occurs prior to pathogenesis of neuritic plaque in the human entor hinal
cortex and tow Ari diviners relate to these tissue degenerati on and
dysfunctions. [OOW As antibodi es azarnstoligorners, anti-AO0 oligoiner
nouse nonocl eS 5 anti body NAI 361 (Non-Patent Docunent 4), |1A9, 2C3, E12,
ICI O and 403 (Patent Docunent 1) are known, [00091 U is known Mat
general ly, when a non-human ‘anti body such as a nouse y is admnistered to
human, it is recognized as a forei BﬁS%TIQN,e so that a 10 hunan anti body
for MOM anti body (hurman anti nouse anti bodr HAMA) is induced in the hunman

body. It is known : r ith the 1. St e antibody to
t hereby i nduce si d&ﬁé%ﬁ@ﬁé%%@%&@%@@gﬁ?w| ckens -

di sappear alwekniodl Riéld nouse anti body fromthe body (Nompatent Docunents 6, 9
and 10). and decgﬁq@s therapeutic citlm of the nouse anti body (Nonpatent

Docunents 11 an . [ 0010] in order to solve these problens,
attenpts have béde prestat invertionpalates do aramtitoidy avitichespecilfioally bind$tozan a human

chinmeric hbac UfBY ' : O 1R - gga@]% i body using
genetic r 2%&0"4@? ﬂ%@%n@eeg’hrlu qﬁgeggd?(g%%'ggﬁ{m{&?gﬁ& n%}%ﬁtrirgn C ?e%%ri C

ant i body, RBackeieund Agd ani i body and the |ike have various advantages in
clinidal applicgpoey) to human M conparison with a non-human antibody such

as a use anti hody. FEqr ampl e, it has been reporifed that. its
rinQDent o 1y Mo captinsd BaE oh verieuiarss o ariHoReri e dS st bhpemonh o
tT ﬁSt usi ngpMﬂieﬁn_%r’s:diméQ(éréiﬁaﬁbrﬂ@ﬂﬁ&gwhé)&%ﬁisdabkvﬂaasatxeﬂtl)tmmdat.h 1|3')i<
at is, sjn n.c ri c_antibody,. upanj.ze ti body. the like
cause fevvedry S@’?’a@m’eﬁ? eegtsgﬁ:b%e?‘}%rﬁ ?{ba?ﬁmﬁ%lﬂ%ﬁge?fl Qﬁﬁl %gelr’eaé?yq%"td H's expected
that its totetemgealsp cefefredtnt asiAP,snd amiytad-Brpsotein qligomen iscalsa fefured100s.31
Al SO, si : ona . h hi . {1 body:
SO, Sincgy gh%(glg&y‘ggﬂgpgte%bmtigﬁmg§ a human chineric anti body

humani_zed anti a human anti y I's prepared agi ng reconbi nation
techniléues, it d890He prepared as various fornms of nolecules. [0014)

Accordingly, there is a possibility that excessive accumulation or deposition of

AR oligomers in a brain triggers a series of pathological cascades which may cause AD.

This indicates a possibility that medical treatment targeting A oligomers may be

effective in delaying or preventing the onset and the progression in the disease stage of
20 AD.

[0004]

However, the knowledge relating to the neurodegeneration caused by a
molecule responsible for this amyloid-cascade hypothesis as its core factor, particularly
by AP oligomers was mainly demonstrated in experiments in vitro (Non-Patent

25  Document 3) and was not directly demonstrated in vivo.

[0005]

Since the structures specific to AB oligomers have not been studied in the in
vivo experiments which have been reported before (Non-Patent Document 4), synaptic
toxicity due to endogenous A oligomers has not been clarified.

30 [0006]

In addition, although studies have been carried out in various AD model mice,
neuronal toxicity of AB oligomers in the brain of an AD patient has not yet been
revealed.

[0007]

35 Furthermore, it has not yet been established why the formation of
neurofibrillary tangle (hereinafter, simply referred to as NFT) and the loss of nerve cell



15For exanple, yl subclass can be used as a heavy chain (hem nafter
referre, to as "H chain") constant region (hereioalier referred to as "C
region”) of a human antibody (Il chain Cregion is rebried to as "CH') to
produce a reconbi nant anti body having high effector :Unctions such as

anti body- dependent cellular cytotoxieity (hereinafter referred to as "ADCC
activity"), In addition, 72 or y4 subclass can be used as a heavy chain to
produce a eceusriontnpathogenbsislyf nduritib phagse itethe Aaman estbfierdl @ortéx aet how and i s

ant 1 bodi es’ P IREROAGs 3ol AR At Fbenchfa o SRRRAGEPT, U112 105, e

cytotoxic activilOP@¥ such as conpl enent -de Enden( cytoroxicity (hereinafter

referred to as "&P&%&% afdfindt ABHigO0Keks, At AY 61Ygox!§e‘? njdie fipnb@ghA" (Lhe

region after _the antibo eav I'n egi o an_ ant| y are 10

| mpor t At ASPORY N ATHU (B At DorrmRy), L 2banELhi M0 enchdios G

humani zed P&dUNEREY) € kdoWwhunan anti body is preftnmed conpared to a non-human
ani mal anti body @ﬁ@; a nmouse anti body (Non-patent Documents 15 and 16).
[00161 In additi'on,ddvance in protein engineering and genetic 15

engi neeri ng, thdtisdmowinithagenemlly, vty acen-hahsn antdbedyequeh asla apuan ant i body

f ragnment 4 - i : \ , a single
chai n ant !@ﬁggg%ﬁ%“#a {egﬁgb%ﬁggq%%%g@ggégg_ fﬁgﬁqnﬁggéﬂjga}%ocunent
(1@) , aiofli rizm@e@tlbOd)e@»; gimwis‘?@g _‘W@)\;@g@ an%é Qﬂyﬁrﬁlﬁliam md@siesil dn

n- pat ent, thORHER bodd s ; AGERN
(her ei naf gglrgbr f%%kgéig%ggégﬁ 'S',SEEV'?% NI\%% Qﬁ&&%ﬁ%ﬁﬁ%&&d a peptide
col -wi sin 1 ongpate SHHE i . ;its have.
a greater disippedrage of fthd mankf@tibddy frémdied bddy, (Bugfatdnb Docihients 69 andody

nol ecul es I ten cuni.ent.. 2 0017.1.. The .abave-nentiqned | ;
ora | nchosit) apg BAERES MOGROLEN el dr nf Bl hingay gvaf Ee R PSRRI
human 1&nt idnddy).or an anti body fragnment thereof is nore referable as the
anti body to be llﬁgfb]f or the clinical application to human than nonhunman
anti bodi es, sucli as'a nouse antibody, Citation List Patent Literature
30[ 00181 Pat ent Injogder 1 splee thesegroblems, atgmppphnve been made to prepare a

recombinant antibody such as a human chimeric antibody and a humanized antibody

from a non-human antibody using genetic recombination techniques.
20 [0011]

A human chimeric antibody, a humanized antibody and the like have various
advantages in clinidal application to human in comparison with a non-human antibody
such as a mouse antibody. For example, it has been reported that its immunogenicity
was decreased and its blood half-life was prolonged in a test using monkey, compared to

25 amouse antibody (Non-patent Document 13). '

[0012]

That is, since a human chimeric antibody, 2 humanized antibody and the like
cause fewer side effects in human than non-human antibodies, it is expected that its
therapeutic effect is sustained for a prolbnged time.

30 [0013]

Also, since a recombinant antibody such as a human chimeric antibody, a
humanized antibody and a human antibody is prepared using recombination techniques,
it can be prepared as various forms of molecules.

[0014]

35 For example, y1 subclass can be used as a heavy chain (hereinafter referred to
as "H chain") constant region (hereinafter referred to as "C region") of a human
antibody (H chain C region is referred to as "CH") to produce a recombinant antibody

2



Non-patent Literature [00191 Non-patent Literature |I: Kkin W, NSosct
24:219-224,2001. Non-patent Literature 2: Setkoe al, Science 29,
7894912002, Non-patent literature 3. Bass Get al, Nature, Review

8:10112, 2007, Non-patent Literature 4: Lee 21, et sd, iBioi.

flem 2.81: 42924299 2006. Non-patent Literat re 5. J,dittOntiol , 2,881
(1984 Non-patent Literature 6: BLUM 65, 1349 (1985) Nonpatent Literature

71 J. Nart eaRigrhidbeffectdtTun&ivhs 6udh BGhtibedy- ﬁdbnt—bélﬁﬂﬁtoyf(ﬁo)ﬁclty

e ue . g ger rf%fqu%%%@ﬁﬁsfﬂlifﬁ% NoR BRLEN oL of GLMES, S vesed o ¢

80, 937 ( 8 a3icanochapatosprodidetameedmisinarit Antibody. Wlnelmhdtsjdecreaiaﬁcffetﬁiﬂo (1985)

Uit ot ar dgtRa  ekfied B Rng il et 1R SRR BBERE, . 1,

i munobP", a@gbodies(Nongsgnt Rnsumsntckd). Lit erature 15: f| gi mtnot 144 1382
(1990) Non pat e goj_g terature 16: Nature, 322,323 (1988) Noa- pat ent
Literature 17; % e, 242,423 1988% Non- p gtent therﬁttnr 18: Ncinire

t hot echnd 15, 626t %S@M@ﬁé{cé‘ﬁwlﬂﬁt%}c @8 PnRl§meRty @ 1ttinunat,

%19 ( l?QS%cmeL t}ma@: Qﬁielﬁdﬁeefﬁlﬂﬂécﬁto%@ "szc:,tlv%'gghdm a%@sﬁ@ \(iéﬂﬁfa‘)cl .

n- pat ent_ Li ature um of Invention
Techni cal . e%?% %Fﬁ (ﬁfb%‘%ef the m%%o%ﬁﬁe%gg@hm&eﬁg lgﬁ} hﬂ‘i #Cand Pat ent
Docat nént iopscinsfer thn thepaptutis edigadyn 8 humpn ohingpoic raatlquyl—bhmmemzed hese

anti bodi e I : ! nomer .
Ther ef br e%ngh&sﬁ O&O& oayhlggg 6&% rr%i %‘g&% &d to%%réﬁ eﬁgﬁ? ?%ody
daring théuelammomttbnéy ANgn-patentAPpcupentshl Stand déd.s the pat hoI ogy in the

bruin, [00211 0016 For this reason, the purpose of the present invention
is to provide a i zed .anti bo V\/mch does not.. bind to an Art nononer

n
and Specificall }“ﬁ&ﬁﬂgmdﬂ#yﬁfﬁ“ arﬁeHFPrQEﬁ%?n%’Fﬁfr’Pﬁ@n &endtiGer eof More
speci flb'calehgmeéx’mg mcrxﬁaﬁﬁblnalttaﬁtllwdy\badelsarbe@mépam adQnilbodynfragmeeit f i cal |y

ant i body: Taiecal RaREH B, B8 ab PeeiTRES e M el T et
conpri si nghereipafiertirefsond to as "scFv") (Non-patent Document 17), a dimerized V region
fragment (hereinafter referred to as "Diabody") (Non-patent Document 18), a disulfide
stabilized V region fragment (hereinafter referred to as "dsFv") (Non-patent Document
20  19), and a peptide comprising a CDR (Non-patent Document 20). These antibody
fragments have a greater advantage in transfer to target tissues than whole antibody

molecules (Non-patent Document 21).
[0017]
The above-mentioned facts indicate that a human chimeric antibody, a
25  humanized antibody, a human antibody or an antibody fragment thereof is more
preferable as the antibody to be used for the clinical application to human than non-
human antibodies, such as a mouse antibody.
Citation List
Patent Literature
30 [0018]
Patent Literature 1: W02009/051220
Non-patent Literature
[0019]
Non-patent Literature 1: Klein WL, Trends Neurosci 24:219-224,2001.
35 Non-patent Literature 2: Selkoe DJ, Science 298:789-791,2002.
Non-patent Literature 3: Hass C et al, Nature Review 8:101-12,2007.
Non-patent Literature 4: Lee EB, et al, J Biol. Chem.281:4292-4299, 2006.
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Solution to Problem[00221 As a result of intensive dehberatnn in
view of the atvive problem the present inventors have found a humani zed
anti body which does not bind to an AP nonomer and specifically hinds only
to an AP all ganer arid acconplished the present invention. That is the
present invention relates to the followngs, 1. A humanized anti body which
does not bind to an Ap protein nononmer and hinds to an AD oligomer, and

whld CPh)conprN%egatEﬂmfeedtmﬁw 0L l)ncdN! 2, bsmlwb@)av%/ )chal n %' grld ablhe 5reglh on
an anti bo t C a) an antibody heavy chain
vari abl e ?IbPl ﬁ&fﬁ%? %@é’%ﬁfﬂgﬁ%ﬁﬁ%ﬁquer— represented by SEQ I D NO
12 or an artﬂmpaxmtmtem‘qmeﬂcéNaﬂ Gdnicehlnat., 300832 (1088) nodi fi cati on anmong am no
acid nodi fi j f.f RPS with vztl, Val at
posi tion Zﬁﬁk‘ﬁ% Ll{ek%ué%b?%ctﬁérwga}%z 19‘5‘,% Luho(%gé%at position 39 with
10 Led, LoWNem-pgienilitetaiusgy: M\qulmede% Nigi 1 él98|§b5| tion 48 with fle. Am at

position GNdﬂ-faﬁeﬂtﬁtere}{@ﬂe 1@tJW9f?'C‘dn9£Hﬁ§t ‘8‘0%‘37“&198 lie at position 70 with

Len, Ala at p05|t|on 72 gom ion 74 with Lys and Al a at
posi tion 97ANQR-Paenfit eraéurealrlr-r’émwzﬂl il :t13d0 §M83d aci d sequence represent ed
by SE. Q | DN¥G- ﬁa&ent LGfeyatad 1anCu}WdWe§|m1t54g91@1|936yar| abl e regi on comm:sing

the am no i enc resent b r1,5) or an amno acid
sequence i P%?qu't'tefag%fgqe 8"%%{,%%3?&@93 ng anino acid nodifications
for slibst i tNon-pagentilatesdtturpddi fmmamdl , 85,t668\E995)Pro at position 15 with Leu,
CHn at posiyd %ht%ﬁL‘i‘feH?ur'e% s TR 1@5 lgg§g£%g? 92 with The is carried out

in the amno a sequence represente gﬁ D NO 1k. 2. The humani zed
ant i body acdvtarpateny Litsratwre 14 @lrel?’zzwﬁér(é? )the antibody heavy n variable

region CO”Ndxﬁﬁfﬁerit*]'ﬁte?dﬁr@q7&9&1@115%9‘49@29?198%}” esented by SEQ ED NO 12

d the anti yI| chain ria ’? on_c |$stheamnoa0|d
sequence rgﬁ? te{?&“@é@&ﬂ”ﬁ@"’i@f nojg 15 291(')’9 An mad- cogni tive
dysf urtct i orNcagméntmtefanmx'pSQnMolehelahmnndledzﬁamCﬂew aceo to Me. a_bove 1
or 2 as an I@o%ééf&t'Lnt[g%a?&' %BIJBw?(gﬁ'ﬁnt’l bdg!f%a%af or treating Al zheiner's

di sease, conpr manrze ing to the above 1 or 2 as
an active iNappai¢nshiteratge 2AnCarepenRes. 0¥2, 34pp(1892) ng fbrination of neuritic
pl aque, coinpnsiag the bun anti body according to the above 1 or 2 as an
active ingredient. . 6. An inhibitor of formation of Al13 arnyloid fiber,
conmi si ngSYREAR AfARYEN ant i body 30 according to the above 1 or 2 as an
act i\ | NHchalicgMroblerh. A nethod for at |east one of neverifion and

treat ment of c&gﬁ%é]i ve dysfunction, conprising adm nistering the humani zed
anti body accor to the above 1 or 2. R A nethod for at |east one of
preventi on and TheghoweNondfatest Pheiment '4sandiPeteas Bpcument didsschuye antibadiest er i ng

the humanjzgd: 28 tohg&ﬂxrsacg%@vﬂgtlh & atrmo&s@@yﬁd laopénr%m &Aﬁ\o S8k OF

suppr essi progression o mer’s di sease risi.ng a m ni stering
t he hunarﬁli%‘i? A\ BOBYMSE c dhareieyes thereriva sonserm aboyt centralgidespitecteefile i | nt s
of | msentdndiBody during the antibody therapy for AD, which targets the pathology in the brain.

[0021]
For this reason, the purpose of the present invention is to provide a humanized
antibody which does not bind to an AB monomer and specifically binds only to an A
oligomer and the use thereof. More specifically, the purpose is to provide an antibody
30  which specifically binds to an AP oligomer, a method for measuring an AP oligomer
using the antibody, a method for diagnosing AD using the antibody, and a medicament
comprising the antibody.

Solution to Problem
35 [0022]
As a result of intensive deliberation in view of the above problem, the present
inventors have found a humanized antibody which does not bind to an Ap monomer and
4



[ 0023] The anti body of the present invention is expected to
esta.lish nmethods for prevention and treatnent of AD and a di agnostic
marker at an early stage by targeting an Al protein which is a causative
nol ecul e of AD. (00241 There is a concern about intractrebral
transfer of the antibody during the antibody therapy for AD which targets
the pathology in the brain. However, there is a possibility that the

anti body GpediRGaR AR Ul BVATAB ONgbherdRlabCARPIRhE Pihelgh@eht ihédidh, t herapy by
adm ni st ragon, t&ﬁa eripheral vein tgngq it .can be considered that 10

devel opnent?@f 1§ é’r‘%ﬁ?ﬁlgwof‘rr%%?ﬁ@n e §9lloryingtoul d he accel erated at once,
Brief Des dH pthlgnarﬂiedam‘hbdhgwh(cﬁmaéslndtlﬁi@ toljahAEB Protdin ﬁimmgxeﬂﬂicﬂghdﬁmaci d
sequence in.va..ao e reqion,l- an 5 i no, aci d, r.esi S

rod 11ed APAR SHrbe g Re  odrBliEh e PR RE AT aBTR Ry RppRRASE

i nl i V2511\vegion andi(b) antibodyHighs chaiyvariable i¢gioand 1- 1V12. The first and snond
lines in i Wals] . I ﬁ@_ﬂi m(gn{? -1 ain variabl e
regi on, atrg%)%fnhd%ﬁpgﬁg?%ﬁ?ﬁﬁ?hgag?ﬂg?é%@;%g 1V ?@éd%g?%gtug&{&he

subst i t ut depresenied bycYEQ (1D &P d 3 onawamip asidwpquenceiin shichaddepst ' Fig. 21 Fi g,
el dles R B A DN
1.4 in i ergé,ﬂ {WOSE\??@P ighlievs Arg:t pasitiop 191with bt Gip ALposHiaR Wha rows i n
t hg drrllaw: euj beli atositiohd 5 avittRPheaMet anposhivnst8i with nﬁ, Argabpositiorn67 aithe (r]I egi on,
and the I I WS . | C { a [ n

(repr esen'?‘ é’%ﬁ@ a%é}og&tfb&({sg\gﬁﬁﬁa, F‘Eiag.gosét]‘orﬁugwﬁéigﬁ’o aiéﬁsé%?rgﬁavr@hob ’ai ned
by measur iThgat positlonitdi wigh hys and Alaes positi@a@hwith (Tibr iyraiddgmt irethelameni zed

antibody t,0JARGUBARO Bk Sehsd BY SEOIDNE)- £, SYSNn Descri ption of Enbodi nents
30The anti - AP %Iiigggfgg’ér ehu,rnatgi,ét()aQ(?f anti Ezc’)dy, of the present invention

(her ei naf {®ran aptibedy heht,chaig vari lg gegiorpcomirisngthe aMING eI SEIUEREE | nvent i on or

t he hqlﬂan!répﬁékeﬁﬁﬂib?m o N4 bf &5 &finol ddidegRlhéies in WhithhwBasioted ant i body
inthat 1t binds.to does not .bind to an AP

characteriz ol.i goper an
nonomer , W@Ej%‘f?fl%%wo?ﬁ apig a&dégﬁﬁ?’c%é mf?SBHS‘%F%“  EPRSiton 2 With o) at ed
ant i body, Val,Puo &t passbnaldtwittoHyy, Gin atpositivn $owtith BHs; angd d$r 4ti ponition®B271

with Phe is carried out in the amino acid sequence represented by SEQ ID NO:14.

2. The humanized antibody according to the above 1, wherein the antibody heavy

20  chain variable region comprises the amino acid sequence represented by SEQ ID NO:12
or 15 and the antibody light chain variable region comprises the amino acid sequence
represented by SEQ ID NO:14, 16, or 17.

3. An anti-cognitive dysfunction agent, comprising the humanized antibody according
to the above 1 or 2 as an active ingredient.

25 4. Amedicament for treating Alzheimer’s disease, comprising the humanized antibody
according to the above 1 or 2 as an active ingredient.

5. An agent for suppressing formation of neuritic plaque, comprising the humanized
antibody according to the above 1 or 2 as an active ingredient.
6. An inhibitor of formation of A amyloid fiber, comprising the humanized antibody

30 according to the above 1 or 2 as an active ingredient.

7. A method for at least one of prevention and treatment of cognitive dysfunction,
comprising administering the humanized antibody according to the above 1 or 2.

8. A method for at least one of prevention and treatment of Alzheimer’s disease,
comprising administering the humanized antibody according to the above 1 or 2.

35 9. Amethod for suppressing progression of Alzheimer’s disease, comprising
administering the humanized antibody according to the above 1 or 2.

Advantageous Effects of Invention



The isolated anti body, the purified antibody, and the ant body conposition
are the antibodi es which substantially conprise 100% of the desired

anti body and do not contain any inpurities such as contam nant proteins in
t he production of the antibody, derived fromantil xKly-producing cells,

ti ssues, antibody-producing animals and the [0023] The antibody is a
herennemarnefic protein constiluted by two heavy chains (H chains) and two
| i ght chai ns (1[0026]1ai ns). The antibody is cI assified as a pol ycl unat

anti body and a I ch.re i gen.

t  0029) The po@g otnb %9 Ofwogsegymvsmrﬁn l?u %fﬁ? %Stgbl?#’ r‘gétg?desgnl\tml ch
recogni z epecvgiltlfgl anddreaimem OfEDaamII aa@agﬁOStlhma{:l@r gangaaly stageibydargetingc| ude
anti serummq E@ﬁfwﬁf&h@icz{ ‘éﬂol\%&lpoﬁ)&' ntigen. [003U] 15 The
nonocl onal ody IS an an y secrete "by a single clone of antibody
pr oduc? ng ceI I s[002AY recogni zes only one ephope (also called antigen

determ nant) anfhéass & Bénceii dbdutlintrdcdrébralidefen 6f dle%ﬁﬁu&imrﬁigrﬂlémf y

or of or bl §PAPORE st or AR Fish Ry e tnatoi RSt o HOHRYES BT 56ty i n

t he pr esepossibilityrthatdlme amibodyl ef the poesent invialtion it apphidable for\mé dinical

conpl enen .t A f o0as CDRs) | to

30 the darary by S EhR G R TRHRSAC IR BhOR aifbe obIGEERL D B CLEF))

conpr i&e ﬂwlmﬁntw@éladﬂhﬁetfmmméﬂk@emd@ dggelgmEmiaKonce o 3,

respectlvely, and the CDRs I to 3 in the L chain conprise the am no acid
equences reghr%esent ed &S QID NGCs:4 to 5, respectively, a nonocl onal

antl body PHeWHECHPHARO mpgﬁ vatiithie region (hereinafter, referred to as

VH) of the anti fpody] corrprl ses the am no acid sequence repr esent ed by SEQID

NO 8 and t h ar abl e €9 erei t dt VL

conpri ses [tﬁég && ﬁ:lbg z}c 8{”58338% Qﬁﬁ%@g@%{ﬁ%@%};@ %rre d_?vgs )

ant i - Wp oamgmrveld nesidues modified froad thaatinmoabyd &Gaenc@afeSAted by SEQ IDs an

epi t 0l Xt | N 1 B9 HVIIVE Ky S AR SRGH Mo At 1R ERIMES ARt Lygl by the
nonocl ona ant| ody’, conf’brimati ol conPil sin above am nqQ acid
sequence, lmenﬂmﬂxewmﬁ indicateithe g@m@n@@wr&emnghﬁhl@@ga@newamlm 984, and a

conf or mat {reNetfPHR ths biker iebfecﬁb@ﬁﬁeﬁﬁume@% Shbs@Hianao a«gdmbfelaexﬁetgar

chai ns bi stmgelgtteer%gggserrp ified 0033]

20 [Fig.2] Fig. 2 shows an amino acid sequence of L chain variable region LVO0 and
amino acid residues modified from the amino acid sequence represented by SEQ ID
NO:14 in LV2a, LV2b, LV2¢, LV2d, LV3 and LV4. The first and second rows in the
drawing indicate the amino acid numbers in the L chain variable region, and the letters
in the respective rows indicate the altered amino acid (represented by one letter).

25 [Fig. 3] Fig. 3 shows sensorgrams obtained by measuring the binding activities of
each anti-AP oligomer humanized antibody to Ap monomers using a Biacore system.

Description of Embodiments
[0026]

30 The anti-Ap oligomer humanized antibody of the present invention
(hereinafter, also referred to as the antibody of the present invention or the humanized
antibody of the present invention) is a humanized antibody characterized in that it binds
to an AP oligomer and does not bind to an Ap monomer. The antibody of the present
invention is preferably an isolated antibody, a purified antibody, or an antibody

35  composition.

[0027]



The epl ane to be recogni zed by the anti body of the present invention may be
any protein so long as it includes at |east one of an Ap protein and the
fragnent thereof, exists on an Ap oligorner which corals a conplex, [0034]
Exanpl es of the epitope to which the anti body of the present avention binds
i ncl ude an epitope conprising a primary am no acid sequence of A(3 which is
exposed: on an A p oligoner, an epitope conprising a c.onfinmation of an AP
ol i gomer and t h&h¢ iselated 006y, the pwified antibadyasnd the attibotlymooipesitiomarea nai n

conponent 40f 3&bSdi¥d Fhithisibddtl corﬂgfi%esf b 0F thelded e@ﬁﬂtﬁ%dgﬁh&iao gy s
produced from a precursor protern C ed an wnyl ord precursor protein

( her ei naf feiftainay dnpuitiessugl aggomjangpant peoteias invthe prodyeierakthe antysis;

Anyl ei d nabeedd fesin Bh §stodhicnp AFF, tls@ﬁésyﬂﬁib@dﬁ?fbcﬁlbﬁfglahirﬁéls ped theer of
sol ubl nﬁgoners and soluble olige.nmers in addition to the anyloid fiber
col l ected% an ultracentrifugal sedinment fraction, [0031 In the present
invention., the[088]oligoner is a Mh . 1polymar, and is an | i gener

whi ch conpri ses A n_A el i eof and
iorins a conpl e;l(“?é %B@@?HS QH&el%kgggl&rl? Pg(%%‘fogset@?r%hg‘b %ﬁ g{a('ﬁ&kﬁ%gg i goner

i ncl ude achains3and rwo liglet)chainis b ckains)aofhetat{bady iis dassifiedge apolyclondl an AP

&Li goni er LS : : : : 39] In addition,
exanpl es S@%aﬁg'aﬁ& Q%ﬁngglr?%?p@hbfg e g{cgééﬁéﬁﬁzgégﬁﬁné%ﬁmg%}g i ncl ude an Al 3
oligoi(her corrpr[@Eﬂb an Ap fragnent with the -,zs of the Nteratund of AP

iln_ at | east ?Remé pdiil&ltéﬂal&ﬂdbéd%ﬁs afnsivture <|)fthe lantilfbﬁlﬁsfvidﬁéﬂ texo 'bee? Ahgié2 "
ol 1 goner 1n. e presen nvenri on ar egcul.es navi ng.a ecul.ar wel g
of 45 to YRR aERERRNT ebihE PO sena b e s PR AP ShE PTESEHA 215 ¢ o

1, 035 knaimmasizedwithynBhtigenNat i ve- PAGE, (0041] The 4142 ()Ligonier is

recovered mainl OWI ough >100 kDa retaining liquid in $5the nol ecul ar

sieve, In addition,” the Al3 ol |l goner shows a m xture of coixfigutution
15 The monoclonal antibody is an antibody secreted by a single clone of antibody-

producing cells, and recognizes only one epitope (also called antigen determinant) and
has the uniformity in amino acid sequence (primary structure).

[0031]

The antibody of the present invention is preferably a monoclonal antibody.

20  Examples of the monoclonal antibody in the present invention include a monoclonal
antibody in which complementarity determining regions (hereinafter, referred to as
CDRs) 1 to 3 of the antibody heavy chain (hereinafter, referred to as an H chain)
comprise the amino acid sequences represented by SEQ ID NOs:1 to 3, respectively,
and the CDRs 1 to 3 in the L chain comprise the amino acid sequences represented by

25 SEQID NOs:4 to 6, respectively, a monoclonal antibody in which the H chain variable
region (hereinafter, referred to as VH) of the antibody comprises the amino acid
sequence represented by SEQ ID NO:8 and the L chain variable region (hereinafter,
referred to as VL) comprises the amino acid sequence represented by SEQ ID NO:10,
and an anti-Af oligomer mouse monoclonal antibody 6E4.

30 [0032]

As an epitope, a single amino acid sequence which is recognized and bound by
the monoclonal antibody, a conformation comprising the above amino acid sequence,
the above amino acid sequence to which a sugar chain binds, and a conformation
comprising the above amino acid sequences to which sugar chains bind can be

35 exemplified.

[0033]



whi ch consists of particl e-shaped nol ecul es, beaded nol ecul es, and circul ar
nol ecul es with the heights of 1,5 to 3.1 run under an atomc |'orce

m croscope. 8 1,00421 Mor eover, the. above AP42 oligorner is elated
to a void volume fraction Sot the nol ecular weight 680 kDa or nore and to a
fraction 15 of the nolecul ar weight 17 to 44 kDa boundary by gel
filteration nmethod. [00431 The anti body of the present invention can
be used as | ongThsepitopeso he eopmizadily the tntiswly oftthecpresznh tisentioramay\be

ol i got ner b ' 1 - { I i shape

her corard) Prolio g agiIKojhdlsle |G SRS A AOKIAL R HE R BB, ° 0

t he preseftd it gyiststancn Afbekgamar whielotpang e complexubl e anyl oid p (Ap) nonomer

Which is a phys'(ml3qpi cal nolecule and reacts only with a soluble Ali

al i goi ner, [004%1 In the present invention, bindthg only to a saql uble AD

olittoer withofrkamplssphige epitors tg vdueh the antihodyeh theressabinyentipibindsong Ap

monomer s &i&&dé@n@bitgﬁﬁﬁi@ri&iﬁgﬁﬂpxﬁﬁ&yfaﬁﬁﬁé adie Qec*mtnw ofrA4f whichds exgposend a

nol ecul ar _si e%l%, 11 he anti b(%ga/ oes. not r?lfo nﬁ zef%w@n?rs ab Lﬁl 4,5 kDa),

but speci 71 BXAPyEIREHAD SBUSPeHmIEIoMEA SontaraBfipE ot HHRe Kupdmetand the o' o

| arger thhke.Al 3 di nmers. Accordingly, it is preferable that the anti body of

the present i nvgmgijfn specifically binds to a soluble AP oligoner which is
rge

equal to or 20l ar than an A p diner. [0046] The anti body of the
preselt i nvent i Bis knpyvigihat the A grotgin ascamainsasiparent of exyloidhis REPEIS ol | owi ng

(1) to (S¢emprising 40 to 42LAthidb A%idS ah isArbduted YronPPpréburd? fowidéAlled aher
formati Onargulpgfd’ essi n‘?r arct {%@%qﬂgg%qsﬁgﬁ'of i Ci 3% f 0{1 r et,co%?l zing only an AO
ol i gor ner? BISEYrsQLyprafe b fo a5\t a b ths artignyof proteage:
[0036]
Amyloid molecules produced from APP include a non-fibrillar-polymer of
15  soluble monomers and soluble oligomers in addition to the amyloid fiber collected in an
ultracentrifugal sediment fraction.
[0037]
In the present invention, the AP oligomer is a non-fibrillar-polymer, and is an
ApB oligomer which comprises at least one of an Ap protein and a fragment thereof and
20  forms a complex.
[0038]
Specifically, examples of an AP oligomer include an AB40(Ap1-40) oligomer,
an AB42(AB1-42) oligomer, and an AP oligomer comprising at least one of Ap40 and
Ap42.
25 [0039]
In addition, examples of the AP oligomer in the present invention also include an AB
oligomer comprising an AP fragment with the loss of the N-terminal of AP in at least
one of AP40 and Ap42.
[0040]
30 Specifically, the AB42 oligomer in the present invention are molecules having a
molecular weight of 45 to 160 kDa measured by SDS-PAGE and a molecular weight of
22.5 to 1,035 kDa measured by Blue Native-PAGE.
[0041]
The AB42 oligomer is recovered mainly through >100 kDa retaining liquid in
35  the molecular sieve. In addition, the Ap oligomer shows a mixture of configuration
which consists of particle-shaped molecules, beaded molecules, and circular molecules
with the heights of 1.5 to 3.1 nm under an atomic force microscope.
8



(5) ability of preventing AD-|i ke pathogenesis (decline in nmenory. Al
accunul ation level in brains) in an APPswe-tmsgenic 1110MC (142576). PO471
The activities of the antibody of the present invention relating to the
above (1) to (5) can be confirned using the nethod disclosed in WO
20091051220. [0048] The anti body of the present invention can be
prepared as a reconbi nant 35anti body. In the Present invention, the
reconbi nant ant ij¢ady i ncl udes anti bodi es produced by reconbination

technol ogy such,as a burmn chiperic antj bod a _h ize nti,b (or a
humn o - dant MBS e A e AHEPBELY b oo HEli ren 8 0! ke

r eg onbi lnarmholenlmﬂdrlwe’i’glheéﬁ() ldj)a\ddr mg)raam?raaﬁ:%ftimrlSiolf@ltHhmsl.eclhlaﬂwWeight 17 toedeci ty
and prol oR - in 0od is preferable as a therapeutic agent.

Exanpl es ggﬁﬁﬁgm%%ﬁ§X§Fk§%?m§ﬁPPﬁ§8 i ncl ude an anti body derived by
nmodi fi &ati on of [@88] monocl onal anti body of the present invention using

reconbi nation tqﬁgagﬁ&g%l(gfﬁl%g‘ﬁg en Fﬁg}}}ﬁﬁﬁ%&?%iug@{' oﬁ%gg R hirSargbgant i body

conpri singy.chain varl able I gn ter referr to as "VH') and a
tight chaRRtiResyiviekbindgtoam Al? Rbgeperand dpes patdindtg anARmongmer, and thy

anti body dérivatiofand shape théteddre Adtdinditdieavy chain constant regitm
(hereinafter reI@;‘lﬁgd to as "CH') and a light chain constant region
(bereinafter re red to as "CL") eta hunman anti body. [0051] The
hurmmanl@hi meri c &n$ piedetgble that e qntibodiceftthed presérit dnventign dedNAot scogdzag t he

above VI | . | ' ! I ti body

t hat specf@pglgl\é*"y l(%?@gﬁé@ﬁﬁ%%é@@ﬁﬁ%ﬁ&ggﬁgﬁ??ﬂ?gﬁ%ﬁ%&?opﬁgm into an
expr essi oiithecobiblhHABohigamer. cel | conprising ONAs encoding the CH and CL to
thereby construpjpss) vector for expression of human chineric antibody, and

t hen i ntroducin he vect.or intqg .an 2. 0ani nud ] tQ express the antibody.
ﬂl t&w present invention, binélmg onlytoa solu% e AR olci)gomgr without Eindfrllg Y

15  to a soluble AR monomer means that, among AP monomers and AP oligomers which
are separated by ultrafiltration and a molecular sieve, the antibody does not recognaize
monomers (about 4.5 kDa), but specifically recognize a soluble AP oligomer which is
equal to or larger than AP dimmers. Accordingly, it is preferable that the antibody of
the present invention specifically binds to a soluble AP oligomer which is equal to or

20  larger than an AP dimer.

[0046]
The antibody of the present invention has preferably at least one activity
among the following (1) to (5):
(1) anti-neurotoxicity activity;
25  (2) AP amyloid fiber formation suppressing activity;
(3) specificity for recognizing only an Ap oligomer;
(4) ability of capturing an AP oligomer in AD brains
(5) ability of preventing AD-like pathogenesis (decline in memory, Ap accumulation
level in brains) in an APPswe-transgenic mouse (Tg2576).

30 [0047]

The activities of the antibody of the present invention relating to the above (1)
to (5) can be confirmed using the method disclosed in WO 2009/051220.

[0048]

The antibody of the present invention can be prepared as a recombinant

35 antibody. In the present invention, the recombinant antibody includes antibodies
produced by recombination technology such as a human chimeric antibody, a



[ 0052] As the above CH of the hunan chlnerlc anti body, any CH can be used,
so long as it belongs to human i munogl obulin (hereinafter nfrrred to as
"MO, and those belonging to the hig0 class are preferred, and any one of

t he subcl asses belonging to 2% the higG class, such as MK?i, hig02, ittget3
and. 1404, can be used. (0053) As the above CL of the human chinerie

anti body, any CL can be used, so long as it belongs to the My class, and

those bel aigiafiged &ti&dﬁﬁ&sash&ﬁa@DRCéréﬁ&i &ARibodP), HEfHan hbdl .88 ihe

humani zed anlté;gb ay resent invention is an antibody in which am no
aci d sequéﬂt(’: ydragespt and VI. of an antibody derived froma

nonhuman ani mal [@4@] gafted into appropriate positions of VH and VI, of a

human anti body. ant | ignin
am no acid sequgi'll g&g#@gﬁﬁ%ﬁ%@% ﬁ’gﬁa}(‘{eﬁgpgﬁpﬂa"g :éﬁggoe étgséﬁ%gsgof )
CDRs a5 boﬂmnmn0gmndty\m1d1ﬂ0bheedrhaiﬁhfean;hloodns piefatgblems & therapeptioagentd by a
non- human (A %ajd r are
grafted i r?? %In;ﬂr3 gﬁgﬂm}grt regl ons gfll(]%{é %tlhb%‘??ﬂe‘gd%g Iﬁhlﬂ@&g’?gd VI, of
any human thgrnennstpal andibedk of tbémyeseetdnsmtlee using seabiration deHgologE v r egi ons,

insertirin each[ogfso} heminto a expression vector for ani rral ceI | s

conpri sing genes, e COdI CH an of a n_anti. bod

construct a veci-B‘l"H PGEE gt &'lﬁ%ﬁ?{ﬂ’? ¥ COmPrising g he %Wo"t}i 36%9]& ng it
into &M Sr@mm(m&:reumfder tdeﬁéhbabyvmpam@llgndhm@dﬂﬂﬂe tdgeom@minaﬂed

ant{ pody. 108 as I ofih dftBodVLALAAER S0 SEHRACER DleabiSngh otfdarS V!

of the huhanize ant acl d sequenc SO | ong as

they are tagion(haxginaft semfmmdetg a@fCHr') anglreclli ght chmnemrmry(hemmaﬁﬁed from a

human ant g6l 10Qk 082 lo RS MtbEg). Ude am no acid sequences of Rs of VU
and VL of humann{(ﬁntil bodi es reqgi stered i n dat abase such as Protein Data

Bank, common a hei d sequences of each subgroup of Fits of W and Vf, of
humanifnt i bodl e%dmw iithetio afitbay @26 be brddikéNbyostainig DN edodingt er est,

US Dept, Em'ee above 9?1%5'%%0%6{ I\{)Ifbned%ma which produces a monoclonal antibody that
specifically binds to an AP oligomer, inserting each of them into an expression vector
for animal cell comprising DNAs encoding the CH and CL to thereby construct a vector

for expression of human chimeric antibody, and then introducing the vector into an

20  animal cell to express the antibody.

[0052]

As the above CH of the human chimeric antibody, any CH can be used, so long
as it belongs to human immunoglobulin (hereinafter referred to as "hlg"), and those
belonging to the hlgG class are preferred, and any one of the subclasses belonging to

25  the higG class, such as hIgG1, higG2, hIgG3 and higG4, can be used.

[0053]

As the above CL of the human chimeric antibody, any CL can be used, so long
as it belongs to the hlg class, and those belonging to « class or A class can be used.

[0054]

30 The humanized antibody of the present invention is an antibody in which
amino acid sequences of CDRs of VH and VL of an antibody derived from a non-
human animal are grafted into appropriate positions of VH and VL of a human antibody.

[0055]

The humanized antibody can be produced by designing amino acid sequence of

35  Vregions in which the amino acid sequences of CDRs of both VH and VL of the
monoclonal antibody which is produced by a non-human animal hybridoma and
specifically binds to an AP oligomer are grafted into framework regions (hereinafter

10



15(1991) and the Iike. [0058] Exanpl es of the humani zed anti body of
the present invention include a humani zed anti body in which CORs to 3 of
VT-4 of the. antibody conprise the am no acid sequences represented by SEQ
iDNGs: Ito 3, respectively, and C.:nits | to 3 of Vi, 20 of the antibody
conprise the am no acid sequences represented by SEE). 1D N08:4 to 6,

i tspectively, [01159] The humani zed anti body of the presentis preferably a

C:malm zegéaeirao%yascww) bBVHGIA V1| 6ty lmﬂﬂn@hub&@ fe@béctml ,gcoéaa&uc\zﬂdgand (b)
- n a

subst 1 ¢ ut BN epcpfink i ¥ agH e fﬁ&% ot B 170 SROEREPR BRHTIES g ¢ he
am no aci dnmml]udimmmplwnemmwnsﬂﬂ il SCof a bamen antibaalyitotheachiyd sequence

in which at, ét@gﬁé vé?:‘i'c?rféf% hg)f%g@hﬁ%%ﬂ %ﬁib%ﬁg%ﬂdg%t@gb%g ifihtg?g@s! tion 12

;tt position 0l t] en at position
45. Med qenigsdre Hmthﬂ,lsby AXRyeSst mdm@ﬁledmmamedanum tion 68, lie at
position 70, Al gy position 74, 30 TMat position 74 and Al a at posi tion

97 in the am no acdse uence repres q_‘p% tD 12 is s tltuted
with another iuf¥ @ﬁea%wes?ﬁﬁs\n awE}’Ssq ﬁbe'\ﬁ{e il
sequence aejpatﬁﬁﬁrﬁcﬁﬂsehyerﬁ&:bddld‘i@edfko%nmmmaﬁﬁndaﬁ@ﬁl&@ﬁﬁ@sloﬂml ch at
| east onei%img) eaCIqibr ‘?duec1 el eched fr |e at position 2. Pro at
position ) R\ R R Rl léfnﬂ?n §05| tion 92 in the amno acid
squent@ 35repr eéQﬂSﬂ]ad by SEQ IDNO 14 is substituted with another amino
aci d residue, ihed in he
gmgﬂes nﬁ:lude amifid 5‘513 Eégnﬁceg)éf‘m 88 Vel and Han) VL BPHﬁrﬂ?ﬂarm el

humani zed anti bo e present tion I ncl or ex VI |

eonpri si ng~ tihe %T%Stﬁ’@ddn §@Qb’f§ﬁé‘é¢h ¥ mﬁeww?aak WQH FpinpAcid \/ad at
position géquenved oﬁEadth%bgﬂoﬁﬁ oBBRs 6f VH ad 06 huirdh afibodies décribéd fmor ;. 45,

Met at p0|t|on osi tiaon 67 0. osition
70, A a aveassrasicnhrotetis of phsgnaledial dierest Uss etk Beat g dtimen Seforh t ne
am nol&ci @99é)qamm1ehkepresent ed by SEQ NO12 are substituted wi th other

am no acid resi gm?g [ 0061] in addition, VI-1 selected fromthe
foliowng (1) t is also pieterable as V contained in the humani zed
ant i body of theEmresleﬁof thehumeniged antibpily ofAhe presaptringéntignanclude o aci d

wgueri ee himifiz&dankibddiin WARH [ADRS 116 3 MV HA) tRORtbb@ comprise the amino
acid sequences represented by SEQ ID NOs:1 to 3, respectively, and CDRs 1 to 3 of VL
20  of the antibody comprise the amino acid sequences represented by SEQ ID NOs:4 to 6,
respectively.
[0059]
The humanized antibody of the present invention is preferably a humanized
antibody comprising at least one of the following (a) VH and (b) VL. In addition, in
25  the following (a) and (b), the number of the substitutions to be introduced is not limited:
(a) VH comprising the amino acid sequence represented by SEQ ID NO:12 or an amino
acid sequence in which at least one amino acid residue selected from Lys at position 12,
Val at position 20, Arg at position 38, Gln at position 39, Leu at position 45, Met at
position 48, Arg at position 67, Val at position 68, Ile at position 70, Ala at position 72,
30 Thr at position 74 and Ala at position 97 in the amino acid sequence represented by
SEQ ID NO:12 is substituted with another amino acid residue;
(b) VL comprising the amino acid sequence represented by SEQ ID NO:14 or an amino
acid sequence in which at least one amino acid residue selected from Ile at position 2,
Pro at position 15, Gln at position 50, and Tyr at position 92 in the amino acid sequence
35 represented by SEQ ID NO:14 is substituted with another amino acid residue.
[0060]
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20. Arg at position 38, Gn at position 39, Len at position 45, Met at
position 48, Arg at position 67, Val at position 68, Ala at position 72,
"Thr at position 74, and Ala at position 97 in the am no acid sequence
represented by SEQ ID NO 12 are substituted with other am no acid residues;
conprising an am no acid sequence in which Lys at position 12, Arg at
position 38. G n at position 39, Len at position 45, Mt at position 48, M
at position 67,Pretdrable examples efiVid$ontainad in the byinahized Z@jbady of #ie pyessnt | on 74

and &, 2t inp@Rich/ 1Al bbbl WD i hSBAUARG ScliGRIRSERLPANRN 1ER MO 12

are substltu te | 1.er “an no SI ng

am no aci PPSEiakulen Val ‘itri’oﬂﬁpé RO4Azg aéP0§SB@11 38,&#n abpositiqn 39, Lewat PQSHFPHS‘@; Len at
posi tion ¥t atgﬂatslu@h 4BOAI dtsifitn GVl PARidn GBIII6 & poéRicH T4 d on 68, Al a

at position.7z 7 7 in the amino acid
sequeﬁgce P‘@H’roé’s@n%{j%@?g%ﬁbyf‘ dﬁi? %zgoél,tlgng%g etaﬁﬂlﬁ%la SHAGPHer ammo aci d
r esi dues; repfedgntéd by SEQUHD NOnQ ae substitutedwithl otherjarpinoacidresiduesh G n at
position 39, La:d g] position 45, Met at position 48, Arg at position 67,

Val at positio 8 Tin at f}OSltlon 74 andAl a at gOSItIOI’I 97 in the am no

aci d sequence rlapddisiont ¥H sslecegdronothefolewing (hsoi(P)Lis elsoprefarablerasVEmi no
aC| d res'éyﬁ%?nedlﬁ@eﬁ{hﬁaﬂiﬁa%’ugb% ﬁ{&muﬁgh@m§equence in which Leu at

p, anion 45 osition at position 67, Val at position 68, A a
at pod t.@hVﬂchwnsmg Foaminp gridagquenge 1 whigh Lys atpesitionda. ¥4l at positien ani no

aci g seQL%mz\eg atqs(zfsﬁmrﬁsgdmbm posidoh BONCeula pakiiof gbsm:t attpoditioh 4B, &tghmg ani tno
aci resi au acCl | C n a
posi tion %ﬁlo{leﬂ g%l %/88?1 l?lgﬁgzé R%cfsqéf’cnn}&o?ﬁ agst agl‘}%’rﬂ% é\lta %h%ﬁltfqnon 67

and Al a #7 ipdké amimo a@id sequérice represented by SECRHIRIG &2 aresubsuted avithyotlFQ | D
NO 12 ar ean?ﬁlgﬁl: %’s&&fés"“h ot her am no acid residues; 35 (7) VII conprising

an am no aci d sequence’ in which Len at position 43, I\/bt at position 48, Arg
at pd$i t | @hVBlicommrisme-anamipe aridissquenre imwhisk Lasrtnosiiond 2s Arg admesition

represent3yd Gy at%nfén'ﬁ Ned 45 R{tRnASDRAct 51'-{50@%01’1‘4% NARY 4 Posifith B9, Wit iafl

resi dues; 12 6802‘ ani ?éﬁ“ an am aci d sesg*ﬁen?ci%ﬂ which Lau a
posi t i onI\Eé’@”é?f1 LPS“QHH“N‘Z ﬁgg?st“i‘%h d; Maghositign, 8a@8Quence

r epr esentaeill deyudsic@répteddted byt BHQ [DNOE 1 Datesubitheted arithn@hé@cinting esiddues  (9)
VI | corrprr|§§an& an am no acid sequence in which Len at position ' and Ma at

position in the am no acid sequence represented 1w SEc D NO
12ab20i t dBr¥HMomprisingean aming acidsequenesindulish Lys)ﬂamltmd&pﬁl;sat@bsmhe am no

aci d sequﬁnﬁeuee‘ odito @CM&@% tﬁaﬁ'@oé%a@fos %?evalaxg@lﬁ&héé Algast one

modi fi cation sel ecte r.om no |cat| stltutl Lys at position 12
with Val Posiiond2, Byt ppgHon g4 m Ala_aéwosm%%in §P’E’ilfb?f>1 8ANERYS Lys, G n at
posi ti on rfteydntdd ByeSEQ [IDlN(a{12QQ§$1ib's@ﬂilteﬂ5m"ﬁl dther’dhgino Mbid radidyeasi tion 48 with

[ A t 67 {. Val

bosi 11 on Ub VB ohrEBist e Gidiseated s itEh BUER PoSithaad. G inoniiSns v ¢
Lys 28d ASaMxt ammttqno% Avg atipokitibh67] Waltahpositiom@s, ddir dt mosijicarieandeyda esent ed
by SEQ 1D} %ﬁ&gn yPid AL LRMCES] qugQ&:é]represented by SEQ ID NO:12 are substituted

with other amino acid residues;

(5) VH comprising an amino acid sequence in which Leu at position 45, Met at position
48, Arg at position 67, Val at position 68, Ala at position 72, Thr at position 74 and Ala
30 at position 97 in the amino acid sequence represented by SEQ ID NO:12 are substituted
with other amino acid residues;
(6) VH comprising an amino acid sequence in which Gln at position 39, Leu at position
45, Met at position 48, Arg at position 67 and Ala at position 97 in the amino acid
sequence represented by SEQ ID NO:12 are substituted with other amino acid residues;
35 (7) VH comprising an amino acid sequence in which Leu at position 45, Met at position
48, Arg at position 67 and Ala at position 97 in the amino acid sequence represented by
SEQ ID NO:12 are substituted with other amino acid residues;

12



More specific exanples of the am no acld &once of VII include the am no
aci d sequences in which the fellowq twelve to one substitutions ate

i ntroduced. [00641 Spedlic exanple,s of the amino acid sequence of VII in
whi ch twel ve 20 substitutions are introduced include an am no acid sequence
in which Lys at position 12 is substituted wth Val, Val at position 20 is
substituted with Len, Arg at position 38 is substituted with Lys, (M at.

position B)VHE csmbﬁ‘s'mg h @mhivg 4did segjuéncelif Whidh Jsusdt Fbﬁﬁorﬂ% JMet £ pbsitib ut gd
on 67 is

Subst i ut b Fle BFESHORS7 1 msSunint Rl st Bhelbprbornit e SEQDARI R e 2

position SlY@tlttsedZ@thuﬂRr aminoedtidvesidudset t, Ala at position 72 is substituted

with Val, fthﬁq osition 97
IS substl d}t }SEOIB? ﬁ&%gﬂ&é&%@%ﬁ%ﬂ%ﬁ gﬂléeﬂq%%ndg Srla&g4 en gic? agy SEQ NO
12. [ obespostiiec?? incthe aminsl asid sciquence represented dy SR ) é2 efe substitpigdwhi ch

el even 30wsMkther aiHinPakid fdsfivefit r oduced include the following (1) to (12)
am no acid sequg)@%g]s (1) an amino acid sequence in which Val at position
20 is substitut th Len Arg position 38 is substituted with Lys. Qrt

at position 19 Esarﬁplbsbfmabﬁﬁamdmsdqeéncelofw}gtﬂclude&ntanﬂﬁbékﬁds ushdeshi t ut ed

h Pil 67
% oubst  PhlB BesRRmdahegtity BcBEr B tedheliomiot vl fye BOA o, o a
posi t 1bn positien ls’zuwsh iVialy tVablatvpiositioh 2, wmd levaArpatgiosition 382witlsLys,bdn att ut ed wit h

M1, Thr dSlmlS:?? MtﬂL%ﬂ l'ﬁe% a?#?ﬁhbﬁ 45 %wh%%va rp%@ﬁ‘noﬁ‘uﬁ tb?é’%gégpn 97 is

substi t ut no acid sequence epresente | D NO 12;

(2) an anPefifins W&béuert@éat pesitiond§ viith 4lagile pbgqsnmnml\zlth b%@gﬁt tute: with
Val , Arg apossii 72 ®ith 341, ’Fhr &t%%&iohwe&tt étmuyaaa a%’d;tﬁin Pogith TRAINIAe | S

substituted. w th Lou eu substityted with The, Mt at
position #8Y8 %&o?ﬂ?t%?é%?fsaeﬁ? esté%ﬂ%;NZt 5dpire 7 is substituted with
Lys, Mal at posf006dh 68 is substituted with Ala, Ile at position 70 is

substituted w tlblotee e{:fﬁ[caeé%\%lvp%ggtﬁt %02%1 aﬁlﬁgﬁée g CW rthé/ %ln noDu at

position 74 is su 05|t|on I's substituted
with thr #qid seguengess m)wamhdhsﬁx!;lumwweé\mte@eﬁs@utlbylmﬁ@ellmrmced 2: (3) an
am no acid sequgQgg] i N Which Lys at position 12 is substituted with Vid,
Val at position 20, ]s substituted with Lou, G n_at position 39 is
substituted witPPEC wexewf Mptaeﬁswepge%%@tm@tw‘teh The, Met at

posi 200N substitatichst trttwdaded/tnﬂhdaaa arfln® aeid seqQeérice dwhichiLys atipssitidned with
subst i Cut B RRed Bty Vi v & peSison b gRsipstiiedd i Leg bt sou € iy
posi ti on substitsteduhight Lys, Glulatpostiionysd issubstitutedawitipbeu, tlicorat pasitien 4uisst i t ut ed
With Tin{ sﬁtﬁf%d%ﬂ‘?héa%& ES%':&?&;{& is Sis ﬁﬁéﬁ%gthl L, 4 :stﬁ‘ﬂS}x §? 1S (4) an

ani no aci sequence | n posi t1on ifuted wth Val,
Val at podibstityiedovith Lyss Yakatiposi levamwbttebte Arith Ala, Ue) %tnqsmn 9dsi s
substist Utﬁﬂsﬁmieh vhﬂﬁLed—ﬁla a@osmlmllﬁhbéﬁtuteﬂ Wwitb Vil Thi f¢ovikibh 7Phe, Met at

pos|t|0n4 ut ed, ,\wi 67.1is substjituted with
Lys. Val ght%*saﬁﬁs‘“g ﬁ{)%‘tsfttﬁgf g?ltshn‘ﬁféfwttb gﬂﬁtn the 2minoATido i s

subst i tutﬂqumcbheprexentebvﬂ)yeﬁE@HBNO dh 72 is substituted with Val, Thr at
20position 74 Ih@ ﬂlbstltuted with Lys and Ala at position 97 is substituted
wth Tiff int no acid sequence represented by SEQ ID NO 12; (5) an
am no acid sequ¥neeificiexamplesiof theamino peid sequencelof VH imwhichielewead with Vai ,

subst it Ut ilord et ﬁ‘%ﬁﬁgg't“‘““??‘th}e‘fﬂmééﬁlg (D6 (D aRAR eieqtnt: | ot
posi tion (ig é‘l&’o%“tq teatlea?e\ttl% ﬂt@’sﬁtows? F\‘@Ht‘%efijfvg‘iﬁw&aﬁt ed with
Ly; Val ;ajglttmﬁl&ls Qtibsﬁﬁltd:cBwiihl D@ﬁ IGlﬂhepb;\éﬁdnm%bgubdtlhﬂecagthmﬁl Lcﬁ{ht?_(l)_ h| S
subst it ut ed. wi t ion i s,subs ted . , r at
posi t1 on Tt 4B 5 Sthssed e PRE el iyl o bl Rl s (T
with The pqslttomﬁasrsuhstlmwdjwﬁbéweﬁbbampnmséﬁnemusmusﬁ@mmlw " an: 'no
aci d s3eq L&?dﬁﬁﬁ)g'?@ e ﬁtdté’éwﬁ% 191954]15 'aP%bsﬂtﬁ)d’Pz 8 Whsstinfeetd @fﬁh"VaI rnyad . Val at
30 position 20 is su st|t

osition IS _substituted
with Lys,bositiongt ipsahstituged wish Lys andAlajat ntsetaprvt?fﬁ SEbstlmtEé)w élthrb‘bgietl on 45

IS SUbStléxﬂh@dcﬂd"s&cﬁhe]ib@repb&eﬂ&dB?SEQIWNWIZ S substituted with Lys. Val at
position 68 is substituted with lie at position 70 is substituted with
Leo, Ala at position 72 is substltuted3W|th Val, Thr at position 74 is
substituted with Lys and Ala at position 97 is substituted with TMin the
am no aci d sequence represented by SEQ ID NC): 2;




(7) an amno acid sequence in which Lys at posidon 12 is substituted with
eai, Val at position 20 is substituted with Lou, My at position 38 is
substituted with Lys, Gn at position 39 is substituted with Lou, Lett at
position 45 is substituted with Phe, Met at position 48 is substituted with
Ile, Val at position 68 is substituted with Ala, Ile at position 70 is
substituted with |"eu, Ala at position 72 is substituted wth Val, Thr at

pOtSIh t IT ﬁn [0 a?ﬁlnﬁh@ﬁéldkéﬁ&ﬂcé/ﬂnt\ﬁublyﬁ s?dtqboﬁhan ap 1mbsﬁtutéa with V4, Atgb&é'; ituted
W r rn e, n en e an
ani no aci BOUHRR, %ﬁ?éuﬁﬁ%ﬁq &0[9'@ (‘a:{ﬁ‘ 85?‘ Eé ugél g&‘%“eﬁé\m& h val,
Val at popoml(mﬂiﬁ substiutbd wiith Rhe Mat atrpohmnn 4Riigsubbtitntedi wikloHe, 3G gias

bstit ut ed..w iy ilRaSs iy t to. L t
posi 11 on Bl &7 ISkaby e d b v itydah ST SRdh G wibila Bty | (Pa o o
1k, M at pesition Thbis sebstituted M@tbtheuuébcﬂtmilhom?g is substitated Withowali Theat 70 i s
subst i t ut §4 kit T4 is%ﬁbstﬂxt@d ¥thA9S 'aﬁél A A dokitios 9P 5 dubbtitad WitH THSh theT N at

position is substituted wt and Ala at position 97 is substituted

with Tin' anppoagid seahense senreseats &é{rﬁ?&ﬂéb&é%m ed by SEQIDNO / 2: (9) an
3m| not aci (:B)taﬁquﬁmmd Beqﬂehéﬂinbﬁﬁ(alﬂLysf[hﬁ@Eiltl&ml& suBstﬁutlé&RmﬂiNaidVaMat h val .

a a 0S| e u

Val 3t PORMEALPR BB M TGl okt s0EO Bl BRI RS Beb B Lou m

posi t1bn péitien 4lis substituted with theFidet atldesitian 48 @ssubstitnted 8viitslls gt t uted with
e, Ar i 68 is

substi tgtgﬁds1tﬂﬂf¢]’ﬂ/§j§ﬂbs§|§fté§\&?tﬂi§/§ \?él'taﬁﬁjo%'lo}ngi 8215%1&{5 y e‘gm?%l% I&%,t "Thr at
posi ti on Hesition Mﬂbﬁﬂﬂﬂe@lwﬁitﬂ@ul&b ah pesitipm72is Spbeéit‘ﬂtpd)wﬂgwall sThsgbst it ut ed
wi th Thr paviddieramisistianed w1y BreAlLA HBSAM 57 Rysubfifdiled i THrdn the (10) an
amno acid se ﬁce in which Lﬁi’ %Wﬁiwg 12 is substituted with Val,

Val at i x}RIO;aglq ssguenge Lepgesepieq ox at position 38 is

subst i3 ut @J amamind acéd séguencatin pﬂmli Lyt §9sm<m s:uisshbituﬁtedl vahchl L\l at Leudat )
position P tuted wit
o Wy ac PRt R St ES b xduy % e 5 HER Sobyelled Bubtomobaby

substit utp,qsltwnt% isisubstifuted with Pbe, Metmt positios 4& isaubstituted vithi Hch Aﬁeat Thr at
posi ti on Eéltio?l %?%&Bs‘tlkﬁt&ﬂw% gs,'%?a 1ti%|n%8"i§ sMﬁqué&DltﬁKldiﬁle%%'bSt i tuted

with Thr T1n the am no acid ence represented b (11) an

am no aci Epsétwﬂ@dééu‘?srﬁ“ﬁﬁﬂ Wﬁh Eﬂ%tl@ab%ﬁ“ﬂquﬁ 1§Eub5§1“§€£%tht\@! ddirgbsi tion 20

I's sulpst i pdsttrm M ik Buﬂsﬁﬂlted\@ltﬁl Paed AlaQit pdsitib® 9P sRabititue@ it TH ike, G n a

position 39.is ubstltuted Wit position 45 is substituted with
POSi 1 00 8 SR BTl Sl Byt 8o helgalz posi o 45 T Subet it od i

substi t ut@g ammmhld_@cgd seqaéncatin phsiht Lysrat &ition h’lJissubStmutedlMWht\hl Aahat | i e at
iti t ed th
posi tion J{lids M?ﬁﬁﬁsﬁﬂftﬁﬁw}%s 0 d'gﬁig af*h tgtﬁn j’é’ﬁ' Eidlgls‘?f?utzgwltﬁL b U1 S w

Val and a_at position rin M no aci

sequence Rasjioasidris sebstiutesbwithbey, Met at ppgition s ifsubstitated sjthelip Arg At whi ch Lys
at t Eost t i g3itiba 675is §M{%§¥dtédlﬁrﬁﬁiL t\mt tositMg|68§§ subBfitutddoRitZAld, $le%tl?5t| tgt9 ed
Wi €o, posi ti.o itute sition is
A R T MR AN R TR A -
posi ti on pW8ition 7duib substitutebiwith Ligs andeAlaMy paditignog7 isisabstifuted svithlistin thet ed wi t h
Lys, Vat [ [ Ala, lie at position 70 is
.suhstthte noB?t% E%‘%QC%\F?&%F&Q #Ftﬁgi]ﬁggw fSi]SUbStI tuted with Val and M at
posi tion (ﬁ)lafi gminotpcid seguentein whlqby@slahmﬂﬁeora}ﬁ isoubstiteed withdfabe/al alpr esent ed

by SE@ | '%(Mﬁonlﬂ)as sﬁ&gﬁt@éd wiEEEH, Ar ﬁ‘%ﬁ‘ &§383fs shﬁb‘i‘lttﬁgd Wi’th%%%ﬁx%uence of
V1-1 in vhich StItUtJOI’lS st i ced to (66)

i.nc
ani no aC|RPS§’é’&l} H%é stifuigdwith Leu, Leu at ppsition, ‘E*%JH Sé‘éﬁﬂt%tﬁg taAlit, at
posi tion @Ritiod 65UPsibstitiiwith L, Mabat @sﬂoﬁ%Sﬁ@ﬁib‘fsumtbd%thAlas bat i t ut ed with

Len, Len at Sti tut ’>het on 48 is
substi ¢ ursitRRon it PibsiRyedith Ben A bostic a8 Snledf VAL IbER: 02 ' 5,

posi ti on M@Bitios 74iib sulistituteiwith Ls #ldoAlalak poatuorp%',élstsubmm?ted wsths”lihn:m fheut ed with
Let Val , Th t t 74

et P ufho DA T Bl Sp O, S A2 Vel T at oSt Ton 14 e
ani no aci(d) aceuvedsid sgrense in éfhlqbwysmqsqudm substifuted B[ﬁhé'f*ﬁ el atci d
sequence [g3itiehi200s MdstiRkedRTh Le@Arg @t pSsitfHIT islstibstitutvd WithlIQY, Gid 4t at

14



15position 39 is substituted with Len. Len at position 45 is substituted
with Phe, Met t position 48 is substituted with lie, Arg at position 67 is
substituted with Lys, W at position 68 is substituted with Aht, lie at
position 70 is substituted with Len, Ala at position 72 is substituted with
Val ,at position 74 is substituted with Lys and Ala at position 97 is
substituted with Thr in the am no acid sequence represented by SEQ ID 20

NO 120 (Bdsifibn msrt%bétﬁﬁted SAMUBRC Eeh Bt Mﬁiti%ﬁ 4%!61& sxﬁ;tsum Wit® ph@ Qvrdtsat
is sub t|tute Wi Lys, Len at.

substituted with |ea at, pos
posi ti on Bssifin %%sstlbftttwge e, kftflLat mgtloaéfi EtiltBdeﬂtéltasﬂﬁgtu tuted with
Ile, Arg pbsifiesT70 isaabsituied withidul, Alﬂa&@g%ihbﬂi\ 72)/§sub§ﬂtuﬁﬂ VﬂﬂSlej"ﬂﬁaGS i's

i

b |
posi 1 on st 245yt Nk A figs g 475 aipsbiitedMinthind od Wi o1
Lys andl Aeminmtacpbssiquénne réftesenteslilysSEQ D NO:M2t h Thr in the amino acid
sequence g@%%ﬁﬁ £dd k¥, LEE@ H%}ﬁgh Lys %%sxﬁﬁniﬂﬁb%\l{éﬂ%ﬁ %CVal g whi ch

Val at posi'tion |s s stitute posi tion

subst i t ut eesitien 20 i t§3ﬁ§ bstitytgd aithdest Argat pesitip 38 em%tbﬁtm@édwm bys. Ghmat Vet at

IL ti onv4? pt?mﬁ&b@g 1srst13§htwea Rvithi I_%tu Féltg?g sitiof 45 liPSubBtTtuted v$11t!’9Pﬁé tM’ét?g with
yS al a ] on LTuU on is

substi t ut Bﬂslﬁ? Eéﬂbs%‘tﬁg éﬁ‘ﬁllgf?siqu WW@W%@%B&WW@@@M L@&F Thr at

posi ti®n i‘dsmdn 'Hhisshbitinﬁted withtIieul X & aapdsmbmmts substithiicd lwlﬂﬂVal;SH&ubst i tuted

ith Th b 5
\z,imm no a(r:l h@ uo uenlgesul ﬁ%&@‘ﬂ%ggg&%ao%rpfe)%g 981 %’bgtﬁﬁgse m%%tﬁ L( )A?S
at positi @rnlr@&cicbsegmlrcmmtembms&@@ NQih2;at position 39 is substi t ut ed.
with Len. gja%ﬂ aﬂﬁn@é@& E@@né’e’ain'vﬁn&yﬁy%ldttpgélﬁgnwishsugﬁltuéﬁ%ﬁtvaoﬁdltat on 67 is

substi t ut osl t1 on Is substituted wwth Ala, Ile at

posi tion Pesitien %Qﬂ§§t1¥’5tt’t§‘t‘t§él“9\ﬁhtlﬁuLéFE ayposition 38 is subshityiedwathsbiss Gin aft ed with
Val3 t1T5tt1r : p%snikﬁfw}s@ﬁbsmutb& withlIsell Letf &ovikibh 45 YSsubbitufddawitt P]I&S)Mét E%nl 5[9)7 18
supstituted.w 1 r.1Ln acl nce,re Se

Ut LUt el I b bR ATl e bR SRR Bk 341

subst i t ut pabitvart 68 iseubstifutgd stithpds,i Ala etp@&ians72sis bstistitwiedewithiViah Thy st Ch: at

t t ituted with
e, hat Heotoh PAShbIishER wilhs i e doftoR P71 4 BftickRa e iR iyt PO
subst i tut@rammamﬁi safiuence repregenisd Sy tSESAIYNQ:82;subst i t uted with Lem Ma at
posi tamn A?l@ ) bi® amfdSdcid é&lﬁéhdé’hﬁ kkfh‘i@&tL sﬁp?oﬁﬁorppﬁistshwltgtéd WithSVvaDSIal hut ed with

Lys and a.at positio ubstl Thr in no acid
sequence P%‘HP‘E’S%H’ SHoi gg@“ﬁ pIgAL poi‘t?ﬁ?ng s 5ypstiuted |"Y3ms€y&u§'m:% in which
Val3 at poposttmmrB92i@ sulsstmubds wiith WeapLon dtipoticion 4545 substitatedtwitnPRG Mes at ]

substi t ut 0 Q ou at
position lt|Ygs Sux%%ﬁbstt&{t%%w?tmhtlﬁ %f% tpﬁé?gnﬁ 152%1’1? |d(l)l{r?ﬂz’§ﬂ”v§g’ %15& tuted with
lie, Arg pasitpnsid is gubstituted withidda,illei at pasition Wuswbsntuteé vith lpgwsThriapn 70 i s
substj4 ut gc%ttmnt‘,hl i5 S@bstifiltad @'ﬁth12§ bid Rﬁt af %oélﬁoﬁ oP il dubstitGdd Wit TH¥Gh the M at

position is substituted Ala at position 97 is substituted
with Thr tlﬂmpﬁélda*ﬁﬂwcaémesséﬁééﬁé@(}%N@sl%t ed by SEQ ID NO 12;: (8) an
anm no aci d1yagashoacidseghés iv/ahicAtLysaspdsitioh EXisisabstithed ithtval] vahatt h Lou,

o 2 =5 .
Subst ¢ o R R sbakfied MR T A Rodidor Y8 s blleBbe BARITOIE. | Vet a
position pbslttcm b substinttetiwith illeu) ]L&u, atpgsition pH s substitul®d with BhehMet atut ed wi th
Lys, pl 31@19151]8%1% Qﬁ'bs(t:iﬁxtééwﬁl‘f l?l%t éﬁg’;ﬁ?gsﬂ%ﬁ B7 I}@sub%ﬁuféh vﬁﬁ?l&s‘ Vél af2 1S

substitut tute Va at
posi ti on Bopitjon 6§|JB§¥‘?S{‘1£I%"%CHWW1M&T]¢@¢ P@ﬁltlmﬂh?ﬁsﬁbs"%‘ieé %@dﬁ@né@ Fepi t sent ed

by SEQ NGokdion 72(19)sul§'§ﬁnﬂéﬁ%tﬁ(\ﬁaﬂarﬁﬁﬂlkl%ﬂ Ssitich 9WisGlibsvlte@witAOTr in @8 20 i's
substituted with Leu, OSI de% gfstl tuted with Lys, Onl at

posi ti on ¥Y0P4C lf‘S%‘tqnf’%f O:L& position 45 is substituted

Wi E) h Phe, (12Bén ahlm@feids;eqneﬁbs mwhsuht[sylslat pusitibnni 2 is shbstitutddywith Vab $at htf)n 67 is
substjt ute .Vi Qsition .is i BTy ie at 30
oo (1on BUt'2D jkRhsplffte, Ml RRY, A WOl a S ISbIAME itk 1 Gl 1| © 21 S
Ma at pospasition 397s sebstitiited withieu, Lsutdt pasition S isrubstititied ith RhesMgtigthce

represent geiy 4R5Qststinfild witi I(elA{)Q tPBsiftGA BP isAubslitiRAYANCEy MG Val at
position 01 I'S 4s%ugstl#%lut ed vvlhtlh 2t at p(l)SI ti %)n 38 iIs ssubstl tuted with
Lys, G n at position :39 is substit ut el with Len, Lett at position, 45 is

substituted withMet at position 48 is substituted withile, Arg at



position 67 is substituted Mh Lys, Val at position 68 is substituted with
Ma, tle at position 70 is substituted with Lou, Ala at position 72 is
substituted with Val and Ma at 17 position 97 is substituted with Thr in
the ami no acid sequence represe.ntecl by SEQL1) NO 12; (11) an amino acid
sequence in which W at position 20 is substituted -with Leu, My at
position 38 is substituted with Lys, Gn at position 39 is substituted with

Leo, Lett paiitiowss is seastﬁﬁteasnﬁllma,% &tt;{églti%ﬁb 1§3§db§mtu{’@tw16{ LEQAIA hon 48 s

et o 538%5 D sistbstiivied il Vol A gt goSion 08 i1 v i ot eq wi ¢ h

Leos Al a atiqpomid seqoent2 representedlttytSE@IDWO: hl2VaI and Tin at position 74 is
substituted vvitE) i in the am no acid sequence represented by SEQL1) NO
12; 10 (12) an am Ki d sequenceposition 12 is substituted with Val, Gn
at pos¥tion 39 Specifibetantplescf th arhinoeoid seguenae of ¥l inivdnchi®nisabstitusions t ut ed

wi th Phe, g%ﬁtr@c?}uc@@ﬁicidd@{fhe‘"ﬁ)llb%x%@z{d @B? Sling! atcni ée g@ST f@xtexﬁ \dion 67 is

substi t ut S subst Il e at
posi tion 0 ar@ngmectld ﬁ%ﬂueacwmnﬂwrgaat@oap%mﬁ %ﬁstmteﬁwﬁubé% Olygted wi t h

Val, "M Bbsiti6r539 isQibstAuted withIehl Led £Pokiibh 45 YSsubBthuttdaviet PEB)‘MétlaPn 97 is

SuosLt S B et S S s i 57 B SRl ol i, a2 1)
subst 10 ut pekitiert 68 Maubsti’myedimqhwdatllam pBitibs 76 issbitituted dvithi Ldu, Aysat Leu at

POSI1,on 43 FHRSALAHNER WitV M oLt A0S KO dBl B SUBR Al o0 v 1

lie, Ant 'S subS| osition 68 h
substi t ut e@slwrt 917 Nsubsmgeémtb@r i te aring acid sﬁmlmetmmsmtqdrbx_&m 1Bl a at

posi tion 1112)1;_3 substituted with Vai, Thu at position 74 is substituted with
Lys and at’ p05|t|on 97 1S substltuted wth it in the _amno Cld sequene
repr esent@él qighsegpencein whicl\Val 3t pesition 20 is substityted Wi \kfﬁ“cﬁq_ s at

posi ti%n ﬁé?slmch Eﬂsstlbsrtiuitedimwneh & at tlaﬁ49@§submanteaav1ﬂSPlfd,|Mdtat uted with

Yo ot e B R IR M aathh Saibbrdishafly PR ML, 104 5

position m};mcm GRis substited| with tAa, Aleaat pbsleomfIO pombstitoted With IseusAhsau tuted Wth

Len, thﬁs’{ i]ﬂﬁﬂ I is
substl tutg(gcfl 2%5@”& : w Mgﬁ%smo&?“l\{gg%bggstl tut e (ﬁ&?h? in the.
am no aci W%Wn@éu‘?sé‘ﬂft@%é’ﬁbgéf bythsem@mdmuwe remrsgenéﬁﬁilmwwﬂm ch Lys
at pozﬂtZN(ﬁ];_substltuted with Val, My at position 38 is substituted with
Lys osi.tion,39 is subtlt ed wi.th Len, lLea a iti 5|s
shbst it u 0 alempo el sppeste Tt YA Semy ionARn iR viBiehy &% 4

posi tion fdition 3R substitttediwith Llys,Alea.at bositiant 4pissubstivuted ©nﬁhsPhsuh®t att ut ed with
Lett . W \V/ 74

sﬁbstl tu?%%ﬁvﬁ%[‘ﬁg%sg&gn ltﬁlf SM(%diﬁ)?Qu [ﬁllsss%l)a%ntéd %ho%%l h Thu :f] t he
=duo aci dresiipncgicis S\d‘aﬂﬂé@fbmtbdxl%ﬂe%@?ﬂmm 74.8)substiteted MothdedugAlaetiuence whi ch

Lys ags p%sltimzliz sh@sﬁﬁﬁ@@%tﬁ%ﬁ@h}“’hﬁﬂbs}{ﬁh 74As Rbsstituldnwitl Ly Sariubiatat t ut ed
wth Lys substituted with Leu, Len ion 451s

pos,i t.ion
subst i tut@&ﬂwﬁ? ipfebstifpied ‘é{%th H@sm &AM 3cid geasgqqetrenrs%fnmaﬁé{ #ﬁ)@& Val at
positlon KN0®:13 substituted with Ma, He at position 70 is substituted with

b h
subst 1t ot GfARHA R syt 3 3P0 B peiioh 2005 sy lfudl pBE Thh AR, 15 e
ami no aci pbsgEaidnis eubstiprtedwith &4is, Kyin SBEEPSitivINE, it Bybstiutyd with I&m M@t aici d
sequepce %8 St mg é\%ﬂlﬁtlﬁfte@m tllr'c% ORr pté§1t1§ﬁ’ B id sﬁlﬂﬁtﬁgteﬂ"v&lﬁl Mal vai g at

position IS su tuted tron 39 1S substltuted W th

Leu, . LetRosHionas ipsuhstifused Wﬁhﬁéavé PP%IE‘?TEZO WSPHStW'Fé “Ml;‘t e ABRRAi tion 48 is
subs:l tut 1ti/Mnt72 1%'5?33‘[1%6@%1:9%! trhP sk &Eﬁﬁn?ubﬁut{sum%a?ogﬁﬁn sLMﬁi,AIalae?td .
osition st.i e oy, Ala at, position uted w
IR s s et e e s e Btk Sener e o L o9 1
substl tutNO@:Mith "M in the amno acid sequence represent ed by SEO NO 112;
15(1 a C ituted

w D arCom ARl SRR ot W%%*Jﬂsﬁf‘%% RO M B kg3

subst i tutmnmnt% lseldosuumd with bysiGlnehparsic %labgbstmm@mtmhen, ey & Met at

POSi tion #itloh 45UE Sibstittit&lwith Phe,|Ar8 at ﬁ@klt%n @Pﬁ'sﬁbs@ﬁﬁ@c? with [F50% lf uted wi th
Lys, 'CWat position 68 is substittted wth Al a, at position 72 is
substituted with Vid, M at position 7¥is substltuted with Lys and Al a at
20 position 97 is substituted with ihr in the am no acid sequence
represented by SEQ ID NGO 12;




(19) an am no acid sequence in which Lys at position 12 is substituted with
Val. Arg at position 38 is substituted with Lys,. Gn at position 39 is
substituted Wth Leo, Lou at position 45 is substituted with Phe, Mt at
position 48 is substituted with Ile, Arg at position 67 is substituted with
Lys, Vat at position 68 is substituted with Ala, ile at position 70 is
substituted with Lett, Thr at position 74 is substituted with Lys and Al a at
posi ti on Dasitian 6Rissubstieted wishtAda,Nie atpositien 20 is swbstituied il dda stepr esent e$

by SEQ NGyds¥ion 122§)su9§ﬁt€t€a Wi’m%! Chﬁﬁﬂ;bts’sﬁfcﬁ 74ns Whstifutdd/ witR Ly PQ&d Ala%'i:‘ 12 is
substituted . wt QSItIOI’l IS substituted Gln, at

posi ti on Beition ¥ §Pb%tmte<a“wt Elbﬂile argRp %&1 wélp@qedﬁprseenigdvﬁvu%@ ¥Put ed with
Phe, Met Nt)m}smlon 48 i s substltuted with Ile, My at position 67 is

substit ut wlth Val at. pgsi.ti.qn, 68 ubsti t.ute i th a, |lle at
oo t o ) af a4 sxiendt stV Bupositah FHEhbsibES wib eutAfar i awi t b
Val and I\/posaﬁom”i&msubnmuﬁed wsths[gb,s(ﬁhtaﬂpeﬂnm 3%is Fhbstituted wéthdveunbewati d .
peauence HABIGSAN St SE R BEMicb8iion 44 ARSI AEGARRC 1 which
subst i tutwltwntdﬁ ispubstigyted with gda;ille as pogtion 0 mbstitm@de‘dﬂmtuhALw Len at 19
BSZI Lo B L o B g o e ot wi 1
h e %PSB%%H 1§ ubstityt gc? gi%tﬁ‘r i e amio 3¢1d 3guenqefepresepirg; By @%55;’5

substltutN@mth My and Thr nt position 74 is substituted with Lye |n t he
am no aci eguence. rep resente E 2 equence
" Whi on ) BTEERCE] FBRERSh Stk v patiionaq i Sl e Z B 70 00",
substi t ut paitiont38 ik ewhstibded with pys,iGlnanpasdtions3Sislssbstitwedwithilieh, Rhest Met  at
posi tion gfidoh @%Q%ﬁﬁsgghé‘dj% %ﬂt I'N/I@r atg@mﬁ&h@@Afs' shbﬁi’cut@& wifh 15! R%%htt uted with

Lys, Val ‘at position tute posi’t1on 70|s
Subst S utRasitigna] is gubstinyted with Lgs,Jlesit ppeitio 20 ;@ubﬂﬁs&eflmﬁ@eﬁwﬁhﬂw "M at

pOtSIh t } Ion pokition mbsﬁbswitaﬂw%w ma@wltﬂhma% Slgﬁﬁtutdgégtﬁ sa&ldsubatl ;;Jt ed
Wi u-_i .am.na ac uence re resne an
ani no ac&?sg’é’&[ﬁdﬁ subs ﬁ“\fxﬁd Wﬁﬁﬁg natfx thc Seqyencs I%B?P*EB&YN%]? h Val, SW
at positiNG@:12) is substituted with Leo, (M at position 39 is substi t ut ed
5" subst 1 Gl bainorRe Fabbip ifnich (i RERockib iiliteq GLA LR AL D7 T
posi t30on mreition 3§ubsmb8t1mt¢§hwm1 Ms [(do at pesition: 3%is substibred withdeyulbaatt ut ed with
Ubst 11 Uty ony bkt §ith Fht, MEGH pSion 19 B SBIALE WB IR 00 1D nov
2, 20 (240sdion lﬁsubéew‘g\w@gxeg’afﬂmaﬁaﬁeﬂ%&s sbsty @qutw@hg%z%sasubsu t ut ed
wi th Val , po¥ilondR ip esbistituted wiih Val, TUPSt pokition 4 4 §dbsﬂuetéd VathLgs andQslaat on 39 i s
oubst1 4 ) kot PR Al PR AN Y 0 2,
Al a, 25i e MO:1gpsition 70 is substituted with Lett, Edo at position 72 is
subst | tUt@gaMﬁlo\%ld éeHﬁexﬁ:g 119%}]&1'\%'1‘ at7ﬁbsit%n320tI§ Edbsthed With Relyrgapd Al a at

pOSI tion 7 1S su e am no aci uence repmsent ed
by SEQ Na@osition 38issybstifntechwith Lus i@n ahprsifion 39s sphstitpted wgb(iﬁesquqaén 12 is
substi t utealitiohtd i¥adbstitiedd with PREINIétR 8@n¢:§4ssislsabstitutwd/mm11ehAkgaa Gn at

T B
e 4 on is
subst3i0t utmadltmnﬂﬁ ifbubstitutedawitip bew,Thoat positios 74 ihaibstituteddvieh Eys dodiAla atAl a at

E;’:' tion &ogltfo ﬁ%?&%ﬂshfﬁtt@m}ﬂé trgl‘u]\éqtl ?AY[ tcldoﬁhéx{fg%p?“se %d%g%‘iér%f atneg W th

sequence N@ﬂﬁesent ed by SEQ ID NO 1"; (26) an amino acid sequence in which
Lys at pQ$dydnOinihé abid ssjsick thBQh"VaI & pésition Y0 iddubstituted with Leu, Arg at

position 38 is substituted with Lys, Gln at position 39 is substituted with Leu, Leu at
35 position 45 is substituted with Phe, Met at position 48 is substituted with Ile, Arg at

position 67 is substituted with Lys, Val at position 68 is substituted with Ala, Ile at

position 70 is substituted with Leu, Ala at position 72 is substituted with Val and Ala at
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35 position 20 is substituted with Len, (M at position 39 is substituted
with Len, Lett at position 45 is substituted with Phe" Met at position 48
is substituted with 1k, My at position 67 is substituted with Lys, lie at
position 70 is substituted with Lou, Ala at post on 72 is substituted with
Val, nit at position 74 is substituted wwth Lys and Al a at
positionsubstituted wwth TM in the am no acid sequence represented by SEQ
NO 17, (2p9sitiom Yhissobstituteld svithy Ttin @ethe amido alid keguente rppresentadrbyl SEQ $D
substitutgeh.y4.t h Val, Val at position 20 is substituted with Leu, On at
position 1'S substituted with Leu, Leu st position 45 is substltuted W th

Pbe, Met @il) posmirogsidigqnence iwhichiadat pasition|20ds substiptest withEee,iAv ab7 i s

substi t ut gekitdrd 38 ﬂs)éﬁbsn\t{i%éd Hith ¢ 2§'Glh%g_@s?’udrﬂﬂéQﬁﬁdtﬁﬁt&@%ﬂ‘%ﬂeﬁ Pheat Al a at
position 2|315§0‘l§st|tute Wt I on is_ substituted with

Lys and APaSitian $isisubstinted with Phe et %ﬁl?@@&owg 1§ ustitpted pith Beridsg atici o
sﬁqUﬁnEe p@w@s&n”&eﬁbdﬁm&w@m.g)s{@ti oglt(oat&% istBubatitutel xaﬁhAIagelelaer ceol n

ich Lys_a n S ut ed. wi is
subst i ¢ AR s sibbekied Ry 08 A g oyt P Bubsd Bea B F ey 2
posi t| on pdition Blib substititetiwith igs ivbthe advdirio avid mqaéﬁdeuepré@nt&dl:mﬂﬁi)i[l’t)ut ed with
lie, gocffjtlon 67 is substituted with Lys. Val at position 68 is

substltute wth Ala, fie, at 15position 70 is substituted with ten. Thr at
posi ti®bn @2) praminggcid seguenceiin whichd ys atipositionak2 is substifuted withVal, ilnet i t ut ed

with Th(r]I d;bdhtwﬁemmsﬁ&uaﬁécﬂwﬁﬁ%ﬁ NG &t RGBSR RGubMitaE@wifR Mie, Mt at (29) an
am no a

e i.n.wh t positio itut wth Val,
val at po%‘?sftﬂ)&n‘&éés @Eﬁ%ﬁwtﬁ ilfefgrafatpﬂsm%& @SHb%ﬂfutﬁgwﬁﬁ §3
substi t ut%ﬁlﬁluntds ib suibstituted with POS illeia Postfior B0 BWhbdtithted a@kh\g@enhmam Met a;
pOSItIOﬂ e I a S n | S tjtute
wth Lys %ti()%a? p s%xpug ddg@’vg]l g'hlo%ttﬂotsﬁitogg“ "ﬁ’ {,&iug% %}'S aﬁlcs%a |Jf)n 70 is
substli% ut pasitiont97 it swhstinited with pusint tho amit dcid seqbentce representedibly SEQ IRnd Al a at

position ﬁ@ j>s substituted with Tht in the am no acid sequence represented

by SEQ ED NOL 9;, 25(30) at ami no acid sequence in which Lys at position 12
i s substi@d @Harmrlpwcwiequ%ﬁ ilywhishdivs popsition; 12 is sebstinted m}h\m Rrgalu. d k,

at t Eos; ltlpmlti’oa 38?3 SubatitutddNvRE Lyd, Teu laepo ; séth?msai@ sﬂ%ﬁﬁtéd)mtﬁ?hbSMSL&istl t ut gc;l
Wi ile |ssu5|u pesition

i s subst iRt Bﬁlf Rqﬂ_b@ted\}é{# P?%'ﬁorbg?‘ss SEE‘BE?H‘?{?B?@Q%\RAEW g\l a, |k at
posi t20on ri@moa (ﬂubsuhstltlnezﬂwmhAln, I[leat pailitiore0 jsasbstitwied WahileusAlasti t uted with
Val and T b aci d
sequence l;rljrelfgf;% Ee]ségf E{g’%t) %@wmﬁ ’%‘%Sﬁgﬁy\%ﬁrbﬁgﬁégyeﬁ Vblgj f‘% anﬁrRlQQtl n which
Lys at pdxisttion 971 sub§t1 Wwith Theig thg mnmvas:ld sgauenge repsesenicd rbyﬁEQ P
substitutg:tth Lem Arg at position 38 is substituted with Lys, Mt at

Rl SR TR SR e T P
substast ut;mdltwnBlS it substithkeal with pgss iGlh atpoéRion39sisl blﬂistltuﬂécbmmj[bh, Meiat Du at
post 100 o BB HAECL D e BOIALEy BloybRRRELLRR 34,y ppubst it uted
pos1t10n 68 is substltuted w1th Ala Ile at posmon 70is substltuted with Leu, Ala at
position 72 is substituted with Val, Thr at position 74 is substituted with Lys and Ala at
position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
30 NO:12;
(15) an amino acid sequence in which Lys at position 12 is substituted with Val, Arg at
position 38 is substituted with Lys, Gln at position 39 is substituted with Leu, Leu at
position 45 is substituted with Phe, Arg at position 67 is substituted with Lys, Val at
position 68 is substituted with Ala, Ile at position 70 is substituted with Leu, Ala at
35  position 72 is substituted with Val, Thr at position 74 is substituted with Lys and Ala at
position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;
18



(32) an am no acid sequence in which Ls at position 12 is substituted with
Val. W at position 20 is substituted with Leo, Ara at position 38 is
substituted with Lys, Len at position 43 is substituted with Nitz,"Arg at
position 67 is substituted with Lys, Val at position 68 is substituted with
Ala, lie at position 70 is substituted with Len, Ala at position 72 is
substituted with Val, Du at position 74 is substituted with Lys and Al a at

1->ositi ?mﬁéniaﬁﬁwm% kﬁg&% mﬁv&ﬁgcﬁ Dy's dt Bodifien 8MisNAbstRhEd SEHURN ,Q{Q:[gﬁtl_ :
represent ea. . A N an amn acCl se en I N._W S a
o T on! Bosifidn HisQubiiet Wb oGin & hpSliph 59 AP s B LA Eet ft it b i th
Leu, Arg posithas43 iscab8Buted withiRtic] Mat sihositioh 4ByssubktitedtwitoHe,tVabat 45 i s

substituted.w th, Phe t ;at.positign 48 is.substituted wth,le, Val at
oot i on Bovitbi g Etpeita RepRts; e Ahesifeh 2o R PRLIMBE AL A4 8L oa Wt
Len, A a pesitss72 isonbstituted withpéd,i Frumbpbsitiant7Aiasybstitutedawith bg andAlazt | s
Subst ¢ Ut it 0 Jsktiflodinne BRSellih 14 ke eibSehieunhdh 1 SHOTHY [ 0 ¢ he
am no acid sequence represent edSEQ NO 12; 34) an am no aci'd sequence in
whi ch LysN®1%o0sition :12 is substituted with W, Val at position 20 is

s Ubfst i tut glg) ¥h bﬁn};ﬁfac% Q?lueﬁde_ iR ﬁﬂig}i &7 aﬁgoéiﬁmﬁ @ﬁtstlbsﬁt@tﬂ% Wiﬂ)Wall_,)g&tg_a%-G}[J ét t
osSI Tl on .S S e e. a 0S 1.oNn | S sStitute
PoTh | Lo, Rvifich S8 Sbiera il scbl obtition ao Barbinefoe S rua L8R 1 on 70

i s subktipasitéeh 44 isisubstitutéd svithtPhpolet atgosifidn 48 issubstitutediveth Ié,tArgeal , Thr at

position . b J g t . OSh Lk . 2l ituted with
Thr in th éét%&n%#féﬁ%&fg&etg%%& rg’rs ’(I;%ef%@g% @3} 7%5/)8 %Eghﬁ%d%étﬂlgeﬁ %?iéza@fn anm no
aci d sequpgsitéon 72 isisubstituted withMal, Jdws at pasition4iis sehstistéd witk ysandANak, Val at
posi tion gllitich FHRShbSUIES with Thr kfthe aMinPdci®@SJubh@tef8sdnfedPSEQ Yt €d Wi th
Lys, Lou ﬁb osition 45 is substituted with Phe, Met" at position 48 is
substituted-wth Ile, Mg at position 67 is substituted with Lys, Vol at
posi tison @8) as amitesdcid segaehcsiih Whithal.ysAt ositiondISistsubytituted wdthSahHrptatit ed with

Val, M at posifdon., 74 is substituted w.th,lys positign 97 is
subst i t ut B0 b A5k S AP Rohon S P R BRE LS 30

NO 12; (pB6iticr Seisismostianediwith Phedet atposition U8 isysuibstitufed svith Ibe Atg at s
substitut ed.si tdy Vaj i i\ | i - M Arg at
oo 11 on Sbiur 47 i¥Rtbsititcd A RS, VA Ao sl AREAMEH NG AR 008 wi th
Pio, Not BRSGo9STA I svbstifiedwlh il e piapsitiontH ipetbslifuedavith by andoagy |
substig ut geitintdy is ¥bstiitedivitR Tt i BB aRiSnd i sddtbndeeEsemddbySEQ IHle at
posi tion § S substituted with Leo, Thr at position 74 is substituted with
Lys and AR position 97 is substituted with Tin in the am no sold
sequence (l@paresmimbedidseqEiie ibDwliohTs at pdsBion Enis anbstituted withSaljheget i n

whi ch Ly . OSiet:l 2 1S t A ; iti 20 is
Subst i {1 e ip Sbsffed %@tﬁ‘i@%ﬁl&%ﬁé’s&&% 9 3hwseibs BIR L0 0 a
posi t i on RRsition 45ipsebstititeciwith Phe.Aet at pesition 4pissubstisnted svithlles g4 t ut ed wi th
11 b ?5? fﬁogﬂﬁ)i}(é?‘ i/gl §ut§§?1}_1|iet&i \t%ﬁi?i&_k,t\!%‘l Etcb?%dtfoﬂ dsxisubyf&uttéaéwﬁmﬁt, Elerat 6% i's t
substituted, w Al a, . .poSitjion 70.js _sybstituted ) e a a
oot 1 on B8N0 yipsstliiedivith LRvTF Spmstien J3dt Sypsaristontio by SCuat Tt it ed
w th Thr positione7assutstiatedivitk Quehicthe ampiocRthieqderey réfregehed by SEQ (I38) an

am no acilgos,]%quence in which Lys at position 12 is substituted with Va Val
at position"Z0 is substituted with Leu"Arg at position 38 is substituted

wi th Lys,(20kan aminopeisi seijusnca B whichulys at pesiten 13 is sulptitutedwith Yal, dag at i on 48
i's sufpst 'ﬁdditﬁ)ﬂ 3015 BulstifatedWiih ?Jksﬁwgﬁ'af P%‘i‘ticﬁx@g 1R sobsanlted WitRdew Ldn dtys, Val at

position 68 1s substituted w at positjon 70 i.S substituted with
Leu, Al a ROSIionASHs él.lbswt?%wghBb@,iMattaéle%E&/msuaﬂameg“ai lffbéirg fon 74 is
subst i t utRMititinte7 ik Yisbstitutdd WitR Iy §) Vablsl fbsHRE 68 € SubsBtcISeith Ath, g aBR? | D Nal 2;

15(39) an_ami nq.aci ugnce_ 1 n ich S .at. posi.tio | S S tituted
wth var Posiono TS SRR Lot AR af posHeb e SR LS G Ve SR on 3 1 <
subst i t utpeditiontd7 ik yuhstitated with fibsint the am8® dcid seqbeice represtntedtbly SEAUID At i 4 at
posi t3|,' on I@é.lizs substituted with Lys, Val at position 68 is substituted with
Al a, at position 70 is substituted with Len, Ala at position 72 is
subst i t ut(@d) s arhingarid seguesce frowhichdiys Aypasiionylzss ismﬂlweﬁmth Vel drgald Al a at
30 posi tiRitidA I8Ss SutRGIdIWVER L?‘S,td]nlé(’f positidnB® 8 GhREnAE] With EQUENGFat
represented by SEQ ID NO (40) an ami no acid sequence in which Lys at
position 12 is substituted withval at Pbsition 20 is substituted with Leu,
Arg at position 33 is substituted with Lys, GMat position 39 is
substituted with Len, Met at position 48 is substittitm wth Ile, Val at
75position 68 is substituted with Ala, fk at position 70 is substituted
with Let, Ala at position 72 is substituted with Val, Thr at position 74 is
substituted with Lys and Ala at position 97 is substituted wwth Thr in the

o M. L e~ 1 NN R 1IN AN



position 39 is substituted with Lcu, Met at position 48 is substituted with
He, Am at position 67 is substituted with Lys, Val at position 68 is
substituted with Ala, Ala at position 72 is substituted with Val, Thr at
position 74 is substituted with Lys and Ala at position 97 is substituted
with Thr in the amno acid sequence represented by SEQ NO 12; (43) an am no
aci d sequence in which Lys at position 12 is substituted wth Val, Val at
EISI ti %n 29?slﬁox§48)ﬁtsub%ﬂ9t@t€dwlﬂ1@h%eMem oaaTutoﬁqsL iid élib@tlt%&dlvﬁltlﬁll@&lrgtaﬂz gd Wi th
ySs. n a jon [ W eu on is
substit ut 8‘&5‘%? W Bi SBbSWQ %#th‘@*i“qns“s'ﬁﬁgtﬁf‘f‘ﬁ?‘gﬁlmﬁﬂ_ oA val at
posi ti on p&sitien mjissubstmmwdimﬂlthuAAh at pbstion 72 Bobstituted with Vad asdibhtatt ut ed

wi th Lou, oJhofa RASLAR dn1Ss i B8t 54 WdindeBp A0S & goiBS L on 97

i s substi am no aci d seguence re presen y SEQ NO
12; (%4)N&hlZrn' no acid sequence in which Lys at position 12 is

substi t ut ?81 ) ¥h bRinddcid §€%1|ueﬁée 19%1'161'} l%@ azﬁoélﬁorﬂﬂors%{lb&iﬂﬁt@&i “)N.ht‘}‘hl Leyakrg at

position IS supst]tute osition 39 is_su bstituted with

Lou, Met BesitiRissQissHbstigute wam mfédpovmpm  subytefuted WilsPhe detey i s
subst it ut pekitidri 48 is\sabstiviabd alithARSAtd a@oﬁaon S7$$Hifb§ﬂ1ﬁ1tbﬂ&ﬁﬂvl§rshV£llai lie at

t 70 bst tituted th
Ual and aperiign G Spbaiue vt ale e iepiniBaf v Bubsfe et ARG acia
sequelte pesitiasEhis sdbdtiyut&E®ith VahDhi 2t positibh)74ds sutstituedawithl Lgeapndehlaat i n whi ch

Lys at po

Subst i t ut é%*ﬁmhﬂ% SUBseRHOE W e AhtPloid ot AR AROD G | o
position ¥9:1% substituted with Len, Met at position 48 is substltuted W th
fie, Arg @b m&hiﬂooaalc%qhénc%tmw&m Qt slithanms sM?sltmﬁéd malval ORI &8 IS

substltuted W t i e at [ i ut Al a at
posi tion B! itjqn &fﬁéﬁﬁt‘ﬂ{t%w\‘/ﬁ’ \fé‘n aéﬁﬁs“??n g?t’ct}“ﬁﬁ “’7% Ireél’ t’fﬁ)%‘t i tuted
Wi th 1ys positidmetSisisulsstinaediwith qepAeat position Gﬂi?gbhﬁuﬁﬁalﬂﬂ,ﬁﬂlﬂkl Oﬁ) Valn
am no aci | it ut th Va
Val "t “polt RIS SubsRalt i e IS 115 B, Pis it Samielh gt |

subst i t ut pasitiant 72 is pebstiGited mthb/als'l’hrmupoisﬂlons749ﬂ51d1§tlmdedlth\LY$1an_d)%ﬂa aten at
POSI 1,01 kil SHEShndiEhyth e e bl 214 4RIRE Lo ABARALS TR Ut o0

with A e at p05|t|on stltute Ition 72.
IS subsUNQﬁ’e’d with Val, Thy at position 74 is substituted with Lys and Ma

at poxi ti@a) & mhﬁuo?ddhﬁiglgﬁéﬁce% which I8 &t pavitidnel 288 stsstifgediwsth VdE VaPat

ted.b 47 L t
boot £t on Hopieh 2D mstirledvige LAAGR = Rpsiih SEisspS R Nie hun et e w e
Len, Avg psitpnsiStis subsBifutedswith Bhe |Argtaeﬂosm¢m611y$ubsﬁtute¢mibd$’5,waiat 39 is
substi t ut gt § Egﬁﬁstmltgd'wﬁflAhﬁ)aPﬂe at 86%;?&1 ‘((fls%ﬁps?ftﬁttt&'%fgﬂiﬂ@utﬂ a4e At at

position 1S substitut posi tion s su stltuted with
Len, Al a Resites 7235 sybstiried with Val, hnatmosition d4 s substiaed Wity | Fysanddait i on 74
it SLQ@stI poditRm M ib Bublsrtut@IWithNTar R the Bhiro 27 quére Fepr8denicdHBBQIH Tin in
the amn ﬁCI d sequence represented by SEQ I D NO) (48) an am no acid
seqguence Mhi ch Lys at poslthn.2 is substituted with Val, Val at position
20 is sub@st) andmihowicidselyadrice iWhizh Ly at position3 is sutstibsed Wuhé@ll Watdt Lys, Gn
at positi SL, stituted
Wi th The }90%}5%% J0Ss §ﬁ%§ﬁ{dtédé\%lﬁﬁiL (E, Eo%l&(gp3@{sh8€s§ftﬁtle@%ﬂﬁ[eh édj%‘ll on 68 is
subst i t utmasitiont4s mswbstlmt%d with Bb@nMetcaﬁ pmtl¢rs4&lsk§9b$tttutpé ovithilleh Vekat, Thr at

pos' tJOon ;70@1&0% @‘{E’%Bshﬂft&ﬁwﬂh I'\Ifh ¥t pokidH o ﬁtsu&‘?ﬁdltéd Wf'thq,%u' ﬁlasa't'bs'[ i tuted

with am no .aci nce represente 49) an
ami no amRPSg@&J@H%éuhSHWﬁYYﬁhV%TB{ at;p@gl.tlppaﬂ lﬁ@bﬁfgtugeéam %m@éw%h val ,
Vat at posdsitiodrn739 substitiddswith Thei the aiinoGeid selylerdt répasdehied by FEQ D
substltutﬁé th Lys. Gn at position 39 is substituted with Lett, Len at
position s substituted with Phe, My at position 67 is substltuted W th
Lys. Val (@6)posninbanidé8quence ihwhichliyedt pasttionAlds sulistibitet with ¥, Velat70 i s
substyst ut.ediinh bl ; %593 l%ecﬁ&nﬁ’pﬁﬁ 1(’319% ‘Zé‘sldgﬁl ﬁ*@%&b&*ﬂ&t@@%mu}n’& gnd Al a at

p05|t|on 'S su acrd seg nce represented
by SEQ | posigonas5 is swiituted with Rbe, dd¢tt ppsitioned§ i substiswed yathale, fegsati on 12 is
substi t ut/Rditithtd? @@dbaﬂﬁ&@«tmm 4, Tle QP p@fitidrS 7614 REbdtHnktb@ ithiTleh Amt Arg at
position 38 is substituted Lys.at 20 position 39 is substituted with
Lou,.Len at position 45 is substltutedZQMth me. My at



position 67 is substituted with Lys, Val at position 68 is substituted with
Ala, Lie at -ubstituted with LOU, Ala at position 72 is substituted with
Val and Ala at position 97 is substituted with Thr in the am no acid
sequence represented by SEQ Na 12; (51) an am no acid sequene m which. Lys
at position 12 is substituted with Val, Val it position 20 is substituted
wth Lett, Axg at position 38 is substituted with Lys, G n at position. 39

is substi p&tﬁﬁxﬁh vd ishubﬁitﬁtedh@@l\&l mest pdsﬁibn‘rﬁt ik sutsstiaéd Mth@.s}s whd AlaRitl e, My
Val.,at positio

at positi thL tituted
W EhCA o, B PSSR Y e eping e SRR PR B0 I 727 s
substitut N@:4@th Vail and T|n at 30 position 74 is substltuted with Lys in

the am NOCAShASRANERSLsIRBRETRNAh K% FHRINE 1R ioubditfbg a1y €1 d

sequence |n osition titute

posi t |%n pesitien %QJI@§PP&tmt wihilieus Gln at pegjtion 39 isssubstisnted avithsLay, by At ut ed with

Lys, ﬁ&mmﬂs@ﬁbﬁ@utb&m%blmt a&q)ownbﬂ 48 ¥ subkipitedtwilORe, Wr?'ﬁt 45 Hle S t
a

substltuted W t 48 | stitufed wt
posi ti on BeFitiQN @uﬁépbwte%%tlwsi\@i at positign 6§d§ ﬁ‘?qsanlt %Aé% Rt uted with
Val , 'tl)'hr p&bsﬂilgﬁm lsﬁﬁl_)l_s't'ﬁuted;wﬁhh&l IT&mhepbsilbié)&lWﬁs S'\Sbs&ﬁtﬂed%ﬂh &ys and)A)lstial'é IEC()Q n NQO 7
IS su stitute 1 I am acl S ence r

5apotigondt is Rkt d wl e ) R ol LaciE GRS RO AR B QD

substlQut @:W;th vat val at position 20 is substltuted wlth Len, Ars at

posi tion %% ) bt amiRdcid %éhﬁglc\é"l%@hﬂiysgtg?ﬁtﬁl rgﬁffstsbgﬁnﬁgd mwwatut ed with

Lea, Len p05|t|on I's substitute osition 48 is
subst i t ut BRFIHGN 3D issubstiinied with §eu; Glnt pegtior 3Q insubstituied avith kew. hewat Al a at

EOSI ti gn c%ltk{h @JiBS?bﬁluit&ﬂW%me\ﬁkt a{t-ﬁFéltlaﬁ 49 @Sdubitftited 4vithSIlE Weg bt t ut gd Wi th
S an a.a it itute aci
sgquence %sbqoé’se Sﬁ}?’@éﬁ“ﬁl&?’ @aﬁwsttﬁ)ﬂslgsdﬁs'ﬁ%#ﬁ%‘g‘&t@?‘é %@ﬁce in which
Lys alt5 pomositiomi701i] substls.uéﬂsmm lieeoTtwiat position Tis sabstipated wiithrLy2@nd Ala at

substi t ut t LM?(? §n at
position 1t¥3§1§;71%9§i?s€1%%%$%ﬂﬁﬁ}[ tﬂga%%bdfac &%@E@cte'f%&g%eff@% bs tIut ed with
Phu, Met MO:Xssition 48 is substituted with IIe Val at position 68 is

subst i tUtg‘l ) ¥ Arlin®lRid 429 uﬁiceﬂ?ﬁthic‘h%’}s%@ sptichHHSik 'sﬁEthlﬁﬂed’Mth Vta?'Val A at

posi tion ls ubstltute and Al a_at 15posi ssubstltuted
with |hr Pasit ‘Wez PR?‘%E‘F‘&%&;&&%@%‘BB%%@ @c?“ggl“&%g & (55) an
am n@aci p‘bsﬁ&gﬂﬁﬂ@@ub;hhﬁéﬂ%Pﬂé Maiaﬂpbsmoxim; is&ubstbsﬁedtwitlﬂtb Wrg bthaI : Valj
at positig t wi t en QS ti | stitute

W th Lys, O%m% ad[ﬁf)igéb ? {Luée&]\gggg‘gs V%t!)gttqo{sﬁl[ogg%ﬁ flﬁ’ f%’%edo‘flé]ig‘éaf §1Sc'ﬁlsl tion 45 is
subst i t utpasitiont79 iPsehstitused with 2enoslatat positia 7sis substitutedwith Vil and Alagt Val at
posi ti on firloh syl Shistitkfwith (e Al the abd R1d kice Wprédlinted pputed with

Leo, Ala at position 72 is substitut and ‘Ala at position 97 is
substitut®@:3%th Thr in the amino acid sequence represented by SEQ NG i 2;

\a/tvm n;zsam (G?Fﬁﬂﬁﬁﬁ@&cidbeh}ﬁ&r@h umeoﬁtLtyEaEpdsitm 12s issbstitihed wtthtvau_vm ath Vat.

a oSl tion e | S
Tubat i © ookttt sRoshiteat it TEG, st pogfon 4 BsBbrlBRA YRl LhEet Len a
posi ti on ptBition 45Uk sybstitutetiwith Phe,FMet at Mmmen 4ppssubstivuted vithdles Abgat t uted with
tie, Val. el t 70 i

le, Vva eogft i k\?&tlﬁﬁed with ¥, %\{ali %@ﬁ%ﬁﬂh%‘ﬂ f%tﬂystltlu'te% xgﬁh Rf’i ik iaPn IS

substltut 1S Su and Dr at

a
posi ti on Prgitjog 7§ub§‘@hsilﬁ¥%ﬁwﬁhiﬁ u,|Alg at positian Znis sebstigyterhwith Vi éb?%%gﬁtaéd by SEQ
| D 3G0NO pdition 74 is substituted with Lys in the amino acid sequence represented by SEQ ID

NO:12;
(31) an amino acid sequence in which Lys at position 12 is substituted with Val, Val at
position 20 is substituted with Leu, Arg at position 38 is substituted with Lys, Met at
position 48 is substituted with Ile, Arg at position 67 is substituted with Lys, Val at

35 position 68 is substituted with Ala, Ile at position 70 is substituted with Leu, Ala at
position 72 is substituted with Val, Thr at position 74 is substituted with Lys and Ala at
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(57) an am no acid sequence inwhich Lys at position 12 is substituted with
Val, Val at position 20 is substituted with Lea. Arg at position 38 is
substituted with Lys, OMat position 39 is substituted with Len, Lou at
position 45 is substituted with PS, Met at position 48 is substituted with
fie, Arg at position 6? is substituted with Lys, Ala at position 72 is
substituted with Val, Thr ,:tt position 74 is substituted with Lys and Al a
at posi ti qsi#iéni9g.is SRSt EE THY TR athinb RcidReq@iic & fepadskited B SENCED
representi\gotié SEQ I D NO 12: (58) an am no acid sequerae in which Lys at
position substituted with Val, 4ti at position 20 is substituted with
Leo, My at@Pamidmino adid sb@xe&udsﬁi\ivhmh é,sis ati pobitiby 92 1Qu’msaﬂqucmth Vanvaati s

bsti tut . et at
Sube )t Ssitoh0 Rl B PRAL B R ARl AUPSISHSA R s Wb 11, 21
Lys, |Pe aosition#iipsubsituted withBhd, Aug etcpcmtton messummtﬁwm&ys, Vehat74 s
substi t ut edsibh BS l@'ﬁ:béﬂ%w&'ﬁﬂﬁ 1aPfle ht}iﬁdgﬁlo%mﬁs %ﬁ%ﬁ éd‘&vﬁﬁlg L8 tAladr in the

am no aci d sequence represente 59) .an am no.aci d
sequence PASHAR JA 19 Spbsituted yyith Y‘ilo‘ﬁhflaz ppsitien Fh s Sﬁlb’itéﬁlte%“ﬂﬁ Iypand/dia at;

posi tion %asmsn 9nhsdubbtituted With Thrlift the dviglo atidReqientOrepesientsd bYBEQIIDUt ed Wi th
Lys, Gn position 391s substituted with Lett, Leo at position 45 is
substi t ut th The, Met at position 48 is substituted with lie, Arg at
posi t i16n §F3)iam asrubeaéltltsecpd:nm inhwhiyls Lyd dteositiop @2 iig étmstltﬁ&divsltls\msv:iltam ed with

Len, gémﬂB? z&) H%Z@m{ea vﬁiﬂpféd M’é gtgp gftiton 3¥% sx?o@gmﬁldawﬁﬁ Pgéj ibh 'agn 97 is

SUbStI t ut ence represe

1\ 10: 12; Pe8HPn 44 is wbptitytedarith glmh@ﬁe@pqsmom%dﬁ substituted Wik flei Vi a&z is
substi tut ?@sﬂ’i‘bﬁ Bs ‘i@ubst‘ifﬁied%tlp i f1é %ogﬁohﬁo%ﬁﬁ;shﬁl%deﬂlm&h AJQB& Arg at

position 38..s tute Slt on u uted W th
Leu. Len 2PSifigR % 1ot ﬂ@“feg Q"‘l taéaowl?%%l)'ﬁéu ?%‘t‘te W‘E\J@fﬁ a4¢g is
subst 1§ ut @dsfﬂbﬂi b7 is substhu@datithoDig ih ki anfifo b&id Sedihid tehademed by BEQ,IDI | e at
position ? substituted with Lett, Ala at position 72 is substituted

wi th Val p05| Ton 74 is substituted W|th Lys in the am no acid sequence
repr esent €y agE® ki sqqpence( i@ WhielnLyd fR@ositipn 12 éxcpwbstitetedrwithValhValpt  at

posi tion lngsdlén §G'Esstub§t @:I K sulgbs % k%atgﬁgltﬁﬁ 3@Q§§1fb'sgﬂtc%%ftl§L§§J@,§ﬁ bf Ut ed with

Lou, flag at position

SItion i's
subst i t ut @eﬂtm i iseybstituted with RPhes Met atpositiond843, Bﬂ’tstltuﬁﬁde‘ﬂltgl leAnged Mat at
25p0osp0i opodon 67 &UdaB&tithtéH Q\ﬁthV!L)Ishllé htepositiodl 7atis ﬁfb%tlﬁmrwﬁl? Lis Aabstituted

with Lys, tlon 68 S|tute t n 74 is
subst it ut 8881%"% ?uz %%Hat% tha al%ﬁg a%??ﬁ'lu 4/\‘@ S&'&%‘é‘?fﬂ ‘L?’tltgg‘ ﬁng{“iAsﬁ# in the
am no aci posmquﬁ’hwsubﬁﬂukdmﬂme’ﬂubytlﬁmm&)am& sequeb @) representechioy SEQdDsequence
in which kst position 12 is substituted with Val, Val at 30position 20
is substituted with Leu, Arg at position 38 is substituted with L){ An at
posi ti on £3)ia8 aminnsaqid seaueneg injwhieolys as gosition b2 istsubstitutsd vgthsVabsYd ghited with

rreb l\@% ?bgﬁﬁ’&i 0 fs@uﬁﬁltﬁt@d STl A}g%&l ;Whﬁlhnl?,l?‘i‘s subktufld WIBSLjd, PBu &7 1S
supstitute

t.ut ed Ma. t
posi tion ?%Slfl‘én é%l?ssf‘b?tﬁ?t@ﬁ "‘(Mhtpfﬁ‘e\/]&iet a&msmné li)ﬂgsﬂéﬁ%@’ﬂ\%g ’5’@52’% tut eg
with Thr pmxudne6'amgubstauued withdueVal at peyittae6l s dubstinGedwith Ads, Awat 2; (63) an

10 AChiRAERSERL NG b5 T, OB AT i SRRRE bR YA il Vel

at positi itron I's's

Lys. G n gesitagn 9bts§mb$ttmteemthsﬂsm§1e|atmn@dcld/s@quen@mepresmechby SEQsIDu on 45

IS sug@tlgm.gi with Phe, Met at position 48 is substituted with Ile, Avg at
/

position IS substituted with Lys, Val at position 68 s sua?stltuted W th
Ala, Ma af %gmwcrctswemgtwmmb@'cwp@ﬂu%ﬁ ribwitutgd withsYali Vhatr4 i s

subst i t ut gekitdért 20 1sysabstituted vitATLeNPA ALAtDoSIEEH 88 éLsubstitaa Wity LEFR | D NO 12;
position 45 is substituted with Phe, Met at position 48 is substituted with Ile, Arg at
position 67 is substituted with Lys, Val at position 68 is substituted with Ala, Ile at
35  position 70 is substituted with Leu, Thr at position 74 is substituted with Lys and Ala at
position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;
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(64) an am no acid sequence in.eh Lys at position 12 is substituted with
Val, Val at position 20 is substituted with Len, Arg at position '38 is
substituted with Lys, Gn at prisition 39 is substituted with tat. Len at
position 45 is substituted with Phe, Met at position 48 is substituted with
Ile. My at position 67 is substituted with Lys, W at 10 position 68 is
substituted with Ala, Be at position 70 is substituted with Leo and Al a at

t t ed
=3 b"&oﬁ?ﬁ@@?%ﬁ%ﬁgn& bfvwiyth Ly ol iR 17 Aot b, vRRECSEN B,
Val , Vat dosisigi2iipsubstitutes wighhEey, Asg etipesitian 18&is subngt%t wigbdysilen ags i s

subst i t ut stohhShé’@bsﬁ!u&d&hﬂPPﬁé M&r&}t\g&lﬁ(ﬁl wﬂamswt@diw%m t Len at
position 5|s%bst|t 05| |on §8|s |tuted W th

ut eegl E
lie, Avg 2PSGR{Yiitsubstiufed wifhbys ¢ a(aédvowph v&yte tWIBbé 2 oAt 68 s
subst i sut gdsitioh 1044 axbshuueedampnax {All@at ptitiod nubaihsﬁmt@lckvm Vhl dodtAlaand The

at positiaqn .74 i .su t.h s:nteamnoamds u
represent 4> ‘éﬁ“%@éﬁ-‘f %)ﬂré@ a’ﬁ‘rl?oélﬁ’i%rﬁ?q‘é?@%r?éﬁﬁ% &gy%ﬁ’m ch Lys
at positid¥OA2;is substi tut ed with Val, Val at position 20 is substituted

W th Len. 44 ﬁt%’lﬂﬁé h&ﬁ%@c#féﬁcéﬁx @MPE Lké% Qm*%tlg st J!a hﬁ%ﬁ%;\i

substi t ut ed 1S substitute

posi tion 2gsifien 20 xsubstifuted Wh Iqeq, Aég at\ppsiion 3§ sybsHtuged wish wbiﬁptaht ed w. th
Lyz t\1’tel t@gsﬂeﬁ s E@éﬁb%gteﬂ \ﬁubpﬁd Mt @elp c¥ﬁtld?14‘§1§suﬁshﬁ1t&i wiR $le! AR ttzovl Is _
substitute ou.an Qsl t.i.on W al in
the ami noP 86‘#8 ggm@@uwglmﬂgk%g p‘ﬁ?"%ﬁ@ P%‘%ﬁ@gsfgute% aglp‘) Wific _
exanpl es @bsitibe 7618 substitated vadLean ada aifposition 72\ihisublstitatedevishiValtant Tthr ans ar e
i ntrod i 4l i Q. t 10 i 30 (1
an i no- Sepoa 28 GBSt %“VvﬁWAﬁé*eaﬁaéé?ﬁdi Bl AP REINT SRR ' s,
G n at podNQ@ildn 39 |s substituted with Lou, Len at position 45 is

subst i ut ?’9 )intabhifidhcilfRE &Bcé)ﬁ%ﬁlbl?ﬂyélﬁ ;Jo§1t1§Ht?§t1§ §dt5§ﬁqte\ﬂ‘\$1h1 VéleVal'%E g at

position 67 i.s bst i pasitiqQn 68 js_su stltuted wth
Ala, Al a RPSiHeR 55 iorb ?tﬁuteg vgﬂb%qq,m@@qmqon 3@&# substfytedavith s (41BAL 74 i
substi t ut @dsitibi B9 lsysilbﬁlitdte&vﬁtlﬁi,ed;?ﬁi b poRitdA 675 Subatifukdduiieli Lys, Mal dihr i n the

35

sequence PR SR DEeuElSERREn s ?qog'?@a?ﬁw ftﬁasa@?%ﬁﬂw%v W& 1 on 30 s

subst i t ut edsitibn A2 isompstitoted atithp'alj Thraat pddtiors 74 istsebstituted withiltyls amthdla Mt at 28
o . : ) Ced with

Cys, o ég;g%é? 77 Brvubh el st fhr i o o Bl RpRUEL RplCaliy BYRBON € W

substi t ut ‘Wt h Val, Thr at position 74 is substltuted with Lys and Al a at

posi tion %ioya.a 2SS hi WéRenoM thRvhisH Lysnattpbﬁuaﬁwes Sbbtetufe@ GHENVA, vmaf esented

by SE t 2
D bor bt 20 Zubotilsa SR SeRR 58t bl i Vi B L Lt
posi ti on #bsitien 39 bsubstittited witht leuPMeet afvidsitinin 48ds stbstitutetBwith llsuﬁaitatt uted with
Il e. t j 8

[ 20, 25nR051 5 BB 340! 1 S OISl ROPAL AP, |5

posi ti on Pasitien & isstubstituied “mhtVal,LIlsl’ ahpesitipm74is Spbﬁﬂ‘!‘?@)m@i)’ls and Algsati t ut ed

with Thr basitifeol R Btiiatedwith BRGY BRGEniHS Q&@%@d%feﬁé% Ryres&itd by BEO 1H2; an
am no aci ?‘{Q gﬂuence in which Lys at position 12 is substi tcuet vith Vat,

My at pos 38 is substituted with Lys, Gn at position $9 is
substi t ut etl)ahtaiheidid sédencd 1nFW1ﬁtH Lysat$Bsition $2 maua«ed with Val) Vat at Ar g at

Aa fa Bt 0 REbiRE wilnre {6 alPosffon S35 WP Wl B S by TS
S ubst i tut pasitigmn B9 LsmbﬁﬁdteAMaﬂodteupm af positRn 489s subsstutctdjwrihl Ilm Atgathr in the
am no aci fdoSEMEN ESubfRted $RhAdsCie R5RsMnFdis substituted with Leu, Ala at

position 72 is substituted with Val, Thr at position 74 is substituted with Lys and Ala at

position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID

35 NO:12;
(42) an amino acid sequence in which Lys at position 12 is substituted with Val, Val at
position 20 is substituted with Leu, Arg at position 38 is substituted with Lys, Gln at
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(5) an amno acid sequence in which Lys at position 12 is substituted with
Vat, At at position 3i is substituted with Lys. at position 39 is
substituted with Lea, Len at position 45 is substituted with Phe"Arg at
position 67 is substituted with Lys, Val at 20position 68 is substituted
with Ala, Ala at position 72 is substituted vvith VS. Ths at position 74 is
substituted with Lys and Ala at position 97 is' substituted with Ib in the

M
Whi o Ly RRAMCHS sRBRAEM Lot iblehs i BB MuME Arg S En> 2
substi t ut elzpsvuanﬁmy substittited with bysiVal atrposition $8 sw&)snmmdewthﬁlahALaeat Len at
posi tion %sitﬁmw% Eﬁssﬂﬁ&éh wgﬁ h/aP"Iﬁ: %;'\é%kmeh 7&%&%@&@%& tAlh et ed with

Ile, VS at” positian osition 72 1s
subst i t ut eRPsitionP7 ip alﬂbstlwdw a mttheﬁmm geid seaa@qcmrmreﬁnwﬂtbﬁ& IRind Al a
at posisti aNO9%2;i s substi tut ed with "Dv in the amno acid sequence

o esent 87 SRR ot bR O hb R iR S D 1 e

Lys, G n giospioai20iipsutBtituta] with £eu,tArpatpositidn Msumuteémmdss,t(ﬂhmt 45 is

substi t ut t: thl t Arg at
p(L)ISI t: oﬁ f#’ ?Ms"t“?gb‘g g@&éﬁ;"t?g% M&%ﬁgﬂh g?ﬁ‘!’%ﬁﬁ‘?g‘% ﬂs‘éué‘kgl t ut gd wth
Val , Thr LHOS§@§|6t7llbwbﬁhmit%1 wiik £ys, Viat atposition 6B yssubgtitumdavith AlgoBe et on 97 i's
subst ifiout %siﬂohWO% subtifufd With Deu A% gt ﬁ&ﬁﬂﬁ”ﬂ% Eﬁf&’hﬁﬁé‘d‘%ﬁﬂ 1RY amebAdald® NO 12:

35(8) an am no yence jn osi tion ut ed
with val . 1“&98936% ?‘ﬁ%ﬁwt@swﬁﬂ%stg? ahiedc FeAUGNgS ! rep@Sﬁnf&a bpﬁ%ﬁ fn 39 i s
substi t ut emiowzgh Len, Len at position 45 is substituted with Pike, Mt at

Cve. ' Var G8) B3 ahidsgtios b ()RR A Shefeg ;E%fi"'?l? N AP
substi t ut q:d)smont201$ ;ubsawmdAmh beu,pugiat pasiticd 73§ is sehstistted withdysiGlo abt in t he
ani no 1aci g, E(i@sdb%{?ﬁ;?e?l%&l?ﬂe\?%/{eg'*:a@g& &3981% subééﬁatc@%@q}engrg&' d

sequence i I’l osltion tut
posi tion :m)swenéa B%%qbﬁﬁ‘fué?dl With kys, yal at@ositign 6§ éssubstypted gvithsAlay, e 9‘i tuted with

Lea, Len qfosmﬁlmu@mbéﬁtutea \GMDE&& tAlA 8ihositio 72he subituted witk VakdndA14 8t | S
is sthstituted with at

bstituted t 6 \V/
posi 1 on desiten dai iyttt W Hhofdhe dpisd aFid5Basent frprpenied BESEQ T« 2 vi
Val and AINOAR; position 97 is substituted with nit in the amno acid

sequenge i@ SSRIREYN, TR B O 2is J90HeDR 19% ARGl DROVRGE i 1

WhICh ysa positron S i's subst ed with

Lys" G n aosiyesi2f |1s)wbsetuted wilbEeu, ug etpasition 38ds substituted wishdys.i@nans s

subst i t ut gfdsitfoh B9 E’@ﬁlbsﬁﬁiedaﬁltlpgﬂ M&r&{ﬁ&lﬁ(ﬁl £RsUbstdked withtiie, Aleat My at
position 7Jspgybst|tute stltuted wth

1 on .S
A a, Ma atPOBlionpy dnsupstitute EYSP i({sf"ead PRsitinn O3 fs %’%Btltt‘i? Vﬂf}“&bfﬁsﬁ? fon 74 is
subst i t ut @dsition 10 hs/mbsuitutdﬂemﬂﬁLan IAllShthoam!od 72dsisubstimrtadepitie Velnind Thbyt SEQ 1 D

uhi ch 281 gREoHan24 iy sybaieeiolh EETER D abid el pRErBis-Pff By BT, ()"

ami no aci N@dduences; (I) an anmino acid sequence in which Gn at position

39 i's subghéytsd né!"h&ﬁ skfRncd Rttt %?ﬁaﬁjokmeﬁ 183 é@bsﬁeﬁeatwlwvedeat h Phe,

Met at p05|t|oné IS S E{?SI I on IS
subst i t ut @@sifipR R0 i bstigted withbey, Arg At ragitioa 3§ub§vmsp MMS A‘rla at Al a at
posi tion basman sglnséubhmthedwﬁbed{aku aMSos&ionmsus kmﬁ;ﬂtuléd with PHOSVAl bt ed wi t h

sequenfe wRfen BRI B ity Be of esftont/of s bk BT AR O o

at positi gosifiéni73 1$subs1nmtedt\ad1 Val; Fhriay positiet 74 mtsupsmutted ovithdl5ysiagd Aldbatt i t ut ed

wth Ph; Kipn 67 is
subst i ¢ ut SoPh o7 P @lied PRI drdy8 Aotisk uchbrepfliin®d pPRECRPT &
posi ti on NOilg; substltuted W|th Val, Thy at position 74 is substituted with
Lys and Al&7)ah aﬂﬁﬁd) hti@RefibntSinSWREh [&éﬁt?ésﬂ?oﬁm Tﬁiubbﬂufeﬂ%lﬁ{WﬂoVﬂ%t d

sequence re res ce . in which
Arg ap> poé’P?‘ l% ”?S@HEEMIM%A\RS pas Bé’ %B(ﬁ ?‘{hsﬂwteégw}té Egiagg’? Atuted with

Lag Met @gsmors B9 Ilmbét&uteﬁ vatbBéu, Tdh eddettdil 45|gs shfigtiaited@ith Phé),mxﬁﬁ'ta\: S
substituted with-Lys t on, 68..i s subst,i a at
position 7 Sl¥¥l nglb% ub? ﬁﬂ’%’g %ﬁﬁ?‘y QF at gqs&m& é“?s¥‘§‘%e‘€%m‘t£g%u lgtallc tuted with

Lys and Ala a 35 position 97 is substlmaMwlth Vac in the amno acid
sequence represented by SEQ ID NGO 12;




(4) an amno acid sequence in which Arg at position 38 is substituted with
Lys, G n at position 39 is substituted wth Lett, Leu at position 45 is
substituted with Ph; Arg at position 67 is substituted with Lys, Val at.
position 68 is substituted with Ala, Ala at position 72 is substituted with
Val. Du at position 74 is substituted with Lys and Ala at 5 position 97 is
substituted with Thr in the am no acid sequence represented by SEQ ID

NGO 12; (5 n j.nQ aci e in which a ition38 is, substituted
v an Beser i Sueslyle S RO SAL Tat Rt Vs AlosRERR LS S ARAE | ¢
subst i t ut epbsitiantd 7Hk subdtituted wigh Jht inothe 4Miincsaciditegnerncetreptesented byl SEQ Ual  at
position 6§P'L§2.substituted with Ala, Ala at 10 position 72 is substituted
with Vval, @ﬁ{u’at. pOSiidti on 74 i Sbiscgtr)hStiEUtetng].é.’;g ‘I;%s%tlgggwglb&q?té’&[)gsiti on
97 is subs 4t &R ACK! SPHHCTICA 11 W YA 6t PRSIEPS € > y SRO I D
NO 2; 5 6)pAaRticAHoNS satsstithit BRI _'wé@,A:% atBbgifion 78 {s sabstiR@ed WidNLy3dSGinsat
substituted@ n at .position 39 (s substityted with Lou, Ley at position 45
is substi tl?ﬂsgﬁ’“\?a%lg S‘%??Ept?\%wlﬂéhﬁbéﬁ“ﬁt gAsiten ﬁi\quSHB%t’thFGf"@g‘ R%ez §¥e, My at
posi tion 6positionsiTlis subistitueell with ys, Wal atPositiah 68as substimtedAvitis At B4 att ut ed with
O O LR R T S AN
(7) an amipsitmnid is sehstihded with Thi mith@agimt acpbsequénea rg8esepted blysSEQ P ed wi
positign 3Qpi®.substituted with Lou, Leu at position 45 is subsdtuted wth

PS, Met positidn 48 is substituted with lie, Arg at position 67 is
subst i t ut d9nin amingacidseguence Jowhichdiys agpasisi ¢ pebstisgedavith Val, Yalatr  at

p_Of iht iT_on 7¢bsit%nszoh§ Eﬁﬁsﬂhﬁcgl with Deb,YVrg @ fosttich 3¢ ig@gﬁdtf&ﬁé@d‘r%ﬁ Ii §,1@11mt8 I) tuted
Wi inin the . am nq acid, sequence represen y 12: an
A o aci cPoSkAGR0s SRS WESLER IGuet Bratomes I°Subinae m@ﬁ%ﬁt&a&ys, Gn
at asi non @Ritioa 65ubsubstituteiivith Lirs, Mahat position 68 posibktitnted4tith Alasilbat i t ut ed
with Rlie, POSIt: ' ' ' . . i ki 67 is
subst  Put 9 PR e g i Lo b M lined R TP R AR
posi ti on 7@sitiondiis substituéed with Bhnial the adingl agidesequense répgesentediby Ui t ut ed
A no 8¢ 4. Sacience i n whi ch Mo af oS t1on. 38 1.5 Lubstiiuted Wi Lys. G
at posi ti dAV3AR 3ming apidksegyanee invhigh Lyg at R_Qf)'i}i.oétlzﬂ%%‘ibts%ﬁtf:‘il@“h g’alswa(agti tut ed
with The, pdeitioaR0pOSIYstitIedABith Bews Wig at pokitesh 38 ik BubstitutedyitBLyP Glntak On 67 i s
Subst et St B BBl BB B P B e 2, 2o
Wi th Lys ipesitios 63rs substiviad witlyLigs, Vakatrpepities 68 ieshbitytuBdBgiNGal e at (10) an
Ceu ot podt TOHTDEE nlRGHIIINRIEL Soy Al B pAiflih' 7o0f Gt EUE Wl gaagat 1 Yl
subst i t ut A9siion§7)is bsiaquiedayithy B injthsaminojagidsgguance tapsesenied BY SEQ Dyal  at
position @80i1g; substituted with Ala, Ala at position 72 is substituted with
Mal , r osition .74 is substjtuted wth. Lys.and A t. ition 97 is
subst Pout 8 iApiaRAcid e  wheA Lptednion 2 if Sielbld v 35 Wi o oz
S/ 1? ag_ anipositian 26 isadstitneed with i, Arg by sositionB3sis bulbstitut & wsthi,wszgsﬁlntat.u';3 ed with
al , n POShbi: : : , [ is
substi t ut Sl\%g ? ﬁbﬂfg‘,bgi%‘geﬁa”?fﬂg%és‘}’Eﬁ%gﬁ‘g%#‘ﬁ@ ﬁ%é?%&‘%%%?ﬁgﬁgﬁvm at
posi ti on @@sitign &ilssubstituéed with hysaVal atmosition 68 ¢ pdstituied wittpAlasTlg aost i t med
S et B B b e e o0 | D NG
15 °(30) aesiban s mebdeigoulohs R UHIEROE SUGGs FAORTES o QST ¢ ot od
with ?)/alt"tlmn(zjﬁt' FﬁSlptl onA39 i ts sub.stg t ut gd with It;e:_t, !{.en at EOSI ti 0{1/ I45 t
is substi ed Wi. he, Avg at position 67.15,SU . L vs, Val a
posi t1on &y Hibdabteainds B ARt Lo flosfiond 2t PRV YLV, o0 Oh
Val , Thr gositios20iosubsututes weittbbeu, tAug etipositionm 38yis sebstituted with pysiGlneh 97 is
substi t ut A | Olef? A i &g?d?em NO 12;
no acid s gaf%%ggggn&mﬁtgﬁéaﬁysataggg?ta?%n [sgss{i}gsg'?‘? ﬁ%ﬁ@&@{l\é&\% , Gn at
35  position 48 is substituted with Ile, Ile at position 70 is substituted with Leu, Ala at

position 72 is substituted with Val, Thr at position 74 is substituted with Lys and Ala at
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20position 39 is substltuted W|th Lett Leo at position 45 is substituted
with The, Met at ,position 48 is substltuted with Ile, Val at position 68
is substituted with Ala, Ala at position 72 is substituted with Val, TM at
position 74 is substituted with Lys and Ala at position 97 is substituted
with Thy in the amno acid sequence represented by SEQ ID NO 12; (14) an
am no acid sequence in which Lys at position 12 is substituted with Vol.

Subst t ot 2*3’5%9’9#“’3% eosplfRL b 166t B e BRELENBLVRECRR |

posi tion @Y lgasubstltuted with Lys, Ala at position 72 is substituted with

Val , Thu 3653P£i§é:ﬁin8'&c@i4seh§en%b' lihsﬁvhchtL?yg at%&shw‘nﬂ% 1@@19086{&@“&'1&%‘11 bRt 97 s
no acrd sequence repre by SEQ I D

substltuted Wlt n
NO-, 12;  (Posytiog dﬁﬁ%‘l&{{?‘ﬁw’gﬂ]&rﬁ‘ér&% af POSHInCE? sy Sé‘f“tffg ({cm Glp af'g
subst i tsut gsbsition3o\iabubstitutedaditlh Do, Tiearat Bésitich 431RSubstitited withtHhe oMot atLet t  at

R I T DA

subst i t ut gusition|72Aé sybstitwyedawitip ¥al, Thoat poditios 74 idsibstituteddvitti Lys dnd\laatd Al a at
35 positi
represent 3’8) ﬁ @g%’%k@ \gﬂh’ﬂut?f@{ﬁgﬂﬁﬂéﬁ?ﬁ%&g@gpgr@g%sggﬁggyl &nl dth Lys

at p05|t|6ﬂ 1 >is substituted with Val, Gn at position 39 is substltuted
Wi L ht u?nt (gwhfdmlfae%tfwse@uéhée llﬁwﬁitéﬁi%% ﬁlomttz)hi B{&?nﬁ&iwﬂlﬁm%ﬁd\tﬁlﬂ 4? i's
substituted w ie sition stitute al a
oot 1 on sHion 20 fibstiatkd ek FoAe A sosinon B8 srsisne] Wb et oa w th
Val and Alposigion39posibstitmedovith Eews Weatat pasﬁtﬁ;ix 4 itshuﬂ'dmlmwdlwﬁthé’ha,rMBDataﬁi dh
sequence rep t. 17 cethich Lys
at positi &ns{ﬁ%g??t‘sﬁg‘bgg“’%%hwlmé A p‘iS&iS’é‘sqst‘F% ”kﬁﬁ?l 5 suézaf’(ﬂté%?ed Wit h
Leu. Lai awsitioni7iipsubstitutes witibEeu, (Thr etposition 7Ate substituted wish&is ashAlagt |
subst ijkut gg»smoh lo7 @@subﬁﬁﬁtéﬂtmﬂpﬁﬁ ,&P% %ﬁmb%cﬁl‘é@@&énw téptesthted bl $EQ IYR!  at

position IS substituted wt a at position'72 1s substltuted W th
Val and | BN@il2 position 74 is substituted with Lys in the anmno acid

S fq uence 1t2(ss))t dSeiifo aMdtSE@eN& it ahlch CSat pwltu@hqmlfﬁlb@u@muemwnm ;: hd Lyst .
alt po.n | | L UL e m.a Qs il utea w
s 0 moeptigh dDE bhgtediLd Are alioSuftn ROR e BRudP iR 135 2hef on a5 &
subst i t ut gebsition B9 Bhaubstitatedavitlpbai, ficoat gaition 45 stbstiaitediwith tPIhe |Met atAr g at

ti t ted
oyt hard %S‘*“‘%{‘ag Ehlestihfed i T, V6T pe il B8 %‘h{/ﬂﬁ“%&%m(’%p?@fa lon 74 is
substit ut é@swptlﬁ is/subgtifyted) vitihbeyy Ada et position 724s subisttutad widli Vol and Alpat n t he

am No aci Gofieah 9N GLsubSRBAUE TN tRFhinD abld sbquence ReptekSilted By SEQID aci d
sequence {I‘ﬂ({)ﬁgl ch Lys at position 12 is substituted with Vat; A position 38

i s substi with Lys. Met at position 48 is substituted with lie, AX g
at positi ¢f6)an ansins adidisequehedinwiiibh Lysat pdaitioatl 2 posibsiitted6ith YalsUddsatl tuted

subst 2 SR po RORMAARArel BeiZ g bl AothS 3830 BudBhwed il Bl O 7H, LS
am no aci @Oslélqméﬂ@Sesubétml@dewﬂehelb\,PJCSEQ’QS[DIWSN@Sll@tlthQW)th Ehe. Vet aci d

sequence 'énﬁsﬁdﬂh ap 1§-§ﬁ§st§thte@ Qﬁ'tﬁ Il@'Vai-gt po%ﬁloﬁ‘(’j%% bivdtigekd Wik RlaY@k at Ar g at
position 38 |s zﬁbstltute QSItIQn 45 1 s_sub (tJ:]iltruted W th

Ph, e, Aqt PRsitignd} i fistgmted s‘”lélh%%‘b Aﬁmtwsww s, subsiigted yith, ¥aliand Jhr g j o

subst i t ut dsitibh 14 A substitutedatitoDg ih it landido iabidSuisdnté tepestented by S&Q IDI n at
posit:3§ Z?ﬁ)\lkﬁ substituted with Lys and Ala at 30 position 97 is

subst it ut th Thr in the am no acid sequence represented by SEQ NO: 12;
(21) an arfffHenaniivo seduseqneeacs in wiicle hyd atpositiopd 2 iig subatltn@dnmﬂsﬁﬁs’i’altaut ed with

val
subst | Cur 90EI5h O suBRidufeattBEL b ALEth istadn s slBfinfba DALY W dP 5
posi tion ®gsitign 3§ !ﬁsch?ostup@é ‘wlt heualLgu appasition 4548 'p‘\ebsaﬁlteﬂzwnb Pbaﬂ\éeﬁ qt ut ed Wi th
Vat, Thr absiHesis ﬁsodi‘beﬁ‘tutea WiHPES, IArg besbsiMdnb7lis Subdtinadtiwith Aysitalpasi ti on 97

5, 208501 LR LR ) S AT B A RT3 Rl 850 ©
position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;
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(22) an am no acid sequence ht which Lys at position 12 is substituted with
Val, Arg position 38 is substituted with Lys, Lou at position 45 is
substituted with Phe, Met at position 48 is substituted with Ile, Avg at
position 67 is substituted with Lys, Ma at position 72 is substituted with
Val. Dr at position 24 is substituted with Lys and Ala at 5position 97 is
substituted with Tilt in the am no acid sequence represented by SEQ ID

NO 12; (2 §%Mﬁb ReidAEHEnSEHAFRIER L g@a&ﬂas&abﬁ 12is maﬁltéar\ma?vmsva%stl tuted
wth Va|I stituted wt position 45

si.tion 38 is su
i s substi tRERN t“g ‘%@ut‘w&tw‘& Lejb &g pbppsiipn; 38 ig ﬁ%‘ﬁ‘iﬁ\é‘ﬂh&vy BPIpRE Avg at
posi tion Gobsitidn SQkssubkstitued with Ded,yféu aMpasitidn 45019 ebstied with Phe,NIet dtt ut ed

with Al a, Du.at ,gosi n74 tuted thL osition 97
" e rasisEh aBRF bsBiey MRS A bR S ie oot o0
12; (34) pasitiani’Ads mbs’ntutﬁdqudnbel, iThr atposihohylé issubstisited with Ls arsl Alalast i t ut ed

with Val , ; A : on 45 is
Subst it ut lﬁﬂﬂf???ﬁﬁ*b@k}%%di’?‘ﬂ*p@gﬁ P53 e BErd e ol oo BlteBby BRU L0 20
position &NOild; substituted with Lys, W at position 68 is substituted wth

Ala, M alsPOpi dnhifd adid sb@eab@ﬁtw&eﬁ ﬁyls w pobiti¥R 12 aehbe¥iRtedtwiBP AL VAL 97 1S
substituted Wlt no aci gue ce represent e£¥sby SEQ I D

No 12 PR 0 Sbsilsa vt 41 ARE B POSTOnR 5 BRI Ta LXS GIBEE { ot ed
Wi t h \val pb¥ition 89 20¢mbstitutedwillBLéws Law bS[bdsitilmGﬁS instidstibiad withPhetMpiasi ti on 45

IS substl IIe Am at
position 5’5’%’??“%%@%“%{' teg% ﬂﬁl] %ng a{ RASY 10&671 géﬁ%?@#‘fe‘ﬁf‘%’?y s 6|\/B wth

Al a, Al a @ositios 70 isosubstituted vatiblseu, Ala athosition H2W$ubamteﬂhynﬂavalpod|&lmtn 74 is
substi t ut NO 12;
25(26)  an oo D S ek P RAB BT b PSEDTR Lt e
with Val, Wd2at position 38 is substituted with Lys. Gn at position 39 is
substi§ ut g@b)%tamlh@ Beid éécﬂleﬁée RQAiER Py a%oslﬁoﬁ 1§ ubsitgRdWiithvalyval avat  t

t b t 7.2 tifuted th
o mor Zositige 2l Rombsdfuied wihnkes Al elpeieh SRS bt WS L3S i ah o7 1 5
substit ut pdsnm)m B9 id\dubstltutedevrdnﬁ,ewLan atbcsﬂmndﬁoesumpnmhntbﬂhhwﬁm | D

NO 12: gf;,ﬁ

subst i tut SIE&EQ QR; b | on %ﬁéhw @[kgbée(gub%h h?‘% p05| tion
39 is sub®psition &g ls/ﬁubsfltu@d WithgLeax, Afpoatipositian 82 ig @bstam@dmm‘éd amtThr #tys, Vat
at pogotl PBsifién 74 jsSubsiithied bath Mstif 1 aamn&h@id%&qdenze?reges&u@&t) SeQah Wi th
Val , &tﬁigfltlon 74 is substituted with Lys and a at 35 position 97
i's substl with Ihr in the am no acid sequence npresented by SEQ ID

NO 12; (629 )anahlin@atid sequenct inevhieNLys dt povition h2 isysubstitued svith G, a1 at s

bstit ut ed it b Val . A £ i tion 38 if i Gn at
sosi 11 on 3ol 20 iubodihla Sty Ap A iR SR IORIBAGEI LIS T 0 047
lie, Val nosipo3? isonbgButed vgtlntisﬂtul, Lent atchosition 4Alissubstitutes wit Bhe,Met a2 | s
subst p§ ut ggsxﬁbﬁ hs }éaéubstmd%thlt%%&g beoéﬂmh%ﬁya%shah@d%tm&@ Vayg and Ma at

position 97 |is g tuted w m no._aci d ence r?gresent ed
by SEQ Mt Bﬂsztmn% &)su ﬁlta Mat aﬁelﬁdle@ﬁB%E@i 74118\/§HP%%WE§/§“ ysud Alaat 12 i s
substi t ut positbr H7 MaubstiNitgd &fithPKig ik tHerandfo béid setpﬁh&wep&semémbytsEQ I0n at
position i,&éll . substituted with Lett, Met at position 48 is subs-604m wth
lie, Arg, %osition 67 is substituted with Lys, Ma at Position 72 is
subst i t ut €e2)wntamiiaicid kequanceposyhictohys7at positism b2 is substgutedivtith YalsVaatl Al a at
posi t t resented
by sty noPos g%&béﬂﬁtﬁ?ﬂ% %&%@%l‘“‘?’nW%R%ﬁ%@d%ﬁﬂ“ﬂ%&é?‘%"on 12. 15
subst i t ut eesitign B9 iasubstitated withdeus Lenata@sition 4 s substituted th &:Metats n at

posi tion 38iiién $8'Rubdtithred wilhtiie, c}i@inoﬁ%mQ&leh@&d‘l\&th BysWaB4t tuted with

e 9, 2haR0st b8 AruB ok SR, .abng“srtg]q?y@ﬁﬁ'aﬁtwtafﬁ&%ﬁ%’aﬁ a8 S s

at positi paslﬁan 9% 1sswbsituﬁedbsétﬂ Martixhtwramlﬂo hdid sequene: represersalibyeSEQ ID
represgent SEQ ID NG 12; (31) an amino acid sequence in which Lys at
posi t |s’ substituted with WL, 4'-g at position 38 is substituted with
Lys. Gn éﬁ3)posnnmmm@@equsnmbmhmhjhmt\pp!cmorLéZ:;s sibstitated watht YabnVal gt i s
substi t ut i i Val at
tx)siti ons %éﬁ@éﬁgiusbsgﬁﬁtg%g&m&% ﬂé;ﬁ pAg 1gbgg §B%S§?O%t?fg{r?a%ml rsj;bs %’z?ﬁ tuted
with. Val and Ma at position 97 is subgfituted with Thr in the amino acid
sequence represented by SEQ I D NO




W, M) at position 38 is substituted wwth Lys, Gn at position 39 is
substituted with Leo, Met at position 48 is substituted with lie, Ara at
position 67 is substituted with Lys, W at position 68 is substituted with
Ada, Ala at position 72 is substituted with Val and M at position 74 is
substituted with Lys in the am no acid sequence represented by SEQ NO 12.;

(33) an am Q: ac i i . it q I jtuted with
Vatkrg atb hRiRiuds SRURREFYAL I 128 Arb3sifiin PR shbiflrkd wid PRyt 22
subst i t ut erpsitioni#8|is pubstitiedawith lle, Arg at positiem@1 istsubsituiasl withdliys, Valat  at

posi ti on GsitnH8AS shtsHies With Rl atHoditidh 70 9$éubs@ititedivitts VaIHAG tThE bit ed_
with Md, fluy at position 74, irSUb tltuted,(ﬁ\nth Lys and Algﬁasg,&s position
97 i's subsRASHioRd4 InFHbstied with b tihe mine; agidsequienst aenresspied b SEQ

NG 12; 5 (MP:1@n am no acid sequence in which Lys at position 12 is

substi t ut wth Val . Ara at posiijon :38 is bsti,t d, Wi ,..,a n at
pos ti on 35414 B aricRelueye B which 29p acpotp T3S RV Vel Wtar Oy e

wi th Phe. pAfitiah 2fas subisttutgiiwitls LewFagiat pasitibn/d i sulystituted withiLypdSintat on 72 is
substi tut 'sng?h%\@é bstitulk \g'%hﬂglilﬂekl/t%P gs%tic%}r?4§f§§ﬁ$§tftﬁ%@%tw}£hg Mgfaand Al a
at position 9/ is ,sult)st.l tuted wth Pr].t e ‘am no_acl d_sequehce

repr esent 9siipn 48as substifpted with lle,/gg)at pesition ¢ibisaubstiveqdambdysnValat ch Lys at
posi ti1en Idsition $83$ Sibistiu@d with AlaYalk aMBosition 1008 shbstifuteBwith [2laad Aladted wi th.
Lys, A n at position .39 is subsiituted with lLett, Len at it 45 is
subst i t ut dysHIORH hEbSISd¥ It Dt i th arginojagicsSgauanes FrREEPeme Y SFD I/al  at 10
posi ti on @80ilg; substituted ;Atha Tin at position 74 is substituted with Lys

o A b alehe PR R o 2 Wb Sy Bt o
posi ti on @sition 20ssubstitutad with hew/arg appesition 38as substint@Bwith Lysifsiniat ut ed with
Lys, h BAS hi: i [ i TR 5is
subst 1 ut 43 RR popfbbsfiuted FHDEL, LehEpMich 48 sulEuel whATHE LD 1 2

posi tion 68siign 48 pssybstituted with He,Arg at pesitian 6yoisisubssituted with Lysnéalat ut ed wi t h
Val and Alpasigibn ﬁ@fs’ iadb@ntubl 24 Cwmll AlapNgé iatz posaIbnwotie sﬂ-&ﬁmgéﬂ WhE Letiand TﬁlCz:ltdh ]
sequence repr.esente . ) .an no acl seque | C S
ot bos: r1 aRoien JAsrRmied Vit BROE g aBspauitts riseed brsh Ui o
with Lys, N®iA2at position 39 is substituted with Len, Len at position 45 is

subst hhut .t : L | Sy . | 1.t S | at

*bosi 20 on 89 rlahuibB SoiMa ol BRAGR Ty 4 roSicoH 1853 utisfudl bt WP Vel 21

with Vat @98ition20 is substitutadgrittyhey, drg atpasitiont38ds swhsktutgdswith Lyw &Slagt no aci d

iequetnce rp@fl!i6§§9%§§1b§t{tu' %E?“tm’m k_ﬁéath pd\?l?tlﬁ)n s aqtiﬂsﬁau_@c%:{vﬂhs’ga,qu i n which
S a osi1 t.l.0Nn | Su | LUl e W al POS L S

bt t e Basiio A8 i bs PRt S Ak ohposfan s T saisRgEL E R VAR Len at

posi tion 4bsitien 68 ixsdubktitiited with AlaPlle et pdsitionaf0 ipesbistituted with Lsu anbAtla dtut ed

with Lie: . . tif. j ity on 74 is
substlb ut é,@L 1%01??2 Ei@bg%@&&@ma?algggfe talr%lﬁé g‘gd:%s&liséﬂ%/e:]{ep {%@gﬁ‘%’x ? ﬁé'll e in the
am ne aci N@dguence represented by SEQ ID 30 NO 12; (39) an am.no acid
sequence i n whi ‘Edﬂ) s at positionsubstituted with Val, My at position 38 is
substituted with Lys, G n at sition 39 is substjtuted with Len, Lou at
position 45 is gaﬁé 1t eXARRlcHP emr&a%ﬁeqa%n%@zmBhwlalshinglesubsti t ut ed

Wi L hile" shi)sﬂi_tlﬁiﬁnﬁ@ﬂbiihi:rgdu&@S iﬂcﬁuc%ubéfdllbw_&@(l\)\&d (10RbsinoTdeed fiquaess:t i _(I)_ E 74 is
subst i} ut wit S. .an a. at posj tiqn .l S subst ein
the afPno Lt AriatSiaRetyae? lnPR aRp 3! Aestin S e SutSRRcd byh B, i, 02 1
sequence ipositibn 39 &t substituted ovithl Reu, $.e8 atysdsitiont4ds wabistituied with Phe, Metsitt i on 3g
IS substi : ' i it L OR: i j i ett. Lea
at posi t1 Gt #istublifuetuphc PRRY AR § BRI MG AL e
with Ile, Position$8 osibstityiedggth Alashlact positier|7issybstituted pethaYalpBuiati on 72 s
substi tut gesmbﬁ h4 }éadubgtndteelvﬁﬂalaysmaipua o3ifion 975y Bststitutd E@itMThinkhé) i n t he
am no_ aci d sequence represente fpﬁéﬁ'&?ﬁ q (41) an am no aci d sequence
in whieh PJEN%ECidRquencs feprssenteds Q% th val, My at position 38 is
subst i t ut €2)) ani dnfind yeid s&ijuenad inpwhich LenatIDsitiondBhis subistitued with Nall Gin atLet t at

posi tion 4‘8 i{ig 3¢ Psssaxibgtﬂhfaeg VWH’;[ ]belf 'L%B at po'gﬁfon%S i? 91?65‘1{18&1 i il’ﬁe,%@tsarti tuted
with 1k, War-at
28



10position 68 is substituted with Ala, Ala at position 72 is substituted
with Val and Thr at position 74 is substituted with Lys in the amno acid
sequence represented by SEQ NO 12; (42) an ami no acid sequence in Inch Lys
at position 12 is substituted with vg Arg at position 38 is substituted
with Lys, Gn at position 39 is substituted with Leo, Leta at 15position 45
IS substltuted with Phe, Met at position 48 is substituted wwth He, My at

Posi i on Shslin34iE ULHAES Wil o ik bRy BPRLARA R U00RaE Ut ed Wit

Lys and ion i S'Su no acid
sequence r@pﬁ@s@tlewmyﬂmﬂli)\lwﬂal :posifiaB §2 ansubstitnted agthdValeBlwrattce i n

i ch. LY gRRSiohi7As Jbstifuctt e L sChidigt BooHibe/ s oL bt THE i he

substituted with position |tute Lett, Lea at
posi tion @ynpga@glggqqepgﬁ@are\m:thWSEQI DNNO:125 position 48 is substituted

Wi L htltset (Bj’))arﬂ@(:nih\@faf:icﬂéé &Zehﬁwﬁiéhi?rkhtﬁ(gglowmhs bﬁ&nnﬁ&i\g&hmﬁw& an 72t Ih S
substituted wi a i fion suls e r in the
am no aci &° §‘é‘83§§d%s‘tbéﬁ5 E?ga‘?‘t?}bh%oie%@@qs@oﬂﬁﬁsq’ %’h‘i‘ﬁ‘f‘é’tﬁh%‘? tM et g

sequence iposition @B posubstitnted bith He, 31t positicrch Mistshbstialted Mithdlys, Mt i on 38 is

subst 1 ut g ioh a1y e GhlaRbiuPRRL AR pdfoh 92 ARG v Tsg,  Lea

p05|t|on 'S subs osSItion i tuted

with 1le, pasigopdéiis $Ltbﬁt11@¢dlwﬂsLmthla atpasition QJyxs substiuted wgbhdihr inghe 72 i s

subst ijput %lﬂbh&ldY@éueﬁMeEfeQenta{b@S’E%t D044, i s substituted with Lys in the
am no aci d sequence represen K 45), ap am no aci d

OID 3
sequence i () Fampio agid ssquenge F’t Wb‘ﬁ Lys P’é’°§l§l9§t1|2t1§|§‘&§u%$etdhww Vahgrgat position
.38 is s utp%mlnbﬂtse@k subtstlttuteylmmﬁ, Gln ﬂQﬁ)lsitfbﬁ 13939substititddsiitt LéwgMavat h Leo,

Lea at posy (042 & Bl Ardat posioi o7 sltinBeivith 2o e Vot o

position @Bsmlsn 68 lissgubstithited witht AlaAA R s pdsitibn 22 issobstituted with Vaa1 'Ehrhm i tuted

with Ten ifehBe 7@\'1;3“ E’teﬁ vﬁﬂﬂ%@%ﬁAlE Qﬂgﬁﬁk‘ﬁ@ﬂi’ F% i t am no

acid sequence I n Arg at
posi tion wln%a@@mnmrémmmw oy SEQAPNOER; position 39 is substl t ut ed

LSt LUt S g e e As el at
oo ti on @8siieh dg kbt NinfRable dhaedined 336 pheitigphl oy Teka T o
\z,im mt EOLyzl ipositibe 4808 substitated vﬁﬁqmmm atmmitsm_sgrwedsdbyuﬁ&@w&; N@, Vat att g} 4\7/Zal an
Arg ag ¢ g"?lﬁgﬁgggs ulbgtl“\ﬁgstl %ﬁ@ﬁ*ﬁg?ﬁ)‘% %Zsub%g?t?fpg&rlt (S \s%bstl t ut ed
with Let t position 4 iprubstititsd \mﬂt Lys andidda atpnsé@nxmtlhsmtatutedemtla{fhr wabkétioni s
substit ut gghiyd 4did Eg%][uerﬁ}égeﬁfes&gemsgﬁ(b%m 1bs substituted with Lys, Val at

p05|t|on I's subst..tuted nd Al a at _position 72 is bstituted
with Val ?% xR ArY Sa%lfeecwq‘ﬁ@ﬁl& Lyt %‘]d’f"é’é’é’ﬁtléds HpsupiedviftHV: Valehrgar [ 0069}
Spgci fic eusitiph8s 1sﬁub§ﬂtﬁteamlﬂm3a96m aq;gsta?ﬁle?ﬁs‘submﬁtedlmmmm eaaven |
su st utlon t e. fal lo.ow no aci
sequeftes PoatigRhS s TG gl B, RETelMRjpfiasdipdunda it s Vet 1,0
substit ut @dsitipn A8 n%dubstvmedatltlp@s; Alagt pQ:ﬁtwrsn;utssbstttutBémtlm\t’dh Theat QM at

t t ed th
posi ti on igslhén FHRSLbLURE WHH K slo68 ALk BhoRfioB 07 il LitRtidhRed Wi ¥heiche't od Wi

Pbe, osition 4 at position 67 is
substl tut @auw Q%diﬁsﬂslel&i?(iemeﬁnmd o%ﬁQJErN@?L s substituted with Thr in the

3\2 aLn no ma)lt o a%ﬁﬂb'ﬁélﬂ%e &ﬁé@ﬁt&ﬁﬁl@l@L?%’at Qtlbmz(@aubaﬁtueetmvﬁql ggl | drggquence in
ich,Lys a ut e m a iti i S
subst P00 aaeiips A iySbstied 3uthios; Gl Pegtbe 30T SbrbiRa i Tal Lefet Lett a
posi ti on $bditions ngmbsﬂtet&dmﬂfth;Methpoattmpdsns substitb@d witls UbsAxgtait ed wit h
Ile, Avg gésiﬁ&f ﬁt lﬂ]os’i'tbﬁutteg withAS)s! Attaf Jostlib 172 ¥SsuBRftutel i val Ol gt O 97 1's
substi t ut W rin the ) ) i

position 74 is substituted with Lys and Ala at position 97 is substituted with Thr in the

amino acid sequence represented by SEQ ID NO:12;

35  (8) an amino acid sequence in which Lys at position 12 is substituted with Val, Arg at
position 38 is substituted with Lys, Gln at position 39 is substituted with Leu, Leu at

position 45 is substituted with Phe, Met at position 48 is substituted with lle, Arg at
29




25 am no acid sequence represent ed by SEQ ID NGO 12; (3) an amno acid
sequence in which Lys at position 12 is bstituted wnth Val, G n at position
39 is substituted with Len, Lett at position 45 is substituted with Pb; Met
at position 48 is substituted with Be, Avg at position 67 is substituted
with Lys, Val at position 68 is substituted wth Ala and Ala at position 97
is substituted with Dir in the 30 am no acid sequence represented by SEQ ID
NO012; (4) an.amnp. acid, se e i.n. which, Ly Qsi t .S substituted
Wi var, BRRS D SeRonedy S e A rebtion 6t rbhied win s g Ton 45 | <
substi t ut epbsitidn 7448 subdtituted wtthSUy*s adAththt pSsitio 97 istsubstituted wWithBEhr iddg at
position 67 fSaS bstlétuted wntth b¥§ (ﬁ@m?sition 70 is substituted with
Lou and Al4™&P 6 gnélﬁeéepr?sgnga ;E[ h Thr in the 35 am no acid
sequence r(é’bﬂegmmoatldmeqsawe in hihx Ly’ at pé¢Btioral mrsibsiteted vihdGlievrgat i n whi ch
14s at SOOS;B&SEtRﬂl 3%2is 'sﬁ‘bs%ﬂﬁé& Mtﬂtl,gg Gﬁltat]ﬁ%é?t:mn 19 3 s@bstibRsd Mtﬁrlhﬁg%é@at

substituted w 1Ru 1 on S substituted

posi ti on 418)Sit50“s"t§'d§§1’11?5@f‘5€fi thﬁhﬁl Met gkpogition 8 issubstitated vathdlle, &rg el ed WI th

Ly; tl\/fl ?t dd%ﬁﬁintdﬂl sJ&uhﬁecwhﬁmyé W!a@dt pﬂs&f@n\%lls aibdtiMee it A%, Ao 97 1S
substitute

"12; (6) et g gl B L+ Aot poR TR shERRAET S T B Tt oo

wi t hG n atamias iatideaqice sepsesbated by SEQ W) NO:13n, Leo at position 45 is

posi t115h e 0L dpiaBlieid Ehudtor AP Bhleh T APpg LN sup Rt bl Arg B0 2L,
Lys and MepagitiondSiis sebstifed with MstGlmat p@ltwrt?r? i¥lqubstituted wishdueiinloeveati d

sequence reRfiRHeIie dulihuibdvitPPhO Mig: at é&&oﬁws ﬁ%ﬂﬁu&&&%&qwn?ge in which
Vat at pOS|t|pnq20|s subs |tuiN§dvmt OSItI uted with

S. S
Lys, G n aROSP98;&/i1 subsgtyt $tYH ecpqmnpn 6Bdhsu %EB‘E“Eeda‘t’l Xa,Aéma 45 s
substi t ut qsi)si:ﬂo'anZFﬂé\ eubsmec&hm 6751 4ridOThr 4Bpdsiticnbisis istibsti@etedWwith Lyl én thér g m
posi t| n 67. gbstl t ut ed higE@g)rgb position 97 is substituted
with 'L |arﬁ’“Pﬂéc m‘%?ng%feafesﬁtﬁ% erfted by SEQ ID NO12; (8) an
am no acid seque[ﬂﬁ@]l n which Val at position 20 is substituted 15posi tion
39 is substitut = lesbf’ﬂwe a?&mcpgciagéqg@nésof*\ﬂ{% lllé}ﬁd w th Phe,

position 48 is s stltu tion i S substituted

with Lys, sybstitaionssse mtr@dur@d m@u@mtbgtfollqm@gi(wt@ (A RamarRiacid seqvenssssi ti on 97

INsé i gbstl tg}fdmwofacth{:e héhc% *"xﬁwﬁfﬂh'tﬂn%ﬁmkéﬁﬁ%h @%ﬁbsrtmwmtml E%ag iﬁtE?olnDsg
is sut%)t ’é’&nwgtlfls Ht“tq_ci‘f'&h gﬂe etiaf P%thf‘s“qa S Sgﬁ%&l appe.  Met

at positi qosiidni6d isstbstituted with W4, VaHet, po@ﬂtlgnGB ipabitituced vﬁ?h Al-'ﬁl Aldoatt i t ut ed

W th Lys: obficRlonOSitsAfld ik Sa tHPAILANEH 714l DebRliA At A dﬁg Algy/ ti on o7

is substit uence represe I D NO
12; (10) pesitigniddds adnstxtusesbmm&“br inrthe\pmm aMd seguense sepressnted byi Q;Ubst i tuted
with Len NO:12;

25 (2) an amino acid sequence in which Arg at position 38 is substituted with Lys, Leu at
position 45 is substituted with Phe, Met at position 48 is substituted with Ile, Arg at
position 67 is substituted with Lys, Val at position 68 is substituted with Ala, Ala at
position 72 is substituted with Val, Thr at position 74 is substituted with Lys and Ala at
position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID

30 NO:12;

(3) an amino acid sequence in which Arg at position 38 is substituted with Lys, Gln at
position 39 is substituted with Leu, Met at position 48 is substituted with Ile, Arg at
position 67 is substituted with Lys, Val at position 68 is substituted with Ala, Ala at
position 72 is substituted with Val, Thr at position 74 is substituted with Lys and Ala at

35  position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;
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25position 39 is substituted with Len, Leu at position 45 is substituted
with he, Met at position 48 is substituted with lie, Arg at position 67 is
substituted with Lys. Ala at position 72 is substituted with Val and Al a at
position 97 is substituted with Tl amno acid sequence represented by SEC)
ID NO 12; (11) an am no acid sequence in which Vat at position 20 is
substituted with Len, G n< 30position 39 is substituted with Lett, Len at

osition 45.is substifuted w.th,Phe t at ition. 48.is,substituted with
oo Mo at haf i aed seotinetln minshcareli poig DS tpshBSitoted RIS Gly s

subst i t ut esbsitiont39Liy sutstithtddwith Lpmdicuiad posiion 45 Buhbstittted edthvithehAfgvati n t he
am no aci [ : . . ] cid
sequence Idl?’l()%\g\ﬂl)lﬂ W&sﬁlﬁﬂéﬁé@%&ﬁﬁ V%?agg%ogggglgg% %%ul?gté%@v%‘?%nm }al?a %osi tion 39
i s subst i tRAsBPn2tis substitutedewith ¥al, ghsattposition 54 issubstitytediwitleblysandilFae,  Met
at posist i QRAfichY73Y Bskif BN Thinl ck el ft ut ed

Rk Bstifud et hbin th@amﬁ’fogicgf svaﬂft?cﬁic%l'r eRhtell y SHIP

with Lys, V&I at position 68 is substitute and Al a at position
27 is subsSt¥ilded with Thr inth amino acid sequence represented by SEQ ID

NO.b 1t2_; t § J(g) axﬁflnﬁiﬁﬂ detd s't_qh@hcts S WARRATE ag g@iﬁdb 301{) i@ ts_ﬁl%sti]t&ﬁéd W@itfl ILyB,&}lin&lt_ t
substituted w S n at. position J.S S e ou a
oo t1 on d@sitionda ittt Fom et posficn, LRSS i The et o wi ¢
He, Arg atpositiont48as substifusedswitls ile.t Vil edpositidm 48yis subdetumtd with iAla,dda @0 i s

subst ijtut j . . pPesi L Q7 Al i . ] i n the
i no 1ei cpusiioh 2 sE MR B al Phkdr B 2t o AR RFLI dod Al ol
sequence iResitiondf inpupsttutgsloxith Thinindke aminoAsist sequanse repressnted by SBQilhosi ti on
39 is subsyptigted with Lou, Lou at position 45 is substituted with Phe, Met

at 10position 48 is sdtijti t ut ed. W Slubsti tut ed
lB(?%i tion 97

th He, Atg af. position 67.is
with Lys, (82papingacid segenes in whichyyeat st in PRI RA LY
is subst i(tpmt;'ﬂidn@'stihsﬁﬂsﬁu&eal witieLeuyilea adpositicresfiig Rakstitepd as@rPheMeyatSEQ | D
NO 12; . i i d seqgyence Ln which Ar Sj.tirQn i
Subst Put aRPRRARR Sbsiihet SORHEIGE of Bl Ler St BB SR M oy ot
posi tion 4®sitiondahs substituead with WalPHlr at ipesition 74 Spsubititited with Lys andipda at ut ed
wthlie. -l : i : W gipn 74 is
subst i  u A4 o7 ORISR Rl Pheli e irhidbB6iNebllrck FoprcHRH PPERQIY T
ani no aci dNQdduence represented by SEQ ID NO 2; (16) an amino acid

Seauerce D ahuaho shogesid iy s wepsle BB O
Wen g0 apgtie SYoRueelih i el Lebat e D Sibfled vigh Bag MBS 1 on 66
i S substi tpesitidn WB tihsubistituteldl veitlalle, pagiat pasitioh67 is sabetituted withdysj Vadhat. en and Al a
f‘;pfg: ;;'t Siglén gg g#%%ﬁ‘&{ tzv%ﬁn Mal e pdsition 7is bAutBE With TSI UEE A at
position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;
25  (8) an amino acid sequence in which Arg at position 38 is substituted with Lys, Gln at
position 39 is substituted with Leu, Leu at position 45 is substituted with Phe, Met at
position 48 is substituted with Ile, Arg at position 67 is substituted with Lys, Val at
position 68 is substituted with Ala, Ala at position 72 is substituted with Val and Ala at
position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
30 NO:12;
(9) an amino acid sequence in which Arg at position 38 is substituted with Lys, Gln at
position 39 is substituted with Leu, Leu at position 45 is substituted with Phe, Met at
position 48 is substituted with Ile, Arg at position 67 is substituted with Lys, Val at
position 68 is substituted with Ala, Ala at position 72 is substituted with Val and Thr at
35 position 74 is substituted with Lys in the amino acid sequence represented by SEQ ID

NO:12;
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(17) an am no aC|d sequence in V\/mch Gn at position 39 is substituted with
Lou, Len at position 45 is substituted, with Pile, Met at position 48 is
substituted with lie, 'tag at position 67 is substituted with Lys. Val at
position (i8 is substituted with Aila, Ala at position 72 is substituted
with Val and Ala at position 97 is substituted with Tin" in the amno acid
sequence represented by SEQ ID NO 12; 08) an am no acid sequence in which

GM at posig Qb?@n érﬁmb%bﬁf‘géaﬁérfcgtﬁﬂhﬁﬁiy% 'aﬁ%sﬁ%n 128 1h{téﬁ %ﬂhg‘?f ehe MEt

at positi I on

subst i t ut eRpsitioniS|iy substitedswith Bbe.tlerat pesitien g&lﬁﬂb&ﬂﬁ'ﬁé@l wihdle, ﬁe&att ion 74 is
subst i t ut eghsition!®7 i WisbsattfledWith %}s Vel At ﬁme%K 68 s SubBfutddUtiBHAN, Al dti 1 1 n the

etoenes. (PIUNRR EPRURTDVE Vol TBS it i st R EF S48 Ron 45 1 5

subst i tSut gsbsitionl9 7Rk sybsivhitedawitl Bht ini the)arithol feidsdeladnict uépeesenietbySEQ By at
position 6130 substituted with Lys, Ile at position 70 is substituted with
Len, Ala at poS|t|on 72 is substituted with Val and Ala at position 97 is
subst i t ut gd!)sin 4mimb acidrsequracain which dyslatyegitionde is sybistigiadt widh Nl, SEQatI D

NOL12: 40 pkbh 391s iEfinhth BESURAGE pbSiTAEI sGodtced BRI o A 39 |

substi t ut Leu Louat posit ubsti t ut

posi ti on 4Bsitign&ips sybstitutd Wﬂ% Lbiaéflal pesigion 8 isybstitutedtvath Al Alaafs, 11e at
posi ti10n HdsitidnT2HS sibistitu®dl With ValL‘er at Pokitioh 70 fSdubbtdited witiSLysubAtAla bt ed with

Lys and Al a sition tuted with Tin in the
sequence M aﬁ’eg(@ﬁﬂ%wbagw%ém%ﬁﬁbnf% arifnp i oA PP REG DY OB | n whi ch
Len at podN®il@n 45 is substituted with PM Met at position 48 is

Substi €Ut Vi bl Geia M BRRRER 2 B'odsich 93! IBESA iy Ban 2! 21

position 1SS |tu position ed W th
Val, Thy azosq@ogﬁf?us)submm@ \m‘lbbcu,thwedpwmdn 45yis substittediwith BhesAtgiabn 97 is
subst Iltsut sn‘ﬁbh hﬂmuesnm&éaamm t%@klﬁoﬁ 88 eRbSithRRVAREATCAIdY SEO I D

NG 12, acl d sequence | sition 39 is

substi t ut emsmpfl F{g iysubstitytpdayithy ¥al; Thiat pesjtipn 7@ tﬁo%lbﬁtztu@g avith bys asdAlagt ot

| sosi tl on péSitioa 99 ibsibistituteddvith Thr ihitke alviioabidegidnt® Fepbesented HYISTQ It ed wi t h
Lys, }an‘asmlon 72 is substituted with vVal, TM at p05|t|on 74 is
substltut th Lys and Ala at position 97 is substltuted with liar in the
am no aci d13)equranioe acidse@ennt adwhigh SEQatIstNQlJIZ is fubktituted with Bple Gilif atc
exanmphgs ; [ ons an
intro gceg)folsltrtllgﬁaderg {lﬁe&?té{alvg@mgﬂ Eﬁlg %(}é lﬂdﬂ M@hﬁs@&ﬁdﬂ(wﬁﬂl@% MUH an

|
am no aci d’%‘é‘ﬁﬁéﬁé%sqbﬁtl%%ﬁddﬁﬂw% atesition 8 i substituigdowith Rtlﬁe ééla% t §1 {/at

G B ?t t p ?Spé)hllu@ﬂ 72% stﬁ:sﬁtukbﬂt\h'ﬂlJVﬁdTm dtPosiftbh 74 sQubaitute@Sith IR 2hd AllSat
supstitute

48 bstituted
posi tion @?S’¥Mgn g b Bssﬁqbtswﬁﬁg ﬂ éﬁegmng\:agld;gq%glg? }qupBe‘fege& Fg Igg@o]g?l t ut ed
W th TM INO#RBe anino acid sequence represented by SEC, ? ID NO 12; (2) an

am no L: Lea,
5o! 91 PARUEREE okl LUl Nokyoh FOBALLRR 19 4 Apsetipl it o, th

s ubst i t ut @asifipr B9 Phaubstimtedavithpben, Liev at Assition 455u9 gwbstlmteuwvthtl’hema aiy at

pOtS'h t IT&n %Bsﬂl@n ﬂﬂ%?]%dbg%th%ﬁmm Eaxgragg%g?éﬁmfs sﬁl%?’i'tdtécpgh ssmaubsg ituted

W | . i d

am no aci cH’%’Q&’&ggl ‘ﬁbﬁuWé’ﬁ‘ { fhfp?égf’?‘fl?}hggg; ﬁ“éStgﬁt% “%‘9“{6 2%“"{ys.

at positi @osifién D3 issubstitutedtveicth Thitih theoaminbacidatquensé tepeaseritbd bg SEQOH i t ut ed

with l?b/l i{ﬁsl 3t position 48 is substituted with He, Amat position 67 is
ut

substi Wth Lys and Ala at position 97 is substituted with lin in the
am no aci d19equerseacid seproeein WiclSES #tpobiton 22 is substituted with Val, Gln at

position 39 is substituted with Leu, Leu at position 45 is substituted with Phe, Met at
position 48 is substituted with Ile, Arg at position 67 is substituted with Lys, Val at
position 68 is substituted with Ala, Thr at position 74 is substituted with Lys and Ala at

35  position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;
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(4) an amno acid sequence in which Gnat position 39 is substituted with
Leu. Leo at position 45 is substituted with Pile, Met at position 48 is
substituted with Ile, Arg at position 67 is substituted with Lys, Val at
position 68 is substituted with Ala arid Ala at position is substituted
with Thu in the a, Iino acid sequence represented by SEQ NO 12.; an
amno acid sequence in which Gn at position 39 is substituted with Lea.

L t bstitut it i
Lou 2t 2o bl Ayl it sk b TR Py B o
posi tion msumnﬁ?bssuhsunmd with hew,dreusat dosMien 43 ispubstituted with Rhe, Mgbatt i t ut ed

t h T
a6t 0 sequeksiR AT, ARl SEAVEGE 4 POGESFEI RIpIGREWMIRER, valeb), 27 am O
posi ti on 4sitiond§ys syhstituted Witk Alepma atlwsltwatn posbstitgtedagith ¥alw5s%l¢ gtut ed

with lise, piitRh 9¥Qs Bastitut@IwhE TheintHO &hidoWcRsehhdde kpresefiled b?tSBl?HDt ion 72
i's SUbStltlgbelg with Val and Ala at position 97 is substituted h Thu in

t he am no *sequence represented by SEQ ID NO 12; (7) an ammp acid
sequence i(7yamarhinGiavidsequease in whicB3ys at ishivhi 12Us eubstifutéd Wwith Val, Glin att

e d with
e Aty a0 UF SIPHb A W B Tien oot BT 5Bt Mg PAEMALL o 5, 1
subst i t ut gusitioni48liy substititedl witlalle pAngiat positi@67 s sgbmsmtcd withd.ysi YA aThr in t he
ani no 1@0' RIOHDBGE s aﬁm&ﬁﬂwyéﬁgowo&% id &ﬁz&tateénﬁgx (/al%nabmffxe tutions

are ' ﬂm%am no aC| uence O M in w de need inclu fol |l ow ng
(1) to (8)poam0ﬁ84a%wd>sg Wit bys in the ymigg agid seguence eersesgeA d¥ SEQ i ch Lys
at positiaqQOH2;is substituted with Val, Lou at position 45 is substituted

wi th Phe, osition 48 s ituted w hIIe ition 6'7 is
i Pe Bl %@cgﬁaq‘mnaeat@a@f/fmowow dperintbatPERAR &' o (e
am ne aci (posmqnéﬁoesubepnmmleﬂydgy}hsa{pdsiﬁow@]@substlﬁnlechmthfcemd,eacatd

sequeng, 3 QmWH 48 r}s %@J @Ee&%ﬁ% %ﬁegjﬁl/llé%%t stltf’ b4g8t is %Hl%s%t%gﬂh lfﬁu n at

p05|t|on I'S subs I"on ituted

with tie, Dasiiionsdds subsituger with Eys ¥el atpositiomps Itﬁ qupstityted wlaAht Abcﬁl tion 97

I's substi Edé”si@i@nwtli‘su-gsﬁtu'téa WIRE VAT ROt P6sifor 941 %ﬁﬁﬁltﬁﬁﬁrvﬁﬁ%s%dma Q1D
NO 12; sequence i n which My at position

substi t ut eRSPSW’P ﬁ&}LwQDSW%t hr1gdhg 3RO #810; SEqUSHEE fqpf‘i?F’é‘adW%ﬁQﬂq .
at twsitiN048;is substltuted W|th 1k, All; at

20  (19) an amino acid sequence in which Lys at position 12 is substituted with Val, Arg at
position 38 is substituted with Lys, Met at position 48 is substituted with Ile, Arg at
position 67 is substituted with Lys, Val at position 68 is substituted with Ala, Ala at
position 72 is substituted with Val, Thr at position 74 is substituted with Lys and Ala at
position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID

25 NO:12;

(20) an amino acid sequence in which Lys at position 12 is substituted with Val, Arg at
position 38 is substituted with Lys, Leu at position 45 is substituted with Phe, Arg at |
position 67 is substituted with Lys, Val at position 68 is substituted with Ala, Ala at

position 72 is substituted with Val, Thr at position 74 is substituted with Lys and Ala at

30  position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;

(21) an amino acid sequence in which Lys at position 12 is substituted with Val, Arg at
position 38 is substituted with Lys, Leu at position 45 is substituted with Phe, Met at
position 48 is substituted with Ile, Val at position 68 is substituted with Ala, Ala at

35 positidn 72 is substituted with Val, Thr at position 74 is substituted with Lys and Ala at
position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;
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|:osition 67 is substituted with Lys and Ala at position 97 is substituted
with M in the amno acid sequence represented by SEQ ID NO 12; (4) an
am no acid sequence in which Gn at position 39 is substituted with Len,
Lou at position 45 is substituted with The, Met at position 48 is
substituted with Ile, My at position 67 Ica substituted with Lys and Ma at
position 97 is substituted with lir in the am no acid sequence represented

by SEQ I D . (5 ) id in whi. ifion 45
72 Sutst i 2\t Bnino seRt sl ARE e BRRRGCA f piiited fln 3. B8R | OF 7

i s substi tpasgndstik substifutadwith Lps dieuiabpositionsd sislssbstituted withibhe, Mebatand Al a

: o ol ! e i .

eor esent dpsiondR if HERk G, Y A Bobiflod P1ATHARRE WARAURAGE
posi ti on ZB9sitiongdns spbstituied witk iYalpiar atwositign 7 dssubsitedgvith Lys angtAla gt ed wit h

lie. A3 atpddffinid7q8 sébktituted>Wilh Thi 1 B athriohcld/sequérct réfirese by BEQ D S
substltutgg wi.th Len and Ala at position 97 is substituted wth "M in the
am no aci Q\g&ejence represented by SEQ NO 12; (7) an am no acid sequence

i nbwhg ch L@B) &t aminsiatidaegqudist id whith Ik bfpdsitionNEtis sdbsfifipedswith ¥al, ABg ats
substitute tlQn 1S, suhst I Lut. a at

posi tion fg)s%ﬁsoys} gt?g??qlggpg%i V\?\nﬁﬁ FY%"'“%H’??&%‘ %5:[51 5%}355}@3%%“% Pilhé’sﬂélﬁ tituted
Wi th Thr ipesities 48s substititedl wishyllentrg at ppsitierel scubstit@sdwith Iys) Valfap. ; I(D ﬁ) an
am no aci B . . 4 e,
o 10 11 hRRRHRAE AR A1 16 RSHioh ) ¢ ReAuUFin L4

subst i t ut RPsIkioRP7 |1y substiiytedwith Thiiathe gminpacidsegugnse repgessatediby PEQID and Al a
at positiawo9z;is substituted with Thr in the am no acid sequence

t by SEQ if), NO 12..[0072} Speci fi I t ' id
oot o SEfR bl Ay LSRR SRl TR G A o
Tol Ih_owi nE ;(olsi)iohdS@@qbatiiwtndwithﬂyﬁéﬂp&h@ﬁi@@iii}uﬁﬁhﬂm wﬁhi’hb,d\dgmquzgcg in
zyhi : i . i,pn is
subst  But Sy P RSB Glo8futd it RS Bt 61 B tbrich B RRIBRSWPT %03 o
posi ti on Ppsition$§hissubstituéad with AlarAda atpositien FRiinmbatétnted yath ¥elead Adpatesent ed

by SEQ | D gysitibR 97 if subsfitedWiP TRCinGhS SAHRBAER] deGueial fdprefentdll bgwq ipn 20 is
SUbStItUt}gOyiA:[h Len, Len at position 45 is subsdtated with Pbe, Mt at
position il& substituted with Ile and Al a at position 97 is substituted

wi th Tin i(R5)dneansind acidaequtnseiiwhick Lyegy sitivhdd ibyubSitddOvidVal] Arg 4t3) an
at podlri a3 ERRiN DA Brd heRARPONBR 43 pRuftHBt MR PRE Mbosl, Y5t e
with |ie aosditiohd8as substitutidiwitnllg Argsit positsan 6 7Liseubstituted with Liys, Yalet ani no aci d
sequence nppkiss 8BS BRI AIal Ala at position 72 is substituted with Val and Thr at
position 74 is substituted with Lys in the amino acid sequence represented by SEQ ID
NO:12;
25  (26) an amino acid sequence in which Lys at position 12 is substituted with Val, Arg at
position 38 is substituted with Lys, Gln at position 39 is substituted with Leu, Arg at
position 67 is substituted with Lys, Val at position 68 is substituted with Ala, Ala at
position 72 is substituted with Val, Thr at pbsition 74 is substituted with Lys and Ala at
position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
30 NO:12;
(27) an amino acid sequence in which Lys at position 12 is substituted with Val, Arg at
position 38 is substituted with Lys, Gln at position 39 is substituted with Leu, Arg at
position 67 is substituted with Lys, Val at position 68 is substituted with Ala, Ala at
position 72 is substituted with Val, Thr at position 74 is substituted with Lys and Ala at
35  position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;
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(4) an am no aC|d sequence in which Gn at position :39 is substituted with
Leu, Len at position 45 is substituted with Phe, Met at position 48 is
substituted with lie zuld Al a at position 97 is subslltuted with Thu Mthe
anki no aci d sequence represented by SEQ ID $5 NG 12; (5) an am no acid
sequence in which Lea at position 45 is substituted with Phe, Met at
position 48 is substituted with He, Arg at position 67 is substituted with

L d A '- d
sequence 1@ornamadeld Audte 1 NERIYS SRty SRl GRTERLR [
Len at pogiosition 384s s@sgumwm L) Gl atpasition 3968 selistipbed wztb eu.Metsat

substi t ut sMthS‘i?subWNﬁéél @Rﬁﬁ& fﬂ @ﬁ)sh n9808 Sitskhf ﬂiw&tﬁﬁlﬁlﬁﬁa gd Ala at

pOSItI on 97 1 s substit € am no_acl uence represent ed

by SEQ NOPogsion 7275 subs tl@ﬁﬁdn‘ﬁlﬂaWdwa@eﬂaen i/ lwm@ém Lysqodlpat 45 s

ubst i t gt echositioh 97hs suMstitudd Withs Thi idRhé!#inind adidielhdndt espravehted b3 SBQ B at
position substituted with Len and Ala at position 97 is substituted

with Thr (t)f'}g nunci o aci d sequence represented by SR) ID 10 NG 12; (8) an
am no aci d29emumemiae acid saduenbe irewhich Lypatpokition 125s substtulesit withi ValgAvg 4th  Phe,
Met at t

subs'Ele i tg'? ZigtsftiBF 3§§ %@sﬁ@?%%&ﬁ’i&d%%%itﬁg sugS‘fbtsP ?ezfd&dvt\# F‘ ﬁ’]%&s&fn t he

am no aci @oseqnéﬁcesubepmwemleﬂe H\rg SEEYSitiod: G72is sulpstifutedh withiliys, Aleiatl sequence
in whiigh lp%embn oS4 SibRfitutta wl%h %lbﬁﬂ dt 5]5455101%4 s SuBRitufdl itk Lﬁ%tl%}lé 8t

substituted w sjtion IS substituted wth and Al a at
posi tion Wsytlgng75§§qb§gtpg§ #’rliﬁrth‘i ﬁmtnﬁé‘“élrﬁ?ﬂl‘&nﬁﬂed’risé’aﬁ Xém esent ed
by SEQ NONQ@:12{ 0073] 20Specific exanples of the ami no acid sequence of VII

which t bsti.t,ut l.ud f ol 1.) t
(19 an nd SRR b SR aRe st Lt o Tosn e Phelitfea i 98 Beha ' 5
i s siall stpositibped8us substititedlveith Bys, G(hsattposmoﬂa%sswshmtedtmbﬁewl\ﬂtt aPhe and
Al 4 i
Fepr oaaht S HORAR S i i K%‘*“E‘a* Boslon & S S RIUEDWAR TS RIHEN TS,
posi tion msmgn 68 s yubstituted with 1aL$hr atpesitien 7‘b¢ﬁssut>stg*ntedev1ﬂlsLm§ﬁ1@a& ed wth

Phe and Alpasifibn D934 $ubStitui2d vith Phiiakhd arhiRe a¥idisBquticé fephdintdd byl SEEamENCE
represent%)tié SEQ 1D NG 12; (3) an amino acid sequence in which Arg at

position substituted with Lys, Len at position 45 is substituted with
Phe and Al(3l)ain andiao heidBeqibncsinswiiish Lysdtedsivion 12 T8 mb'smteldewﬂmlalpAm:dtd

ceauenne SRR RMBIY L froh SRR LR 7 v o

Gn a 1on 1's su
subst i t ut @gdsitipn K8 Rreubstituted|withalle, pag iat pasition o7 is sehstisited withdysiahatThr i n t he

am no aci $o§iﬁgh' 88 ?sesdb%ﬁﬁa%ﬁleﬁlab)ﬂasf-goél&m 1s]s%bst1tﬁt'é)l with W A@ABCAtd
sequence in osl t IS, substltute

posi tion #gsifign gg Pfsst“igﬁ @5 thfl p éheeﬂ’i’é!n%\fa‘& APAY5HST ’Eqpfﬁ‘?e’g‘?;]blé ggbo@)t ituted
with Thr INO#ibe ami no aci d sequence represented by SEC? I D NO 12;

25  (32) an amino acid sequence in which Lys at position 12 is substituted with Val, Arg at
position 38 is substituted with Lys, Gln at position 39 is substituted with Leu, Met at
position 48 is substituted with Ile, Arg at position 67 is substituted with Lys, Val at
position 68 is substituted with Ala, Ala at position 72 is substituted with Val and Thr at
position 74 is substituted with Lys in the amino acid sequence represented by SEQ ID

30 NO:12;

(33) an amino acid sequence in which Lys at position 12 is substituted with Val, Arg at
position 38 is substituted with Lys, Gln at position 39 is substituted with Leu, Leu at
position 45 is substituted with Phe, Val at position 68 is substituted with Ala, Ala at
position 72 is substituted with Val, Thr at position 74 is substituted with Lys and Ala at

35  position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;

35



(6) an amino acid sequence in winch Len at position 45 is substinitedMy at
position 67 is substituted with Lys and Ma at position 97 is substituted
wi thin the am no acid sequence represented by SEQ ID NO 12; (7) an am no
acid sequence in which Leo at position 45 is substituted with Phe, Val at
position 68 is substituted with Ala and Ma at position 97 is substituted
wth TMin the am no acid sequence represented by SEQ ID NO 12; (8) an

"o *poda AT BHARES b YRl WPORRhIBRE hdsRilndD i SushRRk] Mt Shh Wik P
subst i t ut egpsikion38THsubistitutesewidinLy®n Gl atipaséipnsidde sm@pm@wnbaemw@@ | D

NO 12; 10(
Subst) t ut dpea 8T A SRAPREE h“?‘ﬁ"“&‘%ggu‘%““%&f“%?gﬁ‘@ﬁ?d val and

Al a at podiogitign 731s ﬁlsbsgwbzdtmvéldm atppopifipn {7 ig st&ete withybysaod Alagh esent ed

by SEQ5NO poiidion37 igsibaetubed Witls TRLiaNESarhiho\WdidCcdeqlieiide dprésefitell b9 ISEEPID S
substltutg\govi?th Phe, Thr at position 74 is substltuted with Lys and Al a at

position substituted with flu in the 15 am no acid sequence
r epr esent €35)an BEQo aEidNEyuedce in( Which hysat positionild is saupsttutes with Whal, Arg &tys at

position sfg%n%ﬁ'?é%dbts gegi%ﬁgﬁsbgln?t:}%@éﬁhﬁqE Hsﬁ&téﬂi@ﬁéﬁ'%ﬁ'a’t“ted with

Phe and osition am’no

sequence rl@plﬁleg éﬁ tigsnbstusEVitDPIMOATR at positiony issubstiutesl with dysMaligince in

whi ch (W glositien 68 '1é)§hb§9tu'te?l \ﬁl‘t!pﬁta' *I’Hfﬁ%o%xbﬁ 74 80 subbtthieda¥itt? 4198t 45
substituted wt position 48 is su.bstinte V\ni‘_’gﬂ&elnthe

am no aci d’oé@aﬁgﬁé%s é?)‘i“éeéié’mlé t@mp@cn,qéeg\gmce repagsentrd b

seqguence |N0wmch Ars at position $8 is substituted with Lys Lou at
position bstituted wt p05| sbstltuted
Beh 1o (ROlReTRS ot skt bOwRE LER riSlioR g e §heklfey enBpoRERd | 377,
am no aci gositiquéA éesubstitwredonttLys, &in mqmsttlonr3939substlmtddsmth Lclaiemat h Len,

Len ats po?gﬁl‘t@ﬁ' 4§%s é@sﬁtﬂ%ﬁ%ﬁlﬁdﬂé thohiodtie? iMlbstbutdOFith Lgé"\ég ' SD NG/

substi t ut % sequence represented

2; ( 15)Pogifon 4B W@éﬁl@t@é}aﬂbﬁwlwmw&ﬁn 72 if salbstﬁe@ﬂ WitnVal anﬁl éla at
substi t ut §Sfﬁfoﬁ b7 RheubstifatedatitoPisd ih it arfBo lasidsefsenté HipRiemted By SEQ End Arg at

position substituted with Lys in the 30 am no acid sequence
r epr esent B? SEQ NGO 12; (16) an am no acid sequence in which Lou at
posi ti on 4%7)ian asuhsatldlse(wﬂ:nw inhwiiibie Lys\ttpositiop d2iid substithtdivitlsVdlsArgatt ed with

ey o2l Baoihn BRE SO it BB heflSidohishik Meitba it BE1Ru3F {3 oC
posi tion APQSlilgn 45ibssubstituted with PhePheg atiositign 6diis sybshitutegl wish I;Yﬂ)é’@l Qtut ed with

lie and | ip8sifibn B9$ SubSitutel with &Mb)itd eIt';BbﬁﬁoﬁWﬁ B suB&ithfed Wit Vdllahd The&i d
an am no acid e in

BN SR 0B I i aninh sl R ch o by SEENEE )
substitut D2t h Ile and Ala at position 72 is substituted with VSin the
o 108CT OB SRR BRI B 17 arub i AnuaTh a2 ¢
posi ti on #@sitign 3§ ksstubstifuted \Wh‘IbVSl Gin atrpgsikion 80 ipoistituted With Leu, debsat i t ut ed
Wi th Lys ipBsitiBig 488 fBstiated WBODIRD et hERIRRANSAE shbstitdeld with N6 Ath%t [ 00741
position 72 is substituted with Val, Thr at position 74 is substituted with Lys and Ala at
position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
30 NO:12;
(39) an amino acid sequence in which Lys at position 12 is substituted with Val, Arg at
position 38 is substituted with Lys, Gln at position 39 is substituted with Leu, Leu at
position 45 is substituted with Phe, Met at position 48 is substituted with Ile, Val at
position 68 is substituted with Ala, Thr at position 74 is substituted with Lys and Ala at
35  position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;
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Specific exanples of the am no acid sequence oftwo substitutions are

i ntroduced include the following (1) to (66) am no acid sequences, thr
exanple: (I) an am no acid sequence in whkitil. ,1 at position 12 is
substitmed \,vith Val and Val at position 20 is substituted with Len in the
am no acid sequence npresened by SEQ ID NGO 12; (2) an amino acid se-e in
which Lys at position 12 is substituted with Val and at position 38 is.

substi t ut qdo) MAmihé aclﬁ%)e ti’e'hcélfﬂ @Hicﬁ‘%g tzg%gﬁh‘éﬂ(ié i &bstlmtéd%&lli'%lam%‘é% acid
sequence repr, esgnt ed % ositi stituted with

S
Val and 0POositiopgéiis wﬁ lwwﬂshb%ﬁl@ BeRositignoR it Stlwtqdh*@lﬂafrﬁwea@? d
sequence r@?ﬂl@ﬁﬂﬂh@ﬁlbbﬁtu&ﬁQvMDPhé MeétH pettidnd8 ig Bulbtituied aithdlesWguence in tch

s 2 Do bR AR A o O ISR AR, o 1

an am Ao gositios §F uesubstifutedwittc Thi in shedmipo scidi sequehle represeined by SEQUIDW t h Val
and Met aty q§|t|on 48 is substituted wwth lie in the amno acid sequence

represe ned by’ SEQ I D 25 Nal2; (6) ai am no_acid sequence in which Lys
ation 12 i(41)smsmine aeid Gequente inawhigh Lysatgpositiop d2iis substiwted; vtk VelsArg ait ed wi t h

Lys in thegmgghe 1§§ﬂb§ﬁ’tﬂfeﬁ WlﬁPLfs'S@Pﬁ ﬁgaogiﬁoﬁ@ id Rb%@utéd?\mth Lel(,i)eu%f‘ am no

acid sequence | s, at. pos I's.substituted Val and Val at
30 positi A9sien Ir‘lg ‘%ﬂ%?t‘t?“{eét"@g‘ % MeAlahP‘?SH‘% léﬁ‘i‘tﬁ%‘%%\éfﬁbélefgﬂraésent ed by
SEQ ND012:posifiGh 681 subsktitatedoiich ARJNRIW @osition2 Bhsubitituetl witsVdl iad Theati S
bS8k APl i B0 sl GARREE Il Gt b s 1, 41
sequence iINOMARj ch Lys at position 12 is substitutethV at position 72 is
substi t ut @g inlahiX3heill RedudicAH mcﬁﬁﬂrsdat%%ﬁﬂgﬂq§ if fBsGERRANAh W A% at
position 38 is substituted with Lys, Gln at position 39 is substituted with Leu, Leu at
15  position 45 is substituted with Phe, Met at position 48 is substituted with Ile, Arg at
position 67 is substituted with Lys, Thr at position 74 is substituted with Lys and Ala at
position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;
(43) an amino acid sequence in which Lys at position 12 is substituted with Val, Arg at
20  position 38 is substituted with Lys, Gln at position 39 is substituted with Leu, Leu at
position 45 is substituted with Phe, Met at position 48 is substituted with Ile, Arg at
position 67 is substituted with Lys, Ala at position 72 is substituted with Val and Ala at
position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;
25  (44) an amino acid sequence in which Lys at position 12 is substituted with Val, Arg at
position 38 is substituted with Lys, Gln at position 39 is substituted with Leu, Leu at
position 45 is substituted with Phe, Met at position 48 is substituted with Ile, Arg at
position 67 is substituted with Lys, Ala at position 72 is substituted with Val and Thr at
position 74 is substituted with Lys in the amino acid sequence represented by SEQ ID
30 NO:12;
(45) an amino acid sequence in which Lys at position 12 is substituted with Val, Arg at
position 38 is substituted with Lys, Gln at position 39 is substituted with Leu, Leu at
position 45 is substituted with Phe, Met at position 48 is substituted with Ile, Arg at
position 67 is substituted with Lys, Val at position 68 is substituted with Ala and Ala at
35 position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;
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(10) an am no acid sequence in which Lys at position 12 is substituted with
W andi hr at position 74 is substituted wwth Lys in the am no acid sequence
represented by SEQ ID NO 12; (11) an ami no add sequence in which Lys at
position 12 is shstituted with Val and Ala at position 97 is substituted
with TMin the ami no acid sequence represented by SEQ NGO : 12; (12) an
ammo acid sequence in which Val at position 20 is substituted with Len and

My at posi ] - i 4 t bt i i e

Fepr esent oo pop @llgoRaRRGGE YLt 19 ioddba' 123 AMIRuACN SEEMERRD
posi ti on 2@sitonsi§ys substituted with hys. &1n atepsitiont3%is sgstitutedbwitBdep.lenmbst i t ut ed
A o aci d sain BTy Sfosded RREPR Mol RO SAGIAES sttsuhal i lIZAre 4 Lo ane
ek at - podioSitio o7ds subss e vtk Ll SiPoRkioR A8 ke Mo aHiibAlen dYF B ot eq
by SEQSI D gbsionT2;is subkbjutewith findhé SmidGdRIsequénite Wpréseniéa |by@CEIB! tion 20
i's SUbSt'tlg@ﬁ W thLen and Met at position 48 is substituted with lie in

t he am no >sequence represented by SEQ ID NO 12 (16) an amino acid
sequence i(A7)vn ahinvatidasequense in which 29s atspositiontli2tisisubdtititedwitle NalaAdg &r g, at

position s I ] I 1 i resent ed
by SEQ 1 D g P15 Hieetieeh Wi e o beolion 38 0 Qb o i B ol 0T
subst i t ut egsifionidSiesubstitatedawith RhanMa@ gt pesitianoAR issubstigutod with AleaArgatt he ami no
aci d 56qugRsRioh R eaMRtiREIVItPER, VB MNPositién 6816 fbstitticd vABPARGE Alfatihi ch

Val at p05|t1.on7§0 i§ substit uﬁ@d \é\ﬁth Lett at position 70 |sS Ea tituted
with Lau iRPSYQB 7245 sHbstivied with, Vel e éheaming aeifsearienge sprssepedey $5Q 1Y 10y an
am no add M@gaence inposition 20 is. substituted with Lea and Al a at
position 72 is s[g{ié}l tuted wi tham no acid sequence represented by SEQ 30
NO 12; (20) an Ao acid sequence in which Val at position 20 is
substituted wi t Ppeeific anamflenobithe podna acxhsegaencs of Y3t in whichdewint h Lys in the

T wniioh VABSARIEard BECESRI IR CRHME (1o (DT kAl BT Bl S on 67
i s subst i t{} @RmreReidsgapence Hewhich dys alpasitivadddn substisigdeyith Vak VBlatseQ | D
Lye and G oo & e e Lt iy L Aot mei d
sequence wape B Et Rl oy e st posiondy s sfebioug WS LGUARCR ™ i ch
An; at pogotition 638s substtutedtwithib eschndiAlh at yositiond 7is sutstitypabwith dhr #he s
E%.t’itz?b?tﬁgié%ﬁ%%e%%'%B%aquen S e At position 35 is "
subst i t ut &) an aminp psidzaguenie inawhigh&iys ptqrositidni12 1s substitutad: wish Xpk Arg & i n t he
am no aci GoSiaeH 8B eELsubSPRIAAHEDySOBIPRPBok#oNS9 IPsubstituted with Leu, Leu at
position 45 is substituted with Phe, Met at position 48 is substituted with Ile, Arg at
position 67 is substituted with Lys and Ala at position 97 is substituted with Thr in the
25 amino acid sequence represented by SEQ ID NO:12;
(3) an amino acid sequence in which Lys at position 12 is substituted with Val, Gln at
position 39 is substituted with Leu, Leu at position 45 is substituted with Phe, Met at
position 48 is substituted with Ile, Arg at position 67 is substituted with Lys, Val at
position 68 is substituted with Ala and Ala at position 97 is substituted with Thr in the
30  amino acid sequence represented by SEQ ID NO:12;
(4) an amino acid sequence in which Lys at position 12 is substituted with Val, Gln at
position 39 is substituted with Leu, Leu at position 45 is substituted with Phe, Met at
position 48 is substituted with Ile, Arg at position 67 is substituted with Lys, Ile at
position 70 is substituted with Leu and Ala at position 97 is substituted with Thr in the
35 amino acid sequence represented by SEQ ID NO:12;
(5) an amino acid sequence in which Lys at position 12 is substituted with Val, Gln at

position 39 is substituted with Leu, Leu at position 45 is substituted with Phe, Met at
38



(25) an am no acid sequence inrg at position 38 is substituted with Lys and
Avg at position 67 is substituted wth Lys in the amno acid sequence
represented by SEQ in NO 12; (26) an am no acid sequence in which Arg at
position 38 is substituted with Lys and M.1 at position 68 is substituted
with Ala in the am no acid sequence represented by SEQ ID NG 12; (27) an
am no aci d sequence in which AT at position 38 is substituted with Lys and

Ile at position 2Q i sfituted with Lee in. the amno.acid ence
represent el%?sﬁﬂ?néé@s S%fﬁﬁju?%wﬁﬁlﬁ&%ta%whéﬂ@éu O c‘}ﬂ% sagﬁ ition 38

i s substi tpasabnii2tik substitunebiwith ¥abdndpilaiat pasitiond7 is sshstiitted witkThnirtthe Val i n
the am no aci ) L42;  (29) an am no acid sequence
i n which K?lglhgtaagggﬁ%%g%{egg&’@tg@hggpléﬁu%tg@'ﬂv%z’th Lys and "M at position 74
i s subst i t(@) axlaminoracidseqience e whithrlgys at pesitiomgi2an sebstibped with Vel Cﬁy aSEQ i D
NG 125 525 do3flon39 i@ SiH3RnAL Witk BN aRGG: }S)S'Siﬂ\@}l £RQFbIRED JFthi FheSMIRBAt Ut ed
with Lys and, Ala gt position 97 I's subStituted with Thr .in the am no acid
sequence rRositoa &8s spbsituigd withollgArg abposition GAis sybstifwied withdiys, Befbience in
whi ch G n pksitjoaFutis ubsBitddswith! D¢ ardduA Iadt Position Fris aibktiaed ¥ith[IDs id then 45 is
substituted . .with.Phe in the am I uence represented by 30 SEQ I D
NO: I 2; (?ﬂm%ﬁc‘gﬁf'%nﬁ%feamégbtﬁ‘gﬁ%gﬁp&[ﬁﬁﬁg@?G n at position 39 is

subst i t ut €d) am athinbeaid sequenvein whichd&l 4t positié8 204s sublstitutaduwidll Lew,tArglat e in t he
am no 1@cCi : i 0k @ crrhvats . i aci d
cegue? n ReR SR sl SRR By i s R0 substinke iR R 22 5

posi tion @psitionddnssubstitutad with Rhe. Metiahpesitionds ig substituted withdlecArg ®pr esent ed
by SEQ I D JyGibg 67 ié mﬁﬁ&dwgysaﬁid%ﬁ%ﬂﬂc%ﬂﬁﬁl 97%s \YMshitéd WitRtThPRSthET On 39
is substituted with Am and Val 7t 8 1Ition 68 is substituted wth Ala in

t he am no %Pﬂagééﬁfﬁ‘r?!?%e‘ie&?ﬁ%‘g@ﬁ?}ég §J5§§@1@®1 2; (35) an anino acid
sNuence i (8 arhinGiabideseqease in whicBVal &t powitioh 20 s arbstitutdd withiLemGlhlae at

PO\ o135, ookl UL it Lol T2l B R R S SRE B e by S
substi tut eosition B8 lissubsiitted witlatle,pogiat pmi&%i@sshﬂ&mtﬁ_i mthiwaah aval in the
am no. aci hosiieh 88 GLaib sRRASAERIRANa Mpasidon 7 S SuARRAG! Afth dneRaHENce i n

whi ch Qbi "at, position 39 I's substitute ou an at position 74 is
subst i t ut SEIng 8¢id ssauence repeseedby 8BRJIDMQilZhce represented by SEQ I D NO

12:  (38) (& hing adidl sdqvedidel B WRich 'Valiti pokitich 120 3 subSEtutddovitibBed, Gln at

Subst Ut ol 00,1 8 Sl ASSLODS1 f S SHRSIL AUt ) b T e am no
whi ch Len pastitipndB iis anbstithitedsvishubis tArg at pabitiart 67 i$ kebshibitedtvithdys.tlleoat 48 i s
substi t ut edibh 7o lid SibbituledSvitl AParfiCAM oF FIRRCS 5 SREGRARE Ghtnhr REnbD NO 12
amino acid sequence represented by SEQ ID NO:12;
(10) an amino acid sequence in which Val at position 20 is substituted with Leu, GIn at
25  position 39 is substituted with Leu, Leu at position 45 is substituted with Phe, Met at
position 48 is substituted with Ile, Arg at position 67 is substituted with Lys, Ala at
position 72 is substituted with Val and Ala at position 97 is substituted with Thr in the
amino acid sequence represented by SEQ ID NO:12;
(11) an amino acid sequence in which Val at position 20 is substituted with Leu, Gln at
30 position 39 is substituted with Leu, Leu at position 45 is substituted with Phe, Met at
position 48 is substituted with Ile, Arg at position 67 is substituted with Lys, Thr at
position 74 is substituted with Lys and Ala at position 97 is substituted with Thr in the
amino acid sequence represented by SEQ ID NO:12;
(12) an amino acid sequence in which Arg at position 38 is substituted with Lys, Gln at
35  position 39 is substituted with Leu, Leu at position 45 is substituted with Phe, Met at
position 48 is substituted with Ile, Arg at position 67 is substituted with Lys, Val at
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(40) an am no acid sequence ii. which ..ett at position 45 is substituted.
with Phe and Arg 20 at position 67 is substituted wwth Lys in the am no
aci d sequence represented by SEC? ID NO 12; (4 |) an amno acid sequence
in which Len at position 45 is substitutedThe and Val at position 68 is
substituted wwth Ala in the am no acid sequence represented by SEQ I D NO
1.2; 25 (42) an amino acid sequence"eh Lett at position 45 is substituted

vvlth The st tuted thL t no acid
Sequence. raniRE R SRHLARRWRAIRs AR b IFis Sriefbhed Pich 3B AEES 5
whi ch Leo mmpaeldtsemndérapsessmtbttby SEQdD NDtl’JZ The and Ala at position 72 is

substi t ut Z(ﬂB)"éx{zﬂni\{@%cigrkeé c@id‘%ﬂx@h%% %ﬁ%ﬂ%ﬁ%s Exﬂﬁﬁﬁﬁ&mgﬁ‘ Pt lﬁﬁg 30 NG

12 (44) am no .acl oSl t 1 onsubst W th

The and ' NOskon3§ds sybsH w%héebéteptaﬁp@emw ﬁﬂsey%stmﬁeci with ke Metati d
sequenge rpwneﬁeustlealbsawteaﬁﬁatﬁ e, NQ e} osnﬁdlﬁm a%uedﬁun@d dsthdysgmignce in

whi ch L t t. t W t.h 97
L SRR ey AR oo iy AR,
(46) an ardmino adddeqeqoerepastntéd bieSEQUIDIEOL 12i; on 48 is substitutedlle and

A t t

Fepr osent authafo pNiiiEhst i GhiohiglatpSidoR A1 BRRRAHA SERIERER,
posi tion 4®Sit19n§8bswb§umml with hey, Leu ahpositioned5 ipeubstitused @8hiPheMptati t ut ed
Wi AD3 g8siBR 4810k GAdWios RAUGRGERSEREFEPRL A PR 15 Mala?  (468) an

ammo aci d "seg| ue%e In oSl t bstitute Ie and fie at

posi tion Resitien &%qbﬁﬁ%‘d‘wm}{al@@ﬁAlﬁattméltm%s shsttubedgvigh £br indhg esent ed
by SEQ NOahilno aad(sécﬁx):nmepfasﬂmcasy sEquNOqe in whi ch Met at position 48 is

bstitut t h 7 b td. ith i th
2o aci 41 SuAn e S Satcaf BvBiE At hesTionds b it 19 ehce [ n
whi ch Met pasition$Ptis substt@teadsvithubat, eutepbsitidn#J is sutstithitddvith Phedviei abn 74 i s
b A
substijut SI%Bﬁsgyéxg%ﬁtg%éggmﬁ]ﬂIQ g%{ﬁ%ﬁf‘o%[%eﬂ%u s@i%t@&%&hi?s,b%u aF@LD NO 12

(51) an am no acl OSI Ion 43 1S°Su stltuted Wi th
He and Al ®ositiopddiis $l¥bﬁﬂt9¢dl@t}5hﬁ§mﬂt/’d@ etopqmtm Pip substituted with dbr

sequence ragﬁﬁ@gﬁ@g%eg&,gﬁgsé}@d]%, SEQ IDEP?@ :12h anmno acid sequence |n whi ch
Arg at pozgélon 67 1s ,substitute ﬁ ys. and Val .20 at posL %E 68 |s

subst i t ut SLNGHAPIRP cid Sequeaceif Wycly S ruatsr@awgﬁég 1§ Yhsutind with
(53) an arposmomdis i substiitatedavithPhid) Mo aﬁli(&itloﬁhm&l@ subistianedwith $1e5migsdt |t ut ad

i 2bY° pRaly M PRbichSiol o By BEONEE bl Wikl A fe &7 0 21

sequefice epr 84eh
position 70 is substituted with Leu and Ala at position 97 is substituted with Thr in the

amino acid sequence represented by SEQ ID NO:12;
(17) an amino acid sequence in which Gln at position 39 is substituted with Leu, Leu at
position 45 is substituted with Phe, Met at position 48 is substituted with Ile, Arg at

25  position 67 is substituted with Lys, Val at position 68 is substituted with Ala, Ala at
position 72 is substituted with Val and Ala at position 97 is substituted with Thr in the
amino acid sequence represented by SEQ ID NO:12;
(18) an amino acid sequence in which Gln at position 39 is substituted with Leu, Leu at
position 45 is substituted with Phe, Met at position 48 is substituted with Ile, Arg at

30  position 67 is substituted with Lys, Val at position 68 is substituted with Ala,Thr at
position 74 is substituted with Lys and Ala at position 97 is substituted with Thr in the
amino acid sequence represented by SEQ ID NO:12;
(19) an amino acid sequence in which Gln at position 39 is substituted with Leu, Leu at
position 45 is substituted with Phe, Met at position 48 is substituted with Ile, Arg at

35  position 67 is substituted with Lys, Ile at position 70 is substituted with Leu, Ala at
position 72 is substituted with Val and Ala at position 97 is substituted with Thr in the
amino acid sequence represented by SEQ ID NO:12;
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Lys and Ala at position 72 is substituted with W in the amno acid
sequence represented by SEQ NO 12; an amno acid se aence in which
My at position 67 is substituted with Lys and Tin at position 74 is
substituted with Lys in the am no acid sequence represented by SEQ ID 30
NG 12; (56) an amno ' seuence in winch Amat position 67 is substituted

e oenls T2 DR SeR AR A S b B eg R 0
Val at pod°fitigR 4355 ?‘g’sé’ﬂﬁ'gt‘f’%F by Migtiah position & Sblbsé"i“{tF‘fJWlﬂ?élei Ar&3#bst i t ut ed
with Len ipositiog 631s fubsttuted WitlLipy) Cle af pEsitRETY i dubiyinECMtP G TH2r ~ (58) an
An at podtegh s pstiltthutingla sl erhich Wil sERbA MG Tedladnce "

r epr esént exhihy agé&equendiGep@sented HHOEQAD M@i129 aci d sequence in which W at
position i ki 1 . . Iof:l i ituted
Wth Lys REoyibmisbliskiontt b1 05 Jobiuon®s i SR iftp e Mk (0 0
ami no aci Positignéf desubstityiadcowith/ile, /e appesitionoty issubstituted withdes Vdleh Ma and

Al a at p?i:!g&Ei'tiQH 69%5_ é&gﬁ%tléatwmmgm ét'i)_o%itlbn 79 istéﬁﬁstﬁﬁiegh%ﬁﬁv&”ﬂﬁ%t@ence_ y
701 o SUbSOPAGEeA bRt vy B A1a SRt 45 SHSHBI LTIt IR B B h val |
i n t he0amaninaadid seprneirepresapetbeSEQADIYOSRQ U) NO! 2, (62) an ami no
Subst tut Sl a6 shobecin it R GrER A Rign 0 inflosRBlcqi Lo, Bupt .,

ami no aci @ositqudh iy substitutedivith Phie; Mt apprsiticnots i¥ sulistitsedbwithfles A ati t h Leo
and Ala a e o i ki j &l AN kd sequence
represent E’é’ggéh glé%nsl%z%%édﬁ gﬁgq}gaﬁq)ggr#%g?%g %lbgtgaﬁgﬁ\gg{?ﬂ’ mj ch Ala at
posi ti on Positign 44 psyubstifited with kbys\and Adaat pasition®74s syhstitutedsyith Thy in the
subst 1§ ut @ghind 4did batRiehdt reprRséld®y, SEQADI¢gUENce represented by SEQ NO 1§
(55) an amno a '@0 equence in which Ala at positlon 72 is substituted with
Val and Al a at E‘% iiion 97 is substituted with M in the. amno acid
sequence repr es8peafic byaniiey éfRhélainind ac{d&ueaitte afiVitbinaehidh sixgubstitatians whi ch

e Do g R i i b aslegeel o 97 15,
12, [ 007511) an amino acid sequence in which Lys at position 12 is substituted with Val, Gln at
20  position 39 is substituted with Leu, Leu at position 45 is substituted with Phe, Met at
position 48 is substituted with Ile, Arg at position 67 is substituted with Lys and Ala at
position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;
(2) an amino acid sequence in which Val at position 20 is substituted with Leu, Gln at
25  position 39 is substituted with Leu, Leu at position 45 is substituted with Phe, Met at
position 48 is substituted with Ile, Arg at position 67 is substituted with Lys and Ala at
position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;
(3) an amino acid sequence in which Arg at position 38 is substituted with Lys, Gln at
30  position 39 is substituted with Leu, Leu at position 45 is substituted with Phe, Met at
position 48 is substituted with Ile, Arg at position 67 is substituted with Lys and Ala at
position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;
(4) an amino acid sequence in which Gln at position 39 is substituted with Leu, Leu at
35  position 45 is substituted with Phe, Met at position 48 is substituted with Ile, Arg at
position 67 is substituted with Lys, Val at position 68 is substituted with Ala and Ala at
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Specific exanples of the atnino acid sequence of VII in which a subn is
30i ntroduced i ndude the following (1) to (12) am no acid sNuences, for
exanple: (1) an am no acid sequence in which Lys at position 12 is
substituted with Val in the am no acid sequence represented by SEO NO 12;
(2) an amno acid sequence in which Val at ,position 20 is suhstitut'ed
withLen in the am no acid sequence represented by SEQ NGO 12; 35 (3) an
am no aci chositiat O GesubstitddobithATEr i thdRRinbiacid s3Guense fopbsthted bgSER IV t he
am no aci 6’3,2!16”(36 represented by SEQ ID NO 12; (4". an amino acid
sequence i tch Gn at position 39 is substituted with Len in the m ne
aci d sequdhra amipo esiErseguenoy irSEhjch BliNat pdkRiond¥9 is sulstitudedseithi&ag,d durat whi ch

5 5 e e g ; 20 , y ted b
SEO 1D N ot T absBtiER ik b Mk bl DRI A, S SREMUARTE, ARRL Do 201 8 Y
substi ® | @@sifipr R7is sbstituted vaith byss Hgatpasiioncifris sebstibdedyitibEey pol Al at (7) an

am no aci GoSiaeHON FEsubSNEAGRH TS i thd inb 261 sBduense RipRthted By SRE @M no aci d
sequent v rg@_rg%nt ed by SEQ ID NO! 2; 8) an"am no aci d sequence in which
Val at po ién 68 is substitatod 10 ani kno acid sequence represented by

SEbQ | D NQ(%)?an_ anfifip acid sagienoe Brwhich € enwRition 3\921& snrbstihﬁedfwitpnsﬁ,tlnzearat (7(20; S
substituted Wit ,am no ac segen represent.e . . : an
am no aci é)oglg%éﬁésesq%ﬁtw(% £ g}’t B@qsﬁfo&n%ﬁ S%tlggﬁw%ﬁg%no acid
sequenfe mpegities éhiesbsjtu@dmith NG, Alb2at ppdition 72is substitoted ovith @ quéAdaati n whi ch
flit at pasiiti A Sk 4 j | by SEQ
1D Nor 102008 97 KR AN il (RN, B e QRAHERD el ERbF SR RE

subst |t ut Bih M in the amno acid sequence represented by SEQ ID NO 2.

(0076]  (7) an AMTAAAcidREqRCe HOWRIGh B APAitRABITH Sis3tiRkedUhith LEg camt no aci d
;gg:{? :1 gﬁ %Eglﬁéﬁa H? 95 sb sﬁstutgd IWI:l)th'\ﬁe, ﬁ/ﬁe't atag]osﬁlrgnr}& isa (s':lllb%titsu%eCHJ v%{t].ﬁ ﬁe,l /Qrgvggl ch Lys at

15  position 67 is substituted with Lys, Thr at position 74 is substituted with Lys and Ala at
position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12.

[0071]
Specific examples of the amino acid sequence of VH in which five

20  substitutions are introduced include the following (1) to (8) amino acid sequences:

(1) an amino acid sequence in which Lys at position 12 is substituted with Val, Leu at
position 45 is substituted with Phe, Met at position 48 is substituted with Ile, Arg at
position 67 is substituted with Lys and Ala at position 97 is substituted with Thr in the
amino acid sequence represented by SEQ ID NO:12;

25  (2) an amino acid sequence in which Val at position 20 is substituted with Leu, Leu at
position 45 is substituted with Phe, Met at position 48 is substituted with Ile, Arg at
position 67 is substituted with Lys and Ala at position 97 is substituted with Thr in the
amino acid sequence represented by SEQ ID NO:12;

(3) an amino acid sequence in which Arg at position 38 is substituted with Lys, Leu at

30 position 45 is substituted with Phe, Met at position 48 is substituted with Ile, Arg at
position 67 is substituted with Lys and Ala at position 97 is substituted with Thr in the
amino acid sequence represented by SEQ ID NO:12;

(4) an amino acid sequence in which Gln at position 39 is substituted with Leu, Leu at
position 45 is substituted with Phe, Met at position 48 is substituted with Ile, Arg at

35 position 67 is substituted with Lys and Ala at position 97 is substituted with Thr in the
amino acid sequence represented by SEQ ID NO:12;
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substituted with MA, Vid at position 20 is substituted with Leu, My at
position 38 is substituted with Lys. Gn at position 39 is substituted with
Lea, Len at position 45 is substituted with Phe, Met at position 48 is
substituted with lie, My at position 67 is substituted with Lys. Val at
position 68 is substituted with Ala, Ile at position 70 is substituted with
Len, Ala at position 72 is substituted with Val, Tin' at position 74 b

bsti t ut t bst.it t h th
oo aci o) Eh bl R MR BN HIG S Befed B RABBMch St MAb gl 7
30The | nt r pésttéan %tslsmyut@d mthélepA@a;nvDsmnwé?\m suhstpueﬂemﬁbl);s, Valgitudes VI,
conpr i si NG, 8IS 'sHbs‘ﬁﬁRélP%ﬁ Awaﬂmﬁ% b@sifi\fon PPRIshbQfturéd vPﬂlgmnn fRsi tion

15, (Mh at” posit]on. , BOSI tion e amno acid sequence
repr esent eﬁnW?aS@Qeﬂ‘E?nREfePIQFeﬂ‘@d ueEQ N1 thh other amino acid residues,

andl p{j@‘ er @bk afk %&&qﬁénc\éhn wiich I RpBSiAoH 45 &\@Béﬂtﬁﬂég HithPhe, Met ?LtS (A

i ncl udeco rLS|n 0, ac uence.in iC 0.a sifion n
at positi lsﬁ't‘b ?‘l Wﬁh%@ﬁg{ tﬂ’ﬂ@“ﬁ?rﬁq’gs Séf&%“@@dﬂ@ﬁﬁyé h%ﬁtr esent ed by
SEQ NO 14 pasﬁlmLiZﬁ}sls substmrled/wtth Let had Atmat posidon 67 isssmbstiteted WiVl %ln the

In additi OfninY! cld%%{;‘ﬁe%tcﬁpe frésSﬁ?e@ngs oy 0?2 (1) to (4) is aso preferable

as VL contained Ran 26 ’t he present invention: (1) V
conpr i si ng(7aAn aminecacitsequense i wbichi lel\mpelhtl@ﬁS mtsupssitinted onthRheaMet Ftyr  at

posi tign %sitﬂmﬁﬁs %Bsﬂﬁlt&f"bvﬂh P A HE odifior 67 RuBdithiéd SER IIys, N@al4 are
substituted wt

jd residues am no
aci d sequePRSEIOn, Q\Ibﬁﬁ “EEC ‘f"tgﬁ@ andgHa gt Eﬁf&lwylétsuwg}tgg)ﬂﬁﬁg%? i’ht?’f"he ani no
acid seqummommrsembe&pweﬁEstEmD11]4) m:e substl tut ed wi th other am no
acid resid 0 a Pro at
posi tand -t b apiplacid segfiEnsB s FhCER A Rositer § eBbaitEgT Patyréchelehy Seo
NO 14 ar qacsuimsltfiStlslsmumtd:&wmh HeyAmrat positian 67 rsessbshmtsd w1'¢14)ysV[hxtabrrpr| si ng
an amjo on 50 in
fhe arno 135 Swﬁe’qhigﬁ%%%“%%;%EY%%W%E&%% R it AR T, ¢
anot her arAm™go 8 GCQ%F%II?@,TCSﬁSF@bYﬁE IDNO:¥he anmino acid sequence of the
VL include, for gwg]pl e, an am no aci d sequence in wnch at | east one

nodi fication seI dfronffm) fications of sub Rmutlg‘%ﬁ)e at position 2
With Val, Pro atSREGTCERARPIESohjbeiaTHanAeS seasends el h{P¥th Lys and Tyr
at positi cubSiutierstardineroducediinclads the feltiwing €gue (Mentinpacid sequedcdsy SEQ | D
NGO, 14, s fil m no add
seque?lzc(:) e o(‘lfls1 %%%%gidn@ﬁg‘%gh I }C;(ltLQ' I\/ta{ 8 ?S§P°%qr2e1§ g%lfsﬁ?(ﬁgde%%l }Lrgsv\ﬁ ich the
above nodifositiani4dnis substitutadt withi Bloe dMétrat pesition 4& iseubstituted withdlesamdida aci d

sequence Qfosfiidf 97 subtidedoRith TRr idhd AndGcidVeGudnRe PResented by SEQ ID
NO:12;
(2) an amino acid sequence in which Val at position 20 is substituted with Leu, Leu at
25  position 45 is substituted with Phe, Met at position 48 is substituted with Ile and Ala at
position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;
(3) an amino acid sequence in which Arg at position 38 is substituted with Lys, Leu at
position 45 is substituted with Phe, Met at position 48 is substituted with Ile and Ala at
30  position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;
(4) an amino acid sequence in which Gln at position 39 is substituted with Leu, Leu at
position 45 is substituted with Phe, Met at position 48 is substituted with Ile and Ala at
position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
35 NO:12;
(5) an amino acid sequence in which Leu at position 45 is substituted with Phe, Met at
position 48 is substituted with Ile, Arg at position 67 is substituted with Lys and Ala at
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255ubst| tut| ons are |ntroduced [00811 Specific exanples of the amno acid
sequence of VL in which four substitutions are introduced include an am no
acid sequence in which lie at position 2 is substituted with Val,. Pro at
position 15 is substituted with Len, Gn at position .50 is 30 substituted
with Lys and Tyr at position 92 is substituted with Pile in the amno acid
sequence represented by SEQ ID Nth. 14, [00821 Specific exanples of the

amno acid_s e af .M., i nch,three su stltutlonsa uced
el ude t tRORGHH setiecv hEftad SR AU Eh e sl By TG B ac
sequence iNOwk ch De at position 2 is substituted with Vai, Pro at position

15 I's subsgi W&xﬁﬁxo"!cﬁd"sehﬁéhc@'ﬁqm dLFé%Sdt gg%ﬁ?rg@s@% 6&4&&&33 wﬁx%eV‘MehatLys in

the ami no ac|d sequence resent e amno acid

sNuence i rposmoerf&lﬁ é“bﬁm%t vitly He oVl gt wﬁm 68.is subsiifuted wethfla spdAlat posi t i on
15 i's gubsidsitioh®d ivkibtikesd Wikl THY i tBé alBRD deidRqiehck sep%seﬁieutbytssb mth he in
the am no ﬁ&vﬂ sequenc. c represented by SEQ | D NG 1 (3) an amno acid
sequence i pch Ile at position 2 is substituted vvlth Vat, (tin at

posi tion 50) arsarainoscid setjechcaiin Whichd eand pdsitiored5 3aabstitutad %hlmlesMbsati t ut ed

wi th Phe i I 4) an
ni ni no amlg)ségg 422%@%% @ﬁ@g@g’f %‘@gg&g%ga %Q?tgég%g}q,%}%ndé{’l\%q h( Lzanat
posi ti on G®sitiondfhs subistitueadl with Bhi ipgheardindyacidesequense répoesestzd by SEQH i t ut ed
wi th Roanip@:jaci d sequence represented by SEQ I D NO 14. 10[00831

Speci fic exanp [es of the amino acid sequence of VI. jin

substitut i 8)@ HRRojagid ssauRNeq in Whichd€u@ahRositim ﬁmtsab%ﬂ@}te%wﬁé’haol}ﬂet at

s eg uences: pc?smoﬁ 1R igsubstitul wigth He, Y816 dEPSRidn T2 sehstitiRedivitA Val dridAladt 1S
substitute

15 bstituted th
am no aci d’oglélaﬁgkﬁs‘}abé‘ﬁ?’éro‘ﬁﬁ?eﬁﬁ’b'?‘é%%q‘f‘g ldisfa‘lfen(scﬁlfepgﬁgﬁ 8@80 ﬂ)!sgqueﬁce
in which IN@:13f position 2 is substituted with Val and G n at position 50
I's subgti t(?%?#arﬂfn%*&cidys%g éhg& ﬂ?wﬂﬁh’i%u%?bg%é&h%e@%&?&ﬁ%@mtﬁg Mgt 2250 | D

NG 14; sequence in
subst i t ut e@sifion 48 \asubstitutedwith llg Thsetpasitinn s sgbsslmsgd withdysand Ah abhe in

the am no Rsjtidn 97 WaIEEuERRNBS ERY i dhd¥mmb abld stéhience represented by SEQ ID
NO:12.
[0073]

20 Specific examples of the amino acid sequence of VH in which three
substitutions are introduced include the following (1) to (19) amino acid sequences, for
example:

(1) an amino acid sequence in which Lys at position 12 is substituted with Val, Leu at

position 45 is substituted with Phe and Ala at position 97 is substituted with Thr in the
25 amino acid sequence represented by SEQ ID NO:12;

(2) an amino acid sequence in which Val at position 20 is substituted with Leu, Leu at

position 45 is substituted with Phe and Ala at position 97 is substituted with Thr in the

amino acid sequence represented by SEQ ID NO:12;

(3) an amino acid sequence in which Arg at position 38 is substituted with Lys, Leu at

30  position 45 is substituted with Phe and Ala at position 97 is substituted with Thr in the
amino acid sequence represented by SEQ ID NO:12;

(4) an amino acid sequence in which Gln at position 39 is substituted with Leu, Leu at
position 45 is substituted with Phe and Ala at position 97 is substituted with Thr in the
amino acid sequence represented by SEQ ID NO:12;

35  (5) an amino acid sequence in which Leu at position 45 is substituted with Phe, Met at
position 48 is substituted with Ile and Ala at position 97 is substituted with Thr in the
amino acid sequence represented by SEQ ID NO:12;
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(4) an amno acid sequence in which Pro at position 15 is substituted with
Len and G n at position 50 is substituted with Lys in the amno acid
sequence represented by SEQ I D NG 14; 25) an amino acid sequence in
whi chposition i Sis substituted withand Tyr at position 92 is substituted
with Phe in the am no acid sequence represented SEQ NO 14; (6) an ammo id
sequence in which Gn at position 50 is substituted with Lys a at position
92 is subs ue y I D
30n0 : *14.16) piftho teld schlldhog fy WARR A0S b RMERS LERRESEHS AT o
in which cmélt@ulﬁgtw substitited with hys auledt positiandy isisebstisitedwithdhe M theo ( 4)
am no aci %ﬁﬁgg&ggf@eme ﬁprésé%e@&{ gggrm@@t@ sequence in which Ile at
tute

position I'S sups am no acid sequence, rgoresent ed by

SEQ | D NO(7han amuip agid seapense s whichd guahpesition 4unis spbstitgedwith does Yalat 15 i s
subst i tsut qstsmhmsh#swmlm&dacﬂﬂdAmuﬂla %&m&%fs SebsEitt&RAtNOhr ikdkhe N am no

Cequence. rirRatd FeeRi SR RRARY SR B0 2, o no aci U sequence i n whi ch

m am no acid sequence in which
Tyr at po9B) amamidd ackl ssgisice inrwhidh lieti lat ;Tckwlorm& issulastituted with®hsipmnce

sequences 1apitup.70 R pBsiik wip L APGa ot poy O shOGBER KB R IRBES )
am no aci meqa@de@quencmpmemubb)asmd@iNOdrz, 2 s substl tuted with Val, Pro

at pogti q9) dparhifio %Hi&%&]&éﬁb@ﬂx wcﬂ eG4t ;t)@nfbr@ts i0 @ﬁlsshhﬁéu 5fhiFheSARS! i t Ut ed
wi th Lys and, Tyr atﬂ{%osltlon is substituted wth [he in_the arHlne acid

10 sequend’@“ﬁ‘@ﬁ?@é% sltutsd vathval@and Ala Msﬁlﬁng%‘ﬁwbéﬁwds‘@(%m % whi ch
G n at posinih®#ci®Sequensarepicsénsédiol s\EQhDLNe 12nd Tyr at position 92 is

T4 are pr GOPshind e edeiod R WhoR ErlafiRIRAE 15 FSRERL Wi Bhe PBOH, o 1 be
presaf | i rpesitivh G is subbtitutedawith byseandfAl4 5t pdsioarit7i 1bsld3samt@hwhh6br mtheh is
obt ai Red hy.:£ONR4 Qédﬁgnéen%pt%?é}x‘fgd W@EQQB%O\{% and VE* respectively, [00871.
(11) an amino acid sequence in which Lys at position 12 is substituted with Val, Leu at
position 45 is substituted with Phe and Met at position 48 is substituted with Ile in the
amino acid sequence represented by SEQ ID NO:12;

(12) an amino acid sequence in which Val at position 20 is substituted with Leu, Leu at

20  position 45 is substituted with Phe and Met at position 48 is substituted with Ile in the
amino acid sequence represented by SEQ ID NO:12;

(13) an amino acid sequence in which Arg at position 38 is substituted with Lys, Leu at
position 45 is substituted with Phe and Met at position 48 is substituted with Ile in the
amino acid sequence represented by SEQ ID NO:12;

25  (14) an amino acid sequence in which Gln at position 39 is substituted with Leu, Leu at
position 45 is substituted with Phe and Met at position 48 is substituted with Ile in the
amino acid sequence represented by SEQ ID NO:12;

(15) an amino acid sequence in which Leu at position 45 is substituted with Phe, Met at
position 48 is substituted with Ile and Arg at position 67 is substituted with Lys in the

30 amino acid sequence represented by SEQ ID NO:12;

(16) an amino acid sequence in which Leu at position 45 is substituted with Phe, Met at
position 48 is substituted with Ile and Val at position 68 is substituted with Ala in the
amino acid sequence represented by SEQ ID NO:12;

(17) an amino acid sequence in which Leu at position 45 is substituted with Phe, Met at

35  position 48 is substituted with Ile and Ile at position 70 is substituted with Leu in the
amino acid sequence represented by SEQ ID NO:12;
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Pr ef erabl e exarnpks of the antibody of the pr esent invention -lode the
follow ng antibodies (i) to (4), for exanple.: 20 (1) a humani zed anti body
conprising VIl which conprises the am no aci d sequence represented by SEO

I D NO 12 and VL which conprises the amino acid sequence represented by SEO
I D NG 14; (2) a humani zed anti body conp ng VII which cotnprises the
amno acid seqi represented by SEQ 10 NO 12 and VI, which conprises any one

of the am (18 @-Pévl\ﬂm%%%ﬁ"s‘éng%%é 1&&8?’&1? Le{I ag#cgs%tho% 45 é%ﬂbs‘?iuﬂ $RY, ¥8tdyDody

conpri sing sequences shomn in
Fig. 1 andosition 48ts substititgsl wslells andlélmpnatlan |73| lswqgran@d widpYadetheed by SEQ

IfD {\lﬁ) 14; mﬁéhadue%mw&gre@@ﬁtw gEqucFrosrzng VI1 which conprises any One
0 e am nQ. aci seqguences s in Fi ri ses any
one of the(lgm'wmae.aal ARFDGE HLW Qﬁ@?ﬁu@wﬁ@nﬁlwm&wm&ﬁ@h&ﬁp tani no
acid sequqmmnqistlhalb‘dﬁiutmmne And-THr: atbditiby Pt awhbdtRurdevitnlygriakiiee. |1 n
addi ti on ani no_aci c{eég}ggﬁaclﬁsN f.the VI _ shown , 6E4I NO, | T, V2a

and LV4 araémg?g?lgts?qﬁegceieaggg} c20rd| ngiy, as the m' zed

anti body conpri s{Dﬁhbl]VH whi ch conprises any one of the am no acid sequences

shown i Fig. 1 %g% %lgllgsgpﬁggr Tﬁ%&ﬁge&n%&eq)fﬂ;}@&wﬁt@gl d sequences

shown in Fi ﬁumam zed % ch conprises any
one of thdéu sﬁwrﬁ@r@nyeémde@%umbﬁéol yaagfIdte )Bmupzacsdmwews Hpy. 1 and
VI which ekaimplet ses any one of the am no aci d sequences am)ng 6E4EVO, L. V2a

and N4 s vvn i n, Fi ref 0090 SpeC| iie e

i ncl ude t inp 2Eid S&ﬂ‘t“?“ﬁg ﬁga'? & BRSO L2 4R Sehstitey ¥ Vel T no

aci d sequeosition Qéﬁ)ﬁ abetitued \hyh B&nlthe MNoinokkideqiénca fepradentedibly SEQID

conpri ses aone of the. am no acid sequences represented by SEQ ID
17

NGs: 14, 16 an [ 0091] As the conbi nation of the am no acid
sequence d@2) an amioh@eid sequepice irawhiich hys atrposisioadi2ds sdquemﬂewnlﬁ Vallandtfogn i n

I o e 1 iy £ i o A

Accord
the pr eseMOivention. the ibliow ng humani ze anti hm es(4) are nore

pr ef er abl €3) an amino acid sequence in which Lys at position 12 is substituted with Val and GIn
at position 39 is substituted with Leu in the amino acid sequence represented by SEQ ID
NO:12;

20  (4) an amino acid sequence in which Lys at position 12 is substituted with Val and Leu
at position 45 is substituted with Phe in the amino acid sequence represented by SEQ ID
NO:12;

(5) an amino acid sequence in which Lys at position 12 is substituted with Val and Met
at position 48 is substituted with Ile in the amino acid sequence represented by SEQ ID

25 NO:12;

(6) an amino acid sequence in which Lys at position 12 is substituted with Val and Arg
at position 67 is substituted with Lys in the amino acid sequence represented by SEQ ID
NO:12;

(7) an amino acid sequence in which Lys at position 12 is substituted with Val and Val at

30 position 68 is substituted with Ala in the amino acid sequence represented by SEQ ID
NO:12;

(8) an amino acid sequence in which Lys at position 12 is substituted with Val and Ile at
position 70 is substituted with Leu in the amino acid sequence represented by SEQ ID
NO:12;

35  (9) an amino acid sequence in which Lys at position 12 is substituted with Val and Ala
at position 72 is substituted with Val in the amino acid sequence represented by SEQ ID
NO:12;
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(1) a h:wnaniz.ed antibody (HVO NO conprising VIi which conprises the

am no aci d sequence teptesented as HVOin Fig. 1 and VI. which conprises
the am no acid sequence represented. as 1)10 in Fig. 2; (2) a hunmani zed
ant i body (HVOLV2a) conprising V1:1 which conprises the am no acid sequence
represented as no in Fig. 1 and VI, which conprisesacid sequence
represented as LV2a in Fig. 2; 25 (3) a humani zed anti body (HVOLV4)

T g e e B | L P e Tt 2 LV
in Fig 23'pogtion %WB?HP%‘EFB‘;M Edayi the fmoz%_‘:ﬂ/afj‘lu'é'&ﬁ?ﬁFPr§F‘?¥§£{hM §1€\9§§'§h
conpri ses N@2am no aci d sequence represented as HV12 in Fig. | and VL

whi ch co i\ses_t.he amino acid 30seguence .r.e sen I, in,kFig. 2.
{00531 D ¥R gRT P SERR B PR B ER 17 B Ob SR W BN e
ant i bolly iahpasitian 07 lssubstitisechwith dihr of the hmirenaandseguenteseprasantealsbycSERQ D ned i n

VU and VL \gh-§72SEX) 1D NOs; 12 and 14; SEQ ID NGs; 12 and 16; SEQ I D NGs; 12
and 17; and SEQ ID S.. and I T (0094 n additjon, exanples of the

)4) L 10 j
humani zed (bhtapisaugo agid sepiiepeesiaarhich Nelahposition 20 insysitefed withdieyeand 448 | body
whi ch conmpep@stiol 38is shisstialey Rith 1Fe R He dmaktf AdAPsEqubntetrBstefintdi BYSED IBN AD
ol i got ner ﬁgpg a humani zed anti body which hinds to an epitope which is the
sanme as t f'yl t ope recogni zed by the above humani zed anti body. [90951 in

t he pi@sel(i3) anauind acid sequeheceinrwiach Vet positorn20 Bisabdtityted withrlieuland Gin

ot ai nea” PHE R s sk s IR B e gl Aca Seuos Ean iR B SRS

ti:ansgc. RK:¢2;ani mal, and the |ike, which are prepared based on the recent

advance i (4eA%hiifo 539 géxﬁ ﬁée‘]ﬂivlﬁﬂ{ Val%??%é‘t‘ﬁﬁ{ 30'8 sabdindtsy witﬁgr@ﬁ%ateu

. g i
o i s L Phy s B speralebRnit AR
imor (&l i NOwWR;it by infecting with virus or the like and then cloning it to
| yrphocyt &) e e Veebendiih ieh Farehosui Zfenbufed SRt ien B M natant -
of the cubtposiion[4809 gubstituted with Ile in the amino acid sequence represented by SEQ ID
NO:12;
(16) an amino acid sequence in which Val at position 20 is substituted with Leu and Arg
20  at position 67 is substituted with Lys in the amino acid sequence represented by SEQ ID
NO:12;
(17) an amino acid sequence in which Val at position 20 is substituted with Leu and Val
at position 68 is substituted with Ala in the amino acid sequence represented by SEQ ID
NO:12;
25  (18) an amino acid sequence in which Val at position 20 is substituted with Leu and Ile
at position 70 is substituted with Leu in the amino acid sequence represented by SEQ ID
NO:12; .
(19) an amino acid sequence in which Val at position 20 is substituted with Leu and Ala
at position 72 is substituted with Val in the amino acid sequence represented by SEQ ID
30 NO:12;
(20) an amino acid sequence in which Val at position 20 is substituted with Leu and Thr
at position 74 is substituted with Lys in the amino acid sequence represented by SEQ ID
NO:12;
(21) an amino acid sequence in which Val at position 20 is substituted with Leu and Ala
35 atposition 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;
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The human anti body phage library is a library in which antibody fragnents
such as Fab and scFv are expressed on the phag,e surface by inserting a

gene encodi ng an anti body prep.and froma human B cell into a phage gene. f
0098 | A phage expressing an anti body fragment having the desired antigen
bi ndi ng on the cell sin-thee can be recovered fromthe library, using

its activity to bind to an antigen-imobilized substrate as the index. The
anti body f SO : N d Nta@ - i ecul e
conpri si ng(Qt WO ‘%lflp%ﬁd%%%‘?e%gé{g{n‘gﬁg}\}\omg g{kﬁs\ﬁf"g ﬁ(gilﬁg%gﬁlgeﬁ‘g‘? %Egﬁér}dr@gri ng

t echni quedit PpHBom39 jx sbstinted withdeain thechming geid spausaes represemipdrhy SEQ Bh

ani mal inNdilgh a human anti body gene is integrated into cells,

Speci fical |y, a human anti body-pr.oduci ng tyansgeni e ani nal, can be prepared
by introd d&?)n@ PR AR SARNSAC I WiRh AL ACHSIIOB Y 1F FHESHHAOULE Ly panddem)
grafti 69 tdngodifort 43 Is subdthutad wedrihy is tHRGEiRTREY Sedifenéd fepreséMets By SBQ IDhen
devel opi n?«'h;;tl txO a conplete animal, 101001 A human anti body
derived fro ?he human anti body- produci ng transgeni ¢ non 35 human ani nmal
can be pr épdramchniyo atidaequenge i whinkArgattpolsitidy 38 iosibstitutedhyith Lykoand Met a
hybri doma } ; -] yi LAk I : \ S,

Ul ur g “ PORAEYE AR BRiET WA it i B0 hucnEe RHeSpHER By SRC 1.
hunan ant i¥8d¢: i n the suNmatant of the culture, [0101] An anti body
or anfpboqysydmaaiiBe heit ReqiRate infwhibh Ak &R siion TR iEsuddlitadasids Ly shddaget ed,
substi t ut eg I.nse ,}ed %}rﬂ ad@ed into e amngQ.,acid seguence‘?ﬂconééep ting
the above BAPSETHSY 5SuBHVIED LS GhibR AmIRII FHERTAER e 1 t he
above ant iN@dQ; or anti body fragnment is also included in the antibody or
anti body f . of . resent..l.et160a, ...[0,102] .10The nunper_af.,am no
acid resi %@%@%ﬁa‘g?ggﬂgpgﬁ ody high, ?qtpﬁflggn ig'%ése;rutb@t b mﬁﬁ}yg and Vel

-\Wed i s omtpeptiondels substituted with Adpgrthe amind acid sequenng reprasentad bysSSEQR {Bi n t he
rangeyhemngp.gel etion, substitution or addition is possible by known nethods
such as the site - directed nutagenesis described in_ Mlecul ar Cd.gning,
Second Edi¢7)&h amine aeidsequepcearpich A pasitiey 3Preubstitutedgyith kypanddle

Pr ot ocol s at posiidrem(lis 8tibstinaed@ith I @t in Wk lalminadi® Bequed&tré R Seied\bSEQADI ds
Research,kgg 487 (1982), Proc. Mdt Acaci Sd. USA, 79, 6409 (1983); Gene,
34, 315 ( %’, Nucl ei ¢ Aci ds Research, 13, 4431 (1985); Pny, Nod. Acad Set
LI SA, 82.'(28)&8 afrlisdadid sequehee inivkiech Aoy atgositiph 88 is dubstitutedevith kys and Ala

20  at position 72 is substituted with Val in the amino acid sequence represented by SEQ ID
NO:12;
(29) an amino acid sequence in which Arg at position 38 is substituted with Lys and Thr

at position 74 is substituted with Lys in the amino acid sequence represented by SEQ ID
NO:12;

25  (30) an amino acid sequence in which Arg at position 38 is substituted with Lys and Ala
at position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12; ,

(31) an amino acid sequence in which Gln at position 39 is substituted with Leu and
Leu at position 45 is substituted with Phe in the amino acid sequence represented by

30 SEQIDNO:12;

(32) an amino acid sequence in which Gln at position 39 is substituted with Leu and
Met at position 48 is substituted with Ile in the amino acid sequence represented by
SEQ ID NO:12;

(33) an amino acid sequence in which Gln at position 39 is substituted with Leu and Arg

35  atposition 67 is substituted with Lys in the amino acid sequence represented by SEQ ID
NO:12;
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to dozens, preferably 1 to 20, nore preferably i to 10, and nost preferably
| to 5, f!.11031 20Del eting, substituting, inserting or adding one or nore
am no add residues in the anlno acid sequence of the above anti body neans
the followngs. That is, it nmeans there is deletion, substitution,
insertion or addition of one or plural am no acid residues at any positions
in one or plural am no acid sequences of the antibody wthin a single

sequence ubst occur

at the. sand e deiatbh fhes B UBch GlpnERs AR bRl R LafBud P, °2dde

may be ei tdt@ositiom@8 isrsubstityied vath Alanwtheraatioe adid sqquence(nenmtadwhy PEQtIPal type

an1n0|nclq@9q2Lahn1ne | -aspizagi ne, | aspartic acid, L-glutam ne.
,-glutami c 'atid, glyeine, trhistidine, &Thu

L met hi oni(A®) a0 PmiEApFE ssaReneen whigh &iln n@posuwgéﬁu ip substiturdewith heu and lle

t rypt oghant pbsitiéyy 7@ & suBstikuted YAathell.cein Mcanhifl6 atid's€quehBd FpResentedBy SEQIDE

exanpl es ;ﬁo tually substjtwabie am no acids are shown bUow. am no aci ds
in the sa g{#oup are nmutual ly substitutable, Goup A iencinc, isoleueine,
ncrl euci r t(86) anedmine acidaesqsnce inewhiah ﬁmgatqaosﬂxoamnm bwtsttutedewith hau'z aed Ala

- hyl |
0t 1558 P W B AR O S 1500 @
ni nnoadi plN,Odé’l d 2- am nosuber | c acid Goup C aspar agi ne, gl utanine

G oupgpgi gB‘Vhean &b letdts ue%ééllh rARhiBR B Qﬂﬂ)‘sﬁxoﬂ@@qs st WitREbG arld PP

pr ol ne, dr oxypr ol |n droxypm ine erroup F: w ne, threonine,
bor noseri r#p%mn isgubstipntad aithdeys i i G81iRRaqié sesipnce represented by SEQ 1D

NO:12;
(38) an amino acid sequence in which GIn at position 39 is substituted with Leu and Ala
at position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID

15 NO:12;

(39) an amino acid sequence in which Leu at position 45 is substituted with Phe and
Met at position 48 is substituted with Ile in the amino acid sequence represented by
SEQ ID NO:12;

(40) an amino acid sequence in which Leu at position 45 is substituted with Phe and Arg

20  at position 67 is substituted with Lys in the amino acid sequence represented by SEQ ID
NO:12;

(41) an amino acid sequence in which Leu at position 45 is substituted with Phe and Val
at position 68 is substituted with Ala in the amino acid sequence represented by SEQ ID
NO:12;

25  (42) an amino acid sequence in which Leu at position 45 is substituted with Phe and Ile
at position 70 is substituted with Leu in the amino acid sequence represented by SEQ ID
NO:12;

(43) an amino acid sequence in which Leu at position 45 is substituted with Phe and Ala
at position 72 is substituted with Val in the amino acid sequence represented by SEQ ID

30 NO:12;

(44) an amino acid sequence in which Leu at position 45 is substituted with Phe and Thr
at position 74 is substituted with Lys in the amino acid sequence represented by SEQ ID
NO:12;

(45) an amino acid sequence in which Leu at position 45 is substituted with Phe and Ala

35  atposition 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;
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The anti bodyent of the present invention includes Fab, Ft& oody, dsFv, a
peptide conprising (DR and the |ike. [0107) An Fab is an anti body
fragnent having a nol ecul ar wei ght of about 50,000 and havi ng anti gen

bi nding activity, in which about a half of the N-term nal side of H chain
and the entire L chain, anong fragnents obtained by treating an 1gG

anti body nolecule with a protease papain (cleaved at an am no acid residue

bond. [ 01087 41 Riogialf itk B wnfh St A BOLAGOR Bty Snh B AR 20, |
a nonocl oreiiposiiomA? nm@ytlﬂmddhﬁsbéon thiecaming acid sequeneerepeaseted by SEQn@r and

bi nds to tye. lgxtracellul ar domain, with a protease, pgiain. A so, the Fab

Can be produced by inserting DNA encodi ng lLab of the anti bod)i intg an
expressi orf4 \Z)eexemnperadpﬁeswwwh@hl\éﬁ apRefitieIst ol sylsttitwed path Tleaed Mabt e, and

i ntrodyci ngypesition 68 N substitifeaathyAlan e BMhe RN sE€qefcerepiSeiied BESFQUD 9

An F(abl, rma gn anti body fragnent havina a nol ecul ar wei ght of about

100, 000 a et | gen binding activity and conprising two Lab regi ons which
are bound (MU8)yayeamminniacid setphemice adiwhigh Mcgaspcbsﬂg)rt 4r83is Isobgtitutpdiwvithdle anddle

di sul fi de a‘?BHﬁﬁﬁ]% s*k%bétﬁﬁ!e&? Qi éu%%hé"&ﬁ% fid 38Guelte e@?%éﬁt’ég bigbgjﬁfpl

The F(abl) resen |nven ion can reati

monocl onalN@H2; body which specifically recognl zes an Ap (diviner and bi nds
to thqgest@opid aleﬁlas aE‘ia’EEgﬁbncM Whigh Mé?ta??t%?(mnqﬁaﬁ 'sﬁbsu&héd)mme dpfialla) 2 can
be produced b crib ow via a thioether bond or_a

di sul fi de 38 twr& @ﬂlbstltutedm VaAHn a@m%a%segﬁ@wdavemr&m EQIPng a
nol ecul ar N@j1ght of about 50,000 and antigen binding activity, which is

obt i e ol e Sl Lo BT At SRR AR 2
whi ch at position 74 is substituted with Lys in the amino acid sequence represented by SEQ ID

15 NO:12; .

(51) an amino acid sequence in which Met at position 48 is substituted with Ile and Ala

at position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;

(52) an amino acid sequence in which Arg at position 67 is substituted with Lys and Val

20  at position 68 is substituted with Ala in the amino acid sequence represented by SEQ ID
NO:12;

(53) an amino acid sequence in which Arg at position 67 is substituted with Lys and Ile
at position 70 is substituted with Leu in the amino acid sequence represented by SEQ ID
NO:12;

25  (54) an amino acid sequence in which Arg at position 67 is substituted with Lys and Ala
at position 72 is substituted with Val in the amino acid sequence represented by SEQ ID
NO:12;

(55) an amino acid sequence in which Arg at position 67 is substituted with Lys and Thr
at position 74 is substituted with Lys in the amino acid sequence represented by SEQ ID

30 NO:12;

(56) an amino acid sequence in which Arg at position 67 is substituted with Lys and Ala
at position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;

(57) an amino acid sequence in which Val at position 68 is substituted with Ala and Ile

35  atposition 70 is substituted with Leu in the amino acid sequence represented by SEQ ID
NO:12;
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speC|f|caIIy recognlzes an Ap ollgorner and hinds to the extracellul ar
domain, with a reducing agent, dithiothreitol. [0113] Al so, the Fab' can be
produced by inserting DNA encoding Fab' fra the antibody into an expression
vector fbr prokaryote or an expression vector fra eukaryote, and

i ntroducing the vector into a prokaryote or eukaryote to express the Fab’,
[01141 An scFv is a VP4>-4T or V L-P-VII polypepride in which a VI

chai n and gr ?lglr 3\e 1dasreﬁuédc9 E;?th}éﬁ(}’aﬂa@;ﬁﬁlﬂﬂ '631S %}ﬁ)tsﬁtu%%fﬂgg d dndkQh

(herei naft t1bo aV| ng} antigen
bi ndi ng acQﬁPOFlfl?n 7R mswfﬂw vgﬂ]\wmﬁmammmi ﬁ%ﬁ@cqorﬁmvé%ﬁ by SBRURI ni ng
cDNAs encogone; VI and VI, of a m)nocl onal anti body whi ch specifically

recogni zes ol i rne and bLnd he extr iyl ar tructing
DN Sncod G0 ehan it sedinen in Which Gahetnosron 4 as pbetuted i Alagnds

pr okar ysot eat(pbsﬁiﬁn 24 iy substitored wa e IOjs 1ﬁ e @ﬁhawatsequeaa@lrepMmtemby SEQADNg t he
expr essi OnNéeﬁt or into a prokaryote or eukaryote to express the seFv, 61

A di abody i san anti body fragnment wherein sal., is din-mred, and has

di val ent &) greaminbradidregquence in which Val atipesition &8 emubammtegemﬂbAhohndg\la

activity, eft\[ﬁﬁmﬁaﬁ b9 N b5 tel Svifh Fhr SR Bind! &E%‘ hce %?Pe%&&ed by Eﬁ&lsﬂ"‘v‘

di abody o resent 1 nvention can be pro uce alning ¢
encodi ng éﬁd VI, of a npnoclonal antibody mhlch specifically recogni zes

an Ald)1030t(gll) Qpaﬁﬁﬂho%ﬁ sehise trPwhidR n%t F@éiﬁ?dd i1 arsumﬁiawwuﬁmtahama\ ng DNA
encodi ng

hat heI t t he.am no acid sequ s S or
| ess resi cﬂﬁé’gSI 1?‘?12%?%%“&?8@7‘7 arlﬂ}@e&ﬁu%g(?ﬁ@g%quggpe\fg@egqn %@&QL yot e
or an expr@di2pn vector for eukaiyote, and then introducing the e.pression
ector int t ka express the ' i 35A
UTore, 1o GRS R SalncE NANRYE of Pl 75 sl RRMY p R 3BE o
each of Vlfﬂlt Pafmion/?“ is Sybﬁlmtsd |V¢1tllltlet§| lmhemnan@ygdeﬁq\@mmpmt@dby SEQiIBul fi de

bond het wagp:jphe cysteine residues. The am no acid reS|due to be
substltuteg sl eine residue can be sel ected based

on
Uhr ee. di ndf3) SramSe pediseTienes mwhich Je atpesiion 10 sHestiiehwith dio aad B2 Rei ter
et . [ Protaeposifatng9T s38stituted withbide ¥n the aag@ho dcié Seljuence represented by SEQ ID

NO:12;
(64) an amino acid sequence in which Ala at position 72 is substituted with Val and Thr

20  at position 74 is substituted with Lys in the amino acid sequence represented by SEQ ID
NO:12;

(65) an amino acid sequence in which Ala at position 72 is substituted with Val and Ala
at position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12;

25  (66) an amino acid sequence in which Thr at position 74 is substituted with Lys and Ala
at position 97 is substituted with Thr in the amino acid sequence represented by SEQ ID
NO:12.

[0075]
Specific examples of the amino acid sequence of VH in which a substitution is

30 introduced include the following (1) to (12) amino acid sequences, for example:

(1) an amino acid sequence in which Lys at position 12 is substituted with Val in the
amino acid sequence represented by SEQ ID NO:12;
(2) an amino acid sequence in which Val at position 20 is substituted with Leu in the
amino acid sequence represented by SEQ ID NO:12;

35  (3) an amino acid sequence in which Arg at position 38 is substituted with Lys in the

amino acid sequence represented by SEQ ID NO:12;
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9 e dsFv of the present invention can be produced by obtaining
eDNAs encoding VII and VI. of a nonoclonal antibody which specifically
recogni zes an Ap oligoner and binds to the extracelluitu- domain,

consm cting DNA encodi ng dsFv, inserting the DNA into an exine, ssion vector
for prokaryote or an expression vector tbr eulau-yote, and then introducing
the expression vector into a prokaryote or enkarynte to 10express the dsFv,

[0120] (4) an AnRRRI| Wgﬁ%ﬁ&%b&lﬁmkggﬁsﬂt%’ﬂtﬁieu% flx%r at ' east

one region or nore o e conprising plu
can be pr ma@amwemc@@prqsgnt@bb&SEQI&:NOyIZ;)r via an appropriatc pept| de h

The pepti (8) sPaMinoHciDseGi¥Ace in mhme%%eﬁ&smdhvm’fslsa&tmad RethPhesyard by
constructi ng DNA.encodin %‘ﬁi’ gﬁ Iﬁnﬁrngo of a humani zed anti body
whi ch spe P‘&ﬁ?lfiﬁeqlﬁeﬁeg%l’?égm RPEQ f the present invention,
i nsertidng (6ha @Nﬁolanictsewm in whithVetfa positicrks8 iatibstinutedwithiferiasiss on vect or
for ettkar pression vector into a

RhS ac1 cilt}epg&[eépesgﬁt?cgg §F§thIg§t192X

prokaryote or eu i“le. The peptide conquising CDR
can al so M@)wm@@dldkﬁpq@cmhamvhahﬁsgm pesgion 67ds ahstibwechwith Lygin the et hod

and tri ”egﬂﬁﬁ@%d s@&gggvﬁmgerﬁﬁa bP@ﬁQ I?f%m? present invention includes an

ant i body rivatjve |In onmer humani zed anti body of
the presend) Fnamigpiasid %ﬁuqm@uawmcba@yatfnoa@ﬁ@ﬁ iy pybstitated with Aladpiteal |y or

genet |1g&l mﬁ@ymdg@q@né@,@b%éﬁé@pﬁ bavonpt ecul ar agent, a hi gh-nol ecul ar
agent, Iher eutic, a

eative of Qéﬁ?}é‘e‘iﬁj&g@ﬁ‘p A ?P%Wh’éghfebOd%?and&’a B t’é‘ﬁg‘i‘nl‘%é%'l%‘ ‘Egﬁlgatl ng a

radi oi sot apenaadidsequeheacrepmsemetby SEQ IDINO:12nol ecul ai agent, a protein,

t her apeut i o 3Rt BRI Wich Rid H5oMibF 71 WabsRhla i g na

si de. Raln or ani Igorner mani zed
ant i body @minhecid sequenesrepresenieshby SEQIBAT®:13h appropriate substitutim or

si de gbhai 11)ntaifind Aditl RafEn& mt\b!ﬁcﬁﬁn‘eﬁ MtlBﬁ‘?@mesutﬁtea%ﬁ{ Lyiaige in the
anti body or the _anti body fragne §E ke kintibotzty Engi neering
Handbook FEWRG g ae%‘ﬁn‘@rfiemeﬁefé?fg% &i@d‘i@i 2,1 0124] Al so, the
ant i body raez)lamaainm@aﬁﬁ sécﬂfenaémsemhmarpbmﬁan 07 Jubstitatediwitdelhnin tieoduced by
i nking a ‘ﬁ n% ﬁé m@q? humani zed anti body of the
present |ﬁ{7’él?ﬂ"i‘°<5 S?ﬂue ??éegrﬁﬁ "6@{’/’$ d hereof to other DNA encoding a

protein to he ctP)76gat ed or DNA encodi ng a therapeutic antibody, inserting
the Dhg into a W’i’ﬁ&g & e Stihé 8l SqueRAH Jf Vi, AW Ehing abiiCseGudcESS! On

vector into a h
represented by SEQ ID NO:12, an amino acid sequence in which Lys at position 12 is

substituted with Val, Val at position 20 is substituted with Leu, Arg at position 38 is
substituted with Lys, Gln at position 39 is substituted with Leu, Leu at position 45 is
substituted with Phe, Met at position 48 is substituted with Ile, Arg at position 67 is

25  substituted with Lys, Val at position 68 is substituted with Ala, Ile at position 70 is
substituted with Leu, Ala at position 72 is substituted with Val, Thr at position 74 is
substituted with Lys and Ala at position 97 is substituted with Thr in the amino acid
sequence represented by SEQ ID NO:12 are preferable.

[0077]

30 The humanized antibody of the present invention preferably includes VL
comprising an amino acid sequence in which Ile at position 2, Pro at position 15, Gln at
position 50, Tyr at position 92 in the amino acid sequence represented by SEQ ID
NO:14 are substituted with other amino acid residues, and preferable examples of VL of
the present invention also include VL comprising an amino acid sequence in which Pro

35 atposition 15, Gln at position 50, Tyr at position 92 in the amino acid sequence
represented by SEQ ID NO:14 are substituted with other amino acid residues.

[0078]
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[ 0125] In the case where the above antibody derivtuive is used as a
detection regent, a regent for quantitative, determ nation or a diagnostic
agent for the detection nmethod, quantification nethod or diagnosis nethod,
respectively, exanples of the agent to which 10the anti-AP ol | gorner

bai ranni zrxi anti body or the antibody fragnent thenf in the present
invention is conjugated inaudes a lalw1 which is generally used in

i mmunol ogi c& det j i : i es
enzymes: “such ad ot apnr (LAREN Ko WEtilRing (5010 108 BREmUER VE

| um nes cerffonfaiedrin sheshwpanizedantibodynfiiheipresant énventien:| opi nno, f1 uor escent
‘als such @y Vil deg i o Anfifb BEiQ G¥RRASSIn (WHidA 6NfatipakitisnBb And Tyhadam ne

i sot hi ocyanat e g%gm 0127] ]Jgerel nafter, a tgﬁg ﬁ]?,]lil pr oduci ng th
anti body | ROSHEE TR e nmie acidSeqres taraspied by SR IDNGEHAe ROt a

Ant i body with other aminbexcigdresidids; i nventi on, the anti-AP oligorner nonoci onal

anti body c i he fol |l ow. n , ; tion of
A U gen 2620 VI coBiERSNERER Anlpb d Ryt IR ek pebioh Zort e oA
synt het i c42 iategparninelanisl sequerica yepreseniied by ISEQIID NOib4 anisubstituted with|odher wat er
or in 10 ries.8f {fh@sRehate butler and incubated at 37 t for 18 hours, and
the peptide I s separated by 4 to 12 % SOS-PAGE, and the resulting materi al
i s vi sual i @Y Lispmprisingananiingacid sequeycedn wiigh Brp at pesition: 15 apd Bt
cont armonatgositio!9a in fk®nifid abE @@c[ﬁéhc@fegrekélﬁéﬁ BPEEQADENO: 1ande Sbbstifiddeby
Al31-42 Ol":‘jiﬂg rs can b r.gduged, [01291 Ap140 ol i goniers conprising
nore ol i gr'tft? erc%nﬂécﬁfgﬁ Y4 by chemical conjugation of
6- car boxyt(4) ¥aremipyikingad amineadd sddidnce(ibmEid) [1¢ at gobitioht2eandiGialat pdsitidne
synt hesi zeg :Ap1- [ ' ' )
pol ymer i zgg)i f@%rfé%él? :‘:‘igitr(li S\%&‘t‘%ﬁ% E%’%?/’%t? (?:éﬁgg%@% %gg% t{t@é& %\@9? ?té?re, I nc,
Osaka) . amino acid residue.

15 [0079]

The amino acid sequence of the VL include, for example, an amino acid

sequence in which at least one modification selected from modifications of substituting

Ile at position 2 with Val, Pro at position 15 with Leu, Gln at position 50 with Lys and

Tyr at position 92 with Phe in the amino acid sequence represented by SEQ ID NO:14 is
20  introduced.

[0080]

More specific examples of the amino acid sequence of the VL in the antibody
of the present invention in which the above modifications are introduced include, for
example, the amino acid sequence of the VL in which the following four to one

25  substitutions are introduced.

[0081]

Specific examples of the amino acid sequence of VL in which four
substitutions are introduced include an amino acid sequence in which Ile at position 2 is
substituted with Val, Pro at position 15 is substituted with Leu, Gin at position 50 is

30  substituted with Lys and Tyr at position 92 is substituted with Phe in the amino acid
sequence represented by SEQ ID NO:14.

[0082]

Specific examples of the amino acid sequence of VL in which three
substitutions are introduced include the following (1) to (4) amino acid sequences:

35 (1) an amino acid sequence in which Ile at position 2 is substituted with Val, Pro at
position 15 is substituted with Leu and Gln at position 50 is substituted with Lys in the
amino acid sequence represented by SEQ ID NO:14;
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[0130] (2) I nunm zation oft 2.5 ug of Ai.4$ tetnunen or
41-40 airnmen is esnulsitied by conplete Frelnd's adjuvant, Then, the
antigen is inmutted on a footpad of a Bal b-o nobuse. And subsequently, siXx
addi tional inurum zations are pertbnned. The fusion between

ant i body- producing, cells and nyeloma cells can be perfontS in a known
5met hod such as a nethod by Kohler and MIstein, et at (Kohler. C3 and

M stein, ., Met hods- 981) 73,. 3 Ik f Iy,
mnocyt o) B B 9101 FRBERARLR BN L & ROBRGR AGuS PRI ok PRAh HAL® &
of a nousepdsitionhiscil shtbseitiaed Lebasad b siﬁum})zmsubit&ﬁf&d&nﬁmma th
i nmuni zgt?p ml a%id %sl?(ilmg %nghtge Fgﬁnpb .he antigen to the aIr:i n?al
t hrot mh subcu aneosug © Ferp s ?y@ ﬁﬂ\@% |toneal i njection together
with an ap@b@pammoeacablyqqum ig whichdlte @ popitien 8 iFsubstittedsvighValy Gin atand

nmbi 32
combi nat | GghsRIGHBHTS Bisnited With % A Bt at BbdiflorP9 4RI ALA Gt e ih 321

Wien a pa peptide Is gen conj ugate to a carrier
protein SMHQ§C@SAQ¥%%F%S§@F@|W§E&W NO:Hhd KI M (keyhol e | i npet

henpcyani nj) aﬁammséqﬁ@{ceuﬁwm Frbat POMHEHETD, is k&lisaa]tecmﬁhmun@lnakur am zed

é“né“nﬁﬂsif“ds B N S I B P @ MR PSR B a5

the anti boaimnofacmiheqlmnesmpresemebySEQ ID'NDues an anti body produced_ by a

hybri dgma obt ai 8 y fusing a nyeloma cell with the cell having
antlbo - pr oduci CthIté derived fromsuch an animal after in vitro
i muni atl on, [0133&&11‘12@&@9 g af theramino agi¢ sequentezf O} inswhich two substitutions

are introduced include the following (1) to (6) amino acid sequences:
(1) an amino acid sequence in which Ile at position 2 is substituted with Val and Pro at
position 15 is substituted with Leu in the amino acid sequence represented by SEQ ID

15 NO:14;

(2) an amino acid sequence in which Ile at position 2 is substituted with Val and Gln at
position 50 is substituted with Lys in the amino acid sequence represented by SEQ ID

NO:14;

(3) an amino acid sequence in which Ile at position 2 is substituted with Val and Tyr at

20  position 92 is substituted with Phe in the amino acid sequence represented by SEQ ID
NO:14;

(4) an amino acid sequence in which Pro at position 15 is substituted with Leu and GIn
at position 50 is substituted with Lys in the amino acid sequence represented by SEQ ID
NO:14;

25  (5) an amino acid sequence in which Pro at position 15 is substituted with Leu and Tyr
at position 92 is substituted with Phe in the amino acid sequence represented by SEQ ID
NO:14;

(6) an amino acid sequence in which Gln at position 50 is substituted with Lys and Tyr
at position 92 is substituted with Phe in the amino acid sequence represented by SEQ ID
30 NO:14.
[0084]
Specific examples of the amino acid sequence of VL in which one substitution
is introduced include the following (1) to (4) amino acid sequences:
(1) an amino acid sequence in which Ile at position 2 is substituted with Val in the

35 amino acid sequence represented by SEQ ID NO:14;

(2) an amino acid sequence in which Pro at position 15 is substituted with Leu in the
amino acid sequence represented by SEQ ID NO:14;
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Est abl i shed cel I I| nes der| ved Nom nouse are used as nyel oma Exanpl es

i ncl ude 8-azaguani ne-resistant nurine nyelorna cell line (derived from
BALat c) P3- X63Ad--t3 (P3-131) [Current Moics it: M crobiology and

| eum nol ogy, JIL 1 (19781), P3-NS(NS-1) [European511 (1976)1, SP2/0- 30
Agl4 (SP-2) (Nonee, 276, :269 (1978)1, P3-X63-Ag8653 (653) [1. I mrunol ogy,
123, 1348 (I 979)1, P3-X63-Ag8 (X63) (Nature, 25.6,4% (1975)] and the like,
[ 01351 l, ' [ RPM
1620 mect 3 B AMORER! YRR i RaRATRAP Bidot B ol dtihl A (R LT
8- azaguanla@@l}loamﬁée@m%r@r@emtﬁéhESEQl&jNDn%he nor rral medi um 3 or 4 days
before cel ) iiship, acid)se‘égédééfanH?c qg&htlsmmﬁ@zq& s@s&%&wﬁppﬁe Hﬂh&he day

tbr %iert. 10136) Fusi on reparatl on of Mbnocl onal
Ant i body- Fq:@gggpﬁ@empqg@resentedby SEQ ID Ore can be produced by fusing the
anti bodyt r oduci rgog3y f usi on obt ained in step (2) and the tnyelotna cells

bt ai ned i t 3 i , | Af t
o e s bl 5 SR B BB 5 50 S e o
subj ect ed repre$eplad WoSEQ IDrN@ridnan aminbdcilseqirenas irdwhich[letat positiam2iisbi ndi ng

assay 10 | AEnLLEY WS RMGH | PR REBANE Bt 1361 Sl 35 1BA 503d S

reactive to i NONEer’s MDNONEI'S as ow, Tlien,
cl oni ng i Subditefed V‘G@tLﬁmd@YbV pwsition |1h§1bdﬁlm@dlvﬁﬂlﬂhﬁmdhe aminewgidum ( HAT

medi umowi tse%c@fep?&e&@a bga)swuymim and B adaidoSdcid Qdﬂ&lce@ﬂ hidheGIAQE Mal

mediumis used i secon and a, hybri.dorng ably shows a
hi gh anti 51935?09.55& S‘ﬁ’étl de‘ﬁ‘ﬁ*égysa@‘gdtﬁé A RASHINGHIP S%hﬁlﬂﬁ%vnbi’iaaab fig
bridoi n a.anjifld 388 séquen¥ Rpasksaitedby SEQRDNOL |chrd/preaghislsal Anti bodi es The
hybri doma cel | s[ éﬁﬁum ng a nonocl onal antibody obtained by step (4) are:

|

adm ni stered by apetitoneal injection into 8- to 10-week-old mce or
nude m ce whi ch Spscific exareples df the ahtitmdy of dreepré @nbinventionfingipds agy, one of

14-t etjganmgi, ; l!{ﬁ@i ed,

fol l ouad b @%éﬁﬁﬁfﬁgg?&%or 3SR Py AL P 4523 InenBeHba VT A 0
ascites t mesPRCVslX 0 21 days, The ascitic fluid is coI |l ected fromthe

m ce, eurarifugggogny renove SO|IdS subj ected to salti ng out with 40 to 50%

ST UL SR B B BB R B 09D
col l ect | g'ol{bvﬁﬁganﬁlgi\zllésr(ah;ta (dp;sfoﬁescapmie fied nonoci ong anti bodi es, [0140j
20 (1) a humanized antibody comprising VH which comprises the amino acid sequence
represented by SEQ ID NO:12 and VL which comprises the amino acid sequence
represented by SEQ ID NO:14;
(2) a humanized antibody comprising VH which comprises the amino acid sequence
represented by SEQ ID NO:12 and VL which comprises any one of the amino acid
25  sequences shown in Fig. 2;

(3) a humanized antibody comprising VH which comprises any one of the amino acid
sequences shown in Fig. 1 and VL which comprises the amino acid sequence
represented by SEQ ID NO:14;
(4) a humanized antibody comprising VH which comprises any one of the amino acid
30 sequences shown in Fig. 1 and VL which comprises any one of the amino acid
sequences shown in Fig. 2.
[0088]
Among the amino acid sequences of the VH shown in Fig. 1, 6E4HV0 and
HV12 are preferable. In addition, among the amino acid sequences of the VL shown
35 inFig. 2, 6E4LV0, LV2a and LV4 are preferable.
[0089]
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(6) Selection of Mounoclonal Antibc-ailes As a M tecti g the

anti body 30i ndex, reciting the antibody, it is possible to exenplify a

met hod of biding activity of the antibody to an Ap oligonmer as an (01411
The binding activity of the anti body of the present invention, against the
ol i got nef can be anal yzed using at |east one of the nethods such as

absor bance neasurenent nethod, ny:tie |inked i munusorbent assay nethod

(dot 35 blot et . S j neassay.. et . .

radi oi munoass aKR‘?réétr ‘?{Eél B’b%)%s ?@%%%%8&%%%“éﬁ%sé“%gf‘ﬁ“é*é"‘\’@%%fnPﬁ‘?ef‘ Cor e

( Bi acom Li one ddheaminp agish sequeniges shomindo &ig|1zemtl Mnwhish samprises amgtone @f ( SPR,

nmet hod) , b i41 : h O ]-,{ghgtHanti - AP

ol i goni er %e,noéloo%g?%éﬁ%?cggggo%%g %\tgé% gaélrlinelg%nggér}g)b%%&g{ser m ned by the

dot bl ot nWhiGBGOMANgEs;anK ope of the gmingracid sequonces apong PE4HY0and HY\/ R bat ed f or

,:k\?t hou[ﬁs: ,sn_‘ownliitawegj 1%«1&51%.}@%@# hgészaﬁasi oﬁ?oﬁﬂﬁiaﬁ%ﬂ?ﬁii%éd&ﬁ&s_ﬁﬁmth gﬁne -
er oc nons cific.binding s on the nenbrane w phosphat e

butl er sol @&?&%@%ﬁﬁé showy it Figog Foseterabie i | k. | (4, of BSA and 0.05

% of Tween-20, t[B6890fenbrane is incubated with culture supernatant, and

t her eby t heM agag) hndl i i h | 1. t be

detected by hor gsgiregl ‘Fg?%%%%&'?ggg gl%gélbeelﬁnéadﬁzegép {lgé]@ic- #&%@F@bﬁ@ 7, 3000;

Aner shazn)corrisgs the aninesid peaianesh eeriresented &y SERLED NEUJ2 a1 15 andiVLAGBA0ONI ni

(Fui i tigu, chatprides B tMAMRE AT firdbes ePrbdedited by SEQ IDNCOMMPA d andcarri ed

out by i i'lizing the anti body onto a plate, addi'ng an anti gen agai nst
the anti body onto the plate, and adding a sanple containing desirable IS
anti bodi es such [@891]he cul ture supernatant of the cells producing the

ti bod dth ified antipody, .Next ti hod ich
Fecogni ee the g TECOMEENBL0) SEAmNCAI sEuERERROA thiPtind Byl 4K By e
such as aldusho peid pbpeptaoa¥b sBovmidd. 2, ke ednobinativas AEVfl andd V& HVt ubat ed.
M er W@Shidﬁgg,\ﬁ%, ﬁi%yalmebﬁltd_r@ppz Mmg%c%ﬁgl@ﬁgnyl phosphate is added to

the plate an e ‘absorbance i s neasured val uate 20 the antigen binding
ability of the t[8°%dt sanple, [01441 In addition, the reactivity of

the antibody camabdingl§, Hehedntiboy obihe pidstitt ihvitisRHNMSHdWeRZ MifRadizddk ed
| munosor beft \BESaY «'th ik 08 primps "Ce
(1) a humanized antibody (HVOLV0) comprising VH which comprises the amino acid
20  sequence represented as HVO in Fig. 1 and VL which comprises the amino acid
sequence represented as LV0 in Fig. 2;
(2) a humanized antibody (HV0LV2a) comprising VH which comprises the amino acid
sequence represented as HV0 in Fig. 1 and VL which comprises the amino acid
sequence represented as LV2a in Fig. 2;
25  (3) a humanized antibody (HVOLV4) comprising VH which comprises the amino acid
sequence represented as HVO0 in Fig. 1 and VL which comprises the amino acid
sequence represented as LV4 in Fig. 2;
(4) a humanized antibody (HV12LV4) comprising VH which comprises the amino acid
sequence represented as HV12 in Fig. 1 and VL which comprises the amino acid
30  sequence represented as LV4 in Fig. 2.
[0093]
Specific examples of the above antibodies include a humanized antibody in
which the combination of the amino acid sequences contained in VH and VL are SEQ
ID NOs:12 and 14; SEQ ID NOs:12 and 16; SEQ ID NOs:12 and 17; and SEQ ID
35 NOs:15 and 17.
[0094]
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m | um nescence-FUSA) in order to specifically detect Ap ; Aga:nets and not
to p nononers in the present invention (WO 2009/051220). | OW I n
addition, in order to evaluate the eftctiveness of the nonoclonal antibody
whi ch has been admi nistered to the periphery of a nouse in vivo, | M

-l abel | ed 6E10 (Senetek PLC, Napa, CA, |INA) ban:tan-specific oligonmer EL1SA
can be earned out for AD oligoner analysis of plasma and organ col |l ected

from the adm ni $f gd@GoiIRY&RpleS of 1h hAMARSE artB6@P bf e prdleh3R0G11B8R1220) .
it I s possl et enuned the anti-AD .ol { goner

[0146] Mbr.egver, ble d et he X

humani zed lﬁvfeﬁadm?m? é%‘?qglé’é’mlch ?ﬂmmsa%@ﬁ aEPdel%anA&?daPP Ps in AD
brai ns by thdbinding of aih AG dligbmerand WhiBirzddaintibodyewhieh ibifels to &n épitopel , et ul
Machern .1 ]%99%1% W th ar%l oi d fr.ac&i O{ﬁ %{\)/at ubar a %11 .£i ,.at, Neurobi ol
Agi ng. 20 HCtEIS Yie.seme s The ilops recopincd b thapbaYs TR APt o) 051220) . 65
[014715(7) Eval (RQ95bn of Anti-AP Aigomet Mibody Activity In the present

invention, it i i t ] b AP i I I y
specifically hi %@gﬁ&%ﬁb&%@ﬁbﬁfé%ﬁgﬁgﬂgﬁggisad?%}?‘(])lg ra%%@%?(?%&xwt y by A
i ncubat i ofxistrg Mghe hyman bedst )mfgg glsp inchless gatikasiesmbiianddxore iathpmassay .~ and
Teas Ur ene gk phRed BBty ¥ hihoR GANISAY-phRRlrigd iSichirihal i Ele KRl ecul e

Si zes frac%#q}:%tdgdgg% %rafi%trati OS’P%. € f,i%tr,ati on, 51 | of which are
di scl osed WHFIALP REERBRE] DRSed qnothe repeng advaneq i genslis epgingerings gell engipecHpe wo
2009/ 061220 d¢velopdiental ehgiaedringaechnkedp anmyl oi e fi ber Onsation suppressing
determ ned USi I\/E)O9 assay u.nd el ectron m croscope anal ysis, [0149;

In the present Fnvehtion, the AP oligoner-trapping ability of both the

ant i bodi es M ADThe antihody gmisting incthe hnmdn bydyendemrepanegd, forexemplstbynce of

ant: - Aol 1 o e pedRE g ybifh Py p Rt B nfilig e
virus or the like and then cloning it to thereby obtain lymphocytes capable of producing
15 the antibody, culturing the lymphocytes thus obtained, and purifying the antibody from
the supernatant of the culture.
[0097]

The human antibody phage library is a library in which antibody fragments

such as Fab and scFv are expressed on the phage surface by inserting a gene encoding
20  an antibody prepared from a human B cell into a phage gene.

[0098]

A phage expressing an antibody fragment having the desired antigen binding
activity on the cell surface can be recovered from the library, using its activity to bind to
an antigen-immobilized substrate as the index. The antibody fragment can be

25  converted further into a human antibody molecule comprising two full H chains and two
full L chains by genetic engineering techniques.

[0099]

A human antibody-producing transgenic animal is an animal in which a human
antibody gene is integrated into cells. Specifically, a human antibody-producing

30 transgenic animal can be prepared by introducing a gene encoding a human antibody
into a mouse ES cell, grafting the ES cell into an early stage embryo of other mouse and
then developing it into a complete animal.

[0100]

A human antibody derived from the human antibody-producing transgenic non-

35 human animal can be prepared by obtaining a human antibody-producing hybridoma by
a hybridoma preparation method usually carried out in non-human animals, culturing

57



Mor eover, in the present |nvent|on exanpl es of a nethod for determ ning
the ability ler the prophylaxis of the AD-li ke pathogenesis in an
APPswe-transgeni c nouse (Te2576) include a nethod in which the hunmani zed
anti body of the present invention is 20 adm nistered to the nouse to
exam ne whether or not the AD-|i ke pathogenesis such as nenory di sorder,
neuritic plaque |esions, synapse dysfunction and AP accunul ati on can be

prevent ed 8&}&@9 r .10 anti bi xty
The net hoci'(1 %/Q) glg’rggé cin a)aridrpa 531?01 cg‘?ﬂﬁﬁ{l%‘:ﬂ %g?agégé@dd}ﬁg&nbl nam
anti body éﬁﬂeftlﬁéntr@éhﬂmmmt anti body can be catriek out as bel ow 10152)
(1) Constructiongpfijvector for expressi on of reconbi nant aithbodv A vector

for expression of ré i nan i body pr.ession vector for 30

ani mal cel | mtd’*‘hﬂ’g’ﬁ%’éﬁgbg‘? SIS LD PRI AROTS ATRAARES have

téfeen i efseratehEdbletameubagﬁt@m,ahgma @ﬁa@éth@ﬁh@ﬂnﬁ@@bld@eﬁg R8s cerptianing lgl|1£| Iloritgg]
... of a,human..antibo 0 an expr.essi.o ani e

The C reglaBﬂV ?nt]:!i’o é’ﬁfl}'g%lﬁ'ye%t}(g'&g [V aréq @0%%%%‘[1?0@%?{ body. 35

Exanpl es mnﬁbact}tefra@mdmiscnhsy inglutled il the artitody sr ar@iboly fagmientpfithe presdnass, and

the il ke" 11‘?(?bn{i91? DNAs encoding CH and CL of a human anti body, a chronosonal

DNA conprising an exon and an ninon cDNA can be used. 65 As the expression
vector for ani miP1@2&| |, any expression vector can be used, so encoding the

Chr egijgn of a hm'ﬁuﬁilb&fd ans aad REsidues Whli&phrg bﬁlé@g V&J‘B%tﬁﬂfide?ﬁﬁér%ﬂs ed
tpAgEell(r)]3 B@%Eﬂﬁeéllg‘gneu@gv 71_’1 pot % %sg%*b’n‘leé’% ‘21% i (“i%)%‘&%ﬁ PKCR
[hoc. Al' ailiere dulétion| Slﬂﬂﬁtuubﬁér addtionl 826s5i818 By khown pisthdds ddelay thesiteec hnot
990) 1, ps%ﬁfecl:{Ké §1Wag%ne51 scr1 ed’m %lo% c)u}ara(f]lgmtng,eSeclor%g Editi%%l? él)ld Spring

, Harbor Laboratory Press (1989); Current Protocols in Molecular Biology, John Willy &

15  Sons (1987-1997); Nucleic Acids Research, 10, 6487 (1982), Proc. Natl. Acad. Sci.
US4, 79, 6409 (1982); Gene, 34, 315 (1985), Nucleic Acids Research, 13, 4431 (1985);
Proc. Natl. Acad. Sci. USA, 82, 488 (1985) or the like. For example, the number is 1
to dozens, preferably 1 to 20, more preferably 1 to 10, and most preferably 1 to 5.

[0103]

20 Deleting, substituting, inserting or adding one or more amino acid residues in
the amino acid sequence of the above antibody means the followings. That is, it means
there is deletion, substitution, insertion or addition of one or plural amino acid residues
at any positions in one or plural amino acid sequences of the antibody within a single
sequence. Also, the deletion, substitution, insertion or addition may occur at the same

25  time and the amino acid which is substituted, inserted or added may be either a natural
type or a non-natural type.

[0104]
The natural type amino acid includes L-alanine, L-asparagine, L-aspartic acid,
L-glutamine, L-glutamic acid, glycine, L-histidine, L-isoleucine, L-leucine, L-lysine, L-

30 arginine, L-methionine, L-phenylalanine, L-proline, L-serine, L-threonine, L-

tryptophan, L-tyrosine, L-valine, L-cysteine and the like.

[0105]

Preferable examples of mutually substitutable amino acids are shown below.
The amino acids in the same group are mutually substitutable.

35 GroupA: leucine, isoleucine, norleucine, valine, norvaline, alanine, 2-aminobutanoic
acid, methionine, O-methylserine, t-butylglycine, t-butylalanine,
cyclohexylalanine |
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Exanp/es of a pronoter and enhancer used for an expression vector for
animal cell include an SV40 early pronoter (1. Blocknm la 1307 (198711, a
Mol oney illettee | eukemia virus | TR Piot hem Bi ophyS, Res. ('ommun., 149,
960 (1987)], an muogl obi din H chain pronoter [Cent 41, 479 (1985)1 and
enhancer [Cell, 1 0983A and the |ike. [01561 The vector for
expressi on of reconbi nant antibody may be elther of a type in which a gene

encodi ng i. bo n Y, L chain exi st
on separ a?ﬁe}o\ﬁ)ﬁ?t orag'}g%lj?cf)ég Bltgﬂgcgag g%ﬁﬁﬁggkag'ggéuénm s‘ﬁgozn t he same
vect or (tandemtypml)lnoampm@sgde osgbaricesgls of construction of a vector
ft-if exp S en nti body, easiness of introduction into
ani mal celcﬁ.6 fJando%g%ﬁ%ﬂgb%et vveeéﬁ 20 the expression_ amounts of antibody H
and 1 chaiGfeUp B: arlystas. asgining, oraithineRedrdiappaotytanoircacid 2 HAIaPHRORESHPRIS s on of
reconbgnant antibagy is nore preferred P. ol Methodr, 167, 271 (19944
[0157) EXx | es. of t% emtype o e vector for expression of

r econbi nagﬂ'g‘éﬁiiantﬁrﬁ %%&WBX’E‘W]I@}{S' XYRiPY0e97/ 10354) . pEEL8 Wbri dom,
17 559 (19=8nhp F: asetinehthrédnise, hbMdsedine ( 2) Pr epanation of cDNA encoding V
regi on of %mo‘j?hgg{lil%ﬁ-i’e E{,rggpngonhurran a' and anal ysis of am no acid

sequence ract rom hybridoma cells produci ng an anti body
derived from a b®WShuman animal, to synthesize eDNA. The synthesized cDNA

is clgped into FhYeRERIdy aﬁ%r&ehﬁoﬁﬁe 6 iARALYP LRI, P AR PgUencer i s

carried out_taq, determ né nucl eof | de_sequences encodi’ ng and VI
[ 01591 35\?6‘Fe‘ﬁﬁ@g éméslé‘b@awea@#mww&%@nw@ ket | amino acid sequences of
VL and V1 of th{aolzmyl body cont ai n| ng a secretory signal sequence can be

firEned b f th of t f VH
oo VL from § he s B AR pitidy HrsmeBvihedt mblEWARL OSBRI R Che
full | enghhviog anﬂtgendmdmg amwltysmquadcdmuoa halff bf the N-t4rmimal side ofAl chaini bodi es
[SeQU@ﬂceﬁ(gng’%a}eeﬁ Bfaif anl SHEUP R RA G ainddl Y Fbting HP 1565 Bhtibddyhdibeurd Human

Servi ces
with a protease, papain (cleaved at an amino acid residue at position 224 of the H

chain), are bound together through a disulfide bond.
[0108]
The Fab of the present invention can be obtained by treating a monoclonal

20  antibody which specifically recognizes an AP oligomer and binds to the extracellular
domain, with a protease, papain. Also, the Fab can be produced by inserting DNA
encoding Fab of the antibody into an expression vector for prokaryote or an expression
vector for eukaryote, and introducing the vector into a prokaryote or eukaryote to
express the Fab.

25 [0109]

An F(ab'), is an antibody fragment having a molecular weight of about 100,000
and antigen binding activity and comprising two Fab regions which are bound in the
hinge portion obtained by digesting the lower part of two disulfide bonds in the hinge
region of IgG, with an enzyme, pepsin.

30 [0110]

The F(ab'), of the present invention can be obtained by treating a monoclonal
antibody which specifically recognizes an AP oligomer and binds to the extracellular
domain, with a protease, pepsin.  Also, the F(ab'), can be produced by binding Fab'
described below via a thioether bond or a disulfide bond.

35 [0111]
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[0160] The Iength of & i ni al sequence and N$er mi nal am no add sequence can
be declum by eon:parity, the full length of the am no acid sequences of
VIl and VI, of the antibody conprising a secretory signal sequencefull

| ength of the am no acid sequences of VIl and VL of known anti bodi es

[ Sequences of Proteins of Nom nf 081w Serest, US Dept. Health and Hanra
Services (1991)1, and the 10 subgroup to which they belong can also be

known. i 61] f,urt her. t he am no ac uen f.e CDTt s of
"V kI and VL ¢ FOUFP %W%D‘ﬂﬁ ﬁ‘é"g célﬁq? i"gaé‘é‘%@#?@ s with
am no aci chndeunm:bmdmg bctanty, Whichad obtamebbﬁn]ba\bnglaelsu[fﬁleqmadaeﬁledling@r ot ei ns
ol i mmunot q %o ﬂ{éta%@esf;(oPSJS 15Dept: Heal th and Human Services (199 I)I.

[0162] ' 3) ructl on Yector for expressi on of human chineric anti body
eDNAs encodi ng \Wll?dnd VL of antibody of tlerl-htfli aII an| mal are cl oned

i n thesupstreamiak FI8NETThEReak ngzeﬁilrbxpéan@e oBlaitkd Byt pRdy), Yhicpect or for
expression 2Q_of reconpi nant ar?tl body i oned | n sh ove (W‘g‘lt o thereby
const i met SBeqHacallyregagnizes an ABLQligamst tithg Ll C@’&N

For exanplreducidgd¥deng dithidihirgitoll d and Vt. arc. deS| gned and construct ed to
conprise the ti Eé@r sequences encodi ng appropriate am no acids and havi ng
appropriate 25r &Aiti on sites of restriction enzynme so as to produce a
connecti on bet weédsp,theF®' cancredprofucad b@ittseding\DNA@ncading Hab' ifragohehtrafm a

non- hygan t éﬁ"? roma human
ant i bog§ t?@%%)dgﬁ{éb ?’gg%ﬁr?ga%%n \te}gtg forlﬂ?&gjg In é@%ssgﬁdj ¥}]%9er doned go
t hat each eBkaryefenangoniraduciags the yeqos lntwrabw@ﬁmr avléa:wipm pxpresishediabt.r eam of

gene encodi ng Crhny CL of human anti body of the vector for expr eSSI on of
Rurent 2 enf o3 ot gned U e b (L, CORRAL YR e
chain are linked using an appropriate peptide linker (hereinafter referred to as "P") and
15  isan antibody fragment having antigen binding activity.

[0115]

The scFv of the present invention can be produced by obtaining cDNAs
encoding VH and VL of a monoclonal antibody which specifically recognizes an Ap
oligomer and binds to the extracellular domain, constructing DNA encoding the scFv,

20  inserting the DNA into an expression vector for prokaryote or an expression vector for
eukaryote, and then introducing the expression vector into a prokaryote or eukaryote to
express the scFv.

[0116]

A diabody is an antibody fragment wherein scFv is dimerized, and has divalent

25  antigen binding activity. In the divalent antigen binding activity, two antigens may be
the same or different.

[0117]

The diabody of the present invention can be produced by obtaining cDNAs
encoding VH and VL of a monoclonal antibody which specifically recognizes an Ap

30  oligomer and binds to the extracellular domain, constructing DNA encoding the scFv so
that the length of the amino acid sequence of P is 8 or less residues, inserting the DNA
into an expression vector for prokaryote or an expression vector for eukaryote, and then
introducing the expression vector into a prokaryote or eukaryote to express the diabody.

[0118]

35 A dsFv is obtained by binding polypeptides in which one amino acid residue of
each of VH and VL is substituted with a cysteine residue via a disulfide bond between
the cysteine residues. The amino acid residue to be substituted with a cysteine residue
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I n addi tion, cDNA encoding VIl or VI of non-human animal is anplil 4PCR
using a synthetic DNA baying a recognition sequence of an appropriate rest:
tc enzynme at both terminals and each of themis cloned to the vector for
expressi on of reconbi nant anti body nentioned in the above (1), 68 [0166]
(4) Construction of cDNA encoding V region of huoia, cDN As encoding VII or
Vi.. of a humani zed anti body can be obtained a [0167] First, amno acid
sequences of work r e or rek,rred to as .'F VIl .or VL of a
huran ant i GBS selgEiE berd hairea: lee%a%ﬁwaﬁstmqq? s lihodyin” of o
ant i body o@comlm@befwmimm methedsionarbyaReiten e @n[ArbrilyErginedringn3@9ant ed are

sel ected am no acid sequences of FRin VII or VI, of a human anti body
can be use(é aé]) as they are from human. 101681 Exanpl es i ncl ude
amino acid sequdﬁb of FRs in. VU or VI: of human antibodies registered in

dat abase such a r mon to
se su R:th dairelop @sega&gﬁléﬁﬂgg%g&dgg& RN ecmw

subgr oups of et pences, of Proteins
150f knr naeilﬁq"BBE XHaqmq %Lef agonogjonglastibedy whigh apqqi firatly resogpizenan 4R991) 1,

and the | idligomePad Bindd to the extrackiule¥ dihaih Q:ohéthlcﬁhg UNWeﬁkiddﬂlgﬂE;FﬁCt ivity of

th ti bad h ol t .60%
e o0 DO Ay SSRGS Lokl i MG Sl 55} g%
ant i body |e$1k&'gbmcamfhthetﬁ ntrodiicing the expiidssion vestomiatoecprok aryotean eekarpbte €ORs  of

VI oroVvl: B%E{; iginal antiboiy aa grafted to the selected am no acid
sequence o?( ' or VI.: of the human anti hmy, respectively, to

desi gn each am rﬁ@llfﬂl d sequence of W or VI, of a humanized antibody.
101711 egﬁawaagna DR éanaﬁeee%y%l@alﬁg Qﬂ@élﬁbﬁéfé gidh JNA
sequences gﬁz}é{ er Q’i requency of  codon L{) Id algl eoti de
sequences na, re g or A peptide comprising plur: can e produce

connecting CDRs directly or via an appropriate peptide linker.
15 [0121]

The peptide comprising CDR of the present invention can be produced by
constructing DNA encoding CDRs of VH and VL of a humanized antibody which
specifically recognizes an AP oligomer of the present invention, inserting the DNA into
an expression vector for prokaryote or an expression vector for eukaryote, and then

20 introducing the expression vector into a prokaryote or eukaryote to express the peptide.
The peptide comprising CDR can also be produced by a chemical synthesis method
such as Fmoc method and tBoc method.

[0122]

The antibody of the present invention includes an antibody derivative in which

25  the anti-AP oligomer humanized antibody of the present invention or the antibody
fragment thereof is chemically or genetically bound to a radioisotope, a low-molecular
agent, a high-molecular agent, a protein, a therapeutic antibody and the like.

[0123]

The antibody derivative of the present invention can be produced by

30 chemically conjugating a radioisotope a low-molecular agent, a high-molecular agent, a
protein, a therapeutic antibody and the like to the N-terminal side or C-terminal side of
an H chain or an L chain of the anti-Ap oligomer humanized antibody or the antibody
fragment thereof, an appropriate substituent or side chain in the antibody or the
antibody fragment, a sugar chain in the antibody or the antibody fragment and the like

35 [Antibody Engineering Handbook published by Chijin Shokan (1994)].

[0124]
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anti bodi es [ Sequence of Proteias of foonunologtcal Intetest S Dept Health
and -hanan Services (19901, and tile DNA sequence encodi ng, theamtm acid
sequene VII or VI: of a humani zed anti body is designed. 30EOi $21 (5)
tedification of am no acid sequence of V region of humani zed anti body

It is known that when a humani zed anti body is produced by sinply grafting
only CDRs in VIl and VI, clan antibody derived froma non-human aninmal into

ERS of VI and Viigfig ke RARAD el B e Wity 1Y 1

| ower than that o I'na rom-a non-hunman ani mal

1. 810/ 7ECHMod W& bydinkigm I(DNQschdm@ ﬂmm-Ag oligomer humaniged antibeily0fithdrodi es,

armong t he dﬁdeéén'ﬂﬁw%ﬁﬁ&m &%&%&%y a %ﬁth&eyﬁo%%rwm@ﬁcom téi‘ﬁ‘fd body,
am no aci d resi dues 1@? directl

rela inding t ap amno
aci d resi defeconjitgated or 58?0%&41 Wpe‘&%ﬁ% )\ éFlSP@%’igdﬁ"eS&ﬁA ani no
aci d resi diegsxpressidn, aiRd fitdtitcihd theleRpresibirvdttordnm@la st el ur e of an antl body
and 3i ndi rectlye@) te to binding ki an antigen are identified and nodified
to amno acid residltes Wiich are found in the original nom nation anti body
to thereby i ncr dashecase waete the abdpieradiibedyadserivativeyis whédcds andetedtion megtot aeased,
[01741 derye flﬁé‘[}&@@etﬁﬂlﬂﬂuﬁ%r% cﬁ%ﬂo%&eﬁ@fgﬂﬂe&t&cﬂoﬁ tigen

bi ndi ng 10a t| VI t structure of ah antibody
i s const r utuaat %wnamﬁhcgﬁgwsdlagnosré iyeshasd, respecsiyhly, expmpes oftn agent;LijozNhld%

f1. cenput eghe hadg élrgam{e'?h%ah&ed ﬁﬁ%ﬂiﬂ Br ch akibbly( { tHefeot fifthe! Ke.
[01' 751 In addition, a nodif bod VI ng, appropriate
ant i gen- 1BBTSHHIOYENtAD IS 9?‘%19g‘%f mﬁl f‘?]é‘ﬂf‘ b";ﬂel'“%r of various
attenpts fmﬁnmrodx@mlﬂqestmgemrahedsum@memododl fication of each anti body and
exam ning the C%f ]atl on between each of the nodified antibodies and its
antigen binding a 501761

The label includes enzymes such as alkaline phosphatase, peroxidase and

15  luciferase, luminescent materials such as acridinium ester and lophine, fluorescent
materials such as fluorescein isothiocyanate (FITC) and tetramethyl rhodamine
isothiocyanate (RITC).

[0127]
Hereinafter, a method for producing the antibody is described.
20 1. Production of Anti-AB Oligomer Monoclonal Antibody
In the present invention, the anti-AB oligomer monoclonal antibody can be
produced in the following manner.
[0128]
(1) Preparation of Antigen

25 As a method for producing an AP oligomer as antigens, a synthetic AB1-42
(Peptide Institute, Inc. Osaka) is dissolved in deionized distilled water or in 10 mmol/L
of phosphate buffer and incubated at 37 °C for 18 hours, and the peptide is separated by
4 to 12 % SDS-PAGE, and the resulting material is visualized by CBB staining, only an
AP 1-42 tetramer without contamination of an Ap1-42 monomer are then collected, and

30 thereby AP1-42 oligomers can be produced.

[0129]

AP1-40 oligomers comprising more oligomers can be prepared by chemical
conjugation of 6-carboxytetramethylrhodamine (6-TAMRA) (SIGMA) to the N-
terminal of the synthesized AB1-40 peptide using a conventional method, followed by

35  polymerization reaction with the synthetic AB1-40 (Peptide Institute, Inc. Osaka).

[0130]
(2) Immunization of Animals
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The nDdlflcatlon of the am no acid sequence of FRin VIl and VL of a human
20 anti body can be acconplished using various synthetic DNA for

nodi fication by PCR as described in (4). The nucl eoti de sequence of the
anplified product by the PCR is determ ned according to the nethod as
described in (2) so as to confirmthe intended nodification has been noved,
[01771 (6) Cbnstruction of vector for expression of hunanized ant i body

A vector for ex Q i t by cl oni ng
each cDNA encodr)l?llga O%érbg e%%?gr?% ABZ%‘Y] ogég‘r‘r%f\snlgg into

upst r eam oforeplete Fyeund' scadnerem ndhen) the aiGigenfs inrpurtizedeon afqomyddaf al h-he
vector formgxdy e%id%bé@‘quéxﬁgﬁﬁig'aﬁéf%n?']ﬁhﬁﬂ%ué& HEPEHbMRA. | Thé Rlsior 01781

For exanpl e recognitition nces I’Oprl ate' restrjction enzynes are
i nt r oducedPStWEER abody-pEdycing cgl}wdemveom IsssaibeipsHermed ingdineWdnds anong

sy tnt Beés C fdbihad Bﬁdﬁhsfdl?ethb@b mﬁldwtaﬁd Milted, eh/bl g/ﬁ)ﬁ!&r vaatuuhﬂﬂftﬁmacl z ted f
antl!l Po i 0.C e or | e.u ream (0]
each ge%e &Iﬁ&ﬂ%ﬁﬁ C’f{‘ﬁ rlg%l_)e’ﬁf 't4 Jorthe hg?m Befiif B%Wﬁg

vect or forthh anlwudyade abthinbd rpmaingdiasiclymphdodes dflaemaise vewhizh the ﬁht@n zo
express t @_%%Q&Ppri ate form [0179] (7)1llnpsierit expression of
reconbi nant an In order to efficiently evaluate the antigen
bi ndi ng acti vity0d31vari ous humani zed anti bodi es produced, the reconbi nant

anti bog) es can beheSuh@SSRRnt$ @d?ﬁé@&‘ﬁt'bé; ddﬁiu'ﬁgtehﬂgth‘é%hgén foQhe GiRRESSI on of
reconbi mn anhlsbod% as described i di.fi ed expression

vector th OY {NIFXPIROUS R ng@parét@aeaégn]gctwggegeé@qmﬂhaél t roducti on
of the exmppﬁcsprﬁtb adpwiaat such ak egipRE Fréendwsdjuvaat Andcadmbgxgionss aintigannbi nant
ant i body, hG%?g%Eﬁ % {ﬁ% 7 cell (ATCC CRE, 1651) is used [Methodc in Nuc/elc
Aci ds Res, ,y Vg i’il%’f . 10 Exanples of the nethod for

i ntroduci ng the [éi@ﬁ]esm on vector i nto COS-7 cell include a DEAE-dextran

b0t a3k 1 £ m et heel pafaFpgfiils 3, @ﬁ%%&séza@ﬁ%té%%ﬁ%pﬁ% i k.
(0181) ( 8)suekauBPALhenine sespm allemphem i (keyholeimpetdemog¥ania) is eoont hi nant

15 anti bodyoditdd BsraRaasiHemtigén.r econbi nant anti body A transformant
whi ch stably ex%g@es a reconbi nant anti body can be obtai ned by
i ntroduci ng the or for expression of reconbinant anti body described in

(3) and (6) intdheranapgdrimpninided widsin antigen may be any animal, so long as a
20  hybridoma can be prepared, and mouse, rat, hamster, chicken, rabbit or the like is

preferably used. Also, the antibody of the present invention includes an antibody
produced by a hybridoma obtained by fusing a myeloma cell with the cell having
antibody-producing activity derived from such an animal after in vitro immunization.
[0134]
25  (3) Preparation of myeloma cells
Established cell lines derived from mouse are used as myeloma cells.
Examples include 8-azaguanine-resistant murine myeloma cell line (derived from
BALB/c) P3-X63Ag8-U1 (P3-U1) [Current Topics in Microbiology and Immunology,
18,1 (1978)], P3-NS1/1-Ag41 (NS-1) [European J. Immunology, 6, 511 (1976)], SP2/0-
30 Agl4 (SP-2) [Nature, 276, 269 (1978)], P3-X63-Ag8653 (653) [J. Immunology, 123,
1548 (1979)], P3-X63-Ag8 (X63) [Nature, 256, 495 (1975)] and the like.
[0135]
The myeloma cells are subcultured in a normal medium [RPMI1640 medium
containing glutamine, 2-mercaptoethanol, gentamicin, FBS and 8-azaguanine]. The cells
35 are transferred in the normal medium 3 or 4 days before cell fusion to ensure the cell
number of 2x107 or more on the day for fusion.
[0136]
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[01 821 20Exanpl es of the nethod for introducing the expression vector into
a host cell include electrnBoration [Japanese Published Unexam ned Patent
Application No. 257891)91), (TylorochnokigT, 133 (1990)1 and the I|ike.
[01831 As the host cell into which a vector for expression of a reconbi nant
antibody is introduced, any cell can be used, so long as it is a host cel
whi ch can express the reconbi nant anti body, Exanples include CHO-Kl (MCC

Cat. o, 100 el PSR B porbhlion O YBo Rl MG by Pl FhbHBapEl o o o
Y132 o ' ATCC CRIA bgimjdoma ¢andierpsodnged by ﬁmng\m@antrhndwr@d}@iwlls Fx10- Agl4
cell (MX ﬁﬁbﬁéﬁé}neﬁﬁfy&b gﬁtﬁgéﬁﬁzgﬁag?ﬁ%éuw&?néﬁ Sterh ?Jk\{%}ngmo cell in

V\hlchadlk%?rofo ate red erel nafter o as "dhfr) is
defici ent Robyedeylenqglycohda@0. set, "USA,, r, 4216 (1980)), lectin resistant
line Leel3 [ Songbiz7] Oel | and Nbl ecul ar genetl cs, 12, 55 (1986)]j, CHO cel |

in which al, 6-fug onfers ene_is ficient V\DZOO

02131140), and tx}]tger n‘é’?&oal%?f?m‘? ﬂf@ﬂﬁ G §uP a3 $aup ?‘ﬁa‘?fﬁl chactivity
of a prot eisubj;:ute& tcahytardoﬂrazspmenmglrmﬂmgsdch as;iw-lﬁeﬁ;fngandbmdmgﬁssmel | ul ar
sugar . nuciaahied e EYpoblugiil? frodflifk SRS WS (AR EREXBBIEShARRY o the

m)dlflcatlono asua oh O ese

&posi t i on not tN\AB gemgmgrsasaisseribed bplq»w; Pni'bem clonirigig camigd oht Bigthba bawting n a

conpl 9 1t YdiRitibh HletoRTHACMEAi M ATHAAdumNRbut AifdpRAY B uled B MbinG O
transport cl a(gawg acel | ul ar, suygar nucl eot| de. t cose,. to the (1ol ui

body are i'RE¥ nogmal redip@ds uipddn theseeqnd o hylridoma whieh, " whi ch

al , 6- | ncosydbly shosisertigieagtbody itifer dedetetetichsalse ﬂ@_ﬁ@dlcbﬂwdnﬁbbdy%&d&ﬁ@%,
WDOZ 1311 09 an aI so be used. [01851 After introduction of the

expressi o transformants which stably express a reconbi nant
antibody tire séﬂ)b&&ﬂed by culturing in a mediumfor animl cell culture

cont aijgi n @Uﬁﬂ’ reinafter referred to as "0418")
(JapangseqP?%I ?Qﬁmcf nexam negl&%a%gin‘&%cﬁgcatlon No, 257991/90), 101861
Exanmpl es of t he Thgdybud lmcedlsum@ducwlqmememabantlhqéyeb@lmglbmm 4h#8i um
(manuf act wagehib¥red yii ﬁ%ﬁhﬁmal%@cﬂ'@ﬂinm-(tmﬂufle%ﬁtdlﬂ aflcdor Mide adice

phar mcout el eSS 0, U  TpaitacluLed DML, LIAD o um
i nvi t r ogerfpristanedl esrintraperitencaliyl adminidiered, ddlloweat by feeding forr2 wacksaddi t | ves such
as . FBg. [0139]
The hybridoma forms ascites tumor in 10 to 21 days. The ascitic fluid is
collected from the mice, centrifuged to remove solids, subjected to salting out with 40
to 50% ammonium sulfate and then precipitated by caprylic acid, passed through a
DEAE-Sepharose column, a protein A column or a gel filtration column to collect IgG
25  orIgM fractions as purified monoclonal antibodies.
[0140]
(6) Selection of Monoclonal Antibodies
As a method of screening the antibody, it is possible to exemplify a method of
selecting the antibody using a binding activity of the antibody to an A oligomer as an
30 index.
[0141]
The binding activity of the antibody of the present invention against the
antigen (AP oligomer) can be analyzed using at least one of the methods such as
absorbance measurement method, enzyme linked immunosorbent assay method (dot
35  blot method, ELISA), enzyme immunoassay method (EIA), radioimmunoassay method
(RIA), immunofluorescence method and Biacore (Biacore Life Science) using the
surface plasmon resonance method (SPR method).
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[ 01871 The reconbi nant anti body can be produced and accunul ated in a
culture 20 supernatant by culturing the selected transforniants in a

medi um The expression anount and the antigen binding- activity of the
reconbi nant anti body in the culture supernatant can be measured by ELI SA or
the Iike. [0188] Also, in the transfunnun, the expression anount of the
reco. t nbni ant antibody can be increased by using MR anplification system
or the like aCCﬂ? g to the. nethod disclosed in Japanese Publi shed
Unexam ned Pat e %@ lication No. 257891/90, [01 The reconbi nant anti body
can be purified Sne it tha binding Oﬁﬂw@nna%lénhgomertﬂm@lbnﬂm@ﬁ@y teethel by

pr ot ei nMangg by éx/ c’?:ﬁfye d@fehﬂﬁie&‘ﬁ? ﬂ?é‘&’ot%[&%&?‘od ﬁhw}rl{léh 2411 LR, lﬁﬁ%ﬁ%m ¢

Press (1996)" bul i es ?, Labo atorly Manua pring r bor
Labor at ory“&/‘i‘;l} JHreé afpd for 18 hours, follopsd by @m@mqwed@e@m nant anti body

can be spurmfrbwmulwe aaeﬁmenawﬂwbw‘ckﬁglth&%ﬂ-é Eﬂibllﬁmim w&m@ange

wel ght ¢ henEm it yithpporptafi nafe Pﬂatl?m?qn'f%l@ﬁgﬁfgﬁm’a»s#%t B BEAOE or e
anti body rSAend 8.08% af Tivedrne20, shalmembrana édinbybagsal witle cylhmerswpermpdnt, and

oLt BT MR Bl O

West ern nocl ona clie,

edition, Aesgeadishperpddase (abgle] godt antinyge Eéibﬁlz (k A anmﬁ&&ﬁg ao| d
Spri ngO"'“e’ﬁHﬁnc%@@HétﬁﬂtﬂﬁMxeé&ﬁ@@@EtL Qd?panﬁfl%éﬂd@@mn{&ﬁ%?tku ToRbo, QQ&M)()' l'ing

ef fector tibody As a nethod fbr controlling an act or
activity 2&}(#&96%9?{22 g oligo er 10 humani zed anti body of the pr esent
invention, a metfopfBjfor controlling an anmount of fueose (hereinafter,
retested to als r.e fi.tcos i nkage

N- acet yl gi ueosam}l'(lggi‘%%?& ‘r‘tgé'e‘ﬁ’tm%]hﬂng Fh‘b‘ﬂ'e BPi g&ﬁgéﬂ type
Nol i t aked astigeir against thewntibddy mtdadmmﬂate and sgding gisampleAvolairng pcmableon 297 of
an Fe 16©9laiibfieshcf B8 R Hulc WHAAARAMN T M ccl AT thé hiitRBY P 01739)

a met hod
purified antibody. Next, a secondary antibody which recognizes the primary antibody

and is tagged added thereto by an enzyme such as alkaline phosphatase is added thereto,

and the plate is incubated.  After washing, an enzyme substrate such as p-

nitrophenylphosphate is added to the plate and the absorbance is measured to evaluate
20 the antigen binding ability of the target sample.

[0144]

In addition, the reactivity of the antibody can also be determined by using the
sandwich enzyme linked immunosorbent assay using chemiluminescence
(chemiluminescence-ELISA) in order to specifically detect AP oligomers and not to

25  detect AP monomers in the present invention (WO 2009/051220).

[0145]

In addition, in order to evaluate the effectiveness of the monoclonal antibody
which has been administered to the periphery of a mouse in vivo, HRP-labelled 6E10
(Senetek PLC, Napa, CA, USA) human-specific oligomer ELISA can be carried out for

30 AP oligomer analysis of plasma and organ collected from the administered mouse in the
present invention (WO 2009/051220).

[0146]

Moreover, it is possible to determined whether the anti-Af oligomer
humanized antibody of the present invention can bind to AP oligomers in AD brains by

35 performing the immunoprecipitation experiment (Ghiso J, et al.: Biochem J, 1993) with
an amyloid fraction (Matsubara E, et al.: Neurobiol Aging, 2004) containing a large
amount of AP oligomers (WO 2009/051220).
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15controlling an effector activity of a nonoclonal antibody by nodifying
am no acid group(s) of an Fc region of the antibody, a nethod for
engi neering a subclass of the anti body, and the |ike are known. The
effector activity of the anti-AP oligonmer humani zed anti body of the
presention can he conrofled by using any of the nethods, [0193 The
"effector activity'tibody-dependent activity which is wduccd via an Fe
regi on of an antj y, As the e 11,activity, an anti body-dependent cellul ar
cyl ot oxi ci t ctivity), a conpl enent-dependent c,ylotoxicity (CDC
activity), (7¥EVdmtl@dtfy&mre¢§rQ1§qunHalgbcqbilb@l\sty( ADP activity) by phagnytic
cells such as 14 wn.
rrqﬁw@@” %@@ﬂu&e s Pésgsm&@ Othat*}ﬁe Lu}tisg 361%8&@9

101941 can core |cose a, compl ex type

Ndi nked s L?@‘&F’O@hsa!eﬁlﬁdﬂuﬁibméﬁ 9%B ahgemeraynd has agtenroigetiveactivity by &P t he

ant i bogdy qaéuHaﬁonfd}qmmﬁa eésa A B-Nfluded Riubstekitity ags@flw@ling a content of
thecae which is boﬁﬁd %a% %\é Elgl\l-llnk dlls%lgarlc in bound to Fe of
the anti bdBSAPSEHh? %SWCP}S‘ 35t AHOJERMETS WY PIBBL AR CLIF $%50bt ai ned by

t he expr edsictionaséd byubmafilttxidy and geldfilaatichhll o€ whichture GiselesadieihiYamantota n a
gene enco t ich Mbose is not
bound hascﬂI |gh‘]§&8§§1l \2??%‘{?%%5%8@7%@5@/ htza%(;t her hand, according

to a method for [PH8leasing a content of facose which is bound to a conpl ex

type Ngl i nked S%%eﬁlﬁﬁbrlh@mi%ﬁ&d'fﬁ)eﬁoﬁﬂa@éﬁé gactiily daR®¥ to which

Fhsi

fucose i s hound can,_ be_gbtai ned by the exp ress#@g Slnan ant'i body using a
host cel | GeHIPIngAUsing b&éﬁ?YMWQHMC@WG% ¥$i&ri sferase is introduced.
The antibody to[edggh fueose is bound has a | ower ADCC activity than the

antibody to whigh fiteos s _not Fur di fying am no
add residue(s) ‘i ﬂ?r?&ﬁ%?ﬁ@dﬁrftlot"hg‘e%@& %a%) J@&b%%tk@ can be
i ncreased annbmtbcﬁrleddbb(alﬁnanémmbmpd bhdeté‘minmgtthv exigtenée afiSLaSrstabledy, can he
i ncr e ed Yo U =10 ) S i (Qﬁ,d
U5200 A?g1865ﬂ Egrt r&i%%&% %iﬁgﬁfea(ﬁfu A@&Eac%l Vity %a%ﬁ 'é rncr eased
or decr eased by [Qr’cﬁﬂ)i]f y| ng the anmino acid as described in US Patent Nos,
6,717,056, or 7M&éovefin@he résht B¥éntion, examples of a method for determining the

ability for the prophylaxis of the AD-like pathogenesis in an APPswe-transgenic mouse

(Tg2576) include a method in which the humanized antibody of the present invention is

20  administered to the mouse to examine whether or not the AD-like pathogenesis such as
memory disorder, neuritic plaque lesions, synapse dysfunction and AP accumulation can
be prevented (WO 2009/051220).
[0151]
2. Preparation of recombinant antibody
25 The method for producing a transformant to stably express a recombinant
antibody and the recombinant antibody can be carried out as below.
[0152]
(1) Construction of vector for expression of recombinant antibody
A vector for expression of recombinant antibody is an expression vector for
30  animal cell into which DNAs encoding CH and CL of a human antibody have been
inserted, and is constructed by cloning each of DNAs encoding CH and CL of a human
antibody into an expression vector for animal cell.
[0153]
The C region of a human antibody may be CH and CL of any human antibody.
35  Examples include CH belonging to y1 subclass, CL belonging to « class, and the like.
As the DNAs encoding CH and CL of a human antibody, a chromosomal DNA
comprising an exon and an intron or cDNA can be used.
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[0197] In addition, it is known that anong human le.; subclass, the
effector activi 11702 and 1g04 subcl asses is |lower than those of Igo! and

| g03 subcl asses, Therekre, the anti body having a | ower effector activity
can be prepared by replacing region with that of the antibody subcl ass
having a | ower effector act [0198] Wth regard to the stabilization
of an anti body of 1g02 and 1gC4 subcl asses, stable 1g& or 1204 antibody in
whi ch an effect 0@ S%I vity is controlled can be prepared using a nethods
described in W2 6 75668, W2006/ 035586 and the |ike. 20[0199]

Mor eover , possi bl &s the expteasion sectarfor ool ¢all, aly etpréssiwnciedtoetar beassed,)\sot y of

th tib . j i ]
bhovoneat | SHE o EHRSHORL L € Sebiodr diblith 4ol ER Bt AR Rerditoand |
Anti-Al i G%pErsserethersin. i Ho@pndds mmdem/ééEW [Gerachnoh, 3.t1384598Bkn suggest ed
that the dﬁ&GE'P@B [JﬁBE’B%%Pﬁz),’ 1GP,CIQO’WID@ngpﬁth'?@{@&52‘7,‘2233139%}]]1%@6{ :
dysf t b | I I ; 1. ds N
T e s P U 763535 RISh 55 GINEA [Ckokofyletc B  hat "
excessi ve @090)gSBIUKIL Sedtl-3deparsdnhel) 18f 79701 998)]aad denlikier i ggers a conpl ex
downst r eam casca@ziol Owhi ch results in AD. [0201] In the present

t

i nvention, the ment does not necessarily have perfect treatnent
ef fects or prevditampesedffaquomoten andenhancpusethfibr b expresssnevestor ¢or aliroal t he

frecty [ORdadc SVAGEAR pdoRlc 7 Rperl. IR | RUTH O8] B MG he ok 2 e
i npr ovi ng lgekenia ¥irup hER d Prastem Bipplon. Resy Comaan., A4 300AP8 Bk anpl es i ncl ude
the i nprovigiiifogRibulif H SHARPpREDRNCEN, 410875 985 Y] iaH& efbemterTel/038, 717 he
: npr oveneg({lgg?{)] tPIPfgtth%Br ession of ‘the neuritic plaque formation, the
npr ovene T ession of synapse dysfunction, and the decrease and
t he suppression [6156]A0 accurul ation in brain tissues, blood, or the |ike.
15 The vector for expression of recombinant antibody may be either of a type in
which a gene encoding an antibody H chain and a gene encoding an antibody L chain
exist on separate vectors or of a type in which both genes exist on the same vector
(tandem type). In respect of easiness of construction of a vector for expression of
recombinant antibody, easiness of introduction into animal cells, and balance between
20  the expression amounts of antibody H and L chains in animal cells, a tandem type of the
vector for expression of recombinant antibody is more preferred [J. Immunol. Methods,
167,271 (1994)].
[0157]
Examples of the tandem type of the vector for expression of recombinant
25  antibody include pPKANTEX93 (WO 97/10354), pEE18 [Hybridoma, 17, 559 (1998)],
and the like.
[0158]
(2) Preparation of cDNA encoding V region of antibody derived from non-human
animal and analysis of amino acid sequence
30 mRNA is extracted from hybridoma cells producing an antibody derived from
a non-human animal to synthesize cDNA. The synthesized cDNA is cloned into a
vector and the sequence analysis using a DNA sequencer is carried out to determine the
nucleotide sequences encoding VH and VL.
[0159]
35 Whether the obtained cDNAs encode the full amino acid sequences of VL and
VL of the antibody containing a secretory signal sequence can be confirmed by
estimating the full length of the amino acid sequences of VH and VL from the
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5[ 0203] Here, the cognitive dystiniction includes, for exanple,
inpaired long. termhhort-tem nenory, inpaired object recognition nenory,
i npaired spatial. nenory, and inpaired enpotional nenory. [0204] In
addition, as a therapeutic nethod using the anti-Afl Ligonier humani zed
anti body of the present invention, exanples include a nethod for
suppressing the cognitive dysfunction, a nethod for suppressing AD, a

met hod for, suppressi .Lthe progression of AD, a _nethod for s ressing the
nour i o SRR EE Rl it e ang romaerae Hignatie Ty Mo tength SABERERR: | on,
met hod f oracideseguendes bHYH ad\i eflsiovg) arttibedidS[SeyuaicexoProseimadfi vity a net hod

thr inhibig] . at | O} i thar { d for neutralizing
(suppressi%&%o@ggﬂéég%égﬁxﬁéﬁt eaé@tqﬂgﬁu%ﬁ%%c&ﬁ??ﬂ rnmore, exanpl es of
ot her confi gurat[0 i nclude a nethod tbr one of the prevention and the

treatmgnt of cogflellbygh By &HeWBGEio si@a?%ﬂ séqsdsﬁééﬁaﬂ%@-t&%ihmﬁﬁn&wd of the
f 0206]

prevention and the freatnment o ) The t herapeutic agent
conpri si NGRBYEKER Cahbs ehby R the Bdienath of thepgupe add seqUeAsssRt i on or
deri vati vegHtahe VIOHf thesintiloAs icEinpfibing Bls¥crtdsy sphdl Befliéney wﬁﬂﬂlbkﬁ?thfdf agment

25 & phar bt ainecEd RopieSer 8 wiSettmony aivaffs Beidee fifehonl T
known i n thenineligiial &teresi21US ddpt Hienl v ilunes, Sebyices (19910],iand thet h one or nom
B 2 P ERohY  SRERY SIGH Dbl Ti™™ T enal admi ni stration,
such as buccal, [Pt@dheal , rectal, subcutaneous, intranuscular or ravenous
adm ni stration. H@#&EBdore, the amino acid sequence of each of CDRs of VH and VL can be
found by comparing the obtained amino acid sequences with amino acid sequences of
VH and VL of known antibodies [Sequences of Proteins of Inmunological Interest, US
15 Dept. Health and Human Services (1991)].
[0162]
(3) Construction of vector for expression of human chimeric antibody
c¢DNAs encoding VH and VL of antibody of non-human animal are cloned in
the upstream of genes encoding CH or CL of human antibody of vector for expression
20  ofrecombinant antibody mentioned in the above (1) to thereby construct a vector for

0O

expression of human chimeric antibody.
[0163]
For example, cDNAs encoding VH and VL are designed and constructed to
comprise the linker sequences encoding appropriate amino acids and having appropriate
25  recognition sites of restriction enzyme so as to produce a connection between the 3’-end
of a cDNA of VH or VL derived from a non-human animal antibody and the 5’-end of
CH or CL derived from a human antibody.
[0164]
The resultant each cDNA encoding VH and VL is cloned so that each of them
30 is expressed in an appropriate form in the upstream of gene encoding CH or CL of
human antibody of the vector for expression of humanized antibody mentioned in the
above (1) to construct a vector for expression of human chimeric antibody.
[0165]
In addition, cDNA encoding VH or VL of non-human animal is amplified by
35 PCR using a synthetic DNA having a recognition sequence of an appropriate restriction
enzyme at both terminals and each of them is cloned to the vector for expression of
recombinant antibody mentioned in the above (1).
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Exanpl es of the dosage form Math,.es sprays, capsules. tablets, powder,
cnnui es, synips. enul sions, suppositories, injections, onumments, tapes and
the |ike, 353209i The pharnaceutical pnpanition suitable for oral
adm ni stration includes enul sions, syrups, capsules, tablets, powders,
granules and the like, 75 [0210] Liquid preparations such as enul sions and
syrups can be produced using< as water; sugars such as sucrose, sorbitol
and fnttose; eg%&Ig such as ptdyet hyl ene gl ycol and propyl ene glycol; oils
such as sesame dPlkblive oil and soybean oil; antiseptics such as

p- hydr oxy b@hDehsin€iofl of SDNMSenchdiny W regivd Oif hamasizédatidody fl avor =lint; and

(e ke LO21T] e Lt it RN B AN R AN ek £20 D2

manni t ol ; filewst egrati ng 10 agens such as starch and sodi um al gi nate);

lubricants such ggefgnesi um stearate and talc; binders such as plyvinyi

al cohol’, hydroxggro ylcel I nlose and gelatin; surfactants such as fatty acid

ester; plastici Z8rss aminpaeid sedugnessiof frameworkeegiani(bereinpfiereferred to as

Do T el YRS by aa) A ok e

a5 ag) | ut i% of el LD o yrefm 8 AGn-uian Sl SRR v e tede 1 4]
selected. Any amino acid sequences of FR in VH or VL of a human antibody can be

10  used, so long as they are from human. |

[0168]

Examples include amino acid sequences of FRs in VH or VL of human
antibodies registered in database such as Protein Data Bank, and amino acid sequences
common to subgroups of FRs in VH or VL of human antibodies [Sequences of Proteins

15 of Immunological Interest, US Dept. Health and Human Services (1991)], and the like.

[0169]

In order to inhibit the binding activity of the antibody, amino acid sequences
having high homology (at least 60% or more) with the amino acid sequence of FR in
VH or VL of the original antibody is selected.

20 [0170]

Then, amino acid sequences of CDRs of VH or VL of the original antibody are
grafted to the selected amino acid sequence of FR in VH or VL of the human antibody,
respectively, to design each amino acid sequence of VH or VL of a humanized antibody.

[0171]

25 The designed amino acid sequences are converted to DNA sequences by
considering the frequency of codon usage found in nucleotide sequences of genes of
antibodies [Sequence of Proteins of Immunological Interest, US Dept. Health and
Human Services (1991)], and the DNA sequence encoding the amino acid sequence of
VH or VL of a humanized antibody is designed.

30 [0172]

(5) Modification of amino acid sequence of V region of humanized antibody

It is known that when a humanized antibody is produced by simply grafting
only CDRs in VH and VL of an antibody derived from a non-human animal into FRs of
VH and VL of a human antibody, its antigen binding activity is lower than that of the

35  original antibody derived from a non-human animal [BIO/TECHNOLOGY, 9, 266
(1991)].

[0173]
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ZOSupp05|tor|es can be prepared u5|ng a carrier such as cacao ,,enated fat
or carboxylic acid, 5] Sprays can be prepared using the antibody or
anti body fragment of the present invention as such or using it together
with a carrier which does not stinulate the buccal .25 or airway mucous
menbrane of the patient and can facilitate absorption of the compound by
dispersing h as fin:" particles. [0216] The carrier includes

| act ose, gl yeem, and the | i 0ss >le to it har eut.d

prwations such a8 ﬁ ‘ﬁ’ﬁdpaw %ﬁh’e?‘?ln"?ﬁﬁ%ﬂ °Ph Volﬁaﬁ‘é)rrponent s

exenpl i fi &dl afa hutdamﬁmbody,sannhe acid desidues whindhi direcdy rqiatepabmﬂmgrteanExarrpl e 1
0218] P Aci d

Sequonces hapa AR AREL wEMIHILAEE b B doif BB ATCPR, & 10 A

sequence @mingacid wseﬁues M@qmmnmn ba ﬂﬂpe-dtwereenahmcmo@atwn&gdy #1d ows,

First, 5t hendiddi§ es1at8R6 Binding!th @n Mtk RE IR nBRMHEIIGRodiBEAMY AMeindacitias

residues which are found in the original non-human antibody to thereby increase the

antigen binding activity which has been decreased.

[0174]

In order to identify the amino acid residues relating to the antigen binding

10  activity in FR, the three-dimensional structure of an antibody is constructed for analysis
by X-ray crystallography [J. Mol. Biol., 112, 535 (1977)], computer-modeling [Protein
Engineering, 7, 1501 (1994)] or the like.

[0175]

In addition, a modified humanized antibody having appropriate antigen-

15  binding activity can be identified by repetition of various attempts for producing several
kinds of modification of each antibody and examining the correlation between each of
the modified antibodies and its antigen binding activity.

[0176]

The modification of the amino acid sequence of FR in VH and VL of a human

20  antibody can be accomplished using various synthetic DNA for modification by PCR as
described in (4). The nucleotide sequence of the amplified product by the PCR is
determined according to the method as described in (2) so as to confirm the intended
modification has been occured.

[0177]

25 (6) Construction of vector for expression of humanized antibody

A vector for expression of humanized antibody can be constructed by cloning
each cDNA encoding VH or VL of a constructed recombinant antibody into upstream of
each gene encoding CH or CL of the human antibody in the vector for expression of
recombinant antibody as described in (1).

30 [0178]

For example, recognitition sequences of appropriate restriction enzymes are
introduced into the 5'-end of synthetic DNAs positioned at both ends among synthetic
DNAs used for the construction of VH or VL of the humanized antibody in (4) and (5)
to enable to clone the VH or VL in the upstream of each gene encoding CH or CL of the

35 -human antibody in the expression vector for humanized antibody as described in the
above (1), so as to express them as an appropriate form.

[0179]
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m ned as the VII of the antl-A[3 olllanner nmouse nonocl onal anti body 6E4
anti body which was prepared in the reference exanple, based on the scpart
by Kahat, et at. [Sequences of Proteins ofirnnmunol ogleal Interest, US Dept.
Heal t h and Human Services (1991)]. As a result, the am no acid St Xpla/ CCS
of the CDRs | to 3 of the VII were set to he the ones represented by SEQ I D
NGs: Ito 3, [0219] 10Then, an am no acid sequence of the anti-Aligoner

humani zed anti b es' ned .0 rder to inplant the am no
aci d sequences @é@qﬁ%‘ﬂeﬁ 308 0 ﬁcc?rﬂ% % °Uto $ of the VET, the amino
aci d sequence ofinprder RRefGitienthe evaluate thetantigén binding ech\atymfb/@dyuwvas sel ect ed,
(.02201 1 i own human
ant i bodi egﬁ?%&fzed 11?}}&%3,\‘%%?%@ feb@\(h%t}gggo%gﬁ% q;e& 1% éssl%ees of their
anmi no aci dragga@rbh@%g thgygctRados exprgesia rpw@mtﬂg@wéﬁé in Sdch of

t he subgr e $6)oPeKE RBETRd 3k pibsfor Wechdr tRBRUTO! Ogi cal I nterest, US Dept.
Heal th and Hurraiq]@zﬁw ces (1991)1 [ 022 20Thus, the honol ogi es hetwmthe

am no acid sequ of the 'Ms of the commbn sequences in the subgroups
lto ]I:U6Of t he VIAlnycn‘elltchﬁbg usadras arosteiliforinttothition of the expressigh vocters s«m;] t he
Ms O E4 ed, As [resul t rc t he
honol ogi e!é%éﬁf‘%&%gg%“gﬁe&s %f T‘#)im%g?lg%?a)bhgf&gﬂ%c aﬂgelgm
respect i véATCCARLIGH1) i ysed {Methads der&éaldAadqﬂenc@RGfPrcﬁezmlaf’1)$E4 VU had
25t hetpi g I e
resul tlb eggaﬁgm?ﬁgﬁgﬁtﬁ%& g)éﬁlg%(ﬁUﬁ rﬁgéé%p%ﬁé%g%g&n ﬁ?fé@sgﬁzélh@cﬁﬁgxm of
6EAVI | welEA- éP’Etéf’d“&Fth%WétﬁPd%’ﬁ yseic Arigh Bes CRELress 285 @EPB)fequence of

the FR of lipbRcasmmRthod §BHRNNE! AatinSciSUSA8AIP413 @DS?)%%H'the Rke.t he human 30
ant i body Accor dhﬁ%ﬂ the ammop acid sequence 6E41-1VO (SEQ NO 12) of the

VIl of the anti ol i gonmer. 6E4 humani zed anti body was desi gned, (02.231
Next , |n t he sa(ﬁa Establishmerst off lransfarncams whicht stebl s expressesrecahbinbmt CORs | to 3

R %F‘%%@&“f’an@% espectivel y. and the ami no aci d
sequence of theAJransiormanievhigh staplg expiegisrere@ninany mrhoziwaah@ phigired was
desi gned 8% irftR)dubM¥¥g the vector for expression of recombinant antibody described in (3) and
(6) into an appropriate host cell.
[0182]
20 Examples of the method for introducing the expression vector into a host cell

include electroporation [Japanese Published Unexamined Patent Application
No. 257891/90, Cytotechnology, 3, 133 (1990)] and the like.
[0183]
As the host cell into which a vector for expression of a recombinant antibody is
25 introduced, any cell can be used, so long as it is a host cell which can express the
recombinant antibody. Examples include CHO-K1 (ATCC CCL-61), DUKXBI11
(ATCC CCL-9096), Pro-5 (ATCC CCL-1781), CHO-S (Life Technologies, Cat. No.
11619), rat YB2/3HL.P2.G11.16Ag.20 cell (also refferred to as YB2/0; ATCC
CRL1662), murine myeloma NS0, murine myeloma SP2/0-Ag14 cell (ATCC
30 CRL1581), murine P3X63-Ag8.653 cell (ATCC CRL1580), CHO cell in which a
dihydrofolate reductase gene (hereinafter referred to as "dhfr") is deficient [Proc. Natl.
Acad. Sci. US.A., 77, 4216 (1980)], lectin resistant line Lec13 [Somatic Cell and
Molecular genetics, 12, 55 (1986)], CHO cell in which a1,6-fucosyltransaferse gene is
deficient (WO 2005/35586, WO 02/31140), and the like.
35 [0184]
In addition, host cells in which activity of a protein such as an enzyme relating
to synthesis of an intracellular sugar nucleotide, GDP-fucose, a protein such as an
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In order to graft the am no acid sequences ( "EQ ID NGs:4 to 6) of the CDRs
| to 3 of the VLof the 6E4 anti body, respectively, the am no acid sequence
of the FR of the V L in the human anti body was sel ected. [032S]

‘Cabal, el at have classified W of the various knoskts human anti bodi es
into subgroups (1-180 1 to |IV) based on the honol ogies of their am no acid
sequences, and have reported the commobn sequences for each of the subgroups

[ Sequencesg méD et ﬁg% 110 mb A nqg*a(‘sr%g:«llrl JAbfif %\F}nchutsﬁgﬁﬁ«gn bERkbde ignd Human

Servi ces §> 120[{5 226] Thus, ogl es_bet wee e am no aC|d

st : quenceo8Rd tofspesidon pihimse ty@aer@ﬁewemh redusinggngd ikyongh g-hopddnat e i .
of the hurasﬁﬂxdwattylmd 1%113;&%@@1;@: eﬁalﬂtoieqﬂ@teﬁzqelaﬁﬁg t&ie?]rEBSrt@f?xﬁDleI S f
were searcne resu I N | €S e Nonol cades O
HS(. 31, uéf&’j“’e‘ré%ﬁ“lg qﬁ%@cﬁs’@ﬁvé? g‘?t@e %I%ggmgg IHEPdECed 15014 76. 3 %
respechi vellecyreaséd@oﬂélbtedgiuﬁhak I oalhim velgiclolos éeﬁleumglhrmtfetdse gbke isf 6E4VL had

L, 1 Snest A G- e HIIE RO PR RRe e, L e above fcsu 1

ach of the amno aci d sequences ‘he CDRs of 6E4VL
were grafted at [@$8]opri ate positions in the am no acid sequence of the FR

of the commn SaGieRftRILSHG tﬁé’B&ers‘éRm'Jec@f- tfaﬁﬁ”thantQ@vhiéﬁ%thW%r&Qt i body.

[ 0228! However, Lett at position he am no, aci d sequence ( SEQ

ID NO 1 6B4sgombinang gntibady aa?ﬁ%teodcbydcw@epa uba mﬁwm fog apigna) cAlb §WltUTe equent | y
but the acvRaidirigthn fehtkichwhGalg selfie glrethifter bstbméd tordsy' Gail gt (Japaagsency at

the corre ]S tes h n ences of the Ms of the
hunan ant ﬁg@ﬁ%gg &%?‘FBPF??@% g@”ﬁ%ﬁ%’nﬁgﬁg&#g?@gg% Accordingly, the amo
acid residue sef8h the a -zsequence of t he above am was enpl oyed. As
descri bed aboveg af, the
anti-AP ol igoner %ﬁglfgﬁ}ﬂn%r??éde Zﬁfa lgﬁﬁﬁl&@%ée@g%{ée [ 0230]
The desi gf@anufastwied hyilavitogen) MBI Bmedinydnsmufastired by Nihap Bharmacentital), sequence
6E4LV5 of EXIEEVL301 thetifvén @ﬂ&ﬂuﬁﬁ-ﬁuhw DRSF?I 1Mﬂ%§%mb wRQichy arc the

sequences_constr tin aci eq ences of the CDRs
of an 35 JAf Ogﬁpkj ﬁ%@ﬁéﬂgﬁ?wﬂm 2@9’6 a?m@m‘ﬁyﬁawos $EYREVe i no aci d
sequence afedivunetleedof cotdinkig wiriouh additives suetnas KBSy,

[0187]

The recombinant antibody can be produced and accumulated in a culture

20  supernatant by culturing the selected transformants in a medium. The expression
amount and the antigen binding activity of the recombinant antibody in the culture
supernatant can be measured by ELISA or the like.

[0188] _
Also, in the transformant, the expression amount of the recombinant antibody

25  can be increased by using DHFR amplification system or the like according to the
method disclosed in Japanese Published Unexamined Patent Application No.
257891/90.

[0189]
The recombinant antibody can be purified from the culture supernatant of the

30 transformant by protein A column [Monoclonal Antibodies-Principles and practice,
Third edition, Academic Press (1996), Antibodies-A Laboratory Manual, Cold Spring
Harbor Laboratory (1988)].

[0190]
For example, the recombinant antibody can be purified by a combination of gel

35 filtration, ion-exchange chromatography, ultrafiltration and the like.

[0191]
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[ 0231] in genera:, however. in the construction of UKtiall Zed
anti body, the binding activity is reduced in many cases where the am no
acid sequences of the CDhas of the nouse antibody is sinply inplanted to
the FR of the human anti body. [02321 For this reason, in order to
prevent the decrease in binding activity, nodification oldie am no acid
residues that is considered to affect the binding uctivity anong the am no

acid residues t . i t [.Ts_qaf the. j

different from P%'tgsﬁ& lg?Jlé}ﬁgélgr%uoggleaﬁt%P%%8§a’lesL Qﬁ%? 5@‘@983{}&%}&@{!@}% th the
graft of tantibeds erdheantibody mulectidsassf whele isGhRrminaddfyqrégicrylamide gelrhus, in
this Exa } a0 i " t ) j r b dered to
oot (e RroREeATIRAIRTI (BTSSR 2 O e

- 02341  Westerpbjaiting [Menactgnef Antel?qclresf%rmlewndswﬂ%qeu%ﬂ%Pdlgﬁnaanti body V
regi on5( hes®iemid Bess (1996 A-6bdResS L@BorhrorY/MaMil, @@mﬂrﬁ{gr}mrb&e anmno acid
sequence STE%TI 0 ?139 a%/%ﬁ‘ ﬁnd the am no acid sequence 6E4i, V0 of the VL
in the anti>RE"BYi e {lfﬁ'ani zed anti body designed as descri bed above
was constructed[0E)2)g a conputer nodeling technique. [02351 The
construct '39N/Iegl|§odt%ohu&@ﬁé?ﬁ%@%&r’cgﬂit%f‘&ﬁfb% coordi nates and the display

of the three-dinensiona | re carried out using Discovery Studio
(Accel rys, TEO iAs sametbod fercentipliing ah effecten activity ofitheantisfheligarhesr et 0. The

oot AR o ifhiza ahibdy M B (LRI A, & B PoRhiollig 2 RSOt 0 1 he
same manndpcose &ﬂ@?af%ﬁ’rrfffé‘ieﬁﬂ? 50 pf CORGUGESEA W@#ﬁ% peundn ghi ’éﬂ“‘%é%eetower e
sel ect ed aNvaagylgli@oRfiin®(GIENA cF pRVER GES réﬂhcfhg;%?&:afﬁ Borhplex Wpeadinkée VI, of

i

"VOLVO, th ]. d ith th j h. i id
Fesi dues SPERET UG &SRR B Srr g (i pritel BT e e TR e vias
const r uct edtibedyt(MeO2QD 543355 86:2WM2002/B DI2t®7and WO00/61738)% @ metked foant nsi onal

N (R
bi ndi ng: , gaMP(S)iof gn §¢ regien afthe paiiiodyes methad fer engingering)p gclass of the

antibody, and the like are known. The effector activity of the anti-AB oligomer

humanized antibody of the present invention can be controlled by using any of the

methods.

20 [0193]

The “effector activity” means an antibody-dependent activity which is induced
via an Fc region of an antibody.  As the effector activity, an antibody-dependent
cellular cytotoxicity (ADCC activity), a complement-dependent cytotoxicity (CDC
activity), an antibody-dependent phagocytosis (ADP activity) by phagocytic cells such

25  as macrophages and dendritic cells, and the like are known.

[0194]

By controlling a content of core fucose of a complex type N-linked sugar chain
of Fc of an antibody, an effector activity of the antibody can be increased or decreased.
As a method for reducing a content of fucose which is bound to a complex type N-

30 linked sugar chain bound to Fc of the antibody, an antibody to which fucose is not
bound can be obtained by the expression of an antibody using a CHO cell which is
deficient in a gene encoding a.1,6-fucosyltransferase. The antibody to which fucose is
not bound has a high ADCC activity.

[0195]

35 On the other hand, according to a method for increasing a content of fucose
which is bound to a complex type N-linked sugar chain bound to Fc of an antibody, an
antibody to which fucose is bound can be obtained by the expression of an antibody
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As a nolt, as the am no acid residues which are considered to change the

t hi mensi onai structure of the antigen binding sites and atit:t the binding
activity of the anti ody anmong the am no acid residues of the Fits in
HVOLVO, Lys at. postwn 12, Val at position 20, Arg at position 38, Gn at
position 39, Len at position 45, Met at position 48, Arg at position 67,
Val at position $8 1k at. position 70, 4la at positi on 72 Thr at position

74 and Ala at pos n _97.in the am oac enc Iese ed by SR? ID
| 1/ 410: 12 ?SH‘%%WF%J) Picgae&enﬁs%‘iop Sg %%’ n at

posi ti on SChecmtibody @t winios fuaoms%unmh&auwam milvﬁtytlmhthe etibedy itovel y

[ 0239] W chﬁ{cogeg%tmg&g‘dam no aci d sequene anong these sel ected am no

acid -residues were nodifired to the am no acid nsi duewhi ch exi sted at the
same site in 6E401%]d 10 thereby VI1 and VI, of the humani zed anti body

whi ch @onpri ses ®yh, ggagﬁ Bpaelal ons

wer e dgm nned 102%‘09%@?@% peﬂgg&arﬁ%mﬁ)%&%m\!aél&lw& 'tli)bcgﬁﬂie

modi fi cat idRC Q%H&WHECQQWWP@WFWW Aeqss va‘él‘rFxEWea e&)@?tl on 12
w?s subtst |dctigxg§doﬂud dhtiBbdy V@ bedinceasedtbyass ha\aﬁm%tdaﬁit deljiidrRe o\mtechLgtE tA{ gd
at positian was.. S osi.tion ubstitute
i th Leo, ToERn drSepbEy tﬁﬁﬂ%ﬁ?‘léﬁbﬁwﬂﬁwﬁm aeliutty R DG APl o 48
was subst |lieun<afelasm bhdedreased\by nadifpingithe anino Acidess desdritied inUSPaténtt Nokys, Val
at posjyti ¥y 5‘éa§r§§ 1’7\b§1h Ala, 1k at position 70 was substltut ed

with Lett, fdsé‘ftﬂéb’éﬁmas Substituted with Val, 'Thr at position 74
was substltuted[w M Lys and 20 Ala at position 97 was substituted with Tor

in the anino acu& a8GHUENER l&l@%@ﬁﬁ@ﬁﬁﬂg Mn%ga S cist, ke ¥stbHctiipsed.

[024 1 ] dition ast. on€ m)dlflcatlon was

intr oduce&ggl?rﬁﬁéjI&%S‘&ﬂaﬁiﬁsdﬂweﬁmfth‘@ﬁtof&@ andd RS wbelassest position 2
was subst l'ltheiéeg’&ewhb fanMEddy Havin, aloﬁ@ﬁiffécm a&@lw&nsddzh:&ép&&& l@}dregizabhlglmn (3in
at posi.tiqn ti ition was

substﬁ ut W %Vﬁgh% ?ih 8 ﬁlg’cglé? %a‘ié g’ﬁ"c% ﬁacg?rgascglmt%d by SEQ I D NO
14. [024201983 the antibody V region of the anti-Ail again .r 6E4
humani zed antib am&s of HVOLVO
was nodi fied E%{% mgblh%g%ﬁ i : {5@ O?Z%@z %i f/gg@ SdgemF C]_VT4
HVOLV4, WAlebls, gﬁﬁ\mllgéhantﬂmdvzn wizgh amqfkm@vz@twlm iy/pontipiled can Yo prgpared

11V2t, V4, ukin ?akf{%odsf&@éﬁb%la in W 20062675663 W 0D2886103339¢8laMd thd IREL V4,
BV41, 6/a BV4I L1 VAP, V2c, 11VAL. V2d, 11VALV3, 14V41, V4, |1V, 511V0,

1fv51202a, BVSEIVRIS] HvsI, V2c, HVSLV2d, HVBLV3, 11V5LV4, | fV7alVO, 33
Ei V7alV2a, E1V7Mdf2byerTit MiokiiBie to bBtdihodn\@tbody MAatkioh te dFfevtor hMiityB¥7bL VO,

SRS T v VTR R MR
| TV12 N2b deZLQIZQ,ﬂe autibody2d. HV12LV3 and HVI 2LV4 were designed. [02431
[0200]
25 4. Treatment Method Using Anti-Af Oligomer Antibody of the Present Invention
It has been suggested that the decline in memory accompanying AD relates to
the synapse dysfunction caused by soluble AB oligomers [Klein WL., 2001. Trends

Neurosci; Selkoe DJ. 2002, Science]. Accordingly, there is a possibility that excessive

accumulation and deposition of AP oligomers triggers a complex downstream cascade
30  which results in AD.

[0201]

In the present invention, the treatment does not necessarily have perfect
treatment effects or preventive effects on the organ and the tissue which show the
symptoms due to the disorder or disease but may provide a part of these effects.

35 [0202]

The treatment of AD in the present invention means improving at least one

symptom which may occur due to AD. Examples include the improvement or
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Fig, I and Fin, 2 show the am no acid sequences of H chain variable regions
fiv3, 1{v4, 11V5, HV/7a, Mrh, HV9 and FLY 12, respectively, and the am no
acid sequences of 1., chain variable regions IN2a, I N25, |IN2c, Lvad, 1,V3
and 1. N4, respectively, [0244i (2) Production Anti-AP GChgoner Humani zed
Anti body The DNA encording the am no acid sequence in the vatiable region
of the anti A3 ()Ligonier humani zed anti body was designed with the codons

used int ( 7..apd 9 ncaor di t he am ng i uences of
SV and Ry tor ot R, knRE R Rcddn, GG S ARSI ASl T °mCS

W th the ceudtisplaqesfoenation, tedtprovententorthe suppr¢ssipasf simapsOiysfgwtiomnces
encor di ng 5heheddBe i @ﬂ% J & 1864. 30 kHe k3

ol i goner 6_E4%hum%?§ég@dgﬁ§%g{/§g§rﬁg?éﬁﬁﬁ%@a mﬁ%ﬁnh@s :é%’llg gnd 1%1,3
respectivéﬂkyz In addition, the codons used in the DNAs encomling the am no
aci d sgquences <p(b2(@¥4_\/1-1 and 6E4V1. was used for designing the variable

region 20 with e am no add nodification. [0246] Using.these DNA
sequences, the %&5%3%%?0&3{78@&/5&@091%%?&%&% Blﬁn'ﬁpiffﬁgg(ﬁ’,g'and t he
humani zed tant/sHoctelgrmarenerp riripaited §tjebt fdcogitiofmesiorydmpainreddpatihlYNA encor di ng
VH Am Ap | : ' ' The cDNA encording the am no acid
sequence %ngﬁgéﬁo@%%ggé%i - olisonmer humani zed anti body shown
as SEQ I D NO 12][02(4l ch had been designed in the above (1), and IV 12 shown
in Figg 1, whic { ' j ; 1 roduced by
0 ThEﬂ‘fﬂn&f;‘%ﬁ‘a@%?%%&iﬁ?ﬂe&ggrhg{ng%iﬁgﬂﬁgwoﬁ@ hiYRkfzdY

total chem cal,K synthesis, . [02 ] DN A encording Vt. of
Anti - A0 Qapégmigro%ﬂgﬁﬂﬁ%m[veﬂmq, g¥amples include a method for suppressing the g

cognitive dysfunction, a method for suppressing AD, a method for suppressing the
progression of AD, a method for suppressing the neuritic plaque formation, a method
for suppressing the AB accumulation, a method for neutralizing (suppressing) the
15  neurotoxicity activity, a method for inhibiting Ap amyloid fiber formation, and a
method for neutralizing (suppressing) the synapse toxicity activity.
[0205]
Furthermore, examples of other configurations include a method for at least
one of the prevention and the treatment of cognitive dysfunction and a method for at
20  least one of the prevention and the treatment of AD.
[0206]
The therapeutic agent comprising the monoclonal antibody or antibody

fragment of the present invention or derivatives thereof may consist of only the
antibody or antibody fragment or derivatives thereof as an active ingredient, and is
25  preferably supplied as a pharmaceutical formulation produced by an appropriate method
well known in the technical field of pharmaceutics, by mixing it with one or more
pharmaceutically acceptable carriers.
[0207]
Examples of a route of administration include oral administration and
30 parenteral administration, such as buccal, tracheal, rectal, subcutaneous, intramuscular
or intravenous administration.
[0208]
Examples of the dosage form includes sprays, capsules, tablets, powder,
granules, syrups, emulsions, suppositories, injections, ointments, tapes and the like.
35 [0209]
The pharmaceutical preparation suitable for oral administration includes
emulsions, syrups, capsules, tablets, powders, granules and the like.
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The cDNA encer d| ng the am no aci d sequence 61341NO of the VIA in the anti -
A agar = humani zed anti body shown as SEQ I D NO 14, which had been designed
in the above (1)., and iN2a and |.N4 hem in Fig. 2, which had been
designed in the above nethod (2) were produced by total chem cal synthesis.
[ 02491 (c) Coastniction of Anti-Afi digorner |himniztA Antibody
Expression Vectors 81 The cDN. e encotdint 6E412.10 or WV 12 and the -DNA
encordi nof 6E4 1,V2a and LV4 obtained in the above (3) and (4) vim
inserted into aéyg [JI‘I ate positions in hunmanized antibody expression vector
PKANTEX93 di scl dseuldumenmt@ns. $0:35% el iensnd syrupy eari ke grodwred using) dsguner

humani 2ed 2t ROMYaEX RIGHSIRA af SEhNeSsorbitA 30l FRASSE SN ALAR | - A0 014, whrer

Humani zed Antibady uding Ani na ex reSS| on_of the anti-Aft
ol i gormer HphsEtheRe glygal Badiyrqpmleaﬁigmpl eds sush g sesameroile glivseihgndsoybean

conventsi ongil; afitidehics JubHBxp hl;'zaﬂix Bétizbittheidrestdi s Flak 618 Isuéhasderawbeiiffavénd

Conpany (1992)1 u5| ng Li goni er hunani zed anti body ssion
vectors obat“ap)ﬁ ?féptgﬁﬁg% (5) to yield the transfer:1Wfor producing

the anti-AP oli g[tmﬁr] humani zed antibody (Li VOLVO, HVOLV2a, |fVOLV4 and

HV121:14). [025 [ e derived
by doubl e knockgdatpsulfs’é?mégfcp% gl%l Igrgé%de{h enea?)ﬁer el nzﬂgjf S

referred tagddiiyes;gXFplentscivolyas BH@SQ;@IUCQ)C momd mmthhdlsuéegraung)m t hat no
fucosqgqi s a%gﬁ@guélpaststﬁclpﬁ{@soﬁﬁﬁﬁ al%fnaw’ﬁlb?fegﬁk @ﬁ‘chta)é%éﬂ‘eilhﬂ% chain

of the anti body expressed wt I's host cell str 2002/31140 I

01).57) (73lcppagers Re5hoas nofy i efvph%i bmrpxm?pymllg@mmi\f\gﬂﬁ%éar amrrt%ody

After the sncmsst fartyacid esfet;ladeidizeR sG8) asdlydding akixhepike. was cul tured by a

conventi onal mgfzg met hod, the cell suspension was collected. Then, the
a

centrithgation rried out far 20 m nutes under the condition of :3000
rpmand 4C. Aft dhepbhingrreitioa) pteparation biitabke foupaemertahadminisration includes

f | | t egg G}ﬁj'el:ﬁc?rﬁdsu‘ﬁbﬁﬁto?leéwsﬂa% afdVhellikkt €r having a pore dianmeter of 0.22
[0213]
Injections can be prepared using a carrier such as a salt solution, a glucose
solution and a mixture of both thereof.
[0214]
20 Suppositories can be prepared using a carrier such as cacao butter,
hydrogenated fat or carboxylic acid.
[0215]
Sprays can be prepared using the antibody or antibody fragment of the present
invention as such or using it together with a carrier which does not stimulate the buccal
25  or airway mucous membrane of the patient and can facilitate absorption of the
compound by dispersing it as fine particles.
[0216]
The carrier includes lactose, glycerol and the like. It is possible to produce
pharmaceutical preparations such as aerosols and dry powders.
30 [0217]
In addition, the components exemplified as additives for oral preparations can
also be added to the parenteral preparations.
Example 1
[0218]
35  Preparation of Anti-AB Oligomer Humanized Antibody
(1) Design of Amino Acid Sequences for VH and VL of Anti-Af Oligomer Humanized
Antibody 6E4
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After Idllng 0.5 m of Pro,sep VA HM Capacity (manufactured by rviillipont
Corporation) into a colum with a dianeter of 0,8 cm 5,0 ml, of purified
wat er and 5.0 of PBS buffer (pll74) vim subsequently passed thereto to
eqithiibrae the [02541 Then, after the culture supeni atat was passed
t hrough the colum, the colum was washed wth 5.0 ml . of PBS buffer (pH
7.4). After washing, the anti body adsorbed to the carrier was el ated byL of
0.1 non ci trat eTAyhinso z(dikl‘*s u@ﬂoe of 1k VH of the anti-AP@ligbibr Riin@sedobt ai ned by
500 pL over.,.4 fr t| on ter, SDS-PACE anal ysis was perfornmed on the
t hus obt aiaﬂtétﬁf’dﬁfﬁfw%so‘fef‘ F OW¥he fractions of which the elation of the
target protein Wast, tet@oRsdqueaceofthe hmioeatid seqderse (EEQUBANO®B)dvaal ysi s over

citrate soriiied pfie Vi of sl diiforkbedgef indiBRRl Ayt Bad Y P
ol i gon®r hmnlmdwzvddclams brstigred it theircfrenas exaniplle basad e serortdutlbabat, ¢
filter-stgy '[Séq%ﬁée? @fpﬁdtaﬂs %Mnb%ofa alzwekﬂ U@%ég)t Ci@émraﬁh'l-ﬁﬂﬂanw th a pore

di anet er sor banc run ( turi) v¥as neasur ed

f
using an %e’oﬂ%éb"r%glncésr?ef&?m‘aébe%HPWQSEHWM@}G CBRed! tadaiane VB densi ty

of the respeacdet wrbdhe bhes@pieuétited by SEQIDNROs:NumNi zed anti bodies. [0251] As
a result, flux L éé of anti-Au oligener humani zed anti body consi sting
HVOLVO conpri si (éq 4AHVO as the VIE1L and 6E4LVO as the Vt. of the antibody,
HVOLVR& conpr i sThep, fan Btivihdd s¢quenddfofaincianthNR oagomlaeol‘xgomamEﬂhe ant i body.

HVOLV4 G d d FTV
1oL va conupbiiafentliody Yis BeyelA IR B el Rl dyindPbaly B 00
respect i vecqneness g&SBQJBéﬂOS :20toB3) @ hedCDR$ H 253 of thed&é,cthc amingf acihseqyenee( | )
Preparati Qﬂth@fFRAéﬁthWPDfﬁtﬁé%xﬂhxﬁz%Qﬁf%@yWasm 142 peptideby Peptide

institute. 25| R}% s di ssol ved at nunon usi ng hexafl uor oi sopropanol .
Al ter sonicatio Pl

15 Kabat, et al. have classified VHs of the various known human antibodies into

subgroups (HSG I to IIT) based on the homologies of their amino acid sequences, and
have reported the common sequences for each of the subgroups [Sequences of Proteins |
of Immunological Interest, US Dept. Health and Human Services (1991)].

[0221]

20 Thus, the homologies between the amino acid sequences of the FRs of the
common sequences in the subgroups I to III of the VH of the human antibody and the
amino acid sequences of the FRs of 6E4VH were searched. As a result of searching
the homologies, the homologies of HSGI, HSGII and HSGIII were 75.9 %, 54.0 % and
57.5 %, respectively. Accordingly, the amino acid sequence of the FR of 6E4VH had

25  the highest homology with the subgroup 1.

[0222]

Based on the above result, each of the amino acid sequences (SEQ ID NOs:1 to
3) of the CDRs of 6E4VH were grafted at appropriate positions in the amino acid
sequence of the FR of the common sequence in the subgroup I of the VH of the human

30 antibody. Accordingly, the amino acid sequence 6E4HVO0 (SEQ ID NO:12) of the VH
of the anti-AP oligomer 6E4 humanized antibody was designed.

[0223]
Next, in the same manner as the H chain, the sequences of the CDRs 1 to 3 of
the amino acid sequence (SEQ ID NO:10) of the VL were decided as the amino acid

35  sequences of SEQ ID NOs:4 to 6, respectively, and the amino acid sequence of the VL
of the anti-AP oligomer 6E4 humanized antibody was designed as follows.

[0224]
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m nutes, the prepared solution was dried up in air at roomtenperature
overni ght [0259] matter, 4 4 of dineihylsulfoxide was added
thereto, and threeinintste son:cation was perforned. Into the prepared
solution, 200 at of acetic acid solution 30 (0143) was added, and the
resulting material was kept overnight in a stationary manner at 4 *C. to
produce AA al:mners. [0260] (2)Preparation of AO Mononers

Bi oti n-bet a- Anyll@bﬂer tHe A8 BEH segleHEQISEY Iﬂ”’ﬁ@@‘iﬁto‘@%fﬂ%myﬁd at

Subi éﬁ?géeéaﬁ?ﬁas"?foﬂfﬂia&?.ao%ﬂ%?@fc‘ﬁwMhé\feémerqésf schigheatthafitgba under

t he the‘éh&aﬂxfelhﬁnﬁﬁ&nﬁmﬂyanﬂsélevedf or 60 mnutes. by collecting the
super nat ant, i‘ﬁggirs were prcarO Exanple [02 Eval uation on Anti-AP

A i gomer Humani nti body Activity (1) Evaluation on Binding Activity of
Anti-A$. 2 GI i goKabatHefrwdrhave dlassified ¥ iy ofithaivas ousdmo@ni lgnﬂm@burgﬂmgltﬁl aeot e

| d d 10
ant i bodi eS) %%%fm?ﬁﬁ% B*c%%&@fﬂﬁﬂ?ﬁmtﬁvaéﬂgﬁdﬁﬁé’??Hxsﬁ%?o e
the cheni BaYe 1eporiad the commenrsequeneesiprench @f therubgroypsiSaguaneaceitPralgnscar ded

out usi ngof Memenblbacs Iﬂdeﬁe&ﬂ%D@}ﬁOHéélﬁﬁanﬁﬂ{mﬁ&hSe%’Be@gbbpﬂ [02623 Al the
fol |l ow ng oper at@&gi wer e perfor med usi ng Bioeore 11 nfactured by GE
e

Heal t hcare Bio e.$). The Ap oligoners obtained it ' Exanple 2 were
i mobidi zed to Thes, Hthoasoisgies bdtwper( thE ahéxed ddid seqaeidies of thediRzsad thausi ng t he

am ne Cou%ﬂlﬂgn@@cﬂéﬁges in the subgroups I to IV of the VL of the human antibody and the
amino acid sequences of the FRs of 6E4VL were searched. As a result of searching
the homologies, the homologies of HSGI, HSGII, HSGIII, and HSGIV were 67.5 %,
86.3 %, 68.8 %, and 76.3 %, respectively. Accordingly, the amino acid sequence of
15  the FR of 6E4VL had the highest homology with the subgroup IIL.

[0227]

Based on the above result, each of the amino acid sequences (SEQ ID NOs:4 to
6) of the CDRs of 6E4VL were grafted at appropriate positions in the amino acid
sequence of the FR of the common sequence in the subgroup II of the VL of the human

20  antibody.

[0228]

However, Leu at position 110 of the amino acid sequence (SEQ ID NO:10) of
6E4VL is not the amino acid residue which is used most frequently but the amino acid
residue which is used with relatively high frequency at the corresponding sites in the

25  amino acid sequences of the FRs of the human antibodies exemplified by Kabat, et al.

[0229]

Accordingly, the amino acid residue seen in the amino acid sequence of the
above 6E4 was employed. As described above, the amino acid sequence (SEQ ID
NO:14) of the VL of the anti-AP oligomer 6E4 humanized antibody, 6E4LV0, was

30 designed.

[0230]

The designed amino acid sequence 6E4HVO0 of the VH and amino acid
sequence 6E4LV0 of the VL in the anti-AP oligomer 6E4 humanized antibody are the
sequences constructed by grafting only the amino acid sequences of the CDRs of an

35  anti-AP oligomer mouse monoclonal antibody 6E4 to the amino acid sequence of the
selected FR of the human antibody.

[0231]
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[ 0263] Onto the chip to which the AP oligonmers wereobilized for
measurenent sanples ...pared to have 8 levels of density by diluting from
30 1.tglint by doubling dilution in a stepw se nanner (HVOLVO HVO N2a,
HVOLV4 and HVI 2LV4) was sequentially injected and nmeasured in the order
fromthe |l ower density based on the automatic program of the
timd-kinetics. [02641 Using the analysis software attached to the device,

Bi acore TI 00 E\Iﬁgb’ﬁé‘rﬂoﬂoﬁ&f& \eﬁe o ﬂg@g&gﬁkﬁg ﬁ&m@éﬁz&iﬁ}ﬂt d&'tﬁ@blﬁain nce),

anal ysis was card cg.me ze nod o cal cyl ate the
bi ndi ng r &FBViEoisdediced KumaRy casaewhers descaminp gaid saguenges afithn CORS B fhecach of

the anti bagbusagatitisly idsimpdy ingslamed to B FROFIE Hiigar dieboapt ai ned binding rate
constant kal, t[%a?ﬁh ssociation rate constant kdi, and the di ssoci ation
constant KD (kd ) of each of the antibodies are shown in Table I,

respecbively. [ GAbiis reasin, & dridemntdipngveArthe decredse ambindhiy avtigivyyehie humani zed
ant i body tn?odoﬂca?oh%? ﬁ?ere&mﬁ‘g rahﬁ?@fdd%@ tl'(at ﬁs[\go%gld@eh tc( Mféc)t tl‘ge(ﬁli&dlgggmwty
among the amino acid residues that are located in the FRs of the human antibody and
different from those of the mouse antibody is carried out together with the graft of the
amino acid sequences of the CDRs.

10 [0233]

Thus, in this Example, the amino acid residues of the FR, which are considered
to affect the binding activity, were identified in the following manner.

[0234]

First, the three-dimensional structure of an antibody V region (hereinafter,

15  referred to as an HVOLV0) comprising the amino acid sequence 6E4HVO0 of the VH and
the amino acid sequence 6E4LVO0 of the VL in the anti-AP oligomer 6E4 humanized
antibody designed as described above was constructed using a computer modeling
technique.

[0235]

20 The construction of the three-dimensional structure coordinates and the display
of the three-dimensional structure were carried out using Discovery Studio (Accelrys,
Inc.) in accordance with the instructions attached thereto. The computer model of the
three-dimensional structure of the V region in the anti-Ap oligomer mouse monoclonal
antibody 6E4 was also constructed in the same manner.

25 [0236]

Furthermore, the amino acid residues which were different from that in 6E4
were selected among the amino acid sequences of the FR in the VH and the VL of
HVOLVO, the amino acid sequence with the modification to the amino acid residues of
6E4 was prepared, and the three-dimensional structure model was constructed in the

30 same manner.

[0237]

These resultant three-dimensional structures of the V regions in 6E4, HVOLV0
and the modified forms were compared, and the amino acid residues which were
considered to affect the binding activity of the antibody were identified.

35 [0238]

As a result, as the amino acid residues which are considered to change the
three-dimensional structure of the antigen binding sites and affect the binding activity of
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V 0 LV 0 147x104 6,9x10" 4.0x 104 liVvO.V2a 4 x 103 3.9g10"4 6, 1x104 |11VO.V4
7.0K103 5.0x10'4 TIx104 .%2,7,x10 8, 3, xi 3,0x 1Q 7 (02671 As
shown in Table 1. all of the anti-AP tigener humani zed anti bodi es (HVOLVQ,
HVOLV2a, HVOLV4 and 21)14) exhibited binding ability to Ap oligeners at the
affinity from3 A 10-7 to 4 x 104 nold:. (0268;

the antibody among the amino acid residues of the FRs in HVOLVO, Lys at position 12,
Val at position 20, Arg at position 38, Gln at position 39, Leu at position 45, Met at
position 48, Arg at position 67, Val at position 68, Ile at position 70, Ala at position 72,
Thr at position 74 and Ala at position 97 in the amino acid sequence represented by
5 SEQID NO:12 in 6E4HVO0 and Ile at position 2, Pro at position 15, Gln at position 50

and Tyr at position 92 in 6E4LV0 were selected, respectively.

[0239]

At least one amino acid sequence among these selected amino acid residues
were modified to the amino acid residue which existed at the same site in 6E4, and

10 thereby VH and VL of the humanized antibody which comprises an amino acid
sequence comprising various modifications were designed.

[0240]
Specifically, in the VH, at least one modification among the amino acid
modifications in which Lys at position 12 was substituted with Val, Val at position 20

15  was substituted with Leu, Arg at position 38 was substituted with Lys, Gln at position
39 was substituted with Leu, Leu at position 45 was substituted with Phe, Met at
position 48 was substituted with Ile, Arg at position 67 was substituted with Lys, Val at
position 68 was substituted with Ala, Ile at position 70 was substituted with Leu, Ala at
position 72 was substituted with Val, Thr at position 74 was substituted with Lys and

20  Alaat position 97 was substituted with Thr in the amino acid sequence represented by
SEQ ID NO:12 was introduced.

[0241]
In addition, in the VL, at least one modification was introduced among the
amino acid modifications in which Ile at position 2 was substituted with Val, Pro at

25  position 15 was substituted with Leu, Gln at position 50 was substituted with Lys, and
Tyr at position 92 was substituted with Phe in the amino acid sequence represented by
SEQ ID NO:14.

[0242] As the antibody V region of the anti-Ap oligomer 6E4 humanized
antibody in which at least one amino acid residue in FR of HVOLV0 was modified,

30 HVOLVO0, HVOLV2a, HVOLV2b, HVOLV2c, HVOLV2d, HVOLV3, HVOLV4, HV2LV0,
HV2LV2a, HV2LV2b, HV2LV2c, HV2LV2d, HV2LV3, HV2LV4, HV3LV0,
HV3LV2a, HV3LV2b, HV3LV2c, HV3LV2d, HV3LV3, HV3LV4, HV4LV0,
HV4LV2a, HV4LV2b, HV4LV2c, HV4LV2d, HV4LV3, HV4LV4, HV5LVO,
HV5LV2a, HV5LV2b, HV5LV2¢, HV5LV2d, HVSLV3, HV5LV4, HV7aLV0,

35 HV7alV2a, HV7alLV2b, HV7aLV2c, HV7alV2d, HV7aLV3, HV7al.V4, HV7bLVO0,
HV7bLV2a, HV7bLV2b, HV7bLV2c, HV7bLV2d, HV7bLV3, HV7bLV4, HVILVO0,
HV9LV2a, HV9LV2b, HVI9LV2c, HVILV2d, HVILV3, HV9LV4, HV12LV0,
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(2) Evaluation of ding Acti AO Aigoner Humani 7ed Anti body agai nst AP
Mononmers using Biacore in orxler to analyze the binding activity of the
respective anti-A( oligoner 10 humani zed anti bodi es (HVOLVO, HVO.V2a, HVOLV4
and 11V121N4) agai nst Al3 nononers, the binding activity was measured in
the sane manner as in (1) of this Exanple. In addition, the binding
activity of ariti-AP anti body 6E10 (rmarail acturS by CONVANCE) was nesured

as a cont ey 1 20PN 2L N68) HEPTINE2 APIVIRIGNE SVIRLYS BedHV 2{ Y1 Qder&Xxanpl e (2)

were inmobj l.ized to the SA sensor chip (manufactured by CGE Heal thcare
Bi 0- sei en&€E¥PHYy the hiotin capturing method. Onto the chip to which the Ap
nononers were i fod3l i zed, sanples for neasurenent, which were prepared to

e S Lovl o Badl L A L
sequenfi alHTV2,iHy :EVed HaFf FkZes BNV, HY nd FOY ts respeasivelynend thaaminkeacid t y
based on t G - oS- e sensorgtans
are shomtslp(ﬁlegi:%%}‘% é@(ﬁ%ﬁ%&%&ng %2%%%’2, ilﬂrllﬂi‘g?“y a3Lv|?tqg %%gmbeen t hund
that all &SPegiMelki nds of the anti -Ap ol i goner hunani zed anti bodi es

(HVOLVO, HVOLV2gp44yOLV4 and W! 212/4) do not exhibit binding ability to
AP nononer

Ap 1 -0 bHPetina dnl APl sEa TR ABEb% orpound i n whi ch' 1 uor escent
i sot hil0- anat e 0fThé DhaA brooydiag thenaming latidcdquencein(the VAidvY regidn@iheai-85
of thi o oo AR Rubidnlef alSoP iR o R R T?Wﬁ'gﬁ% BEUN  Flce,
I nc), and(PERQAPEYOs:7 pnd Bhenngoding ffeiamina acid s¢qpenses of 6E4WHaandi GFf VA lar ge
ai neunt  agld Hi%h8 AA8SodHiSdtdNUthe A Yas designed with the codons frequently used in

mammalian cells.

15  [0245]
The DNA sequences encording the amino acid sequences of 6E4HV0 and

6E4LV0 in the anti-Ap oligomer 6E4 humanized antibody are shown as SEQ ID

NOs:11 and 13, respectively. In addition, the codons used in the DNAs encording the

amino acid sequences of 6E4VH and 6E4VL was used for designing the variable region

20  with the amino acid modification.
[0246]
Using these DNA sequences, the expression vector of the humanized antibody
was constructed, and the humanized antibody was expressed.
[0247]
25  (3) Construction of cDNA encording VH of Anti-AB Oligomer Humanized Antibody
The cDNA encording the amino acid sequence 6E4HV0 of the VH in the anti-
AP oligomer humanized antibody shown as SEQ ID NO:12, which had been designed
in the above (1), and HV12 shown in Fig. 1, which had been designed in the above
method (2) were produced by total chemical synthesis.
30 [0248]
(4) Construction of cDNA encording VL of Anti-Ap Oligomer Humanized Antibody
The cDNA encording the amino acid sequence 6E4LV0 of the VL in the anti-
AP oligomer humanized antibody shown as SEQ ID NO:14, which had been designed
in the above (1), and LV2a and LV4 shown in Fig. 2, which had been designed in the
35 above method (2) were produced by total chemical synthesis.
[0249]
(5) Construction of Anti-AB Oligomer Humanized Antibody Expression Vectors
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Establ i shnment of Anti body Pr oduci ng Hybr| doma The antigen prepared in
t he above-nenti oned nanner was i nmuni zed to the footpad of a Bal bre nouse,
and subsequently, six nore additional imrunizations were carried out. The
hybri doina VIF; 5 produced by fusing with Sp2/0-Agi 4 cells with the use of
t he i nguinal |ynph node using polyethylene glycol 1500, 10toni 3. Dot Bl ot
Anal ysi s The initial scteennig was perforned by the dot bl ot

anal ysi s i n whi cfheZDNA iencirdiaAg SE4LY0 o2 HY 12ghd dlve) cDNAItnbozdirig%y one of

The. LBﬁSSﬁ%\@%Y%%aP@EE?eﬁB@ﬁHW bbA 0 B Sy O ot ApRorkBD D0
buf f er solRgsitions emwmmzngﬂns oxéy@xmeéagn@qctoepKANﬂEX%%mﬂoseem Wé}‘nd 0.05 %

of Tween- 2018354 td béhsHAG vaRBES dtLADI gbﬁi@r Rlrh&iXRA%ntiBodP&{pR&sidht h cul ture
sol utiqQn supernatant, [g274] The anti body hound to A Ai'goner in the culture
supern t anfeCREs det ect ed by 20 horseradi sh peroxi dase marked goat am -nouse

F(ab')2 (1:3000;[02%08r shan) and depicted by a sensitive chem|tim nescence

per at | on, CTREeTOR ok Sl-Af iy Himapiect Aosa Hive SBmpL el o

est abl i s/hed uSTihe &apmsom efthmanti- Afkeligoher hamavizet iroibedy umaﬁfﬁbl]@llzoog_/ 52039
(2,500 B sl R SRR
appar dft tid Fsemananagnd Companyd1933)] W\%ﬁ the anpti-d\Foligeamey dymanige @nchQdel catl ons
can be magdg kaﬁmv&mbbmﬁedqﬁ&era%bwd) k@ Preld ¥Be HahdfbimaMR torrodiRidghBed . This

S0BL! £ it 3555 Mo R R B JrﬁQPLWa%P@dAﬁ%“ "

hereinto by ref ¢®2§1¢}e and all references cited herein are incorporated in

B no aci d eyl dai el Gae LAGTRGHL 8t B el IBUBRIBIREEL DT, ey
ani no laci alseticesdaastipasefFND8) genefbercimafert, caferéd @ra‘a‘lFﬂJTﬂ kockewt#i@e;: LCDR1

ami no aci %eﬁﬁ%&a@%@d SHthad lQeM&léwn ﬂQ?ﬁ&moBEé ﬁréd@éd ®Rthé éér@?ﬁh of ffguence,
LCDR2 am no a%é se uence Description of taflf sequence LCDR3

ani no aci §oB® Nelgar Chall!)@g@telaﬁilb‘lﬂi’ expregpad witl this hast gelbstrain  pa
sequence ngom3ﬁmwo SEQ I D NO 12 - Description of arti f| ci al sequence;
am no add sequegﬁg5 c]')f 6E41- 1V0 variable region SEQ NO 13 - Description of
artificial sequ «3 DNA sequence encodi ng 6E4ALN vari abl e region SEQ | D NO
14 - D@sdi(i)):l?reparaiioramﬁl?tfrifmkiaﬂntis.enlmigomer Hunanizad Adtibedjuence of 6E41, VO

variabl e regi 0N afier the transformant obtained in (6) of this example was cultured by a
conventional culture method, the cell suspension was collected. Then, the

centrifugation was carried out for 20 minutes under the condition of 3000 rpm and 4°C.
After collection, the culture supernatant was filter-sterilized with a Millex GV filter
25  having a pore diameter of 0.22 um.

[0253]

After filling 0.5 ml of Prosep vA High Capacity (manufactured by Millipore
Corporation) into a column with a diameter of 0.8 cm, 5.0 mL of purified water and 5.0
mL of PBS buffer (pH7.4) were subsequently passed thereto to equilibrate the carrier.

30 ‘ [0254]

Then, after the culture supernatant was passed through the column, the column
was washed with 5.0 mL of PBS buffer (pH 7.4). After washing, the antibody
adsorbed to the carrier was eluted by 2.0 mL of 0.1 mol/L citrate buffer (pH 5.0), 2.0
mL of 0.1 mol/L citrate buffer (pH 3.5), and 2.0 mL of 0.1 mol/L citrate buffer (pH 3.0)

35  in this order.

[0255]
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SEQIDNO:I 5 - Description of artificial sequence; in acid sequencel V12
variable region SEQ ID NO 16 - Description of artificial soper--e- amno
aci d sequence of LV2a variable region SEQ ID NO 17 Descri ption of
artificial sequence; am no acid sequence el.V4 variable region CLA 1. A
humani zed anti body which does not bind to an anyloid ) protein nononmer and
bi nds to an anyboid p protein oligotner, and which conprises the follow ng

(a) agltl body heawehh@nrwasa{ota@wdea ¥ 5891 .o xﬁdﬂd ftdddiomnt ITherbuftbd, §IIS-RAGEN
vari abl e re an an eavy C ia i on i sing

t he ami no 252 Efsé"«?ﬁg@‘?f thggﬁ%é’gmb'ﬁ?%gﬁb? ‘?B %qgfl&frraéﬂwgﬁpﬁgﬂgﬁ
sequence ithe elhiiathofathe tzemtpr@ma wasdlefeicted tweve) calteoted, @i subjeateiddo dindjsfs cat i ons
for substi i th Len,
Ag ot pot s Rk Xy Bhd OB b T K ST fNaChand SO MM SN
posi ti &n #8rajg stlutione(PHGY). at position 48 with Be, Atg at position 67 with
Lys, Val at posut;g 68 with Ala, Ile at position 70 with Leo, Ala at

posi tionVat. I|||> sition 74 with Lys and Al sition W|thI|r
o carrieq out e ine Sabsis AtrAP gﬁ”&fa@w@eﬂe@&%%@h@a ssﬁmswas cpl 9512,

(b) an anfahb@ﬁbjedtd:@htﬁltdﬂateﬁl%ﬂltdg)ﬂﬁio@ MEBxGV QMlﬂlﬁpbﬁld(L‘tgpél’aﬁon)lmﬂtma)pﬁ@lﬂ
sequence re ed an se in wnth at

| east one‘:_()i ﬁz %ﬁ#ﬁoﬁﬁpﬁﬂf t?(gpﬁmn@(ﬂ&%(%‘fc)%?fsm%s gil}ﬁg‘ﬁaflutl ng Ile
at podf6o tab@rbmch n¢asyreSHIIMAREEI W V-dA0@)30 walchlateshe deéisity af theasspective 50 wi t h
Lys, and ' . p ﬁ[’i s carried out in the amno acid
sequence hgrﬁg%%ﬁ% egqgift)g% h@ﬁ% 'bB(%l éThe humani zed anti body accordi ng
to claimil, whel®@5lthe anti body heavy chain variable region conprises the

ami no acid sequmfaereﬁe@r&ﬁwﬁee@fmu& Qng@xﬂy%a@arﬁﬁedlémaaiy &&elsﬁﬂ i body

l'i ght chai able.t [i uen repr esent ed
by SEQ | D'}MIIMJ °°i’@°f158}gg Wgﬁeﬁ@%@‘ﬁ&d} %‘ﬂﬁygf Q)jent

conpr icliSI NHV 01/ Zaworprizing 6B4HVO0akythe VI dndl IOV 2% asitHe UL oItI&Sarmbody;t ive

i ngredi en [ r onpri si ng
t he hurran?{z\ec{‘ an%or%g{cf naga%d&%sﬁ?%ifng@%ﬂ a@&eﬁ fsthg @?O%S’e |8ngr edi ent,
An agent H}flmif}moemsm H¥t et gNPbandmIe\Masthc\ﬁmﬂheanfdmdyanesmdyely,
accor di ngyefe fo@hd®dl or 2 as an active ingredient. n the hum

20 Example 2
[0258]
Production of Antigen
(1) Preparation of AP Oligomers
Amyloid B-protein, Human 1-42 peptide (manufactured by Peptide Institute,
25  Inc.) was dissolved at 1 mmol/L using hexafluoroisopropanol. After sonication for 10
minutes, the prepared solution was dried up in air at room temperature overnight.
[0259]
Thereafter, 4 pL of dimethylsulfoxide was added thereto, and three-minute
sonication was performed. Into the prepared solution, 200 pL of acetic acid solution
30 (pH4.5) was added, and the resulting material was kept overnight in a stationary manner
at 4 °C to produce AP oligomers.
[0260]
(2) Preparation of AP Monomers
Biotin-beta-Amyloid, Human 1-40(manufactured by AnaSpec, Inc.) was
35  dissolved at 250 pmol/L using 0.1 % of ammonia water. ~After the prepared solution
was subjected to sonication for five minutes, the resultant was centrifuged under the
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t. 6. An inhibitor of fonnation of anyloid p arnyloid fiber, conprising
the human andi xKI'y .according to claiml1l or 2 as an active ingredient. 7,
nmet hod for at |east on of prevention and treatnent of cognitive
dysfunction, conprising adm nistering the humani zed anti body according to
claim1l or 2, 8. A nethod for at |eas( on 5conprisiiig adm nistering
t he and tement of Aizbeiner's disease, dy according to claiml or 2.

9, A ni et hopditiBhs SIS P hd o QUFRFD inPRutes. A ngs_mmmmwg%gaae
humani zed ,ant |.bod l%Fxlccordl ng.to claimor 2. conprising 1 SEQUENCE LI STNO
<110> KyolYIRNFFHEIENs sypersatait, + g <120> ANT1- ABETA OLNON M NUMARL2ED

M 18DBY <130> Ws00193 <150> US 61/ 232, 038 <151> 2009-0S- 07
Example 3
5 [0261]
Evaluation on Anti-A Oligomer Humanized Antibody Activity
(1) Evaluation on Binding Activity of Anti-Ap Oligomer Humanized Antibody against
AP Oligomers using Biacore
In order to analyze the binding activity of each of anti-AB oligomer humanized

10  antibodies (HVOLVO0, HVOLV2a, HVOLV4 and HV12LV4) against AP oligomers in the
chemical kinetics manner, the binding activity measurement was carried out using the
surface plasmon resonance method (SPR method).

[0262]
All the following operations were performed using Biocore T100

15  (manufactured by GE Healthcare Bio-sciences). The AP oligomers obtained in (1) of
Example 2 were immobilized to the CM5 sensor chip (GE Healthcare Bio-sciences)
using the amine coupling method.

[0263]
Onto the chip to which the AP oligomers were immobilized for measurement

20  samples prepared to have 8 levels of density by diluting from 30 pg/mL by doubling
dilution in a stepwise manner (HVOLVO0, HVOLV2a, HVOLV4 and HV12LV4) was
sequentially injected and measured in the order from the lower density based on the
automatic program of the multi-kinetics.

[0264]

25 Using the analysis software attached to the device, Biacore T100 Evaluation
software (manufactured by Biacore Life Science), analysis was carried out with the
Bivalent Analyte model to calculate the binding rate constant ka and the dissociation
rate constant kd of each of the antibody against AB oligomers.

[0265]

30 The thus obtained binding rate constant kal, the dissociation rate constant kd1,
and the dissociation constant KD (kd1/kal) of each of the antibodies are shown in Table
1, respectively.

[0266]
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<160,s 11 <170> Mal:actin vsrs n 3,3 <210> 1 <2112 5 <212> PRl <213> Art.1

pl aT <220> <123> Dosnri ptich of dr,clal sacnehoP. aslino acid acquence of
<400> 1. $er Tyr Trp Mot ifi3 5 <210> 2 <211> 17 <212> PRI <213> Artl i
<220> <222> Nov.of rtificiac, aniro acid acqconce cf UGDR2 <400 2 eise An

Pro Ar Asn tliy 2y Thr Mh Mh Asn e''t M Etio LYs 151016

10

15

20

25

30

Table 1 Binding Activity of anti-Ap oligomer humanized antibody to A oligomers

Antibody ka (1/Ms) kd (1/s) KD (mol/L)

HVOLVO 1.7x10* 6.9x107* 4.0x10°%

HVOLV2a 6.4x10% 3.9x10™ 6.1x108

HVOLV4 7.0x10° 5.0x107* 7.1x10°%

HV12LV4 2.7x10° 8.1x10™* 3.0x1077
[0267]

As shown in Table 1, all of the anti-Ap oligomer humanized antibodies
(HVOLVO, HVOLV2a, HVOLV4 and HV12LV4) exhibited binding ability to Ap
oligomers at the affinity from 3 x 107 to 4 x 10 mol/L.

[0268]

(2) Evaluation of Binding Activity of Anti-AP Oligomer Humanized Antibody against
AP Monomers using Biacore

In order to analyze the binding activity of the respective anti-AP oligomer
humanized antibodies (HVOLV0, HV0LV2a, HVOLV4 and HV12LV4) against AR
monomers, the binding activity was measured in the same manner as in (1) of this
Example. In addition, the binding activity of anti-Ap antibody 6E10 (manufactured by
CONVANCE) was mesured as a control antibody.

[0269]

The AP monomers obtained in (2) of Example (2) were immobilized to the SA
sensor chip (manufactured by GE Healthcare Bio-sciences) by the biotin capturing
method. Onto the chip to which the Ap monomers were immobilized, samples for
measurement, which were prepared to have 5 levels of density by diluting from 30
pg/mL by doubling dilution in a stepwise manner (6E10, HVOLV0, HVOLV2a,
HVO0LV4 and HV12LV4), were sequentially injected and measured in the order from the
lower density based on the automatic program of the multi-kinetics mode. The
sensorgrams are shown in Fig. 3.

[0270]

As shown in Fig,. 3, it has been found that all of four kinds of the anti-AB
oligomer humanized antibodies (HVOLV0, HVOLV2a, HVOLV4 and HV12LV4) do not
exhibit binding ability to Ap monomers.

[0271]

Reference Example
1. Preparation of Antigen

AP1-40 peptide was synthesized to produce a compound in which fluorescent

isothiocyanate of 6-carboxytetramethylrhodamine (6-TAMRA) (SIGMA) was
85
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Arg 2 <211> 9 <212> PRI '2T3> Artifloial <220> <223> Desari ptian of
arttoisi sequence; amno ooia seqOense f HthR3 <400> S Asp 6D,/ An Tyr Asp
Pro Phe Ala Tyr <210> 4 <211> ID <212> PRI <215> Artiti <220> <223>
Dewpt on of artfoiai eequenoe;said se once of LONW OW 4 Arg Spr Sr dn -
Va: Hs Ser Mh Gy A'n Dir 1w Lou Ms 51015

chemically combined to the N-terminal thereof. The polymerization reaction of this
compound was carried out with AB1-40 peptide (Peptide Institute, Inc), and thereby a
preparation (AP 1-40 oligomers) containing a large amount of oligomers was prepared.
[0272]
5 2. Establishment of Antibody-Producing Hybridoma
The antigen prepared in the above-mentioned manner was immunized to the
footpad of a Balb-c mouse, and subsequently, six more additional immunizations were
carried out. The hybridoma was produced by fusing with Sp2/0-Ag14 cells with the
use of the inguinal lymph node using polyethylene glycol 1500.
10 [0273]
3. Dot Blot Analysis
The initial screening was performed by the dot blot analysis in which 2.5 pl of
APB1-42 (2.5 pg/dot) which had been pre-incubated for 18 hours was immobilized on the
nitrocellulose membrane. The non-specific binding site on the membrane was blocked
15  with phosphate buffer solution containing 5 % of reduced-fat milk, 1 % of BSA, and
0.05 % of Tween-20, and the non-specific binding site was incubated with culture
solution supernatant.
[0274]
The antibody bound to AP oligomer in the culture supernatant was detected by
20  horseradish peroxidase marked goat anti-mouse F(ab’); (1:3000; Amersham) and
depicted by a sensitive chemiluminescence (ECL) kit using LAS3000mini (Fujitsu,
Tokyo, Japan). With such an operation, the anti-AP oligomer mouse monoclonal
antibody 6E4 was established.
[0275]
25 The above reference example was disclosed in PCT/JP 2009/52039 (WO
2009/099176).
[0276]
While the invention has been described in detail and with reference to specific
embodiments thereof, it will be apparent to one skill in the art that various changes and
30 modifications can be made therein without departing from the spirit and scope thereof.
This application is based on U.S. provisional application filed on August 7, 2009 (No.
61/232,038), the entire contents of which are incorporated hereinto by reference and all
references cited herein are incorporated in their entirety.

35  Free text in sequence listings:
[0277]
SEQ ID NO:1 - Description of artificial sequence; HCDR1 amino acid sequence
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oaps/lea: omnfid s once of,2 <400> 5 Lya Val Dor'Arg Dias Sr <210> 6 <211>
10 <212> PRI <212> Artifin <400> 6 Ser Oln Sr Thr Hs Valyr Thr 5) GI>
354 <212> ONA <212> Mus nutsail oc <no>

SEQ ID NO:2 - Description of artificial sequence; HCDR2 amino acid sequence
SEQ ID NO:3 - Description of artificial sequence; HCDR3 amino acid sequence
SEQ ID NO:4 - Description of artificial sequence; LCDR1 amino acid sequence
SEQ ID NO:5 - Description of artificial sequence; LCDR2 amino acid sequence
5 SEQ ID NO:6 - Description of artificial sequence; LCDR3 amino acid sequence

SEQ ID NO:11 - Description of artificial sequence; DNA sequence encoding 6E4HVO0
SEQ ID NO:12 - Description of artificial sequence; amino acid sequence of 6E4HV0
variable region
SEQ ID NO:13 - Description of artificial sequence; DNA sequence encoding 6E4LV0

10  variable region
SEQ ID NO:14 - Description of artificial sequence; amino acid sequence of 6E4LV0
variable region
SEQ ID NO:15 - Description of artificial sequence; amino acid sequence of HV12
variable region .

15 SEQ ID NO:16 - Description of artificial sequence; amino acid sequence of LV2a
variable region
SEQ ID NO:17 - Description of artificial sequence; amino acid sequence of LV4
variable region
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<221) COS (222> (1). (354) S400> 7 oag- gtc caa cts sag ag cot ggg got gaa
ctg gtg aag cot ggg get Qn Val SIntag; Cs On Pro Gy Ala flu Leo Val Lys
Pro DDy Ala 1510la tca gtg aag ttg too tgo aag got tot ggo tar; aoo tto act
ago tas Sar Val Lys Lau Ser Cys Lya Ala Ser Dy tyr hr Pha hr Ser Tyr
202630 tggcao tgg gtg aag otg agg yct gga oaa ggc ttl: gag tgg att44 Jrp
Cat His Trip Val Lys Lou Mg Pro DOy Din Sly Pi s Diu Trp Ha no 4045 gga gag
at aat cot ags aat ggt ggt act aao a@DAIMS gag aac ttol92 Dy DTP He Wh
PrcArg Mh DIy SIy Thr Asn Mnh Mh Stu Mh Phe 505660 aag aga aag goo aca otg
at ea gas an too too ago acts goo tin=240 Lys Arg Lys Ala Thr tau Tht Val
Asp L Ser ISr AShumbmized antibpdy 84ihde89notdasd wtay aagaoit ¢ prgein mesomemdndgog f | o

tat tac tgligRg, lan%anrWd %%rot%ﬁlooli%%&eé%d %;h?chv&lmﬂﬁéés th¥ rfol%n&?ﬁoagﬁbody
5  heavy chain variable region and (b) antibody light chain variable region:

(a) an antibody heavy chain variable region comprising the amino acid sequence
represented by SEQ ID NO:12 or an amino acid sequence in which at least one
modification among amino acid modifications for substituting Lys at position 12 with
Val, Val at position 20 with Leu, Arg at position 38 with Lys, Gln at position 39 with

10 Leu, Leu at position 45 with Phe, Met at position 48 with Ile, Arg at position 67 with
Lys, Val at position 68 with Ala, Ile at position 70 with Leu, Ala at position 72 with Val,
Thr at position 74 with Lys and Ala at position 97 with Thr is carried out in the amino
acid sequence represented by SEQ ID NO:12,
(b) an antibody light chain variable region comprising the amino acid sequence

15  represented by SEQ ID NO:14 or an amino acid sequence in which at least one
modifications among amino acid modifications for substituting Ile at position 2 with
Val, Pro at position 15 with Leu, Gln at position 50 with Lys, and Tyr at position 92
with Phe is carried out in the amino acid sequence represented by SEQ ID NO:14.

20 2. The humanized antibody according to claim 1, wherein the antibody heavy chain
variable region comprises the amino acid sequence represented by SEQ ID NO:12 or 15
and the antibody light chain variable region comprises the amino acid sequence
represented by SEQ ID NO:14, 16, or 17.

25 3. Ananti-cognitive dysfunction agent, comprising the humanized antibody according
to claim 1 or 2 as an active ingredient.

4. A medicament for treating Alzheimer’s disease, comprising the humanized antibody
according to claim 1 or 2 as an active ingredient.

30
5. An agent for suppressing formation of neuritic plaque, comprising the humanized

antibody according to claim 1 or 2 as an active ingredient.

6. An inhibitor of formation of amyloid B amyloid fiber, comprising the humanized
35 antibody according to claim 1 or 2 as an active ingredient.

88



ga gat ggt aas tac gao coo ttt got tact tgg ggc on ggg act336 rg ABD Sly Mn
Tyr Ano Pro Ph a Ala Tyr TrP Riv 010 Ol Y IN TUD10O5II D 115 (21> 8 K2-P>
118 <212> PRT <213> Ms scal ps <400> 8 VaL> 6in 6in Pro Ay Ala 610 too Val
Lys Pro SI- Ala 10 Sar Val Lys Lae Sar 0ys Lys Ala Sr Gy Tyr Thr Phe Thr
Ser lyr 30 Met Ilia Trp Val Ivo Lemkg Pro 6 6ln Ay Pheftp Ile 3540 Ay
Gplie Mh Pro Arg- Mh (ay Sly Thr Mh Mh Mh 51u Asn Phe 505550 Lys kg 55
Mot 6i n L&v Acmethod lfor aytdastAne df peevBationSexd tsatmeht of édgnitive dysfunction,

comprising administering the humanized antibody according to claim 1 or 2.

8. A method for at least one of prevention and treatment of Alzheimer’s disease,
5  comprising administering the humanized antibody according to claim 1 or 2.

9. A method for suppressing progression of Alzheimer’s disease, comprising
administering the humanized antibody according to claim 1 or 2.
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707580 Set Leu T - Set Au Asp Set Ala Val Tyr In Cy 2520 Thr ArmAsp Ay
WM Tyr Mra, Phe Ala Tyr frp Sy Gn @y Thr 100105110 vVal M Val 5cr Al !l5
(210 9 <211 > 33P V212> DNA <213> k8 MWSOBW5S <220> <221> CDS <222> (1)"
(33(k) <4002 9 gat gtt gtg stg aas sae gat oca clLa to atg sat gta ag4 ott
gga Asp V3l VvVal Met Thr dn Thy Pro Lee Sar Lau Pro Val Sr Lau Ay 1 5 10

| c gat caa got too ato tot tgs Aga tot sgt age Aga dt gto cac gt96 G n Ate
Ser 1le Sag Cya Arg Ser Sr A n St Lou Val hit Sor 202520

SEQUENCE LISTING
<110> Kyowa Hakko Kirin Co., Ltd.
<120> ANTI-ABETA OLIGOMER HUMANIZED ANTIBODY
<130> W500193

<150> US 61/232,038
<151> 2009-08-07

<160> 17

<170> Patentlin version 3;3
<210> 1

Q211> 5

<212> PRT

<213> Artificial

<220>
<223> Description of artificial sequence: amino acid sequence of HCDR1

<400> 1
Ser Tyr Trp Met His
1 5

<210> 2

Q211> 17

<212> PRT

<213> Artificial

<220>
<223> Description of artificial sequence; amino acid sequence of HCDR2

<400> 2

Glu 1le Asn Pro Arg Asn Gly Gly Thr Asn Asn Asn Glu Asn Phe Lys
1 5 10 15

Arg

<210> 3



eat gge eat not tat tta cat tgg tee ate aag aag sca gee sag tatl1l4-4 Ann Sly
Aah Thr Tyr Lou his Trp Tyr Lau GPI Lys Pro Gy A@n Ser 354045 tea aag ots
otg ate tat asa eit toe asn ogs t.tt tot geg gta ocal92 Pro Lys Lou Lou lie
Tyr Lys Val Ser An kg Ks/ Ser Ay Val Pro SO65SO gas cgg tta agt ggc egt
ggatu ggg aca gat ttc son ott sag atc240 Asp kg Pho Sec 0ly Ser Sly Sec
.01y Thr Asp the Thr Ici Lynllo 657079SO ago aga gtg geg get geg gat ctg
gga gtt tat ttc tgc tot csa agt &r kg Vet: 6lu Ala Siu Asp Lou Sly Val Tyr
Pno Sys Ser G n Sr 85304.) ass tat et cot tog tat egg tta ggo geg ggg a=
aag otg g¥d%et%9336 Thr WB Val Pro Pre Tyr fir Phe Ay Sty Ay fir Lys Lou
91u :le I'SH03Rh0 339 LYs <210> 10 <211> 112 <212> PRI <213> Mus M | 3G0US
<400> 10 ¥ atifigd! Mot hr ,3 Thr Pro Lou Sec Lou Pro Val Sec Lou G g 1015

Asp 61n AI<2e20>Ser He Sur Oys kg . Sor & OH Ser Lal Hi a Ser

<223> Description of artificial sequence; amino acid sequence of HCDR3
<400> 3

Asp Gly Asn Tyr Asp Pro Phe Ala Tyr
1 5

<210> 4

211> 16

<212> PRT

213> Artificial

<220>
<223> Description of artificial sequence; amino acid sequenhce of LCDR1

<400> 4

Arg Ser Ser Gin Ser Leu Val His Ser Asn Gly Asn Thr Tyr Leu His
1 5 10 15

<210> 5

211> 7

<212> PRT

<213> Artificial

<220>
<223> Description of artificial sequence; amino acid sequence of LCDR2

<400> 5

Lys Val Ser Asn Arg Phe Ser
1 5

<210> 6

<211> 10

<212> PRT

<213> Artificial

<220>
<223> Description of artificial sequence; amino acid sequence of LCDR3



202530 Asn 51y kfl Thr [yr LouTrp Tyr Lou Qn Lys Pro 5iy OH Set 354045 Pre
tYt Lou Lou 1l:e Tyr Lys Ve Ser M Arg Pne Sor G> VM Pro 506'0 top kg Phis
Ser 61y Ser 51y Set oly ihr Az Phe thr Lou: Lfie $6707580 Se; kg Vat 11/u
Ate ChLouQy Vat |lyr Phe Cyt Set G n Sgr 85405 Thr His Vethe Sty Ch Qvy
thr Lys Lou Sip 3 105110 <210> 11 <211> 354 <212> DNA (2/S> ArUfc <220)
<223> Deecription ef art ci'sf eeA souuenco of S5E4HW vari abl e regi on <4001:
caggt ocaae cap:cute tggggot goa gBgoreagc otg uLkO egt goeggt g$0 t oet paagg
ettotggcta capettcoo egotootgga :.goactgggt geggoagget 120 act ggt eeag
gettggaAi g gatgggtgeg atteatecte atRigg tectaeci aaol00 ottgagt aot

t oaagogeo&iddytbaeset e ecit gaegeca cat ooecoag ceoegottee240

Ser Gin Ser Thr His Val Pro Pro Tyr Thr
1 5 10

Q210> 7

Q211> 354

<212> DNA

<213> Mus musculus

<220>
<221> (CDS
222> (1).. (354)

<400> 7

cag gtc caa ctc cag cag cct ggg get gaa ctg gtg aag cct ggg got 48
GIn Val GIn Leu GIn GIn Pro Gly Ala Glu Leu Val Lys Pro Gly Ala

1 5 10 15

tca gtg aag ttg tcc tge aag get tot gge tac acc ttc acc age tac 96
Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
20 25 30

tgeg atg cac tgg gtg aag ctg agg cct gga caa ggc ttt gag tgg att 144
Trp Met His Trp Val Lys Leu Arg Pro Gly Gin Gly Phe Glu Trp Ile
35 40 45

gga gag att aat cct aga aat ggt ggt act aac aac aat gag aac ttc 192
Gly Glu tle Asn Pro'Arg Asn Gly Gly Thr Asn Asn Asn Glu Asn Phe
50 55 60

aag aga aag gcc aca ctg act gta gac aaa tcc tcc age aca gee tac 240
Lys Arg Lys Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80

atg caa ctc agc age ctg aca tct gag gac tct geg gtc tat tac tgt 288
Met Gln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
85 90 95

aca aga gat ggt aac tac gac ccc ttt gect tac tgg ggc caa ggg act 336
Thr Arg Asp Gly Asn Tyr Asp Pro Phe Ala Tyr Trp Gly Gln Gly Thr
100 105 110

ctg gtec act gtc tct geca 354
Leu Val Thr Val Ser Ala



at egeact ea gencot geg atetganac aotgeggtet attectgtgc ecgaget egt 300
sasfatgess setttgetta stgagg0c09 6606Tc, 6gstgteS, tte <210> 12 <211> 118
<212) pRr <218> srtlfisial <222> <223> an ine ar,na enoe of 0541T <400> It1l
Sin Val Gnla W Vd Lye in Pro (fly Ala 15 QCar Vg Ls Va Sar Oya Lye Al a
Sr Sly Tyr Inr Ph e Thr Car Tyr 202520 Irp Met Hs ftp Val Arg Gn Ala Pro
Sly W Oy Lep 510 irp Met as4045 OuPro Mg Mh Sty Gvh flu Mh Phe as5550 Lys
Arg kg Val The Ils Thr Ala Aso Thr SET Thr Car Thr Al's TYr 65as 7580 Sl at
1Uu Lau Ser &sIrlsLau kg Ser Ois Asp Thr Ala Vat Tyr Tyr Cys 869095

Q210> 8

Q11> 118

<212> PRT

<213> Mus musculus

<400> 8

Gln Val GIn Leu GIn GIn Pro Gly Ala Glu Leu Val Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
20 25 30

Trp Met His Trp Val Lys Leu Arg Pro Gly GIn Gly Phe Glu Trp lle
35 40 45

Gly Glu lle Asn Pro Arg Asn Gly Gly Thr Asn Asn Asn Glu Asn Phe
50 55 60

Lys Arg Lys Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80

Met Gin Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
85 90 95

Thr Arg Asp Gly Asn Tyr Asp Pro Phe Ala Tyr Trp Gly GIn Gly Thr
100 105 110

Leu Val Thr Val Ser Ala
115

Q10> 9

211> 339

<212> DNA

<213> Mus musculus



kg Aep Ay M 1yr Asp Pro Phe Ala Tyr Trp Sly 1021051w Lae Yal [hr Val Sot
Qar 112 <212> DNA <215> Artificial <220> <221> Deacriptinn of artltcisi
naquanne: a DNA eaccerce of 6E4LVU Yeriaal e regi on 4400> 13 gatattgtga

t gacocaate toactotce ctgcctgtca stactggtga grant:ate60 atntettgee
gatetagtra ngocttgta aaeagtaatg gcaaaarnta tttarattggl20 tacctgeaga
agsaaggnaa at at eraaag staatgatat anaaagtfts eaaangattt 180 tctgggflcc
ragarnggtt aagtgoagt gggtraggga égatttcac aot agat c240 ageagagt gg aggstgagga
lgtggsrgtt tatted: gni etnaaagtar aeatattert500 argtaaargt tragtraggg
gaecaagat {f2¥ant aaa <210> ' .4 <211> 113 <212> PRl <215> artificial <220>
<225> an n 4 e)'quence of 8E41 5.1 vtithli region <400> 14 Asp. RVAI fU)
Ser Pro L >Se(t])'t83§9 Pre Vai T

<400> 9

gat gtt gtg atg acc caa act cca ctc tcc ctg cct gtc agt ctt gga 48
Asp Val Val Met Thr GIn Thr Pro Leu Ser Leu Pro Val Ser Leu Gly

1 5 10 15

gat caa gece tec atc tet tgec aga tet agt cag age ctt gta cac agt 96
Asp Gin Ala Ser |le Ser Cys Arg Ser Ser Gln Ser Leu Val His Ser
20 25 30

aat gga aac acc tat tta cat tgg tac ctg cag aag cca ggc cag tct 144
Asn Gly Asn Thr Tyr Leu His Trp Tyr Leu Gin Lys Pro Gly GIn Ser
35 40 45

cca aag ctc ctg atc tac aaa gtt tcc aac cga ttt tect ggg gtec cca 192
Pro Lys Leu Leu lle Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
50 55 60

gac agg ttc agt ggc agt gga tca ggg aca gat ttc aca ctc aag atc 240
Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys lle
65 70 75 80

agc aga gtg gag got gag gat ctg gga gtt tat ttc tge tot caa agt 288
Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Phe Cys Ser Gln Ser
85 90 95

aca cat gtt cct cocg tac acg ttc gga ggg ggeg acc aag ctg gaa ata 336
Thr His Val Pro Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu lle
100 105 110

aaa 339
Lys

210> 10
Q11> 13
<212> PRT
<213> Mus musculus

<400> 10

Asp Val Val Met Thr GIn Thr Pro Leu Ser Leu Pro Val Ser Leu Gly
1 5 10 15



5 Pre A Ser ile 5er Gys Arg Sr er air Ser Leo Val H Ser 202530 Mh Sly M
11w Tyr Leolrp Tyr Leo Gn in Pre ffly 5is Ser n5 Pro gAn itu teu He Tyr
31 S8sti Arg Phe Sar 0 sa TOr080 See ASIo Ala SWAsp a aly Vat yr Tar-
ras Sot SIn Ser 859095 Thr HisV& Pro Pro Tar Thr Pht ah,Sly 1lw Lys Leu Stu
11le 100 LY s <210> 115: <211> Ila <212> PRI <23>r 'ciat <228> <223> aa
asttbe a | d sebbenob of 1V12 sr aebe regiab d o <4003 15

Asp Gln Ala Ser 1le Ser Cys Arg Ser Ser GIn Ser Leu Val His Ser
20 25 30

Asn Gly Asn Thr Tyr Leu His Trp Tyr Leu GIn Lys Pro Gly GIn Ser
35 40 45

Pro Lys Leu Leu fle Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
50 b5 - 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile
65 70 75 80

Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Phe Cys Ser GIn Ser
85 90 95

Thr His Val Pro Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile
100 105 110

Lys

<210> 11

Q211> 354

<212> DNA

Q213> Artificial

<220>

<223> Description of artificial sequence; a DNA sequence of 6E4HVO
variable region '

<400> 11
caggtccaac togtgoagtc tggggetgaa gtgaagaage ctggggcitc agigaaggte 60

tecetgcaagg cttctggeta caccttcace agectactgga tgecactgggt geggeaggce 120
cctggtcaag gettggagty gatggetgag attaatcctc gaaatggtgg tactaacaac 180
aatgagaact tcaagcgacg ggtcacaatc actgcagaca catccaccag cacagcctac 240

atggaactca gcagcctgeg atctgaggac actgeggtet attactgtge acgagatggt 300



YO 81n Lep Val SWSotAla elp Vet VetLn Pro (Hy At 1e 010iS 9 Val in Lee Ser
Oys lys Ale Sr Sy Tyr Thr to Thr Sot Tyr 2025 - Met fits Trp Val Lys Lou
Ata Fro 91y 31n Sly PMGu .rp Ile as4045 Gy al,. Ile Mh Pro kg vn Gy Gy
Thr MhOn SW Mh PM SC65eQ LY$ Ara la Ate. Thr Leu Trir Val Asp Las Sot Thr
8er Thr Ala Jr 65707580 Met SWtsu Ser Ser Lou kg Set O e Asp Jtw Al e Val
JrJdr CY$ 859095' 100 Lou Va 11w Val SrSet 115 <210) 16 (211> 113 <212)
FRI <213). artifleia: <220> <US>"an am no & ss epos of LV2e yeriehle

tegi op <4CG

aactacgacc catttgctta ctggggccaa gggactctgg tcactgtcte ttca 354

210> 12
Q211> 118
<212> PRT
213> artificial

<220>
<223> an amino acid sequence of 6E4HVO variable region

<400> 12
Gln Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
20 25 30

Trp Met His Trp Val Arg Gin Ala Pro Gly GIn Gly Leu Glu Trp Met
35 40 45

Gly Glu lle Asn Pro Arg Asn Gly Gly Thr Asn Asn Asn Glu Asn Phe
50 55 60

Lys Arg Arg Val Thr lle Thr Ata Asp Thr Ser Thr Ser Thr Ala Tyr
65 70 75 80

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Asp Gly Asn Tyr Asp Pro Phe Ala Tyr Trp Gly GIn Gly Thr
100 105 110

Leu Val Thr Val Ser Ser
115

<210> 13
211> 339



Asp 1l1la Va: It Ilir51p Sot Pro Lesre Val Thr Pro 5ly 11015 Ao Pro Ala Sr
Ho Ser Cyt Arc Ser Ser G n Ser tou Val fliA Set 2025 .Ast 31yMhThr |vr Lou
Hs ftp lyr Isu ON Lys Pro 61y I1SIn Ser 354045 Pre |lye Lou Lou 110 Tyr 1lyel
Ser Mh Arc Phe Set 0ly Val Pro 505560 Aep Att. Phe Sof Ay Ser 5srOvy rPh
Pha Sys.

11w Lou Lys 70 or Art Val GP At tUu Mo VP. Gy V Tyr

B5Sc).95 - m HUs Val Pre Pro Tyr Thr PM Ay ON Ay Thr
100105110 <210 i T <231> 313L <282> PSI <213> artliiihia;

<212> DNA
<213> Artificial

<220>
<223> Description of artificial sequence; a DNA sequence of 6E4LV0
variable region

<400> 13
gatattgtega tgacccaatc tccactctce ctgectgtea ctectggtga gecagectee

atctettgec gatctagtca gagectigta cacagtaatg gcaacaccta tttacatteg
tacctgecaga agccaggeca gtctccacag ctcctgatet acaaagtttc caaccgattt
totggggtee cagaccgett cagtggcagt gggtcaggga cagatttcac actcaagatce
agccgagtgg aggctgagga tgtgggcgtt tattactget ctcaaagtac acatgttcct
ccgtacacgt tcggtcaggg gaccaagetg gaaatcaaa

<210> 14

Q211> 113

<212> PRT

<213> artificial

<220>
<223> an amino acid sequence of 6E4LV0O variable region

<400> 14
Asp Ile Val Met Thr GIn Ser Pro Leu Ser Leu Pro Val Thr Pro Gly
1 5 10 15

Glu Pro Ala Ser |le Ser Cys Arg Ser Ser Gln Ser Leu Val His Ser
20 25 30

Asn Gly Asn Thr Tyr Leu His Trp Tyr Leu Gin Lys Pro Gly Gln Ser
35 40 45

Pro GIn Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys |le

60

120

180

240

300

339

<220>

Se Cn Ser

Lys Lou 010 11la



<223> en nen acid sequence of LV4 variable region <4C0> As ai Val Met Thr
eln Set Pro Leu Sr Lou Pro Vailhr Lo 153dY 30 Gu Pro MSet ilis Ser Cys
Arg Sar Ser Gn Ser toe Val H e Ser 202530 Pro Lysle Tyr Lys Val Sar M
kg Phe Sor Biy V 505560 Asp Arg Phe Sat. Gy SOI SIly Ser Gy Thr Ava Phe
Thr Lw |l ye He 66707680 SW Arg V afri Ala Gu MWB1 Ay WTyr no Pro Pehr
Phe ON Gn @y Thr Lys leu Gu Iét 100106110

65 10 75 80

Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Ser GIn Ser
’ 85 90 95

Thr His Val Pro Pro Tyr Thr Phe Gly GIn Gly Thr Lys Leu Glu lle
100 105 110

Lys

210> 15
211> 118
<212> PRT
213> artificial

<220>
<223> an amino acid sequence of HVi2 variable region

<400> 15
GIn Val GIn Leu Val Gin Ser Gly Ala Glu Val Val Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
20 25 30

Trp Met His Trp Val Lys Leu Ala Pro Gly GIn Gly Phe Glu Trp lle
35 40 45

Gly Glu lle Asn Pro Arg Asn Gly Gly Thr Asn Asn Asn Glu Asn Phe
50 55 60

Lys Arg Lys Ala Thr Leu Thr Val Asp Lys Ser Thr Ser Thr Ala Tyr
65 70 75 80

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95



10

Thr Arg Asp Gly Asn Tyr Asp Pro Phe Ala Tyr Trp
100 105

Leu Val Thr Val Ser Ser
115

<210> 16

Q211> 113

<212> PRT

<213> artificial

<220>

Gly GIn Gly Thr
110

<223> an amino acid sequence of LV2a variable region

<400> 16

Asp lle Val Met Thr GIn Ser Pro Leu Ser Leu Pro
1 5 10

Glu Pro Ala Ser 1le Ser Cys Arg Ser Ser Gin Ser
20 25

Asn Gly Asn Thr Tyr Leu His Trp Tyr Leu Gin Lys
35 40

Pro Lys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe
65 70 75

Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Phe
85 90

Thr His Val Pro Pro Tyr Thr Phe Gly GIn Gly Thr
100 105

Lys

Val Thr Pro Gly
15

Leu Val His Ser
30

Pro Gly G!n Ser
45

Ser Gly Val Pro

Thr Leu Lys |le
80

Cys Ser GlIn Ser
95

Lys Leu Glu |le
110



11

Q10> 17

Q11> 13

212> PRT

213> artificial

<220>
<223> an amino acid sequence of LV4 variable region

<400> 17
Asp Val Val Met Thr Gln Ser Pro Leu Ser Leu Pro Val Thr Leu Gly
1 5 10 15

Glu Pro Ala Ser Ile Ser Gys Arg Ser Ser Gin Ser Leu Val His Ser
20 25 30

Asn Gly Asn Thr Tyr Leu His Trp Tyr Leu GIn Lys Pro Gly GIn Ser
35 40 45

Pro Lys Leu Leu lle Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys lle
65 70 75 80

Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Phe Cys Ser Gin Ser
85 90 95

Thr His Val Pro Pro Tyr Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile
100 105 110

Lys
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