ADSORBENT FOR ELI M NATI NG HEPATI TI S C VIRUS, = ARQSORBER, AND

ADSORPTON METHOD : 1 TECHNI CAL FIELD 5

"Thé present invention relates to an adsorbent for renoving hepatitis C
virus which is capable of selectively adsorbing hepatitis C virus from
body f| unthsorBENTASFOR 0L ININATENG etHEPATITIS - Ct héIRUF, exhRSORBERhe AND e
for hepatitis C_ _an_adsorption apparatus I ncl udi ng sai d adsorbent, and
an adsor BPRGRRELRNIMESHOPenovi ng 10 hepatitis C virus.

PRI OR -ART Wth the successful cloning of the RNA virus genhone of

hepatitis C virus in 1989 (Q L. Choo et al_.: Science, 244, 359, 15

1989), it became possible to assFFCERICAHFIEID s C virus anti body
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foll owi ng the progression of chronic patitis to cirrhosis (S. Kaneko
et al.: Interviiiohoghe 30cce3gful0Oglonddd offi kheMRNAUIFHirUs @engime ofapanese

Journal of Clinics . 53, , 199 ecial, |l ssue)a..:l f
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t 016i rrh@sie9)t 0it becariepaisedpllleutarassdiamyir-hepatitis C viffine antibody
conventional therapy of hepatitis Cis, rmstlé/ bfi It around 35 h rgcs.tt.cure,
di etary CRéPEbR, raramBhRARECBERERABy AT Ry result, most of the hepatitis

termed non-A, non-B hepatitis in the past were found to be hepatitis

C. Thus, it is estimated that in Japan today there are about
2,000,000 HCV carriers and, of them, 1,400,000 have chronic
20 hepatitis and 300,000 have cirrhosis (Shiro Iino: Medical Practice
in Gastroenterology-2, Hepatitis C, 11-17, 1993).
According to the Ministry of Health and welfare demographic
statistics, the number of deaths due to primary liver cancer in 1992
was 27 thousand (1992 Demographic Statistics; Minister of Health
25 and Welfare Statistical Information Bureau, Vol. 1, 1993) and
approximately 70% of the casualties were due to hepatocellular
carcinoma associated with hepatitis C virus infection and it is by
- now considered that this cancer ensues following the progression
of chronic hepatitis to cirrhosis (S. Kaneko et al.: Intervirology,
30 37, 108, 1994; Eiki Matsushita et al.: Japanese Journal of Clinics,
53, 727, 1995 Special Issue). Therefore, hepatitis C can be said
~to be a refracfory disease which progresses to cirrhosis to
hepatocellular carcinoma.
The conventional therapy of hepatitis C ismostlybuilt ar.ound

35 rest cure, dietary thereby, and pharmacotherapy using



2 hepat oprot ectants and/ or Chi nese nedicines. However, because the
hepatltcs virus cannot be renmoved by such therapeutics, the cure

rate is mserably low This is why, i% clinical practice, enphasis -

has been placed on the arrest of progression of chronic liver disease 5
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Japan, it was onlgol n about 30% of cases that the virus cou
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failure ﬂt&f&érﬁ?‘ﬁé’lpﬁgqJhefPahOEf%agewertjgl : N. Eng. J. Med., 315, 1575,

20 1986) and in the administration of an interferon to patients with

hepatitis C, some cases became consistently negative to hepatitis
C virus RNA in blood (K. Chayama et al.: Hepatology, 13, 10-40, 1991;
Hideki Ogiwara et al.: Jaipanese Journal of Gastroenterology, 88,
1420, 1991). In view of those results, interferons have come to
25 be broadly used in clinical practice. Thus, the therapy of
hepatitis C has made a decisive step forward from symptomatic
therapy to etiotropic therapy.
However, in the interferon therapies performed in about
200,000 cases of type C chronic active hepatitis during the past
30 several years in Japan, it was only in about 30% of cases that the
virus could be eliminated and the disease cured end in the remaining
‘about 70% of cases the virus survived and the therapy either proved
ineffective or recurrences were encountered (Migito Yano: Japanese -
Journal of Clinics, 53, 986, 1995 Special Issue).

35 In the success or failure of a therapy, the hepatitis C virus



3 gene type, the viral population in blood, and the stage of I|iver

di sease :@re inportant factors but, of all the factors I nvol ved, the
V|raIpopulatlonlnbloodlsthenostlnporténtfactor For exanpl e, when t he
amount of the virus in 1 m of the patient's blood was less 5 than 1
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particles_in blood can be classified 15 according to their suspensian

density i#0Bl @bdcased hehvwhanithe amounty gk itheyifus waisgRvedt deti®fi 0P %nd
Nt gh-denskoys Bay e St EebOtas as 1oWEeCinoiid e TRERELOLRa2LRE dEUANLOrS

-studied t hose viral particles varying 1n density
to the seﬂepanqsefJourneésof Cllnaqa,thérlhﬂéﬁfel@ﬁSﬂherapy and found that

whereas the interfe 20 a. il LN % O

ThOthe Tati o b SAdMEAh o LRI BBLvEOREhLEORE] SRl L RO LB CRhE
particl esingedfots of the phesentt dnvaint iioh ﬁatmarttISam/rthJe mbde raaft em@;fteihcbo
was as | ow. as, 13%

f d t hat
| ow densi ©% VATarks partl‘i}eﬁst i3 EéoPgaﬁﬁa O‘P c?orijp %taéﬁl"nn J‘%ﬁ’% @Oglfylng

hi gh- densthy &ffést 25f aRairit&tRsrd0 tHERHOE! ohmhlsr) ithhaseyeshi Rapasted
I mmune conpl exes (Ak| hito Sakai et al.: Japanese Journal of
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and the interferon therapy and found that whereas the interferon
20 therapy resulted in cure in 75% of patients with the ratio of
low-density viral particles to high-density viral particles is 10:1,
-the cure rate in patients with the ratio of 1:10 was as low as 13%.
It was also found that in blood, the low-density virus |
particles is bound to lipoprotein and the high-density virus
25 particles to immunoglobulin, thus existing as immuné complexes
(Akihito Sakai et al.: Japanese Journal of Gastroenterology, 22
(Special Issue), 1488, 1995). '
It is, therefore, clear that the contemporary interferon
therapy has the drawback that the lower the blood viral population
30 is or.the lower the immune-complex virus population is, the higher
is the therapeutic response and conversely the higher the viral
population is or the hither the immune-complex virus population is,

the much lower is the therapeutic response.

35 SUMMARY OF THE INVENTION



4 o The present invention has for its object to provide an
adsor bent” for renovi ng hepatitis C vipus which has the ability to
adsorb hepatitis C virus particles, ﬁrt i cularly i mune-conpl ex
hepatitis C virus particles, froma patlent' s body bl ood safely and 5
Wi th high efficilegyregshthi Diveet bed i vas yrdor i eahebgest tbepeéfriaecan
of interferon ther?f an hepatitis C virus adsorption _apparatu

i ncl udi nPSIPELRME HeFEmOF iR R ReRadditdiong WerRsdvhbrh hamihey ability to
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fabrlcatedb]}/ §;:ll'2'n aco ound gble of ﬁgfglng hegatltlsC
Vi rus, 1DCIUGRY c?f %Orcl% A n@ hrﬂlgnl&e 187 fopoving

I mmunogl q{gﬁam@x@l/@rvj_mgme corrpl ex on a water-insoluble carrier

+ di splays a remar kabl y hi gh hepat [ t is C virus-adsorbjing perfornmance,

The present in&H 8 AR PRIRErastRE IR TEREQER VR JBhe
findhng. present %nvenIESnQr[aQﬁQE PRI IRNexpNEEEE P68 £drSa HomPohBd Wiki &R,

adsor bent or renoving hepatitis C virus which conprises a corrpound
capabl e when mm@rmmyme@matee-ms@lweascamlalzdzdbmuaht into

\'IliﬁJI[EeE)I-?:An é_balcet with a C"H# 'eéntl'255 bloo should.exhibit Bﬁ'l{f‘f |on&:§5?€%%l OF |

| $"a di'agranmati ¢ representa
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W th vari ous wat I nsol ubl e c r he_ or resent flow 30
Mo (e B s o Eha, d80etR of s 2ounl Enafosu rdsPRbent ErsRTdateq BY °
Fi a5 2 | SdncNGBitiE £/difodiard idipabew of ddsoienay iRégatitis CVirﬁ;llis,

adsor ption apparatus according to the invention; and Fig. 3is

a di agr amaHoGHG e 3 JouRRETl haiinipra binding affindfen Feieric synmbol
repr esentﬁmddhotcﬂ%ﬂlﬂlfno%agor?’ﬁmuﬂe coﬂlﬁtlle‘it, on a water-insoluble carrier

displays a remarkably high hepatitis C virus—-adsorbing performance.

The present invention has been developed on the basis of the above

.20 finding. _
The present invention, therefore, is directed to an adsorbent
for removing hepatitis C virus which comprises a compound capable

of adsorbing hepatitis C virus as immobilized on a water-insoluble

carrier.
25 _
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a diagrammétic representation of the relation
between flow rate and pressure loss for glass columns packed with
various water—-insoluble carriers. The ordinate represents flow
30 rate (cm/min.) and the abscissa represents pressure loss (kg/cm®);

Fig. 2 is a schematic cross-section view of the hepatitis C
virus adsorption apparatus according to -the inirention; and .
Fig. 3 is a diagram showing the pUCNTMK3P47 wvector.
_ Each numeric symbol represents in the following.
35 1. outlet | |



5 2. inlet - 3. absorbent for renoving 4,5. rmeans for
preyenti-ng | eakage of the absorbent 6. colum 5 7. apparat us _
DETAI LED DESCRI PTI ON OF THE | NVENTI ON° ' Herei nafter, the present
i nvention is described in detail. The adsorbent for renoving
hepatiti s2C vijmugtaccording to the 10 present invention conprises a

wat er -i nsol ubl e carrier and, as, I nmobi | i zed thereon, a conpound
capabl e o%- a@RePHPERt hEPHL FeRaVERg Vi r us. The conpound

capabl e of adsgLbheaek Vol svoRtiRG’ 1baHaE! ¥ the ab8BEbEAEed Only if it

adsorbs hepatitis C virus e"preferfed 15 conpound has a bindi ng
affinity $orcobmmmogl obul i n and/ or i mune conpl ex. The

pr ef rred7cqg$ound anong such conpounds -capabl e of adsor bi ng
hepalitis T ??ﬁa%%ﬁpled to i mmunogl obulin and/or immune conplex, is
a conpound which may preferentially and efficiently 20 adsorb hepatitis C

virus coupled to i munogl obulin_and/ or Inmune coﬁglex I n conparison
with hepatitis C virusDéEﬁ$#%PéEE%§R§%%%QN OF THE INVE F@Npreferably, t he

above-ment | oned HeA@IRHTE 13V khG Bresent DhvEhPPoR!{d RidseriWed THUARERRDYI T N
and/ or i mune conplex is an i mrunogl obul i n-bi ndi ng protein. 25
The i munogl obufhagsraPRY tpFer aepaviididuBeBabitip Farus accordimg d@ the

profein [ el : tei D ' . o Lh t oL.d
Factlr, PEAAEIE Drantlch Roik1 060 £ ater ARSI ML corrtod MM Bhd
havi ng a immshibi zéd ithdneon, a dompaundimaglabie of addbabingnhepgitahiki @
conplex is, an anti- 30 I rmunogl obul i n anti body. Even nore
pr ef er abI ¥t 4he above- nenti oned conpound capabl e of -adsor bi ng

hepatitis C vi e idonbafid b ld ol disorbindMaewd Sbwbt nokPdéalarly
protein and/ or anti-i mmunaogl obul in ant i body, which_conmponent is a
fragment FREEiGEed onlyeddi 4& a8sorkyiepathbl 3 GivHdURy et Ehegpreferred

| MAEO0Y] QRUAAILANHAY & BIWAS neOBRFERity for immunoglobulin and/or immune
complex. . : o
The preferred compound, among such compounds capable of
adsorbing hepatitis C virus. coupled to immunoglobulin and/or immune
complex, is a compound which may preferentially and efficiently
20 adsorb hepatitis C virus coupléed to immunoglobulin and/or immune
complex in comparison with hepatitis C virus particles as such.

More preferably, the above-mentioned compound having a
binding affinity for immunoglobulin and/or immune complex is an
immunoglobulin-binding protein. |

25 The immunoglobulin-binding protein includes but is not
limited to protein A, protein G, protein H, protein L, protein M,
rheumatoid factor, and complement. '

Still more preferably, the compound having a binding affinity
for immunoglobﬁlin and/or immﬁnoglobulin complex is an anti-

30 immunoglobulin antibody.

Even more preferably, the above-mentioned compound capable
of adsorbing hepatitis C wvirus is a component of said
immunoglobulin-binding protein and/or anti-immunoglobulin
antibody, which component is a fragment protein or a peptide

35 containing a binding site for immunoglobulin and/or immune complex



6 or a derivative of said protein fragnent or peptide.
Referring to the water-insoluble carrier, a porous carrier Is a
preferred exanpl e. Pr ef efabl y, the porous water-insoluble
carrier has a nmean 5 pore dianeter of from 10 to 1500 nm

Anot her prehedeedlvaelifeobft Baidabebtefofubhfetdr birepeptide
substantially nonporous carrier. Mreover, the water-insoluble .
carrier is preR@ERBFiRGyE? oppe IWater-insoluble CRIFIRIyoHEN NS REFFng

hepatiti§s%v?£g§egggargkgﬂpgg.the 10 present invention can be used for
t he purpose of renoving hepatitis : C virus from body fluids inclusive

of bl ood and pPasfierably, the pordhe wWakerbinsolubleegsvrhgrhbpst at meal
Virgs c SQ. d f e pase of renoving i nmune conpl ex

for e o%ﬂ%%a@%%%gésv?%gmm 2b fggo%ggédgﬁfl ui ds inclusive of blood and

pl asma. 15 Anothef herdgeated i foh O ff then daireu- inscdpidreaicas racaorid ag to
the’ resent 1 nvention conprises a casing having an inlet, and an
outlet SUSSERRFialily RPBROEAUSGFeERiPRe MIOTEQYSH A ThR YRERT MR SRYIBHe  he
above- mepit+pned ﬁgspf@ggfgbg?dhydﬁ@pﬁﬁli@[ preventing | eakage of sai d
hepatitis C virus adsorbent fromthe casing. The adsorbin

20
method for renEe AGSREBARY FaT EARAVING BRBALEESS C virus acaardingdit SB8i ng
1o P ue A SO0 &c
anyg o saféséqé%h%dﬂ EAnapdedvd katg%e ﬂuﬁ)ggg o;lf ’Péﬁ%ﬁ%{ﬁﬁ%bk&?‘:ﬁg s

Vi rus. HCV- cont al ni ng or use in
renovi neC HOreg chroi ngedy fhel@s esentusihivenefonload| addspbasnd.and 25

pl asma, anong gt her fl i ds, . . referred_enpodinents ,of
the invention %F% aﬁi&%@%&i& ?ggd:,emovzl.ng gﬁpﬁg&-éﬁ%tge‘%irﬁf e% PO%P‘?% br?oPsed
l'i Mt ed for thespuess dbifcrendnih grefinene complex form$hef heppotindsaapablie of -

oS0 b B B G AL THEHSEh L e ool N BT SEEL, L vent 1 on 15" a
supst anti al negshRpA tidS cS¥ebusi Sds®ption appdidiass idtddriind el ehabl y,
however, it is a substance which may specifically bind the heavy
chai n orPTesgnt dmyentdon sriRsdsesud idrsing hayiaoan Haleb@nsham auEdadl ex.
frehabovﬁ%ﬁ?ﬁoﬁ §c19££§é9'&f0£ £1 gy n&’ﬁ)&hﬁo@§fﬂé‘ dry ofclakn or
ght chain of 1 mmunogl obulin and7 or 1| mmune conpl ex
above-mentioned adsorbents and a means for preventing leakage of
said hepatitis C virus adsorbent from the casing.
20 The adsorbing method for removing hepatitis C virus comprises
- a step of contacting any of said adsorbents with a body fluid
containing hepatitis C virus." _
The HCV-containing body fluid for use in the method for
removing HCV according to the present invention includes blood and
25 plasma, among other body fluids. |
The preferred embodiments of the invention are now described,
although the invention is not limited to those specific embodiments.
~ The compound capable of adsorbing hepatitié C virus used in
the ptesent invention is a compound which is capable of adsorbing
30 hepatitis C virus in a substantial measure and, as such, is not
limited in kind. Preferably, however, it is a substance which may
specifically bind the heavy chain or light chain of immunoglobulin
and/or immunoglobulin complex.
The above-mentioned substance capable of binding the heavy

35 chain or light chain of immunoglobulin and/or iinmune complex



T - specifically includes the conpounds which are generally called

i meuinogl obul i n- bi ndi ng protei'ns such AS protein A protein G protein
H, protein M rheumatoid factor, and ‘conpl enent, which can . bi nd the
Fc domain in the heavy chain of inmunogl obulin G and protein 5 L which

has a bi Reerd faldailniyt ¥ nfcauddae *drﬂayhion@wrms( whiRjlorae gbnerally | Al .
140, 1194, 1988, H. .Goni et .al . Lnmunol ., 144, 4046, 1990;
H sayuki ‘BEURoRERbHLiIRRdRding W&amsmﬁam &gy profeimdy proteimdyil) and

anti-i myegl-qhuli o astd oW, §heumat01d factJPera%&@Bmﬁh.éﬁleR% ”ﬁﬂibﬂ%

those fragnents of the abové- nmenti oned substances whi ch have a
subst ant bandpihe Fqgicmaflamnnﬁ:feoheavy chaiimf égmubooilebaddndi, andiprotein

I t . ' A
COTBLe: f GhABHOMBb e GLLERS ng ey s SORRESIONLTINL 00! U, Srdalel. A
pr ot ei nAI(anUIlI ¢nléo, a1194,J 1988yl H. Gomi «hen. :259, Iﬂlﬁﬁﬁ¢ll981|4_4_, t401 65B29
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brotel n a0p97 ifsfiekl Pet: Meneic RinSgaTTRY Rign 1 Trnga0 Ty Py oty Bhre
pept'deSlQQ'l')e&ﬁ@”dh‘ﬂg—tiﬁmunoglobh@155ah(t§.b@lzﬁe§l ‘C3 donains of protein G
(B. Guss et al.: EMBO J. 5, 1567, 1986), the A domain peptide of

protein H (H. EBAreccan| also be mepiipnedhEhpsepfraghgnispast ithes above-

retei n (0] I
2255, B e ouel it s unAln nedl n RBRIRS SODMRAA s ARy for

et al.: JjmmBhofylobhdin, aaaﬁorlsmmnne compélesQO)foretee;ampd@d thehgeptides

i mmunog| 8§Erl;| pghﬁghﬁgtgo SBGBE' gaﬁﬁg%‘r t rou\gflo C &, h%qns, which are

i mmunogl 6bu g pr elns erivat i ves
Furt her WEMunbbeoEablﬁﬂﬂlﬁdﬁ.ﬁb)sJ&és,agmmfn Ahmmmtbenl eftagl of J2Biol pr

o bo WBR oA 218PSor SOEA) at Pl ERaRppeptiss VRIEH 9% gitrener o

vat er - | néﬁkﬂab&néﬁ{:rbﬁrtﬂ@@faidir%ﬁrbﬁei&&@el Bft BeoPE@REAt (J. S, HMRA i@n i s
not particularly restricted but includes inorganic carriers such as

gl ass bedds: Biophysiesl %{rcﬁzroﬁaanlﬁggérr?@?%}ﬂ:lde%mrﬁmm it®
pol ymer s h@ 5L d @ie-‘éﬁp by A%l o £ in G (Bkg}{s%sélt' pked pvpo g

pol yacry ate, crosslinked yacry am crosslin pofystyrene
et c. andipol%"é.cclt%rﬁ)deshsuAhdcamai;mmmiid@@fc@hrbaleg@eH (H. Gomi adskilnked

or gani o P HERT ot T RS BER Rt ot et ekp h o one el oy of
sughb natali almpanese Kohyo Publication Hei~7-506573), and the CBP2 peptide
of complement Clq (M. A. Baumann et al.: J. Biol. Chem., 265, 18414
(1990), etc., and other imunoglobulin—bindiﬁg domain peptides of
so-called immunoglobulin-binding proteins, and their derivatives.

Furthermore, the Fab and F (ab), fragments of rheumatoid factor

25 or anti-immunoglobulin antibody, single-strand Fv polypeptide, etc.
can also be méntioned as représentative examples.

The water insoluble carrier th.ch can be used in the present
invention is not particularly restrlcted but includes 1norgan1c
carriers such as glass beads, silica gel, etc., organic carriers

30 such as synthetic polymers, e.g. crosslinked polyvinyl alcohol,
crosslinked polyacrylate, crosslinked polyacrylamide, cross_liriked
-polystyrene, etc. and polysaccharides such as crystalline cellulose,
crosslinked cellulose, crosslinked agarose, crossiinked dextran,
etc., and organic-organic or organic-inorganic composite carriers

35 consisting of such materials.



Particularly preferred are hydrophilic carriers, for such carriers -
arezchardcterized in that the anount of non-specific adsorption is
relatively small and the adsorption sd ectivity to hepatitis C virus
is high. The term"hydrophilic carrier" is used 5 herein to nmean a

carrier the CO”?%%EEggﬁ_a?_Qéﬂ)gEggeﬂreﬁhEﬁ"& o) géghlllc Y‘,@E@rle nt@f%tr e

of not greater when it 1s nol ["at “sheet
form carriers Ze caarrae:rte@ﬂzem gnkithati $heormeanti @Lfl azldny-spmlrﬁm ed

but i;ncl carrie of V% C r|d e

chi t osan, a§8§ﬁ§g§§fé, %ex?#%ﬁwg?g Smgﬂr y%?‘%ymal co oo]isp lsoalbosnrjf (‘l‘éo;l&stey

et IhyI enﬁ néplntlaisttgtxaml.mdlsyhﬁgh porh/h@dmﬂlmr'fhyelrophh)lacrahrmef? is arsedi
po yrret a I,C aci oly t hacr te), ol yacryl.i

Dot HBool yBEHSHBnBS sheah 2 HAEELsT) The daonAr DERent erpmmotid ‘SF [hidhy pas, 2
and so fow&herléontact angf@btflﬁé't@rﬂe)é;té‘za{:haﬁr@o gegirabBiwlterOt0f 8 #Y RIE
superl or in ' adsor gt Ive capaC| ty and sel ecti vi ty Mor eover, por-ous

cel | ul osein a flgk| shastt fermel | owi ng advant ageous features (1)-(4) and, as

such, 5 B8 il P LAELSHheds L IS 1 01y A% cred bur,

water-lnsol ubl e carri I'n the practice
Because oinciudesnparan.erelguadegbfnpoﬂlgaacahamdesgsnchnds celluflosghness,

this gel is,pot easl d|S|nte rated into dust;like e parti.cl.es by
st 2P0 g, BiESSaRa Senhat St S hran astar armo Lyvirel iconary, sEECRITIEY

conpact ede@hypéﬂggeﬂnﬂeacwaeﬁeacbpdyyfnéw dpbaya@yedmide, pbtwa@qumh:e bed
at a high flowrate. Mreover, because of the structure, it is

25
not |.i abl 8c£8r uﬂﬂémﬁt]a?ﬁﬁﬁé?'ﬁnéFléhaH@éyéméﬁh%]lreﬁg%hacryéﬁéﬁl) Fized by
aut ocl avi ﬁ«glyacryllé:%cﬁf—%@feﬁﬂ leiiér%QQdifdr %@hPHEQ??amEH@-Béh.g'e%h]ylene '

hydrophilic Wth ge nunber of groups avar |
bi ndi ng talieg | 942, and S@nﬁorghkow in nonspecific adsorption. 30

3 Si h
(3);5Since a COpg)@{féﬁe%i’Y,t rray %r\e/ée‘%g:nli’zt‘é 1 bﬁt@%@gfgc. tr.e@ éJperlor lﬁn €

pore volune i s increas a sor I've arge
as a softa@sd:rptlve cdpid c Coyrpanaek s edi @di swit het mr;e@hmmarpgebwsr ceﬂhaﬂogel S,
this gel saf nso ubI e

.. 35. Th
e i 3oL geh e Tl BoTaoWlnttabinyd3gons featurdS VR Sl4) W, "YU such,

is one of the most preferred carriers for use as the water-insoluble
carrier in the practice of the invention.

20 (1) Because of its ‘comparatively high mechanical strength and
toughness, this gel is not easily disintegrated into dust-1like fine
particles by stirring, etc and, when packed into a colum.n, it is
not appreciably compacted or plugged even when a body fluid is passed
through the bed at a high flow rate. Moreover, because of the porous

25  structure, it is not liable to undergo dimensional change even when
sterilized by autoclaving. | _

(2) Because it is made of cellulose, the gel is hydrophilic with
a large number of hydroxyl groups available for binding to the ligand
and is low in nonspecific adsorption.

30 ' (3) Since a comparatively high strength can be retained even if
the pore volume is increased, it may have an adsorptive capacity_
as  large as a soft gel. .

(4) Compared with synthetic polymer gel or other gels, this gel
1s higher in safety.

35 _ The water-insoluble carriers mentioned above can be used each



9 al one or as a suitable m xture of two or nore species.

| n Lonsi-deration of its application ag an ‘adsor bent for r enovi ng
hepatitis C virus and the node of use; the water-insol uble carrier
for use in the present invention preferably has a large 5 surface area
and, in thisnsepseasi & snetepabl yintaaer ber thevopgmere speclesge nunmber of
pores, nanely porous. ) The preferred, nean pore gi arrﬁ%e{;b f said
porous water- I CQIF%‘%?%F%OJEa?f'i%FSi§pB§%ﬁEEﬁ°]iOa§nﬂn13 BOHRED ﬂg)afitis
CVirus removPR§HddH51 L5 PPs BRd Phdindld o asd, itheowdeerthakosudle
virus 10 particles may be efficiently adsorbed with a porous carrier, the
pore si zec@rsierbfior onser bii tbeopr@ﬁénéaimVéﬂtiLginéﬁé?EEP}thé%é largef oy
toward th | h di er; of i rtd ; ; e
por i ancPEFSPE d5F nd ot el bRHELE 19 o FURabRy 4 Etrier naging d
sacrifi cetangd himebenrdficeonesa namedbyspdrolbe still nore 15 preferred
mean particle djameter_is between 50 and. 125 Qg_ot her

. M
hand, the virus RarPHRi ST JEAR \RAE S halgegedfp%)grsald PRAPER nglc

subst ant i ghy1 @OTR0ELEELer Ths Sh&kiwdenf 10aahdel 50annfl SHepatitis Wt ivizes
for exploiting the advantage that the proteins and otger ; conponent s
useful foPaEhECheRyar® *hebodl +Pulbap8Febdang| 48nardes thaEe?HEﬁ gteup

are, pi ttlﬁa?‘ﬁf@i@§%+fﬁéeeﬁit&§ﬂéfmﬂﬁlam wafth a poR@@Scarrier, the .
The term™substantially nonporous” i's used in this ~ specification to

i ncl ude pRELEISSIZE diiéltsihaﬁilng prefitemf therearrier %%P@eﬁeé@%méhaiéd
nm. 25 ¢ Fowa@ft%ré 128 ef EEEBS%’tﬁ% ti6e %_ré}&&% ro‘fﬁkr'iﬁ: sChagdifles.

wat er - i nsol ubl € €ar ri er ; oS 3 pretera ?e, In view of the adsorptive

capaci ty pfrthenpbreodiameoér tike tadsbabege; ,thé st remgthoo Estixhoantier wihdt

be confined to the, surfac ut be distributed throughout..the, . rrier
and t hat %%es%%]ﬂf’e‘?e‘ﬁa%mi &%c?li“(’) %\?epﬁfﬁavg?ﬁﬁ%aggghotrr% Stlr]ejsﬁ? an 20%
andi1 @ spestdfersed esn apL£etr DE180HidReBet NS Betieen] 60. and 1250 nm. The
formof said water-insoluble carrier is not particularly restricted

but includes bedritheraghes brads ther Wi rasFan Papdsprped even Hifhs GRI bt ST

e oy 513 SRSy B AR Gloncae sgha pr cBygnasean 52ef]

pr ef er abllye usdd i zag for exploddingathé @ddvantage that the proteins and other
components useful for the body ir;,the body fluid (blood, plasma,

20 serum, etc.) are little adsorbed in the substantial absence of
pores. | . |

The term "substantially nonporous" is used in this
specification to include porous carriers having very small pores
(e.g. less than 10 nm).

25 . Referring, further, to the porous struéture of said
water-insoluble carrier, it is preferable, in yiew of the adsorptive
capacity per unit volume of the adsorbent, that the pores should
not be confined to the surface but be distributed throughout the
carrier and that the carrier has a fractional pore volume of not

-30 less than 20% and a specific surface area of not less than 3 m’/g.

The form of said water-insoluble carrier is not particularly
restricted but includes bead-form, fibrous form, and film form
(inclusive of hollow fiber), among others. From the standpoint of
hydrodynamics of the body fiuid in extracorporeal circulation, a

35 bead-form carrier is preferably used. As to the mean particle



10 - dianeter of said bead- formcarrier, beads within the range of 10
and:2500-Terr] mare easy to use. Hovveved' Is preferable to use beads

in the range of 25 and 800 [err]m The exi stence of functional
groups available for 5 i mrobi | i zation of the | igand on the surface of

the wat er diasele f said baad-EbrinScheneérci Bballe withbh! tRettoige of 10
The representative exanples of such functional groups include
hydr oxyl , amaéoowmeameasyaﬁq)@ﬁﬂ Heveversiltaas prefereblefexyse beads

succi nyl i gi,d@y 3 c_EJag rzlsdgafnda@@ otﬂhfgr functional groups.. 10 - The

above- nenti-one I'nsoluble carrier may be either a rigid gel and
a soft gel . FthEhéXa§§9h§§tP&nfuﬁcénoaééogﬁéﬁpsf@Nallableeikﬂacorporeal
circylati 9@5&3 39L&S onl {;f'éné TRYahANbn R suMitle of ?hé’%fé‘cf‘é} i B 1GR m,
t here shou occur gl ng, 1. e. clogging of pores, on passage
of a bodychkmuér Ibebehefepiad itos dmmodil3 zatiswf.f i ci ent nmechani cal

strength, the er-insoluhle carrier referably .a riqgid.carri

In the cont extwg#‘ tW%@&ﬂ%%%ﬁﬁWBEQSt%SPFgf& rél otps ps;inclu e
carrier sHeRrbRyt , eindNeldrhydd) t8epbRYD Gihﬁlg, sheaesl,i $mido, epoxy,
uni formy packe mtoaglasscllndrlcal colum (9 mmin. dia., 20 150

nm | ong) ~GHEEENYALIEAER) oﬂFﬁ& ephurriges and Svhssudvnstiomed groups.s
pasggd t hrough &Hg %ﬂ?d%aﬁmng&@sw%@ﬂéxsma pe eI Bed
oss (AP) and f ]y

bet ween pressure owrate up to 0.3 kg/cnjerr
For exanpkégid gehswndy sndti gal - cHamntheg appligatdioa as180 adsorbemnicgng)

fitted W LB aadarbBrCh CROLEI AL POR! Ehd-LbILE! AL A Lo Ath e tna S,

uni form ypac an-agarose gel ogel pdrticle

di amet er pAck88 ieshiolamwi, nyhepelehmrlcgmlot( 50¢urfpﬂlagglng, i. eT.oyﬂn@@uhg
HW 65, parf%l cle dianeter 50-100 Leé b a cellul Jc %
Cor por at i 8k, PREEFul BRi RBSERIS08 P VciféuafiarreT]%? 2 re, o ingyr e‘?r] rr)

wat g V\/asshﬂﬂeﬂéﬁﬁdmeehgnibglcQt!éﬂgt‘ﬁ' Ngha REEkstahke180le cBYHIerand the
rel ationship between flow rate and pressure |oss ([err] P) was

plotted (Prgfexpbly a rigid cayhéeflow rate (cnminmin) was plotted on the

ordinate and the, thT COI})E&?@LH eh%si)sent “%%Je]&tﬁwg’%t (&l(anctag}gler

abscissa. In Fig.1 repr yopear represents
Cel | ul of | he BCaO0mpr sugh3that yeen]|thewelsenms tBeofernidfne.g. beads, is

_ uniformly packed into a glass cylindrical column (2 mm in. dia.,
20 150 mm long) under the following conditions. and an aqueous fluid
is passed through the packed column, a linear relationship is
obtained between pressure loss (AP) and flow rate up to 0.3 kg/cm’.
For example, a glass cylindrical column (9 mm in. dia., 150
mm long) fitted with a 15 um (pofe diameter) filter at either end
25 was uniformly packed with an agarose gel (Bie-—Rad, Biogel-AS5n,
particle diameter 50-100 mesh), a vinyl polymer gel (Toyo Soda,
Toyopearl HW-65, particle diameter 50-1000 ,ulm) r or a cellulose gel
{Chisso Corporation, Cellulofine GC-700m, particle diameter 45-
105 pgm), water was introduced into the column using a peristatic
30 pump, and the relationship between flow rate and pressure loss (A
P) was plotted (Fig. 1). ' '
The flow rate (cm/min) was plotted on the ordinate and the
pressure loss (kg/cm’) was plotted on the abscissa. In Fig. 1, O
represents Toyopearl HW—65, A represents Cellulofine GC-700m, and
35 o represents Biogel-ASm.



As a result, whereas the flowrate increased in approximte

progortigon vmth an increase in pressurge in the case of Toyopear|

HW 65 and Cel | ul ofi ne GC-700m Bi ogel - I5m under went conpaction so

that the flow rate could not be increased by raising the pressure. 5

I'n the i'mmobi | i a8t hofeohl B) WwHERENY IHIflRwradeninpressed in appruxipefid de
on the water-insal ubl e carrler in accordance with, the sent

i nvent i on PTORORLHSH MEtRaePoARFECRFE éPaBF?S'éTJF%C%%dthe caseg m&p‘d:ryocpearl

hydrophi | hg-$B26RE ¢ELDLSFiA® i, B ole@-nGmaRdE2NEaE compa@éléﬂeso
protein or_peptide for inproving the adsorptlon efficiency 10

suppr ess ﬁbﬁ-ts‘p'belﬂwm gouda. not be increasmebbyr spépLRE F@@rﬁiﬁﬁﬁu@
spacer may for e; l yal kyl e
UBOI’I%I’YDdI 1¥| cati on g’?gtﬁMOﬁlllzat}%l%@I%ﬁelmﬁlx%l\j%@a gb%%ﬁ%ﬁ#%ﬁoup

such as carbpepktidenbonothe watentimbylieblercapokyr aln eddwrdance With the

The conpound hayi ng_a_bi.ndi ng,af f.i ni f.or .i.nmunag I_n nd/-o
mune. CoRBEERAMNALTSPELD8- bE N BRI LAdd a0 SEnid Raeherebly SRR, o
carrier ampHrblghd BdrepBeTEeUsisth @Sr AnSPREEE todtedEce the st&FDEIHiRGINE
any suitable technique. Anong such techniques are those which are

convent i oR&l the Rerteir t%P@ﬂ?ﬁ}ﬁlel f2&1 1BRTEY1DG theadquRtian efddaiadson
carppers, aﬁacgugﬁrEQE ABhbQds cytel b éﬁggrptlon the epoxy reaction, N c base
reaction, con Sation reaction usin carbodii m de reagent, active
ester reaction, Thadpcafereed hydrophaddki npangrr mayt ifon example be a
glutarald t L e
adsor bent Spéggr e%gﬁggoﬁgde erlYaPJ’Q vigf%ésjjg%%c (53?2{04 Ihﬁt%e Jf%rglg)a% |tr81% S
an adsor bpolyehkglkepe chain useh d sulextituenpgrealp suchlalsacanhoxjnlar amy nand .
henocat har |l e to.use an i mmbilization method which

insures tﬁzfiehyae’ PR ?ﬁ@xg éfl ?gﬁroﬁngf t he adsorbent and during such

thengpy, the The B6@bELNE BaGiny h|bmﬁﬁlﬁ§adffin§2€?/r gbeasefuadylbbamihhe
wat er- 30 i nsoluble carrier. For exa the follow ng nmethods can be

ment i oneda@nd/or im{n@eTﬁ@mﬁésﬁouthchsggﬁpbfesé@mpsaéﬂ?ﬁg ORe S@afobRFer-
group of §AGolubleCBhELEEr"ah thUYBEGXHIUCELRDBLAR ha AUBBRCEU! Bad pe

SUCCI nim doxycar onyl group and causi ng It to react am no
group of imeopidieed ky arapsudéapdet techaigue. rreAItn@@lg.such technlques are

those which are conventionally used in the immobilization of

20 proteins and peptides on carriers, such as the methods utilizing
the epoxy reaction, Nic base reaction, condensation reaction using
a carbodiimide reagent, active ester reaction, and carrier
crosslinking reaction.using glutaraldehyde reagent.
In consideration of the fact that the adsorbent for removing
25 . hepatitis C virus according to the invention is an adsorbent chiefly
used in extracorporeal circulation therapy and hemocatharsis, it
is preferable to usé an immobilization method which insures that
in the sterilization of the adsorbent and during such therapy, the
proteins etc. will not readily be released out from the water-
- 30 insoluble carrier. For. example, the following methods can be
mentioned. _ |
(1) The method which comprisés reacting the carboxyi group of the
c'ai:rier with N-hydroxysuccinimide to substitute a
succinimidoxycarbonyl group and causing it to réact with the amino

35 group of the protein or peptide (active ester method).



12 .. (2) The nethod which conprises subjecting the am no or carboxyl
groyp of-the carrier to condensation reaction with the carboxyl or
am no group of the protein or peptide]r t he presence of a condensing

agent such as dicycl ohexyl carbodiim de (condensétion_nethod)._ S (3)
The net hod (i2y WahehmERBoBr WhEER ESmPEDs & §lesuils SdtOiSsd ithleelmino or USRSyl
conpound having two or nore functional groups, such as gl ut ar al dehyde

(carrier @xe3H phkthg Gatliqy to condensatiopgreagibhen 45}ty thkecrsberyd @hd
el ution of t; i . T4 Lk 4 bk i i |y
ot fect od Byren, BF3up'df theBrorein bEBARIALhn YIFRRLSCAEL OF 2 CoRIE SRS
renovi ng lgemt tsushCas disyialehexylcarbdshidynifde)i dcdndensatiom methadrvi er
carrying a np d | ¢_of , . d ' titi.se. Cavjr s

body fluid (égch%gl% 5'%%2%% gLPats”rrrléL ch th g’%rog:lee;l glm%%g%eﬁ)éelgireacltgl Sed gllgnllg:l Ked
vari ety ofusimyner comppenid heaing tid or mwreexanyiieordie Jrdupmy nguatetawds

can be nment.i gned. 1) The net hod whi.ch conmprises wthdraw ng a body
fluid fro@i{fgraldehyde, -@rbmssﬂ&év%w method) bag or the |ike,

m xing the adso@‘@%”éuppressi{i%t fhé hte hosle fdnd @1ttaon bE tREQYFoPEPRIfAd® C

virus, filtering . . off the adsorbent and returning the substantially
hepatiti s tBevicagsizg, ilmmpbddiggdion disd prefer@ldenypifected Qy)comalendt hod
whi ghy conppi roviding a casing having an inlet and an outl et and
fittzh w??ﬁbggéﬁﬁter perneable to the body fluid but not to the

adsor bent acr os§heaadsoubling, mphb&dnfor hrenaving epatitis C vimusdSmmbent ,
and passi the-hody fluid through the packed.25. = adsorbent

At hough BREN FABRORY SHEACLHEA caE I SRrrYing AeSTHRomA capable ahg
(2) is expédoebingersstptes @ otedsrvi th $ebolyt EDyEd ,sudles blood S&lhsma
casing or colum is btsglt I nt o,qa(te(é]ubi ng sf\ést m f or extracaor ,oreﬁl
circul ati 8F, SREPRt F2% LERRAGUS e 2eVRFLPENL PY HRPNCISing SH G-y,

el i gisnat egolr afapeepathenirod 18Nl dithhodsTR@n be medds@neNt for renoving
hepatitis C virus according to the invention is suited for the latter

nmet hod. . (1) The nethodafhdigh comerisegswithdrpving apesvatisidnEremithe
t he eqQt Waleh kLl g ccardi

nvent i onPA51ShEF R bod, BEBTIHEG (SR bilgRof o LEKELEAIIMAEAS sdkorbent
schemati cwith the body fluid there to remove hepatitis C virus, filtering

off the adsorbent and returning the substantially hepatitis C virus
20 —-free body fluid to the body.

(2) The method which comprises providing a casing having an inlet
and an outlet and fitted with a filter'permeable to the body fluid
but not to the adsorbent across said outlet, packing the casing with
the adsorbent, and passing the body fluid through the packed

25 adsorbent. _

Although both methods can be selectively employed, the second
method (2) is expedient and simple procédure—wise. Moreover, when
said casing or column is built into a tubing system for
extracorporeal circulation, hepatitis C virus can be efficiently

30 and directly eliminated from the patient's body fluid. The
| adsorbent for removing hepatitis C virus according to the invention
is suited for the latter method.

The hepatitis C virus adsorption apparatus including the
adsorbent for removing hepatitis C virus according to the invention

35 is now described with reference to the accompanying schematic



13 ° . draw ng. Referring to Fig. 2, the apparatus 7 has a

liquid inlet or © outlet 1, aliquid outlet or inlet 2, the hepatitis C
Vi rus adsor bent of the inventi 3, neans 4 and 5 for- preventing

| eakage of the 5  adsorbent, through which the body fluid and its
conponenidrai@ynglass freely but the adsorbent cannot pass, and a

col um 6. The geonetry and nmaterial of the apparatus, are not

particul arly rBSERFELag. tﬂoﬁégerzl i EhpsapParatys) & kes ReliAuid inlet or

cylindri rat | f
cylindri %g]tu%ggg al yﬁ%@fa oU% 13 tCaPaGIE 8f @@H&BEQ&GQQ cm%%ﬁgm %Rgﬁbén&n

THE | NVENT| GRe invention 3Thacaisl dniemgl ox oy e avenisnatleakageoadsdite
Vet ! OBglBrnep HELDSE AR byl Ry e1d8l Thi! 10 CERCERLAR A0dy B ;]ggg

this ica vari-ous amt no aci d residues-are
the fréeD.IyoWurtgthlebad\sbarblemts cannot pass, afidaa Icoajumr ree residue,

L-aspartic aCI resi due r I ne resi cyst ei ne
r esi Sue Ehﬁl E?SWFFEY and mF‘E?F&Gi 8% %geLaﬁpﬁlr& Us & ednf%m due, dy:
L- glyCInpa&eibdmarlyleeseelctea.Isg$ﬁeee£¢ iesiguprekeablel €HCLBE a

residue,. Lys: L-lysine residug, Phe: L-phenyl al ani ne residue, Thr:
L- threonpﬁélﬂéﬂéé , apppratus haVlngr?p@mcéhtYe%foﬂéou’q'ﬁo 409 yﬂos’mﬂaa
regipdue, dé/%etlervék' Qﬁoﬁﬁsbdﬂﬁ In this specification, the
anino acid sequence of a peptide is described in the conventional
manner, assuming that its amno 25 termnal (hereinafter referred to as
N-termnus) Is situ yl term nal
(referred to as C—tzé%drnusgﬂﬁ;&OR cﬁﬁﬁg%ﬁ% fIéw{‘;ﬁ‘f{)&8](Exarrpl e 1 30

| mobi | i zat i onThé wllgﬁzbgr@lxang:m@tﬂlu:{mﬁelu’hé\)pmatpmtlon in

Aot R0 v e P ER e e U035 10 i
9|QBU|ars?é@i@haaﬁﬂbﬁﬁfv&EL@ﬁH|aﬁlﬂﬁlﬂbid3té9ﬁ§ﬁék)argoiﬁhicWQéd the
up with \%/gije_éw&gglggbgléw;gsgngo m. of 2 M sodi um hydroxi de was added,

- Ala: L-alanine residue, Asp: L-aspartic acid residue, Asn:
L-asparagine residue, Cys: L-cysteine residue, Gln: L-glutamine
residue, Glu: L-glutamic acid residue, Gly: L-glycine residue, Ile:

20 L-isoleucine residue, Leu: L-leucine residue, Lys: L-lysine residue,
Phe: L-phenylalanine residue, Thr: L-threonine residue, Trp: L-
tryptophan residue, Tyr: L-tyrosine residue, Val: L-valine residue.

In this specification, the amino acid sequence of a peptide
is described in the conventional manner, assuming that its amino

25 tefminal (hereinafter referred to as-,'N—terI'ninus) is situated at the

left end and its carboxyl terminal (referred to as C-terminus) at
the right end.

30

Expoxy activation of cellulose gel

The cellulosic porous rigid gel GCL-2000m (Chisso Corporation,
globular protein cutoff molecular weight 3x10°), 90 mL, was made
35 up with water to 180 mL, then 60 mL of 2 M sodium hydroxide was added,



14 : and the'gel tenperature was adjusted to 40[err]C. To this gel

was .added 21 nL of epichlorohydrin, and the epoxidation reaction was
carried -out at 40[err]C for 1 hddr. After conpl etion of the reaction,
t he gel was thoroughly rinsed with water to provide an

P00 5 n oL ffla gty EeRBerdtaze B saipsted FEORL.ZSRbO A RIOUEL hdyed
prot ei n A20Sngra epaﬁ@l@r@ilmnmmzﬁt@re mm%rggctéon was Qﬁrnrﬂged he
Thi s prot 2o 851 £ Bort 3 bt AP U no dR S s R a0 oF o reactfoly B igen
epoxy- actwmateﬁocehbhﬂqsEigﬁbdamdthhwaMExtmpepmmyide an sipekayraatt ideyd | C

for 16 hour d washed with a sufficient amount of PBS (10 nV

phos hatecﬁiﬁP@Ps§uﬁﬁﬁenented with 150 nM sodi um chloride) to provide
GCL 2000nTRmebenh zAridh onp&@tbﬁﬁthpn of the innDbiIized protein

The protein A concentration was neasured jn _the reacti m xture b

HPLC before andIBf Per ®herf dhdln M ParréR PESéFFoﬁPgnﬁo 0) Waﬁfﬁ%ﬁ%ﬁﬁﬁ?@)

rate was ﬁ%‘ !ﬁ" ﬁ%@@eiﬂ A1 g 4ok ar&ﬂéﬁfo ol N NaoH/WERRL! dvéé%c‘i’@ed'éo"@ to
found that protein A was I rmobil1zed per nL of Protein

A- Go_zooohrlng gge pExmp[lé' and makel anbphiteilz AclameoPfad . OgBLbi (pHofgin A

protein ( ) ri j-ng
b otSin CoPPRGRY o Ty WShEin, sorusiBhl EbsaTHIE) ek saged to T
Exanpl e 1oﬁa$hetbbowesepoggeatEdvaueﬁrceldalose geGChR2A0 @mePmddiureGwas. 2

ng/ ) . ng | mobi | i zation of . the IPC}blndln donain of
protein GsBﬁkﬁnp%Fo'ﬁ for 1561*?‘? ¥ shpRIhssvaER 2 su Gt ot

peptide PpBs (10.mM phPsphude ba¥feg bhppaeneatadl dltﬁqmgocmofsoaluheSI dues
' chloride) to provide GCL 2000m—Protein A.
15 Quantitation of the immobilized protein
The protein A concentration was measured in the reaction
mixture by HPLC before and after the immobilization reaction and
the reaction rate was calculated to find the amount of
immobilization. It was found that 2.1 mg of protein A was
20 immobilized per mL of Protein A-GCL2000m.

25 Using protein G (Pharmacia LKB) in lieu of protein A, the
procedure of Example 1 was otherwise repeated to provide
GCL2000m-Protein G (3.2 mg/mL).

Example 3

30

Synthesis of a peptide
A peptide having the amino acid sequence of 57 residues in
the C3 domain of protein G with cysteine added to the N-terminus

35 was synthesized by the solid-phase method using Peptide Synthesizer



the C3 domain of protein Gwth cysteine added to the N-termnus 35 was

synt’hesi Zed by the solid-phase met hod u5| ng Peptide Synthesi zer 15
Model 4170 (Pharnmacia LKB). | 5 Usi ng 0.1 mmol of Fnoc-gl utam ne
NovaSyn KA, a resin carrying the C-term nal glutam ne, the

depr ot ect Mgaerleqqt-;looqm@l(}macm k@ydensation reaction were repeated in the
direction toward the N-term nus for peptide chain extension in

accordance w t hUshadi Q]phtmmOl of WW%%Néﬁéﬁyndé%i |adee§yntqaé@@é?q
Thus, t he %C ls % f | . €.
o-fl uorenyﬁmkﬁ}%&?ﬁggﬁb?lﬁ%ﬁmé) t%?r ﬁgeg:crglr?glgggag on anvﬁ th

pi peri di nepndesisartd on 1r|eaxtrl:rmmhwlefm:r mpedﬂ:e(d)l’sm) Ehehdir@ct icon deneatd the
react.i on benzot,r.i Luronl

etr 5t | uofobarmiata R RERR Shathitdiddion Th acqpradftd BT PRaSH

w th DVF pesgt-apeaifethe above peptl-ﬂléeS@mtlh@saﬂleds were used in the forms
of Fnoc-L-Al a, Frnoc-L-Asn(Trt), Fnoc-L-Asp(QBu), Fnoc-L-Cys(Trt),
Froc-L- 15 @ Bhust)themucle cfurenevyl gfmde oqamnimnrratesiing group,

Fnoc-L-Ley, o, 9- flEH%n&lhlé%%BkEzcE%QnMPh‘?Fmggpc Exdhr Eh@uimlEHDScEcSin P,

Froc- L- Tyr(tBu), "and Fnoc Val and each in an anmount of about
mol ar wi tbqpnparedweq Oweshikbl) wiibediae thiyd forpamigiee (DMP)he theal

Her r d r gpr r I hert Ayt I g, 20
tert‘iobutyF8§§8glrSth§#, rgglgttlggt ‘%%{9 2 r(gglggtg{fzoltﬁriazo -1 B}E%Jg_?idt éct’i"on and
cl eavage tttrhmepbpindendiai hetrafluorobokhter aMW&Bmo@iyltdt@yrlmmheon

series for_all e carrier washed successively

with tertaﬁayfs“%fsﬁgﬁﬂlg WaShlngcgtlgE‘ Q@E’dwaﬁnaege‘#a * ether on a 3G 3 pore
glass filter anghet88Ino28ciddr wedei is¥acif taepfeﬂndeo@ hpcearniar. To 1
g of the obtained carrier in the vial, mL of trifluoroacetic acid

(TFA), 268mgc-L-Asn(TgE) ], Em@t:h&néapt(ﬁitéu):aﬁaovse F¥edletdr Emosolles were
add?cg andgifRgrrt), Eﬂ?;étﬂtem@étﬁwr@ﬁ éLLL@QSP,t?ﬁB%r—%Uﬂ% f%f;%hi-&%ws

Then, this mXxturée was filtered through a 3G 3 pore gl ass
renove thEmearkLiByséRdci heFlhoCt-LanewaEmocnbeﬂihréth)unﬂ'@pc L-Trp, Fmoc-

L-Tyr (tBu), and Fmoc-L-Val and each in an amount of about 5 molar
equivalents (0.5 mmol) based on the substrate in the vial. Here,
Trt, OtBu, Boc, and tBu represent trityl, tert-butyl ester,
20 tert-butyloxycarbonyl, and tert-butyl, respectively.
Deprotection and cleavage of the peptide chain
After completion of the reaction series for all the amino
acids, the carrier was washed successively with tert-amyl alcohol,
acetic acid, and diethyl ether on a 3G-3 pore glass filter and, then,
25 dried in vacuo to provide a dry carrier. To 1 g of the obtained
carrier in the vial, 20 mL of trifluorocacetic acid (TFA), 260 k
L of 1,2-ethanedithiol, and 780 uL of anisole were added and the
mixture was stirred at room temperature for 1.5 hours.
Then, this mixture was filtered through a 3G6-3 pore glass
30 filter to remove the carrier and the filtrate was concentrated under
reduced pressure at a temperature of 35C. To the residue was added
anhydrous diethyl ether cooled ahead of time until a precipitate
ceased to appear under stirring, followed by centrifugation, and
the crude peptide pellet was recovered. This crude peptide was

35 rinsed with several portions of anhydrous diethyl ether and dried



reduced pressure at a tenperature of 35[err]C. To the residue was added
anhydrous di ethyl ether cool ed ahead of _tinme until a precipitate :
ceased to appear under stirring, foll ovied by -centrifugation, and t he
crude peptide pellet was recovered. This crude peptide was 35 rinsed with
several paht VO tApPEHieS tHeeldbleciilal anididstide. |

16 I n vacuo to provide the objective crude peptlde

Purificat |P@|¥1(ff10tarté0|@e}9tf dhe peptide The above crude peptide was

di ssolved in 0. F4.T Al 0 ey

filter and the #I%| tra ‘Zg\%arféldsugé de waf diQéQEﬁQd%npgr %?r%?é 1 qui

chr omat ogragidyigh B0 .2hiusm Iﬂx&ra\meﬁfllter andC- A fSyltremd Shsresie et

T o evot ol ighagnr taghaRgse 1 auig, ntbnARAGEAbRY! Do LA Mettl Groger
sol vent Argnd o s%&e& &@%ﬁmadzu)(wnvs) AEHOR Wd1he2Q: Bendssprent 81and

el ution vvas carried | i near %r adi,ent from Solvent A tao sol.vent

B. lppo?hglfllléE’PF &n W@Gfelréé pYRIENYSEE IR Ar bRBEEEPY pRteSBealdsiddre

col | ect edpobrhaet bARAE, ebuih ORFXPS,d FRRALREdS8%eE8l vEhTES Al d hey TFA-80%
pool edf racti onwasl yopﬁl | i zedt opr ovi deapuri fi edpeptide. This pepti de

was subj edvéd)t aceifond tadle/Hal ST ssakvent B aphaslaitHag: &Mas Rrrigdyaticer
417 f1Q>A|°|O' hﬁd BF]L%%%EG E?ad%%ﬂt“‘f&gﬁh 'SS%%B%”‘A ¥ @6&%%?19:6 Resin to
con rae obptal ne

i’rm t Rat -t he pept the am no aci sequence shown
in SEQ I D NO 1. The fracmlmhl bozaEspondenghetopept:hdematographic pAak was

adsor bent brlc i 1izing the aboye tide. 20, rous
Sephar ose® \o‘g@i{e&% %ngo Jiykon was repeg 887 ngréépE%fP%§ea%qz

( Phar maci pobKBH mu&ﬁﬂwag Q ﬁfﬂ)l‘fiﬂl@ced to proWiidens ppyh rSepssIsEd®B Was s
added 50 m of distilled water and, the m xture was_plated at room

t enper at uPEPEdAe s FRRT esteg famipg acid anab¥shs ARding Gasgphage Hrobedd
wat gg was é@ﬁ@i’i@gra@ﬁ NRAGRH E’iégdqgéems) Oarmg le%gh'locﬁs%ﬂri&l EdchaRige

7.5) coupl ing buffer. he ot her 4 nmg o e above
purifi ed Bepindsongenfirm tbiii‘;s§h$e§epﬁl¢900[0§|a|1}1§dohad 5hm ﬁmctlnooaplm

Tris-Hd %ggﬁgm@% QHU%I Fﬁ SEQ IDbNEFffr To this solution was added ;50
e abo en

[err] L o ve swo hi dpr opyl - Sepharose 6B, and the mi xture
was stirrgmmabidfieationfof tBe3pepthdars, whereby an adsorbent carrying the

purified pepti dfn%sorbent was fabricated by immobilizing the above peptide
.20 on a porous Sepharose as follows. As the Sepharose,
Thiopropyl-Sepharose 6B (Pharmacia LKB) was used. To 50 mg of
Thiopropyl-Sepharose 6B was added 50 ml of distilled water and the
mixture was plated at room terﬁperature for 15 minutes to let the
resin swell. Then, distilled water was removed and replaced with
25 0.5 M NaCl-0.1 M Tris-HCl (pH 7.5) coupling buffer.
On the other hand, 4 mg of the above purified peptide was
dissolved in 400 L of 0.5 M NaCl-0.1 M Tris-HC1l (pH 7.5) coupling
buffer. To this solution was added 150 gL of the above swollen

_ Thiopropyl-Sepharose 6B, and the mixture was stirred at 4°C for 12
30 hours, whereby an adsorbent carrying the purified peptide was

obtained.

This peptide-carrying adsorbent was suction—-filtered and the
peptide content in the filtrate was determined by HPLC using the
absolute calibration curve method to find the peptide

35 immobilization rate. This peptide-carrying adsorbent was washed



obt ai ned. Thi's peptide-carrying adsorbent was suction-filtered

and.the peptide content in the filtrate was determi ned by HPLC using
t he absol ute calibration curve nethod to find the peptide 35

i mobilization rate. This peptide-carrying adsorbent was washed

17 welWeldi t4 tisol S Md¥aGlo ki iy t]:ﬁlfjfgf e( I-f pﬁ 27) %n&nd

suction-fil ter_ed to recover Sephar ose 68— Ppt carry t he
pepti de pesuaficy-fiHdered iter recover S@Mee 4B~ C3Ppi1 marmmnzgaﬁu énmgfofin

| gG bi ndi | . ier (K
Product | o5t BEIRE i e oF b Ueber 1y, COUT LT The wapa7

pepti de having the amno acid 10 sequence shown in SEQ ID NG 2 was

desi gned gnd synt hesi zed so that it could be Iigated to pUCNT Vector
(Japahese ePbllcatlon He|-4 212692) by ut|I|2|ng its Nde |
restricti OhnbENTeaHils , aG-i e ey 3 4 On
enzyne site for the 3'- end. The nucl eotlde sequence of the -

synt hesi zCAMBN&L <EKai8dwn i n 15 SEQ | D NGO 3. The DNA havi ng
the above pSeAUERABIRSE MK@% WUENT Vect or cleaved with the
restriction enzynes Nde and ﬁl III (Takar a Shuzo) in accordance

with the manual AoDNIalcgzdanshﬁ.@as tbeDl@(3lEi4gapiemide haviging \dve aminge acid

con truct F T Is t

Connd et s3apEER R, HE SO 1pPh8; g las Hbsgned apd! BEREnERI DL O ARAI
coli HB101it( koulid begéigated o pUCNT Meartsiror(faplansse Kodked ahblidation

resi stance to t ibjotic,.. . ampicjllin as an, indicator.

o o < Benodend2hae bo il szina bra Ve DassEriirion Sohme sikR i

by the compuentirogal aheceeer €1 nHO 18N ezt Rt ont Eh@:@né site flg¥AgRIUeNCe
conform ng to the pUCNTMK3P47 vector design Then, this

t r ansf or nBRA-walhe HRRel eat ide csrqvemte 7 f [tim ciypthesized DNA 'is shown in
15 SEQ ID NO:3.

The DNA having the above sequence was ligated te PUCNT Vector
cleaved with the festriction enzymes Nde I and Hind III (Takara
Shuzo) in accordance with the manual of Takara Shuzo's DNA Ligation
Kit Ver. 2 to construct a pUCNTMK3P47 vector (Fig. 3).

20 Then, using the known technique, this pUCNTMK3P47 vector DNA
was subcloned in Escherichia coli HB101 .(Irivitrogen) and a
transformant was selected with resistance to the antibiotic
‘ampicillin as an indicator.

From this transformant, the plasmid DNA was extracted and

25 sequenced by the conventional procedure to confirm that it had a
DNA sequence cbnforming to the pUCNTMK3P47 vector design.

Then, this transformant was shake-cultured in 6L of L-Broth
(5 g/L NaCl, 10 g/L Bactotrypsin, 5 g/L yeast extract) at 37C for
20 hours and the cells were recovered by centrifugation (Hitachi

30 RPR9-2 rotor, 4°C, 6000 rpm x 20 min.). '

The pelle_t obtained was suspended in 300 mL of TE Buffer (20
mM Tris-HC1, lﬁM EDTA; pH 7.5), sonicated (BRANSON 250, in ice, 6
min. x 3), and centrifuged (Hitachi RPR16 rotor, 4°C, 15000 rpm x
20 min.) and the supernatant was recovered.

35 The above supernatant was heat-treated at 70°C for 10 minutes



(5 g/L Nad, 10 g/L Bactotrypsin, 5 g/L yeast extract) at 37[err]C for:
20 hHours* and the cells were recovered by centrifugation (Htachi 30

RPRO-2 rotor, 4[err]C, 6000 rpmx 20 #&Bn.). The pell et obtained-
was suspended in 300 nL of TE Buffer (20 mM Tris-HC , | mM EDTA; pH

7.5 d ( BRANS 3 f
(i) o s RSP P kol moma 6o, o, MGkl 4934
super nat aninwasto gomoreirdsl 3003&L of a supemeamt:e fam Mu@nﬁumgnatant,

ggat 'Fre 1?éjl\rﬁ:’ tjter%?‘e”%gﬁkg ({]{lk’ chs%%ﬁi‘é ro S}loﬁlferr?%lngfolﬁégrpm

x 20 pe e PESrmah Oe PI QL ﬂfrﬁ&%n@t rabhS URe@haniatEEem plm@wmmelm ant,
t he objective MK3P47 pep tlde was isolated as follows. Using a hig

per f Br mange QlidqFH0PRe hAGwt FgAEFhTEe ol Gﬁnmlmﬁtfeﬁ§etP§|1FFlﬂBel\|BﬂSPﬂEREe§ at
[err] Cl18, gjf’ﬁgw A0 & Bh1TRin 40 Hctav ALt olvanasdpasses,aBoo mi, a

flow rate m/mn to activate the colum and, then, 300 nL - of the
sanpl € wasf rtémsswnrale whe pasted bbwhesame THowsatan WERE GRiNER was washedh

200 nL of_ O, 1% t R

pepti de V\‘ﬁ%t]f‘ heond:e u ego/ %%%%Ot érﬁ_é gfc %g@n}t;%+g%l Sﬁ40A) a?gﬁo%ﬁlﬁﬁ 1313537
;l-hl shf lracpepmdas«amrthentehm’eddtvutﬂmaommbmfm .@®aPBAat d0%pdetonitrile.
yophi lized to provi 2 g of a _high- S I

ExpdbXy activati deca@ljtlll?lno@%sgceqnce%mé)a edto % rSEo?ype a%%ﬁl (ﬁ%&sﬁgd
porous ripysblel i Xe@ te bhotige abd grofahlghfp@fewsw@aféoﬁtﬂmpépmweu ght
of >5x10[err prepared by the present 15 applicant, 90 nL, was nmade up

with wat BXReXY sackivathey oBocedlulose gelo \ sodi um hydrOX| de was added
and the gel tenpgl ?tr’ért%t ) celluloéi‘é&i%ﬁﬁﬁi% +9g48[ReT Kec woth i §16Bli1YRsS

added 21 nL of epichlorohydrin he reaction was conducted at
40[ er r] C puote bt iqutiaff morlecuﬂgerr welght oﬁfh@l%orﬁ)reww &Iy ithe PEQEERSEN,

the gel Waaﬁpifc%r?ﬁ',g@d ngf;,n%?% \%atcte up with water to 180 mL. Then, 60 mL

of 2 M sodium hydroxide was added and the gel temperature was
increased to 40°C. To this gel was added 21 mL of epichlorohydrin
and the reaction was conducted at 40C with stirring for 1 hour.
After completion of the reaction, the gel was thoroughly rinsed with
20 water to provide an epoxy-activated cellulose gel.
Immobilization of MK3P47 and determination of-the amount of
immobilized protein
Except that 50 mg of MK3P47 was used in lieu of 4 mg of protein
A and epoxy-activated Kac was used in lieu of epoxy-activated
25 GCL-2000m, the procedure of Example 1 was otherwise repeated to
provide Kac-MK3P47 (30 mg/mL).

30

Peptide MP47C having the amino acid sequence shown in SEQ ID

NO:4 was prepared.
A DNA (coding for MP47C) of the nucleotide sequence shown in
SEQ ID NO:5 was designed and synthesized so that it could be ligated
35 to pUCNT Vector as in Example 4.



20 water to provide an epoxy-activated cellul ose gel.

| mpbi l'i.zation of MK3P47 and determ nat i on of the anount of

i mobi | i"zed protein Excep?‘ that 50 ng of MK3P47 was used in

lieu of 4 ng of protein A and epoxy-activated Kac was used in |lieu of

epoxy-activat edpggs, a Fenzitdnc {r@@t@fmwr@p@fr@aypiﬁgatym thichaboivee

repeated to I’OVI de Kac- MK3P47 (30 ng/
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Exanpl e 42

a pUCNTMPA{ Gy eches ¥esdpespared by ligati ng t he above DNA to pUCNT
Vector by the sanme procedure as in Exang Then, in the sane
manner asERRX¥raGeivakien 0h| 2eBhagRYE %i“ transformant was

const ruct ed andnig 0 bl fbel pehbid! £1da3581 0fpoBe aianbteh g00! by sampl e

of the objective peptide was obtai ned and used I n various studies.
Epoxy - act$mha©nybfssé%a@%an@&la LKB), 90 mLyhwagdpade g% ovifdr yaden §Pd

gel gporelglba,[;?ter 0 B gy, of 2RCROREY nyO0 AP 6Bk 93 Bl

was fade T 60 nmL of 2M sodi um hydr oxi de
wals added%%ﬁ%e%?ﬁuﬁ?@was incremnest a:tou49°®\as mcnctihaasgdlt wad(ddded C1 T Offi s
gel was adde , epi ch rohydrlna ted
at 40[ er r§RGRLAT %]PY‘SF ipgnd thé r]e iLOHoYﬁS cﬂflpéllcttggrﬁﬁ gp f’((b) nwnlo t§999ﬂ5
reaction, £6A4 Wehr wasxftﬂecrr etigbl ¥tion of thesedchibh, wEiegelags bhoa’reughly

epoxy-activated Sephacr gel. 15 | mobi | izati 0 7C and
det er mi nﬁ%%ﬁe@fw%g}é % %ﬁtt‘éfprOVldel ?ﬂnﬁ???qeacg?'g?g?apée&‘acryl getycept

that 510 g i MPAZSYes Yeedphfc! LY QEt4ri¥natiOh0bEI Bhe amount of
| immobilized protein
Except that 10 mg of MP47C was used in lieu of 4 mg of protein
A and the epoxy-activated Sephacryl gel was used in lieu of
epoxy-activated GCL-2000m, the procedure of Example 1 wés otherwise

20 repeated to provide S1000-MP47C (7 mg/mL) .

Example 6

‘25 Epoxy activation of cellulose gel _
The prototype cellulosic rigid gel nonporous carrier (Bac)
with a globular protein cutoff molecular weight of <3x10%, 90 mL,
was made up to 180 mL with water. Then, 60 mL of 2 M sodium hydroxide
was added and the gel temperature was increased to 40°C. To this
30 gel was added 21 mL of epichlorohydrin, and the reaction was carried
out at 40°C with stirring for 1 hour. After'completion of the
reaction, the gel was thoroughly rinsed with water to provide an
epoxy-activated cellulose gel.
Immobilization of MP47C and determination of the amount of

35 immobilized protein



A and the epoxy-activated Sephacryl gel was used in |ieu of
epoxy-activated GCL-2000m the procedure of Exanple 1 was ot herw se 20
repeated to provide S1000- MP47C (7 rrg/znq_) Exanpl e 6

| mobi | i zation of an | gG binding peptide (MP47C) on a substantially

nenporous carri gs;c(age%hzfé 30 mépemm(z vaki @9eQfirtalilbul 8e1 agl of protein
The prototype cellulosic rig gel nonporous carrier (Bac th

gl obul ar &@mféuefpoeqyr@fcrtwt@shﬁaﬁ eilgen of e?%wpatrqvat@@ HEL~ 2000m,vtd'5e \
d o
gg dg dugnggpﬁéglq}lz@t&%n"‘%%:‘éﬁcgd&&%n;orﬁr%eas gg. %gﬁsg #@ﬂ?&é@eoye%%ﬁ)ted thaS

was addedebvrxﬁeoBaepM@ltlr?Gr dR@dmig@mIdnd t he reactlon was carried

at 4Q[err]Cwith stirring for 1 hour. After conpletion of the
react’ion, the gel was thoroughly rinsed with water to provide an

epoxy- act Exaimgdecel | ul ose gel. ~ I'mobi li zation of MP47C and
det er mi nat.i on of the am)unt of 35 I nobi | | zed prot ein
20 D1 lig d 12pradgmaent \ohaoy o Q. ADn :

protein porou . o\ .
GCL-2000m the |zat|on proceure 0 rrpl e 1 was ot herw se
repeated to CNBpragtivaBad-Mehar ¢ 4ByfPhyrmagia LKB) , Bk ghpves swollen

por Gt carttre eyl SR, o Lvhcl MR Pt 18I0 el befhnen i

Sephar oselzhﬂd(erﬂa/rH;acande@)plmg JbufersweH 8n3100.5 MUNAClg Qmal M NafdCOy) of
1 mMHC/H ef[:g%:1 for, 15 m nutes and washed with 1 mMMHC /Herr]O and
couplingbf F|d§3 0.5 MNad, 0.1 MNaHCJO err]) in that order.

In 1 n of COUpth”g ﬁyfdc)ﬁrc&ﬂ@ﬁlﬂhésﬁhfférlwgg afi skbevEab1 m% ofa‘tt‘jlbI ghabe on
papai ne digestion (Pl ECE, |mmunoPure Fab Preparation 15 I t

ant i - humaAvegdablamn Ranaiay digesding $PLECEp. JnmunePyre Fab Prepgma@tlp@n
wasjgddedgi pe SPQvR 1Bshed 966 AFSb] Nt SRR ABMRE ifE %o, ) . To this

solution was added the above washed gel and the reaction was carried
out at 4C for 16 hours.

After the reaction mixture was washed with coupling buffer,
block buffer (pH 8.3, 0.2 M glycine, 0.5 M NaCl, 0.1 M NaHCO,) was

20 added and reacted at room temperature for 2 hours.

_ The reaction product was washed with twe kinds of after-

treatment buffers (pH 4.0, 0.5 M NaCl, 0.1 M acetic acid-sodium

acetate buffer and pH 8.0, 0.5'M NaCl, 0.1 M Tris-HCl buffer)

alternately 3 times each to provide Sepharose 4B-Anti-IgG Fab.
25

The anti-human IgG (Fc) ahtibody (Binding Site Co.), 1 mg,

30 was dissolved in 1 mL of coupling buffer (0.5 MNaCl, 0.1 M carbonate
buffer) followed by addition of 200 mg of dry AF-tresyl-Toyopearl

650. The reaction was carried out at 4°C overnight.
After the reaction product was washed with 0.5 M NaCl/water,
block buffer (pH 8.0, 0.5 M NaCl, 0.1 M Tris-HC1l buffer) was added

35 and reacted at room temperature for 2 hours.



out at 4[err]C for 16 hours. After the reaction m xture was
washed with coupling buffer, bl ock buffer (pH 8.3, 0.2 Mglycine, 0.5
M NaCl, 0.1 M NaHCJ err]) was 20 added and reacted at roomtenperature
for 2 hours The reaction product was washed with two ki nds of
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0.5 M NaC /wat er, bl.ock buffer (pH 8.0, 0.5 MNad, 0.1 M Tris-HC

buf fer) wASSRABEHOBsexPeriRentact ed at room temperature for 2 hours.
21 EEEhSaHEBEBleg?_ mh ¥buly V‘@?aé UE%}E@GA {@Sgeéilé{\dg(hl@? ug' of a

NaCl /H err] O provi de’ Toyop ear -anti
Eval uat i oﬁatéenﬂ:h@etwgatqqn%a@mq u%emlgbtbs ng [l e rfﬁﬁﬁ:eaédeetihe and the

synt hesi zed dsorbents eriment Each
adsngent nL¥ HrFeF"f"‘]sLShﬁégnt Sﬁe?? % %Xﬁ) Y5 [err]] of a ~ patient
serum conDatamgnae[nam bifsh€paititig swas vaduedadsodbiing mpaq:'rityt ur e was :
shaken at 37[er LC hor %S%%%re%smn wag cegl ﬂ?i%ds)ggogo&?pat' 8en Iiﬂ%:gd

Vi rus- adsor bi ng cgpaérf p n37 on wa
at 5000 rpmdftife dmounttcs hepatlaﬂsl a hﬁramh@fsdmmtalﬂalrﬂ: Wy Id_felt%ximintehb
igg?[g?;agg ﬂ%% ﬂﬁ%eQﬁhppgn Roche, Anglcore Hb%p&gnﬁ%gg . Anplicore HCV
15 As a control experlment, 100 u L of physiological saline in
' lieu of the adsorbent was taken in a vial and the above procedure
was repeated to determine the amount of hepatitis C virus in the
solution.
The adsorption rate (%) of hepatitis C virus was calculated
20 by means of the following equation.
Adsorption rate (%) = [(Vr - Vt)/Vr] x 100
Vr: concentration of the virus in control solution
Vt: concentration of the virus in adsorption test supernatant

The results are shown in Table 1.
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As a control

experiment,

i ey of t'he adsorbent was taken in a vial
repeated to determ ne the anount of heﬁhtltls Cvirus-in the

100 [err]L of physiol ogical
and the above procedure

saline in
was

Evaluati £ t] ] . \ ad ] !
Adsorption test '

Each adsorbent,

100 pL,

mixture was shaken at 37°C for 2 hours.
Determination of high-density HCV/low-density HCV

hepatitis C virus-containing patient serum was added,

sol uti on. The adsorption rate (% of hepatitis C virus was
cal cul ated 20 by neans of the foll ow g equation. Adsorption rate
(9 =[(W = )/vr] x 100 Mr. _.conce the virus in control
sol ution Exgin- doncent ARSIt t he vi f uBCVnRNAs o pEFBnRNBst Adgernat ant
The results aldeshdwn in Table 1. adsorpt- control ption
22 ' Tdlgre tlest | solutEhagm| rate
Adsor bent HCV RNA HCV RNA  Adsaiperna— | (copyémL) (%)
adsor pt - control | - ption tant i on
t est sol ution rate (copy/ml) super na-
(copy/m) (W |GCL2000m-Protein A | 2.70E+04 | 7.90E+d@Mt 66
(copy/ L) 1 GCL2000m Proteijn A 2.]70E+04 7.1990E+04
66 G@l@w@m-l?rr@tt@m & L. 40500 | 77 S9EE-0d 8282
3 Sepharose B- G _1OE+Q4 1. 2 4
<. Mkapdy o3 S¥bnapospenst¥RbYt b BT HRag | 1M2mr0s | 28
S1000- MP47C 4 Kac~MK30d8+04 1. O5EHOB.20E+®il | 1.05E+05 |6 70
Bac- MP47C 4. 20E+04 1. O5EHOS 60 7
‘Sephar ose4B- 2 SlOOOIMgﬁg . 1. 05E4{0% - 00E+G4d, [ 1.05E+05 o1
Anti | gGFab 6 BacaMP47“t'0y0pear| - Antifl aG20E+04 3- @Qlos@d 05 1. 05405
66 Exanpl e[ 10 - Eval uation of] the synthgsi zed adsor|bents
Adsor ption tesf SepharosedBach adsor bgntd,. 8085-Qder]r L. 05K St gkend#n a
vial, 100 [err]L. of 5 tgﬁﬁgiééfhé:virus-containing pati ent [serum was
added, and the _

8 Toyopearl-AntiIgG 3.60E+04 1.05E+05 66

Example 10

was taken in a vial, 100 gL of

and the

The HCV suspension obtained in each adsorption experiment and

‘the HCV suspension obtained using physiological saline in lieu of

10

the adsorbent in otherwise the same manner were respectively admixed

with anti-LDL and anti-IgG antibodies and the reaction was carried

out at 4T

for 16 hours.

The reaction mixture was centrifuged at

5000 rpm for 15 minutes, the pellet was recovered, and the amount

of hepatitis C virus was determined as HCV RNA (Nippon Roche,

15

Amplicore HCV Monitor).

Regarding the HCV precipitated by anti-LDL

antibody as low-density HCV and the HCV precipitated by anti-IgG
antibody. as high—~density HCV, the HCV RNA ratio (T/B = low—densi_ty
HCV/high-density HCV) was calculated.

The results are shown in Table 2.



m xture was shaken at 37[err]C for 2 hours.
“high-density HCV/| ow-density HCV

each adsorption experinment and
saline in lieu of 10
manner were respectively adm xed

physi ol ogi cal

-anti bodi es and the reaction was carried
The reaction mixture was centrifuged &ble 2 5000 rpmfor 15 mnutes, the
pel l et was recovered, and the anount

t he adsor bent

Det er mi nat i on of
The HCV suspensi on obtained in

£Re HCV suspensi on obtai ned using

in otherw se the sane
with anti-LDL and anti-1gG '
out at 4[err]C for

16 hours.

of hepatitis C virus was

determ ned as HCV_RNA (N ppon Roche, 15  AnplicoreHOVNbAitor)-
Regar di ngt heHCEpempilpi | at edbidapirbeDE ant (B as | oB/EeiSVy Hov and
the HCV precipitated by anti-IgG ant i [bedgoa®thiogh{ denGrHCy, the
HCV RNA ratio (T/B = | pwdensity HCV/ |hiegrpeddmeintty | HEXPpepament
cal cul at ed. 1 GECheoveaubretaia ahdwn i 3/ kbl e 2. 1/1
23 -Table 2 anplie Adsor bent
T/ B HCV T/B Bcv |GCL2000m-Protein G Z/Fx i ads&fﬂtion
control : expes jsrent exparijment
B-C3Ppt pesye paral
1 GCL2000m Pr 3t ei n| REPRArOS§FR-CIEP 1/ 1 2
GCL2000m Protein & Kac2ME3P47 1/1 1/13 Seph4tBse6B- C3Ppt
3/2 1/1 Kag- MK3P47 : 1/1 1/ 10
5 $1000- MP47C5 s1800-1pi3F; 1/10t/1 6 1/ Bac-mparc
1/5 1/ 10¢ BaciMp47cSephar ose4B- -1/5 1/8/10 1/ 10
Anti | gGFab 8 Toyopear!| - Anti | g& 1/3 1/ 10
J 7 Sepha%ogellB— g 1/3 1/10
AntiIgGFab-
8 Toyopearl-AntiIgG 1/3 1/10

INDUSTRIAL APPLICAPABILITY

As is clear from the following examples, the present invention

provides a novel adsorbent having the ability to selectively adsorb

and remove the hepatitis C virus present in body fluids and/or the

ability to reduce the ratio of high-density HCV to low-density HCV.

Furthermore, by using a body fluid treating apparatus packed with

the above adsorbent, hepatitis C virus can be selectively removed

from body fluids such as blood, plasma, and serum.



| NDUSTRI AL APPLI CAPABI LI TY As is clear fromthe follow ng exanpl es,
t he;presént invention provides a novel adsorbent having the ability to

sel ectively adsorb and renove the hepéﬂitis_c virus present in body fluids
and/or the ability to reduce the ratio of high-density HCV to | owdensity
HCV. Furthernore, by using a body fluid treating apparatus packed with the
above'adsbﬁb@ﬂepcﬁeﬁ%ﬁtimgst:virus can be selectively renoved from body
fluids such as bl ood, plasma, and serum :

24 [ Seq®BQcEP I¥&tilngs] SEQ ID No: 1 Length: 58 Type: amino acid
Topol ogy: _|l i near _Species: peptide Cys Thr Thr Tyr Lys Leu Val Ile Asn

Ay Lys THFREER 58 Gy du 1 5 10
%g Thr TP{;peT?raﬁ%’Eo%?i&/a' Asp Ala A aBC();‘I u Thr Ala du Lys Ala Phe

Topology: linear

Species: peptide

Cys Thr Thr Tyr Lys Leu Val Ile Asn Gly Lys Thr Leu Lys Gly Glu
1 5 10 15
Thr Thr Thr Lys Ala Val Asp Ala Ala Glu Thr Ala Glu Lys Ala Phe
20 25 30
Lys Gln Tyr Ala Asn Asp Asn Gly Val Asp Gly Val Trp Thr Tyr Asp
35 40 : 45
Asp Ala Thr Lys Thr Phe Thr Val Thr Glu

50 55



Lys Gn Tyr Ala Asn Asp Asn Gy Val Asp Ay Val Trp Thr Tyr Asp 35
40 . ;: 45 Asp Ala Thr Lys Thr Phe Thr Val Thr Qu 50

55 25 25 SEQID No: 2. Length: 60
Type: amino acid Topology: straight chain Species: peptide Met Lys Lys
Lys Thr Thr Tyr Lys Leu Val Ile Asn Gy Lys Thr Leu 1

10 SEQ ID No:1%Z |Lys Ay @u Thr Thr Thr Lys Ala Val Asp Ala G u Thr
Ala Qu L 20 25 : 30 Ala
Phe Lys G{ﬁnﬁﬂh AﬁQ Asn Asp Asn"'Ay Val Asp @y Val Trp Thr 35 -
40 gyr Asp Pro Ala Thr Lys Thr Phe Thr Val Thr Qu

~ Type: amino ac:L

Topology: straight chain

Species: peptide

Met Lys Lys Lys Thr Thr Tyr Lys Leu Val Ile Asn Gly Lys Thr Leu
1 | 5 | 10 15
-Lys Gly Glu Thr Thﬁ Thr Lys Ala Val Asp Ala Glu Thr Ala Glu Lys
20 . 25 . 36
Ala Phe i.ys Gln Tyr Ala Asn Asp Asn Gly Val Asp Gly Val Trp Thr
35 40 45
Tyr Asp Pro Ala Thr Lys Thr Phe Thr Val Thr Glu

50 55 60



50 55 ‘ 60

26 : SEQ'ID No: 3 Length: 190 -Type: nucleic acid Strandedness: double
strand Topol ogy: |inear CATATGAAAR AGAAGACCAC CTATAAACTG GTTATCAACG
GTAAAACCCT GAAAGGTGAA GTATACTTTT TCTTCTGGTG GATATTTGAC CAATAGITGC
CATTTTGGGA CTTTCCACTT 60 ACCACCACCA AGGCTGITGA CGCTGAAACC GCTGAAAAAG
CATTTAAACREQTAPRFAAE TGGTGGTGGT TCCGACAACT GCGACTTTGG CGACTTTTTC
GTAAATTTGI CATACGATTG 120 GACAACGGTG TCGACGGTGT TTGGACCTAT GACCCCGCTA
CCAAAACCTFePAtBGTIRABC CTGTTGOCAC AGCTGCCACA AACCTGGATA CTGGGGOGAT

GGITTTGGAA ATGEEAAIGG 180, GAATAAGCTT CITTATTCGAA 190
e: nucleic acid

Strandedness: double strand

Topology: linear

CATATGAAAA AGAAGACCAC CTATAAACTG GTTATCAACG GTAAARCCCT GAAAGGTGAA

GTATACTTTT TCTTCTGGTG GATATTTGAC CAATAGTTGC CATTTTGGGA CTTTCCACTT 60

ACCACCACCA AGGCTGTTGA CGCTGAAACC GCTGAAAAAG CATTTAAACA GTATGCTAAC

TGGTGGTGGT TCCGACAACT GCGACTTTGG CGACTTTTTC GTAAATTTGT CATACGATTG 120

GACAACGGTG TCGACGGTGT TTGGACCTAT GACCCCGCTA CCAAARACCTT TACCGTTACC

CTGTTGCCAC AGCTGCCACA AACCTGGATA CTGGGGCGAT GGTTT.TGGAA ATGGCAATGG 180

GAATAAGCTT

CTTATTCGAA 190



27 SEQ ID No: 4 Length: 58 Type: amno acid Topol ogy: Ii' near Speci es: :
peptide ;; Mt Thr Thr Tyr Lys Leu Val Ile Asn Ay Lys Thr Leu Lys Ay GQu
1 _

5 - 1027 .15 Thr Thr Thr Lys
Ala Val Asp Ala Gu Thr Ala A u Lys Al a Phe Lys 20
25 30 dn Tyr Ala Asn Asp Asn Ay Val Asp Gy Val Trp Thr
Tyr Asp PEEQ ID No: 435° 40 45 Al a Thr Lys

Thr Phe Thr Val
28 Length:

Thr Qu S 50 55
Typé: amino acid
Topology: linear

Species: peptide

Met Thr Thr Tyr Lys Leu Val Ile Asn Gly Lys Thr Leu Lys Giy Glu
1 5 10 15
Thr Thr Thr Lys Ala Val Asp Ala Glu Thr Ala Glu Lys Ala Phe Lys
20 25 . ) . 30
Gln Tyr Ala Asn Asp Asn Gly Val Asp Gly Val Trp Thr Tyr Asp Pro
35 40 45
Ala Thr Lys Thr Phe Thr Val Thr Glu Cys

50 55



SEQ ID No: 5. Length: 184  Type: nucleic acid Strandedness: doubl e strand
Topol ogy: |i near CATATGACCA CCTATAAACT GGITATCAAC GGTAAAACCC TGAAAGGTGA
AACCACCACC GTATACTGGT GGATATTTGA CCARBAGITG CCATTTTGGG ACTTTCCACT '
TTGGTGGIGG 60 AAGCCTGITG ACGCTGAAAC CGCTGAAAAA GCATTTAAAC AGTATCCTAA
CGACAACGGT TTCCGACAAC TGCGACTTTG GCGACTTTTT CGTAAATTTG TCATACGATT
GCTGTTCCRREQR 2D No :GBCGACGGTG TTTGGACCTA TGACCCCGCT ACCAAAACCT TTACCGITAC
CGAATCCTAA CAGCTGCCAC AAACCTGGAT ACTGGGCCGA TGGTTTTGGA AATGGCAATG
CCTTACGATHength: 1&TT CGAA 184 29
CLAIMS . : '
Type: nucleic acid
Strandedness: double strand

Topology: linear

CATATGACCA CCTATAAACT GGTTATCAAC GGTAAAACCC TGARAGGTGA AACCACCACC

GTATACTGGT GGATATTTGA CCAATAGTTG CCATTTTGGG ACTTTCCACT TTGGTGGTGG 60

AAGGCTGTTG ACGCTGAAAC CGCTGAAARAA GCATTTAAAC AGTATGCTAA CGACAACGGT

TTCCGACAAC TGCGACTTTG GCGACTTTTT CGTAAATTTG TCATACGATT GCTGTTGCCA 120

GTCGACGGTG TTTGGACCTA TGACCCCGCT ACCAAAACCT TTACCGTTAC CGAATGCTAA

CAGCTGCCAC AAACCTGGAT ACTGGGGCGA TGGTTTTGGA AATGGCAATG GCTTACGATT 180

GCTT

CGAA 184



1. An adsorbent for renoving hepatitis C virus mhleh———————eean+ses—a

conpound,’ capabl e of adsorbing hepatitis C viru I mobi

|
‘wat er-insoluble carrier. 239 The adso HHI "u ﬂutﬁumg
hepatitis C virus according to Caim1l wherei abl e

of adsorbing hepatitis C virus igrAarggmpound haV|ng b1 nc |ng
affinity for inmmunoglobulin 10 and/ or i mmune conpl ex.
An adsorbent for renoving hepatitis C virus which conprises a

conpound capabl eof ﬁﬂSQ&QbPQeHEpféftfémé%xhguﬁegggﬁéls C gl&ﬂs which

I mmunogl obul i n and/or I mune conpl ex as
mater-lnsubm@kasearalemmpound capable of éﬂsenhingﬂhapaﬁuhls%ﬂnnmrqp as

b1 ndPng. st PRRE TR 30 2 e e AT SAEFGES mune conpl ox s an |-
I mmunogl obul i n-bi ndi ng 20 protein. 5. The adsorbent for

renovi ng hepatitis C virus according to Jdaim4 wherein the -
i mrunogl obul i n- b?ndl?ﬂfrﬁ4ﬁ9§h¢qﬁsf§F rereving hepghatisnharinsts &QaFdimem

the group+gopshshl 19wRErRERL ELE &mﬂé@ﬁ&'é‘a}%}:ble G £ UGN Y I%ﬁ@].ﬁé‘ 'C

protein M rheumatoid factor, and
adsorbentVﬂgusréﬁnalﬁgmh@pnﬂlhﬁglngvarhkﬂd&ngwaﬁﬁkplty fqn)ummﬁnﬂgiqhu&xnrw

t he %onpogﬂﬁég§vagguﬁebcgﬂk afflnlty for 30 i mmunogl obul i n and/ or
I mmune conplex i § an ant nnunoglobulln ant i body. 7.

The adsorbent for renovi-ng hepatitis C virus according to any of

Cains 1 through,5 gﬁfr he .,compound capabl.e_ of dsor in atitis

Cvirus is a conpon Q# %#P TSP Y DI TRR E;% &' PErdS wnleh
comprises a compound capable of adsorbing hepatitis C virus bound
to immunoglobulin and/or immune complex as immobilized on a

15 . water—-insoluble carrier.

4. The adsorbent for removing hepatitis C virus according
to Claim 2 wherein the compound having a binding affinity for
immunoglobulin and/or immune complex is an immunoglobulin-binding

20 protein.

5. The adsorbent for removing hepatitis C virus according
to Claim 4 wherein the immunoglobulin-binding protein is at least
one member selected from the group consisting of prote'in A, protein '

25 G, protein H, protein L, protein M, rheumatoid factor, and

complement.

6. The adsorbent for removing hepatitis C virus according
to Claim 2 wherein the compound having a binding affinity for
30 immunoglobulin and/or immune complex is an anti-immunoglobulin

antibody.

7. The adsorbent for removing hepatitis C virus according
to anyof Claims 1 through 5 wherein the compound capable of adsorbing

35 hepatitis C virus is a component of an immunoglobulin-binding



30 protein and/or anti- i mmunogl obul i n anti onent s a
protein fragment or a peptide containing a bi nd| 'wﬂ ﬂ'ﬂl‘u L :
in :

i mrunogl obul i n and/ or immne conpl ex -ot%a deri vat

fragment or peptide. 5 8. The adsor bent for r enovi ng
hepatitis Cx:*o‘(:'erlll't'S af898-dhRg: - mmun&?l@ﬂ)(li’lfx L BEay, thHJ.QﬂQ Eoﬁp\yﬂ%@.‘ ﬂstJ‘e
water-lnsolub carrier IS a porous carrier.

adsor bent meteri@'ni\na@elméip@m tei Pepbiideysondeomding a blnd:mg Gidien J’QDJWher ein

t he porou |?g§t & lgle] 1590,

10. The a sor orirngarrlg%?ﬁﬁa En% %éw ?ﬂ%d%%égra lvel(%gfsgg@ any ic}F]
Clains 1 tEmacgn@mt?M@re@itridehe Water-lnsol ubl e carrier Is a
subst?antial | y nonporous carrier. 11. The adsorbent for

removi ng hepatitis C virus according to any of Clainms 1 through 10

wherein the wat es-i Need WlsbNt @or?2@emoving hggaephiibi C €Rilis elccording
12. The adsorbent for renpving hepatitis C virus accordj ng to -any of

Cainms 1 Hré&é{hoflch)ﬂ?@ﬁ f sthiseyoh of WhskRA MR pREeE sinsoluldl &iGar ¥9om

a body flyisdsychoay Bae@derpl asm, or the like. 25 13. The
adsorbent for renobving hepatitis C virus according to any of Clains 1

t hrough 12 V\/nereln the hepatitis Cvirus is an | mmune conpl ex virus.

30 10. Ag ARl a&dé%rfb ta Qrgéﬂgvgﬁ %ﬁ%EiE:l% é%ﬁq@é an:cfordlng

conpri ses a caS| ng having an i an ou Or ~admi ssion an

di schar ge tofClain Giwhexred rhbhs pmg;ouﬂsecanlsmbhlais 4 neangrone ddameterhspagiirtg s
C virus aBrdlng t5§ any of Clains 1 through 13, and a means for
preventi ng] é" p i*d adsorbent for renoving 35 hepatitis C virus
fromthe casing. :

10. The adsorbent for removing hepatitis C virus according
15 to any of Claims 1 through 7 wherein the water-insoluble carrier

is a substantially nonporous carrier.

11. The adsorbent for removing hepatitis C virus accofding
to any of Claims 1 through 10 wherein the water—-insoluble carrier

20 is a hydrophilic carrier.

12. ‘The adsorbent for removing hepatitis C virus according
to any of Claims 1 through 11 which is used for removing hepatitis

C virus from a body fluid such as blood, plasma, or the like.

- 25
13. The adsorbent for removing hepatitis C virus according
to any of Claims 1 through 12 wherein the hepatitis C virus is an
. immune complex virus.
30 14. An apparatus for adsorbing hepatitis C virus which

comprises a casing having an inlet and an outlet for admission and
discharge of a fluid and housing the adsorbent for removing
hepatitis C virus according to any of Claims 1 through 13, and a
means for preventing leakage of said adsorbent for removing

35 hepatitis C virus from the casing..



15. A nethod for adsorbing hepatitis C virus mﬁTEﬁ‘Canrrses-———_a step of

contacting the adsorbent for renoving hepatltls according to
any of Caims 1 through 13 with a flufd contai ni m””'ﬂﬂ'ﬂﬂ, C virus.

16. The method for adsorbing hepatitis C virus aecor C1a i m15
wherein the fluid containing hepatitis C virus is blood, plasma or like
body fl uids.

15. A method for adsorbing hepatitis C virus which comprises
a step of contacting the adsorbent for removing hepatitis C virus

according to any of Claims 1 through 13 with a fluid containing

5 hepatitis C virus.

16. The method for adsorbing hepatitis C virus according to
Claim 15 wherein the fluid containing hepatitis C virus is blood,

plasma or like body fluids.



