically, the ratio {mononuclear

30 cell recovery rate)/{granular leukocyte recovery rate) is
larger than 1.0, is preferably not less fhan 1.2, and more
preferably not less than 1.5.

[C062]
3. Blood cell separation material

35 The material for the blood cell separation material is



The same procedures as in Example 8 were carried out, 5 except that a laminate of 28 layers of a
polypropylene nonwoven fabric (fiber diameter: 3.5 pm, density K: 8.3 x 104 g/m3) was packed. Table
1 shows the results. [0093] (Example 11) 10The same procedures as in Example 8 were carried out,
except that a laminate of 28 layers of a polypropylene nonwoven fabric (fiber diameter: 5.7 um, density
K: 1.2 x 105 g/m3) was packed. Table 1 shows the resuglts. [0094] 15(Example 12) The same
procedures as in Example 8 were carried out, except that a laminate of 84 layers of a polybutylene
terephthalate nonwoven fabric (fiber diameter: 1.8 pm, density K: 9.1 x 104 g/m3) was packed. Table 1
shows the resultst 20§0095% (Bxamplel13)i t edThersantéprobedlresiasireExampls 8 averd cagried

out, except that aJaminate of 28 dayers of apalybutyiese derephthaiate nonwavenfabde (finer
diameter: 2.5 pm, densitgl 25K:1.0x ]%0 im Waifa(_:ked. Tgllalqﬁl shows the results. [0096]
(Example 14) *=StRe3dfe ﬁr%geéﬁr eltsy “synfhet1

5495 in xcampIeB Were carried o%?, éﬁ(%%f)ts that & laminate of
28 layers of a puolybigtylnes3tetetepihilaie hanwovew fabe (HBerda¥er 3E1pAa Bensity K: 1.2 x
105 g/m3)swaspackedhTablesl, shows thesresults. [009vEExamale 15) ow-dendhewame procedures
as in Example 8 were carried out, 35 except that inat s of a-polybutyle

terephthalate o('lr)\wlX E\E/JLtﬂé%rll gg’rrllg (fil?e?sldgnlflrgeir: %]f?:éﬁggén%sﬁ?}q éﬁﬁ%} %Oég]/%%y éjv%s gag&gé%f Table 1
shows the resufts [0098] (EXanipiee) STHe sdifé procetiufés ds iPExample ¥3 were carried out,
except that CPR=anticoaguiated swineg wmbhikca)eotd/bloodtkasusad instead bftheryinitril,

CPD-anticoagylated freshy human blpod (10, mL ). hable. 1 shows dhe results; [0099] 10(Example 17)

The same procedures as in Example 13 were cafried out, except that a 10% dextran injection was
used inst%i)d oft fheMERF STTeMmeRf Rt 4894 FERS TEBE M EhowEHHE TEEMS 101687 T5(Example

18) carbons, phenclic resin, polyester, pulp, linen, polyurethane,
polystyrene, and polycarbonate; natural polymers such as
agarcse, cellulcse, cellulose acetate, chitosan, and chitin;
inorganic materials such as glass; and metals. Among these,

15 preferred are polyethylene terephthalate, polybutylene
terephthalate, polypropylene, acrylics, nylon, polyurethane,
and glass. One of these materials may be used alcne, or any
of these may be combined, mixed, or fused, i1f necessary. In
addition, molecules having affinity for specific cells, such

20 as proteins, peptides, amino acids, and saccharides, may be
fixed thereto, if necessary.

[0063]

The form of the blood cell separation material is not
particularly limited and the blood cell separation material may

25 Dbe particles, a nonwoven fabric, a textile fabric, a sponge,
& porous material, amesh, or the like. Inparticular, theblocd
cell separation material preferably includes fibers, and more
preferably includes a nonwoven fabric in terms of easy
preparaticn and availability.

30 [0064]

In the cassz that the form of the blood cell separation
material is a nonwoven fabric, the nonwoven fabric preferably
includes at least one of polyester fibers, polypropylene fibers,
nylon fibers, and acrylic fibers. Preferred examples of

35 polyester include polyethylene terephthalate and peolybutylene



The same procedures as in Example 7 were carried out, except that citrate-anticoagulated bovine
blood was used instead of the ACD-anticoagulated human blood, and that physiological saline was
used instead of the MEN supplemented 20 with 10% FBS. Table 1 shows the results. [0101] (Example
+19) The same procedures as in Example 3 were carried out, except that CPD-anticoagulated swine
bone marrow (10 mL) was 25 used instead of the citrat&-anticoagulated fresh bovine blood (10 mL).
Table 1 shows the results. [0102] (Comparative Example 1) The same procedures as in
Example 8 were carried out, 30 except that a laminate of 40 layers of a polybutylene terephthalate

nonwoven fabrfée(ﬁﬁépﬁlléﬁ’ﬂé}eﬁ 18551 “den Sty B aBeToRg/MB) WaspRdkeser Taplel1 shows the
results. [0103] €eempatative Exafiple &) Sp Thadanie praceddreslasitt xampleskbwese eattied out,

30 except that g Jamigels, 01,36 layersal4 glgss Petyeliveng tete gﬁgg%@%% d%@ib{ﬁc?%@ (fiber

diameters: less than 0.59 pim, and 9.3 pm; density K: 2.0 x 105 was packe shows the

results. 5[0104Féé§?ﬂpar%?%’%&%%@%§’ 2L he b?&é%@?s WE?Q&H@ME% ddrried out,
except thaba lamidate 6624 téners of alglassgpdiyethylere térepghthalatel nonwodver fabricy(filbed

diameters: lessithan 0,84 10;pm,and-8 #pra-density:.2.2 x405:¢/m3) was packed. Table 1 shows
the results. [Ol %)]rtnparatlve Example 4) The same procedures as in Example 1 were
h

carried out, 15 xcep at a laminate of 56 layers of a vinylon nonwoven fabric (fiber diameter: 30 pm,
density K: 3.2 x 105 g/M8}Wwas patked Frasie disibviditherresulesien fabric are roughly

classified into wet methods and dry methods, and specific
10 examples thereof include, but are not limited to, resin bonding,
thermobonding, spunlacing, needle punching, stitch bonding,
spunbonding, and melt blowing. Since small fiber diameters
lead tec high blood cell separation efficiencies, melt blowing
and spunlacing are preferred. Materials subjected to
15 calendering or a plasma treatment may be used.
[0066]

So-called split fibers, which are formed by splitting a
multicomponent fiber intoaplurality of fibers, are also suited
as fibers for the nonwoven fabric because they have a complex

20 structure cf entangled fibers and enhance the bloocd cell
separation efficiencies.
[COBT]

The density K (i.e. basis weight (g/mz)/thickness ()}

of the separation material is preferably 1.0 x 10* to 5.0 x 10°

25 from the viewpoint of efficiencies for separating the red blood
cell-rich fraction, the white blood cell-rich fraction, and the
platelet-rich fraction. In the case of recovery of the
moncnuclear cell-rich fraction, which is particular rich in
moncnuclear cells among white blood cells, the required density

30 Kis 2.0 x 10% to 1.9 x 10°. The density K is more preferably
4.0 x 10°t0 1.9 x 10° in terms of the mononuclear cell recovery
rate, and more preferably 5.0 x 10° to 1.9 x 10° in order to
reduce the granular leukocyte contamination to low levels.
[0068]

35 The density K, which is defined as basis weight



[0106] (Comparative Example 5) 20The same procedures as in Example 1 were carried out, except
that a laminate of 6 layers of an acrylic-polyethylene terephthalate nonwoven fabric (fiber diameter: 22
pm, density K: 2.1 x 105 g/m3) was packed. Table 1 shows the results. [0107] 25[Table 1] 31 | VC 97
117 0'Z 97 E9Q1 LI9759WE " H1EO Iti

20

{g/mz)/thickness {m), canbe alsoc represented by weight (g)/unit

volume (m®). Namely, the density K may be determined by

measuring the weight (g) per unit volume (m’) regardless of the
form of the separation material. During the measurement, no
5 pressure is applied to the separation material to avoid
deformaticn. For example, a CCD laser displacement sensor
(LK-035 produced by KEYENCE) or the like enables non-contact
thickness measurement. It goes without saying that if a
catalogue, manual or the like of a material to be used says the
10 basis weight and the thickness of the material, the data may
be used to determine the density K as basils weight
(g/m?) /thickness (m).
[00689]
The fiber diameter of the separation material needs to
15 be 1 umtce 15 um. If the fiber diameter is less than 1 um, the
probability of clogging tends tobe high. 1If the fiber diameter
ig more than 15 um, white blood cells and/or platelets cannot
be capturedon the separationmaterial, resultinginhigh levels
of contamination of white blood cells and/or platelets in the
20  redblocd cell-rich fraction. This in turn leads to remarkably
low efficiencies in separation of the white blocd cell-rich
fraction and the platelet-rich fraction. The fiber diameter
is preferably 1 um to 10 um, more preferably 1 um to 7 um, and
particularly preferably 1 pum to 5 pm in order tc enhance the
25 separation efficiencies.
[0070]

The fiber diameter refers to the width of fiber in the
perpendicular direction to the fiber axis, and can be determined
by photcgraphing the separation material made of a nonwoven

30 fabric using a scanning electron microscope, measuring the
diameters of fibers based on a scale con the photograph, and
averaging the measured diameters. Namely, the fiber diameter
herein means the average fiber diameter determined as described
above, and is specifically the average of 50 or more fibers,

35 and preferably the average of 100 or more fibers. It should
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be ncted that when multiple fibers are overlapped, scme fibers

hinder measurement cf the width of a target fiber, or some fibers

which remarkably differ in diameter are present, the datzs of

these fibers are not used to determine the fiber diameter.
5 [0071]

In the case that the nonwoven fabric includes fibers of
multiple types which largely differ in width, for example,
differ in diameter by more than 7 um, the fiber diameter is
calculated for each fiber type. Since fibers with a smaller

10 diameter have stronger influence on the separaticnefficiencies,
the smaller fiber diameter is regarded as the fiber diameter
of the nonwoven fabric. In the case of two types of fibers which
differ in diameter by, for example, 7 um or less, the both types
are treated as the same type and the diameter thereof is

15  determined.

[0072]

In the separaticn methoed of the present invention, two
or more separation materials as described above according to
the present invention may be used together, or alternatively

20 the separationmaterial of the present invention and separation
material{s) other than the separation material of the present
invention may be used together. Namely, even a case in which
a separation material having a fiber diameter of, for example,
15 to 30 um is used is included in the scope of the separation

25 method of the present invention, provided that at least one
separation material made of any of the above-mentioned
materials and having a density K and a fiber diameter within
the above ranges is used together.

[0073]

30 4., Blood cell separation device

The blcod cell separation device of the present invention
1s obtained by packing the blood cell separation material in
a container having an inlet and an ocutlet for abiological fluid.
[0C74]

35 The blood cell separation device preferably further
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includes an inlet and an outlet for the washing sclution, an
inlet and an outlet for the separation soluticn, a red blood
cell-rich fraction recovery means, a white blcood cell-rich
fraction reccvery means {or a mononuclear cell-rich fraction
5 recovery means), and the like for practical use. The recovery
means may be bags. Further, the blood cell separation device
preferably includes the container packed with a laminate of
layers of the blood cell separation material; a flow-path
opening and clcsing means located upstream of the inlet of the

10 container; a white blood cell-rich fraction recovery means
connected to the flow-path opening and closing means; and a
separation solution introducingmeans located downstreamof the
outlet of the contailner.

[0075]

15 Specifically, the blocdcell separationdevice, which has
an inlet for introducing the biological £luid and an outlet for
discharging the biclogical fluid, is preferably further
characterized in that: the inlet for the biclogical fluid serves
as an inlet for introducing the washing scolution for washing

20 out red blood cells remaining in the container, or the blood
cell separation device has said washing solution inlet
independently from the inlet for the biological fluid; the
outlet for the biological fluld serves as an outlet for
discharging the washing solution, cor the blood cell separation

25 device has said washing solution outlet independently from the
cutlet for the biclogical fluid; and the outlet for discharging
the biolegical fluid and/or the washing solution‘serves as an
inlet for introducing the separation soluticon, or the bloodcell
separation device has said separation sclution inlet

30 independently from the outlet for discharging the biological
fluid and/or the washing solution. The inlet and cutlet for
the washing solution of the containermay be the inlet and outlet
for the biolegical fluid, respectively, and a 1ine on the inlet
side may be connected to both a blood bag and a washing solution

35 bagviaa flow-path opening and closingmeans such as a three-way
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stopcock. The cutlet and inlet for the bioclogical fluid may
also serve as an inlet for introducing the separation sclution
and an outlet for recovering the separation solution,
respectively, and a line may be similarly connected to bags,
syringes, or the like via a three-way stopcock. Fig. 3 is a
view 11lustrating one examplie of a blood cell separation system
including the blood cell separation material of the present
inventioen.

[0076]

Preferably, a biclogical fluid storage bag, a separation
spolution recovery bag for recovering the white blood cell-rich
fraction, a red blocd cell-rich fraction recovery bag, and the
like are also attached to the container. If these bags are
connected to the inlet{s) and the outliet(s) for the solutions,
the biclogical fluild can be separated in an aseptic closed
system. Preferably, these bags after use can be cut off, and
may have a shape like that of a commenly used blood bag or may
have a flat plate shape of a cartridge type or the like. The
white blood cell-rich fracticn recovery bag or the moncnuclear
cell-rich fraction recovery bag may, for example, be a bag
usable for cell culture or a cryopreservation resistant bag
according to the purpose.

[0077]

When the blood cell separation material is packed into
the container, the blood cell separation material may be
compressed or may not be compressed. Whether the blood cell
separation material is compressed may be determined
appropriately based on the material and the like cf the blcod
cell separation material. One preferred example cof the usage
form of the blood cell separation material is obtained by
cutting the blood cell separation material made of a nonwoven
fabric into pieces of an appropriate size, and forming a single
layer, or a laminate of layers, of the blood cell separation
material which has a thickness ¢f about 1 mm o 200 mm. In terms

of the fraction separation efficiencies, the thickness is more
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preferably 1.5 mm tc 150 mm, and further more preferably 2 mm
to 100 mm. Preferably, the thickness of the single layer or
the laminate of layers of the separation material packed in the
container is approximately 1 mm to 50 mm. In terms of the
fracticn geparaticn efficiencies, the thickness is more
referably 1.5 mm tc 40 mm, and further more preferably 2 mm
to 35 mm.
100781

The blood cell separaticn material may be rolled up into
a rclled-up form and then packed into the container. In the
case that the blood cell separation material is used in a
rolled-up form, the biolcgical fluld may be allowed to pass
through this rcll from the inside tc the cutside or conversely
from the outside to the inside for separation of blood cells.
[0078]

The shape, size, andmaterial of the container for packing
the blood cell separationmaterial therein are not particularly
limited. The shape of the container may be any shape such as
spherical, container-shaped, cassette-shaped, bag-shaped,
tubular, or coiumnar. Specific preferred examples of the
container include, but are ncot limited to, a translucent tubular
container having a volume of about 0.1 mL to 400 mL and a diameter
of about 0.1 cmto 15 cm; and a quadratic prism-shaped container
having a thickness of about 0.1 cm to 5 cmand having rectangular
or square faces with sides having a length of about 0.1 cm to
20 cm.

[0080]

The container may be made of any structural material.
Specific examples of such structural materials include
nonreactive polymers, biocompatible metals and alloys, and
glasses. Examples of nonreactive polymers include
acrylonitrile polymers {(e.g. acrylonitrile butadiene styrene
terpclymer), halcgenated polymers [(e.qg.
poclytetrafluorcethylene, polychlorotrifluorocethylene,
tetrafluorocethylene~-hexafluorcpropylene copolymer, polyvinyl
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chloride), polyamide, polyimide, polysulfone, polycarbonate,
polyethylene, polypropylene, polyvinyl chloride-acrylic
copolymer, poclycarbonate acrylonitrile butadiene styrene,
polystyrene, and polymethylpentene. Examples of usable metal

5 materials for the container (biccompatible metals and alloys)
include stainless steel, titanium, platinum, tantalum, gold,
and allcocys of these, gold plated ferrcalloy, platinum plated
ferrcalleoy, cobalt chromium alley, and titanium nitride-coated
stainless steel.

10 [6081]

Materials having sterilization resistance are
particularly preferred and specific examples thereof include
pelypropylene, polyvinyl chleride, polyethylene, polvimide,
pclycarbonate, polysulfone, and peclymethylpentene.

15
EXAMPLES
[0082]

The following examples are offered by way of detailed

illustration of the present invention and the present invention
20  is not limited to these examples.

[0083]

(Example 1)

A laminate of 28 layers of a polypropylene nonwoven fabric

(fiber diameter: 3.5 um, density K: 8.3 x 10! g/m?) was packed
25 into a2 container having a thickness of 6 mm and a diameter of
18 mm, and physiological saline {45 mL) was first passed through
the container froman inlet by pressing a syringe by hand. Next,
citrate-anticcagulated fresh bovine blood (10 mL) was
introduced at 2.5 mL/min and passed through the container, and
30 then physiclogical saline {10 mL) was passed through the
container in the same direction. Subsequently, MEM
supplemented with 10% FBS (30 mlL) was passed through the
container in the direction opposite to the above flow direction
by pressing a syringe by hand, and recovered. The blood sample

35 before the above processes, an obtained red bloocd cell-rich
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fraction, and an cbtained white blood cell-rich fraction were
evaluated for blocd count using a blood cell counter (K-4500
produced by 3Sysmex Corp.), and the blood cell recovery rates
of the fractions were calculated. Portions of the blood sanmple
before the processes and the recovered separation sclution were
hemolyzed with FACS Lysing Solution and evaluated for
moncnuclear cell positivity and granular leukocyte positivity
using a flow cytometer (FACSCanto produced by Nippon Becton
Dickinson Company, Ltd.). The total numbers of moncnuclear
cells and granular leukccytes were calculated by multiplying
the number of white blood cells by the respective positivities.
The mononuclear cell recovery rate and the granular leukocyte
recovery rate were determined as percentages calculated by
dividing the total numbers c¢f mononuclear cells and granular
leukeccytes in the recovered separation scluticn by the total
numbers of mononuclear cells and granular leukccytes before the

above processes, respectively. Table 1 shows the results.
[0084]
(Example 2

The same procedures as in Example 1 were carried out,
except that a laminate of 28 layers of a polybutylene
terephthalate nonwoven fabric (fiber diameter: 2.5 um, density

K: 1.0 x 10° g/m’} was packed. Table 1 shows the results.
[C085]
(Example 3)

The same procedures as in Example 1 were carried out,
except that a laminate of 28 layers of a polybutylene
terephthalate nonwoven fabric (fiber diameter: 3.8 pm, density
K: 1.2 x 10° g/m’) was packed. Table 1 shows the results.
[CC86]

(Example 4)

The same procedures as in Example 1 were carried out,

except that a laminate of 44 layers of a polyethylene

terephthalate nonwoven fabric (fiber diameter: 4.1 um, density

K: 1.9 x 10° g/m®) was packed. Table 1 shows the results.
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[0087]
(Example 5)

The same procedures as in Example 1 were carried out,

except that a laminate of 44 layers of an acrylic nonwoven fabric
5 (fiber diameter: 4.7 um, density K: 1.4 x 10° g/m’) was packed.

Table 1 shows the results.

[0088]

{(Example 6)

The same procedures as in Example 1 were carried out,

10 except that a laminate of 22 layers of a nonwoven fabric made
of polyethylene terephthalate-polypropylene split fibers
(fiber diameter: 10 um, density K: 1.6 x 10° g/m®) was packed.
Table 1 shows the resulis.

[0ogQ]

15 (Example 7}

The same procedures as in Example 1 were carried out,
except that a laminate of 22 layers of a nonwoven fabric made
of polyethylene terephthalate-nylon split fibers (fiber
diameter: 10 pm, density K: 1.4 x 1059/39) was packed, and that

20 ACD-anticoagulated fresh bovine blood (10 mL) was used instead
of the citrate-anticoagulated fresh bovine blood (10 mL).
Table 1 shows tThe results.

[goee)
(Example 8)

25 The same procedures as in Example 1 were carried out,
except that a laminate of 33 layers of a nylon nonwoven fabric
(fiber diameter: 5.0 um, density K: 1.3 x 10° g/m’) was packed,
and that CPD-anticoagulated fresh human blood (10 mL) was used
instead of the citrate-anticocagulated fresh bovine blocd (10

30 mi). Tabie 1 shows the results.

[0091]
(Example 9)

The same procedures as in Example 8 were carried out,

except that a laminate of 30 layers of a polypropylene nonwoven

35 fabric (fiber diameter: 2.4 um, density K: 5.6 x 10? g/m?) was
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racked. Table 1 shows the results.

[0092]

(Example 10)

The same procedures as in Example 8 were carried out,

5 except that a laminate of 28 layers of a polypropylene nonwoven

fabric (fiber diameter: 3.5 um, density K: 8.3 x 10% g/m’) was

packed. Table 1 shows the results.

[0093]

(Example 11)

10 The same procedures as in Example 8 were carried out,
except that a laminate of 28 layers of a polypropylene nonwoven
fabric (fiber diameter: 5.7 um, density K: 1.2 x 10° g/n’) was
packed. Table 1 shows the results.

[0094]

15 (Example 12}

The same procedures as in Example 8 were carried out,
except that a laminate of 84 layers of a polybutylene
terephthalate nonwoven fabric (fiber diameter: 1.8 um, density
K: 9.1 x 10° g/m’) was packed. Table 1 shows the results.

20 [C085]

(Example 13) .

The same procedures as in Example 8 were carried out,
except that a laminate of 28 layers of a polybutylene
terephthalate nonwoven fabric (fiber diameter: 2.5 um, density

25 K: 1.0 x 10° g/m3) was packed. Table 1 shows the results.
[G096]

{Example 14)

The same procedures as in Example 8 were carried out,
except that a laminate of 28 layers of a polybutylene

30 terephthalate nonwoven fabric (fiber diameter: 3.8 ym, density
K: 1.2 x 10° g/m3) was packed. Table 1 shows the results.
[0097]

(Example 15)
The same procedures as in Example 8 were carried out,

35 except that a laminate of 28 layers of a pclybutylene
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terephthalate nonwoven fabric {(fiber diameter: 5.3 um, density
K: 1.1 x 10° g/m®) was packed. Table 1 shows the results.
[0098]

(Exampie 16)

5 The same procedures as in Example 13 were carried out,
except that CPD-anticoagulated swine umbilical cord blcod was
used instead of the CPD-anticocagulated fresh human blood (10
mL). Table 1 shows the results.

[0099]
10 (Example 17)

The same procedures as in Example 13 were carried ocut,
except that a 10% dextran injection was used instead of the MEM
supplemented with 10% FBS. Table 1 shows the results.
[0100]

15 {(Example 18)

The same procedures as in Example 7 were carried out,
except that citrate-anticoagulated bovine blood was usad
instead of the ACD-anticoagulated human blcod, and that
physiclogical saline was used instead of the MEM supplemented

20  with 10% FBS. Table 1 shows the results.
(01017
(Example 19

The same procedures as in Example 3 were carried out,

except that CPD-anticoagulated swine bone marrow (10 mL) was
25 used instead of the citrate-anticcagulated fresh bovine blood

{10 mL). Table 1 shows the results.

(01027

(Comparative Example 1)

The same procedures as in Example 8 were carried out,

30 except that a laminate of 40 layers of a polybutylene

terephthalate nonwoven fabric (fiber diameter: 16 um, density

K: 5.1 x 10* g/m3) was packed. Table 1 shows the results.

[01031

(Comparative Example 2)

35 The same procedures as in Example 1 were carried out,
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except that a laminate of 36 layers of a glass-pclyethylene
terephthalate nonwoven fabric {fiber diameters: less than 0.59
um, and 9.2 pm; density K: 2.0 x 10° g/m’) was packed. Table
1 shows the results.

5 [0104]
(Comparative Example 23)

The same procedures as in Example 1 were carried out,
except that a laminate of 24 layers of a glass-polyethylene
terephthalate nonwoven fabric {fiber diameters: less than 0.84

IC  um, and 8.4 um; density K: 2.2 X 10° g/m?) was packed. Table
1 shows the results.
[0105]
{Comparative Example 4)
The same procedures as in Example 1 were carried out,
15 except that a laminate of 56 layers of a vinylon nonwoven fabric
(fiber diameter: 30 um, density K: 3.2 x 10° g/nﬁ) was packed.
Table 1 shows the results.
[0106]
{(Comparative Example 5)
20 The same procedures as in Example 1 were carried out,
except that a laminate of ¢ layers of an acrylic-polyethylene

terephthalate nonwoven fabric (fiber diameter: 22 um, density

K: 2.1 x 10° g/m3} was packed. Table 1 shows the results.
[0107]

25  [Table 1]
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blood Citrate-anticoagulated bovine blood Citrate-anticoagulated bovine blood Citrate-anticoagulated
bovine blood Citrate-anticoagulated bovine blood ACD-anticoagulated human blood
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[0108]
(Example 20}

The MEM supplemented with 10% FBS, the 10% dextran

injection, and the physiclogical saline were evaluated for
5 viscosity et 25°C., Their viscositieswereZ.9mPa's, 2.3 mPa s,

and 1.1 mPa‘'s, respectively.

(0109}

Fig. 1 is a graph illustrating the relationship between

the densities Kof the nonweven fabrics and the moncnuclear cell
10 recovery rates. The densities K were determined by dividing

the basis weilghts by the thicknesses. The thicknesses were

measured using a dial thickness gauge (gauge head diameter: 25

mm, pressure: 0.7 kPa}. The basis weights were determined by

measuring the weights ¢f 10 cm-sguare samples cut cut from the
15 nonwoven fabrics.

[C110]

Fig. 2 i1s a graph illustrating the relationship between
the fiber diameters of the nonwoven fabrics and the mononuclear
cell recovery rates. The fiber diameters were determined as

20 follows: photographing sach nonwoven fabric by a scanning
electron microscope; measuring the diameters cof 100 fibers
based on a scale on the photograph; and averaging the diamseters.
[0111)

The results shown above clearly demonstrate that the use

25 of the separation material and the separation method described
herein makes it pcssible to easily and rapidly separate a red
blood cell-rich fracticn, a white blcod cell-rich fraction,
and/or a platelet-rich fraction froma biological fiuid without
the necessity of performing centrifugation. It isalso clearly

30 demonstrated that the use of a nonwoven fabric having a density
K of 2.0 x 10* to 1.9 x 10> and a fiber diameter of 1 um to 15
pm gives a mononuclear cell-rich fracticn. The comparative
examples demonstrate that the use of a nonwoven fabric having
a density K outside the above range or a nonwoven fabric

35 including a fiber with a fiber diameter smaller or larger than
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the above range reduces the separation efficiencies.

EXPLANATION OF SYMEOLS

[C112]
5 1 Chamber
2 Container packed with blocd cell separation
material '
3 Biclogical fluid bag
4 Washing sclution bag (also serving as priming

10 solution bag)
5 Red bicod celli-rich fraction recovery bag
& ‘ White blood cell-rich fraction recovery bag
(mononuclear cell~rich fraction recovery bag)
7 Recovery port
15 8, g9, 10 Three-way stopcock
11-17 Line
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32 [0108] (Example 20) The MEM supplemented with 10% FBS, the 10% dextran injection, and
the physiological saline were evaluated for 5Sviscosity gu25C. Their viscosities were 2. 9mPa s,
5.3mPa s, and 1.1 mPa.s, respectively.

CLAIMS

1. A method for separating blood cell components from a
biological fluid, comprising:

5 (a} capturing white blood cells and platelets on a blood
cell separation material by contacting the biological fluid
with the blood cell separation material, thereby providing a
red blood cell~-rich fraction; and

{b) separating a white blood cell~rich fraction from the
10 resulting blood cell separation material using a separation
solution.

2. The separation method according to claim 1,
wherein the blood cell separation material is packed in
15 a container having an inlet and an cutlet for the biological
fluid, and
the contact ¢f the biclogical fluid with the blood cell
separaticn material is accomplished by introducing the
bioclogical fluid from the inlet.
20
3. The separation method according to claim 1 cor 2,
wherein in the step (a), after the contact o¢f the
biclogical fluid with the blood cell separation material,
remaining red blood cells are washed out of the resulting blocd

25 cell separation material with a washing soclution.

4. The separation method according to claim 2 or 3,
wherein in the step (b)), the separation solution is
introduced from the outlet for the bioclogical fluid to separate
30 and recover white blcod cells,

5. The separation method according to any cne of claims
1 to 4,
wherein the separation sclution comprises physioclogical

35 saline, a buffer, dextran, a culture medium, or an infusilon.



[0109] Fig. 1 is a graph illustrating the relationship between the densities K of the nonwoven
fabrics and the mononuclear cell 10 recovery rates. The densities K were determined by dividing the
~ basis weights by the thicknesses. The thicknesses were measured using a dial thickness gauge
(gauge head diameter: 25 mm, pressure: 0.7 kPa). The basis weights were determined by measuring
the weights of 10 cm-square samples cut out from thez®5 nonwoven fabrics. [0110] Fig. 2isa
graph illustrating the relationship between the fiber diameters of the nonwoven fabrics and the
mononuclear cell recovery rates. The fiber diameters were determined as 20 follows: photographing
each nonwoven fabric by a scanning electron microscope; measuring the diameters of 100 fibers

based on a scale on the phaiegeaphy and averagipgdhe dameters. 0411k 1hedgsults shownabove
clearly demons{rate thsat the use 25 of the separation material and the separation method described

herein makes it p033|blé to easily and rapidly separate a red blood cell-rich fraction, a white blood
cell-rich fraction, and/ovBg&teletFieh fractiondrord h Bidledicalfuig Wrtdut h@ﬁee@%ﬁy‘m

performingcentrifugation 1t isalsDd sleady 30-demensitated thatdhe use of ainonwovendabre having a
density K of 2.0 x 104 to 1.9 x 105 and a fiber diameter of 1 pm to 15 pm gives a mononuclear cell-rich

fraction. The comparative examples demonstrate that the use of a nonwoven fabric having a density K
outside the above rangé-or'& foRRRvER Faric B5HHAddR gL MserWith & fser dBmeEr ShadiBor
larger than 33 thecabéve range reduces the separation efficiencies. EXPLANATION OF SYMBOLS

[0112] 5 1Chamber ZCQH@%%P%%?Q»’%”Q@@%ﬁ%‘éé%p%@t@ﬂénﬁﬁ%@@@é@% fuid:bag,

4Wash|ng solution bag (also serving as priming 10solution bag) 5Red blood cell-ric ractlon recovery

bag 6Whit8 bloBa ‘&fixith Wé&ﬁbﬁpeecok?/eﬁ}ﬁgdf%nﬁwﬂ&l{éa?Eeﬁl?%hsﬁﬁcﬁlohar)e’co%ﬁ/ Bagpd

7Recovery portts 8, 9ct@Twredamaynstopcoek 11l bigel iminarily contacted with a
solution.

8. The separation method according to claim 7,
15 wherein the solution for preliminarily contacting the
blood cell separaticon material comprises physioclogical saline

or a buffer.

9. The separation method according to any cne of claims
20 1 to 8,
wherein the blood cell separation material comprises a

nonwoven fabric.

10. The separation method according to claim 32,
25 wherein the nonwoven fabric comprises a polyester fiber,

a polypropylene fiber, a nylon fiber, or an acrylic fiber.

11. The separaticn methed according to claim 106,
wherein the polyester fiber is a polyethylene
30 terephthalate fiber or a polybutylene terephthalate fiber.

12. The separation method according to claim 10,
wherein the nonwoven fabric comprises a nylon fiber, a
pclypropylene fiber, or a polybutylene terephthalate fiber.
35



34 CLAIMS 1. A method for separating blood cell components from a biological fluid, comprising:
5(a) capturing white blood cells and platelets on a blood cell separation material by contacting the

~ biological fluid with the blood cell separation material, thereby providing a red blood cell-rich fraction;
and (b) separating a white blood cell-rich fraction from the 10 resulting blood cell separation
material using a separation solution. 2. The separatiapsmethod according to claim 1, wherein the
blood cell separation material is packed in 15 a container having an inlet and an outlet for the
biological fluid, and the contact of the biological fluid with the blood cell separation material is
accomplished by introdugingiihe sieogicatfigid froti kel inketc2@ ding3 tThe separation method
according to claim 1 or.2he re jWhereln indhestep (Daplterthe captact of the higlogicat fiyid-with the
blood cell separation material, remaining red blood cells are washed out of the resulting blood 25 cell
separation material with a washing solution. 4. The separation method according to claim 2 or 3,
wherein in the step (b),lthe Séfaratiba safutioh i8e thinfrctiueed HroRvthe autlgt foretheibivlagied fluid to
separate 39 and reeovey,white blood cells. 5. The separation method according to any one of
claims1tod. ~ wherein he separaion solytion comprises physiological 35 saline, 8 buffr.
dextran, a culture medium, of an infusion. %8 6. ﬁe Separation meﬁmocyaccordlng 0’any one of
claims 1 to 5, wheréinth¥ bidlogickt fliRis dIdod Vord maEREH IS Ymbilical cord Bloodmerstual
blood, or a tissue extrache whi. flhesepadaticrl hethadh adcordingda ahy enemafrelaintsl 46, wherein

before the contagct af the hlogd.cell separation

10
15. The separation method accecrding to any cne of claims
1 to 14,
wherein the separatiocn solution is a sclution having a
viscosity of from 1 mPa's cr higher tc lower than 5 mPa-s.
15

16. The separation method according to any one of claims
1 to 15,
wherein a platelet recovery rate of the white blood
cell-rich fraction or the moncnuclear cell-rich fraction is not
20 more than a white blood cell recovery rate of the white blood

cell-rich fraction or the mononuclear cell-rich fracticn.

17. The separation method according to any one of claims
1 te 15,
25 wherein a platelet recovery rate cof the white blood
cell-rich fracticon or the moncnuclear cell-rich fraction is not
more than a mononuclear cell recovery rate of the white blecod

cell-rich fraction or the mononuclear cell-rich fraction.

30 18. The separation method according to any one of claims
i to 15,
wherein a ratic of a mononuclear cell recovery rate to
a granular leukocyte recovery rate of the white blood cell-rich
fracticn or the mononuclear cell-rich fraction is larger than
35 1.0,



10 material with the biological fluid in the step (a), the blood cell separation material is preliminarily
contacted with a solution. 8. The separation method according to claim 7, 15 wherein the solution
for preliminarily contacting the blood cell separation material comprises physiological saline or a buffer.
9. The separation method according to any one of claims 201 to 8, wherein the blood cell
separation material comprises a nonwoven fabric. 37 10. The separation method according to claim
9, 25wherein the nonwoven fabric comprises a polyester fiber, a polypropylene fiber, a nylon fiber, or
an acrylic fiber. 11. The separation method according to claim 10, wherein the polyester fiber is a
polyethylene 30 terephthalate fiber or a polybutylene terephthalate fiber.  12. The separation method

according to claim 10, Wber@iﬁé@%wwmfa}péi@z@&nawﬂM@%f&b%ﬁ Balypsgrylene fiber, or a
polybutylene te ephthéll?te fiber. 36 13. The separation method according to claim 9, wherein the
r

nonwoven fabric cofnprides a split fiber. 14. The separation method according to any one of
claims 59 to 13, whidreirethie ridriwovehtfabhé hag acdensity kebf Z0act041to 9 X165 and has a

fiber diameter efdnpmte kbR and- r i e white biepd salbrich draction:is 2 meponucleas eefi-rich
fraction. 10 15, The segaratiq{] method accordi?? to any on&gglaims. to 14, . .wherein the
a I R s

_ Py nethod ace X i
separation solufion 1€ a soiutlsbennﬁa\ﬁﬁg a v?sceo%ltg’ ‘ot from 1 ni8a’s or h%%se% o lower thari 5 mPa .s. 15

16. The separation method according to any one of claims 1 to 15, wherein a platelet recovery
rate of the white blood gell-righ fragtion osthe-mohentclearreell=rHahfractiondsinot 201mere than a

white blood cellecoverydat ol thewhite blood selich Iractiqn. pr iz menanuglea gl ghyfaction.
17. The seéJaratlon method according to any one of claims 1 to 15, 25wherein a platelet recovery rate

of the white blobB &SI FaGionCorthE Indibrititledt Rl FichFtiBa is n&Cmbre than a

mononuclear cell recovery rate of the white blood cell-rich fraction or the mononuclear cell-rich

fraction. 3018. The separation wethod accordinglae any-ang of slalms-hto-Lh, - s Wherein a ratio of a
mononuclear cell recovery rate to a %agular Ie%(‘ocytf recovery rate of the white blood cell-rich
g et

fraction or the mononuélear céti-fich i ciéC &&ﬁ”s s€paration of a mononuclear
caell-rich fraction from a bkiological fluid,

15 wherein the nonwoven fabric has a density K of 2.0 x 10°

to 1.9 x 10° and has a fiber diameter of 1 um to 15 um.

22. The blood cell separationmaterial according to claim
21,
20 wherein the nonwoven fabric comprises a nylcon fiber, a

polypropylene fiber, or a polybutylene ferephthalate fiber.

23. A blood cell separation device comprising
the blcod cell separation material according to c¢laim 21
25 or 22,
wherein a laminate of layers of the blood cell separation
material is packed in a container having an inlet and an outlet

for a biological fluid.

30 24. The blood cell separaticn device according to claim
23, further comprising:
a flow-path opening and closing means located upstream
of the inlet of the container;
awhitebleocod cell-rich fraction recovery means connected

35 to the flow-path opening and closing means; and



351.0. 37 19. The separation method according to any one of claims 1 to 15, wherein the white
blood cell-rich fraction or the 5 mononuclear cell-rich fraction comprises a hematopoietic stem cell, a

- mesenchymal stem cell, or a 0D34-positive cell. 20. A red blood cell-rich fraction, a white blood
cell-rich fraction, or a platelet-rich fraction separated by 10the method according to any one of claims 1
to 13. 21. A blood cell separation material comprising a nonwoven fabric that allows separation of a
mononuclear cell-rich fraction from a biological fluid, 15wherein the nonwoven fabric has a density K of
2.0 x 104 to 1.9 x 105 and has a fiber diameter of 1 pm to 15 pm. 22. The blood cell separation
material according to cRirfEEE 20wheteipthe hbaloveh Fasticccarapisass g nylohdied, a
polypropylene tikerm ot adalyitylene terephthalate fibes. con23 A bleod cell separation device
comprising the blood cell separation material according to claim 21 25or 22, wherein a laminate of
layers of the blood cell separation material is packed in a container having an inlet and an outlet for a
biological fluid. 3024. The-blBod 2BR 58pafation Hevice accbfding %6 EafHh 239 further Tomststhg: a
flow-path Gpeningland cigsing awansddchtediupsireain o thetihtet afdhecoatainers nonwoeoaamhite
blood cell-rich fragtion recovery means connected 35 to the flow-path opening and closing means; and
38 a separation solution introducing means located downstream of the outlet of the container.

25. A separation solutidK ot tetdfefing WiRFBIo8 a0 cEFECEaptdted of 2 ISP BEIF sEaraitir
material or a ndriveoven fabsics.  which has a viscosity of from 1 mPa.s or higher to lower than 5
mPa.s. 1026. The separation solution according to claim 25, which is free from dextran.

10 26. The separation scluticn accerding to claim 25,

which 1s free from dextran.



