15 April 2006 DESCRI PTI ON METHOD FOR SELECTI VELY REMOVI NG VI RUS AND
LEUKOCYTES, REMOVI NG MATERI AL AND REMOVI NG APPARATUS TECHNI CAL FI ELD The
present invention relates to a nethod for selectively and simultaneously

renovi ng viruses and | eukocytes in blood and to a material and an
apparatus for the .selective renoval nethod.. BACKGROUND ART [tf April 2006

conventional bl ood processing systens (e.g. Patent Docunents 1-3), plasm

conponent and bl ood cell conponenta%é%%ffgyﬁj@ed using a plasm separation
menbrane or a centrifugal separator and then unnecessary substances are

adsorbed and renoved by directly bringing the plasma conponent into
contact wth an i mmunoadsorbent, a |lowdensity |ipoprotein adsorbent, or

the l'ike. |nMEDRSB FDRSEEDECTIVELS RIMOVIGGIYIHUB RRDIMEYROOYVHESS RBFYV ING
substances, such as viruses, and | eukocytes sinultaneously since the blood

cell conmponents such as ATERIDXY () HEMOKANEt ABPARROUP| atel ets are
collectively separated fromthe plasnma conponent. Further, in these
systens, platelets are activated because these systens use a nateri al
havi ng charges. Therefore, it is inpossible to recover platelets at a high
recovery rat CEQENIFEL JAFLR i ne whil e renpving unnecessary substances and

| eukocyte. Patent_Docunment 4 descr] bes met hod for purifying blood 1 15
April 2006 of a DA PERE SR PP HATIRGLBFE h 8RHAG Corntf toReotRIY

and simultaneously removing viruses and leukocytes in blood and

to amaterial and an apparatus for the selective removal method.

BACKGROUND ART
In conventional bnloqd preccessing systems (e.g. Patent
Documents 1-3), plasma compo‘nent and blood cell component are
separated using a plasma separation membrane or a centrifugal
separator ::md then unnecessary substances are adsorbed and
removed by diréctly bringing the plasma component into contact
with an immunoadscrbent, a low—density lipoprotein adsorbent,
‘or the like. In these systems, it is difficult to remove
unnecessary substances, such as viruses, and leukbcytes
simultaneously since the blood cell components such as
erythrocytes, leukocytes, and platelets are collectively
separated from the plasma component. Further, in these systems,
pPlatelets are activated because these systems use a material
having charges. Therefore, it is impossible to recover
platelets at a high recovery rate at the same time while removing

unnecessary substances and leukocyte.

Patent Document 4 describes a method for purifying blood



removi ng | eukocytes and mal i gnant substances such as i munogl obulin from
the blood using a material for renoving |eukocyte. However, the

speci fication describes neither sinultaneous renoval of |eukocytes and
viruses nor recovery of platelets to be performed sinultaneously with the
removal of |eukocytes and viruses. Patent Document 5 descri bd® Amiil 2006
apparatus and_a net hod for processingéblood conpri sing renoving a target

subst ance su€h 2aR2E AT J& Y &M £RBUBPLBE™ fi ‘@h%%ﬂs%st?%gsﬁ‘ﬁﬂéﬁﬁe@&éééﬂ ant by

treating blood with carrier havi,n .pol yam ne and an _ anti coagul ant on
t he surface.‘QgB%:\L/%Q,alﬁlf}mlc%’ if fafléiuﬁ??%gna;r{gc%%?taa{’cselﬁ fslucq%eﬁfs amount of

platelets, sip6enddeSiniage af tnkhg) é&rﬁﬂn(gga?rﬁaﬂe@cri%% @&“EEmeviké‘ea

am ne. Also, the degree of renoving [eukocyt is not sufficient.

material forisem®yng ap¥lhedsr, Pakendpdocunenti b qdesekiBesnaipmieri al
havi ng a cationic conpound on the surface. However, the specification does

not descri bestrembvalecafs asmdvas off L enkddwosks ahdariruRat ent Dooitrerit of
describes a material for renoving H'V and its related substances, the
mat eri al havihgjtelsies $or baceeoformekakraditdneocys lneekt badia reglovdl of
substance. This reanin%Cnaterial is characterized by having -COCH, -SO3H
or the |ikel O IHESUPPEc&1EHE®S surface pH of 2.5-6. 9 or 7. 4-10.5. The
speci fication desEpartiet%1 SDEQS“ a \éi rus_cannot, be rem)vuesd‘a en e%%ﬁ-( or SO3H,
or the like on the Surtface I'orns a°8aFt2SFart ARhb? e1° AR R 0
descri bed i no Rt NROGUIBAT Tomp deRALUE LI PL thesL kanfe dhe gomponent
protein occurs, which 2 15 April 2006
as a virus from the blood without using an anticocagulant by
treating blood with a carrier having a polyvamine and an
anticoagulant on the surface. However, it is difficult to
recover a sufficient amount of platelets, since the surface of
the carrier has a large amount of the amine. Also, the degree
of removing leukocytes is not sufficient.
As & material for removing a virus, Patent Document &
describes a material having a cationic compound on the surface.
However, the specification does not describe removal of a virus
from blood at all. Patent Document 7 describes a material for
removing HIV and its related substances, the material having
the surface of a weak acidic or weak basic solid substance. This
removing material is characterized by having —COOH, -S0zH, or
the like on the surface and a surface pH of 2.5-6.9 or 7.4~10.5.
The specification describes that a virus cannot be removed when
—COOH, —50s;H, or the like on the surface forms a salt.

Furthermore, in the method described in Patent Document 7,

denaturation or the like of the component protein occurs, which



is not favorable for blood, since the pH of blood changes when the bl ood
cones in contact with the renoving material. As a problemconmmon to these
techni ques, there is a risk of blood coagulation due to denaturati on of a
bl ood protein when blood cones in contact with a renoving rrat erl

(Pat ent Document 1) Japanese Pat ent Applicati on Lai d- open No. p”ﬁ@%S
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Japanese Pat ept Publd cafion 1N0c09*§a§93v9£th (tl?-%t %ﬁo%ﬁ&nﬁgﬁeﬁﬁal}ap%@eﬁe
Pat ent Application Laid-open . 11-267199 (Patent Document 6) Japanese
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Pat ent Application Laid-open No. 02-36878 DI SCLOSURE OF THE | NVENTI ON An

obj ect of theoprebention rvento odenstutratsohnvef taidlalvoveropedblwires bhoble
prior arts. In particular, an object of the present inventionis to

provi de a meeHOes t Hatc e o m;ltﬁaﬁeéaﬁpyln@éﬁ@wmlr uses and | eukocyt es
fromvirus -cont ai ni ng bl ood. and can achjieve _a hi fQ'S?:EI atel et recovery

rate, and to!pFeRiu&osumRatet) ABPERGSENT APl PR 1 PR TEED B8 a

result of ex%fnfiyﬁ%ftudles to achieve the above object, the present
i nventors have Tound that viruses and |eukocytes can he sinmultaneously

removed fromplogd and 312 épr3épé%g§% Patent Publication No. 05-50302

(Patent Document 3) Japanese Patent Publication No. 05-50303
(Patent Document 4) Japanese Patent Publication No. 05-50301
(Patent Document 5) Japanese Patent Application Laid-open No.
11-267199

(Patent Document 6) Japanese Patent Application Laid-open No.
03-123630

(Patent Document 7) Japanese Patent Application Laid-open No.

02-36878

DISCLOSURE OF TEE INVENTION

An cbject of the present invention is to solve the above
problems in the prior arts. In particuler, an object of the
present invention is to provide amethod that can simultaneously
remove viruses and leukocytes from virus-containing blood and
can achieve a high platelet recovery rate, and to provide a
material and an apparatus for the method.

As a result of extensive studies to achieve the above
object, the present inventors have feound that viruses and

leunkocytes can be simultanecusly removed from blcood and



pl atel ets can be recovered at a high recovery rate by bringing
virus-contai ning blood into contact with a water-insoluble carrier of

whi ch the surface can renove viruses and | eukocytes in blood. This finding
has led to the present invention. Further, the present inventaors have
found that |eukocytes and viruses can be sinmultaneously r emoviedpril 2006

ffectively b ' terial that I, th trati f
activated ~ cBIAFBHERE CIaPBy 11VE ABE P Lo B GE bEOGH 7S SBrORRE i nt o

cont act mjthvﬁ?ﬁ?ﬂggﬁféﬁﬂi '”Bf%o%ainkgchRtEBQ &9 |§HJ§¥Eéﬁin§4¥§§BEesent

i nvention. Specifica the present inventron relates to a net for

sel ectively eempYLRGVIhUSESHNGLL EHKOQE LS abTU N aRRQUSL Y 1fduPRiead,
conprising a step of bringing virus-containing blood into contact with a

materi al forisebeeddvelthicemOxningg Nis UsEs BhdHeLwkeerhes inkeshieanpri ses a
wat er-insoluble carrier having a surface for adsorbing or renoving viruses
and | eukocyfesthar bldedprében prigsemtonsveare oivaidsoheel wsodyotes and
platel et-perneable material for selectively and sinultaneously renoving
viruses andYiBuk®EyiEs ber sATBL bR O tohprhissiovgda chAE e < Y As0 b IVE 188r Bi er
having a surface fo reanin% vi ruses_and ggukocytes indblood.

d bi
The present FhehtT bri AT CRAr LB 6% Tost in "ABGAF AT 5 Poro” S8t GECLIBFY
et secti onoind iy S3AleEEe CONN bR SRR e 1 A 8

t section In e

sel ectively reRDYENG, Min UBESna @E d16UKPRYEES:d S R @6CChe aNEhYIRAND L OF
preventing the material 4
the present invention.

Specifically, the present invention relates to a method
for selectively remeoving viruses and leukocytes simultaneocusly
from blocd, comprising a step of bringing virus-ceontaining
blood into contact with a material for selectively removing
viruses and leukocytes which comprises a water-insoluble
carrier having a surface for adsorbing cor removing viruses and
leukocytes in blocd.

The present invention also relates to aplatelet-permeable
material for selectively and simultaneously removing viruses
and leukocytes fromblood, comprising a water~insoluble carrier
having a surface for adsorbing or removing viruses and
leukocytes in blood.

The present invention further provides an apparatus for
selectively removing viruses and leukocytes, comprising a
container heving & blood inlet section and a blood cutlet
section in which the material for selectively removing viruses

and leukocytes is placed, and means for preventing the material



15 April 2006 from escaping fromthe container. The nmethod, the renoving
material, and the apparatus are particularly useful when the bl ood
contains hepatitis Cvirus. It is nost pref erable that the

pl at el et -pernmeabl e material for selectively renoving viruses and | eukocytes
has a terminal hydrophilic group or a conbination of a termi A&April 2006

hydr ophi lic roup and a pol yethylene glycol group and, in addition, a
further ternfﬂ%? %?ﬁﬁﬁﬁﬁbﬁF@ FBﬁpCBHtgﬁ €Surface of the carrier. | BEST

MODE FOR CARRY NGid T THEq | NYELT R B8, RLESENL, | Ayanth ol td . be deger! bed
in detail bel ow n-the "present 1 nvention, &a ViTus inc Udes & Tree Virus

in blood, a protelirHAUNGsYEL PSimed VAL WS ot Lot £GiLdLeukoeytes; -p,and the

| i ke. Specifically, substances to be renpoved in the present invention
include viruses, pfoteicRtiosrkrdyiesasat endpliieehbkepetfe bbDOMatbRyayi ruses
such as hepatitis A virus, hepatitis B virus, hepatitis Cvirus, and H YV
can be renovedr seflethésely ddreviegatl tuseCavdrs:lcary tises hesoyédrainal
particularly high efficiency. It my be assuned, although not definitively
proven, thathydeordgdd grsul of rasadinkeirendicdl wrmipa lshidrophghic
efficiency as | eukocytes, due to surface properties and the size of the
virus. Exanp¥ER~EhéE ﬁ@ﬁéFFPV§e€?VQ+¥EP£) e 2% epdfi fPLIEIGRr 13 in

bl ood, hepatjiti.s C virus_adsorhbed in .imunoglobulin _or _.the |ik hepatitis
C viris adoct bt (5 dEa " A REph e PHARR SR b sBER 88 Phndhs

, ahd’ 1 eukocytes Such as cytes
activated by-Drier.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention will be described in detail below.

In the present invention, a virus includes a free virus
inblcod, a protein-boundvirus, avirus in infected leukocytes,
and the like.

Specifically, substances to be removed in the present
invention include viruses, protein-bound viruses, and the like
in blood. 2Any viruses such as hepatitis A virus, hepatitis B
virus, hepatitis C wvirus, and HIV can be removed. Of these,
the hepatitis C wvirus can be remcved at a particulariy high
efficiency. It may be assumed, although not definitively
proven, that the hepatitis C virus can be removed at the same
high efficiency as leukocytes, due to surface properties and
the size of thevirus. Examples of the hepatitis Cvirus include
hepatitis C virus in blood, hepatitis C virus adsorbed in
immunoglobulin or the 1like, hepatitis Cvirus adscorbed in plasma

protein, and leukocytes such as lymphocytes activated by



15 April 2006 hepatitis C virus, nmacrophage in an inflanmed part, and
granul ocytes. Especially when the viruses and pharmaceutical such as
interferon are renoved sinultaneously, the viruses that can be previously
removed using the nethod of the present invention are hepatitis C virus,
hepatitis C virus adsorbed on a plasna protein, |eukocytes i nPdredoqf
hepatitis C virus, and autoreactive T cells activated by hepatitis C
virus. In paeppeutss C Wittvsregacdorbapeukbeyt esnf1amgd RBgite &@¥ant ageous
to renmove |y tes, since the |ynphocyte is infecteg with the hepatitis

hoc
Cvirus. In gﬁ%nbr%%ﬁﬁs y n@éH?Fbﬁ%Yﬂbl“’&S& FREIMIdES %61 o &M< C3Such as

pl asma and serum, When Qaod IS treat eg siin{[ulit% e%g% : ﬁ:gl'}eoxéfggszggthat

ant i coagul ant "t %the’ Biodd ot T ﬁgmﬁﬁ‘repbse of Sr ev oagulation. The

anti coagul ant,f Sp 098 SPEGIHLC ALY EEM L 8dy LRASIRIGH 2S¢ N8 ARLLGaRgUl ant is
a conpound having ‘anticoagul ant activity. As a preferable exanple of the

ant i coagul ant nvéepadd BreFddamt 0¥, v ARGAL hepadite6tg e rasidisaukd be | i ke
can be given. O these, heparin and Futhan are particularly preferably
used. | n theapleseatpiansnt,i baykoenovalindtcved byekepatieukocyimss, Apdns to
be renoved from bl ood by adsorbing and/or filtering the viruses or

| eukocyt es. Apyoradtiods Jucklads acsidatrdgty Mmamidd tishdkivagumet hoe,
adsorption nmethod using diffusion, and filtration, nmetho

C d may be enpl oyed
for bringi ngPHF oot iadt oV EB HELET Wk e H S e &FPal * § oF rP%’Fr‘B\?idﬁén\FFPﬁg& and
| eukocytes. , For_adsorption and filiratiqn 1. 0BL 09, Ofs G4 NGPLoefl tO

fl ow !
the hepatitis C virus.

In the present invention, blood includes blood components
such as plasma and serum.

When blood is treated, it is possible to add an
anticoagulant to the blood for the purpose of preventing
coagulation. The anticoagulant is not specifically limited
inasmuch as the anticoagulant is a compound having
anticoagulant activity. As a preferable example of the
anticcagulant, heparin, Futhan, FOY, Argatroban, citric acid
and the like can be given. Of these, heparin and Futhan are
particularly preferably used.

In the present invention, removal of viruses or leukocytes
means to be removed from blood by adsorbing and/or filtering
the viruses cor leukocytes. Any methods such as a standing
method, shaking method, adsorption method using diffusion, and
filtraticn method may be employed for bringing blood into
contact with a material for removing viruses and leukocytes.

For adscrption and filtration, a method of causing blood to flow



6 15 April 2006 by a head drop, using a punp, or the like is

advant ageously used. It has been found unexpectedly that the material for

renovi ng viruses and | eukocytes of the present invention preferably has at

| east a term nal hydrophilic group on the surface. As the term nal

hydrophilic group on the surface of the carrier of the mater il Afrh2006

renmovi ng viruses and | eukocytes, a uncharged neutral functional group is

preferably ubgd he@dipbes: oimasauchng . prietee dilke FuAEVRrBRAPeYR DL USAEl ude a

hydr oxyl group, hydroxyl group-containing alkyl groups such as

hydr oxymet hyl groﬁb,hﬁ?d?%%W 9ﬂﬂd'@PSEB?CE§H}6XE%?Bp§Wed?%hﬁilal Tor

hydr oxyi Sopr opyl, 01 oup, . IVl oXpYLYl gL eUR. o angh, . VAraxul SQBubyl ogroup,  and
as a nme tho i ethy

nethoxypolyef yI ene’ gl ycol "groups ~suc Xy I"éné gl yco

group and W#PQ&H&#M ene ) alycal (greup.1 ydhese: & hydrexyl greup,
hydr oxypr opyl group, - hydroxyi sopropyl group, and hydroxyisobutyl group are

particul arl ysprefes ablhy useoke ko dNPhQYecpRL Nealddudpy oaf tipé athelrels, od

nmet hoxydi et hylene glycol group or nme thoxytri ethylene glycol group is
preferably usedarFacinpy ovembothishd&orenrovalingaterofesandseskangtes,

| eukocytes and the platelet recovery rate, it is nost preferable to use a
hydr oxyl gr o&pundiyardnd preopya lgfongtihydl oxyeeopromue igrepy vepd-

hydr oxyi sobutyl group in conbination with_ a nethoxydi et hyl en 8cho| group
or met hoxyt r FEERRASHE IS @ §redpraPhc t he predeht QH?FQnPPGEF g ferninal

means a tern%§g§o£¥l group, hydroxyl group-containing alkyl groups such as

a hydroxymethyl group, hydroxyethyl group, hydroxypropyl group,
hydroxyisopropyl greoup, hydroxybutyl group, and
hydroxyisobutyl group, and methoxypolyethylene glycol groups
such as a methoxydiethylene glycel group and methoxytriethylene
glycol group. Of these, a hydroxyl group, hydroxypropyl group,
hyvdroxyvisopropyl group, and hydroxyisobutyl group are
particularly preferably used.

To improve permeability of platelets, a methoxydiethylene
glycel group or methoxytriethylene glycel group is preferably
used.

To improve both the removal rate of viruses and leukocytes
and the platelet recovery rate, it is most preferable to use
a hydroxyl group, hydroxypropyl group, hvdroxyisopropyl group,
or hydroxyisobutyl group in combinaticn with a
methoxydiethylene glycol group or methoxytriethylene glycel
group.

In the present invention, a terminal means a terminal of

a main chain or a terminal of a side chain. The terminal group



a main chain or a termnal of a side chain. The termnal group 7 15 April
2006 may be bonded directly to the main chain or via an ester bond, am de
bond, urethane bond, or the like. In the latter case, the termnal refers
to a termnal part which does not include the bond. As a preferable
terninal hydrophobic group on the surface of the carrier of tIRAPRZS al
for renmoving viruses and | eukocytes of the present invention, alkyl groups
havi ng 1 to mEgste tleaged0dteedory drohbe SId: &82annet Mile gf ctpee Ry gr oup,
propyl group, isopropyl group, butyl group, isqbutyl group,  t-butyl group,
pentyl gr oup?mhﬁiylPo‘b‘%lodﬁetI]i’é‘ﬁﬁypoﬁgou‘b{ G LG ynit Groud o matte

groups such a_phenyl. grau al i phatic roups suc s_a cycl.opentyl
group and cyg{%Sh% ’Tl%arlogﬁ,gegﬁdto tahéeﬂnl%réaga%axgte wzlil\?gnso?sn nvcl}/tev:\L/n(c):ﬁud}é

per neabi | i tytﬁ% ]Pgn%el ets, alkyl groups having 10 to | ess than 30 carbon
atons, i.e. alky group such as a nmethyl group, and an ethyl group are

nore preferabl e. s Nakyle 8 QDS havkiga 1t dreesithgiodd cearhoruatals, a
met hyl group, and an ethyl group are nost preferable. In the material for

sel ectively penovée ngpiwrdises ahd mbkeakoeyt esr of erichel yr esemseisneedt i on, the
hydrophilic group is effectively used for adsorbing/renoving hydrophilic
prot ei n- adsotpedeyitased ahe nrafeodytavenhdchoralikydr ovPngs hacovedyto
capability for platelets. The hydrophohic group. is effectively used for

i mproving  aH&d®f &tﬁa@n%fcaﬁ%@éo’ﬁ EHSR:]TSﬁhﬁﬁ‘i‘ecthé’rlo‘%?ﬁpacfét(?ryﬁearWPuses.

In the material for [RIPVLNG VEEYses, 809, eUkeEW 8 OT ikBucy1 group,
t-butyl group, pentyl group, hexyl group, heptyl group, and
octynyl group, aromatic groups such as a phenyl group, aliphatic
groups such as a cyclopentyl group and cyclchexyl group, and
the like can be given. In view of permeability of platelets,
alkyl groups having 10 to less than 30 carbon atoms, i.e. alkyl
group such as a methyl group, and an ethyl group are more
preferable, BAlkyl groups having 10 to less than 20 carbon atoms,
a methyl group, and an ethyl group are most preferable.

In the material for selectively removing viruses and
leukocytes of the present invention, the hydrophilic group is
effectively used for adsorbing/removing hydrophilic
protein-adsorbed viruses and leuvkocytes and for improving
recovery capability for platelets.

The hydrophobic group is effectively used for improving
adsorption of viruses or hvdrophobic protein-adsorbed viruses.
In the material for removing viruses and leukocytes of the
present invention, to remove viruses and leukocytes and

maintain permeability of platelets, it is important to ensure



present invention, to renove viruses and | eukocytes and rmaintain
pernmeability of platelets, it is inportant to ensure 8 15 April 2006 a
wel | - bal anced proportion of the term nal hydrophilic groups and the
term nal hydrophobi ¢ groups. Excessive hydrophobicity is disadvantageous
for recovery of platelets. The percentage of the terminal hydriephiril 2606
groups is preferably 2% or nore, and | ess than 100% Wen the percentage

of the term aaleHydedphirEice Hrltmptidns of eglse ttieaRiRed hYRERRIpHGIS SFPYPEs

high. In this case, |eukogytes and viruses can be adsorbed r

,__Wher eas
perneabiIitya%@tﬁFéFEWBF§%ﬁﬁﬂ%ﬁ%ﬁ%ﬁﬂ%ﬁr%ﬁﬁﬁea§§§e€§%V§ﬁ@ﬁf?pPP%ﬁﬁéty

percentage of _the hydraqphilic roups_i.s_.100% sagrption of viruses
unpreferablyl%eé}%%égﬁﬁ agﬁP@ﬁ]?&é a 89%85¥d%dﬁg%hegj$ﬁﬁ percentage i s nore

preferably 3% orrypre., AndaLess:tban 90%.and WRsloIher abbypdacr more,

and | ess than 80% The percentage of the term nal hydrophobic groups is

al so inportgdre MOy LY PREEENTAGEE] &Ss AnkY DIOHNDI @neanthd essckhange 70%
the material is advantageously used. Wen the percentage of the term nal
hydr ophobi ¢ @f othps tiesmi@¥lohydorphilhe pfatmd ets leessovdayp E&te is
unpreferably reduced. If the percentage is |ess than 0.1% adsorption of a
Vi r us- adsor DiryF qitetdicd tyuapriciar ablfy ekt €ases Huekeoy tere anewwiruses

hydr ophobicity. For. these reasons, the percentage is. nore preferab 1% or
nore, and I%%%bFﬁgﬁoééQ?'éW@ﬁﬁiﬁpiﬁWﬁﬁg%%ﬂgy9@ %ﬁtﬁﬁ?Efuﬁﬁﬁefﬁggbi an

55% In the present Jnayentln, the: ngrcentaggs gk Lhefentiddoniiic
groups is 100%, adsorption of viruses unpreferably decreases.
From the above standpoint, the percentage is more preferably
3% or more, and less than %0%, and most preferably 5% or more,
and less than B80%.

The percentage of the terminal hydrophobic groups is also
important. When the percentage is 0.1% or more, and less than
70%, the material is advantagecusly used. When the percentage
of the terminal hydrophobic groups is 70% or more, the platelet
recovery rate is unpreferably reduced. If the percentage is
less than 0.1%, adsorption of a virus-—adsorbing protein
unpreferably decreases due to the low hydrophobicity. For
these reasons, the percentage is more preferebly 1% or more,
and less than 60%, and most preferably 1% or more, and less than
55%.

In the present invention, the percentages of the terminal
hvdrophilic groups and the terminal hydrophobic groups refer
to the percentages of the hydrophilic groups and the hydrophobic

groups on the surface of the material for removing viruses and



hydr ophilic groups and the term nal hydrophobic groups refer to the
percent ages of the hydrophilic groups and the hydrophobic groups on the
surface of the material for renoving viruses and 9 15 April 2006

| eukocytes, specifically, the nolar ratios of the funtional roups of the
carrier coning in contact with blood. The percentages of thegéﬁﬁﬁf%@ﬁhl
groups can be determned by solid state nuclear nmagnetic resonance

spect roscopylebheeared HRsodpRdRYspeher BIEdPY: 2 HWENS CESBR TR tERBEE| ke
known in the art. Wen the surface of the carrier is n&ﬂjf%ed % coating
or the |ike, SEABPHet LeMtadds T3t RETEBP i Rafe Ry dtpe i the€°%oa g%g pol yner

can be i ndicaledo Il 8F S 08. L1, 118 BLES N, LOVANL. 0Ny, I, snface

e
refers tOthB sur e nmateril a viruses or t e can

come in contack..ant6xG! udes he asLAenof IhG- MBILIdAI, Wil aplich viruses

cannot come In contact. In the present 1nvention, the surface of the

carrier can bhpyergcfdmehbieenrokcegPl WHME Ysrusesr amd 1hewkiocywesn ahol ood
and allowing platelets to perneate therethrough insofar as the surface of

the carrier astprainegedhewsthfdde dfertmienakrhydrcphinadi Gragupy. cPhdingr m nal
hydrophilic groups may be provided by coating the surface with a materi al
contai ni ng the tes miked. Wdr opRcEREageduDE, thy WA indlr FEPAgithehe
funticnal grougg,into the surface of the carrier Qy radi ati on graft

pol yneri zat | % L EH AT Bodrnge ot fetet i Ke M9 H §2495 ‘possibl e to use
a material having.lhg, functional. Qnoups,on.fhe, suetacesay seahtksle The
materi al for renoving Virrases and Teu dcytes having
of thematerial withwhichviruses or the like can come in contact
and excludes the inside of the material with which viruses
cannot come in centact. In the present invention, the surface
of the carrier can have a function of capturing viruses and
leukocytes in blood and allowing platelets to permeate
therethrough insofar as the surface of the carrier is provided
with the terminal hydrophilic groups. The terminal
hydrophilic groups may be provided by coating the surface with
a material containing the terminal hydrophilic groups, or by
introducing the funtional groups into the surface of the carrier
by radiation graft polymerization, covalent bonding, or the
like. It is also possible to use a material having the
funictional groups on the surface as a carrier.
The material for removing viruses and leukocytes having
the terminal hydrophilic groups can have terminal caticnic
groups on the surface of the carrier. The terminal cationic
group is particularly advantagecusly used for improving

adsorption of & virus having negative charges on the surface.

10



the term nal hydrophilic groups can have term nal cationic groups on the
surface of the carrier. The termnal cationic group is particularly

advant ageously used for inproving adsorption of a virus having negative
charges on the surface. 10 15 April 2006 Exanples of the term nal cationic
group include tertiary amno groups formed by bonding of a di Byl oo
group, diethylanmno group, dipropylanno group, or the like to the

term nal of the nekammehes ﬁfothglt@ém@ﬁaﬁnc®¢l%1prVﬁﬁP intideaterhi fEY gr oups

such as heterocyclic groups. O these, a djnethylam nofﬁﬂ_'!_l di et hyl am no
group, and tRBLFP & MRS \lfﬁﬁlt Eéj'eBEiEW“%s‘é%l a IOf””te}"F@ytlé1 RaHTREPT oni c

group is a secondary,.am no [ oni ci t tron

unpr ef erabl y i’%‘[s%%r?fdjq r‘?rgulpedﬁéﬁ%ﬁy Jtrh %ﬁ atel etryrtg%o@é% g?a %(.3 The
per centage o | o] r OLp, f I th 15% |If
t he percent ageﬁg%:gelgﬁ ncg% E;nt%tﬁ(&el Ehﬁéltge{?fl élrde%ocvrga;l?/l ?’;f?léa ?gh?jégﬁce%@%lue (;o

the excessi ver & ¢:Qfu (Flsh%u@ﬁt !a@nhgtélf@cbmlcﬂb&oﬁh@rscen@ﬁ%éaﬁe ey e
preferably less than 13% and nost preferably less than 11% It has been

found that |elkecytiesniand gtionpsed:ieany benisi midaneens! yheebveds rost
effectively when the material for renoving viruses and | eukocytes of the
present invemVartdgecaslyaveedal Thdathecaermicpdasetipel e omceiit rid ion of an

activated conplenment C3a by five tines or nore after bringing blood into
contact w t PTHETat%Er |S§Iconfjtarﬁa§mé’l‘%09%§h PAME Nt SvFFESRS: can be

easily adsor belgreufnedr%rbltyhlees *lczll.'lnegncz:uel a?frefd%[:gg.gg ;'Lan ¢8R

e plg%elet recovery
rate.

The percentage of the terminal cationic groups is
preferably less than 15%. If the percentage exceeds 15%, the
platelet recovery rate is reduced due to the excessive amount
of the cationic groups. The percentage is more preferably less
than 13%, and most preferably less than 11%.

It has been found that leukocytes and viruses can be
simultaneously removed most effectively when the material for
removing viruses and leukocytes of the present invention is a
material that can increase the concentration of an activated
complement C3a by five times or more after bringing blood into
contact with the material. It has also been found that viruses
can be easily adscrbed under the influence of forming a complex
with the activated complement C3a, whereas an excessive
increase in the concentration of the activated complement C3a
relatively reduces the concentration of the viruses, resulting
in a decrease in adsorpticn of the viruses. When the increase

in the concentratiocn of the activated complement C3a is less
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with the activated conpl enent C3a, whereas an excessive increase in the
concentration of the activated conplenent C3a relatively reduces the
concentration of the viruses, resulting in a decrease in adsorption of the
viruses. When the increase in the concentration of the activated .
conplenment C3a is less 11 15 April 2006 than five tines af t er’MIB4OPRs
been brought into contact with the material, renoving capability of
viruses and lbakRotitesingaps Efer Abpyddery é&g@sbwwfe%wo W\@Fﬁ‘%%é’lth
concentration of the activated conpl epent C3a_i ncreases b times or

more after BPPnBRAE bt bod 0 "CortaEP* W tH ?ﬁeV+EH%ﬁ%eﬂn é@FV&Eﬁess of

h I h d
compl emont | CHEFREFEHEEE Ty oF 00050 RBLSBF - mar S aFLor T R 15088 | nt 0

contact with.he c elc?‘lc’o ggglgﬁrteéﬁél M}%tesb% u??@e'fhrﬁ@@ﬂ g@rdue to

anaphyl axis or t e caus y the conpl enent. en the <concentration

of the acti Vé‘f%@r%ﬂﬁh@ﬁﬁ%%l@%@ IiRgHeasesaby B0 fHdremi@rigore, the
conmponent conposition of blood significantly unpreferably changes The

concentrati oafpéctheeaedd vt etle cabpteaenis E3&urrdr eddegdrr nothenpteter abl y
seven tines or nore, and nost preferably by ten tinmes or nore, after
bri ngi ng bl cogncEmt o2 TNt At et b Ctheatad erPrplement K8 amdperieasepoby
i ncreasi ng the concentration of the activated conplenment C3a by five tinmes

or.nore aftet:Brf AgiMe§ ChIIE PﬁF%ré%ﬁﬁ%%ﬂPng%ﬂo?rﬁ?ﬁﬂaf8?F%Ft %%ﬁﬂa?g?lal

2§V|?ge5sE?L3%B f%qﬁséameﬁfa%ﬁﬁggvg?ggﬁe gsﬂ%%gﬁjhg)rogﬁgroaﬂllkg Jroups

anaphylaxis or the like caused by the complement. When the
concentration of the activated complement C3a increases by 500
times or more, the component composition of blood significantly
unpreferably changes. The concentraticn of the activated
complement C3a increases by more preferably seven times or more,

and most preferably by ten times or more, after bringing blocd
into ccntact with the material.

As the material for increasing the concentration of the
activated complement C3z by five times or.more after bringing
blood into contact with the material, a material having 5 mol%
or more of the above-described terminal hydrephilic groups con
the surface is used. Examples of the terminal hydrcphilic
group—containing monomer include, as terminal hydrophilic
group monomers, hydroxyalkyl methacrylates such as
2-hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate,
2-hydroxyisopropyl methacrylate, 2-hydroxybutyl methacrylate,
and 2-hydroxyisobutyl methacrylate, and methoxypolyethylene

glycol methacrylates such as methoxydiethylene glycol

12



group-cont ai ni ng nononer include, as term nal hydrophilic group nononers,
hydr oxyal kyl nmethacryl ates such as 2-hydroxyethyl nethacryl ate,

2- hydr oxypropyl nethacrylate, 2-hydroxyisopropyl nethacrylate,

2- hydroxybutyl nmethacrylate, and 2-hydroxyi sobutyl nethacrylate, and

met hoxypol yet hyl ene gl ycol nethacryl ates such as met hoxydi et A§lApnE2@16y col
12 15 April 2006 nethacrylate, nethoxytriethylene glycol nethacrylate, and
met hoxyt et r aet hiyd enel afloy.c ole tilekyac i gk hy bend ot yavemeghtagirydg thy and
copolynmerizing or terpolynerizing these nononers is effectively used for
activation. PxEMpFEetsetitd epsl gREFCL B tercaY f3fdtom copol yner  of

2- hydr oxyi sobutyl_ nethacry] ate MA) , t hoxydi et hyl ene _gl.ycol . _.

met hacryl ate (MBSPCLYAR ﬁé?ﬂ&?é$x§¥u%9P§ﬁ§Fsr ﬁhﬁ?‘%&%ﬁ&?@ FFZAET B8R nol ar
rati o, HEMA ; X = 5-40.-_5- ., 4Q-60 capol

2- hydr oxyi soib}rléc\)/%?lmor?éjt acr ?Fa?gf?%lyﬁgﬁgxga?e%%%l&gl y%gﬁﬁlplgg

met hac WA at eogzag@_ ﬁg%;%ér gg_&ggegyel b8 abeoRYMNRIIZAE iMy@g}oﬁzirs@EEle HPMA

VDG : 5 ) , and a random copol yner PMVA and

di met hyl am neetiyd rvireihaceyhat emé DM x{€OPEHyIRTd zalvicen metatckalaoe HPMA
DM 80-93 : 3-20). In particular, a random copol yner of 2-hydroxyi sobutyl

met hacr yl at e(NIMBKARndmeehbxy dietindonietgl WEOR) metdradnyleatieatimbGreolaand
met hyl nethacrylate (MVA) (copol ynerization nolar ratio, HBVA : MDG : MKA
= 5-40 : 5- 3rtiOEBE} i DG PadvariCageods y40see) - A TRIIAT PPRFYRST
| nher ent Chaé?%iﬁ¥;&i%&§§sgggépgf”%géﬁgéﬁ%igte (HPMA) , methoxydiethylene
glycol methacrylate, and methyl methacrylate
(copolymerization molar ratio, HPMA : MDG : MMA = 5-40 : 5-30 :
40-70), and a random copolymer of HPMA and dimethylaminoethyl
methacrylate (DM) (copolymerization molar ratio, HPMA : DM =
80-93 : 3-20}.

In particular, a random copolymer of Z-hydroxyiscbutyl
methacrylate (HBMA), methoxydiethylene glycol methacrylate
(MDG) , and methyl methacrylate (MMA) (copolymerization molar
ratio, HBMA : MDG : MMA =.5-40 : 5-30 : 40-60) is most
advantageously used.

Amaterial with inherent characteristics that can increase
the concentration of the activated complement C3a by five times
or more after bringing blood into contact with the material is
also effectively used. Such a material has the hydrophilic
groups on the surface. Examples of thematerial advantageously
used include natural polymers such as cellulose and/or its

derivatives, and polymeric materials such as polyesters

including pelyethylene terephthalate and polybutylene
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the concentration of the activated conplenent C3a by five times or nore
after bringing blood into contact wwth the material is also effectively
used. Such a material has the hydrophilic groups on the surface. Exanples
of the material advantageously used include natural polynmers such as
cellul ose and/or its derivatives, and polymeric materials sudfAggl 2006

pol yesters including polyethyl ene terephthalate and pol ybutyl ene 13 15

April 2006 tefeptitiRaeate, 2BnSERRYERAEIVINY 12 18%CGR0FCE8p BTG et 2And

pol yuret hane. In view of activatio articularl ref erabl | yesters
such as pol Y&t AT TEr ep Hé?ﬁf%?%ﬁ 1%&3V%ht9?gﬁepu{%ﬁ%$ﬁ¥%5 g%%ﬁyan

et hyl ene- vi I I 4 L Lul dd K L giyen,
ot prof or Ay ot eu e o Ea s P s e B i R R

pol ybut hyl eng. t&nrpht Bakat, 2hg12H¥aRI RPEQAUSLY 0UISESho AdreceBTEide Of the
material for selectively renoving viruses and | eukocytes used in the
present invesd eRe Patd icahese gikeadsmost pofedes abayerpalye st frdsasunerdy ane, a
nonwoven fabric, a woven fabric, or the like can be given, for exanple. O
these, a pgaystmtleneakteaedhahabmve\eend fralybotavéepeeterabhyhaised since
these carriers can renove viruses and | eukocytes sinultaneously and have a

| ar ge surfacaardyanAncAMesenfabfdc: is nost preferable. The constituent

f th [ [ ifical limted, | f th ier, b
CUbj octed 1o Sur PECETEr SRERET °f ERANBFEE o1 (R CORGEFCUBH TRISTHE

natural pol wggusse%uacrih F2ukSELL UL QICaANALRL Jrled QM AL M4Q%,, SN ROIQTET | C

materials su
beads, a porous material, a flat membrane, a nonwoven fabric,

a woven fabric, or the 1ike can be given, for example. Of these,
a porous material and a nonwoven fabric are preferably used,
since these carriers can remove viruses and leukocytes
simultaneously and have a large surface area. Anonwoven fabric
is most preferable.

The constituent of the carrier is not specifically limited
insofar as the carrier can be subjected to surface treatment.
Examples of the constituent include natural polymers such as
cellulose and/or its derivatives, and polymeric materials such
as polyesters including polyethylene terephthalate and
polybutylene terephthalate, polyolefins including
polyethylene and polypropylene, polyvinylidene fluoride,
polyamide, polyimide, polyurethane, polysulfone, and
polyacrylonitrile.

The nonwoven fabric can be employed as is, when the
nonwoven fabric has affinity with viruses and leukocytes

without surface modification. When the nonwoven fabric does
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as polyesters including polyethylene terephthal ate and pol ybutyl ene

t erepht hal ate, pol yol efins including polyethylene and pol ypropyl ene,

pol yvi nyl i dene fluoride, polyam de, polyimnm de, polyurethane, polysulfone,
and polyacrylonitrile. The nonwoven fabric can be enployed as is, when the
nonwoven fabric has affinity with viruses and | eukocytes witHEAPTEEPGGce
nmodi fication. When the nonwoven fabric does 14 15 April 2006 not have such
affinity wthobthais fatd rdditpidat FoRN O hesS WoreR S FdBRE PR  pFRfer abl y

subjected to surface_npdjf .i cation uch.as coatjng t rovi.de.affinity. In
art s cutar - PO IO ARt S kel e e tor ot PaPhBPeSt b8 khths and
| eukocytes a ecov Qf  pla . ven fabric of which the
surface is n%g$$i%§;é%%@f%ﬁfggtkghﬁgégu%ﬂfgg oating is preferably used.

When the carrier {$ & onyawen kabihgrotbeaddd anenin nR/okerenbhgr afnonof
ilament or a multifilament, or either a porous filanment or an irregular

filament. Theaayer ag@shibheesdimdiicakoofttheaamdreevenr{abf ipd aitelepsef @r abl y
2.0 ~Lmor nore, and less than 5D gm If the fiber dianeter is too |arge,
it is difficwitvdwerséeurictdfevsiuch abe swarsecof stimdifdsasl hattetrabtmant s

unpreferably results in a reduction in the area for adsorbing viruses and
a decrease i fch etk cORE NPedbvPREIEEPRDT 14387 If the fiber diameter is too

fggloll’er ggog%i Sgw-evgaf}s?inl L1 Q0eYLs; Ln the removing meterial, and platelels are
be either a monofilament or a multifilament, or either a porous
filament or an irregular filament.

The average fiber diameter of the nonwoven fabric is
preferably 2.0 Pm or more, and less than 50 pm. If the fiber
diameter is too large, it is difficult to secure the surface
area of the base material. This unpreferably results in a
reduction in the area for adsorbing viruses and a decrease in
leukocyte removing capability.

If the fiber diameter is too small, clogging easily occurs
in the removing material and platelets are recovered only with
difficulty. For these reascons, the average fiber diameter is
more preferably 2.0 Um or more, and less than 30 Mm, and most
preferebly 2.3 pm or more, and less than 20 Hm.

To improve removal of leukocytes and permeability of
platelets, it is also important that the bulk density of the
nonwoven fabric be 0.10 g/cm® or more, and less than 0.45 g/cmE.
If the bulk density is less than 0.10 g/cmS, the removing
capability of leukocytes decreases. If thebulkdensity is 0.45

g/cm® or more, permeability of platelets decreases extremely.
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difficulty. For these reasons, the average fiber dianeter is nore
preferably 2. O [Lmor nore, and |l ess than 30 ~Lm and nost preferably 2.3
[tmor nore, and less than 20 [im To inprove renoval of |eukocytes and
perneability of platelets, it is also inportant that the bulk density of
the 3 3 nonwoven fabric be 0. 10 g/cmor nore, and |ess than 5Agsl m 3
If the bulk density is less than 0.10 g/cm, the renovin capabi | it yof

| eukocyt es dBor edses. TEEsohe, bk whedsdepsiisyoiamrefawyor Omire s/ cm

pernmeability of platelets decreases extrenely. 15 15 ril. 200 Farst hese
reasons, thebuPkedénsi 155 SRBP&r-&ra® O.Q%X&Péﬁp\?e &rab?&?eg']g%gjfxé‘ss t han

0. 45 g/ CM3 and nost greﬁerabjbﬁ/ 0.?[5 @/gg/nma or nore, and |less than 0.40
g/ CMB. For rhWifén £ Bl_r' €751 6" FHpr oVe HdSorption of viruses, renoval of
| eukocytes, and &eorrrr%%gkloltvhx ol pl at el 8t §apidvd %dgb%%ibgpgft@pﬁugé@t t he

specific surface area o e nonwoven fabric be O. m 2/ g or nore, and

less than 4., 0,492/ gr 1khixbberspechbige rnsitiaceyayepliseless, ibdn sl
n2/ g, the renoval capability of viruses and | eukocytes decreases. If the

speci fi c surfraee tamneathds theP\dY i iar supf &ce perrsabihe tnorofovginaf athet s
decreases extrenely. For these reasons, the specific surface area is
preferably (2 .RROgR 0T aormreandntiekess Kaan3400 M 28g IfafdenpRecitic

preferably 0.04 m2/g or nore, and |ess tp/';\n 2.5 m 2/\%}‘(% tEels}u‘irfof

ace- nodi f i ERIEGRSoARE® tifat cEAntR OV E W e s Peard" T ek GEYEES - aNd Fecover

platelets atviaruhsie%hargc?igx}%ggy{gé %’ecreases . If the specific surface area
is 4.0 m*/g or more, permeability of platelets decreases
extremely. For these reasons, the specific surface area is
preferably 0.02 mz/g or more, and less than 3.0 m?/g, and most
preferably (.04 m?/g or more, and less than 2.5 m/g.

As the surface-modified compound that can remove viruses
and leukocytes and recover platelets at a high recovery rate,
a polymer compound having a terminal hydrophilic group on the
side chain and a polymer compound having a terminal hydrophilic
group and a terminal hydrophobic group on the side chain at the
same time can be given.

Examples of the monomer forming those polymer compounds
include, as terminal hydrophilic group monomers, hydroxyalkyl
methacrylates such as 2-hydroxyethyl methacrylate,
2-hydroxypropyl methacrylate, 2-hydroxyisopropyl
methacrylate, 2-hydroxybutyl methacrylate, and
2-hydroxyisobutyl methacrylate, and methoxypolyethylene

glycel methacrylates such as methoxydiethylene glvcol

methacrylate, methoxytriethylene glycol methacrylate, and
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a polynmer conpound having a term nal hydrophilic group on the side chain
and a pol yner conpound having a term nal hydrophilic group and a term nal
hydr ophobi ¢ group on the side chain at the sane tinme can be given.
Exanpl es of the nononer form ng those pol yner conpounds include, as

term nal hydrophilic group nononers, hydroxyal kyl nethacryl at'@&sAgil@A0Gs
2- hydroxyet hyl methacryl ate, 2-hydroxypropyl nethacryl ate,

2- hydr oxyi sopetpykytabthathyl ete, gl dpldretybaryliafet hacryl ate, and

2- hydr oxyi sobutyl nethacryl ate, and net hoxypol yethylen.e gl ycol

v

I
met hacryl at es suchs&xamliesxaiterayRend i 3RRC %?e‘ﬁﬁ%‘éﬁ’&?!o&?@?érsf alkyl
nmet hoxytri et hyl ene col nethacrylate, and 16.1 ril 200 N
nethoxztetrag%ﬁﬁﬁgﬁgﬁéFﬁﬁ8P°%é?ﬁ§%F€¥§WEF%ﬂ§r§%5 f%?j%?'T%ﬁﬁﬁ?ﬁﬂla“e'
hydr ophobi ¢ gr. n [ | kyl t I uc S
n%thagrylate%r§EE§rBﬁ§$%%€¥§$% %}mngﬁbg%ﬁ%éggkgé?éfa%%? %ﬁ?%?¥#gthacrylate,

and octadecyl.+RRERACL YL Al £ q ANd A OMALIC HABLDAGE ¥E at €8n Sd b ashenzy |
nmet hacryl ate and phenyl nethacrylate can al so" be given. Even if the above

pol yneri zabl @efkupeti Do HiDOURserafie matihaykglader yhat £5so dse tdhierdn.ke, they
can be effectively used. The surface coating material used in the present
i nvention can be Bféecifvety abivw med vingrdepbl ynéengihgnavayidurds agte
nononers or terpolymnerizing three kinds of nononmers according _to the

per cent ages SERYARSE. BRINOFHAS cogr B idksd they T &5hebfectifotipssed.

Particul arl y pr ef %ggbslu?:fg)égrg)claetsinogmé@eerj(.:a(.)lplojlsgg%rn yl%é ?3 esent invention
can be effectively obtained by copolymerizing two kinds of
monomers or terpolymerizing three kinds of monomers according
to the percentages of the hydrophilic groups and the hydrophobic
groups.

Particularly preferable examples of the copolymer using
the monomers include a copolymer of methoxydiethylene glycol
methacrylate, 2-hydroxyiscbutyl methacrylate, and methyl
methacrylate.

Examples of the terminal cationic group monomer when the
terminal cationic group is introduced include
dialkylaminoalkyl methacrylates such as dimethylaminoethyl
methacrylate and diethylaminoethyl methacrylate.

These exemplified polymer compounds can be effectively
useddirectly as a basematerial or used by coatingon the surface
of a base material.

In addition, these moncmers may be effectively used as is
or may be effectively used after polymerizing or copolymerizing

monomers such as glycidyl methacrylate and then appropriately
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t he nononers include a copol ynmer of nethoxydi ethyl ene glycol nethacrylate,
2- hydroxyi sobutyl nethacrylate, and nethyl nethacrylate. Exanples of the
term nal cationic group nononer when the termnal cationic group is

i ntroduced include dial kyl am noal kyl nethacryl ates such as

di met hyl ami noet hyl met hacryl ate and di et hyl ani noet hyl met hacd§ARie200Phese
exenplified pol ymer conpounds can be effectively used directly as a base
material or VSEPDFicGati RGCERSERE SRFPiNfle TTGHUP, 1548 thiat BPF &S | n

addition, these MPNQIer s be effectjve used as _I.s ma

ef fect vel y used ‘&f rtlé’ﬁlsp%?%xferﬁlﬁ%& IB’?JCIE%%%IC § ¥°RY asrrgh%rrm}e/ert?mgu](c:

glycl dyl elhAGkM Al AL SRR oRL! ALl 1118 ARLdx 2000 rbBErOQUC' ng
a necessary rnlna group 0 the poly Vari ous conventlonal et hods
can be used @ag éﬁyri%ﬁqlaogly@él d%%l dar}g,rctﬂ&%hsﬂylfcageoﬁﬁ tdes Gapeheramith a
hydr oxyl group,” a “pol yei hyl ene gl ycoI group, a hydrophoblc group, and a
neutral graipuplo PbPridde dehehsunface obrttte: carrier witlh ssethggmaups

nmeans that the groups nust be caused to be present on the surface so as
not to be elmgagd tmd 0 thetwrowrs bhobbe Eumngy be befprdrented ¢ fwefarke graft

pol yneri zation, coating, and a nethod conprisin introducing a functi onal
group such & &% @SGXVOg?%nﬁﬂutﬁﬂn%ﬂﬁogﬁéﬁﬁr PﬁrhﬁambroﬁﬁamEé Box¥y1 1 oup,
hydr oxyl grou Cld | i de grou en hallde group_in

surface of t ﬁPFéPgﬁngrﬁg %giﬁ?l of&F T SUpa?% THe %%npound

whi ch shoulcdonfz;%%%%a 4he JR98G 4 yeﬁéw&@gl g-eup s%cmeacg LY Yox¥i Grdhp,

amino group, formyl group, carboxyl group, hydroxyl greup, acid
halide group, or cyanogen halide group into the surface of the
carrier and bonding the functional group to the compound which
should possess the target functional group directly or via a
coupling agent or a spacer.

The material for removing viruses and leukocytes of the
present invention can be more suitably used in the blood
processing apparatus of the present invention. The apparatus
for removing viruses and leuvkocytes of the present inventicn
is an apparatus for adsorbing and/or remeoving a virus, a
protein-bound virus, and leukocytes from blood, comprising &
container having a blood inlet section and a blood ocutlet
section in which the material for selectively removing viruses
and leukocytes is included, and a means for preventing the
material for removing viruses and leukocytes from escaping from
the container.

As the means for preventing the removing material from

escaping from the container, any means through which all blood
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coupling agent or a spacer. The material for renoving viruses and

| eukocytes of the present invention can be nore suitably used in the bl ood
processi ng apparatus of the present invention. The apparatus for renoving
viruses and | eukocytes of the present invention is an apparatus for
adsorbing and/or renoving a virus, a protein-bound virus, and5ﬁBH&8@@§es
from bl ood, conprising a container having a blood inlet section and_ a

bl ood out | et cospotémrs iarnwresl bhe warerdlal viinh sl cEmeerpIr AT AYL
viruses and | eukocytes is included, and a neans for preventin

t he
material forCeMRVIRRESVFRESRS WRE | etRBAVIHTS EGnPEsRdIfi HYy from® Tt h8”

container. As the nmeaps for preventing the re i_ng terial, f capi ng
fromthe cont®f rMer*®-a ?vﬁ‘é‘éré ”feﬁ%oaéﬁgv@{?% eaﬁml%\ﬁﬁpogggfglaf%et ,_{?DFP Eﬁ%G
conponent s C@‘%&?lsr?g ngeibéqu_%s%ll%gdti 2k eI gy DBl NI 5o £a0LLPasS
can be used. e neans can be a nmesh, filter, or the |like,  having a nesh
size smal | ercgham the dijaartLersiofe st Bachr &9V inBgwBREEr fabxid ISt akkadaén at

| east the outlet port of the container. Wien a fiber such as a nonwoven
fabric is usegk asirrtibe, ceig meanstdilei creanhe mmedvdrheabonwoven beabeondedny be
bonded to the upper end or |ower end of the container using an adhesive,
or inserted tmthecirgmrasnd obetomsanerfie fcom aPnérsreansSBEIRTDPERESLVE N
addition to providing the above-described nmesh. In particul ar,

cylindrical eepPReFFPEdD 3 S1ASEANCBRETERE™ UF° FABRIRIRTTRIER IR 6&%@‘?% » and
Lhe other engd oniiis Quilel-BOlking! % | HAAMALEYHEE RbR72!M, OF the
particular, when a cylindrical depth filter is used, one end
of the cylinder is blocked and the other end on the outlet port
side is connected to a nozzle or the 1ike. As the adhesive used,
an adhesive of which bonding strength is not weakened by
- swelling or the like when the adhesive comes in contact with
a liguid such as blood is preferable. For example, a
urethane-based adhesive and an epoxy-based adhesive are
advantageously used. However, the adhesive used is not limited
to these.

The apparatus of the present invention can be particularly
advantageously used if connected with a bleood cellection means,
an anticcagulant mixing means, a retransfusion means, and the
like wvia a tube.

The housing of the apparatus of the present invention is
preferably formed from a synthetic resin such as pelypropylene,
polycarbonate, polyethylene, polystyrene, cor polymethacrylic

acid, glass, or a metal such as stainless steel.
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an adhesi ve of which bonding strength is not weakened by swelling or the
| i ke when the adhesive cones in contact with a liquid such as blood is
preferable. For exanple, a urethane-based adhesi ve and an epoxy-based
adhesi ve are advantageously used. However, the adhesive used is not
limted to these. The apparatus of the present invention canlpépril2006
particularly advantageously used if connected with a bl ood collection
nmeans, an antzggagul ant m xi ng nmeans, a retransfusion nmeans, and the |I|ike
via a tube. The housing of the apparatus of the present invention is
preferably fornmedte preaesynitretntiqregisndsachiked gullypr vprheneference
pol ycar bonat e, polyethyl ene, polystyrene, or polynethacrylic acid, glass,
or a netal SERIEXRSISMEPHREsS* RS 2Py E52ABLEF - 2606 HRAVPLES PHR&SPF esent
invention is, described belowwth reference to experinental exanples and
exanpl es. HoWEXAETEI9Phe SpPBSent ™ FRVemt i O S% 6P FRited to these exanpl es.
Experi nental exampl es.for o] I r o] Lf
surface of the cg%’ﬁgﬁmfﬁtgaeg%$%€2%$:Bﬁé ntf%ﬁﬁ%%i%Iﬁgégﬁggcy%%%dfgﬁ
Experi ment al Examl e 1nA £andom cepohy i Qf r2s hydioxyesebut yhvapthacryl at e
(HBMR), net hoxydi'et iyl ene gl ycol nethacrylate (MDG, and nethyl
nmet hacr yl at e;i(IMVIYe WascsyBtlesi zed using a conventional radica
pol ymeri zation initiator. The polynerizati on was

Experimental Example 1

A random copolymer of 2-hydroxyisobutyl methacrylate
(HBMA) , methoxydiethylene glycol methacrylate (MDG), and
methyl methacrylate (MMA) was synthesized using a conventional
radical polymerization initiator. The polymerization was
carried out at 70°C for six hours using MDG monomer , HBMA moncmer,
and MMA monomer (MDG : HEMA : MMA = 30 : 20 : 50, inmolar ratio),
300 ml of ethanol, and 0.1 g of azobisvaleronitrile (V-65) as
an initiator. The obtained poclymer solution was added dropwise
to 101 of water while stirring. The copolymer was precipitated
and the water-insoluble components were collected. The
ccmposition ratio of the obtained copolymer was the same as the
mixing ratio of the monomers. Accordingly, the percentages of
the terminal hydrophilic groups and the terminal hydrophobic

groups in the copolymer were respectively 50% and 50%.

Experimental Example 2

A copolymer of 2-hydroxyisopropyl methacrylate (HPMA) and
dimethylaminoethyl methacrylate (DM) was produced in the same

manner as in Experimental Example 1. The molar ratioc HPMA
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carried out at 700C for six hours using MDG nononer, HBMA nonomer, and MVA
mononmer (MDG: HBMA : MMA =30 : 20 : 50, in nmolar ratio) , 3COm of

et hanol, and 0.1 g of azobisvaleronitrile (V-65) as aninitiator. The

obt ai ned pol yner solution was added dropwise to 10 1 of water while
stirring. The copol ymer was precipitated and the water-insol l§iApril 2006
conponents were collected. The conposition ratio of the obtained copol yner
was t he sameDMsofhehe ndoaaigrreat ivgsob It Aé Aphomde PAEESRERARFYOT t Fee
percentages of the term nal _hydrophilic groups and the termni.nal

hydr ophobi ¢ tEFBUPRL iy HHeEdpS GRErPHEATE rESpeEEIVETy BT UTE §69%PS
Experi ment al , Ex le 2 copol yrmer__of 2-hydroxyisopr | methacryl ate
(HPMA) and af’nﬁag%y?%ﬁﬁ‘ﬁ’&eﬁﬁﬁe%ﬁetrﬁéé’?%é%%% év%%ao%dduced in the same
manner as in Experinmental Exanple 1. The nolar ratio HPMA : 20 15 April
2006 DM of the copolymer was of 97 : 3. The percentages of the term nal

hydr ophi lic ggggpﬁn@,pgalt he:dnfyyd Ral cationic groups in the copolynmer were
respectively o an () perimental Exanple 3 A copol yner of

2- hydr oxyet hyl net hagsylateer (HENAhydrdikpethyl ame rioethyla teet(HatAY ], ate (DV),
and nethyl nmethacrylate (MVA) was produced in the same nmanner as in
Experi nent al dExenipy samihocTthey Inbe blha et jak eHERW) ; addane tiopd s thRETESPBE yner
was 62 : 30 : 8. The percentages of the term nal hydrophilic gr oups, t he
termnal hydi¥phbbre REFWIESY S eHateraipel 2cath 6APERT 1T oUhs i‘ﬁmﬁ%

copol ymer weye @?ﬂ?%\%ah\éggﬁfﬁ??@o% Mﬁﬂd: q.‘%f O%X%ggl ggpgfynﬁehre wglsogg :
8

processi ng syst
30 The percentages of the terminal hydrophilic groups,

the terminal hydrophebic groups, and the terminal cationic
groups in the copolymer were respectively 62%, 30%, and 8%.
Examples of the blood processing system for hepatitis C

will be described below. However, the present invention is not

limited to these examples.

Example 1

1 g of the copolymer obtained in Example 1 was dissolved
in 99 g of 70% agueous solution of ethanol to obtain a 1% coating
solution. 1 g of anonwoven fabric (the weight of the substrate
per unit area {(Metsuke): 90 g/m?, thickness: 0.40 mm, bulk
density: 0.24 g/cm®, specific surface area: 0.966 m?/qg)
comprising a polyethylene terephthalate fiber with an average
fiber diameter of 2.9 Um was immersed in 10 ml of the 1% coating
solution, followed by drying the mixture at 25°C for 12 hours.

0.01 g of the ocbtained nonwoven fabric was cut intc strips

and collected in a vial. 1 ml of blood of a patient containing
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wi |l be described bel ow. However, the present invention is not l|imted to
t hese exanples. Exanple 1 1 g of the copolyner obtained in Exanple 1 was
dissolved in 99 g of 70% aqueous solution of ethanol to obtain a 1%
coating solution. 1 g of a nonwoven fabric (the weight of the substrate
per unit area (Metsuke): 90 g/nR2, thickness: 0.40 mm bulk dén#fil200§ 24
g/cnB, specific surface area: 0.966 nR/g) conprising a polyethylene

t er epht hal attesgfd thieri sniCt Wi ams aveer agéedf toerhadivaret erThf vAag WrRaSh3Hefkr sed
in 10 mM of the 1% coating solution, followed by drying the m xture at 25C
for 12 hour st BTE §obf t¥R Wi ned nonwoven fabric was cut into strips

and collected in_a vial. 1 f bl ood qf atj.ent_.cont aini 15, Apri |
2006 hepatitis @%ﬁtr'uéo\%a%{da%fget&et gﬂPﬁ’g 9?5 I.: tIlhee a\ﬂogjlg %gggﬁgﬁénw'§%t 37C
for two hours, x{..100.l_ .0 t BNt Mas
sanpled in a VA eéa%a %g'rlftarli %ﬁ%%ngétﬂ@g%g %%n%]tb?roagg?éefrﬁlaﬁt%% The anmount
of hepati tispC Viiusiti 9z thesuRaEnat@tud iUk e Waspe BT Neduas wHE/RNA.
The amount of hepatitis C virus was determ ned using Anplicor HCV Monitor
manuf act ur edidaye M:ipReN asRactienK. K ThEnembunten fokepaukbiyt@sriang tee nunber
of platelets in the treated bl ood were determ ned using an automatic bl ood
cel | count etet(<8FRi3G001s mauiewt e BEY BosabRr GRpHcativarRy. PYhEirppon
concentrations of the activated conplenment C3a before and after treatnent
wer e measur RPBE rephel onetric analysis to

The number of leukocytes and the number of platelets in
the treated blood were determined using an automatic blood cell
counter (SF-3000, manufactured by Sysmex Corperatiocn).

The concentrations of the activated complement C3a before
and after treatment were measured by nephelcmetric analysis to
determine the rate of increase in the cancentration for the
value after treatment as compared with the value before
treatment.

As a control experiment, the same operation as in Example
1 was carried out without using the removing material of the
present invention.

The hepatitis C virus adsorption rate (%), the leukocyte
removal rate (%), and the platelet recovery rate (%) were

calculated using the following eguations.

Virus adsorption rate (%) = [(Vd-Vc)/Vvd] x 100
Vo: Virus concentration in blood of control

experiment

Vd: Virus concentration in blood of adsorption
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determne the rate of increase in the concentration for the value after
treatnent as conpared wth the value before treatnent. As a control
experinment, the same operation as in Exanple 1 was carried out w thout
using the renoving material of the present invention. The hepatitis C
virus adsorption rate (% , the leukocyte renoval rate (%, aHuAPH&006

pl atel et recovery rate (%9 were calculated using the follow ng equations.
Virus adsorption rate (% expé¢¥gmamly/Vd] x 100 Vc: Virus concentration in
bl ood of control _experinent Vd: Virus cqncentration in blood of adsorption

22 15 April 2006 &EPEPFHERt ST ADLAA'E riétovall (FErEC) (Wl vie) 18 x 100 we:
Leukocyte concentration in_ blood of contraql _.expetinent . Le cyte
concentration in bIoonSf %%%%9%%§?n$09§fﬁgfﬁ%éﬁ Pl'a g?%gﬂ?%égggﬁvxﬁate (9
= Pd/ Pc x 100 Pc: Platelete§§g gation in blood of control experinent
Pd: Pl atel et concentration i ood of adsorption experinent The results

are shown in Table 1. ghe tastdyObohhent 6801401 RpBBENBAtA]s DEAIIRIEe Not
using the renoving materi al
experiment

Platelet recovery rate (%) = Pd/Pc x 100
Pc: Platelet concentration in blood of centrol
experiment
Pd: Platelet concentration in bleoed of adsorption

experiment

The results are shown in Table 1. The results of the
coentrol experimental example not using the removing material
are also shown in Teble 1. It can be seen that the number of
leukocytes and the number of platelets in the control
experimental example were reduced to some extent due to
attachment of leukocytes and platelets to the container or the

like.

Example 2

The same operation as in Example 1 was carried out except
forusing a nonwoven fabric (the weight per unit area (Metsuke):
60 g/m?, thickness: 0.35 mm, bulk density: 0.12 g/cm’, specific
surface area: 1.768 m*/g) comprising a polypropylene fiber with
an average fiber diameter of 2.5 pm. The results are shown in

Table 1.
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are al so shown in Table 1.
and the nunber of platelets in the control
reduced to sone extent due to
t he contai ner or the

was carried

area (Metsuke)

It can be seen that the nunber of
experinmental exanple were
attachnment of
| i ke. Exanple 2 The same operation as in_Exa

for using a nonwoven fabric (the wei gh? ApEY
t hi ckness:

out except
60 g/ ne,

| eukocyt es

| eukocytes and platelets to
qgle 1

QR t
0.35 mm bul k density: 0.12 g/cnB,

specific surface area: 1.768 nR/g) c Fsing a_palypropylene fiber with
an average fiber diameter df 2.usn The bedwattes [areP@dtin in T&BPe 1. 23
15 April 20Qp6 TABLE 1 Virus||3Ssweliopfadl sempyal ety |adewvyy (3

r at er ecover yExaapiedoncent r at|i on $¥anpl ¢ 188080%00% 1. 80%i nes| EX&Afines
289982994%4 Ample BES Contrdl 0%dg@e89%2. B ti gps Exgeri ngphal Exanpk@mes
Conmparative é%@mple +—Fhe—safre—operatton—as—tnHxanpte 1 —was—carried out
except for LR BARRRY EN fabwi c (1he vigd ght |per 88fkt area:2.3inegy/ ni,

t hi ckness: 6 A0—mm—Tonprisinmga potyethytene terepnthalate ~fiber with

average fiber dianmeter of 2.9 mas is.

Conmparative

The
Exanpl e 2

Comparative Example 1

The same operation as in Example 1 was carried out except
for using a nonwoven fabric (the weight per unit area: 90 g/m?,
thickness: 0.40 mm) comprising a polyethylene terephthalate
The

fiber with an average fiber diameter of 2.9 Hm as is.

results are shown in Table 2.

Comparative Example 2

The same operation as in Example 1 was carried out except
for using a nonwoven fabric (the weight per unit area: 60 g/mz,
thickness: 0.35 mm) comprising a polypropylene fiber with an

average fiber diameter of 2.5 um as is. The results are shown

in Table 2.
TABLE 2
Virus Leukocyle Platelet C3a
adsorpfion rate removal rate recovery rate concentration
Comparative .
Exmﬁme1 58% 84% 21% 3.5 times
Comparative -
Exar:pI; 2 63% 80% 18% 1.8 times
Example 3

The removing material of Example 1 was cut into disks, each
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The sanme operation as in Exanple 1 was carried out except for using a
nonwoven fabric (the weight per unit area: 60 g/n2, thickness: 0.35 run)
conprising a polypropylene fiber with an average fiber dianmeter of 2.5 m
as is. The results are shown in Table 2. TABLE 2 VirusLeukocyt ePl at el et C3a
adsorption raterenoval raterecovery rateconcentration Cbnparatﬁ%@mﬁggﬂﬁle
1589849%21%3.5 ti mes Conparative Exanple 263%80%48% .8 tinmes Exanple 3 The
renovi ng mat etical aofii &Exangd eofl Gnvels mout Fite dhekss ofadhe2d4isbs Apereé 2006
with a dianeter of 6.8 nm Five sheets of the disks were respectively

pl aced in a ceFpARCITARY hepbeadd il @ Fiedusn - addvt piarst icafeC VREYF eukocyt e
renoval rate, and the platelet recovery rate re evalu tﬁ%. %.% ? of
fresh human BP8SHPEAM® U Sof tb?r%?koﬂﬁ,%éémoﬁ%\ﬁi?s?% anfue P Gf-etet

| eukocytes: 4,500-8, 400 4%& nunber. %E pl atel ets: 150, 000-440,000/1) to

whi ch ACD- A WaSCRGHEA" A5 & S ntT 'CoAGUTant (blood : ACD-A= 8 : 1) was flowed

into each colum ,usipg 2 Sﬂffé'rﬂg%ﬁ%%pb%oé, constantof 1w st g 0of 0805
m/mn at roomtenperature. e concentrations of viruses, |eukocytes,

and pl at el et sopRebfmpd hefvye Aand cafberttbe bl oeg-perorati,onunbbtough t he
nonwoven fabric were respectively neasured to
platelets: 150,000-440,000/H)) to which ACD-A was added as a
anticoagulant (blood : ACD-A=8 : 1) was flowed into each column
using a syringe pump at a constant flow rate of 0.5 ml/min at
room temperature. The concentrations of viruses, leukocytes,
and platelets in blood before and after the blood permeation
through the nonwoven fabric were respectively measured to
determine the virus adsorption rate, the leukocyte removal rate,

and the platelet recovery rate in the same manner as in Example

1. The results are shown in Table 3.

Example 4

The same operation as in Example 3 was carried out, except
for using the removing material of Example 2. The results are

shown in Table 3.

TABLE 3
Virus Leukocyte Platelet C3a
adsorption rate removal rate recaovery rate concentration
Example 3 91% 95% 70% 12.5 times
Exampie 4 94% 97% 75% 23.5 times

Comparative Example 3
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and the
pl atel et recovery rate in the same manner as in Exanple 1. The results are
shown in Table 3. Exanple 4 The sane operation as in Exanple 3 was carried
out, except for using the renoving material of Exanple 2. The results are
shown in Table 3. TABLE 3 Virus Leukocyte Pl atel et C3a adsor pflfdwpril 2006

rat erenpval raterecovery rateconcentration Exanple 391%95%0%2.5 tines
Exanpl e 494907 % 58123 s5me i ares aCdnpas atinvex dxahpBevds 2BriSedApnitl, 2006pt The
same operation as in Exanple 3 was carried out, except for using the

mat eri al of Tonperiag vee Betgiliall of Thempaeal e Eegpsholn iTheTappel gs
Conparative Exanple 4 The sane operation as in Exanple 3 was carried out,
except for ¥%F if'te iPat’éPLsl of Conparative Exanple 2. The results are
shown in Table 4. TABLE 4 ViruslLeukocytePl at el et C3a adsor pti on raterenoval
raterecovery rateconcentration

Comparative Example 4

determ ne the virus adsorption rate, the | eukocyte renoval rate,

The same operation as in Example 3 was carried out, except
for using the material of Comparative Example 2. The results

are shown in Table 4.

TABLE 4
Virus Leukocyte Platelet C3a
adsorption rate removal rate recovery rate concentration

Comparative . . ] _
Example 3 60% 98% 8% 4.8 times
Comparative ]
Example 4 75% 97% 6% 2.3 times
Example 5

The same operaticn as in Example 1 was carried out using
the same nonwoven fabric as in Example 1 to obtain a removing
material, except for using the polymer produced in Experimental
Example 2 for coating. BRlood was treated in the same manner
as in Example 1 and the hepatitis C virus adscrption rate, the
leukccyte removal rate, and the platelet recovery rate were

evaluated.

The results are shown in Table 5.

Example 6

The same operation as in Example 1 was carried out using

the same nonwoven fabric as in Example 1 to obtain a removing
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Conpar ati ve Exanpl e 360998%8%t. 8 ti mes Conparative Exanple 475997%%. 3
times Exanple 5 The sanme operation as in Exanple 1 was carried out using

t he sane nonwoven fabric as in Exanple 1 to obtain a renoving naterial,
except for using the polyner produced in Experinmental Exanple 2 for
coating. Blood was treated in the same manner as in Exanple 11%Agrilt2066
hepatitis C virus adsorption rate, the |eukocyte renoval rate, and the

pl at el et recowdreyipit exgerd Leyalsiagethe Fhbymespiroduaed ishibwpe i ndiatsile 5.
Exanpl e 6 The sa eration as in Exanple 1 was carried out using the
sane nonmve@xﬁé‘ﬁﬁﬁc‘?é@rl PSRl eBi0Pd YGist B e Eed dRoVih D6 A= PFiIn 2006

material, except for

for coati ng. °Bl o Sjterg rgcg 1ﬁli).‘r‘?l iéﬁ%agjgr iy ng’é‘ff spgrgﬁnlt?i’r%%ﬁ%r e%?!aﬁd?,
the hepatitis Gyl &‘E%e@gﬁ@\?ﬁ' d atg id ﬁ% Phg%?&t%ég‘g‘%&aﬁ%@é % r%gdSt he

pl atel et recovery Wer e a Uate e‘resulfs are
TABLE 5 Vi rU§Vg@ggQthe Pl at el et

The results are shown in Table 5.

TABLE 5
Virus L eukocyte Platelet C3a
adsorption rate removal rate recovery rate concentration
Exampie § 79% 89% 87% 19.5 times
Example 6 91% 95% 85% 22.5 times
Example 7

The same nonwoven fabric as in Example 1 was cut into a
sheet (width: 150 mm, length: 300 mm) and the sheet was wound
around a cylindrical mesh with a diameter of 3.4 mm made from
polyethylene. Next, a nonwoven fabric (the weight per unit
area: 30 g/m°) comprisingapolyester fiber with an average fiber
diameter of 12 imwas provided as the first prefilter. The first
prefilter with a width of 150 mm was wound around the above
nenwoven fabric, Further, a nonwoven febric (the weight per
unit area: 50 g/mz) comprising a polyester fiber with an average
fiber diameter of 33 HUm was provided as the second prefilter.
The second prefilter with a width of 150 mm was wound around
the first prefilter. A mesh with a width of 150 mm made from
polyethylene was wound arcund the second prefilter. The

cylinder thus formed had a diameter of 39 mm. Both ends of the
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C3a adsorption raterenoval raterecovery rateconcentration Exanple
579989%87949.5 tines Exanpl e 691995986%22.5 ti nes Exanple 7 The sane
nonwoven fabric as in Exanple 1 was cut into a sheet (width: 150 nm

| ength: 300 nm and the sheet was wound around a cylindrical nmesh with a
di aneter of 3.4 nmnade from polyethyl ene. Next, a nonwoven flABWIIE24%Enhe

wei ght per unit area: 30 g/n2) conprising a polyester fiber with an
average fi befYlérdgieteredplagker pyviese Prao\A dedPaCH HE 359 ¥8s 1594 éP. The

first refilter with a_width of 150 mm was wound,around t he. above
nonwoven f abf 8 L *EaFLRAT ,Pogmsﬁ%%he FSBFF&D?FPf’éLt\Reﬁ‘“gﬁFgB’é?al TAPeEPEa: 50
g/ ) compri sing, a,polyestier, fhaer w Lhy e, ausrags, JRer diameter, of 33
p. mwas provided as thHe 'secon pre? | Tér. he” secon prefel ter with a

wi dth of 150, g yas; woynd ;aneysd i dNe it apaehibissa AdRSh picth gow dth
of 150 mm nade from polyethyl ene was wound around the second prefilter.

The cylindefhdhusmd euied dad i rdiramekes r ofnSLyTndBet fia endsirefc teldec27 15
April 2006 cylinder were bl ocked by urethane. The cylinder was placed in
a cylindri cathedbyeat boriatte poont af nehe wdhtamamteerdndhediametrer of 41 nmm
of which the top and the bottom were respectively provided with a_bl ood
inlet port apdrabgedasuef ehepertindsy WERARCTHIIRE 160t &7 toRrR\AAEPBRERT Of t he
cylinder was connected to the bloqd inlet Eort of the cont gi ner and the

i nner ci rcun?@Ferite tO0F CRBLEYIThde P WABPEDARRE L BY (6N G68<86Y F &t

was thus produced.

50 ml of plasma containing hepatitis C virus was added to
2,000 ml of fresh bovine blcocod (number of leukocytes:
4,500-6,400/uL, number of platelets: 150,000-320,000/uL) to
which heparin was added as a anticoagulant (heparin
concentration: 1,600 IU/L} (amount of virus: 2,500,000 /1}.
The mixture was fed into the apparatus using a blood pump at
a constant flow rate of 50 ml/min at room temperature to remove
leukocytes. The concentrations of viruses, leukocytes, and
platelets in blocdbefore and after 2,000 ml of the blood
permeation through the apparatus for removing leukocytes were
respectively measured to determine the virus adsorption rate,
the leukocyte removal rate, and the platelet recovery rate in

the same manner as in Example 1. The results are shown in Table

6.
TABLE 6
Virus adsorption rate | Leukocyte removal rate Platetet recovery rate
Example 7 69% 93% 62% |
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port of the container. An apparatus for renoving | eukocytes was thus
produced. 50 ml of plasma containing hepatitis C virus was added to 2,000
m of fresh bovine bl ood (nunmber of |eukocytes: 4,500-6,400/L, nunber of
pl atel ets: 150, 000- 320, 000/ pL) to which heparin was added as a

anti coagul ant (heparin concentration: 1,000 | U L) (anount of *iARiié2006
2,500,000 /1). The mxture was fed into the apparatus using a bl ood punp
at a constantDbEOWMIARtEPBEIGBIHITAM N at roomtenperature to renove

| eukocytes. The concentrations of viruses, |eukocytes, and platelets in
bl ood before and Aftier c2eBOE AN Bfanhe Hibode ﬁéﬁr@%ﬁ%ﬁ LY DuEhoR Fen
apparatus for remving | eukocytes were respectively. miasur ed to determ ne

t he virus adEéPﬁHi%r‘? Paterial ﬁ@n%ewe‘%%%ﬁn% O&H&etsh*éhi;‘f SFB| et

recovery rate nner, as in_Exanple 1. The r | t hown in
Tabl e 6. TABEE %CF"U(FJFB{JSECP FSECOR T Feﬁeugc Séesrear?lodvé&%at I5I ate et

recovery 1 at g BXATDle Z09YB3968% 2835 ARy lgpp?a%@ulsN%m&n@% CABI LI TY
As is clear rom anp es above e present I nvention can provi de a

materi al for reRBPYAGGatierisesi antkdgukepyt £6is Ak ieabes SelEQleikekytadsorb
and/ or renove viruses and | eukocytes in blood. Wen a bl ood processing
apparat us cotprad singitihes beepmwarpartatechals b3ousedlarepat ot is:@rvEpnses

and | eukocytes in a liquid to be processed such as bl ood, plasnma, or serum
can be selectively removed and platelets can be recovered at a hlg

recovery rate.
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be selectively renoved and platelets can be recovered at a high recovery
rate. 29 15 April 2006 CLAIMS 1. A nethod for selectively and

si mul t aneously renmoving viruses and | eukocytes from bl ood, conprising a
step of bringing virus-containing blood into contact with a materjal for
sel ectively renoving viruses and | eukocytes, which conprises 1&April 2006
wat er -i nsol ubl e carrier having a surface which captures viruses and

| eukocytes in blood and allows platel &3IMA bl ood to perneate

t heret hrough. 2. The nethod according to claim1, wherein the
virus-containing blood is brought into contact wwth the material for

sel ectively renovi ng viruses. and l.eukocytes_by _.usi.n (o) i.0 t hod
and/or a fiItratﬂdngn%?%%%s %ﬁr-fﬁéeﬁé&ﬁ%%ygﬁgﬁﬁaﬁh&tgggg §?§1%£%$6%§én3

further comuyyi,SINQ . $LERLS Eé@ 00 ik qVi E4Ss: bR DLRERRI006k Wty an

anticoagul ant, and a step o ringing the virus-containing blood mXxed
with the antjiGRagW-antihnhg SOHLACInM tdbrdthet matkar kahatorisel aotivel y
renovi ng viruses and | eukocytes at a flowrate of 10 m/mn or nore, and
| ess than 10G:lddutivelydrendde mptvhiodsaccondi hguiaryams ,orbioh chmpmssels 3,
wherein the | eukocytes to be renoved include at | east |ynphocytes. 5. The
met hod accoradimégetroianylohee ofa et B Ne1aiNg wherEfACEheh  @ukedy e 0 be

removed i nclude at |east autoreactive T 30 15 ril 06 ]
viruses and leukocytes in blood and alliows platelets in blocd

to permeate therethrough.

2. The method accerding to claim 1, wherein the
virus—containing blood is brought into contact with the
material for selectively removing viruses and leukocytes by

using an adsorption method and/or a filtration method.

3. The method according to claim 1l or 2, further comprising
a step of mixing the virus-containing blood with an
anticocagulant, and a step of bringing the virus-containing
bleood mixed with the anticocagulant into contact with the
material for selectively removing viruses and leukocytes at a

flow rate of 10 ml/min or more, and less than 100 ml/min.

4. The method according to any cne of claims 1-3, wherein

the leukocytes to be removed include at least lymphocytes.

5. The method according to any one of claims 1-4, wherein

the leukocytes to be removed include at least autoreactive T
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cells. 6. The nethod according to any one of clains 1-5, wherein the
material for selectively renoving viruses and | eukocytes has at |east a
hydr oxyl group and a pol yet hyl ene glycol group on the surface. 7. The

met hod according to clains 1-6, wherein the material for selectively
renovi ng viruses and | eukocytes has a capability of increasintp fprd 2006
concentration of an activated conplenent C3a in blood by five tines or
nore after beeagsbrought into contact with the blood. 8. The net hod
according to any one of clainms 1-7, wherein the water-insoluble carrier is
fibrous. 9. The nmethod according to claim8, wherein the carrier for

renovi ng | eukocytes j.s a nonwoven fabric¢. 10. The t.had accordi.ng t.o an
one of ol ai ms 1205 i BF PR A PULES 5 EHeSRE 1T S C NI lses MEESR
platel et - per gpabl e, opf oridl, Egﬁe§€£€8£ Vel AN v%&HHEE?££9U§%¥uJ %! ng
viruses and l'eukocytes Trom bl'ood,  cohprising a water-insoluble carrier

having a surfageshidhh+ GapfaF &8y Vighdsesarach | gy esnk @od @rgsal | ows
platelets in bl%od to perﬁ%at§§%hé{et r%ugh.p§%§%5 Xpr?ln%g%G 15%@Tﬁ2

pl at el et - per brabhe sgmtesdéal for selectively renoving viruses and
| eukocytes according to claim 11, wherein the carrier has a term nal
hydrophilic group at |east on the surface. 13. The pl atel et-perneabl e

material for selectively _ . , '
7. Therethod according to claims 1-6, wherein thematerial

for selectively removing viruses and leukocytes has a
capability of increasing the concentration of an activated
complement C3a inblood by five times or more after being brought

intoc contact with the blood.

8. The methed according to any one of claims 1-7, wherein

the water-insoluble carrier is fibrous.

9. The methed according te claim 8, wherein the carrier

for removing leukocytes is a nonwoven fabric.

10. The method according to any cne of claims 1-9, wherein

the viruses are hepatitis C viruses.

11. A platelet-permeable materizal for selectively and
simultaneously removing viruses and leukocytes from blood,
comprising a water-insoluble carrier having a surface which
captures viruses and leukocytes in blood and allows platelets

in blcod to permeate therethrough.
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removi ng viruses and | eukocytes according to claim12, wherein the
termnal hydrophilic. group is a hydroxyl group and/or a polyethylene

gl ycol group. 14. The pl atel et-perneable material for selectively renoving
viruses and | eukocytes according to claim12 or 13, wherein the carrier
has a terninal hydrophobic group at least on the surface. 1515Fpsl 2006

pl at el et - perneabl e material for selectively renoving viruses and

| eukocytes according to claim 14, wherein the termnal hydrophobic group
is an alkyl group. 16. The platelet-perneable material for selectively

renovi ng Vviruses shd qnﬁJ%G@iFé§taE€6WﬁF%betTPEﬁ%ﬁ%ﬁ f?r FeiECtlﬁﬁéVeln t he
percentage of the termnal h hilic Qup resent sy face_of the
carrier is 295°0F T & "HAG® %éj;?é)‘f}ﬁ%?‘?ﬁ%?)%ccﬁﬁglf‘ﬁgt p%r%“érrrllt :lge %?r?ﬁn

terni nal E5Ha10n g AUAEAC e 16aH 8h Lhe0. 1%
or nore, ang{?&g%@ﬁﬁgfnﬂggfﬂ% A}prll %8 Sjr:(ﬂjel;)p | at el et - per rregbl e
material forgsetgctively renoving viruses and Ieukocytes according to
claim 16, wherein the term nal hydrophilic group on the surface of the
carrier includes a methoxydi ethyl ene glycol group at a percentage of 5%
or nore, and less than 30% and a 2-hydroxyi sobutyl group at a percentage
of 5% or nore, ard| s rhatelo¥yrarmcainee tratamal fhydeephebitedy oup on

the surface of the carrier includes a nethyl aroup at_a percenta e, of 40%
or nore, and-9REEhEATEDOE 2D8. 1‘7“%0‘@{%%?8?05 FRedS elaEt drd-arhebpin

sel ectively the terminal hydrophilic group is a hydroxyl group and/or a

polyethylene glycol group.

14, The platelet-permeable material for selectively
removing viruses and leukocytes according to claim 12 or 13,
wherein the carrier has a terminal hydrophobic group at least

on the surface.

15. The platelet-permeable material for selectively
removing viruses and leukocytes according to claim 14, wherein

the terminal hydrophobic group is an alkyl grcup.

16. The platelet-permeable material for selectively
removing viruses and leukocytes according to claim 13 or 14,
wherein the percentage of the terminal hydrophilic group
present on the surface of the carrier is 2% or more, and less
than 100%, and the percentage of the terminal hydrophobic group
present on the surface of the carrier is 0.1% or more, and less

than 70%.
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removi ng viruses and | eukocytes according to any one of clains 11-17,
wherein the concentration of an activated conplenent C3a after the
material is brought into contact with blood is five tines or nore of the
concentration before the material is brought into contact with bl ood. 19.
The pl atelet-permeable material for selectively renoving virukedprizg06

| eukocytes according to any one of clains 11-18, wherein the carrier is a
nonwoven fabric. 20. The platelet perneable material for selectively

i i d t di m 1 h
removing v ruses a9d LEUAOILSS According, el D 19 WS Ale cart e
eos than 50:0nys A1 TGB! A1 £1ELRELFEAN R JFBL Gl 21 - of) ectively 33 15

April 2006 renpbving viruses an cyies according to claim19 or 20,

wherein the Bﬁgmﬁw%ﬁhﬁéibmw@reﬁﬁlﬁléuékbﬁkﬂBﬂ t¥e0kuPrdfe HenBe @ariwEe, and
| ess than 0.45 g/cnB. 22. "The pl atel et-perneable material for selectively

renovi ng Virusesuaas d ekkbeyyaseangDeatk Y idd 1agycapeadfa gleaigms tad®- 21,

wherein the nonwoven fabric has a specific surface area of 0.01 nR/g or
more, and | e§8% ¢haw=:,0an/ §es23tharhe 05l atetiet - parmvavd swiugryilabroop
selectively renoving viruses and | eukocytes according to any one of_clains

11- 22, wher efh & PRF SATYIFSEC A PE Cﬁéfﬁ%-‘f'?tP§dée\ﬁ5rtﬁ§%‘§40§4anﬂn‘c%5éﬁf§fﬂ§ f or

| ect I d_.leukogcyte t h
2 blood | nl oS SRS AR Blobhe ol TETeC okt 1O (T8 ARLEN TAGRER ST ol

according to methyl group at a percentage of 40% or more, and less than 60%.

18. The platelet—-permeable material for selectively
removing viruses and leukocytes according to any one of claims
11-17, wherein the concentration of an activated complement C3a
after the material is brought into contact with blocod is five
times or more cf the concentration before the material is

brought inte contact with blood.

19. The platelet-permeable material for selectively
removing viruses and leukocytes according to any one of claims

11-18, wherein the carrier is a nonwoven fabric.

20. The platelet-permeable material for selectively
removing viruses and leukocytes according to claim 19, wherein
the carrier is a nonwoven fabric with an average fiber diameter

of 2.0 pwm or more, and less than 50.0 Mum.

21. The platelet-permeable material for selectively

33



any one of clainms 11-23 is placed, and neans for preventing the nmaterial
fromescaping fromthe container. 25. The apparatus for selectively
renoving viruses and | eukocytes according to claim 24, wherein the viruses

are hepatitis Cviruses. 34
15 April 2006

removing viruses and leukocytes according to claim 19 or 20,
wherein the nonwoven fabric has a bulk density of 0.10 g/cm’

or more, and less than 0.45 g/cm’.

22. The platelet-permeable material for selectively
removing viruses and leukocytes according tc any one of claims
19-21, wherein the nonwoven fabric has a specific surface area

of 0.01 nﬁ/g or more, and less than 4.0 mZ/g.

23. The platelet-permeable material for selectively
removing viruses and leukocytes according to any one of claims

11-22, wherein the viruses are hepatitis C viruses.

24. An apparatus for selectively removing viruses and
leukocytes, comprising a container having a bleod inlet section
and a blood ocutlet section in which the material according to
any one of claims 11-23 is placed, and means for preventing the

material from escaping from the container.

25. The apparatus for selectively removing viruses and

leukocytes according to claim 24, wherein the viruses are

hepatitis C viruses.
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