ANTI-GLYPICAN 3 ANTIBODY HAVING IMPROVED KINETICS IN PLASMA BACKGROUND OF
THE INVENTION Related. Applications This application claims priority of Japanese Patent
Application No. 2007-256063, filed on September 28, 2007, the contents of which are herein
incorporated by reference. Id of the Invention The present invention relates to a method of impro the
plasma (blood) kinetics of anti-glypican 3 antibodies, a pharmaceutical composition comprising an
anti-glyp can, 3 antihody that has,improved plasmackingtics asran active redigntand.amethod of
preparing the same. Description. of the Related Art Antibodies are stable in the plasma and
exhibit few side effects and for these reasons their use as drugs has been receiving attention. Among
the several antibody isotypes, a large number of IgG isotype therapeutic antibodies are on the market
and a large number of therapeuticzantilzadies are alse cuientlyuinder development (Janice M.
Reichert, Clark J. Rosensweig, Laura B. Paden, and Matthew C. Dewits, Monoclonal antibody
successes in the clinic, Nature Biotechnology (2005) 1073-8; Paviou R. K. and Beisey M. J., The
therapeutic antibodies market to 2008, Eur. J. Pharm. Biopharm. (2005) 59(3), 389-96; and Janice M.
Nit2t Akiige-Arehet.SDevelopment trends for monoolonal antibody cancer therapeutics,

\Laige-A]

Reichert and:\ite ige-Adc
Nat. Rev. Drug Diac. (2007) 6, 349-356). Ar i-glypican 3 antibodies are known.tq exhibit antitumor
activity by exercigﬁfgsc\??o‘fé)i"i%ﬁy"Laogpéiﬁé’t?%g“rse%pr"ﬁcﬁfef Jiver cancer cells atn%ﬂ%% cancer cells (WO
2003/000883) Antihody-diyg copjugates comprising an.anti-glypican 3 atibedy aftached to a cytotox ¢
substance are also known to exhibit antitumor activity against liver cancer, ovarian cancer, melanoma,
and so forth.(Albin-a Nestgrova, Raul G.Carter; and LenadM=8mith, Glypicaic3d as a Novel Target for
an Antibody -Drug Conjugate, AACR Abstract No. 656 (2007), Los Angeles, CA, April, 4-18). In
addition, technologies to enhance the effector functions are being developed for producing
second-generation therapeutic antibodies. For example, if is known that the antibody-dependent
cellular cytBtoxicity (ADCC ) actvitiiand the complement-dependent cytotoxicity (CDC) activity are
enhanced by an amino acid substitution in which the amino acids constituting the Ft region of Id
isotype antibodies! freféitédté ﬁﬂ@%ﬁooﬁééﬁ%@gréﬁaéeﬁ‘%’if%ﬁﬁe?ént%%fn%’ acids (Kim S. J.,
Park 8., and Hong H.C.,A

tibody . . 1 ‘ : ; L .
the plasma (chmmgyxlnetlcs of anti-glypican 3 antlbodies, a

pharmaceutical compesition comprising an anti-glypican 3
antibody that has improved plasma kinetics as an active

ingredient, and z method
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preparing the same.
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engineering for the development of therapeutic antibodies, Mol. Cells (2005) 20(1), 17-29). When an
anti-glypican 3 antibody is produced in fucose transporter-deleted CHO cells, fucose is+ot attached to
the branched sugar chains attached to the anti-glypican 3 antibody. Such an anti-gUypican 3 antibody
has a significantly higher ADC activity than the anti-glyptcan antibody that contains fucose in the
branched-chain of thefl sugar chain, and is thought to exhibit a greater antitumor activity as a

therapeutig atnltg:)gcgye(swgaggggl%mgﬁgg 5'{} .addition to such éggg%glggies( for-enhancing the effector
functions, other technologies are also known inich he plasma halt-lite of an antibody is increased or

decreased:hy aming:acid substitution'05.0n the: amine acids, onstituting the Se.region.of the antibody
(Hinton P. R., Xiong J. M., Johlfs M. G., Tang M. T., Keller S., and Tsurushita N., An engineered
human IgGi-antibeghe withJesger serumdhalblifes Ja Imeniol A2006) 176( 1), :346:561andGhetie V.,
Popov S., Borvak Radu C., Matesoi D., Medesan C., Ober R. J., and Ward K. S., Increasingserum
persistencaof arkigG fragment by randofy mutagénésis; Nat. Bistechaok {2997)15(7), 637-40). If a
technology thatclangs the plasma half-life of antibodies is applied t(a apeutic antibodies, it is expected
that the dosetdfpreladmiristeratthefapéutic-antibGdy is-Fetfiicetand itstintétval of administration is
extended, which will enable the provision of less expensive therapeutic antibodies with a high
convenienG& Tactor "¢ specific terms e prasma halfsiifé can Be exténded by substituting an

amino acid of the Sc region of an 19G ant ibodyanother-amino, acid resulting in impraving the known to
be a salvage receptor for the IgG antibody. in gdditl%n, it is also known that tﬁ% plag?}n/a half-life Is

increased hy shuffling the individual demains (Qktl, OH2. CH3) censtifuling the constant region of the

antibody (luckier - ’
a cytotoxic substance are also known to exhibit antitumor
activity against liver cancer, ovarian cancer, meianoma, and
so forth (Rlbina Nesterova, Paul J. Carter, and Lela M. Smith,
Glypican 2 as & Novel Target for an Antibody-Drug Conjugate,
RACR AEbstract No. 656 {2007y, Los Angeles, CA, April, 4-18}).

In addition, technologies to enhance the eifector

functions are being developed for producing sscond-generation
therapeutic antibodies. For example, 1t 1is known that the
antibody-dependent cellular cytotoxicity {ADCC) activity and

the complement-dependent cytotoxicity (CDC} activity
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ennanced by an amino acid substitution in which the amino

acids constituting the Fc region of IgG isotyps antipodies

(referred to as IgG antibodies) are replaced by different
aminc acids (Kim S. J., Park Y., and Hong H. J., Antibody
engineering for the development of therapeutic antibodies, Mol.

Ceils (2005 20{1y, 17-29). When ar antl-glypican 3 antibody
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is produced in fucose transporter-deleted CHO cells, fucose is

not attached to the branched sugar chains attached to the
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S., Chang 0.5., Scharff M. D., and Morrison S.Chimeric human-mouse 1gG antibodies with shuffled
constant region exons demonstrate thatple domains contribute to in vivo half- life, Cancer Res. (1998)
58(17), 3905-8). However, since the amino acid sequence of the constant region of the IgG antibody is
conserved in humans, an antibody having an artificial amino acid substitution as described above in
the amino acids constituting the constant region may cause side effects by exhibiting immunogenicity
in the human body. It is tbﬁerﬁefo[\quef rred that onfl1y a small number of.amino acids be substituted.
Technologi&S invoiviig-4fhino id 8abstitution in‘the Variable fégion also feferred fo as V region) of
Igo antibogies, igporteck o date,nelude humanjzaton technalooy (Isyrishita N, Hiton P. R., and
KumarDesign ot humanizer” antibodies: rom anti-Tac o Zenapax, Methods 2005) 36(1), 69-83),
affinity matyrationwhere amipg-acids in-the, s complementa ity-determining regian.(CDR) is substituted
in order to increase the binding activity (Rajpal A., Beyaz N., Haber S., Sappuccii-JV G.,Bhatt R. R.,
Takeuchi EydernerRiA., and QeesRoAigenerakmethad rihglibraries, £roczNatlr Aced. Sci. USA
(2005) 102(24), 8466-71) and amino acid substitution in the amino acids constituting the framework
region (FR)dor improving 2hetphysicothiemizar stability (Ewett 8¢/Hénégger A., and Dluckthun A.,
Stability improvement of antibodies for extracellular and intracellular applications: OUR grafting to
stable frameworks'afdStfuctiire-based frdmewstk ehyfiedritig, Metiod< 2004) 34(2) 184-99). Unlike
the case with amino acid substitution in the ccghq%aqftore_.gl%n g%lgo rﬂerr(}a{g 1o as.C region), amino acid
substitutioft in The Variable Féé)i%ﬁ’isog“er}%raﬁy Tsed for imor ving the characteristics (géfg.,' stability) and
enhancing the functign (pantigen pinding activity) of antibodigs. Since the amjpo.acid sequence
constituting the’CDR of humanized antibodies is derivad from tammo a d sequence of a nonhuman
animal spegies,thesisk-of;gensrating; marnegenicity hy: introducing anastificiat amineracid
substitution in this senuence is thought to be lower thar amgno and substitutions in a sequence in
other regions. Moereavets,swith#egard tovan artificiabantno acid substitution in thefamine atid sequence
constituting thg FR of humanized antibodies, t is thought that such a substitution poses little risk of
generatingc mmusogenicitv- if the FReanisequerce ebitaied as a'- - An engineered

human IgGl antibody with leonger serum half-life, J. Immunol.
(2006 176{1ly, 346-56; and Gnetis V., Popov 3., Borvak J.,
Radu C., Matescil ., Medeszan C., Ober R. J., and Ward E. 3.,
Increasing the serum persistence of an IgC¢ fragment by random

mutagenesis, Nat. EBiotechnol. {(1897) 157, €37-40). If a
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technology that prolongs the plasma haifi-life oI
appliaed to therapeutic antibodies, 1t is expected that the
dose of the administered therapeutic antibody is reduced and
its interval of administration is extended, which will enabise
the provision of less expensive therapeutic antibodies with a
high convenience factor.
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In specific terms, the plasma half-life can be extended

antibody with ancther amino acid resulting in improving the

ffinity for the neonatal Fc recseptor, which 1s
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consequence of substitution is the same as any of the Plurality of human antibody FR amino acid
sequences that are published in, for example, the Kabat database
(http:2aftp.ebi.ac.ukapub/databa5e5/kabata), the '"MGT database (http://imgt.oines.fr/), and so forth.
Furthermore, the immunodenicity can be reduced by reselecting a human antibody sequence that is
very similar to the FR amino acid sequence obtained as a consequence of substitution, from the
plurality of human antibody FR amino sequences that are published in the Kapat database, the INGT
database, &t 80 Trth(ViO £996/51 87127 Fin Corttrastonly nethdds Krdwh fof improving the plasma
half-life of 1gG, antibodies are, as described above, amino acid.sybstitution of amino acids constituting
the Fe regal‘gr%\?\?ﬁ%ﬁ’isla” pjé?t Sfﬁ‘t?}(é ggnosﬁén%ﬁgéoﬁ%gn% ngoggeth%ld;ft have%e%g reported to date that
bring aboyt an.improvement in:the; plasma. half-life of lg& antibadies by-aming acid-substitution of the
amino acids constituting the variable le region, which is believed to carry little ris of invoking
immunogenieity: Tihe reasem fordhisiss it past; that the plasmanhatfdife of IgGianihodiesbelieved to
largely depend on antigen-dependent depletion and binding to the neonatal Fc receptor, a salvage
receptor far.lgCtantibodiesi(LobecE 2Dt Hansén A knandBalivasaryd. P:; Antibodypliarmacokinetics
and pharmacodynamics, J. Phan:. Soi. (2004) 93(11), 2645-68), and that the functions and properties
of the vari&iblesregion: ffay Hot have W sighfficant infiiénde 8h the'plasma Rafife: IEhas lso been
reported that the isoelectric poin 19G ,antigodx as Iowgredgpi%nig é;ltig)n of]ﬁlggi. gntigody_by
succinylatioRt(Vamadaki ¥ Sumimote kS Nidhikawa M Yamashita F., Yamaoka K. Hashida M., and
Takakura Y., Pharmacokinetic analysis of in vivo, dispgsitiop of succinylated proteins targeted to liver
nonparenchymal cells via scavenger receptors: importance of molecular size and negative charge
density for iq vivp tecognitigndy-teceptors, Pharmacol. Exp. Ther (2002) 804(2). 467:4%); and that the
pl of IgG antibody is raised by cationization of the IgG antibody by modification with polyamine
(Poduslo J; F. ang-Gutran Gr Lo Ralyamiae madifisationrinereasestheperiedbilityzofiproteins at the
blood-nerve and blood-brain barriers, Neurochem. (1996) 66(4), 1599-609). However, in both cases
there was noincreasetinttheiplasam Halfdifd bt the pwodified 1§Gantibedy, Biktather the plasma
half-life was decreased. Thus, an increase in the plasma half-life of IgG antibodies cannot be realized
by modific&ioie bt the prof the 1GG atitioty 5y Hié abvedestribed éhémical modification of the 1gG
antibody. SUMMARY OF THE INVENTION The rgsqntgn\éentiqq_was Qursyggoigaview of the
circumstancés described AB6V8 7 =™ Tt afirst aéﬁgcg hé present invention refers to an antibody which
comprises a heavy chain variable region shown in, SEQ ID NO: 27 and.a light chain variable region
shown in SEQ 1D 'NO: 29. -

substituted.
Technelogies inveolving amino acid substitutlion in the
variable reglon (also referred to as V region; of Igh

antibodies reported to date include humanization technology

(Tsurushita N., Hintorn P. R., and Kumar $., Design of
humanized antibodies: from anti-Tac to Zenapaxn, Methods (2005
36(1), $9=-83), affinity maturation where amino acids in the

complementarity-determining reglon (CDR; is substituted in

order to increase the binding activity [Rajpal A., Besyaz N.,
Haber L., Cappucciili G., Yese H., Bhatt R. E., Takeuchl T.,
Lerner R. R., and Crea R., B gsneral methed Zor gresatly

improving the affinity of antibodies by using combinatorial
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In a second aspect, the present invention refers to a composition comprising the antibody according to
the present invention and a pharmaceutically acceptable carrier. In a third aspect, the present
invention refers to an anticancer agent comprising as an active ingredient the antibody according to
the present invention. In a fourth aspect, the present invention refers to a nucleic acid that encodes
a polypeptide of the antibody according to the present invention. In a fifth aspect, the present

invention refers to a host lg:gll cg\gpgisinjghthae nucleic acid accarding, to.the, presen invention. Ina

[ L

sixth aspe“c?’t,iD tﬁaé’rﬁreess’ent ifvention refers to a method for preparing an antibody comprising culturing
the host cell accqrding to.thepresent invention and reggvering a;palypeptide from the cell culture.

In a seventh aspect, the present invention refers to an antibody according to the present invention for
use in a method of teeating eanecer. | rAlse dlescribed-herein is-a methockefmoeduldting the plasma
(blood) half-life of anti-glypican 3 antibody, an anti-glypican 3 antibody having a modulated plasma
half-life and-apharmaceauticat compositieny cemgrising thie ahtibbdy as &n activeldagrédient, as well as
a method of preparing the anti- glypican 3 antibody and the pharmaceutical composition. Also
described hereirvieres MethbdHfor Mhedaatingcyt6toxicit of lan antibbdy By rodutating the plasma
half-life of the antibody having cytotoxicity, an antibody with modulated cytotoxicity and a
pharmaceéﬁéa:l’rﬁﬁﬁb8§ﬁibnﬁ%%n?ﬁﬁ§h@qﬁeta%ti%b‘a§lt%\Sﬁ@ﬁ%‘é"od: fiethod of preparing the antibody
and the pha‘rmageutical comhp%srgtion. Theg%e’sei%iQ}gg%gor§%@@d0}1§fp£y[se98ing%tjgations into

methods for r%%du%t?ﬁrg theé plasr%zariﬁ@éiﬁﬁfe of an antibody (e.g. anti-glypican 3 dritfbody). As a result,

the present inventors, discovered that the. plasma halflife of an: antiedy fe.g. anti-glypican 3 antibody)
can be modulated by modifying - among the amino acid residues constituting the variable region and
the constant.region of an.antibedy<e.a.antiglypiean 3rantibatly) - amino acidsesiduesoexposed on the
surface of this antibody molecule and thereby controlling the surface charge of the antibody molecule.
Specifically ramoagthe:amiro acid residues im the: amino aeid Seguence €ohstitutirg the variable
region and the constant region of an antibody (e.g. anti-glypican 3 antibody), particular amino acid
residues were identified thatscalrt nfodulafe*the-plasma halfdité ot thé antibody (&g ahti-glypican 3
antibody) through modifying the surface charge on the antibody molecule without affecting the
structure of furictior? of tHE AnfibBAy &.¢ “the’ arfigert birfding Activity. Tha present inventors also
confiimed that an antibody (6.6, antglypican.3.antbady) having.a haltfe podulated in this manner in
fact retains its antlgencblndlng activity. The present inventors also found that modulation of the plasma
half-life of an antibedy.(e.q. anti-glypican 3.anthody)-increases thetumorprotiferation inhibiting activity
on cancer cells exhibited by cytotoxic antibodies, such as the antiglypican 3 antibody. Described
herein is thesefore a methad ofspedulating-the plasmahalfdife of anrantibedy(esgnantizglypican 3
antibody) by modifying an amino acid residue that is exposed on the surface of the antibody, an
antibody (e-g. anti-glypicans® antibodyythat haszamodulated plaseia Balfllife by amiaé acid residue
modification, a pharmaceutical composition comprising the antibody as an active ingredient, and a
method of prepetirifstich a'phafmatéutical ‘coniposition. Moréspecifically” the folfowing is described
herein: [1] A method for preparing an anti- !ygnﬁican 3 antibody with, modulated plasma kinetics, said
method comprising: fe &teps 6f: () Cultufihg a host cell bearing a Aucleic acid that encodes the
anti-glypican 3 antibody under conditions allowing far.expression,gf the nucleic.acid, wherein the

A oL

anti-glypican 3 antibody has an amino acid sequence altered to causes a modification in the charge of
at least one.amino acid residue that can-he.exposed on-the-surface of the astibedy;-and

that such 2 substitution poses little risk of generating
immunogenicity if the FR aminc acid seguence cbtained as &
consequence of supstitution i1s the same as any of The

851

nlurality of human antibody FR amine acid seguences that are
publiisned in, for example, the Kapat cdatabase

(http:ﬁ/ftp.ebi.ac.uk/pub/databases/kabat/}, +he TMGT database
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(b) recovering the anti-glypican 3 antibody from the host cell culture; [2] The method according to [1],
wherein the modulation of the plasma kinetics is increase or decrease in a parameter selected from
the plasma half life, the mean plasma residence time, and the plasma clearance; [3] Themethod
according to [1], wherein the modification in the charge of the amino acid residue is achieved by amino
acid substitution; [4] The method according to [1], wherein the amino acid residue that can be
exposed on the s r?ace of the antiglypican 3.antibody is located in a region in.the antiglypican 3
antibody o(rPiEFﬁTz? T EcRn bint w%&égi%rﬁ? “O19}‘1(j((:e>{"rﬁl;ét'hogjl éégéféti{fg\fj 0 [%%vnerein the FORn
ninding regjon comprises.the Ft region; 8] The metnoa according tg [4lwiherein the fean binding
region comprises the amino acid residues of the EU numbers 250, 253, 310, 311, 314, 428, 435, 436
according t@ the Kabat:numberingy =The:methed ageondingto {1], shierein:thesad«glyplcan 3
antibody is an IgG antibody; The method according to [1]-[7], wherein the amano acid residue
whose chargesisrmaadiied:iscamamijneracid sésiduespresent imthe heavy lchain-varableregion or the
lioht chain! variableregion; [9] The method according to [8], wherein the anti glypican 3 antibody
comprisescd complemertatit detSinifing region {COR) derved Fom'd e hitiman anital, a
framework region. (FR) derived from human, and a constant regiorl derjived from human, and wherein
the modifiéatici irthe Thitge dftheRmind dcitresidue & adhie?8d by Sdbstitution of at least one
amino acid reosi%g délga can be exposed on the antibody surface in the CDR or FR of the antibody with
an amino acid residte that has a charge different from that of the amino acid residue; [101 The
method according,to [9], wherein the modification the charge of the apino-acid residue is achieved (1)
at least one substitution in the heavy chain variable region shown in SEQ ID NO: 1 selected from: (a)
substitution of Q thatds the 43rd.aming: agie-residue with-K, (b} substitution-of-® that is the 52nd amino
acid residue with N, and :

amino acid substitution of amino acids constituting the Fc

reqion, which is a part of the constant reglon, and no methods
nave been reported tc date that bring about an improvemant in

the plasma half-life of IgG antibodies by amino acid

n

substitution of the amino acids constituting the varilable
region, which is believed to carry little risk of invoking

immunogenicity. The reasen for this is, in part, that the

vlasma half-life of IgG antibodies are believed to largely
depend on antigen-dependent depletion and binding to the
necnatal Fc¢ receptor, a salvage receptor for Igl antibodies

{Lopo E. D., Hansen R. J., and Balthasar J. P., Antibody

pharmacokinetics and pharmacodynamics, J. Pharm. Sci. (20047

3

©3({11), 2645-68), and that the functions and nropertiss of the

t

variable region may not have a significant influence on the

plasma half-life.

Tt has alsc been reported that the lscelectric point (pI;
of IgG antibody is lowered by anionization of IgG antibody by



substitution of Q that is the 107th amino acid residue with R; and/or (2) at least one substitution in the
light chain variable region shown in SEQ ID NO: 7actedfrom: (d) substitution of E that is the 17th
amino acid residue]awit, . (€) 1ubstituti?{n of og that |§ the 27£h amjno aci .regidﬂe wit RMand ()
substitutiSH Of ¥t sHAR 105tR BAviRo Acid residug With - [{11] THe method according to HI, wherein
the modificatiostia tihe ehargewfiibeamink acid Hesitudachidved bynfl) aftdastone substitution in the

D o SSfeeG 9, sttt v
succinylated proteins targeted to liver nonparenchymal
cells via scavenger receptors: importance of molecular size
and negative charge density for inm wvivo recognition by
receptors, Pharmacol. Exp. Ther. (2002) 301(2), 467-77);
and that the pI of IgG antibody is raised by cationization
of the IgG antibody by modification with pclyamine (Podusio
J. F. and Curran G. L., Polyamine modification increases
the permeability of proteins at the blood-nerve and blood-
brain barriers, Neurochemn. (1996) 66 (47}, 1599-609) .
However, in both cases there wasg no increase in the plasma
half-life of the modified IgG antibody, but rather the
plasma half-life was decreased. Thus, an increase in the
plasma half-life of IgG antibodies cannot be realized by

modification of the pI of the IgG antibody by the above-

described chemical modification of the IgG antibody.

SUMMARY QOF THE INVENTION

The present invention was pursued in view of the
circumstances described above.

In a first asgpect, the present invention refers to an
antibody which comprises a heavy chain variable region
shown in SEQ ID NO: 27 and a light chain variable region

shown in SEQ ID NO: 29.



(c) substitution of Q that is the 62nd am- o acid residue with OF (d) substitution of K that is the 63rd
amino acid residue with (e) substitution of K that is the 65th amino acid residue wth Q, and (f) sub
stitution of 0 that is the 66th amino acid residye with 0; and (2) at Ieatst one sugstituti n in the light
chain variable ré‘rd}or?sﬁo%?fhrgs@f)cl\tlo: j?Lié%le%f:eeds froi: %él)véeu stitUtion 0 %ﬁ’]&%% the 24th am o
acid esiduefyofh) isubstituiempt-Qthatisthe Béth amindiasttyreskueavithi ag (i) substitutien of E that

isthe 79th amino %cid residgetwitng, 2(11) %Jbstiéution 1%ILEJ:R a{gaetd {h% nd anglié\g actid Eq_sédue with S.
and (I) sEBStRGTon of KTREHSRE 1120 amind acld residte wi E; The meﬁ%daaccording to
[111, furtkerraameprising at least one modification in the heavy chain constant region shown in EEO ID

NO:BlsdedEQ£gHg:third aspect, the present invention refers to an
anticancer agent comprising as an active ingredient the
antibody according to the present invention.

In a fourth aspect, the present invention refers to a
nucleic acid that encodes a polypeptide of the antibody
according to the present invention.

In a fifth aspect, the present invention refers to a
host c¢ell comprising the nucleic acid according to the
present inventiomn.

In a sixth aspect, the present invention refers to a
method for preparing an antibody comprising culturing the
host cell according to the present invention and recovering
a polypeptide from the cell culture.

In a seventh aspect, the present invention refers to
an antibody according to the present invention for use in a
method of treating cancer.

Also described herein is a method of modulating the
plasma (blood) half-life of anti-glypican 3 antibody, an
anti-glypican 3 antibody having a modulated plasma half-
life and a pharmaceutical composition comprising the
antibody as an active ingredient, as well as a method of

preparing the anti-
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(a) substitution of H that is the 151st amino acid residue with Q, (b) substitution of K that is the 157th
amino acid residue with Q, (c) substitution of A that is the 238th amino acid residue with (d)
substitution of D. that is the 239th gmino a§tid reﬁidue substitution of 2 that is the 241st amino acid

residue WhHSAE (f) SubSHUtBRGE QTS is tHE 30PRAHRIRG Held Resid 7S PRSI THré Rikthod
accordingu i[9 1-[ ke swhelein the aatigiypican 8 antibodynkahadeduted contenirof iicosg attached to

the To region of the antibody, [141 An anti- can 3 antibody prepared the metnoc¢ according to
[11-[13]; %i%f }—S\Orﬁ(le%lo%org Ere%grinagngﬁrhaﬁ%gs Wi%oa]%dﬁﬁzgé% p?%r%al%e F(l:%, Elaﬁ %ﬁethod
comprisirgithe stefpstife  armcuitbridy alesti ogll hearimgea: hudleic, acichthatentadhs the @mtibody

under condi&'ﬁ% S %Ié%/vingg%%gres&@n ofath§1 ngclei%gcidawheEei'régie agg%g%g has an amino acid
| S aﬁlcaﬁon

jtile Ceu ;-
sequence altered 1o causes a mo Inthe chane rolpat %ast one amino aci resuﬁlue in the

constant regign irsthecantibedyasthebtivén, the FcRa bindig regios;tawi(hd fecovemag thregantibody
ﬂothelg&gqgggyggdy and the pharmaceutical composition.

The present inventors carried out focused
investigations into methods for modulating the plasma half-
life of an antibody (e.g. anti-glypican 3 antibody). As a
result, the present inventors discovered that the plasma
half-1ife of an antibody (e.g. anti-glypican 3 antibddy)
can be modulated by modifying - among the amino acid
regidues constituting the variable region and the constant
region of an antibody ({(e.g. anti-glypican 3 antibody) -
amino acid residues expcsed on the surface of this antibody
meclecule and thereby controlling the surface charge of the
antibody molecule. Specifically, among the amino acid
regidues in the amino acid seguence constituting the
variable region and the constant region of an antibody
(e.g. anti-glypican 3 antibody), particular amino acid
regidues were ldentified that can modulate the plasma half-
life o¢of the antibody (e.g. anti-glypican 3 antibody)
through modifying the surface charge on the antibody
molecule without affecting the structure or function of the
antibody, e.g., the antigen binding activity. The ﬁresent
inventors also confirmed that an antibody (e.g. anti-

glypican 3 antibody)



[16] The method according to [15], wherein the modulation of e plasma kinetics is increase or
decrease in a parameter selected from the plasma half lifer the mean plasma residence time,and the
plasma clearance; [17] The method accarding to" wherein the modification.in the charge of the amino
acid residtVisaEhRvEa by amihd &&?@Eﬁr&"if? g (181 Th& AEtRGd éélccr}%&i‘ﬁ‘é t5 Tf‘?]g,i\r}v%erein the
antibody iscan amtitieghy,  bThe Methadcaceotding t [ABE wheeseihe ahtibedy is-an lgGdcantibody;
[20] The metho a%q%)rding to u? , \é/hggain tt}e modificatign ir the cgar g_olf{ eeamgr%o agil%i residue is

achieved ?/Uéh StifttiBh of AP IEASE6AE AmING acid Tesidtia B an Ig Fantibo y with'a corfreésponding

amino acikresisteyof afelgfad aativadyg 124 The methodacdbraing to [15¢wdeseia théRORN binding
region co%%iéses th}e: aini Oraﬂd' E)egiduie othPhEiEIlU numpers ¢ 50, 2§3' 3lg ?éle]f 3 Aéflfg 435, and
436 according to the Ra%atenumfiermg; % & meth6d accor ?ﬁg ton[ZO , vi\}hereint e modification In
the chargexaf ihe amino hgid residueds:achiewed bipad iezest onesabstitation intthe haaty chain
constant r%g&i/ogshcr)lw in StEl CI) NO: 31 selectedOT" (a) substitution of H that is the 151st amino acid
residue wit Cs c(‘l%') Substitution OFK that is the 157th amino acid residue with Q, (c) substitution of R
that is the 238thesinoideid resiveiwithi®, hsubitmtorpofethhrl thef23%uduhiing agid residue

with B, ():30b3fitytion of L8 thaf isthe 2#1staming agiddesidue with Mand;y ypscan 3
antibody) by modifying an amino acid residue that is
exposed on the surface of the antibody, an antibody (e.g.
anti-glypican 3 antibody) that has a modulated plasma half-
life by amino acid residue modification, a pharmaceutical
composition comprising the antibody as an active
ingredient, and a method of preparing such a pharmaceutical
composition. More specifically, the following is described
herein:

[1] A method for preparing an anti-glypican 3 antibody
with modulated plasma kinetics, said method comprising the
steps of:

(a) culturing a host cell bearing a nucleic acid that
encodes the anti-glypican 3 antibedy under conditions
allowing for expression of the nucleic acid, wherein the
anti-glypican 3 antibedy has an amino acid sequence altered
to causes a modification in the charge of at least one
amino acid residue that can be exposed on the surface of
the antibody; and

(b) recovering the anti-glypican 3 antibody £from the host

cell culture;



(f) substitution of Q that302nd amino acid residue with 8; [23] The method according to [15]-[22],
wherein the antibodyis an a ti-glvpican 3 antibody; [24] A method of stabilizing an anti-gl oican 3
antibody that comprises a comnuementa tv-determining region (CDR) derived from a non-human
animal, a framework region (FR) derived from human, and a constant regionfrom human, said method
comprising the steps of: (a) culturing a host cell bearing a nucleic acid that encodes the ant giypican
3f body under condition gllowing for antibody has an,amino, acid. sequence.altered to increase in the
Tm value of the antibody by a modification of af least one amino acid residue; and (b) recovering the
antibody fram the host cell-culture; 25} Thedmethod-ageorging to 12431, wherginthe amino acid
residue is present in the FF1 region and/or the FR2 region of the heavy chain or the light chain; [26]
The methed asearding torf25hL avheareiman-armind acid, residuendarthe:ERRyegioniobtheeheavy chain is
substituted with an amino acid residue of the FR2 region of the 7144 subclass; [27] The method
according to1f25], wivereirt ap @viro acickresidise in the FR2 region of the light chain, is substituted
with an amino acid residue of the FR2 region of the VK3 subclass; [28] The method according to
[24]-[27], WRerein $Eib&Ritisn BF - amifo Bid residlié S athieved By (1) afiexet ote substitution in
the Seavy chain variable region shown in SEQ 1D NO: 1 selected from: substaa ig of V.that is the 37th
amino aC|dr€S|888%|?h @38 ne aminoe aclo - refilduge 18 atligve by aminoe acCld

substitution;
[4] The method according to [1], wherein the amino acid

residue that can be exposed on the surface of the anti-

glvpican 3 antibody is located in a region in the anti-

]

glypican 3 antibody other than the FcRn binding region;

(57 The methed according to [4], wherein the FcRn kinding
region comprises the Fc reglon;

[6%  The method according to [4], wherein the FcRn binding
region comprises the amino acid residues of the EU numbers 250,
253, 310, 311, 314, 428, 435, 436 according to the Kabat
numbering;

[71 he method accerding to [1], wherein the anti-glypican 3

[

antibody is an IgG antibody;

[81 The method according to [11~[7], wherein the amino acid

[$)

residue whose charge is modified i1s an amino acid residue
present in the heavy chain variab}e reglion or the light chailn
variable region;

[9] The method according to [8), wherein the anti-glypican 3

antibody comprisss a complementarity-determining region (CDR;

ey

derived from a non-human animal, & Iramework region (IR}

10



1, (b) substitution of A that is the 40th amino acid residue (c) substitution of M that is the 48th amino
acid residue with I, a (d) substitution of Lis the 51st amino acid residue and/or (2) at least one
substitution in the light chain variable region shown in SEQ 10NO: 7 selected from: (e) substitution of L
that is the 42nd amino acid residue with Q, (f) substitution of S that is the 48th amino acid residue
with A, and (g) substitution of Q that is the 50t3 amino acid residue with A; [29] A method for
preparing an. antibody, with.modulated cytotaxicity, comprising the steps, of:. () culfuring a host cell
bearing a nucleic acid that encodes the antibody under conditions allowing for expression of the
nucleic acig, hesgin-the.antibody. has; an amino:acid sequencg alteredie causes a pedification in the
charge of at least one amino acid residue that can be exposed on the surface of a cytotoxic antibody;
and (b) receveringihody:from:thelhpst eelb culture; {30- Theanethedsaccording i@ §29}; wherein the
modification in the charge of the amino acid residue is achieved by amino acid substitution; [311 The
method accordifigetowrereirt theoantinbcd residbeahancan e expesédonithe Sirface of the
antibody is IocaP'g\ed itegion in the antibod}é other than the AcAn

or FR of the antibody with an amino acid resldue That has a

il

charge different from that of the amino acld residue;

{10! The method according to [9], wherein the modification in
che charge of the amino acid residues 1s achieved by:
{1} a+ least one substituticon in the heavy chain variable

region shown in 8EG ID NO: 1 selected from:

{a) substitution of ¢ that is the 43rd aminc acid
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K,

{p} substitution of D that 1s the %Znd amino acid residue with

{g) substitution of ¢ that is the 107th aminc acid residue

(2} at least one substitution in the light chain wvariable
region shown in SEQ ID NO: 7 selected IZrom:

~ '

that is the 17th amino aclid residue with

[

(dy substitution of

{2) substitution of Q that is the Z7th aminco acid residue with

» that 1z the 103th amino acid residue
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binding region; [32] The metiod according to [31], wherein the FeRn binding region comprises the to
scion; [33] The method according to [31], wherein the toRn binding region comprises the amino acid
residues of the EU numbers 250, 253, 310, 311, 314, 428, 435, 436 according to the Rabat
numbering; [34] The method according to [29], wherein the antibody is an IgG antibody; [35] The
method accordfig to [29]-[34], wherein the amino acid residue whose charge He modified is an amino
acid residug present.in the constant region.of the antibody.. [36] Themethad according to [29]-[34],
wherein the amino acid residue whose charge is modified is an amino acid residue present in the
heavy chaijn vagiable-region o thedight chain van-able segion.of the-antibedy;a»7kEThe method
according to [36], wherein the antibody is an antibody that comprises a complementarity-datermiregion
(CDR) derived froms acion-huniar: animatframewsork cegionf(FR):derived froman, and a constant region
derived from human, and wherein the modification in the charge of the aminoad residue is achieved by
substitutiofheof atieast 6reé aminotaéidresidue tHatcah”™hbé exposedon-the- antibody $tfface in the CDR
or FR of the antibody with an amino acid residue that has a charge different from that of theo acid
residue; [38] The method according to [37], wherein the modification in the charge of the amino acid
residue is achieved.by: (1) at least ane substiution in the heawy chain.yariable gegion;shiown in SEQ

P

ID NO: | seléctéd from: - resTds

Ly

{z) substitution

@]
by
&

> With

o
w
;
Q.
o
)

that 1= the 6Znd aminoc acid resi

Lap

(dy substitution of ¥ that is the €3rd aminc acid residue with

i@} substitutlion of K that is the €5th aminc acld residue with
2, and

i substitution of that 15 the 66th amine acid residus with
D;

and/ox

{2} at least ons substitution in the light chain variable
region shown in SEQ ID NO: 7 selected ffbm:

b

{g) substitution

O
h
=y

. that is the 24th aminc acld residue with
-

Sy

{n) substitution of ¢ that is the 27th amino acld residue with

i
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{1y substitution 79t amino acid residue with

(4Y substitution of R that 1s the 8Znd amino acid rx with

[
(&
o]
!.J
0.
o
(]

Z, and



(a) substitution of K that is the 19th amino acid residue with hb) substitution of Q that is the 43rd amino
acid residue with E, (c) substitution of Q that ist he 62nd amino acid residug with (d) substitution of K
that is the 63rd amino acid residue with S, substitution of K that is the 65th amino acid r idue with Q,
and (f) substitution of G that is the 66th amino acid residue with and/or, (2) at least one substitution in
the ligh chain variable region shown in SEQ ID NO: 7 selected from: (g) substitution of R that is the

24n amino, acid.residue with Q, (h) substitution of.Q thak,is the. 27th amino.acid sgsidue substitutio- of
K that is the 79th amino acid residue T,

with E;

7127 The method according to [111, further comprising at least

one modification in the heavy chain constant region shown in

SEG TID NC: 31 selected from:

(a} substitution of B that i1s the 1b0ist aminc acid

lin}

esidus
with €,
(bY substitution of K that is the 157th aminc acid residus
with Q,

(o) substitution ¢f R that is the 238th amino acid residue

e

substitution of D that is the

i3
o
n
foin
2
o
]

aminc acid

B
(a2
o
1
1

() substitusion of L that is the 241st amino acid residue
with M, and

{fy substitution of ¢ that

i -l
N
ot
o
@

302nd amino acid residue

The methed according to [91-(1271, wherein the anti-
glypican 3 antibody has a reduced content of fucose attached
to the Fc reglon of the antibody;

[14] ARn anti-glypican 3 antibedy prepared by the method

157 B method for preparing an antibody with modulated plasma

{a} culturing & hest cell bearing a nucleic acid that encodes
the antibody under conditions allowing for expression of the

J—
T4



(J) substitution of R that is the 82nd amino acid residue with S, and (k) substitution of K that is the
112nd amino acid residue with E; [39] The method-according to [38], further comprisino at least one
substitution in the heavy chain constant region shown in SEQ ID NO: 31 selected from: (a)
substitution of E that is the 151st amino aoid residue with Q, (b) substitution of K that is the 157th
amino abid residue with Q, (0) substitution of R that is the 238th amino acid residue with Q, (d)
substitution of D.that Is the 239th aming acid residye (e).substitytion of | thatisthe 241st amino acid
residue with M, and ~(f) substitution of Q that is the 302nd amino acid residue with E; [40] The method
a000rding_to 36} wherein the antibady; comprises a complementayity-determiningregion (CDR).
derived from a non-human animal, a framework region (FR) derived from human, and a constant
region derived from haman,:and whereinthesmodificatienincthe: charge efithecamino acid residue is
achieved by substitution of at least one amino acid residue that can be exposed on the antibody
surface indd; eonstant 20.eregivm of thel antibody With aAramino acid residue that has a charge
different from that of the amino acidresidue; [41] The method according to [40], wherein the
substitutiontis at1€48f6Aé Substifutihtinthiethéa R chdimn coiistantregiohshtwwr in SEQ ID NO: 31
selected from: _ substitution of H that is th\ﬁe\l%st] =no acid residue with Q,_ (b) subsfitution of K that
is the 157th'arhind acif réSiqus Wit oy, »9 ~© ‘-=1, vhersin che n T T

the plasma kinetics is increase or decrease in a parameter
selected from the plasma hali life, the mean plasma residencs
time, and the plasma clearancs;

{17! The method according to {153, whersin the modification in
the charge of the amino acid residue is achieved by amino acid
substitution;

[18% The method according te [17], wherein the antibody i1s an
TgG antibody;

(197 The method according to [18], wherein the antibody ls an
TgGl antibody:

[20] Th in the modification in
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the charge of the aminc acid residue 1

n

achisved by
substitution of at least one amino aclid residus of an Igél

antibody with & corresponding amino acid residue of an IgGs
antibody;

(211 The method according to [151-[20], wherein the FcRn
binding region comprises the amino acid residues of the EU

numpers 250, 253, 310, 311, 214, 428, 435, and 436 according

to the Kabat numbering;



(o) substitution of R that is the 238th amino acid residue with Q, (d) substitution of D that is the 239th
amino acid residue with (e) substitution of L that is the 241st amino acid residue with M, and (f)
substitution of Q that is the 302nd amino acid residue with 5; [42] The method according to
[37]-wherein the antibody has a reduced content of fucose attached to the Sc re-lon of the antibody;
[43] An antibody prepared by the method according to [29][42] [44] The antibody according to [43],
wherein the.antibody is an anti-glypican 3 antibody; [45],An.antibady comprising: 1), a:heavy chain
variable reglon shown in SEQ ID NO: 1 in which the amino acid sequence comprises at least one

substitution-selegted fropk: (&) substitution-ot8 thatiis the:19th amine-acigresidue-with (b substitution
of Q that is the 43rd amino acid residue with E, (c) substitution of Q thatisthe 62nd amino acid residue
with one substitution in the heavy chaln constant region shown in

SEQ ID NO: 31 selected from:

(&) substitution of ¥ that is the 15lst amino acid residue
with ¢,
(p) substitution of K that is the 157th amino acid residue

with ¢,

)

() subkstitution of that is the 238th amino acid residue

with O,
(d) substitution of D that is the 239th amino acid residue
with =,
(&) substitution of L thaz 1z the 241st amino acid residue

with M, and

_’:

) substituticon ©

t
>

that is the 302nd aminc acld residue

)

with E;
'237 The method according te [15:1-[22), wherein the antibody

is an anti-glypican 3 antibody;

(247 A method of stabilizing an anti-glypican 3 antibody that

Q
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i
|-
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i
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complementarity-determining region (CDR; derived
from a non-human animal, a framework region (FR) derived Irom
human, and & constant region derived from human, said method
comprising the steps of:

{a} culturing a host cell bearing a nucleic acid that encodes
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ntibodv under conditions allowing fox

expression of the nucleic acid, wherein the anti-glypican
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E, (d) substitution of K that is the 63rd amino acid residue with Sr (e) substitution of K that is the 65th
amino acids due with Q, and (f) substitution of O that is the 66th amino acid residue with D; and/or 2 a
light chain variable region shown in SEQ ID NO: 7 in which the amino acid sequence comprises at
least one substitution selected from: (9) substitution of R that is the 24th amino acid residue with (h)
substitution of Q that is the 27th amino acid residue with E, (i) substitution of K tnat is th- 79th amino

acne residue, with (11, subsfitution of R, that is the 82nd arpina-agid residue with.and (k) substitution of

K that is the 11 nd amino acid residue with E;

Tm value of the antibody by a modification of at least one

o
=
],_,J -
]
O
8

cid residue; and

o
1

ecovering the antibody frem the host cell culture;

[257 The method according to [Z24}, wherein the amino acid
residue is present in the FR1 region and/or the FRZ region of
the heavy chain or the light chain;

[26] The method according to [25], wherein arn aminc acid
residue in the FRZ region of the heavy chaln is substituted
with an aminc acid residue of the FRZ region c¢i the VHI

subclass;

[27% The method according to [25], wherein an aminoc acid
residue in the FRZ region of the 1light chain.is substituted

with an amine acid residue of the FRZ region of the VK3

(28] The method according to [247-[271, wharesin the
substitution of the aminc acld residue 1s achlieved by:
{1} at least one substitution in the heavy chain variable

region shown in SZ0 ID NO: 1 selected Irom:

{a) substitution of V that is the 27th amino acid residus with
Ir
{p) substitution of A that is the 40th aminc acid residue with
I

(cy substitution of M that is the 48th amino acid residue wiin

I, anc

16



[46]. The antibody according to [45], comprising the heavy chain shown in SEQ ID NO: 3 ana the light
chain shown in SEQ ID NO: 9; [47] The antibody according to, comprising the heavy chain shown in
SEQ ID NO: 5 and the light chain shown in SEQ ID NO: [46] Thd antibody according to [45] which
comprises a heavy chain variable region shown in SEQ ID NO: 27 and a light chain variable region
shown in SEQ. ID NO: 28; [49] The antibody according to {45] which comprises a neavy chain
variable region showﬁn.i‘_nnig‘l; 1D NO: 27 and a light chain variable region shown i SEC. ID NO: 29;
[50] The a ﬁboay%séééfdiﬁg% [35]-(1249]r‘c?‘%mﬁfqisi%fa ggﬁétfﬁl@éioan%%arheu%élrmlg aﬁqtibody; The
antibody agcording to [503 whereinconstant region comprises a sequence shown in SEQ ID NO: 32 or
SEQ ID NO: 33; [52] An antibody comprising: (1) a heavy chain variable regior shown in SEQ ID NO: |
in which thg-amino acid sequence comprises at least one substitution selected from: (a) substitution of
Q that is the 43rd amino acid residue with K, (b) substitution of D that is the 52nd amino acid residue
N, and (c) shbstitution=cftQ<¢hat is:the: 107thiamino acidresidue withhR; variable

i
i

regicon shown in SEQ ID NO: selected from:

that LZnd aminc acid residue with
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{2) substitution of
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() substitution of 5 that is the 48th aminc acid
A, and

(g) substitution of @ that is the 50th amino acid residue with

[29] A method for preparing an antibody with modulated

]
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cyooboxicity, comprising the ste

'S
w

(a) culturing 2 host cell bearing a nucleic acid that encodes

e

the antibody under conditions allowing for expression ol the
nucleic acid, wherein the antibody hag an amino acld seguence

altersd to causes a medification in the charge of at least one

cytotoxic antibody; and
(b) recovering the antiboedy from the host cell culture;
Y307 The method according to [29], wherein the modification in

“he charge of the aminc acid residue is achieved by aminc acid

[317 The method according to [297, wherein the amino acid
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and (2) a light chain variable region shown in SEQ ID NO: 7 in which the amino acid sequence
comprises at least one substitution selected from: (d) substitution of E that is the-17th amino acid
residue with Q, (e) substitution of Q that is the 27th amino acid residue with R, and (f) substitution of -
Q that is the 105th amino acid residue with [53] The antibody according to [521, comprising the heavy
chain van able region shown Ar; SEQ ID NO: 4 and the light chain variable region shown in SEQ ID
NO: 10; [%4 'IdThgwanLieboid r.according to [52], comprising the heavy chain variable region shown in
SEQ ID NO: and thec‘ilg t chain variable region shownID NO: 12; [55] The antibody according to
[52]6[54] comprising aconstantyegion of a-human;antipady: :[56] An antibody cempyising at least one
substitution amino acid sequence of the heavy chain constant region shown in SEQ. ID NO: 31
selected frami(a) suhnstitidizen of 4 thatis¢he:151st amino acid resid with Q, (P) substitution of K
that is the 157th amino acid residue with Q, (c) substitution of R that is the 238th amino acid residue
with Q, (d) Substitutior:of: Drithat < thie 289t amino acid residue With E;Rn binding

region comprises the amino acid residues of the EU numbers 230,

2
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311, 314, 428, 435, 436 according to the Kabat
numbering;

347 The method according to {[29), wherein the antibody is an
IgG antibody;

I'35] The method according to [29]-[34], wherein the aminc acid
residue whose chargs is modified is ar amine acid residue

present Iin the constan the antibody;
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[36] The method according to [2%81-[34], wherein the amino acid
residue whese charge is modified ig an amino acld residue

pressnt in the heavy chein variaeble regicn or the light chain

[37] The method according to [36], wherein the antibody 1s an

antibody that comprisss a complementarity-dsterminin

Wy

region
(CDRY derived from a non-human animal, a Iramework region {FR}
derived from human, and a ceonstant region derived from human,
and wherein the modification in the charge of the aminc acid
residue is achieved by substitution c¢f at least cne amino acid
residue that can be exposed on the antibody surface in the CIE
or FR cf the antibody with an amino acild residus that has =a

~

charge different from that of the amino acld residue;
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(e) substitution of L that is the 241st amino acid residue with M, and (f) substitution of Q that is the
302nd amino Acid residue [57] An antibody comprising a heavy chain constant region shown r REQ
ID NO: 33; [58] The antibody according to [481-[57], wherein the antibody has a reduced content of
fucose attached to the Fc region of the antibody; [59] A composition comprising the antibody according
to [43][S8. and a nharmaoeutically acceptable carrier. [601 An anticancer agent comprising as an
active ngredent the antbady accordipg. 14C [HD) [61],The apticancer agent acegding to [60],
wherein, the cancer is liver cancer; [62] A nucleic acid that encodes a polypeptide of the antibody
accordingttge[4§}§1[§?]é [63]:A host cell comprising the hucleig acidaggokding to [62]; 1641 The host
cell according to [63], wherein the host cell is  fucose transporter--deficient animal ¢
fucosyltransferase-deleted-arimalcell; or amvaninnalcedl inawhichcanedmplex branehed sugar chain
modification is modified; 1651 A method for preparing an antibody comprising culturing the host cell
accordingted63] o¥{64}:and récoveinyga pélvoeptidefror the cell culture. BRIEF DESCRIPTION OF
THE DRAWINGS Figure 1 is a chart obtained from the differential scanning calorimetric (DSC)
measuremérit GFREHEFG2 21, §PuF 2 2.2 LU2:9) AntiBody-"° Eigtire 258 4t 8l€ttrophoretogram
of HOLD antibody and Hspu2 2Lspul.2 (Hu2.2Lu2.2) antibody in high pl isoelectric electrophoresis,
wherein lanes | and 4 show pi markers, lane 2 shows HOLD antibody, and lane 3 shows
Hspu2.2Lspu2.2 (Hu2; 21,2.2) antibody, where the numericalyajugs show:dpixalugs of the pi marker
molecules ‘and the arrows show the electrophoretic mobilities of the corresponding p1 marker
molecules;

i residue with

0
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o

(c) substitution of that 1s the 62nd aminc a

L
¢

=
i
ety

(d) substitution of K that is the 63rd amino acid residue with

(e} substitution of ¥ that is the €5th amino acid residuse with

o, and

() substitution of G that iz the 66th aminco acid residus witnh
Ly

and/or,

{2} at least one substitution in the light chain variabie
region shown in SEQ ID NO: 7 selected from:

(g} substitution of R that is the 24th amino acld residue with

oy

{h} substitution of ¢ that is the 27th aminc acid residue with

(1} substitution of K that is the 79th aminc acid residue wiﬁh
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Figure 3 is an electrophoretogram of HOLD antibody and Hspd1.8ispd1.6.8Ld1.6) antibody in low p1
isoelectric electrophoresis, wherein lanes 1 and 4 show pi markers, lane 2 shows HOLD antibody, and
lane 3 shows Eispd1.81lispd1.6 (Hd1.8Ld1.6 antibody, where the numerical values show the pi values
of tpl market molecules and the arrows show the electrophoretic mobilities of the corresponding pi ma
her molecules; Figure 4 is a diagram that shows the binding affinity of H15L4 antibody and HOLD
antibody for glypican 3 antigen in.competitive ELISA, wherein the black diamond refers.to the binding
affini.ty of%%tg I—?péfﬁtéﬁﬁtt)é f/“a%% t%e%%? s"qSugrlkéere?gr%%tog’[%égt%néﬁé&af%:i;tygog%uthteﬁgrl{&4 antibody;
Figure 5 i%:a diagram that shows the binding affinity of Hspu2.2Lspu2.2 (Hu2.21,u2.2) antibody and
HOLD antibody for glyp can 3 antigen in competitive FLISA, wherein the black diamond refers to the
binding affinity of.the HOLDantihody and the grey square tefets to the binding:affinity of the
6ispu2.2Lspu2.2 (du2.2Lu2.2) antibody; Figure 6 is a diagram that shows the binding affinity of
Hspd.1.8Lspdl.& (Hd1.8Ld.1.6) antibody and HOLD antibody for glypicar d antigen in competitive
ELISA, wherein the black diamond refers to tne binding affinity of the HOLD antibody and the grey
square reféf$ to fie birriing affiniey 6f the' Hspd L. 8L spd1'6 (d 1. 8T8y antibody™ - =Figure 7 shows
the antitumor activity of thke, HOLD qn@ipng/, I:!spuZ;gLspuz.g+(Hu#2.2%du2.2)oaﬁntibpd.y% and
Hspd1.61 P50 E BYEIG1E8Ed B) drftibddly N huntaif ifer EATcéranSIant molse model;  Figure
7A snows ét}(%ap{\/it%por 99“\4@1 81 ‘Lheel HOLD :antibody, Hspu2.2L(Hu2.2.Lu2.2) antibody, and
Hspd1.8Lspdl.6 (Hdi.ELdI.6) antfbbday in‘a human. liver cancer . transplant mouse modal when each
test antibogy was  adminjstered to themodel at a;dose-af-h mg/kgwherein-theiblack diamond shows
the activity for the administration of vehicle, the black triangle shows the.effectof the administration of
the Hspd1,8l:spcl 1.6 (Hd1.8Ld1.6) antibody, the white circle shows the effect of the administration of
the Hsbu2.2Lspu2.2 (Hu2 2Lu2.2) antibody, and the black square shows the effect of theistration of
the 'dna antiiody; o =t Rigure-78 shois: the: antiturher aéfivity ofthecHOLIQ aftibody: Hspu2.2Lspu?2 2
(Hu2.21,u2.2) antibody, and Hspd1.81,spd1.6 (HdI.BLdi.6) antibody in a human Liver
cancer-tramsplanEmouse model when each test antibody was administered to the model at a dose of 1

mg/kg, wherein the black di. amond shows the a,ctivityﬁfogg the adni eon of .
(¢} supstitution of R that is the Z3dtn amino acld residus

with ¢,
(d) substitution of D that 1s the 239th amino acid residue
with E,

that is the 241st amine acld residue

=

le) substitution of
with M, and

(f) substitution of Q that Is the 302nd amino acid residus

1467 The method according to [28], wherein the antibody
comprises a complementarity-determining region (CDR) derived
from & non-human animel, a framework reglon (FR) derived Ifrom

region derived from human, and wherein

(o
i
O

human, and a constan

kL

b

ct
®
O

the modification in nerge of the aminc acid resicue is
achieved by substitution of at least one aminc acld residue

that can bes sxposed on ths antlboedy surface in the constant
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vehicle, the black triangle shows the effect of the admi stration of the Hspd1.871,s0di.6 (Hd1.8Ld1.6)
antibody, the white circle shows the effect of the administration of the Hscu2 2Lspu2.2 (Hu2.2Lu2.2)
antibody, and the black square shows the effect of the administration of the HOLO antibody; Figure
8 shows the plasma concentrations of the antibody for the HOLO antibody, Hspu2.2Lspu2(H 2 2Lu2.2)
- antibody, and 6,spd1.8Lspd1.6 (Fd1.8Ldi.6) antibody in a human liver cancer -transplant mouse
model; Figure 8A shows the plasma concentration of the antibody for the HOLD antibody,
Hsbu2.2L 5t 3 HU2. 2162 3) drtitiody” and ﬁ%p%ﬁ%ﬁsop(?téctl-iroeffé%/fgﬁi.é)nﬁ‘ﬁtiti}g&y Administered to a
hiSran liver cancer-transplant mouse model when ea t antibody, was administered to the model
at a dose of fﬁée/kéf“w %réllﬁh“threygéc?(kot%an}gl'e éh%w%%ﬁ%soplgsr%% gt%%g%tgation of the
Hspd1.8Lspgdl;6kid1,8Ld16) antibody, the whitegirclgshows,the, plasma concentration of the
Hspu2.2Lspu2.2 (Hu2.2Lu2.2) antibody, and the black square snows the plasma concentration of the
HOLD antibody: = = + Figure=8k shows: theplasma €oneentratian of theant glay, ferthenHOLD antibody,
Hsou2.2Lspu2.2 (Hu2.2Lu2.2) antibody, and Hspd1.8Lspd1.6 (Hd1.8Ld1.6) antibody in a humanhe
cancer-trapsplant froudse mddelwhen eachateseantibody was administered to the model at a dose of 1
mg/kg, wherein the black triangle shows the plasma concentration of the Hspd1.813spd1.6
(Hd1.61.,d1%6) antitsody: theefrcleishows Hhe pfasma concehtrdfion‘oftheHspa2 2i%pu2.2
(Hu2.2Lu2.2) antibody, and the black square snows the plasma concentration of the HOLD a ibodv;
and Fi‘tﬁl'tli"él 9$hows the ADOC activiLy of test antibodies against HepG2 cells, a human liver
cancer cell line, wherein the black triangle shows the ADRS activity, by the Hspd1.8lsodi.6
(Hd1.813d1.6) antibody, the white circle shows the ADDS activity by the Hspu2.2Lsor2 2 (2Lu2.2)
antibody, apd-the-black square snows the ADDS activity by the HOLD antibody.  Figure 10 shows
the binding affinity of the HOLD antibody, Hd1.81,d1.6 antibody, ' LI4 antibody and Pr /pL16 antibody
for the antigen glypican:3 measuredrby a:competitive EETSA,amine acid residue

with ¢,
(dy substituticn of D that is the 23%th aminc acld residue
with K,

{2} substitution of L that 1s the 24%1st amino

3}
(1
5
Q
-
&
[&]
I
O
=
o

with M, and

302nd amino acid residue

rt
D

(£} substitution of @ that i1s

with E;
(427 The method according to {371-{411, wherein the antibody
has a readuced ceontent of fucese attached tce the Fo reglon of

the antibody;
[43] &an antibody prepared by the methed according to {29]-
[421;

(441 Th

(b

antibody according to [43], wherein the antibody 1s
an anti-glypican 3 antibody;

[45] Arn antibody comprising:

po
4

{1) a heavy chein variable reglon shown in 5EC ID NO:
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wherein the black circle shows the binding activity of the HOLD antibody, the white circle shows the
binding activity of the Hd1.81,d1.6 antibody, the black square shows the binding activity of the
pH7pL14 antibody, and the white square showsthe binding activity of the pH7mL16 antibody.

Figure 11 shows the antitumor activity of the HOLD antibody, pH7p1,14 antibody and pH7pLi6
antibody in a mouse model implanted with human hepatic cancer, wherein * shows the antitumor
activity of the HOLD antibody, the white circle shows the antitumor actjvig/ of the Hd1.8Ld1.6 antibody,

the black <tuare Shsws e antituror &8tvity of 11861215114 antibody; and the white square shows
the antitumor activity of the pH7pL 10 antibody. Figure 12 shows the plasma concentration of the
antibody fésrh%”etl“-”l' 'D nti ody, F 8ldle antibody, pH7pL1ody, pH7pL16 antibody and
pH7M85pL16 in.mice, wherein *shews the plasma.concentation-ofthe:HALD antibody;the white
circle snowsplasma concentration of the Hdl.8LdI.6 antibody, black square shows the plasma
concentration of the pH7pL14 antibody, the white square shows the plasma concentration of the
pH7bL16 antibody, the black triangle shows the plasma concentration of the pH7M85pL16 in mouse.
Figure 13 shows the %000 activity’ by HOLD antibody,*HdE. 8016 antibedys pH7{L, ¥48" Sand
pH7pL16 antibody against HepG2 cells, a human liver cancer cell line, wherein the black circle shows
the AD= aétivity by the HOLD antibody, the wh.ite circle the ADC activity by the Hdl. 8Ldl. 6 antibody,
the black square the ADCC activity by ;@e OH7pL14 antzi ody, and the white square the ADCC activity
by the pH7pL 167 tBody - “Eidure L4 &Rows the Binding affinity of the HOBO antibody, HOMS5LO0
antibody, pé—|7pL16 antibody and pH7M85p(i16 antibody for the antigen glypican 7 measured by a
competitivé EirlSA, wherein the black triangle showsbinding activity of the HOLD antibody, the black
square shows the.binding activity, of the ROM8SLQanjibady - shows-the binding activity of the
pH7pL16 antibody, and the white diamond shows the binding activity of the pH7MB5pLI6 antibody.
Figure 15 shows the ADCC activity by the pi-lip-LIB antibody and pR7M85p1126 antibody against
HepG2 cells, a human liver cancer cell line, wherein the white square snows the ADCC activity by the
PH7pLI6 antdody;rand.the: blacktfalghe:shows thesAprirtactivity sy e pH7MS85PELE aRftibo
DESCRIPTION OF THE PREFERRED EMBODIMENTS The present invention provides a method
of modulatiag theplasma kinetics of an antibody (e.g. anti-glypican 3 antibody). In a preferred
embodiment of the present invention, the method;comg);:i§es the modifiggtigg S|n ég% c@g&e of at least

[

one amino Atid regidbe tHat ¢an be Exposed on the suface 6fthe. *°

Dy

and/or

-t

(2} a Light chain variable reglon shown in 3SEQ ID NOG:
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2

which the amince acid seguence comprises at 1least ons
substitution selected from:

the 24th amino acid residue with
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(g) substitution of
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(hy substitution of ¢ that is the 27th amino acid residue with

(1) substitution of K that is the 79th aminc acid residus with

rhe 82nd amino acid residue with
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[

o
8l
it
L
w

substitution of
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S, and
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antibody (e.g. aglypican 3 antibody). That is, the plasma kinetics of an antibody (e.g. anti-glypican 3
antibobe modulated by modifinna the charge of an amino acid residue in the antibody-to cause a
change in the isoelectfpoint (p1) thereof. The antibody (e.g. anti-glypican 3 antibody) having
modulated plasma kinetics is able to exhibit an antitumor activity on cancer cells that is superior to that
of the unmodulated antibody. = Among tt several antibody isotypes, the principle metabolic pathways
of the 1gG antibody do not proceed via renal excretion due to the suffici_entI}/th h molecular weight of
the 1gG antiB015* T He Tyt Hritiboty" wHiH cohtaii§ toe F&redion &s™ part'ofits molecule, is known to
have a long. in vivo half-life due to recyclino by a salvage pathway mediated by the neonatal Fc.
receptor (&5Rﬂ)’ Which is expressed by endothelial cells in, for example, the vascular system. It is
thought thay the IgG antibody.is metabolized mainly by metabolic-pathways inendothelial cells (Xu T.,
Melrose J., Mullowney A., Vasquez M., QueenVexier V., Klingbeii C., Co M. S., and Berg K. L.,
Humanization andspharinagokingtics af @ monoctonalantibedy with speeificity for: botty 5- and
P-selectin, J. limunol. (1998), 160(2), 1029-35). That is, it is thought that the IgG antibody is recycled
through bindingto the FORn of I0G antibody nonspecifically taken up by the endothelial cell, while the
IgG antibody that cannot be bound is metabolized. IgG antibody having the Fc regidn modi.fied to
lower the biAding &étivity-t6>FeRméxhib e SRorter halfllife 7YTHe plastia’ ¥ cofftdst, the plasma
half-life of the 19G antibody can be increased by modifying amino acid residues copsfituting the Fc
region of the' Td& antibBdy- 8o dstolincredse the' binding activity 1 Forn (6 X. Y., Xir'z., Melrose J.,
Mullowney@.,y,@sqqe,z M., Queen C., Vexier V., Klingbeil C,, Co M. Si, and Berg E. Humanization and
pharmacoR"lﬁeth:sl of 2’ monoclonal antibody with specificity for both E- and 9-selectin, J. Immunol.
(1998), 160(R); 1029-35:-and LinksObetR ], Radu CE, Ghete \uiard ESifferences,in promiscuity for
antibody- interactions across species) implications for therapeutic antibodies.Laindnal. (2001) 13(12),
1551-9). Asgdeseribed: above, theiknown methodssiop madulating the plasmaikinetics.ef the 1gG
antibody i.nvolved modification of the binding activity to FORn by modification of amino acid residues
constituting the. Sclregien.. Spesificvexampléglofithedabove amino acid residues include the amino acid
residues H250, H253 H310, H311, H314, H428, H435 and H436, according to the Kabat numbering. In
addition, thef&mind-acid Fésiftes 154 H255 “F267> H288 4296 HB07 #1369, H315, H415, indirectly
involve the interaction between IgC antibodies.and FoRn, were thou it to_be thet; farget fglr modification.
These amifidatitl FesidtesTorresgdhd'ts; 1or ekampte, the 130,133, 100, 19T, 194, 308, 315 and
316th aming acid.residues, and the 134, 135,137, 168, 146, 187, 189, 195, 295 and 313rd amino acid
residues in@Ebﬁ%?T\l&%%fgg vﬁélfggg the 133° 1‘:%6,%1%93,]21921, 197, 311, 316 and 319th amino acid
residues and the 437, 138,149, 171:479: 190, 192, 198, 298 anch316th amino @sidcant

region of & human antibody;
[517 The antibodv according toc (501, wherein the constant

region comprises a sequence shown in SEC ID NO: 32 oxr SEQ 1D

)

= .
-

NC:

&

{527 An antibody comprising:
{1} & heavy chain variable region shown in SEQ ID NO: 1 in
which the aminc acid sequence comprises at least one
substitution selected from:

{a) supstituricn of © that is the 43rd amino acid resiaue with
Kr

(b} substitution of I that is the 52nd aminc acid residue with

-2
23



residues in SEQ ID. NO:31, respectively. However, as shown in the examples provided below, it has
now found by the present invention lat the plasma half-life of an antibody (e.g. antiglypican 3 antibody)
depends on the pi dfh. a high correlation. Thus, it is now shown that the plasma half-life of the antibody
(e.g. anti-glypican 3 antibody) can be modulated without mo ifyina 'the amino acid residues constituting
KoRn binding region, whose modification would invoke the immunogenicity, in particular the amino
acid residues H250, H253, H310, H311, H314, H428, H435 and H436, as well as H254, H255, H257,
H28.8, Hf%,ﬁ‘ﬂ%?, H309, H315, H415 and H433 according to the Kabat numbering. It was also a
surprising result that the modification in the aming acid,residyes other than 259, H253, H310, H311,
H314, H428, HA35 ard 16436, as well as H254, H255, H257, H288, H296, H307, H309, H315, and
H433 exhibited a,decrease in the pi value and change in the biding activity to FoRn.  While not
wishing to be bound to a particular theory, present inventors hold the following view at the presen time.
The rate of p@nspecific uptake of the IgG antibody by endothelial cells is thought to depend on
physicochemical Coulombic interaction between the IgG antibody and the negatively charged cell
surface. itlstheseforgithought that decredse {ingrease)inthe Codlbbid interaction by lowering
sing) he pi of the IgG antibody may cause decrease (increase) in nonspecific uptake by the endothelial
endothelial eelt tesiited iH fite Modulafigh O Plasiiaiinétics. As ti5&d 'hetm, "decreasing the
Coulombic interaction” means an increase in the Coulombic forth as expressed in a repulsive force.
Since Coufdmbic-fiterattion between the Ahtibody and the cell surface negative charge of the
endothelial cell is a physicachemical interactions believed that , eregtion does got primarily depend on
the amino écid sequence per se that constitutes the antibody.roiro e, the method of modulating the
plasma kinetics discovered present invention can be broadly applied to any antibodies or anto glypican
3 antibodies but not limited to only a specific antibody or anthglypican 3 antibody. =~ When an I1gG
antibody is;used asdhedntibedy (e:goanti=g ypican-2 antibady)rof-thezpresent invention, any subtype
may be used as long as it is an IgGetype antibody molecule. A bispecific IgG antibody may also be
used. Wheh, thenantibody (e.g. anti glypican 3 antibody) of the present invention is a bispecific
antibody, the antibody can also specifically bind both the correspondino antigen (dlypican 3 molecule
in the case!éf a iegI§picart 3 &ntibody) Eiti-art epitbpe Sther i irratiantigert EotExample, in order to
recruit NY cells, cytoto ¢ T-oells, LAY cells, and so forth, a surface antigen that specifically binds to
"these cells“ﬁ15§7 be suitably used as another antigen. It has been shown that cytotoxicity by LAN cells

is exhibited[ against bile duct cancer using a bispegifde antigady: produced.from.the MUSEII antibody

recognizing MUCT (an adenocarcinoma-related antigen), and OKT3 antibody recognizing LAK cell
‘surface antigen (Katavose Y.,.Kude T. -§uzuki;V., Shineda M., Saijye:S:SakurakN., Saeki H.,
Fukuhara K., Imai K., and Matsunc S., MUCK-specific targeting immunotherapy with b specific
antibodies:dnhihitien of xenegrafted humanbile dutt carcingma growth, Cancer Res. (1996) 56(18),

4205-12). The antibody (e.g. a fnegivpican 3 antibody) having improved plasma kinetics of the present
(54] The antibody according to [5Z], comprising the heavy

chain variable region shown in SE¢ ID NC: € and the light

&8
D
bt

chain variable region shown in SES D NO: 1Z;

[55] The antibody according te [521-[54] comprising a constant
region of a human antibody:
i36] An antibody comprising at least one subgtituticn in the

aminc acld ssguence of the heavy chain constant region shown

in SEQ ID WNO: 31 selecied from:

h

{a) substitution of H that is the 151st amino acid residue

[

with ¢,



invention can be suitably used in place of the =Ell antibody recognizing MUCI. In addition, ar ibody
that recognizes different epitopes of the antigen to which the antibody binds (glypican 3 molecule in
the case of an -glypican 3 antibody) can also be suitably used as the bispecific antibody (e.g. an
-glypican 3 antibody) of the present invention.the case of low molecular weight antibodies for which
renal excretion is the main metabolic pathway, such as scFm and the plasma kinetics of such
antibodies cannot be modulated by the pl as described above. However, the present invention can be
applied to dhy &vtisody-Hotéultype’ifitis ah Fé-oupled priteittict wiichTénaléxcretion is not the
main metabolic pathway. Examples of such molecules include sof-Ai-Fe, dAb-Fc and Ec fusion
proteins. dinés the main metabolic pathway of these molecules is not via metabolism by renal
excretion, g@% plagmaet ¢s of these malecules.can, be medulated by changing thepf according to the
method of the present invention. Antibody-i. _Joe moleculesincluded in the antibody molecules
envisaged, hy- the-invention. Antibody-like molecules are molecules that function by binding$S to a target
molecule (Binz H. K., Amstutz P., and Pluckthun A., Engineering novel binding proteins from
nonimmunoglobulirsdamairis;Nat: B:otschaol 5(2005) 23{10),40257:68);iahd examples include
DARPIns) Affibody, and Aylmer. term "moduated plasmaa" as used herein means that the plasma
kinetics aré¥iodiied in a desired direction when the plasma kine cs of the antbodl after modification of
the amino an s constitu ing the antibody ( .g a i-glypican 3 artmhody are c‘omEa_re?o[ with the p asma
finetics of the’ aftisdy bHmbF To foaifdatior when itis desiredTo ifcrdase the pid&ia half-life of the
antibody (e .g. a Iypig@ 3 antibody), "modulation of the plasmanetics" refers to an increase in. the
plasma hah‘-“’l??g og’thé1 antibody. When it is desired to decrease the plasma half-life of the antibody (e.g.
anti-glypican 3 antihady).,.imodulation of the plasma kinetics refers jo decrease Ja the plasma half-life
of the antibody. Whether the plasma kinetics of the antibody (e.g. antiglypican 3ibody) of the
present inventionhave been modified indesired direction, that is, whether the plasma

[57]1 An antibody comprising a heavy chain constant region

~
<.
~r

{2

shown in SEQ ID NO:
[58] The antibody according to [451-{57j, wherein the antibody

has a reduced content of fucosge attached tTo the

(597 A ceomposition comprising the antibody according to [45]-
587 and a pharmaceutically acceptaple carrier.

501 An anticancer agent comprlsing as an active ingredisent
*he antibody according to [4531~[581;

[61] The anticancer agent according to [60], wherein the

cancer is liver cancer;

(627 A nucleic acid that encodss & polypeptide of the antibody
according to [453-158];

7621 A host cell comprising the nucleic acid according Lo

- T
L« ]y

(641 The host cell asccording to [63], wherein the host cell isg



s have been modulated as desired, can be appropriately evaluated by pnarmacokinetic tests using, for
example, mouse, rabbit, dog, monkey, and so forth. In addition, an "extension of the plasma half-life"
or a "decrease of the plasma half-life" as used herein may also be comprehended via parameters
other than the plasma half-life parameter, such as the mean plasma residence 4- e and the p a ma
clearance (Fharmatokinetics Analysis by Practice, (Nanzando)). For example, the "modulation of the
plasmakinetics" according to the Present invention can be suitably evaluated with these parameters by
carrying olit NBRESMpartmBRtal analysis according to the inStraétidhs accompanying the WinNonlin
(Pharsight) in, vivo ;%rrl%ng@g%iggyg 2nalysis software.. . .  The phrase.'amino.acid regidue that can be
exposed on the durface” as used herein generally denotes an amino acid residue that resides on the
surface of the polypeptide constituting.theantibodyr(e.g. antd: pican:3 antibedy)dEhe phrase "amino
acid residue that feson the surface of the polypeptide" refers to an amino acid residue whose side
chain can cepie mta<contactiwithsodvent:molecules: (typically water : jpie des)u Allofitsiside chain need
not come into contact with solvent molecuies If even a portion of the side chain of an amino acid
residue comes mtetcontact withsolent raolecules,Sudrf amifd acks Fesidueris considered to be an
amino acid residue that resides on the surface. Those skilled in ne art can construct a homology model
of the pob¥peptite bt aftiboeY usific tommercially dvailable homology modeling software. Based on
this homology modal, amino acid residues on the surface of the polypeptide constituting the antibody
(e.g. anti-glypican 3 antibody) can be appropriately selected as an "amino acid residue that

resides..on the surface of the glypeptide’... - .-1hg,"aming.acidsesidye that can be exposed on the
surface" is not particularly limitedTnthe present invention, DUt iS preferably an amino acid residue
residing outside the FeRN-binding region ofithe antibody(e.g.rantkgsypicansdial ody). The FoRn
binding region is preferably the Pc region, but also include, for example, a region consisting of one or
more amingacid residuescd2b0 ) H25 3| H31:0 5344 H428) H435 and H486 actording-to the Kabat
numbering. In addition, the amino acid residues H254, E255, H257, H288, E296, H307, H309, H315,
H415, H438iwhightiridirectirinvioivithe interaction between Igo antibodies and FcRn, were tflought to
be the target for modification. These amino acid residues corresgopg to, for examglﬂeﬁ,. the 130, 133,

190. 191. 194. 308 gure Z ig an electrophoretogram of HCLO antibody anc

HspuZ.Z2Lspul.? (HuZ.2LuZ.Z) antibody in high pl iscelectric
electrophoresis, wherein lanes 1 and 4 show pI markers, lane 2
shows HOLO antibody, and lane 2 shows HspulZ.ZLspuZ.Z
(Hu2.2Luz.2) antibody, where the numerical. values show the pl
values of the pl marker molecules and the arrows show the

elecC

mobilities of the corresponding pl marker
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moleculies;

Figure 3 12 an electrophoretogram ci HOLO antibody and
Hspdl.B8Lspdl.6 {(Hd1.8Ldl.6) antibody in low pl iscelectric
electrophoresis, wherein lanes 1 and 4 show pI markers, iane Z
shows HOLQO antibody, and lane 3 shows Hspdl.BLspdl.c
(Hdl.8Ld1l.éy antibody, where the numerical valuss show the po

values of the pl marker molecules and the arrows show The

1)

electrophoretic mobilities cf the corresponding pl marker
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and 316th amino acid residues, and the 134, 135, 137, 168, 176, 187, 189, 195, 295 and 31! 3rd
amino acid residues in SEQ ID NO0:30, as well as the 133, 136, 193, 194, 197, 311, 318 and 319th
amino acid residues and the 137, 138, 140, 171, 179, 190, 192, 198, 298 and 316th amino acid
residues in SEQ ID NO:31, respectively. The amino acid residue to be subjected to charge
modification in the antibody (e.g. anti-glypican 3 antibody) according to the present invention is
preferably an amino acid residue constituting the heavy chain (H chain) variable region or the light
chain (L cHavériabléTégion of the antibody. Preferred specific examples of these variable regions are
the complementarity-determining region (GDR) and framework re%;%gr(gRgfﬁ nI@g‘;scg,)iskilled in the art
can appropriately select a surface amino ama residue in the antﬁ)o y's Variable region based on a
homology made) built by homology:madeling; Thus, a;surface amino acid gsidye;in the antibody's
variable region can be suitably selected from H1, H3, HS, H8, H10, H12, H13, H15, H16, H19, H23,
H25, H26, 39.:342,:1H43:H44: H46, HE8nHT e HY2; 4473 :H#ABnH 76¢ H81s H82k1E183, H85, H86,
H105, H108, 11110, and H112, which are amino acid residues according to the Kabat numbering. For
example, ik the &#R of fife humyarizedantiCL0 ganPadtibedy: heavy chain shewrkin StIQ 7D NO: 7,
the surface amino residues may include, but not limited too the amino acid residues at positions 1, 3,
5, 8, 10, 12,813,716, 19,108, 251961139242 435 14746769, 7273741 76°82785, 87, 89, 90, 107, 110,
112, and 714. A surface amino acid residue in the heavy chain CDR can alsq be selected using the
same homology Mot “Thus;“H87 “aR Atho-aéid r%%?d‘yljse 56Corting 16 thé Kabat nlimbering is
exposed at the surface for almost.all.antibadies, For example, the serine gt position 101 in the heavy
chaln CDR 6f" t‘F?e' éﬁrsri%?wfigd éﬁ%l)%%i‘é%h%?) aﬁib%?%h%v%r? irg}gﬁ%C T!g “I\llfj:&%cgﬁgsponds to that
amiho acidresidue. Suitable examples of ather -amino-agid resigues-n.the-heavy.efain CDR of the
humanized anti-glypican 3 antibody shown in SEQ ID NO: | are the amino acid residues at positions
52, 54, 62,63::65:antk66-c -Withheespect tathe dight chainER; surfacecaming acidresidues in the
antibody's variable region can be suitably selected from LI, L3, 17, L8, L9, Lil, 112, L16, L17, L18, L22,
126, L39, 18t L2 Laod3: 4 45746 179, 427 160,165, 166: 1662 L 69;: 170, ¢7: =76, L77, L79, L8O,
L81, 1,65, L100, L103, 1105, L106, and L107 of amino acid residues according to the Kabat
numbering FEB# éxamiite Zsdrfadé anfind-acids fay-rrctide, but not limited to, 1, 3, 7, 8, 9, 11, 12, 16,
17, 18, 20, 22, 43, 44, 45, 46, 48, 49, 50, 54, 62, 65, 68, 70, 71, 73, 74, 75 Zggﬁgﬁ§%ﬁ§4,85,86,90,

Bl GUTEL £im diagtan ohds dhowgs the' pihdihg &LIIniE
105, 108, 110, 111* GHF112 B thie hunfanizeddiypicaly 3 antibody sfiown
Hspdl.8Lspdl.6 (HdL1.8Ld1.6) antibody and HOLO antibody for
gilypican 3 antigen in competitive ELISA, wherein the black
diamond refers to the binding affinity of the HOLD antibody

and the grev sguare refers to the binding affinity of the

e

Hepdl.BLepdl. 6 (HALl,.BLal.é) antibody:

Figure 7 shows the antitumor activity of the HOLOD
antibody, HspuZ.2Lspu2.2 {(HuZ.2LuZ.2) antibody, and
Hspdl.B8Lspdl. 6 (HJL.BLdAl.6) antibody in & humarn liver cancer-
transplant mouse model;

Figure 7A shows the antitumor activity of the HOLO
antibedy, HspuZ.ZLspulZ.Z (HuZ.2LuZ.2Z; antibody, and
Hspdl.8Lspdl.& (Hdl.8Ldl.é; antibody in & human liver cancer-
Transplant mouse model when each test antlibody was
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in SEQ ID NO: 7. Surface amino acid residues in the light chain CDR can be selected using the same
homology model as the homology model with which the surface amino acid residues in the-heavy
chain CDR were determined. Suitable examples of amiIno acid residues in the CDR of the humanized
Ati-glypican 3 antibody light chain shown in SEQ ID NO: 7 are th.e amino acid residues at positions
24, 27, 33, 55, and 59. Tie term "modification” in an amino acid residue in the method of the
present invention specificallg/ denotes, inter gliq, sub%titugon of a;\korigiQQLaénjjnotargéa residue with
another amiffd- atit fegidue’ deletich ofan Briginal” amino atid fesidte, and addition of a new amino
acid residue, and preferably. indicates the substitytian of an,origipal. aming, acid residue with another
amino Solo reS|due.aﬂ'1us, “modification in the charge of an amino acid residue” in the present
invention isoreferably an aming acid; substitution,,s - :ouderde-cagry. 0wt "modification in the charge
of an nino acid residue" on the anti-giypioan 3 antibody of the present invention for example, the
charge is preferably redifiedfor at deastane amineacid residuéiselected:fromctheyamino a ic residues
at positions 19, 43, 52, 54, 62,65, 66, and 107 in the heavy chain variable region constituting the
humanized anti-glypican. 3cairtibodyshovn in SEQHDNC: A additicn theséhargeds préferably
modified, for example, r at least one amino acid residue selected from the amino acid residues at
positions B4 F78R50 79782 -108'and 1 F2' i e fight®éhain Varfabfé redi®oit tonstituting the
humanized anti-glvpican 3 antibody shown in SEQ ID NO: 7. Among the amino. acid residues listed
above, amﬁ%‘ﬁﬁidgé’siaaég%Eth th%{}]eth%%nélrpﬁbsél%ﬁéa& in'its CcD:haFgRee nleyéjdihoat e %)oéiaiﬁed as long as
the desi:red modulafing effect on the plasma kinetics is, being: obtained; however, such amino acid
residues may conveéntionally modified so as to have no charge or to have the same type of charge as
the modified, aming.residue(s)..1,s Charge-hearing.amino acids:aseknowsito be present. In general,
lysine (K), argi n (R), and his dine (H) are known as positively charged amino acids. Aspar(D) and
glutamio agig(E) ane-kaown asinegatively chargedsamineracids:uithe dmiro acidsether than these
are known as the uncharged amino acids. Preferably the aforementioned "modified amino acid
residue” is ‘comventiomallysetectedfeomy ber not dimitet-to, ¢ AhTiAB atid residues present in either of
the following groups (a) and (b). (a)rygmiju‘_ amic acid (E), aspFargiorggi/dng) ®) ivse (K bgrgin ne (R), and

. it St to th 1 at ( ge whereln
msndme(kﬁaﬁ;nﬁsLered to the del at a ao o 1

op
black diamond shows the activity for the administration of
vehicle, the black triangle shows the eifect ol the
administration of the Hspdl.B8Lspdl.6 (Hdl.8Ldl.&) antibody,
rhe white circle shows the effect of the administration of the

LuZ.2) antibody, and the plack square

N

HspuZ.ZLspuz.2 {BuZ.

he administration of the HOLO antibody;

)

shows the effgct of

Figure B shows the plasma concentrations of the antibody
for the HOLO antibedy, HspuZ.ZLspuZ.2 {HuZ.ZLuZ.2; antibody,
and Hespdl.B8Lspdl.6 (Hdl.8Ld1.6) antibody in a human liver
cancer-transplant mouse model;

Figure §A shows the plasma concentration oI the antipody
for the HOLO antibody, HspuZ.2LspuZ.Z (HuZ.2Lu2.2) antibody,
and Hepdl.8Lspdl.6 (Hd1.8Ldl.®6) antibody administered to a

humar liver cancer-transplant mouse model when cach test
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When the original (pre-modification) amino acid residue already bears a charge, modification so as to
provide an uncharged aminc acid residue is also a preferred embodiment of the present invention.
Thus, modification in the prese invention encompassessubstitution of a charged amino acid with an
uncharged amino acid, (2) substitution of a charged amino acid with an amino acid bearing an
opposite charge, and (3) substitution of an uncharged amino acid with a charged amino acid.
Modification of an amina acid residue constituting the antibody (e.g anti-glypic .antiboso as to
change thé'isoéléctric Sginat%ﬁi?:b? the g%ti%8d§ ?se pIFI(f:-DfC{e?r'ed&fbrgtheg %?ésegr% i”’nv%é%gé%g In addition, in
those instances where a plurality.of;aming.acid residues will be medified, the amino.acid residues
subjected to modification may include a small number of uncharged amino acid residues. Suitable
examples of, the; smedification insthesehargesof.an aminowacid residuelin tie aidglypican 3 antibody of
the present invention are as follows. With regard to a modification that increases the pi value, for
example, atleast ohe substitationsetected from Q43K D52 andQ1075-ih the heavy chain variable
region constituting the humanized ant -glypican 3 antibody shown in SEQ ID NO: | can be made, and a
modificatiofite’ the-armiRd adid SeeiencasShowit ik SEC IBNO 4 661 paftiulady Préferred. In
addition, for example, at Ieasgcone substitution selected from 517Q, .Q275, and Q1058 in the light
chain varigble T8giorf con&tiftiting the tuithafizet afti-can 3 antibody shown in SEQ ID NO: 7 can be
made, and a modification 19 the aming acid.seguence shown in s81Q ID NQ: 10.ar,12.is particularly
preferred. With rg§§P¢ Vonélt:hes other h”aihned,g[é%ﬁrﬁaoﬂf?g%?&brtadé(g%%es%e p%i%allfizo,%ét'least one
substitution selected;fram KioT,:Q43E, 0626, K635,K65Q. @nd G66D in the heavy ghain variable
region constituting the humanized anti-glypican 3 antibody shown in SEQ ID NO: 1 can be made, and
modificationthe @gpino.acidsequence:shewn in 85Q 9D NEX:3,15: 0k 211 is particularly preferred. In
addition, for example, at least one substitution selected from 524Q, Q27E, {79, RS2S and K1125 in the
light chain wvariable  regiosrcenstituting thexnamanizeo amtoiglypiean Bantivedy shown in SEQ ID NO: 7
can be made, and modification to amino acid sequence shown in SEQ ID NO: 9" 28 or 29 is
particularly2prefefrade Tis addition theirsdification tRaE deéreasts the piWafié sisdfiitlude substitution
of one or mare aming acid residues in the heavy chain constant region_designated by H268, H274,
H355, 193562H558"aid H41F ACESrdiRg 16 1HE Kabat Humbéfng “Preferred examples of substitution is
at least on modification in the feavy. chain constant fegion siownyin. SEQUID NGy, 3 Includes, for

example, substitution of that is st amino acid residue with Q, substitution of that is the 157th
amino acid.residue with Q,.substitution-of thatisdhe238th-amine-acid residue walh;Q, substitution of

antibody, and the black sguare shows the plasma concentration
of the HOLO antibody; and

~

Figure 9 shows the ADCC activity of test antibodies

E—y

against HepG? cells, a human liver cancer cell line, whereln

the black triangle shows the ADCC activity by the
Hspdl.BLspdl.6 (Hd1.8Ldl.6) antibody, the white circle shows

the ADCC activity by the HspuZ.ZLspuZ.Z (HuZ.2LuZ.Z) antibody,

ctivity by tThe HOLC

4]

and the black sguare shows the ADCC
antibody.

i

"igure 10 szhows the binding affinity of the HOLO antibody,

(i

Hdl.8Ldl.6 antibody, pH7pLl4 antibody and pET7pLle antibody for

the antigen glypican 2 measured by a competitive ELISA,
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that is the 239th amino acid residue with E, substitution of 1, that is the 241st amino acid residue with
M, and substitution of Q that is the 302nd amino acid residue with E. The above substitution resulted in
a chimera of the constant region of IgG1 and the constant region Of IgG4 of a human antibody. Thus
such a substitution allows forparat on of a modified antibody wtt a des ed pi value without affecting the
immunogenicity of the antibody. There are no particular limitations in the present invention on the
number of amino acid residues subjected to modification; when, for example, the variable region of
antibody i€ belify-iddified; pretefably the TORES Alfber 6t amino adid residlies nécessary to achieve
the desired uadulated plasma kinefics is modified. In graet fo avoidiowering the bindpg activity to
.anticen and in order to avdid raising the immunogenicity. It may also bé suitable to implement a
suitable combinationan.aming acid,residue modification that-causes,a decling:indrwgunogenic v and/or
an amino acid residue modification that causes an increase in the binding activity to antigen.

Known techniquas ¢an be:usedHogneasure:-thecantigem binding-activity Of thecantibody. For example,
enzyme-linked immunosorbent assay (EL S ), enzyme immunoassay (=A), rad o munoassay (RIA), or
a fluorescents immuhoassay-can be used.'Ehese’ methods are@éscribed in a common textbook,
Antibodies:oratory Manual, Ed Harlow and David Dane, Cold Spring Harbor laboratory, 1988. The
methods describéd B fages I58't 426 ot Antiboties: Aa b atory Mandal{Ed Harlow and David
Lane, Cold Spring Harbor Jaboratory, 1988) are examples of methods that can be used to measure an
antibody'saﬁi‘rfdiﬂgdé/(fti\ﬁ§7 Bcells® The bindirg activity miay B& evaluated based on a SACS
(fluorescence; activated cell sorfor FLISA Frindiple using the cells as ap.antigen, Ig the £LISA format,
an antibodr)r}'saﬁi—ndlng activity to cells i4 quantitatively evaluated by comparing the signal levels
generated by.an ghzymatic;reactiop: Thus, adest antibedyis added.ta an-FEISA plate on which th
over-expressing ce s have been immobil zed and the antibody bound to the cells is detected by an
enzyma-labeledsacineoythat recagnizes the testantibody: In the taseafEACSy the binding activity to
cells can be compared by constructing a dilution series with the test antibody and comparing the
antibody binding titers=for theér overexpressing wells. actBhading betweerAncantigen expressed on the
surface. of cells suspended in a buffer and not anchored on a carrier (such as an ELISA plate) and an
antibody fot'this°antigerF8an Be nidas-&d BiHheSACE format. Eldw Gidme ¢ sUsedin"such
measurements may include FACSCantom I, FACSAriaTM, FACSArrayTm, FACSVantagerm SE, and
FACSCaliButtM (alf from BD Bidscience)

Figure 17 shows the plasma concentraticn ci The antibody

t

r

for the HOLC antibody, HdJL1.B8LdI1.€ antikbody, pH7pLld antibody,
pH7pLl6é antibody and pHTMEDSPLIE in mice, whereln * shows the
cle

plasma concentration of the HOLO antibody, the white ci

b
4

ot

shows the plasma concentration of the HdAL.E8LdL1.6 antibody, the

14

=
O

P
£

black square shows the plasma concentration he pHTP

ot

antibody, the white sguare shows the plasma concentration of
the pHTpLlé antibeody, the black triangle shows the plasma
concentration of the pH7M8O5pLlé in mouse.

Figure 13 shows the ADCC activity by HOLO antibody,
Hdl,8Ldl.6 antiboedy, pHTpLld antibody, and pHE7pLld antibody
against HepGZ cells, & human liver cancer cell line, wherein

the black circle shows the ADIC activity by the HOLO antibody,



and the EPICS ALT RA HyPerSort, Cytomics SC 500, EPICS XL-MCL ADC, EPICS XL ADC) and Cell
Lab Quanta/Cell Lab Quanta SC (all from Beckman Coulter). In an example of a suitaile method for
measuring the binding activity of a test anti-glypi an 3 antibody to an antigen, the test antibodyreacted
withcell expressing glypican 3; the cells are stained with an FITC-labeled secondary antibody that
recognizes the test antibody; the fluorescent intensitymeasured with FACSCalibui (BD) and analyzed
using cFLL QUEST. software, (ER), Agcording 1g this mefhod, Ihe [gstantibody.baynd fg the glypican 3
on the surface of olypican 3-expressing cells’is stairned by FITC- labeled secondary antibodya
specifically recognizes the test antibegy;cand the; fuorescet-ntenstiiz measwred by FACScalibur, then
the geometric mean value (test geo-mean value) obtained by analysis of the resulting fluorescent
intensity is:eempased with-the;centokgeosmean yakterobtaimed from arcantial antibody-ysing the
CELL QUEST software The computational formulas that yield the oeo-mean value (geomec mean are
described in thé' CElde QUE STcSeftware Uset'srGuides(BD Biosdiences)y! In braerttocavoid increasing
the in Mitt) immunogenicity for the human receiving the antibody, the modified amino ac.id sequence
is preferabif Batnotihited 15, ahufian Setjtiehtet8ealiened deerrin-a naturalljotctiring antibody of
human or dgTin). In addition, mutations_can. be Sliitab% introduced at locations other than the

modifications inftfodueed (6 charge the Ts6eisctric point s6°aS To modify each of the plurality of FRs
(FR1, FR2, B3 FRAL It A human sequence. A methodhal copvers gaah obthe FRs nto a human
sequence In. this manner is reported by Ono K., Ohtomo T., Yoshida K., Yoshimura Y., Kawai S.,
Koishihafaﬁ‘ém%%lﬁii%@&}o,sa&%el\/lmkagu;%Q/@eMs,hm% humanized:anfi-EM1-24-antibody effectively
kills multiple myeloma cells by human effector cell-mediated cytotoxi ' y, Mol. Immurso7. (1999) 36(6,
387-395. Inreddition; in order tachange thedseelecticopaint of the-antibody éach of the FR sequence
may be converted to another human- FR sequence in order to change the charge of a particular FR
(for. example? FR3 nray:be exchangedowithvanothe charamcFRAAvGTdel fo fower the isoelectrin point of
the antibody). Such a humanization method is reported in Dall’Acqua W. F., Damschroder M. M.,
Zhang J., WoobsRY M fanr@l WaH! SArtioddyP Riratiization by framework shuffling, Methods (2005)
36(1), 48-60.

Figure 15 shows the ADCC activity by the pHY/pLlé antibody

and pHTME5pLlé antibody against HepGZ cells, a human liver

-

cancey cell line, wherein the white sguars shows the ADCC

activity by the pHTpLle antibody, and the klack triangle shows

“he ADCC activity by the pE7MA8LpLlEé antibody.

DESCRIDPTION OF THE PREFERRED EMBODIMENTS

The present invention provides a method of modulating the
plasma kinetics of an antibody (e.g. anti-glypican 3 antibody).
In & preferred embodiment of the present invention, the method
comprises the modification in the charge of at least one amino

1 =

acid residuse that can be exposed on the surface o

-ty

th

0

antibody f{e.g. anti-glypican 3 antibody). That is, th

4]

wlasma
kinetics of an antibedy (e.g. anti~glyplcan 3 antibody; can be

modulated by modifyving the charge of an amino acid residue in

]
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In those instances where the desired modulated plasma kinetics are not achieved by a modest
modification of the surface charge, an antibody (e.g. anti-glypican 3 antibody) exhibiting the desired
modulated plasma kinetics can be suitably obtained by the repetitive execution of surface charge
modification and evaluation of plasma kinetics. The plasma kinetics of chimerio EP507.94, a
chimeric ant E, P-selectin antibody (10G4), have been compared with those of HUEP5C7.g4, a
humanized antibody. (Ocﬁq and theutvgo yvgrpaghgwp lo h“agyeitglggs‘a}nmg g!gsm& ki“_net‘(icsi in the rhesus
monkey (I—Tlélx.a\f.,“%ﬁ ¥ MeIr6se I, Muliownsy A. Vasquez M., Queen &, Vezief V., Klingbeil C., Co
M.S., andt%%!;lym%wéagggi%gh@wgcoam&éﬁﬁﬁ@mo@%ﬁm' dy-with specifibity for both
Ee and P-selectin, 3. Immunol. (1998)160(2), 102H-35). In additDson, the plasma kinetics of ch5d8, a
chimeric anti-0D 154 antiboglys havedreen compared with those of the: humaniced antibody Hus, 8 in
cynomolgus monkey and the two were shown to have the same plasma kinetics (Gobburu J. V.,
Tenhoor GsRoggeMoC. o Erazier Be E.JrtiEhomasDy Benjamin C.hHessiDz M, and Jusko W. J.,
Pharmacokinetics/dynamics of 5¢8, a monocl onaw antibody to 0D154 (0040 ligand) suppression of an
immune responselinThonkeys 3 Pharmaco7. Exp. Then. (1998) 286(2), 925-30). The plasma kinetics
of the ohimeric antibody c0049 were shown to be the same as those of the humanized antibody
Hu0249 in mice (RASHMV. SSRE TS Padfdn £° ALY NHERICB *E:, S&HiofiT 37 Aritt land P. H., Generation,
characterization, and in vivo studies.of humanized anticarcinoma antibody 0049, HyPridoma (1995)
14(5), 461{%:)? alelpcla%“?‘n'“a8 kinetics and distribufion %)?Cr}%gusdg)aﬁﬁbogy and humanized antibody were
shown to he.the same in evalyationsin.mice. (Graves.3. $., GOSROHYLSe B 2,rStang;0-M., Axworthy
D. 2., Reno C. M., Bottino B., Searle S., Henry A., Pedersen J., Rees A. R., and Libby R. T., Molecular
modeling and preclinical avaluation of the humanized NR-LWr13-antibedy, Giin Gancer Res. (1999)
5(4), 899-908; Couto J. R., Blank E. N., Peterson J. A., and Ceriani R. L., Anti-3A46 monoclonal
antibody Me3ihumanization using ainevelpasiticral consensus drd irevivozandirsvitro
characterization, Cancer Res. (1995) 55(8) 1717-22).It is thought that the plasma kinetics and
distributionvefitheehifmeric antisedies &s¢ huhianized antibodied aré e '$amé dte o he fact that the
murine Sc and human Sc are both cross-reactive with the murine FORn. As shown by these examoles,
the plasma’Kinktits drethe amé betwean cni,pric AncodiBs dnd fufanizéd acib8ces that have the

same CDRéIIcmS“ eans thcaé[lflusmlaglzaglgg g&é@% Q(,)ane vasculay system. It 1s

Chelial
thought that the Ig6 antibody is metabolized mainiy by
metabelic pathways in endothelial celils (He X, Y., ¥u 2.,
Melrose J., Mullowney A., Vasguez M., Queen CT., Vexler V.,
Klingbeil C., Co M. 5., and Berg £. L., Humanization and

monocional antiboedy with specificity for

48]

pharmacokinetics cf
both F- and P-ssliectin, J. Immuncl. {19983, 160{(2Z), 1029~25;.
That 1s, 1t is thought that the IgG antibody 1ls recycled
chrough binding tc the FcRn of Igé antibody nonspecifically
taken up by the endothelial cell, while the IgG antibody that
cannot be bound i1s metabolized. IglG antibody having the Fo
region modified to lower the binding activity to FcRn exhibits

short half-life in the piasma. In contrast, the plasma
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¢ of the I1gG antibody can pe increased by modifying
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Methods provided in Ghetie V., Popov S., BorvakRao u C., Matesoi D., Medesan C., Ober R. J., and
Ward E.Increasing the serum persistence of an IgG fragment by random mutagenemis, Nat. -
Biotechnol. (1997) 15(7), 637-40) and so forth, may provide the same plasma kinetics as the chimeric
antibody, and thus a humanized antibody having modulated plasma kinetics therefore cannot be
prepared by the known methods. In contrast when - chimeric antibody (e.g. chimeri anti-glypican 3
antibody) is humanized accordino to the method of the present ir]vgntiop,kthg pi of the antibody is
modified BY'modificatfort f6° AR Sine A6id residus that can bé exposed on the stfface of the chimeiic
antibody to constryet @ humanized antigdy (g,9.wmanized.anti-glypican 3.antibgdy) that exhibits
modulateﬁfprasmaf’f(lnetlcs (i.e., an increase or decrease’in its plasma half-life) in comparison to the
original chimerig, antibody. Fordhe purpese of.modutating the-plasma kingticsy the modification of
amino acid that can be exposed on the surface of the humanized antibody (e.g. humanized '
anti-glyorcaan.3 antibody) may beicarried aut at.the.samedimme as the humanization of the antibody, or
the p3 the humanized antibody may be modified by modification of surface-exposed amino atid
‘starting fromithe tmmmanizethantibedy:ée.gk humianized anti-glypicarr3 antibody)o<y It has been
established that traptuzumab, bevacizurab, and pertuzumab, which are three humanized antibodies
that have beéh htigaaizedising the Same HurfiaR artibodyFR sequencé” Hagé -about the same
plasma kingtigs (Adqm§ [C%.\W.L‘Alliégglgp. E. _,Flfge}lglagrggtaﬁg, C ardlge J...Dy dQ;‘I\i/Iec eever K., and
Slwkowski NZAS) KMumanization Of & recbrbinant monocional anti aodly to produce a thérapeutic HER
dimerization inhibitor, peruzuman, Cancet immunal praugothier (2906):55(6), 717-27). Thus, the
plasma kinetics are about the same when antibodies are humanization using the same FR sequence.
According 1q the method.of the present invention, the plasmackinetics ot the antibedy (e.g.
anti-glypican 3 antibody) can be modulated in the humanization step where the pl of the antibody (e.g.
a glypican 3-antibedy:is medifiegy: adding acmodification, anamirto acisresidue thatcan be
exposed on the surface of the antibody. The method of the present invention can also be applied
to human atibedieshA human arsifbodys(6£.gr hupsan. antiglypican 3 -antibody) havirg: nfddulated
plasma kinetics relative to the plasma kinetics of the initially prepared human antibody (i.e., an
increase of Becrease i the oKkm 'S pla&ifattiiif-fifey tah™be constrficted By tiodification of the pl of a
human antibody %e.g_. human anti-glypican 3 antibody) by adding a modification to an amino acid
residue thattocaglC & xpdsedon the Stifate Sffiuman ahéébé&y constructed from & human antibody
ibrary, a human. andaadyproduging. mouse, Anelso farth,. .The plagmg altlfe of an antibody is
increased by lowering the pl value of the antibody. In contrast, it is known that the plasma half-life is
decreased and the.antibedy/sdissye teanslocation charactesistios are improved bygaising the
antibody's pl value (Vaisitti T., Deaglio S., and Maavasi F., Cationization Of monoclonal antibodies:
another steptowardsithe tmagic bu-tet"2nd. BiolsRegutHomoestt Agents (2065) 19(3-4), 105-12;
Pardridge W. m Suciak J., Yang J., and Wu D., Enhanced endrocytosis in cultured human breast
carcinoma ueiltsantrin.vivo biddistributiort Irerats ofca haaranizsd msifoclenal artibody after
cationization of the protein, J Pharmacol Exc Ther. (_];99%3l 286(1‘2_, 548-54). However, due to fact that
such an anmtibody ExAibitsta? fncréaséd ifmdnogenicity ahd an ‘ehhancédiinternalization into the cell,
additional improvements are reguired for application as an %Qg?o&i% that exhibits anticancer effect via a
mechanisn S{ch &5 a Gytotoxic activity, because mnternartzatton into the céll is & hindrance to the
manifestation,gf s, eyiotoxis actlvity. such s ADCC, activib, GRExactiyly, and sadauh. Thus, with

g

regard to antibody that exhibits anti-cancer effect via a mechanism such as a cytotoxic activity, where
internalizatign: into the eel-is.a hindrancetosthemaniestationekits cytotexie activity; sach as ADCC
activity, CDC activity, and so forth, it had not been determined whether an increase in the P7 value of
an ant-body ¢ a redluctiosin thespi valde afansantibody causes enhancemertt,ofahe tuhtor-inhibiting
effect. In the present invent-on, modified humanized a i-glypican 3 antibody with a reduced pl value
and modifiedt humatfized ahti-glypicah’3 antibodylWith arincréased prvalueiwefE ebfistructed, and
then the question of which modification has the higher tumor-inhibiting activity was examined by
subjecting Béthantitiodiesto domparative festing SfthEantitimor Etfect.’As a°fesult, itwas surprisingly
shown that Eg% ,hug%?izggla}mijfgicgﬂpd?’3l9th amino acid residues and the 137,

138, 140, 171, 179, 190, 192, 198, 298 and 31i6th aminc acid



antibody with the reduced p1 value exhibited the better effect against liver cancer. The term
"anti-glypican 3 antibody" as used herein encompasses anti-glypican 3 antibody obtained by
subjecting anti-glypic n 3 antibody that has already been subjected to amino acid residue charge
modification as described above, to additional modification of its amino acid sequence, for example, by
subjecting the amino acid residues constituting this anti-glypican 3 antibody to substitution, deletion,
addition, a%nedj%jnsertionggéa dition, the term "antiglypican %a_ntibggy" as used herein also

encompasses aﬁt?gslyf)féan“ antibody GBtainec gt%rtmg from a?fﬁ%ypman 3 antibody that has already

been subjected.to, aming aeid residye;supsfitution,geletion, additian,andior insertion, or to
modification of its amino acid sequence by, for example, chimerization, humanliaLioand so forth, and
additionallyrsuhjeeting the -amine acid sesiduescanstituting this antighgican . antibady to charge
modification A preferred example of a modification whose goal is to improve the characteristics of
the antibody (e g:antiglypicanSantibegyroftherpresentehtionts azmbdificationtwhaséqgoal is to raise
the stability of the antibody (referred to below as a stability modification). In aqueous solution, the

.....

of the native state, as shown by the second law of thermodynamics (AG = AB - TAG), depends on the
Gibbs free®eriergyeharigé AG0F thé syBter and e baRNEE bétheen e Somponents of AG, i.e., the
enthaloy change AR (afiuable to.changes n. for example hdrpobobicinteracions and hydrogen
bond in the potypeptide chain), and the entropy change AS (attributable to changes in solvation and
the degrees. gtjq%dggg;grbme three=dimensional-structyre): A positive value for AG indicates that the
native state of the protein is more stable than the protein's denatured state, and the stability of the
native stateref:theqrateingises as AG assumes largerpositivevalues.sThe fercesscontributing to this
stability must be disrupted in order to denature the protein. For example, exposing the protein solution
to high tenigératutesiiesulislin artincieasd iy thél degreesiofifreedonsirrthe threerdiffensional
structure and a weakening of the factors that contribute to protein stabilization, causing a thermal
denaturatiéi of th& proteif it thisl edse the LTAS et gbverns the'dedaturdtfon. The Ali of the
unfolding due to thermal denaturation of the protean can be directly measured by differential scanning
calorimetry (S 58 i§ Spelffidifiy dederBdin'the examipiesiprovided herein- Thé DSC curve for the
protein theymal denaturation process fakes the form of an endothermic peak that frames a
temperature, Known as the denaturation midpoint (Tm), that is characteristic of the test protein. The
denaturation enthalpy change is.eltained: by integration of th sipeak. Jthe Tovvalugsis generally an
indicator of thermal stability. The changethe heat capacity (ACp) can also be measured during thermal
denaturation: of the pratein by RSC. The'change in Hie heat Tapacitythat becars during denaturation
is causedmainly by hydration that occurs 'en amino acid residues that are notexposed on the
molecule'ssurfate: whenithe! protein igdn jtsaiativie: state betonie exposed o Sohfent molecules during
the course of protein denaturation.

the bilding activity to FcRn.
While not wishing to be bound to a particular theory, tThe
present inventors hold the following view at the present time.

The rate of nonspecific uptake of the IgG antibody by

endothelizl cells iz thought to depend on physicochemical

Conlombic interaction between the Igl antibody and the
negatively charged cell surfacs. It is therelcore thought that
decreass {increasé) in the Coulombic interaction by lowsring
{raising; the pl of the IgCG antipody may cause decreass

(increase) in nonspecific uptake by the endothelial cell,

34



As described above, amino acid residue "modification” in the method of the present invention
specifically encompasses, inter alia, substitution-of an original amino acid residue another amino
acid residue, deletion of an oramino acid residue, and the addition of a new amino acid residue. The-
substitution of an original amino acid residue with another amino acid residue is preferred. Thus,
modification by . amino acid substitution is preferably used in the present invention when a
modification or antibody stabis sought. The Tm value of the\an_tjpodglb(ae.%.,} qnti;glxpiggn 3 antibody) is
increased 454 festilt of- fiie EXettition B iA& Ltability modiication 67 the amino acid residue
constituting the antinody. Thus, the Tm value is_suitably, used.as an indicator of the stahility
modificatidgﬁl ofthe éjhﬁﬁoayh*(é.gf %\Snl%ljftgef ean 3 gn‘iib%%é&%%é%%bu%reo% ﬁg%{{r? o%é'grestic? carry out the
aforementigneg, "stability. modifigation”, with the,anti- glypican 3 antibody-of the: present invention,
modification is preferably carried out, for example, on at least one amino acid residue selected from
the amino.soma fesigdues:at positions 87740- 48, and 5kintherhumanized a iglypicanyd antibody
heavy chain variable region shown in SEQ ID NO: 1. In addition, modification is preferably carried out
on at leastone amiforacid tesidue-selettectfront the:aht tracid reBiduastatpositions 2, 25, 42, 48, 50,
83, and 84 in the humanized anti-glyp can antibody light chain va ia region shown in SEQ ID NO: 7.
The amind-a6idresidres éfer thartthe Gloféiheffioned BrfintradidtasitdiresSn which Stability
modification has been cqrrieg out, need not be mﬂodi[\jedmajs{longdasithq desired La value has been
obtained:; ROW&vER {'6En B appropriie 18 tarry ot a Suitabie modification thereon so as to provide a
Tm value that is about thesame as ot higher than the. [m value,of the iumanized ant-glypican -
antibody suBJected to the modirtcatton Inc stability modification can be carriec out by randomiv
modifying aming acid residues constituting the.antibedy: (e.9: humanized a-iglypican dantibody)
subjected to the modification. In addition, stability modification can also be carried out by replacing a
portion of theramine acishsequenee; constittingtheiiumanizediantibody (i, antitody antiglypican 3
antibody) subjected to the modification, with an amino acid sequence found in an antibody that already
has a hightaevalue and thaticorrespords » from the estahdpdintof ahe correlation of ©=
antibodythree-dimensional structure - with said portion of the amino acid sequence constituting the
humanizedantibady té ¢ humanizedahtrglypican' 3 antibbdyj subfected o théhfiodification There are
notations on the position of the amino acid residue or é%sidues undergoing

- o

antibody or anti-giyeican 3 antibo
Whnen an IgC antibody 1s used as the antlbody (e.g. antl-

=

glvpican 3 antibody) of the present inventlon, any subtype may

pe used as long as it is an IgG-type antibody molecule. A
bispecific IgG antibody may &lsc be used. When the antibody
{e.g. anti-glypican 3 antibody} of the present invention 1is &
bispecific antibody, the antibody can also specifically bind
both the corresponding antigen (glypican 3 molecule in the
case of anti-glypican 3 antibody) and an epitecpe cther than
tha* antigen. For example, in crder to recruit NK cells,
cytotoxic T-cells, LAK cells, and sc forth, a surface antigen
that. specifically binds to these cells may be sultably used as
another antigen. It has been shown that cytotoxicity by LAK

bile duct cancer using @ bispscific

s

cells is exhibited agalns

L+
th



substitution; however, amino acid residue or residues in the FR are preferably modified. Amino acid
residue modification can-even be carried out as appropriate in the region as long asore is no
associated reduction in the binding activity for the antigen. In addition, the number of aminoacid
residues subjected to modif.ication is not particularly limited, and modification can even be
implemented by replacing a particular segment of the FR with a desired segment. With regard to such
segments, all of the segments within the FR ,FR2, FR3 14' can be modified, or,one or more o
segmentsarﬁléaﬁfé%ﬁoﬁgrﬁ%u%eeacér%%nfhe%.e M% ERS of jf)oed eg\%/)e %:)%Tn ("?r{ %hgq }Jifjﬁt chain is a
preferred example in those instances where.a,segment of the FR-Js medified, A preferred specific
example in this regard is an amino acid residue modification in which huminized antiglypican 3
antibody heavy-ghainFR2:n the MH1h sobelass(shewn iSEQ,H2 NQ:is raadifiet .to the VH4
subclass, V371. (valine at position 37 is replaced by isoleu np) as well as A400, M481, and L 511
modifications. @thet preferredspedific Examptes are danoddication cfarimahize antiglypioan 3
antibody light chain FR2 region in the VK2 subclass (shown in SEQ ID NO: 7) toe VK3 subclass, i.e.,
L42Q, S48Akaha 500 madifieations. Ao preteried s V2l mbtifiction: whigh €orrésponds to
modification to a germline sequence for FR|. The execution of substitution, deletion, addition, and/or
insertion with'tE&pett 16 the ‘Amino adiH Fesidtes Eonstititig the ARtibody (8. §- anti-glypican 3
antibody) and the modification of the amino._acid sequence hy, for example, chi_ebization and
humanizat:i(oe}r?ogé"n“B(é“c%rﬁéﬁagmgafs% gpnérﬁ)"riafgb\y%%e%ggg%oﬁr%% fﬁogeeﬁilled in the a The
execution of substitytion, deletion; addjtion;and/of insertion with respectde the amino acid residues
constituting the an ibody's variable region and constant region can similarly be carried out as
appropriateduringigonstruetion ofthe astibpdy {:g. anti=glypican-3 antibody} ef the present invention
as a recombinant antibody. Any antibodes of animal origin, e.g., mouse antibody, human antibody,
rat antibodis raihit antibedygoat:antibddy recamel antibedy nvdy prefetatible usediasthe antibody
anti-glypipan 3 antibody) of the present invention. Also preferred for use is a modified antibody (e .g.
anti _lyplcars 3cantisodyy 48'obtainéd HFsibistitutidn irt the antind acid Segtienté of chimeric antibody
and humanized antibody. Also preferred for use are antibody modifications in which any of various
molecules §s S&aCAEA. epm@h‘?ﬁeﬁ% antibgdy1éférs 1o an'antibody constructed by combining
sequences giginaling o diferent animals. Suliabls-exaipples s fegargar antinodies
constructed from the eavy chain and light chain variable regions from mouse antibody and the heavy
chain and light chain gonstant regions, from human aptibedy-: Methads fer-egnsteucting chimeric

anti-glypican 3 antibody} of the present invention. In the
case of low molecular weight antibodies for which renal
excretion is the main metabolic pathway, such as scFv and Fab,
the plasma kinetics of such antibodies cannot be modulated by
the pl as described above. However, tThe present inventlon can
be applied to any antibody molecule typs 1 1T is an Fe-

coupled protein for which renal excretion is not the main

excretion, the plasme kinetics of these molecules can bz

modulated by changing the pl according to the method of the

(S
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antibodies are known. For example, recombinant DNA is generated by the in-frame fusion of DNA
encoding a mouse antibody variable region and DNA encoding a human antibody constant region, and
can be incorporated into a conventional expression Vector. A host cell trans e ted or transformed with
his vector is cultured and the chimeric antibody can be prepared or isolated from a culture medium by
appropriate means.  Humanized antibodies are also known as reshaped human antibodies. These
are antibodies in which a complementaritydetermining region (CDR) from an antibody isolated from a
nonhumarfifaffnal “S0EH 58 Thouse Sisiiated t6% franfeiorkredicn {ER) fiof a-humah antibody.
The DNA sequence encoding the humanized, antibggy can k;e‘si/nthes]&zed .bg;mpg)yerlapping FOR
reaction udifiga pitifalit ofigonidiestides 2&rimérs "The starting nateftas aid procédures for
overlapping FOR reactions gre.descrined. for exajple, in NO 95413388 and elsewhere. DNA encoding
the variable reQTon‘oF a humanized antibody of the present invention is obtained by overlapping FOR
from a clurglitu. of oligonucleot deg constructed se as 1, have nucleptide. sequences that overlap with
each other, which is in turn lidated with DNA encoding a human antibody constant region so as to form
an in-frame codnaseqientce:<Thes DINA dlgated as:described isdhenmaperabbpinserted into an
expression vector followed by transfect on. into a host. Methods for identifying CDRs are known
(Kabat et atom8egaendes of Proteinsof ImmdAcfogical aterest (9875 Natiomadl Institute of Health,
Bethesda, Md.; Chothia et al. Nature (1989) 42, 877).General genetic ecombination procedures
'therefor are”ars6 4ow frefef td’EF 125023 A andWo 98702576)° Once a CDR from an antibody of a
nonhuman animal, for examgleéagl_my_rrigg antibody, has been determined, these known methods can

0

be used to constritt DNA"endSding & fécombinant antibody in which the COR and FR from a human

antibody are ligated, The hyman,antinady ERs ligated with the CDR are,selgcted.in sych a manner
that the CDR forms a high-quality antigen bindinc site. As necessary, an amino acid residue or
residues inthe-antibody variable; regions FRs may be medified as-appropriate so-as o gnable the
CDR 'of the reshaped human antibody to form a suitable antigen bin site (Sato et alCancer Res.
(1993)6). The=amin@c acids constituting the antibody (£.¢. anti-glypican

3 antibody) are compared with the plasma kinetics of the

odificartion. Thus, when it is degired ¢

]

ot
O

antibody pricr to
increass the plasme half-life of the antibody (e.g. anti-
glyplcan 2 antibody), "modulation ©f the plasmg kinstics”

refers to an ingrease in The plasma half-life of the antibody.

{

antibody {e.g. anti-glypican 3 antibody), "modulaticn of the
plasma kinetics" refers to decrease in the plasme half-life of
the antibody.

Whether the plasma kinetics ¢f the antibody (e.g. anti-
glyvpican 3 antibodv) of the present invention have been

modified in the desired direction, that i1s, whether the plasma

kinetics have been modulated as desired, can b

B

appropriately

evaluated by pharmacokinetic tests using, for example, mouse,

rat, rabbit, dog, monkey, and so forth. In addition, an



acid residues in the FRs subjected to modification may include residues that directly bind to the
antigen by nonhovale - bondset al., Science C_986) 233, 747-53), residues that influence or act on the
CDR structure (Chothia et al., C. Mol. Biol. (1987) 196, 901-17), and residues related to VH-VL (heavy
chain variable red on-' ht cnain va asse region' interactions (FR 239400 B). The humanized
antibody encoded by the DNA is produced by the host cell that has beén transformed or tra sfected by
the generally used expression vector into which the DNA has heen inserted and is isolated from the

culture meditimisided By thecltdrd6f the-host'call. °* WheR & antibody of the present invention

's a chimerie afibagy, humanized antibody gt uman andady, . cp sfatispiaR ot fuman antioooy
origin -vs pre?eraably used as the constant region of the antibody. For example, when the antiglypican 3
antibody of the present ipvention;is a chimeric. apti-ghypiean Srantihody,umanized-anti-glypican
3antibody or human anti-glyp ca 3 antibody, a constant region of human antibody origin is preferably
used as therconstant regien:of tbe anti-glypican: 3:antibody. Fos example; Gl Oy2, C73, and 074 are
each suitable for use as the heavy chain constant region, while Cx and CI are each suitable for use as
the chain cdfistantregionshn addition; tise humyark antibody constamtaregion eafde modified as
appropriate in order to improve tne antibody (e.g. anti-glypican 3 antibody) or improve the stability of
its productfsii Chitnerié antibedy (& - Chifreric ant-glypitan’3 antibody) 8ftHe pré&ént fnvention
~ suitably comprises a variable regionﬁfromﬂa_n antibodg of. a nonhuman rqgg}malqand a constant region
from a humarn antibody” On thid bér F&hd, the iumanized antbody preferably comprises a CDR. from
an antibodyof a.nonbuman mammal and.a constantreoian ud R Jtom a buman,aatibody. example.

a humaniz (aJILaan%EgIS/“E)Tcan 3 antibody preferably comprises a CDR froni an ant can 3 anﬁbody

ofanonhuxan human antibedy suitably-comprises.a OURfrom-an antibody of himan erigin and a
constant region and FR from a human

vive pharmacokinetic analysis software.

The phrase "aminc acid residue that can be expossd on the
surface" as used herein generally denctes an amino acld
residue thaz resldes on the surface of the polypeptids
constituting the antibody (e.g. anti-glypican 3 antibody;. The
phrase "amino acid residue that resides on the surface ol the

polypeptide” refers te an aminc acid residue whose side chain
carn come into contact with solvent molecules {typlcally water
molecules). All of its side chain need net come into contact
with solvent molecules. If even a& portion cof the side chain of
an amino acld residue comes intce contact with solwvent
molacules, such an amino acid residue lg considered to be an
amine acid resicue tnat resides on the surface. Those skillecd

can construct & homology model of the polypsptide

t

in th

[O]

ar
cr antibody using commercially avallable homology modeling
software. Based on this homology model, aminc acld resldues on

the surface of the polypeptide constituting the antibedy (e.g.

Ty
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suitably comprises a CDR from an ant giyp can 3 antibody of human origin and a constant region and
FR from a human antibody. The human antibody constant region is composed -of an amino acid
sequence that is characteristic of the particular isotype, i.e., IgG (I GI2 Ig03, IgG4), IgM, IgA, and IgE.
The constant region from antibody belonging to any of these isotypes is suitably used as the constant
region of the humanized antibody (e.g. anti-glypican 3 aday) of present invention. The use of the
constant region frqm human,IgG is Brefe[reg, but not limited. There are ailso no particular limitations on
the .humai antibooy ER Used &8 the KR 'of the Humahized ntibody'(e7§. himanized an -glypican 3
antibody) ar human antibody. {€ 9. human anfizglypican 3 antibgdy), and.the ER from antibody
belonging to any isotype is suitably used. With the aim of lowering the immunogenioity, all or a
oorton of the amino-acid-residues constituting the FR can also be replaced by germilne sequences
using the method described in Ono K. et al., loc.or a similar method. Based on the rational prediction
that germline sequencesmilbhave @ lowsimnnagenicity, the asxnosacid sequence constituting the FR
of the humanized antibody may be compared, by a: ignment, with germline amino acid sequences
(Abhinandani#<.a R "antMartin R R 3 J2 Mol Bidli(2067) 369, 852-862) =The dmiimo~trésidues of the
humanized antibody FR that differ in this comparison can be replaced, within a range that does not
impair the BhtigeAbieiig chatacteristits Pwitramind Sttt fesi@ies ot a°gériine S8quence. The
foiloting are specific examples for the.amino acid residues constituting the heayy chain variable region
shown in SEQID NG 1= iddificationy that replaces the 2 at positron 70 With T, modification that
replaces the, T gt pasjtion 87 with R ,andsmaodification that replaces the T at,position 97 with A. In
addition, a modification that replaces the S at position 25 with A is an example for the amino acid
residues constityting the dight chain vadable-region shewrin SEL IR NQ57 Wiliheegard to the
variable region and constan e modified chimeric 7antibody, humanized antibody, and human
antibody ofrthe=presemnt inventiorn; deletion HSulistitdtiérs,, inséttion, ranid/or additiordeart be carried out as
appropriate at one or more of the amino acids constituting the ariable region and/or constant region of
the antibody#that sveab Sdlbjectad to modificaticn snsefar fas Bineiig Speciicity ¥68 thecantigen is
exhibited. In particular, the variable region and constant region ormodified chimeric anti-glypican 3
antibody, Hutfariel amripicaT 35teddy’ and antiglypican 3 ftan Bntibody ot the present
invention, del efion, substiian, inserion, and/or. addition can be cayried aut as appropriate at one or
more of the amino acids consﬁt’utlng the

i

interaction between IgG antibodies and ¥FcRn, were thought to

be the target for modificarion. These amino acid residues
corraspond to, for example, the 130, 123, 15C, 181, 1%4, 30E,
31% and 316%h amino acld residuss, and the 134, 135, 137, 1ek,
176, 187, 189, 195, 2%5 and 313rd amino aclid residues in 3EQ

ID NC:30, as well as the 133, 13¢, 183, 194, 187, 311, 218 and
219rh amino acid residues and the 137, 138, 140, 171, 17%, 198G,

192, 198, 208 and 316th amino acid residues in SEQ ID NO:21,

The amince acid residue o be subjected to charge
modification in the antibody (e.g. anti-glypican 3 antibody)
according to the present invention is preferably an amine acid

residue constituting the heavy chain (B chain; variable region
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variable region and/or constant region of the an -glyp can 3 antibody that was subjected to
modification,ofar as binding specificity for the antigen glypican 3 molecule isexhibited. Because
chimeric an -glypican 3 antibodies utilizing human-derived sequences, humanized anti-glypican 3
antibodies, and human a fol-giypican | antibodies have a reduced immunogenic ty in the human body,
they are believed to be useful for application as therapeutic antibodies that are administered to
humans, for example, with a therapeutic objective. ~ Known sequences can be used in the method
of the presEntiRventch forth Sequertss that Ericode the ittty healy chain &R ight chain tor
introductiogwomeyta onin addition, novel antibody gene sequences can be obtained by methods known
to those skifigd T Thé art. For example. genes can bé suita Ty”ogfzﬂned ffom antibody libraries.
Moreover, gepes.can also be qhtaingd by glonipg using kpewn.procedufes..e-9..BI:RER using as
template mRNAom a monoclonal antibody-producing hvbridoma. Numerous antibody libraries are
already known within the sphere of antibody libraries. Moreover, as methods for constructing antibody
libraries are also known, trose skilled in the art will be able to obtain or construct relevant antibody lib a
i s. Examples of suitalslesantibiody librartes aretthesantipodyophage dibrares eisclesed in the literature,
for example, Clackson et al., NaLu(7991) 352, 624-8; Marks et al., J. Mol. Biol. (1991) 222, 561-97;
Waterhouses-étak, Nuéleic Aeids Res! (1993)21 226576 Giffitts &e4L2AEMBOSE(1994) 13,
3245-60; Vaughan et al., Nature Biotechnology (1996) 14, 309-14; and Japanese Patent Application
Laid-open ‘NS O08L504976° ANREHEA OF constructifg A fibraR? ih BGRErydtie: celis VG 95/15393) and
known methods such as ribosome display and so forth are also suitably -sed, Technology for obtaining
human antibodias by panning téchnigues using a human antibody library as the start], material is also
known to thase skilled;in.the art. -Fhus, singlesghain antibody:(sciy), eampriging the variable regions of
human antibody heavy and light chains fused in-frame, is expressed on a phage surface using phage
display technigues. s, zencoding antigen-birgding spjv areisolated fram, phage bysslecting for p age
thatds to the antigen. Identification of the sequence of such genes enables the determination of the
DNA sequerice thatiendodes thebhea&W ande 1, H82b, H83, H85, HE6, HL0L, HLO08,

Y110, and H11Z, which are aminc acid residues according to the
Kabat numbering. For example, in the FR of the humanized anti-
s~lypican 3 antibody heavy chain shown in SEQ ID NO: 1, the

"
ne

surface amino residues may include, but not limited to, t©
amino acld residues at pesitions 1, 3, 5, &, 1l0C, 12, 13,
16, 1%, 23, 25, 26, 39, 42, 43, 44, 46, €9, 7Z, 73, 74, 76, 77,
gz, 85, 87, 89, 90, 107, 110, 112, and 114. B surface aminoc

scld residuse in the heavy chaln CDR can also be selected using

o]

the same homology model. Thus, H97, an amino aclid residue
according te the Kabat numbering, is exposed at the surface
for almost all antibodies. For example, the serine at position
101 irn the heavy chain CDR of the humanized anti-glypican 3

antibedy shown in SEQ ID NO: 1 correspends to that aminc acid
residue. Suitaple examples of cther aminc acid residues in the

heavy chain CDR of the humanized anti-glypican 3 antibody
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chain variable regions of a human anti-glypcan 3 a t body that binds t- the antigen glypican 3. Human
ant glypican 3 antibody is suitably prepared by insernng the antibody gene having this sequence in a
suitable expression vector and a owing for expression in a suitable most cell as oescrmbed below.
Such methods are well-known in the art and include those disdiosed in WO 92/01047, WO 92/20791,
WO 93/06213, WO 93/11236, WO 93/19172, WC. 95/01438, and WO 95/15388.  Known :
technologies can he used 1o, obtain-an, aptibpdy-gncoding. genefrom & byhridpma that-produces the
-antibody, particularly to obtain an an -glypican 3 antibody-encoding gene frob a hybridoma that
produces apt -glypican 3 moneclonahantlody. Briefly, an animal is immunized with glypican 3 (the
desired sensitizing antigen) using a standard immunization technique and the immunocytes obtained
from the animal are subjected to cellfusionwith kriowm parent:cellszby asstandard: cell fusion
technique, which is described in detail below. Using standard screening techniques, the
monoclonakstibedy prodasingaelisyhybridomas)caresscreaned, aad DRASor thé Variable region (V
region) of anti-glypican 3 antibody can be synthesized wit reverse transcristase using the mRNA
isolated fréffiie-§81eEted hibridoma as a template. A antighvpican 3 antibedy géne'i§ Suitably
prepared by the in-frare fusion of this,cDNA with, DNA encoding the desired antibady constant region
(C region)“’g ’S&rééificjé%%’mﬁlééé’arg%rbvfd%d irﬁ‘h the foTI%r\g/\ﬁng,4t?dt t]EBéi’breLs&(;ni invenition is not limited
to these exgmples;The sensitizing antigen-used tp-generate the antibgdy;of the present invention may
he the complete immunogenic antigen may be an incomplete antigen, including, for example
nonimnunegenic hapten. Forexample, the fulllength glypican protein ox aiparial polypeptide or
peptide thereof can be suitably used. The soluble r Dr core polypeptide shown in SEQ ID NO: 13 is a
preferred exampte.rQtherwise; thetuse ofisubstancesitomprising polysaccharideymucheic acid, lipid,
and so forth as an antigen is also known. Antigen to which the anti-glypi an 3 antibody of the present
invention binds is ot particulary lilited to tHe BMisodiffents described above. Antigety production is
suitably carried out by methods known to those skilled in the pi-if,. For example, a method using
baculovirus {for'éxample KO 9846777 afid so’forthf tanbe siitably Usetd: When the antigen has a low
immunogenicity, the ani can suitably be immunized with such an antigen attached.to a very large
immunogeﬂlbd mjoﬂécdlje’,n;ﬁ!(l:h a%élﬁ?ﬁingwggg ’thggér:@sﬁi’zin%oénat%énﬁg 2’ moleculé that spans the
cell membrane, such as glypican 3, a,pplypeptide fragment from, the molegule:s extragellular domain is
suitably used as necessary as the sensitizing antigen. Or, a cell expressing such a molecule on the
cell surfaceis suitably wsed as the sensitizing antigen: In- addition; when the seasitizing antigen is an
insoluble molecule, solubilization may be effected by attaching the molecule with another
water-solublezmoleculecand the selubilized moleculermay 4hen bersuitahlyuséd.as the sensitizing
antigen. Antibody-producing cells (e.g. anti-glypican 3 antibody-producing cells) are suitably
obtained byarmragaizify 8n - arfifial usiig a sditable Sensk zify antigenas-8ésérbed above. Or,
antibody-producing cells (e.g. anti-glypican S#antitgodgeprody,c#in ce is) can be obtained by in vitro
immunizatiohof mphoestes that afe capable bf producing hh?i%%ﬁyf” Vatiousveértebrates and
mammals can be used as the animal to pe immunized.,In particylar, fodents. lagomarphs, and p irfa es
can be generaﬁy uséd as the aiital to be immunized. Tﬁe rodents may include mouse, rat, and
hamster; the lagomorpns may.include rabbit;-and the-primates may include mankeys such as the
cynomolgus monkey, rhesus mohkey, hamadryas baboon, and chimpanzee. In addition, transgenic
animals that-maintain auepertoireafiruman antibady, genes it theingeneme are also known, and
human antibody can be suitably obtained using such animals (WO 96/34096; Mender et al., Nat.
Genet. (1997) 146=56). Rathértisbrf usiig.such transrgenic:animals; adesited humanantibody that
exhibits binding activity to a desired antigen may be suitably obtained by, for example, sensitizing

man lympheeytestiroditrorwith the desiretantigen of With-CelfEthat express the Hesited antigen
followed by cell fusion with human myeloma cells, for gxample,hlzlf_&ZQGmQaﬂpﬁa@nes%fatent Publication
No. Hei 1-59878). Tt adtition: & desired hurian ahtibody (&:g. Human Anti-glypican 3 antibody) can be
suitably ablaified by the. immupizgtion.with.2 dgsired of antigeD,of.4 tiansgenic animaldhat maintains

the entire repertoire of hiuman antibody genes in its genome (WO 93/12227, NO 92/03918, NO

94/02602, NQ. 96/34096, angNQ 96/337%35). . dmupunization of the animal is,earried out, for example,
by suitable dilution and suspension o the sensitizing antigen hosp ate-buffered saline (PBS).,
hysioloaltai-sa radmixture ot adivant;:and then intraperitoreal an original amino
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subcutaneous injection of the sensitizing antigen into M animal. This is followed preferably by several
administrations of the sensitizing antigen mixed with Freund's incomplete adjuvant on a 4 to 21 day
interval. The production in the immunized animal of antibody against the.sensitizing antigen can be
measured using known analytical techniques, for example, enzyme-linked immunosdrbent assay
(ELISA) and flow cytometry 'FACS). A hybridoma can be prepared by fusing an anti -glypican 3
antibody-prodycing. ell obfaingd from;an apimal.oc ymphacyle immunazed with the sensitizing
antigen of interest, with myeloma cells using a fusing agent conventionally used for cell fusion, e.g.,
polyethyleng glyeol(Gading; Menaclenal-Antibodies:Jpringiplesiand Practice, Acadamic Press (1986)
103). Hybridoma production can be sustably carried out according to, for example, the method of
Milstein etrale GAKahleeand@. blstein Metliods Enzymoh«(1981) 73,8=46). Culture and proliferat on
of the hybridoma cells prepared by this method yields monoclonal antibody that is produced by the
hybridoma and specificily bindsas glypiean 319FHE biriding spéeifieity exhititéd by this monociona_
antibody for glypican can be suitably measured by known analyticall techniques, such as
immunopré&ipitatidhi fadidimmitincassay "RIRY enAmie-fiiked ifiunosofnént aS§ay 'FLISA), flow
cytometry (FAQ'S), e}ndr s forth. As necessary, a h%ri@@mg tQa; gr%QngeEEsrang lypican 3 antibody
with the désifed Spedificity - affinity, 6F activity may then be suftably sub"cﬁéneaibg; for example, limiting
dilution, and the-manaclonal antibady produCed by.this, hyb idoma can be-iselated,, The gene
encoding the selected antibody can then be cloned from the aforementioned hybr-doma or
antibody-praeduging.cell (e:9: sensitizedlymphegyte) using=a prohe sapable ot speeifically binding to
the gene (for example, oligonucleotide complementary to the sequence encoding the antibody's
constant regionyCloning cantalsotbe:carrigtkout by REEPCR usingmRMA isolated:from the
hybridoma or antibody-producin(e.g., sensitized lymphocyte) as a template. Immunoglobulins are
divided int6 Bedifferent clagses tite IGAFIGEIgE, 3§G and gk Basetiof Hifférentes in-their structure
and function. Furthermore, the individual classes are divided into several subclasses cisotypes) (for

exa le, IgGH IS g3, and fcGAF il and ifA2 “aid s6 8-> The antibody'6f tepresent invention
may or dinate o antibody felonaing to.any of hess classes and sybslasses anis not particularly
limited to any class of Sub ass; however, antibody belonging to the IgG class is particularly preferred.
Genes encoding the amino acid seguences constifuting the heavy chainvanddight chain of the antibody
(e.g. antiglypican 3 antibody) can be modified as appropriate by the techniques of genetic engineering.
For examplg,a recompinait :ight chain variable region constituting the

numanized anti-glyvpican 3 antibody shown in SEQ ID NO: 7.

Among the amino acid residues listed above, aminc acid

residues other than those modified in its chargs neec not be

~ed modulating effect on the

O

is]
4

n 5 the desi

ot
t

modified as
plasma kinetics is being obtalned; however, such amine acid
residues may conventionally modified so as to have no charge
or to have the same type of charge as the modified aminoc
regidue (3.

Charge-bearing amine acids are known to be present. In
general, lysine (K), arginine (R}, and histicine [H! are known
as positively charged amino acids. Rspartic acid (D) and

giutamic acid (E) are known as negatlively charged amino acilds.
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antibody that has been subjected to artificial Modification with the aimof , for example, reducing the
Xeno- iunogenicity against humans (e.g., chimeric antibody such as chime Ic a t -glypican 3 antibody,
humanized antibody such as human zea an -glypican 3 antibodyk and so forth), can be suitably
produced by modification of the nucleic acid residues that encode the amino acid sequence
constituting the antibody, for example, a mouse antibody, rat antibody, rabbit antibody, hamster
antibody, sheep antibody, gamel antingdy, and.so fah. ..y, 20tibpdy.is an.antibody constituted of
the heavy chain and light chain variable regions of antibody originating fro ma nonhuman mammal
such as mguse, and:the heavy chain and light chain constant regions of human antibody. A chimeric
antibody can be obtained asfollows: DNA encoding the variable  bn of a mouse-originated antibody
is li-ated with DNA eneosling the. €oastaninregionofa Human antiboeyiand insetted into an expression
vector, and the resulting recombinant yeator is introduced into a host and allowed for expression.
Humanizedearitibedy issalsorkrown asreshapetEmantatibodyrand 98 an‘dntisody-mthe
complementarity-determining region (CDR) of an antibody (e.g. anti-glypican 3 antibody) isolated from
a nonhum&RMarmmMal 8GeR asSmotisess Tigatsd with'a Tuniar antibbdy frameWork $egion so as to form
an in-frame midon sequence. The DNA sequence encoding a humanized antibody cat be synthesized
by an ovefi&Pping PEP f4ction using a pin alitv of ol gonucleot des as templates. The starting
materials and procedyres.for the overlapping FQR reaction are described in, for example, NO
98/13388 and elsewhere.  The DNA encoding the variable region of the recombinant antibody (e.g.
recombinant anti:glyp:can 3.antibody) of the present inveationds obtained:yy overlapping PCR from a
plurality of oligonucleotides constructed so as to have nucleotide sequences that overlap with each
other, which is turadigated with. DINA encoding:humancantibody zonstantrégioreso @ssto form an
in-frame codon sequence. The DNA ligated in this manner is then inserted in an operable manner into
an expressionaetiok antintroduceskinteaidsts Thecantisodye (6:§. BRfSGIYSican 3 antibody) encoded
by the DNA is expressed by culturing the host. The expressed antibody (e.g. ant -glypican 3 antibody)
is isolate by U fraft e Rost caffire iedidm EP 2%”936%?%%/65%? “Hitd soforth). The FRs
of the humgnizedwangbgdg r(e.. a__n.ti-glynqjggg 3 %nggdx)qliqg%tgdﬁwitbm LQDI{R)’@rgé@@Iected in such a
manner that the"¢Simplementarity-determining region forms a high-quality antigen-bindihg site for the
antigen. As pecessaty, the amino.acid sequence. may:he modified by-suitable,sybstitution of the amino
acid residues constituting the antibody variable region ERs, so as to enable the complementarity-
etermining fegionef reshaped antibedy ta form a;suitahleantigenRbinding; sitefog thie antigen (K. Sato
et al., Cancer Res. (1993) 53, 851-856) In addition to modifications related to humanization as
discussed ahave, furtheranodificationsrcarmbédntreduced, for example stodhiprove theciochemical
characteristics of- the antibody, e.qg., the binding activity with the antigen recognized by the antibody
(e.g. anti-glypicaryBantibodyprvedifications!in tHe Totitextoftheprésent hvertioréan be suitably
carried out by known methods such as site-specific mutagenes s (refer, for example, to Kunkel, Proc.
Natl. Azad Z8¢i SA{1985) 82, 488), PCR mutation, cassette mutation, and so forth. The amino acid
sequence of the modified antibody with impraoved biochemical characteristics.generally has at least
70%, more preferg':'gf}yg at fé“ﬁsifd%% 'Tan%nevaé?r‘“f;ﬁ'100rgcﬁr‘éfér?aley8 at least 90% Lff”o*rg)(;%xa“nt?‘[iIe, at least 95%8
- 97%, 98%, 99%, and sq forth).identity and/or similayity with, the-amino agid-sequenas,eonstituting the
antibody subjected fo the

iscelectric point (pI}) of the antibody is preferred for the
present invention. In addition, in those ilnstances wheres &
plurality of aﬁino acid residues will be modified, the amino
acid residues subjected to modification may include a sma.ll
number of uncharged aminc acid residues.

Suitable examples of the "modification in the charge of

P

an aminc acid residue” ir the anti-glypican 2 antibody of the
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modification (that aantibody on which the modified antibody is based). As used he e n; the sequence
identity and/or similarity refers to the propottionof amino residues that are identical (identical residues)
or similar (amino acid residues classified into the same group based on the general .characteristics of
the amino acid side chain) after aligning the sequences and inserting gaps as necessary in such a
manner that the sequence identity assumes a maximum -The naturally occurring amino acid residues
can oenerally be classified.int the follawing,groyps hased on tge propedies of the side chain: (1)
hydrophobic: alanine, isoleUcine, valine, methionine, and leucine; (2) neutral hydrophilic: asparagine,
glutazanedysteine, threoning; ang-serine; {3t 1a.dic: aspatic, acidrand: glytamic acid; (4) basic:
arginine, histidine, and lysine; (5) residues that affect chain orientation: glyrine and proline; and (6)
aromatic: tyrasines tryptaphanand phenylalaniae. £ roA sgécific Bhitableembpdiment of a modification
for enhancing antibody fun. on includes an improvement in the cytotoxicity exhibited by the antibody,
such as humanizedrantiiglypican=3 antibody SPrefefreticéxanplesiof Etofoxicity: afs!
antibody-dependent-mediated cvtoto ¢ y (ADCC) and complement-dependent crytotoxic(CDC). In the
present ingémtion ICHECaEtv yedenoteSeytotokicity due to the E8mplemight ¥ystéti Swhile ADCC refers
to an allivity of damaging the target cell wnen - specific antibody attaches fo a cell.surface antigen on
the target &8l and &t Fe receptor-bearing cell (e.q. an immunocyte) binds to the F¢ portion of the
antibody through treceptor. Whethera test antihody.hag ADCC.activity or has, DC.actjvity.can be
measured by known methods (for example, Current Protocols in immunology, Chapter 7, Immunologic
studies in Qumanss Editor, John:E.-Celigan et akh-Jehn Wiley & Sonsplncs, (19893)):1 05Hn specific
terms, effector cells, a complement solution, and target cells are rrst prepared. Preparation of effector
ceEls The spleereisiisgtatedfeamor example, A/Abmouse;and:thetspleen cellswarerseparated on RPM:
1640 medium (Invitrogen). After washing with the same medium containing 10% fetal bovine serum
(FEE, HyClorié)theveelFeonéentationds adjiisied 1o 5°£2061calls/mL t63repardIné effector cells. (2)

Preparation of complement solution ( . 1 . R
and a medification o the amino acid seguence shown 1in SEQ ID

NO: 10 or 12 is particularly preferred. With regard, on the
other hand, to & medlification that decreases the pl wvalue, at
least one substitution ssailected from KI8T, (043E, G6ZE, K635,

K65(, and G66D in the heavy chain variable regilon constituting
the humanized anti~giypican 3 antibody shown 1in SEQ ID NO: 1
can be made, and modification fo the amince acid seguence shown
in SEQ ID NC: 3, 5 or Z7 is particulazrly preferred. In
additicn, for example, at least one substitution selected from
RZ24¢, ©27E, K797, RB2S and KI12FE in the light chain wvariabls
region constituting the humanized anti-glypican 3 antibody

showr in SEQ ID NC: 7 can be made, and modification to the

aminc acid ssguence shown in SEQ ID NC: %, 11, 28 cr 29 1s

articularly preferred. In addition, the modification that

e

decreases the pl value alsc include subkstitution cf ons or

more amine acid residuess in the hesavy chain constant reglon
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The complement solution can beepa ed by a 10X dilution of Baby Rabbit Complement (CEDARLANE)
with 10% FBI-containing medium (Inv rogen). (3) Preparation of target cells Cells that express an
antigen protein to which the test antibody binds are cultured with 0.2 mCi biCr sodium chromate (GE
Healthcare Blase nce) for 1 hour at 37C in DMEM medium containing 10% DPP in order to radicialrel
the target cells. The following, inter ilia, can be used as the cells that express an antigen protein to

which the test antioody Bindss ¢, dansioned wilha gene hat gingodles an. anligag.protein to which

the test ar?tzft;s’olcﬁ}q Binc s, Ovarian cancer cells, prostate cancer cells, breast cancer cells; uterine cancer
cells, liver,.canger gells, lung,cancer.cells, pancreatic canger cells, Kidney cancer gells, bladder cancer
cells1 and colon cancer cellsfter radiclabeling, the cells are washed three times with RPMI11640
medium cgntaining:10%-FBband:the:celh.concentrationis,adjiustad to:2 xells4mi=to prepare the target
cells. The ADCC activity and the CDC activity cab be measured by the following methods. In order
to measurertherADCGBGt-150 1, :oftheitardetieells drnd 56+ Hrpf the tast Antibodydre~added to a
96-well 0-bottom plate (Becton Dickinson) and reacted for 15 minutes on ice. To the reaction mixture is
added 100 Rt éffector eeils Bndtinciibated 1614 hotifs fi'a carbbn ‘dioxidednclbator Afmal
concentration of test antibody is preferably Ithin the range from 0 to 10 uﬂgi@n._(;tL After incybation, 100
RL of the Supéiatarit isfecoveréd afidthetadfodctivity of the supernatant Is measured using a
gamma caunter (COSRA Il ATTO-GAMMA, MODEL 05005, Packard Insfrument. Gompany). Thef|
cytotoxicity can be calculated using the radioactivity according to the following equation: (A - OMB - C)
X 100 whereinA is the radioaetivity (cpm) forthe samplausingther, substitution of

L that 1s The 724lst amino aclid residus with M, and
substituticn of ¢ that is the 302nd amino acld residue with E.
The above substituticon resulted in a chimers of the constant
region of IgGl and the constant region of IgG4 of & human

antibody. Thus such a substitution allows for preparation ol a

modified antibody with a desired pi value without affecting
the immuncgenicity of the antibody.
There are no particular limitations in the preseant

invention con the number of amino acid residues subjected to
modification; when, for example, the variable region of the
antibody is being modified, preferably the Ifewest number of
aminc acid residues necessary To achieve the desired modulated
plasma kinetics is medified, in order to avoid lowering the
binding activity to antigen and in order to aveild raising The
immuinogenicity. It may alsc be sultable to implement a
suitable combination with an aminc acid residue modification

that causes & decline in immunogenicity and/cr an aminc acid

residue modification that causes an increase in the binding

e
th



particular test antibody; B is if ¢ radioactivity (cpm) of the sample to1% NP-40 (Naoalai Tesque) has
been added; and C is the radioactivity (cpm) for thecontaining only the target cells. To measure the
CDC activity, 50 RI of the target cells and 50 W of the test antibody are added to a 96-well flat-bottom
plate (Becton D okinson) and reacted for 15 minutes on ice. To the reaction mixture is added 100 RL
complement solution and incubated for 4 hours in a carbon dioxide incubator. A final concentration of
test antibody is vp,rgferably within the range from 0 to 3 pp/mL. After cultivation, 100 RI, of the
supernataﬁ ls'recoversd aéfhdltgllleenr'adioactivity of the supernatant ts measured with a gamma counter.
The cytotoxicity can be calcylated in the same manneras;forgmeasurement of the ADCC activity.
When the cytotoxicity due to an antibody conjugate is to be measured, 50 uL of the ta get cells and 50
yll, of the test antifody. conjugate-are-each addedto ar96-wek fat-bottom plate1(Beetan Dickinson) and
reacted for 15 minutes on ice. The plae is then incubated for from 1-4 hours in a carbon dioxide
incubator. Afinabtest aatibody concentration, isspreferablyrwithire the: rande from 0 to 3 gg/mL. After
incubation, 100 41,' of the supernatant is recovered and the radioactivity of the supernatant is
measured Wwith-a gamnraeoanterXThe cytétox Eity:Ean Becalcilated 97 Hié Safté ntahner as for
measurement of the ADCC activity. ~heavy chai and light chain Variable regions of antibody
(e.g. anti-glyifican 3 &ffibbay) are; a5 Gesrited above’ généralll-Compdset of'3 CDRs and 4 FRs.
The aminqA%%idggggdeue.s iuojae,cgeo %oogryobgg;gggipp"én%aH%rre{%r‘J\r?egzleﬁmgggg%egggfethe present
invention , ~from the amino acid residues constituting the CDRs or
Modification of,the amino acid.residugs copstituting;the CDRs may In some cases causeeduction in
the antigen binding activity of the antibody.g. anti-glypican 3 antibody) involved in the modification.
Accordingly, the antibedy (e antizglypican 3rantibedy) amineacid residuas:suhjected:to
"modification” in the present invention are preferably

L Laporatorv Manual (Ed Harlow and David Lane, Cold Spring

Harbor laboratory, 1988} are examples of methods that can pe
used to measure an antibody’s binding activity to cellis. The
binding activity may be evaluated based on a FARUS
(flucrescence activated cell sorting} or ELISA principlie using
the cells as an antigen. In the ELISZ format, an antibpody’s
binding activity to cells is guantitatively evaluated by
comparing the signal levels generated by an enzymatic reaction.
Thus, a tes:t antibody is added To an ELISE plate on whnilch the
over-expressing cells have been immobilized and the antibody
bhound to tThe celis is detected by an enzyme-labeled antibody
t recognizes the test antibody. In the case of FATS, the
binding activity to cells can be compared by constructing a
dilution series with the test antibody and comparing the
antipody binding titers for the over-expressing celis.

pinding between an antigen expressed on the surface of

cells suspended in a buffer and not anchored on 2 carrier
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selected from the am o acids residues tonstituting the FRsi but not limited to. When it is confirmed that
modification-of amino acid residues located in the CDRs do not cause a reductionthe antigen binding
actiof the antibody (e.g. anti-glypican 3 antibody) involved in the modification, then such amino acid
residues may be selected for mocuficacior. * Those skilled in the art can readily find in a public
database, such as the Kabat database, amino acid sequences constituting the antibody variable
region FR that actually oceur in an organism such as mouse or human. A preferred embodiment of
the presenislﬁ\{?gnﬁ‘osn %?oﬁfd*eééﬂa %G?n%ﬁizga %naﬂpbo%@t(leg&dgjntlr-aﬁ/piéﬁr? 3"antibody) having plasma
kinetics mpdulated hy.the method of the present inveption. Ear.example,lime; humanized antibody
(e.g. anti- ican 3 antibody) is a humanized antibody comprising a complementarity-determining
region (CRR). derived fram:a pnonhuman-animal; afrafrework regien ¢k RYof human-eeigit!, and a
human constant region, wherein at least one amino acid residue that can be exposed on the antibody
surface in the CRR-arckR hes, a different ehatge from that bf fhemniinotdeod: tesidae in the
corresponding position of the CDR or FR of the original antibody and wherein the humanized antibody
has plasmarkineties Fiodiflatéd it comparisontto the chifrerictantibody having the $ame constant
reoion. Another preferred embodiment of the present invention provides a human antibody (e.g.

human anfigfypiean antibodyhafifg Piasmd Rinetts Mibdiiated by the metifod of e present
invention. ygg h mggwaqpi_k&g}dh:)ﬁ, fg(ﬁexample, is @ human antibody comprising a complementa ty-dete
mining region TC R) c‘)fah’umarfOrigiri, a framework region (FR) of human origin, and a human
constant region, whergin.at|east one aming acid residue, thatcan he exposed on the antibody surface
in the CDR or FR has a different charge from that of the amino ac_Ld residue in the corresponding
position ofthe COR ar-ERyofthe-e ginal-antibody: ard yherein the:pumaniarttnogyhas plasma kinetics
moauiated in comparison to a cnmeric antibody navirc the same constant region. The
aforementienetdaumanieonstant regiohgpreferabhedenetes-a regisneompesingea witd:type human Sc
region, but a modified Ft: can also be suitably used. Such a "modified Sc" may include a modified Sc
as preparedl by #iemadificators of ah aming agid Fssdire-Eoristithting thé Set 48 well as a modified Sc
as prepared by a modification of a modification already executed in the Sc moiety. A preferred
example of 836K Sodification s & Madifitation is the Modifiation 6f the Rature 6f the sugar chain
modification attached ta the Sc portion.. One preferred specific example is th%j'fa_nti ody having
reduced content of fucose attached fo ﬁegﬁo*l%%“fﬁaﬁ i‘s\]ls‘%%cﬁ?%%%dﬁé'aﬁsed e’\réin'?i';léJ a reference
example. ., :Fhe term, antibody havingreduced confentef fucose-attached to the Fe region” denotes
an antibody for which the amount of bound fucose has been significantly reduced in comparison to the
control antipodys and:preferably fucose-is.undetectable: Fuceseis generallyrbaunrd to the N-gly oside
linked .sugar chaHns that are bound at the two sugar chain-Sin ding sites present in the Fc region of
the two heawy cham mbledules that foraxarsinglerantizodyemotecule: The termtE@ritibody having
reduced content of fucose attached to the Pc regionT denotes an antibody that, in comparison with the
ordinary antibotlicds #iEebREBY, Has-atudose tonhteitato grestet thart 5096 preterabily no greater than
25%, more

test antibody, and the flucorescent intensity Lf measured by
FACSCalibur,. then the geometric mean value (test geo-mean
value) obtained by analysis of the resulting fiuorescent

intensity is compared with the control geo-mean value cbtained
from a contreol antibody using the CELL QUEST software. The
computaticnal formulas that yvield the geco-mean valus
(geomefric mean}.are daescribed in the CELL QUEST Software
User’s Guide {(BD Bilosclences;.

in order to avoid increasing the in vive immunogenicity
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preferably no greater than 10%, and particularly preferably no greater than 0% of the total sugar chain
content of the control antibody. The fucose content can be measured using the analytical procedure
provided in the reference examples below. The method for preparing such a fucose-depleted antibody
may include the method described in the reference examples of the . present invention, as well as a
method for producing antibodies with fucosyl transferase-deficientanimal.: cells (Biotechnol. Bioeng.
(2004) 87(@, 6;&;229 and a mgé_hofc_jL 1flor @ggmingi gti podies é/vi}fhogpimal cells. in which the complex
branched suéar“dﬁalnurnﬁ%%iﬂrcea“tldn IS r%odﬁfleéﬂ?lélo ec ﬁol.‘gloehg.@bag) @%@) 8%1-81). In addition,
suitable exanples of reparation methpds,ysing.non-gnimalicells as thehost cells may. include a
method for producing antibodies with. plant cells (Nature Biotechnology (2006) 24, 1591-7) andth
yeast cells; (Natuwe Biotachnofogy (2006):24,-210-5).-preferred embediment-ohthe preparation method
of the present invention is a method of preparing an antibody (e.g. ant -glymican 3 antibody) having
modulated-plagsma kineticsgcomprising{ay modifying:a nucleiciacid that encodes apaelypeptide
comprising at least one amino acid residue that can be exposed on the surface of the antibody (e.g.
antiglypicarP3 antibodyy-sech tHatthechargéistithe dmind adidrelidi{s) is 6Rangéd:; (b) culturing a
host cell in such a manner that the ucle c acid modified in the step (a) is expressed; and (c) recovering
the antibody fe ° ahtiEGiyp-ants ahtibod§) front th&' ROt éelfiaitufe. =°¢ kh&method of he present
rvenThor, the term "modifying a leic.acid" refers to a madificatio of the nugcleic acid sequence so
as to provide ﬁ%déﬁ‘%r?at lér(};ggrzrésf)m%ds%%he latnnﬁﬁloaagglr?%gidsu%qtﬁ%?% int?ogﬁggf gy the

‘modification.of the. present invention. More: speojfica this.term refers, to,ammedification of a nucleic
acid that contains a codon that will undergo modification, wherein said modification changes the codon
_correspongding-te-thepresmeodification amina acidresidue 1Q the codon=ofithe amina acickresidue that is
introduced by the modification. Generally this term means the implementation of a genetic process or
mutagenictreatmentistas toseplacezatleast ohediasesof, theccedenitompnising nudieiezacid to
provide a codon that encodes the target amino acid residue. That is, a codon encoding the amino acid
residue sublject&d-to mgdificanon is Fepiaied By atotionehcodifig the aminetacid residue that is
introduced by the modification. The nucleic acid modification can be suitably carried out by those

skilled in tH&*ar Bisihd KifowRtechnofogy? for8xampte, Site2sp&éific Mitithyenesis, POP mutagenesis,

and so fortp. . g’heﬁnqcleicpgcjd ptgﬁggoodi i_n tmggr&segg ip&e!nt@g)@nfi§%o_erguiy Q@é:ggimiserted) into a

. CytotoxiclT N )
suitable vector and introduced into a host cell. There aré no particularlimitations on the vector as long

as it has the capakhility.to stably maintain the inserted-nucleic agid. For example; with.reference to the
use of E. col: as the host, pPluescript various commercially available vectors can be used. An
expression:vectar isparticdaslvuseful, Hi-) these instances whererbe veetaristused to dioduce
polypept'de of the present invention. There are no particular -Imitations on the expression vector as
long as it canmexpress polypeptide in vitio; i 2t colicimeaicculfure, o Wwithin-aar ofganism; Preferred
examples include pBESJ vector ( omega) for in v 7-r) expression, pET vector (invitroden)caoill,

pPME 18S-EE#786t6 F (GERBARKY AEBe §5iBRINE SABODYB6AEY t61°Eell Bftdre, @nd-6METES vector (Mol,
Cell Biol. (1988) 8, 466-472): for an organism. DNT, ccording tq the present invention can be inserted
into the vector by*Sandiird nisthods “for‘exdmpie, by t?m%ﬁig%ételfje%%goh Utilizing restriction enzyme
sites (Current Brotocals in Molecylar; Biology, edited by Ausuhel &t al;(1987) Publish. John Wiley &
Sons, sections ffﬁ-lf.ﬂ).

Damschroder M. M., Zhang J., Woods R. M., Widijade L., Yu J.,
and Wu B., Antibody humanizatlon by framework shuffling,
Methods (2005 36(1), 43-60.

in those instances where the desired modulated plasma
kinetics are not achieved by a modest modification of the

surface charge, an antibody (e.g. aniti-glypilcan 3 antibody)

exniblting the desired modulated plasma kinetics can be
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There are no particular limitations on the host cell referenced above, and various host cells can e used
depending on the purpose. Examples of cells for the expression of polypeptide include bacterial cells

. (e.q., Streptococcus, Staphylococcus, E colil, Streotomyces, Bacillus subtilus), fungi cells (e.g., yeast,
Aspergilius), insect__ cells (e.g., Drosophila S2, Spode era Sf9), animal cells (e.g., CHO, COS, Bela,
0127, 3T3, BHK, HEK293, Bowes melanoma cells), and plant cells.vector can be introduced into the

host cell sby known methods, for example, calcium nggghate precipitation, glectropuise poration

(Current Protocois in R]?&I%lﬁ%? éll\élotgmy“, erée.%%% tl)y} AUsuberat gll.o(zigg‘/) igﬁn Wﬂey & Sons, sections
9.)-9.9), lipt fgsggnméagﬂi%@mctm oA 2PPLopriate sectatory signal.can be suitably

incorporated Info the ahtibcdy (e.g. anti-glyp a 3 antibody) in order to bring about secretion of the
antibody expressed in.the;host.celk intea lumen ienrae asmic Tetieylthe periplasmic space, or the
extracellular environment. Such a signal can suitably be the native signal sequence cnaraczerisnc of
the antibody {e-g. apti dgi ant3 antibody) oy cahdsela heteropogous signaksequence. The antibody
(e.g. anti lypican 3 antibody) produced as described above can be recovered by collecting the culture
medium intthose instahdesowhete the anibedy Githa présentInVertion is Zeeréted intd'the culture
medium. In those instances where the antibody (e.g. anti-glypican 3 antibody) of the present invention
is producetifFRNFPIE &P the Cellie%irsflysed and ther the-afitioady is'fecoverdd.  Known
methods can l?<e s“ui{aglyxuse,d to ggrizy thq;ggptripggy -(‘e.'g'z\%vrzlll I nigﬁ]n B a i&gg af the invention

OTL N . i O3 o . b4 .. .
recovered from the récombinant cell culture, for example, ammonium sulfate and ethandl precipitation,

acid extraction, anion- gt cat:on-exchange chromatography, phosphoceliylose ghromatography,
hydrophobic interaction chromatography, affinity chromatography, hydroxyapatite chromatography,
and le in chrematograpby. ara The present:inventien also.relates-to-a compasitiena drug) comprising
a pharmaceutically acceptable carrier and the antibody (e.g. a ti-giypican 3 antibody) (for example.,
IgG antibody)x haying:plasma kingticsimodulatedrioy thesmetitod of the inventionl - The
pharmaceutical composition in the context of the present invention generally refers to an agent for the
treatment OF-pretention’cf’a diséase ébfor the detéction O diadifosis b e diseade’ < The
pharmaceutical composition of the present invention can be formulated by a method known to those
skilled cn tR8 4 Fér EXafiple, the formutation &an b liged By S nBR%raf TOER R thE 16rm of an
injectable,a suspension or aseptic solution with water or other pharmac 'cﬂ,y: ble liquid. For
example, thé (i‘)(%’rgmLcjfati’()rf'rca?lﬁl %%nﬁrze‘p%rgd bjyhé}% bﬁTr% Ffphé" 'anfi\é%é%%ﬁﬁﬁ‘% p ug‘?{r%g%%}ggically

the two were shown to have the same plasma kinetilcs (Gobburu J.

V., Tenhoor ., Rogge M. C

., Frazier D. E. Jr., Thomas L.,

)

Benjamin C., Hess D, M., and Jusko W. J.,

Pharmacokinetics/dynamics of 5¢8, & monoclonal antibody to
CD154 (CD40 ligand) suppression of an immune response in
monkeys, J. Pharmacol. Exp. Ther. (19%8) 28&6(2), 925-30). The
plasma kinetics of the chimeric antibody cCC48 were shown to
be the same as those of the humanized antibody HuCC49 in mice
(Kashmiri 3. V., Shu L., Padlan E. A., Milenic D. E., Schiom
J., and Hand P. H.,.Generation, characterization, and 1in vivo
studies of humanirzed anticarcinoma antibedy CC48, Hybridoma
(1995} 14(5), 461-73). The plasma kinetics and distribution oI

mouse antibody and humanized antibody were shown to ke the
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accep able carrier:. .or medium, in particulartn sterile water or physiological saline, plant oil emulsifying
agent., suspending agent, surfactant, stabilizer, flavorant, diluent;carrier, preservative, binder, and so
forth, and mixing in the unit dosage state required by generally established pharmaceutical practice.
The amount of active ingredient in the formulations is selected in suchmanner that a suitable dose in
the indicated range is obtained. A sterile composition for injection can be suitably formulated in
accordance with standard épﬁharmacﬂeuticqal Qra(g;ipaev%sing a garrier@sswchrgs distilled water for injection.
The aquebaE&sohitich forinjection can Se. for example, an isotonic solution containing Physiological
saline, dextrose, and,other, adjutants (for exampls, D-sorhjtol, Rymannose, Dpaonitol, sodium
chloride). Uitable solubillzagents (&.g., an alcohol such as ethanol or a polyalcohol such as propylene
glycol or. palyethylene glycobsand nonienie surfactant e.gu Pelysorbate807NoH&R0) can also be
used as appropriate. Oily liquids include sesame oil and soy oil. Benzyl benzoate and/or benzyl
alcohol cafi-alspibe; suitablyrusad assaolubiizingeagentse A buffer:(forexampl&Fphdsplate bu fer
solution, sodium acetate b- fez solution), soothing agent for example, procaine hydrochloride),
stabilizer @for-exaniple Benzyl Glectial divd phéhdP? and dxidatict? inHibitor-eart alsb b8 incorporated as
appropriate. The injection solution prepared as described apove is generaintg suitable aMpoules.

The pharmidé\tidal dompositien Ttithe presentiienfibhtan Be admi '§'ered preferably by non-oral
administration.. For examPle ated as.an inélescj‘_tggleac%rg\pgf,itgoorgiacyggggasal

it car\pg formul
--gwnoclonai.ﬁnt%boa cAt humanizar 107 ; 1 _
composition, a composition Tor inhalation aominstratcon, or a transdermal composition. It can be

suitably administered systemically or logally by, for.example, intiavenous injection, datramuscular
injection, intraperitoneal injection, or subcutaneous injection. The method of administration can be
selected agappropriate depending on-the patient s:age and-symptoms cThe gosage of the
pharmaceutical composition. comprising the antibody or polynucleothoe encoding the antibody can be
selected, far example zimimelrange-of 00001 mghto £008 eme -permt Kghodys weight per unit dose. Or,
the dosage can be formulated or set at a dosage of 0.001 to 100,000 mg per patient; however, the
present invention: ieroenéeassrity liptited e tHeseendimerical Vafties® Thetddsage and method of
administration will -ary depending on the patient's body weight, age, and symptoms, and an
appropriat&“§osagefand Methdaror Admiistrafion canBé seletied by those skiffed'in the art based on
a consideration of these factors. _. _The present invention also proyides nucleic acid encodin the
antibody (er.agréhti‘f&gslyf)fé%bﬁ% aay) (for “ex“é%ﬁgfé, %ﬁ’ma‘rﬂ%eg%aan?ﬁ%ly%%ne? ;ér%ib%d%) ﬁ%%ying plasma
kinetics

same between chimeric antibodies and humanized antibodies that
have the same CDR. This means that humanizatilion by the known
I

methods provided in Ghetie V., Popov 8., Borvak J., Radu C.,

Matesol 0., Medesan (., Ober R. J., and Ward E. 3., Increasing

(%)

o

he serum persistence of an IgG fragment by random mutagenesis,

jat. Eictechnol. (1887 15{(7}, €37-40) and so forth, may

=

vrovide the same plasme kinetics as the chimeric antibody, and
thus a humanized antibody having modulated plasma kinetlcs
therefore cannot be prépared by the known methods.

Irn contrast, when a chimeric antibodv (e.g. chimeric
anti-glypican 3 antibody} is humanized according te the method

of the present invention, the pl of the antibody is modified

Py modification to an aminc acid residue that can be exposed

L
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modulated by the method of the present invention. A vector carrying such a nucleic acid is also
encompasSed by the present invention. The present invention also provides a host cell-that
comprises the aforementioned nucleic acid. The type of the host cell is not particularly limited, and it
may be, forexample, a bacterial cell such as E. coli or any of various animal cells. The host cell can be
used as appropriate In a production system for the production or expression of the antibody (e.g.
anti-glypicBﬂaQti_god@?tnq resent invention. .Thus, the present invention also provides a production
system tha'may bé Used fo prodice the Antibody (& g, anti-olypican 3 antibody) using the
aforementione hostoell-A0Jo,yiig af In vy pIOduetan sysiem, Scan skitably beaised as the
productiom system. Fukaryotic tells and prokaryotic cells are suitably employed as the host cells used
in the in vitropraduction:system: »  t e fhg eukaryatic eells wsed as. theshosteelkmay inglude animal
cells, plant fells, and fungi cells. The animal cells may include mammalian-type cells such as CHO (J.
Exp. Med.qd995) 408 :945)= GO S sMEK.293; 3T8: myielomayBHE(babyhamster kidney), Hell, Vero,
and so forth; amphibian cells such Xenopus laterals oocytes (Valle et al., Nature (1981) 291, 338-
340); and insett cells Sucheas Sforsizrand ThS. For exarmples OHO-DG44L THEEDXELB, 0037 cells,
1=293 cells and BHF cells are suitably used fcr expression of the anti- yp an 3 _antibody of the present
invention. Thastiée bt CHOCealls~&§ tHE fost Caif 1€ Paftic tiny préfered-WhenTighivels of exprdssio
in animal cells is intended. Transfection of hgcr combinant vgcpoxggtgijthgeh%sft cell is suitably carried
out using th}épgﬁgﬁjn?‘phbsbhafe technique, EAE dextran teclﬁﬁfque, techniques that employ the
cationic lipgsgme DATAR: @%%%%%&M@n&m@gd@m%?o@%gem;hiq ue.-lipafeetian technique,
and so for With regard to plant cells, Lemna minor and cells derived from Nicotiana tabacum are
known as prgtein:production,systems. and-the.anti. -alypiean J.antibody of the present invention can
be produced by callus culture techniques usina these cells. With regard to fungi cells, protein
expressiorn:aystems: usingiyeasticellsy erg.y Saccharomyeesi{e.gipSatcharomyces siae,
Schizosaccharomyces pombe), and protein expression systems using filamentous fungi, e.g.,
Aspergillus (& §z Aspeteiifusiniger): caredaiovin @fid-¢an bectiised&s HEstee ffoduce the anti-glypican 3
antibody of the present invention. With regard to the use of %%okar otic cells, any production

systems usifg BactsriaFcélls AP 8litaBNY GSed. Production systernsInat use E. coif as described
above or B. subtilus are kng\évn fgg %h pact%gijalg%ells and any of_;llesemgajgﬂi%&ggs’ can be suitably

used to produce the %ﬁbgdyr(efg. an ﬁéﬁ/rﬁlcan“Baatn’tﬁa%%i/s%?Ltlﬁ‘é“ﬁ'resent Invention. In order to
produce the antihody, (9. anti:glypican 3 antibody).using:a host.cell of the present inyeation, tie host

cell transformed with the expression vector comprising Polynucleotide encoding the antibody of the
present invention-is;cultred toexpress.a belyausleatidescodingdor e antibedd {e.g:anti-glypican 3
antibody). The host cells can be cultured according to known methods. When an animal cell is used as
the host, farlexamples OMEN sMEMRPMELE4G, dRDM iS. stitably: usedas the eulture medium. A
serum auxiliary, e.g., FBS, fetal calf serum (FOG), and so forth, may be added. The cells can also be
cultured in Blseram-drde medigm: The cells-8akbe’ cultiidaata pH ot'ab56t 68, depéiitiing on the
host cell. Culture is generally run for about 15 to 200 hours at about 30 to 40C, with medium
replacemenit 2&f&lGH -afd sfirming d&iieddssapy, °F & Fecompinant monociohal

antibedy to produce a therapeutic HER dimerization innibitor,
pertuzumab, Cancer Immuncl Immunother. (20086) 5506}, 71727
Thus, the plasma kinstlcs are apout the same when antilbodies
are humanization using the same FR seguence. According to the
method of the present invention, the plasma kinetics of the
antibody (e.g. anti-giypican 2 antibody) can be modulated in
the humanizatlon step where the pI of the antibody (e.g. anti-

glypican 3 antibody) is modified by adding a modif:ication to

-
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-On the other hand, production systems based on an animal or plant are avail able as in vivo systems
for oroducing the antibody (e.g. anti-glypican 3 antibody) of the present invention. Polynucleotide
encoding the antibody (e.g. antiglyplcan 3 antibody) of the present invention is introduced into an an
ma__ or plant and the antibodyroduced within the animal. or plant and is recovered. The term "host" as
used herein encompasses such animals and plants. When an animal is used as the host,
production systems based on mammals and insects are available. Goat, pig, sheep, mouse, cow, and
“so fosuitalily St 4s thé mammal tvickP Blaser, SPEETRUM BiotéchindlogyXpplications (1993)). A
transdenic animalgm.ag also be employed. For example, a polynucleotide encoding the antibody
(e.g. anti-gtlgliﬁic%rﬁﬁ%n%%dy) of the present invention can be produced in the form of a fusion gene
with a gene encoding,a. polypeptide that.is specifically prodyced in milk; such.as, goa; 13-casein. A
polynucleotide fragment comprising the fusion gene is then injected into a goat émbryo and is
transplanted inte.a female goatantibady, (exgranti-glypican 3:antibedy)-ef interest is obtained from milk
produced by the transgenic goat born out of the goat that received the embryo or from milk produced
by the offspringiofdhetransgen ¢,goata Siitable-hoimones may e=administered :aslappropriate to the
transgenic goat in order to increase the amount of antibody (e.g. anti-glypican 3 antibody)-containing
milk produged fromrthesransgearsic ‘goat (Ebertcetiall S3EQ/Technology A 994)2, 699-702).  The
silkworm is an example of an insect that can be used to produce the antibody (e.g. a 2-Olypican 3
antibody) Gfthe5résent ifventfh. WRERRE SitkwiSii & éifpidyed  the Sikiorm may BE infected with
a baculovirus having a polynycleotide encoding the desired antibody (e.g. anti-glypican 3 antibody)
inserted intd its T/Trfa?a nb‘%iel.gThé: é‘hﬁb%f/t(gf%.%éfntf&wﬁ%%ﬁ %“éﬁﬁbégdy)“g‘f“in?gregf i obtained from

tdm body flyids of the;infacted.silkwarm (Susymu ef:al,, Natre (1985),315, 592-4); ; , The tobacco
plant is an example of a plant that may be used to produce the antibody ( .g. an -glypican 3 antibody)
of the presgng invention: Whenthertobacea plantds tseds podynueleatide-encagingdheantibody (e.g.
anti-glypican 3 antibody) oh ' terest is inserted into a plant expressionvector, Such as pMON 530, nd
the resulting:recombinant vectohis:teansiectedbacteriumtsuckas Agrobaeterivmiumefaciens. This
bacterium is then used to infect a tobacco plant (for example, Niaotiana tabacum) (Ma et al., For. J.
immunol. (2094¥24y 13187 zind the'desired ARtibOY (& drtilglypicarts amiodsy is obtained from
the leaves of the infected tobacco plant. Lemna minor can be si  such a bacterium and the desired
antibody (€-g*a'oglypican 3 antibody) can be obtained from cells of the cloned infected Lemna =not
(Cox K. M. et aI._, %%t. Blotechnoé.l(gppﬁl 345%2)5!;%55?%{325 The ggtibody ﬁ(g.g@i grgi}gn 3 antibody) of. the

wlasma Il rrfte oay incte
lowering the pl valus of the antibedy. In contrast, it is
known that the plasma half-life is decrsased and the

antibody’s tissue translocetion characteristics are ilmproved

4]
ot

by raising the antibody’s.pl value (Valisitti T., Deaglio 5.,
and Malavasl F., Catilionization éf monoclonal antibodies:
ancther step towards the "magic bullet"?, J. Bicl. Regul
Homoest. Agents (2005) 19{3-4), 105-12; Pardridge W. M.,
Buciak J;, Yang J., and Wu D., Enhanced endocytosis in
cultured human breast carcinoma cells and in vivo
bicdistribution in rats of & humanized monoclonal antibody
after catlionization of the proteln, J FPharmaccel Exp Ther.

{1998) 2861{1,, 5H548-54). However, due to fact that such an
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present invention obtained in the manner described above can be isolated from inside or outside of the
host cells (e.g., culture medium or milk) and-ean be purified into a substantially puré homogeneous '
antibody. The separation and purification techniques generally used for poliypeptiae purification-can be
suitabLy used for antibody separation and purification in the present Invention, but is not limited. For
example, the antibody can be suitably separated and purified by a suitable selection and combination

of column chromatography, filtration,ﬂ,uILrgfiItratiOq, saltin out, sc%lveng Br%gpiégﬂgoq,c%o%vent extra on,
distillation® imiGAdprecii ation, EDS poiyaciyfamide geFsiattrophoresis, isoslettric electrophoresis,

dialysis, recystalization. and s forth,, . Lhe chiamatogiap.c ieghniques loduge.afinity
chromatography, ion-exchangé chromatography, hy rophoblc chromatography, gel filtration
Chromatog}@&@i’r%’efé‘%@?i%EQEQ!B%tOeQ{thaQ%Q%Wm@ma@Qﬁ%%sa%%@imh (Strategies
for Protein Purification and Characterization: A Laboratory Course Manual. Ed. Daniel R. Marshak et
al. (1996) cold Spring: Harber 4 aberatory-Rress}.Chramatography can-cartietvaut,using liquid-phase
chromatography, for example, HOLC, FOLC, and se forth. The column used in affinity onatography
includes, forexamwle ra protein 7Z& columarPprotein G olurmnz Hyped BIPOROS taAd Sepharose F.
F. (Pharmacia) are examples of protein A based columns. Another preferred embodiment of the
present inVérticitis"a réthot-of-preparingthé antiody’ (€5 antiglypican3<ntibodyy With modulated
plasma kinetics of the present invention, gpmprpisgng the step of culturinghost, cell. of g}eﬁpresent
invention 48 de&éribed abové shd fecdVeting the antiBody’ (6.g7 an - lypican 3 antibody) from the cell
culture. Al of the literatyre ¢ Ginthe.specification areinorpgralid; heyein by reference.

present Invention is specifically described in the following,the present invention is not limited to the
examples pravided below. EXAMPLES -« :nternzlization into the cell is &

hindrance to the manifestation of its cytotoxic activity, such

as ADCC activity, CDC activity, and so forth, it had not bsen

-

1]

n the pl value of an antibody

determined whether an increas

3

3
®
O

or a reduction in the pl wvalu f an antibody causes

1
t
-

by

enhancement of the tumor-inhibiting effect. In the present

{
4
i)

invention, modified humanized antli-glyplcan 3 antibody with a

reduced pl value and modified humanized anti-glypican 2
antibody with an increased pl value were constructed, and then
the guestion of which modification has the nhigher tumor-
inkibiting activity was sxamined by subjecting both antibodies
t¢ comparative testing of the antitumor effect. As a result,
3 o]
-

it was surprisingly shown that the humanized anti-glyplcan

antibody with the reduced pl value exhibl

t

Q.

2d the better effesct
agalnst llver cancer.

Th

M

term “anti-glypican 3 antibody" as used hereln
encompasses anti-glypican 3 antibody obtained by subjecting

anti~glypican 3 antibody that has already been sublected To

w
3



Example 1 (1) Construction of point-mutation genes of the humanized HOLO antibody Various
~point-mutation crepes were constructed starting from a gene encoding anti-glypican 3 antibody
comprising the CDR of the humanized GC33 antibody disclosed in WO 2006/046751. OligopDNAs
designed based on the sequences of the sense and antisense chains containing the modification sites -
were synthesized. A plurality of point-mutation genes were constructed using the commercial '
QulkChange Site-Directed Mgta enesis Ki%l gsc}gataggggg' Consggction‘o@f éh%kggyg:mygation genes

SCI LD

was carried Ut b§71 OCRUndert e"f%?lrogﬁng conditions. Ar}tearsheatlng or 30 seconds at 95 h, a reaction
mixture of 10,0g femplate.plesmi. 40, omol fouvae chalg.and texerse chaia synthetic oxigo-DNAs
and 10X buffer, dNTP mix, and Pfu Turbo DNA Polyme ase provided with the kit was subjected to 18
cycles of 95G 3sec, 155G LAdr:¢ and 68C 4mincThe Dpniprovided withkit ias-added to the reaction
mixture, and restriction digestion with the restriction enzyme was carried for 1 hour at 37C. DH5a
competent-gelis Erayioba) wersstrahstormed withcthesressitingrgactiondsdlaition:te obtain transformants.
The introduction of poin mutation was confirmed by determining the nucleotide sequence of the -
plasmid DNAdisolated feorm/the trarsforiants. [Eaci poirte 'mutatiort§éRe \Was eloned into
expressiovectors capable of expressing the insert gene in animal -ells. Modified genes were prepared
by modificafighs 83 descibed heiow.2° “fmsishtexprassion e AtintaniZEd HOLD antibody and
its point mutation-modified antibodies was carried out.using polyethyleneimi olysciences Inc.).
HEF293 (:éjlgrsv Weré sepaFatet by trypsin EDTA ?ga\/ﬁFGEeqn%zit()Q ]Isyeglcjlé"d t(gi?%%cgrﬁz ‘culture dish at 6 x
106 cells/10 mL. JThe next.day, SEMIL ., ;re medium,and polyetbvignagimwereed.with aaeavy chain
expression plasmid'DNA and a light chain expression plasm id DNA according to the manufacturer's
instructions,.and the resultingdnixture.wasdeft:stand fer 0 minutes at reem temperature. The entire
mixture was added drop se to the culture dish containing the HEK293 cells seeded as described
above. Theiculttire: supernatant was:zrecovesed aftes approxintately:72 hoursiand.the expressed
humanized HOLD antibody and its point mutation-modzfaeo antibodies were purified using rProteinA
SepharoserhliPastFlow: (GE Heakhears) dtcording tothethanufacttrérSmstreitions. (1-1)
Modification of the Tm value of the humanized HOLO antibody = The thermal denaturation midpoint
temperaturé“{T s aRdeteFmiTed bythe top ot tHe Henatiration peaK in the thérmogram (Op versus
7) obtained, after heating the. test sample solution at a.constant programmed heating rate. The Tm
value of thé m%éﬁ-%eg%]él %%}fibbﬁy%}\}% %Teglgtﬁéé%u%ﬁg %\E sample solution for DSC
measurement Prepared:as desctibed,in the following, The.antibody. selutign.(corresponding to 50 to
100 ng; fill 'in a dialysis membrane was first dialyzed for 24 hours aganst a dialysis external solution of
20 mol/ sodiu-acetate buffer solation {ph-6.0) coptaining:1500lIL sodiumachloride. Subsequently, the
sample solution was adjusted at its antibody concentration of 50 to 100 dp/mT with dialysis external
solution andiusedc-as the samplesolution foEDSG aredsUrerention is &

modification whose goal is to raise the stability of the
antibody (referred to below as a stablility modification;. In
aguecus solution, the antibody equilibrates between two states,
its native atate and an inactive denatured state. The
stability of the native state, as shown by the second law of
. thermodynamics (AG = AH - TAS;, depends on the Gibbs free
energy change AG of the system and the balance between the
components of AG, i.e., the enthalpy change AH {attribuzable

to changees in, for example, hydrophobic interactions and



A suitable DSC instrument, for example, DSC-II (Calorimetry Sc ences Corporation), is used for this
experiment. The sample solution prepared as described above and the reference solution (dialysis
external solution) were thoroughly degassed, and each of these test specimens was placed in a
calorimeter cell and was thermally equilibrated at 40C. A DSC scan was then run from 40C to 100C at
a scan rate of approximately 1 K/minute. The results of this measurement are given as the top of the
denaturation peak as a function of temperature. The thermal depaturation midpoint temperature of the
humanized HOTIARGBEAY wHs CAIBURted BFpeaR aSEfyhmert™st theFah dorhain A¢éotding to Rodolfo
et al., Immunology Letters (1999), 47-52. As-a specific example, the chart obtained from differential
scanningo$iméty-Se | dhthe Mspad 2165u2 (HU221%12:3) afitibody Ts Shown in Figure 1. The
humanized HO1,0 antibody, comprising the heavy chain shown in SEO ID NO; 1 and the light chain
shown in SEEFIINOG! 7 Has & T valtiesr ?8%% a8 calcUlated by thé miethod described above. The
im values of Synagis and Herceptin, provided as: examples of existing aptibodies, are measured
85.4C and81.8¢C redpectively. 1tiWas this Shown: tl%f [tQTfé '?ri{] e\%ajl%el%fot @é'“ﬁur%fanr?zgeLdé?%OLD antibody
is lower than that of existing antibadies., . Modified antibadies tnerefare, prepared from
humanized FOLD éﬁﬁb*od*ﬁ\?virﬂ“tﬁéeéi% of ?giléian‘é%?ee% \%a|§é.\%%§iﬁce§rti§ﬁs§ T 1, A406, M46l,

and L511 were introduced into ER2 of the HQLL). antibady, heavy chain sbown.l.n S£Q:ID NO: - to

OL T

prepare thg*anﬁibrbdiyaﬂigv(sééTD-NO: 2), where its subclass was changed from VHIb to VH4. The
Tm value was improved 19 79.1€; Also,the, HOLR-antibody,light chain show,in SEQ ID NO: 7 was
modified by ntroducing L4 2Q, 648A, and Q50K modifications into the FR2 which changed the
subclass from VKR te MK3,-and introducing 172lasadification te replaceithe T2 of FE1 with | (germline
sequence), thereby L4 (SEQ ID NO: 8) was prepared. The Tm value of each antibody was measured
as describedahove. ThexTat.=4d e bf Hi5LO@nd HOLA was 79:2C and FRET #&5pEctively, which
shows iMbrovement from the Tm value 76.8C of HOLD. The Tm value of the H15L4 antibody ,
comprisingrtheudombination ef BiesEStvd nGdificaions Wastimprovedtost! {@:2) Mddification of the pi
value of the humanized HOLD antibody The plasma half-life of an antibody is extended by
lowering the BE Vati& xhibied By ife ARtibddYSfh-Eontrdst the tisstié Transiocat on characteristics of
an antibody are improved by increasing the antibody's pl atis unknawn yhether either increase or
decrease: fﬁotrh%rﬁ:g\"/‘&me“oof an iéﬁﬁﬁo%&ae%fé’c“ﬁ%/e“iﬁD(fé'nc%? trseggéﬁng%t W%Qe%hance the
tumor-suppressing effect, Therefore, Modified humanized HOBQ antibogy with,a lowered p1 and
modified hdmanized BOLO anti ody with an increased pf were prepared and the antitumor activity of
nem was compaiec fonvestigals [ather madiigation Nada lighekmolrsuppressing activity.
The p1 valie of each antibody was calculated based on analysis by isoelectric electrophoresis.
Electrophoresis was garried; out as.described in the.foliowing, Using PhastSystem. Cassette
(Amersham Bioscience), Phast-Gel Dry IEF (Amersham Bioscience) gel was swollen, for about 60
minutes with a swelling solution.with-the compesitiengiven betow. {a) Gonapesition-efithe swelling
solution for high pi: 1.5 MI, 10% glycerol

described in the examples provided herein. The DSC curve for

the protein thermal denaturation process takes the form of an
endethermic peak that frames a tTemperature, kncwn_as the
denaturation midpoint (Tm;, that is characteristic of the test
protein., The denaturation enthalpy change is obtalned by

integration of this peak. The Tm value is generally an

indicator of thermal stabilitv. The chance 1n the heat

¥

capacity (ACp) can also be measured during thermal

denaturation of the preotein by DSC. The change in the heat

in
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100 ul, Pharmalyie 8-10.5 for IEF (Ameis am Bioscience) (b) Composition of the swelling solution for
low pi: 1.5 mL purified water 20 uT Pharmasyte 8-10.5 for IEF (Amersnam Bios ence) 80 iL Phar-aiyte
5-8 for IEF (Amersham-Bioscience) Approximately 0.5 ug aody was loaded or the swollen gel and
isoelectric electrophoresis was run using the PhastSystem (AMersham Bioscience) controlled by the
program described below. Thefl sample was added to the gel at Step 2 of this program.H.A Calibration
- Kit-for pl (Amersham Bigs ence) wagused fardheplmarkers, W L5GT5 M N, 18, 15 Vh W, 15C
410 Vh fter electrophoresis, the del was fixed with 20% TCA and silver staining was then carried
out using Silver. Staiping. Protein (Ameysham. B:scienceacearding:to thes instrustions providedthe kit.
After staining, the isoeiectric poin of each antibody (test sample) was calculated based on the already
known isoelectie poinats:ofkthemarkers. Ehe elgctrephoretogram from ¢he: high prisoetectric
electrophoresis is shown in Figure 2 and the electrophoretogram from the ow pl isoelectric
electrophoresisvis shiovwr ilrFigire 3x@) Modificationsthat rised thé pl 92T Hifiot22 (Hu2.2) (SFQ ID
NO: 6) was prepared, in which the 043K, D52N, and 0107R modifications were additionally
implementeeinda 18 LEpE2 2 (LUZE 27 (ShO Y NO: 12) was also prepared, in which the E17Q, 027R,
0105P and SZSAP

s described above, amine acid residue "modification”™ in
+he method of the present invention specifically encompasses,
inter alia, substitution of an original amino acid residue
with another amino acid residus, deleticon of an original aminc
acid residue, and the addition of a new amino acld residue.
The substitubtion of an original aminoe acid residue with
ancther amino acid residue is preferred. Thus, modification by

Caminc acid substitution is preferably used in the present

invention when a modification of antibody stablliity ls scught.

Q

"The Tm value of the antibody {e.g. anti-glypican 3 antibody)

h

is increased as a result of the execution of the stability
modification on the amino acid residues constituting the
antibody. Thus, the Tm value 1s sultably used as an indicator

of the stability modification of the antibedy (e.g. anti-

glypican 3 antibody) has occurred.

[
)

n order to carry out the aforementioned "stability
modification® with the anti-glypican 2 antibody of the present
invention, medification is preferably carrisd out, for example,
on at least one amino acid residue selected from the amino

acid residues at positions 37, 40, 48, anad -1 in.the numanized

anti-glypican 3 antibody heavy chain variable region shown in
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modifications were implemented in 24, where the _ a modification replaces S25 in CDR2 with A
(abundant in a germline). The Tm value of the Hspu2.2Lspu2.2 (Hu2.2Lu2.2) antibody composed of
-Hspu2.2 (Hu2.2) and Lspu2.2 (Lu2.2) was measured at 76.8C and its pl value was measured at 9.6.
Since Lne pl of the HOLD antibody is 8.9, the pl of the Hspu2.2Lspu2.2 (Hu2.2Lu2.2) antibody was
increased by 0.7. (b) Modifications that lowere pi Hspd1.8 (Hd1.8)-(SEQ ID NO: 5) was prepared,
in which the K19T, Q43E, MESS, K65Q, and qus_p modifications were additionally implemented in
' H15. Lspd6 (£d16) (SEQTD RT*11)Was Prepared by Making Thé following modifications: the Q27E
modification in L4: modification of KISRVE at 79-84 of the 8R3 in L4 fo TISSLQ: and the S25A
modification to achieve the same modification as for Lspu2.2 (Lu2.2). The pl value of the
Hspd1.8Lspd16.(Hd1:8Ld1:6) antibady.cemposed,ofnspdk 8 (kdl.8zanddspel.6,(Ld1.6), was
measured at 7.4. Since the pl of the HOLD antibody is 8.9, the pi of the Hspdi..81ispd.1.6
(Hd1.8Ld1:6)antibacy was reduced by 1-5n(2) Evaluatide byicompetitive EtdSAxof the binding activity
of the point-mutation modified antibodies from the HOLD antibody The HOLD antibody and its
point mutatiepimodifisd antibodids parifiéd ias eVakiatedeompetitive E119AS 1006t Hie soluble orC3
core pol ePtide (SEQ ID NO: 13) at 1 pp/mL was added to each well of a 96-well. The soluble GPC3
core polypept e Was ifAasBiized Sitthe?Prace By Aoy e platé t8'8tarnd Svarhight4C. The soluble
5203 rore polypeptide immobilized on the _plate was washed 3 times with.a .washing buffer using
Skan WAS%—? é/gﬂgﬁaﬂ\}l8i%né}1?§r Bevices): and bige %e’d with 200" nglo%ﬁ%lg*ﬁﬁffera at 4C for at least 30
min. The blocked plate on.whigh soluble GRC3,care;noxypeptide as immehilized was then washed 3
times with washing buffer using the Skan WASHER400. Subsequently, each well of the plate received
200 mL of a4mixture; gontaining 10016 of bictinylated POLO antibedy (finak.eencentration - 0.3
mg/mL) and 100 mi of the BOLO antibody or its point mutation-modiantibody (at various
concentrationsye theddOLD antibody was bidtinylated=usihg Biotin LabetingtKit fRoeheyaccording to
the

or higher than the Tm value of the humanized anti-glypican 3
antibody subjected teo the modification.

The stability medification can be carried out by randomly
modifying aminc acld residues constituting the antibody (e.d.
humanized anti-glypican 2 antibody) subjected tc the

modification. Irn addition, stability modification can also be

portion of the amince acid seguence
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ne humanized antibody (e.g. antibody anti-
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ntibody) subiected to the modification, with an

-

o

glymican 3
amino acid seguence found in an antibody that already has a
nigh Tm value and that corresponds - from the standpoint of
the correlation of antibody three-dimensional structure - with
said portion of the aminc acid sequence constituting the
humanized antibody {e.g. humanized anti-glypican 3 antiboay!)
subjected to the modification. There are no limitations on the

position of the aminc acid residue or residues undergoing
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instructions provided with the kit. The plate was left stand for 1 hour at room temperature, then washed
5 times with washing buffer using the Slan WASHER400 (Molecular Devices) 100 ml goat
antistreptatidin alkaline pnosphatase ZYMED), diluted 20,000X with. substrate buffer, was added to -
each well, and the resulting plate was left stand for 1 hour at zoom temperature, and then washed 5
times with ash g buffer using the Skan WASHER400. Phosphatase Substrate (Sigma) was prepared
atimg/mi, in the substrate beadded at 100.gl perell for 1 hour, The absorbance gt 405 nm of the
reaction sSHffi%hl ineach wellWas erﬁéagﬁﬂr‘éga“’%éﬁﬁjg%éﬁcshlrﬁ%?k %qusl%ls?;mlg-%%\Djaﬁthﬁvthe control
absorbancg,at 635 nm.-As.shawn by. Figure 4, the antigen hindint..ivity, of the . »- ;aptibody was shown
to be almost the same as that of the HOBO antibody that had been subjected to te modification. In
addition, as-showa.inFigure-5; the antigen birdingetivity of thenHspeR. 2spu2 {Hu2.2Lu2.2)
antibody was shown to be about the same as that of the HOLoantibody subjected to the modification.
Moreover,las:shawnidndzigute 6;the antigentindingcactivityrofite Hepdli8lcdpdl.6 (HA1.811d1.6)
antibody was shown to be about the same as that of the HOLO antibody subjected to the modification.
ReferencezExample 2 Disiuption 6f thierfuchsedfanspoiter getfe THERC cefis 21 Construction of the
targeting vector (1-1) Construction of the KO1 vector The BamHI site and the TGCGC sequence were

- 1

added at theSide BF tie! art WoddR 6rthehyljtomycit resittarice ’gen& {Hydn by FOR using

PcDNA3.14Hygroogen) with primers HygS-BH ang3-NT to obtasn the same seguence as on the 5'
side of the‘;s‘t*g\{ft“‘c’g%oﬁ)no% tﬁ(ePCfUéc%gg T%%%p%?fér%%%%.%séﬂi‘% Notl site sz% added on the 3' side

IndUdmtheégg%EE%@ar segment of the FR with a desired segment. With
regard to such segments, all of the segments within the K

{
|

tr]

R1, FR2, FR3 FR4) can be modiiled, or one or more ol
segments modification may be combined.

The FRZ of the heavy chain or the light chain Is a
preferred example in those instances where a segment of the FR

is modifisd. B preferred specifiic example in this regard i1s an

amino acid residue modificatior in which humanized anti

glypican 3 antibody heavy chain FRZ in the VHIDL subclass

{shown in SEQ ID NO: 1} is modified to the VH4 subclass, i.e.,
V371 (valine at position 37 is replaced by isoleucine; as well
as RB&0P, M48I, and 1517 modifications. Other preferred
specific examples are a modification of humanized anti-

glypican 3 antibody light chain FRZ region in the VKZ subclass
{shown in SEQ ID NO: 7} to the VK3 subclass, i.e., L4&20, 548h,

and O50R modifications. Also preferred is V21 modification,

which corresponds tc modificatior to a germline sequence for

25|

ELl.

The execution of substitution, deletion, addition, and/or
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to the 5V40 polyA addition signal. Then the Hvgr gene was excised. forward primer Hyg5-ER
5'-GGATCCTGCGCATGAAAAAGCCTGAACTCACC-3' (SEQ ID NO: 14) reverse primer Hyg3-NT
5-GCGGCCGCCTATICCTTTGCCTTCGGACG-3' (SEQ ID NO: 15) Fucose transporter targeting
vector ver. | (referred to as the MOT vector) was constructed by- inserting the 5' side of the fucose
transporter (from the Smai at No. 2,780 of SEQ ID NO: 16 to the EamHI at No. 4,232), the 3’ side

(from No. 4,284 tq the Sad i at No. 10,934), and.the, Hygr fragment.into.the pMO1DT -4 yector (Magi
T., Proc. Nafl“Acad. Srata. USB' (1990) 87, 9918-22). A characteristic feature of this vector is that,

when homg|ogous recembination has:aceurred: Hygr is.expressed unger the promoter of the fucose
transporter, since a promoter is not attached to the Hygr gene. However, when only one copy of the
vector is intraduced interthecelhby hinrnelogous reeambinatian,, Hygr issmetaliays expressed to a
degree sufficient for exhibiting hysromycin E resistance: The KO1 vector was cleaved at the Nati site
and was transfectedsiniothe: vell “irigsthoughitcthat 42base pais ##axert, dfcluding the start codon, -
will be deleted from the fucose transporter by introduction of the KO1 vector, resulting in a loss of
function. (IPECBRSRGELGH of PBSKIPGIAI-EHYEF™ *paSkephikciwasonstructéd By excising the
mouse pgk gene promoter from th%pm\lz vector %Pqqu.bBio%%ednché rgeqeﬁgg: (1990) 28, 299-308)

ey

with EcoRFPstFaTd dforiifg Tints the EcORISPStl Sites of pBIusspt (Stratagene). regard to Hygr, an

EcoT22I siteKozak sequence were added qn, the, 5’ side of:Hygr. and a.Baridj| site.was added on the 3
side including the region up to5V40 poly14 addition Signal by PCB using pcDNA3.14Hythe Hyg5-AV

and yg3- ¢he antibody’s variable region and constant reglcn can
similarly be carried out as appropriate during construction of
the antibody (e.g. anti-glypican 3 antibody) of the present
invention as & recombinant antibody.

Any antlbodes of animal origin, €.g., mouse antibody,

human antibody, rat antibody, rabbit antibody, goat antibody,
camel antibody may preferably be used as the antibody (2.9.
anti-glypican 3 antibogy) of the present invention. Also

or use is a modified antibody {e.g. anti-glypican 3

Hh

preferrad
antibody: as obtained by substitution in the aminc acic

T
HALSO

seguence of chimeric antibody and humanized antibody.
preferred for use are antibody modifications iﬁ which any of
various melecules is attached.

"Chimeric antibody" refers to an antibody constructed by
combining seguences originating from different animals.
Suitable examples in this regard are antibodies constructed
from the heavy chair and light chain variable regions from

.

mouse antibody and the hesavy chain and light chain constant

regions from human antibody. Methods for constructing chimeric
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BH primers. Then the Hygr gene was excised. forward primer Hyg5-AV
151-ATGCATGCCACCATGAAAAAGOCTGAACTCACC-PS5 (SFQ ID NO:reverse primer Hyg3-BH
5'-GGATO AGGCTTTACACTTTATGCTTC-3" (SEQ ID NO: 18) pBSK-pgk-1-Hvgr was constructe
inserting the Hygr fragment (EcoT22I-BamHl]I) into the Pstl-BamHI sites of p55Kpgk-1. (1-3)
Construction of the K02 vector Fucose transporter targeting vector ver.2(referred to hereafter as
the KO2 vector) was constructer' by insertin 5. side [fucose transporter (from the Sinai site at
No. 2,7803‘51‘%%?9‘1#6 NG? Ie%%‘%ﬁéy‘sér%H|e%£%%.“f,232§%{%%83'%§e (f%({\)%n |\%§ 4,284 to the Sad | site at
No. 10,934), and the pgkl-Hygr fragment int the,pNIE 1RE-Avestor untkedie case for the KO1
vector, the K02 vector has the pga-1 gene promoter attached to Hygr, thus will acquire hygromycin 5
resistance;gven wher onhsene copy:efthevednr issintrodiuoed=intathe: cell byhomologous
recombination. Tne KO2 vector was cleaved at Notl and was transfected into the cell. By introducing
the K02 veetos, 46 basecpairs ireexondrinciudingdhe start o donwilkEbe geteted fiorhthe fucose
transporter, resulting in a loss of function. (1-4) Construction of pBSK-pgk'-l-Puror The pPUR vector
(BD Bioscieiees) was cleaveerby PIby Bhd” BamHF ahdTRe excissd fraghient (BitoP) Was inserted into
the Psti-BamH| sites of pBSK-@g-l to construct pBSQ(-Egk-l-Purpgbg:g) CC;ao?nsrt)rgction of the 1<03
vector  FucosEfraRSpoftertargeting Btorver. F(réferred T0 hereafter as the 1<03 vector) was
constructed Dy inserting the 5' side, of the fucose, transporter (znam the Sinai site at No. 2,780 of SEQ

ID NO:16 15 'the BamEi at NG. 4,232), the 3'side (from No. 4,284 to the Sad | site at No. 10,934), and
the pgkl-Pyrar.fragment into the pMC1DT-16 vector. A sequence for binding to the screening primer
shown below was preliminarily to the 3' end of pgk-I-Puror. The 1<03 vector was cleaved by
Notl and was transfested: intoihe icatk Bysintroducing then <03 are cters 46obase pairs in exon 1
including the start codon will be deleted from the fucdse transporter, resulting in a loss of function.
reverse primeribodies. These are antibodles 1in which 2 complementarity-

determining region (CDR} from an antibody isolated from &

nonhuman mammal, such as mouss, 1s llgated Tto & framework

region (FR} from & human antibody. The DNA sequence encoding

the humanized antibody can be synthesized by an overlapping

The starting materials and procedures for overlapping PCR

+ions ars described, for exampls, in WO 96/13388 and

i

rea

0

where. DNE encoding the variable region of a humanized

b

els

¢

antibody of the present invention is obtained by overlapping
DCR from a plurality of oligonucleotides constructed so as ©o
have nucleotide seguences that overlap with each othsr, wnich

is in Turn iigated with DNA encoding & human antibody constant

region so as to form an in-frame codon seguence. The DNA

expression vector followed by transfection into a nost.

Methods for identifying CDRs are known (Kabat et al.,
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KSGR-A 5- TGTCTOGAGTACTGTGCATCTCC-3' (SEQ ID NO: 19) The fucose transporter gene
was Icnocked out using the three targeting vectors described above. (2) Introduction of vector into
CHO cells HT Supplement (100x) (Invitrogen) and penic streptomycin (Invi,_ogen) were added to
CHO-S-SMEMII HT(invitrogen), each at 1/100th the volume of the CHO-S-SEMII HT- to prepare a
culture medium (hereafter referred to as SMIT(+)). CHC DXBIl cells were subcubtured in SEMIT( ), 8 x
106 7BO cells were sus{pgnéj%dtin.o.B mL Dulbecco’s phgspg%tteep:uff%r Ug%gﬁn) (referred to hereafter

as PBS). 0 alée(ﬂ‘%_grsgetmg vect%pr\‘/\?as adarg(piu%otﬁegé“eTlﬁ§uspens|§r&|3, and transferred to a Gene Pulser

cuvette (4 gum) (BioRad). After bolding for 10 miguites, o ice e, veciar was ansfected into the cells
by electroporanon with GENE PULSER Il (BioRad) at 1.5 kV and 25 uND. After vector transfectione
cells were suspendeddn20Q: nr SEMH(+) mediumiang:were seedeekintobventy 96-well flat-bottom
plates (Iwaki) at 100111/ 11. The plates were cultured for 24 hours at 37C in a C04 incubator, then the
reagent was addedr ¢3) Kneckdut: step 121 scHahvector or K02 vector was fransfected into the CHO
cells, and selected with -ygromycin B (invitroden) 24 hours after vector transfectio . The hygromycin B
was dissolted i SEMTS(+) &t'0°8 mg/mE, ardm ot phias added pef well {4y 'SereBhifg for
homologous recombinants by POP (4-1) Preparation of the sample for PCP) ~ Homologous

recombinanté weté detéenéd By PER *The ' cAIRWBFRE Bultied B 96 we L figt-bottom plates, the

culture supernatant was removed and a cell lysis buffer wasadded af, ., .

recompinant antibody in which the CDR and FR from a human
antibody are ligated. The human antibody FRs ligated with the
CDR are selected in such a mannery that the CDR “forms & high-
quality antigen binding site. As necessary, an amino acid
residue or residues 1n the antibody variable regions FRs may
be medified as appropriate so as to enable the CDR of the

reshaped human antibod

b

to

R

b

orm a sultable antigen binding

-6) . The amino

0

—

gite (Satoc et al., Cancer R 5

10}
n

(1893 53,
acid residues in the FRs subjected to modification may include
residues that directly bind to the antigen by noncovalent
ponds (Amit et al., Science {(198¢) 233, 747-53%, residues that
influence or act on the CDR gtructure {(Chothia et =21., J. Mol.
Eiol. (18873 1%6¢, ©01-17), and residues related to VH-VL
{heavy chain variable region-iight chain wvariable region)
interactlons (EP 239400 B).

The humanizad antibody encoded by the DNAE 1s produced by

the hest cell that has been transformed or transiected by the

inserted and i1s isclated from the culture medium yielded by



50 gL/well, and incubated at 55C for 2 hours. Then proteinase s deactivated by heating at 95C. for 15
minutes to prepare template. The cell lysis buffer was composed of the foltowing per well: 5 p1
10x LA Buffer Il (supplied with Takara LA Tag), 2.5 uL 10% NP-40 (Roche), 4 }IL proteinase K (20
mg8m, Takart), and 38.5 ui distilled water (Nacalai Tesdue). (4-2) PCP conditions The PCR reaction
mixture was comprised of 1 ML of the PCR sample as described above., 5 ML 10x LA Buffer II,L
MgC12 (25 I’[ll\/lc)‘,_‘ JL ANTP (EZR/ST mM), 2 ML primer (10 uM each), 0.5 MT LA Tag (5 I0/ML), and 29.5
ML distillefﬁate?%f&éfoﬁ“'\io L) “The TP-F4 and THygro-R1 primers were used as the PCP primers
to streen the KO} vector;transfected.cells, and thectR:F4 andHygro-E1 primetswere used as the
PFR primers to screen the KO2 vector-transfected cells. PCR screening for the KO1 vec o
transfected cellsvas carried Ot by=preheatingder & minuteat 956140 eyclesof 85C830 seconds,
60C830 seconds, and 60C82 minutes; and reheating at 72C for 7 minutes. PCR screening for the K02
vecto -transfected cellswasrcamietd-outby pieheating for <L imute at 95C; =40 Epeles of 95GC.830
seconds and 70C83 minutes; and reheating at 70C for 7 minutes. The primers are given below. In
cell sampleg®fierethdimdlcgods récsmbitiatictfiad betufrédiapsroximately 1°DRIA s amplified for the
HO1 vector abd approxima ly 2.0 kb DNA is amplified for t'hcg HO2 vector. TP-F4 primer was designed
in the genéniteregibk of the Hitose transporar oh ftoe 57Side ontsidethe vector. and the THygro-FI -

a”d-rHyggE@%J¥f§§§%an 3 antibody, humanized anti-glypican 3 antibody

or human anti-glypican 3 antibody, & constant region oi human
antibody origin is preferably used as the constant region of
the anti-glypican 3 antibody. For example, Cyl, Cy2, Cy3, and
Cy4d are each suiltable for use as the heavy chain constant

region, while Ck and Ci are each suitable for use as tne light

chain constant regilon. In addition, the human antibody

ot
O

constant region can be modified as appropriate in order
improve the antibody (e.g. anti-glypican 3 antibody; or
improve the stability of its production. Chimeric antibody
(e.g. chimeric anti-glypican 3 antibody) of the present
invention Suitabiy comprises a variable region from an
antibody o©f a nonhuman mammal and & constant reglon from a
human antibody. On the other hand, the humanized antibody
preferably comprises & CDR from an antibody oI a nonhuman

mammal and

{1

constant region and FR from & human antipody. For
example, a humanized anti-glypican 3 antibody preferably
comprises a CDR from an anti-glypican 3 antibody of & nonhumarn

mammal and a constant region and FR from a human antibody. The



were designed in the Hygr within the vector. forward primer (K01, KO2) TP-F4
50-GGAATGOAGOTTCOTCAAOOOACTO00-3' (SEQ IB-NO: 20) reverse pr 4 KO1) THygro-R1
57-TGCATCAGG GGAGACGOTGTOGAAC-3' (SEQ ID NO: 21) reverse primer (1<02) THygro-F1
57-GOACTCOTOOOAOO00AAAGGAATAGC-3' (SEQ 7D NO: 22) (5) Results of the PCP screening
918 1<01 vector-transfected cells were analyzed, and 1 cell was thought to be a homologous
recombinant (homologous recombination efficiency = approximately 0.1%). 537.1<Q2
Vector-tra%%ﬁ(eac‘wfealé“e goﬁgresﬁﬁéﬁ/%%ﬁ, and 17 ?:g%s %(ﬁ%&g‘ ?hggaﬁt t%)nbééﬁﬁrggl%goﬂé recombinant-
(homologaus recqrpbingtion,efficiency. - approximately 3,2%)= (B)-Southerndlotting analysis ~ Further
conflrmation was earned out by Southern blottin 10 ng aenomic DNA was prepared from the cultured
cells by a standardsmethod anghwas subjected-tarSauthern; blgtting »Usingthestwe primers given
below, a 367 bp probe was prepared by PCP-spanning the region from No. 2,113 to No..2,500 in the
nucleotidessequence shopn:ineSEQ MNOr 18, and used-for Southerrs blotting e genom ¢ DNA was
cleaved with 60171. forward primer 1-F 54-TGTGOTOO00AATTGAAOO00AGGAC-3' (SEQ ID NO: 23)
reverse primeg BgERGICTACFTGTTTEGTGCTITETRCC-3H{SEQIDNG2%)  Cleavage by Bglll
provides an approximately 3.0 kb band from the fucose transporter chromosome, anFaQFroximately 4.6
kb band fré tHe EliromBsomE et homiorgous TeeBmbifatdh océurrdlitive KO vedtor, and an
approximatelyO kb hand from the cnrgmtosl%mgﬁwher tg(%@gjgc&o%sﬁr%%o&mlggpjggiggﬂ%q.lrred with the

K02 vector. Oneé cell'obtained. B)C/%dhfilogous recombination with the KOT vector and 7 cells obtained

by homologous recombipation with the:KO2 yeetor were usegin the: gxperimentssFhe only cel

obtained with the K01 vector was designated 501; however, it was shown by subsequent analysis to

comprise multiple cellpepulatiersrFhus glaning hyrliniting-ditutiarswas cartedoutrbefore using at in

the subsequent experiments. One of the cells obtained with the KO2 vector was designated 6E2.
these isotypes is sultably used as the constant region of the

humanized antibody (e.g. anti-glypican 3 antibody) of the
present invention. The use of the constant region from human
IgG is preferred, but not limited. There are alsc no
particular limitations on the human antibody FR used as the IR
of the humanized antibody {e.g. humanized anti-glypican 3
antibody) or human antibody (e.g. human anti-glypican 3
antibody), and the FR from antibody belonging to any isotype
is suitably used.

With the aim of lowering the immunogenicity, &ll or &
portion of the amino acid residues congtituting the FR can
alsc be replaced by germline seguences using the method
described in Ono E. et al., loc. cit., or & similar mechod.
Based on the ratiocnal prediction that germline seguences will
have a low immunogenicity, the amino acid seguence
constituting the FR of the humanized antibody may be compared,

by alignment, with germiine amino acid¢ segquences (Abhinandan K.

6
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Knockout: step 2 In order to establish cell lines having a completely defective fueose transporter
gene, one of three vectors was-introduced into the cells in which homologous recombination had been
achieved by the KO1 vector or KO2 vector. The vector/cell combinations were as follows: method I:
KO2 vector and SC1 cells (KO1); method 2: KO2 vector and 6E2 cells (K02); method 3: KO3 vector
and 6E2 cells (K02). The vector was transfected into the respective cell, and selection with hvgromycin

B and purgmycin, (Nacaiai Tesque) was initiated 24 ho r yector transfection..The final
hygrommcgh §389N%6%é8nﬁétigh was 1}9r%glm ﬁﬁirhet%godgf gn%l%? 'mggt/gr%rl]?r? %ﬁéth%%gz. In method 3,
the hygromycin B was added.ata final concentration of 013 ma/ml and-the:puromycin was added at a
final concentration of 8 ug/m1.- (8) POP screening of the homologous recombinants The samples
were prepared asdescribed: abeve.sn the sereening:formethod 1, bathyPGRs byawhich cells were
detected where homologous recombination has occurred with the KO1 vector and the K02 vector were
performed: Thei REB printersshowre belowavere designeddor misthod 2 TSRl corresponds to the
region from No. 3,924 to No. 3,950 in the nucleotide sequence shown in SEQ ID NO: 16, while
SHygro-R® ¢ofresportlsstd thevegior from NG £424898°%,2 74 These PEP friftets will amplify 350 bp
of the fucose transporter gene region that is otherwise deleted by the KO2 vector. Therefore, in the
PCP screeiifig in methiod 2, &8s produting ho 356 bpantdification. prodict dare'dohsidéred to be the
cells completely lacking the fucose transporter gene. The RCP.conditions were as follows: preheating
for 1 minu{éeg'gyg56‘;l§5%ar%%ﬁﬁ€§tf§n 5§gl"’é%nofsggk§&%ohs'ec?c%r%dsl%%%b@I minute; and reheating at
70C for 7 minutes.forward primer IPS:F1.5-CTGGACTCSTOOQTATTAQAQAACAGC-3' (SFQ ID NO:
25) reverse primer Ssygro-R1 5I-TCAGAO000AGTGGAOOOTCCAGTCAGC-3' (SEQ ID NO: 26) In the
case of methad+«3:as used as:he fer3jarckprimer andRSGRA Was tsedias: the reverse primer. The
PCR conditions were as follows: preheating for 1 minute at 95C; 35 amplification cycles of 95C/30
seconds, 60CY30iseconds, @t 72€12 minatas;seReating @t 72C for?7 minbtes: Approximately 1.6 kb
DNA will be amplified from the cell samples in which homologous recombination by the KO3 vector
hasoccu”@@@B&#ﬁ%;p@}modification that replaces the £ at peosition 25

with A is an example for the aminc acid residues ceonstituting

the light chain variable reglon shown in SEQ ID NO: 7.

Fh

With regard to the variable region and constant region o
the modified chimeric antibody, humanized antibody, and human
antibody of the present invention, deleticn, substitution,
insertion, and/or additicn can be carried cut as appropriate
at one or more of the amino acids consiituting the variable
region and/or constant region cf the antibody that was
subjected to modification, insofar as binding specificity for
the antigen is exhibited. In particulaxr, the variable region
and constant region of the modified chimeric anti-glypican 3
antibody, humanized anti-gliypican 3 antibody, and anti-
glypican 3 human antibody o©f the present invention, deletion,
substitution, insertion, and/or addition can bes carried out as

appropriate at one or more of the amino acids constituting the
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cells in which homologous recombination occurred by the KO3 vector were detected, and it was also
conflimed that the cells retained the homologous recombination by the KO2 vector while detecting (9)
Results of RCA screening 18 cells out of 616 cells analyzed by method | were considered to be
homologous recombinants (homologous recombination efficiency = 2.9%). 2 cells out of 524 cells
analyzed by method 2 were considered to be homologous recombinants (homologous recombination
efficiency = approximately 0.4%). 7 cells out of 382 cells analyzed b)é method 3 were considered to be
homologoti& redBhibihaRt fhdthologous Yetombination Bfficiency = approximately-1.8%). (10)
Southern biotting gnalysis. ... -Seulteralatting analysis.as garmed ot by the method described

above, and | cell a< identified to have the fucose transporter gene being completely lost. The analytical
results from PER and-Seuthern:blotiing were gonsistentin the knockout step L bug not in the knockout
step (11) Fucose expression analysis 26 cells found to be homologous recombinants were
analyzed fgrfuease expression by PCR. 1 x 106 cells Were stained in 100 p.1 PBS containing 5
ug/mL Lens culinaris agglutinin, FITC conjugate (Vector Laboratory', 2.5% FES, and 0.02% sodium
aside (referred tGhereafteras SACS sulttion) forit-hour withtick coutingy The'¢elisswere then washed
3 asSACS solution and were analyzed by FACSCalibur (Becton Dic! nson). The results showed that
fucose expréaaioif fasTedutad Gily i FTPYKG ¢elis, Which Wer& 16ahd to Bxhibita complete loss of
the fucose transporter gene in the Southern blot an I)AsiskReLergngedE&ample 3 Establishment of
antibody -producifig %e%g dervedHrom the ?ﬁﬁ-%%ﬁés and purification 6f antibody produced by these

cells I ahone iansporter-delicientline atained In Examle 1 (FEsKD.cells, clone ame: 3F2)
ture [ g

were subctl in 55511(e) containing hydromycin E at’a final concentration of 1 mg/mL. 8 x 106
3E2 cells wete:suspended in 0.8 ral. Dnibeega's phosphate buffes:25 4. 1¢ of ashumanized aglyeican 3

antibody
administered to humans, for example, with a therapeutic
obiective,

Enown seguences can be used in the method of the present
invention for the SequencéS'that encode tThe antibody heavy
chain and light chain for intreduction of mutation. In
addition, novel antibody gene seguences can be cbtained by
methods known toe those skilled in the art. For example, genes
can he sultably obtained from antibody libraries. Morecver,
genes can alsc be obtained by cloning using known procedures,
e,g., RT-PCR using as template mRNE Irom a monoclonal
antibody~producing hybridoma.

Numerous antibody libraries are already known within the

f antibody Librarlies. Moreover, as methoeds for

0
o]
I
b
H
[0
O

constructing antibody libraries are also known, theose skilled
in the art will be able to obtain or construct relevant

antibody libraries. Examples of sultakle antibody libraries

are the antibody phage libraries disclosed in the literature,
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expression vector was added to Ihe cell suspension and transferred to a Gene Puiser cuvette. After
holding for 10 minutes on ice, the vector was transfected ithe cells by electroporationwith GENE
PULSES Il at 1.5 kV and 25 4FD. -After vector transfection, the cells were suspended in 40 m(92
SFMII() medium, and were seeded on a 96-well flat-bottom plate (Twaki)100 n4t/well. Afterwas
incubated for 24 hours at 37C in a CO2 incubator, geneticin ( vitrogen) was added to a rinal

concentrathgQ of 0.5 mg/ar&'l;he antibggy produgtion of the drug-resistant cells was measured to

obtain humanized aht-glyp can 3 antibody-producing cell inés.” ~The culture ‘supermatant from the

antibody-expressing lingg.was,collected and,applied to Hitean rlrotein, A columpy, (Rharmacia) using
P-1 pump (Pharmacia). The column was washed with a binding buffer (20 mM sodium phosphate (pH
7.0)), and the beundzantibody-was subsequenftechwith @lution baffer (0.4:N glycinesHC1 (pH 2.7)). The
eluate wad immediately neutralized with neutralization buffer (1 M(pH 9.0) The eluted antibody
fractions wereselected asing-DC; proteihassay: (BioRad)zand posled; andwasagoncentrated to about 2
mL with Cent prep-YM10 (Millipore). The concentrated solution was then subjected to gel filtration on
Superdex200 26/60 {Phafatis) equillibraied with 20 tAM-aéstic aciitbGifer-(ptt “60F€ontaining 150
mM NaCi. peak of the monomer fraction in the eluate was collected and concentrated with Cent-'
epYM10. THe cohcéntrated Soldtidieraisinga RLEEMOW'S.22 ws fiftér unit (Minore) and was
stored at 4C. The

elkarvotic cellis (WO 25/13393) and known methods such as

ribosome display and so forth are also suitably used.

Technclogy for obtaining human antibodies by panning

rechniques using a human antibody library as

material 1s alisc known to those skilled in the art. Thus,

single-chain antibody (scFv), comprising the variable regicons

of human antibody hesavy and light chains Iused in-frame, is

expressed on a phage suriace using phage display technigues.

Genes encoding antigen~binding scFv are isoclated from this

phage by selecting for phage that binds to the antigen.

Identification of the seguence oI enables tThe

T

determination of the DNA sequence

+

light chain wvariable regions of

antiibcedy that binds to the antligen glyplcan 3. Human anti-

glypican 3 antibody 1s suitably prepared by inserting the

antibody gene having this sequence in

vector and allowing £

O
P
b

Xpres

described below. Such methods are well

include those disclosed in WO 82 /01047,

, WO 93/1123¢, WO 23/19172,

WO

66

~known in

WO

9

suitakle expression

suitable host cell as

the art anda

92/2G7 WO

91,

5/01438, and WC



purified antibody concentration was determined by calculation from the molar absorption coefficient
based on the absorbance at 280 nm. Reference Example 4 Analysis of sugar chains attached to the
humanized antiglypican 3 antibody produced by FTP-KO cells (1) Preparation of
Z-aminobenzamige-labeled sugar chains (2AS-labeled sugarchains) The antibody of the present
invention produced byKO cells and antibody produced by CHO cells (control) were treated with
N-glycosidase F (Roche Diagnostics) to release the antibody-bound sugar chains (Weitzhandier M. et
al., Journal-of Pridfmaceutical Sciences (1994) 83(12), 1670-5). After deproteinationethanol (Schenk
B. et al., The Journal of Clinical Investigation (2001), 108(11),.1687-95), the s @@ed sugar chains
were concentratlfé{ra ?Es“"aryﬁéé‘é’ %%%gﬂl%re%s%%n% ak%ésl)é(% Witéh %zfragr?gpygid#]!qe (BSiggeC. etal., Analytical
Biochemisiry (1993) ?%Q,(g) £229-238) 7 hedssulting-2-AB-labeled sugarghains were separated from
the reagent by solid-phase extraction using alulose cartridce, concentrated by centrifugation to obtain
puri ed 2-AB-labeledksugars: The: purified 2:A8:labeled sagaschainswas treated with P-galactosidase

(Seikagaku Kogyo ce

gene from a

antibedy.

desired sensitizing antigen]

technique and the
subjected to cell

cell

Using standard screening technigues, the monoclonal

producing cells (hybridomas) are screened, and cDNA

variable region

hybridoma

Briefly,

fusion techni

(V reglion;

that produces anti-glypican 2 monocional

an animal is immunized with glypican 3 (the
uzing & standard immunization
immunocytes obtained from the animal are
known 7 a standard

- . e
fusion wWwith

in

que, which is described in below.

antibody-
for the

of anti-glypican 3 antibedy can be

synthesized with reverse transcriptase using the mRNA lsolated

from the selscted

antibody gene is sultably prepared by the

hvbridema as 2 template. An

)
01

nti-glypican 3

rhis cDNAE with DNA encoding the desired antibody constant

regleon (O regionj.

Iy

-

Specific examples are provided in the following, but

invention is not limited to thess The

¢t

present examples

sensitizing antigen used to generate the antibody of the

present inventicn may be the complete immunogenic antigen

nonimmuncgenic hapten. For exampile,

protein or & partial polypeptide or peptide thereoi

suitably used. The scluble GPC3 core polypeptide shown in SEQ
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prepare agalactosyl 2-AB-labeled sugar chains which were analysed as described below. (2) Analysis
of agalactosyl 2-AS-labeled sugar chains by normal-phase NPLC The agalactosyl 2-AB-labeled sugar
chains prepared by above-described method, the sugar chains released from the antibody of the
present invention produced by FTP-KO cells and antibody produced by CHO cells (control), were
analyzed by normal-phase HPLC with TSKgel Amide-80 amide column (TOSOH Corp.) and the
chromatograms were compared. The fo!lowinggsses(s)ment was ma%e with respect to the antibody
produced by tHe THO ¢éllS BB was pressiit as the mal component of sugar ¢hains, while 0(0)-Fuc
lacking fucose accounted forabaout 4% of the total sugar chains, as.assessed by calculation from the
peak areaTatio. Ih the case of the %%t%%%%’/sﬁr%%%%’ Fn'l?lg\-'ﬁg Eéllé f%%)-?%%ﬁés%ﬁg main
component, Far,all the antibodyproducing gell lines,-atleast 90% af the totaksugarchain in the
produced antibody was fucose-free sugar chains, as assessed by on calculation from the peak area
ratll Tablek Relative saties: of eaghisugar chainiestimated:frommarmalephasenHd 21E G.analysis for
agalactosyl 2-AB-labeled sugar chains sugar chain CHOFTP-KO-aFTE-KO-bFTP-KO-0 G(0)-Fuc
4.0%97.4%:92.531198:2% G(0)S6.0%7.6% 7 .5¥podiments described above.

Antigen production is sultably carrled out by methods known TO

Lled i

-

those sk

o]

the art. For axample, a method using

baculovirus (fo

=

example, WO 98/46777 and so forth) can be

suitably used. When the antigen has a low immunogenicity, the
animal can suitably be immunized with such an antigen attached
te a very large immunogenic molecule, such as albumin. When
the sensitizing antigen is & molecule that spans the cell

mempbrane, such as glypican 3, a peolypeptide Iragment from the

molecule’s extracellular domain is suitably used as necessary

[

as the sensitizing antigen. Cr, a cell expressing such 2z
molecule on the cell surface is suitably used a5 the
sensitizing antigen. In addition, when the sensitizing antigen
is an insoiuple molecule, solubilization mayv be effected by
attaching the mclecule with another water-soluble molecule and
the solubilized molecule may then be suitably used as the
sensitizing antigen.

Antibody-producing cells {e.g. anti-glypican 3 antibody-
producing cells) are suitably obtained by immunizing an animal
using a suitable sensitizing antigen'as described above. 0r,
antibody-producing celils (e.g. anti-glypican 3 antibody-

producing cells) can be obtained by in vitro immunization- of
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6.8% Example 5 of cell lines stably expressin humanized SOLO Establishment antibody and point
mutation-modified antibodies The genes encoding Bspu2.2Lspu 2 (Hu2.2.Lu2.2) antibody,
Hspd1.81,spd1.6 (Hd1.81,d1.6) antibody (HOLD antibody-sourced 115 modified antibodies produced
by the method described in Exampleor the HOLD antibody subjected to the modifications were cloned
into an expression vector. In the cloning, the genes encoding the heavy chain and light chain were
inserted into different exp{esgionvvectors in order to express each gene encading the heavy chain and
light chainigfut%%ogﬁftl“ﬁosdy.hlavvo EXpre&&idh vectors were selected s as 1o provide a desired
combination of the genes.encading the heavy.cnainand light. chaip 4. deseribed above, digested with
Fru: and transfecte- By electroporation into the FT:P-140 line produced in Reference Example 2.
Transformapts thatestably-produce HOLD antibody-or mediigd-antihody were iprepared by e
ectroporatibn using the Gene Puiser Il (BioRad). 0.75 mL CHO cells (1 x 10' cells/mL) suspended in
PBS was mixedwith-1@ Agreach: of expressionplasmid DiNApraviding theideSired combination of
heavy chain and light chain, and the mixture was left stand on ice for 10 minules. The mixture was
transferred toarGeneRulser FIccuvette and g 1.5 317 éléefical pulsewasd at a'tapacitance of 25
p..FD.culsed mixture was incubated for 10 minutes at room temperature and suspended in
CHO-S-OFfiI/ 74 % B tdditht 106 pPof fife Gifuedsuspersion (816 1078id’ and 50 fold,
made in the same medium) was added to each well of 96-well.culture plates. .The plates were
incubated 361 24 hours M- g@f inctibator ’méal}ﬁ?égilﬁgdmaﬁrgﬁfoydof aﬂ?edr{yé‘é’nzbt?cblr? shen

chimpanzée. in addition, transgenic animals that maintain a

repertoire of human antibody genes in their genome are also

known, and human antibody can be suitably obtained using such

animals (WO 96/34096; Mendez et al., Nat. Genet. {(1997) 1

[

4
146-56) . Rather than using such transgenic animals, a desired
numarn antibody that exhibits binding activity te a desired
antigen may be suitably ocbtained by, for example, sensitizing
humarn lymphocytes in vitre with the desired antigen or with
cells that express the desired antigen followed by cell fusion

with human myeloma cells, for example, U266 (J

{

se Pate

T

&3]
w3

pan
Publication Neo. Hei 1-59878). In addition, a deslired human
antibody (e.g. human anti-glypican 3 antibedy; can be sultably

obtained by the immunization with a desired

o]

T antigen of &

tranisgenic animal that maintains the entire

H

epertoire of
human antibody genes in its genome (WO $3/12227, WO 92/0391%,
WO 94/02602, WO 96/34096, and WO 386/33735;.

Immunization of the animal i1s carried out, for example,
ny suitable dilution and suspension of the sensitizing antigen

in phosphate-buffered saline (PBS), physiological saline
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(G co) was added to each well to a final concentration of SOO gg/ml, and zeocin (invitrogen) was
added to each well to a final concentration of 600 pd/mL. The plates were incubated for z weeks. The
colonies of transformed cells that exhibited genecicir and zeocin resistance were further selected by
subculture on the same medium containing 500 ug/mL genetic= (Giboo) and 600 lig/MI zeocin
(invitrogen). The culture supernatant of the transformedls selected in this manner was evaluated for
the antibodg concentration using BiacoreQ BI@CO@@ to xgﬁ%tilg?h trggg@grgkaqhtﬁ:eell lines expressing

-
11

the desired arftltt;‘c%i/ afa ié’ﬁ lével- The anti eo&ys c6ncentrationt in the culturé supernatant was
measured aecarding tq the, insiuictions. provided with.the, Biacored (BIACORE). Thefl cellline thus
established was cultured in CHO-S-SFMII medium (Invitrogen) containing 500 pg/mi of Geneticin
(Inn-orogen).and 809.gg/ml ot Zeosin (nvitrogenn After-cultivatingan-apprepriatesperiod of time, the
culture supernatant was collected, and purified using rProteinA-Sepharose column (GE Healthcare).
The purified. antibodymwas cencentratesiwitheAmieori Vltra-4E@vidid PORE) anetrsubjected to
buffercnange on TD-10 Desalting column (Amersham Biosciences) wilh20mN acetic acid buffer
(pH6.0) coritaifiitig POOME INACH THE pafified ‘afitibodywas friantified Byt aBsérption at
280nND-1000 Spectrophotometer (NanoDrop) or DU-600 Spectrophotometer (BECKMAN). The
antibody cihtentiation was taiculated #ith theSRATE nlétfiod“EXEMpI&’s Therdeutic efficacy In an in
Vivo model of the humanized SOLO, anibody and the paintmutatian-madifed. anfibolies (1)
Maintenanice of the celffine used Tor transp i | -

gnta?ion into the in vivo mode
can be measured using known analytical technigues, for example,

enzyme-linked immunosorbent assay {(ELISA} and Ilow cytometry

]

[FACSY .

2 hybridoma can be prepared by fusing an anti-glypican 3
antibody-producing cell obtalined from an animal or lymphocyte
immunized with the sensitizing antigen of interest, with
myeloma cells using & fusing agent conventionally used for
cell fusion, e.g., polyethylene g¢glycol (Goding, Monoclonal

Antibodies: Principles and Practice, Academic Press (1986) 59-

103 . Hybridoma production can be suitably carried out
according to, for example, tThe method oI Milatein et al. (G.
Kohler and C. Milstein, Methods Enzymol. ({1981} 72, Z-406).

=

Culture and proliferation of the nybridoma cells prepared by
this method yields monoclonal antibody that lg produced by the
hybridoma and specifically binds to glypican 3. The.binding
specificity exhibited by this monoclonal antibody for glypican
3 can be suitably measured by known analytical technilques,

such as immunoprecipitation, radioimmuncassay (RIA}, enzyme-

linked immunosorbent assav (ELISA), flow cytometry (FACS), and
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EepG2 cells' (ATCC) were used. The Hep02 cells were maintained by subculture in Eagle's minimum
essential medium. (Sigma) containing sodium pyruvate (inno ogen) at iol/L MEM and non-essential
amino acids (invitroge) at 1 mmol/L MEM (this medium is referred to as the subculture medium). (2)
Preparation of an Hep02 cell-transplanted mouse model Using a solution containing subculture
medium. and MATRIGEL Matrix (BD Bioscience) at I: 1, a suspension of HepG2 cells was preparel07
cells/mL. 100 uL of the cell suspension (5 x 105 c= s/mouse) was transplanted subcutaneously in the
abdominaPfediGh of 5010 Riicé 1Fale, 5 vebiRoE CLEEA Tapan 17T Onthe day prior to cell
transplantation, the mice received 100 p1 anti-asialo GM1 antibody.(content.qof 1 vial was dissolve inL
of the afor%;ﬁ%3 ntior ﬁég s%ﬁ%tfb%f Wako Ppu r%néhg%sléélﬁﬁdagﬁ%s% lL%d“ yby i%%tefrqﬁéjlri%lc&)%e\;% administration.
The tumor.yolume was calculated according to thefollawing formula, < dumor volume = long
diameter x short diametér x short diameter/2 When the average tumor volume reached 130 to 330
mmd, the mauise;wasused as:a madel+ (3) Rreparation: of-administration sanypiercontaining the test
antibody The administration samples containing HOLO antibody, Hu2.2122.2.2 antibody, or
Hdl.8Ldi.6antiadyrati@sungimt. =mgikd gretip) or 0.1 mg/mt (1 mg/kg group) were prepared witn
physiological saline on the -ay of administration. (4) Aamtnrstrataon of the antibody-containing
administration safhplesen=The&ditfistFatiors Safiplé préparetPaccoting 1613 fas administered at a
dose of 10 mL/kg thﬁrough the tajrl vein to Ibe mouse ‘mvodjelngregared Ln, g%?é% ogcg er vyeek for three
weeks bedmiig27 tays Aiter8pE-CaI FAREpIaAtatoi"As A nédative confrof, physiclogical saline
was administered at & dose of 10.mL kg trongn Jng tall yein al opee,per el far e weeks. Al the
groups contaified 5 anlfnaﬁs, and each test gntlbgdy-contalnlng administration sample was
administered ta a-tespective; group, Atabqut the.same time as.theadministration veneus blood was
collected from 3 animals’in each group was analyzed for the muri e plasma concentration of the
antibody. Spegifiealbn hlead was cellecteddrom adorsal:foot vein-at-tive-timespeints::@.5:flour after toe
irtal administration and immediately before the second admin stration. 20 uL of cossected blood was
treated withdreparin. and ¢theplasma was isolated by centdfugationRT~PCR using mRNA

isclated from the hybridoma or antibody-producing cell {e.g.,

sensitized lvmphocyte! as a tempiate. Immunoglobulins are
and IgM, based on differences in their structure and rfunction.
Furthermore, the individual classes are divided into several

subclasses (isotypes) (for example, IgGl,

I1

gGZ, IgG3, and

i

D]

4; Tghl and IghAZ:; and so forth). The antibody of the

Ld :
present invention may originate from antibody belonging to any
of these classes and subclasses and 1s not particularly

limited to any class or subclass; however, antibody belongin

e

to the IgG class is particularly preferred.

Genes encoding the amino aclid seguences constituting the
heavy chain and light chain of the antibody (e.g. anti-
glypicaﬁ 3 antibody) can be modified as appropriate by the

technigues of genetic engilnesring. For example, & recomplinant
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(5) Evaluation of the antitumor activity of the test a tabOdie$  The antitumor activity of each test
antibody was evaluated.in the mouse model transplanted with human liver cancer. The tumor volume
was measured at one week after the last day of the sample administration. The results are shown in
Figure 7. Hshd1.8Lspd1.6 (Hd1.8Ld1.6) antibody showed a stronger therapeutic efficacy, while the
Hspu2.2Lspu2.2 (Hu2.2Lu2.2) antibody showed a weak therapeuticea-6, (6) Plasma concentrations of
the test antibodies The concentration of the tetstlkantibpgy;nﬁmurine Opé@grpgavtvacs) measured by an
ELISARbaSEH-MatHod Heschibed i Example 1" Standard Samples wers prépared at the plasma
concentration of 12.8, 6.4, 3.2, 1'L6c5 ,0.8 ,l%r)d e%iigifﬂb- ;[Qg g@ggard samples and the murine

£ oL L Ear TeENa .
plasma tegtlggmpfées (leurfta%Ty diluted to a desire concentration) were added to immunohlates

(NuncimmupoPlate. MaxiSorp {Nalge Nunginternationallon-which seluble-givpican: 3:core (Chugai
Seiyaku Kabushiki Kaisha) is immobilized, and the plates were incubated for 1 hour at room
temperaturg, {@eat Anfi-Humanb G-BIOT (SatitBokigte chmalogy:Associates)ard: thers s
streptavidin-alkaline phosphatase conjugate (Roche Diagnostics) were added and a chromogenic
reaction wasrcanried ®utrusing e ElaeShosMidrowell Rhosphatase Substraes System (Kirkegaard &
Perry Laboratories) as a substrate. Using a microplate reader, the color of the reaction solution in each
well was deterhfified R PO Theakirfigthé disorbanté of the Faction sBiution 4656 Him. The murine
plasma antibody concentration was then 4Q§Icula:[§dnu§ingoggggjﬁmgx PRO analytical software
(MolecularDévicEEf With retaréfite to fite Standard curve prepared with the absorbance values
obtained from the standard,samples.. .. The muripg plasma.concentrations after, 30 minutes and 7
days from administration’are shown in Figure 8. A higher antibody concentration was observed in

murine plagmasafter 7 days-from administration.of the testantibody-havingdewet pi valties for both
administration doses tested. Example 7 ADCC activity of the test antibodies measured using human
peripheral blogagk monocyies asdhe effector eell 1 vodThe AREC:activityoof thestest antibodies was
tested as described below using a human peripheral blood monocyte (referred to as PBMC) as the
effector celr@) Preparationof ahumarPBRIC: solitionons USing d syfiRge Dievioushifdaded with 200
L of @ 1000 u ,n/mi neoarn solution (Novo Heparin injection 5000 Un s, Novo Nordisk), 50 mL
peripheral BI6Od WaBCHliEeted Fomi s hedthy 98IJREEF (adulf mdié) ft6f e igai’ Séiyaku Kabushiki
Kaisha. Thﬁ blood was diluted twofold with PB, divided

ight chain constant regions oI human antibody. A chimeric
antibody can be cbtainsd as follows: DNA encoding the variable
region of a mouse-originated antibody is ligated with DNA
encoding the constant region of & human antibody and inserted
into an expression vector, and the resulting recomblnant
vector is introduced into a host and allowed for expression.
Humanized antibody'is alsc known as reshaped human antibody
and is an antibody in which the complementarity-determining
region (CDR} of an antibody (e.g. anti-glypican 3 antibody)
isolated from a nonhuman mammal such as mouse 1s ligated with
a2 humar antibody framework region so as to form an in-Iframe
codon seguence. The DNA seguence encoding a humanized antibody

can be synthesized by an cverlapping PCR reaction using a

plurality of oligonuclieotides as templates. The starting
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into 4 equal parts, and introduced into a Leucosep lymphocyte separation tube (Greiner Bio-one) that
was previously loaded with 15 mL Facoll-Padue PLUS and subjected to centrifugation. . The
separation tube loaded with the peripheral blood was centiifuged for 10 minutes at room temperature
at 2150 rpm, and the monooyte -fraction layer was collected. The cells contained in the layer were
washed once with Dulbec c's Modified eagle's Medium (Sigma) contalning 10% 72S (referred to below
as 10% F2S/D-MEM) and suspended in 10% EBS/D-MEM at a cell density of 5 x 106/mL. The cell
suspensiohfwas subjeéed BtReEdNoRng BxpEfiment Hs & Runidn %ﬁw%%&bﬁ%ﬁ ) Preparation of
target cells _ HepG2 cells were dgta?gad f d_se an, -well U-bottom plate at 1 x
104 ceIIs/v?/%ﬁ.‘Tﬁé% plate Was hcubatec GVe&?gr?t@a%;;ﬁC%n Ez%ﬁ/%%%%%r%t%étor. On the next day, 5.55
MBg Cr-51 was added,to egch well of the plate;and the platewas incubated fpr,3-hours atC in - 5%
002 incubator. The HepG2 cells contained in the wells of the plate were used as target cells in the
ADCG activity;assay as describedrbelown(3){Chromiymiretease assayp¢ADCGCactivity)  The ADCC
activity was evaluated from the specific chromium release rate determined by the chromium release
method. Thedarget cells=prepared as-int(2):weerecwashied Wwith- they mgdiuay, @ihd?100 HL of each
antibody (HOLO antibody, Hu2.2Lu2.2 antibody, or Hdi.ndi.6 antibody) was added at a concentration
of 0, 0.0042 0204 10 4y 4; ‘or40-FRIAHFCL SPhe “Hlaté Was-resctéd for°15 intteés Af room temperature,
and the antibody solution was removed. 100 HL of §u_bg:9¥t_ure medium was gdggd 1o each well and
the plate WHEHcubatEd F671 HETr at 37C i 889°E0% inéubator. 100%4)1 &F the human PBMC
solution prepared as in (1) Wa%s‘agb d 1o each _eyl X103 cé ell) e plate;was incubated for
4 hours at B%in““égg%é&dé ey gégtOF%%(a&(:Znn ri u%e%. 'I%r?e %?((é){\écti\?i?yggéggopt%@é\?the culture
supernatant.in.gach well.of the plate-was.measured by.agamma;counter. The:specific chromium
release rate was determined according to the following formula. Specific chromium release rate (%) =
(A-C)x 1004B m@)ner is then inserted in an operable manner intc an :

‘expression vector, and introduced into a host. The antibedy
{e.g. anti-glypican 3 antibody) encoded by the DNA is
expressed by culturing the host. The expressed antibody (e.g.
anti-glypican 3 antibody; is isclate by purifying ZIrom the

3 ~

host culture medium (EP 239400, WO 96/025376, and so forth).

+

The FRs of the humanized antibody (e.g. anti-glyplcan 3

3

antibody) ligated with CDR are selected in such & manner that
the complementarity-determining region forms & high-guallty
antigen-binding site for the antigen. As necessary, the amino
zcid sequence may be modified by suitable substitution of the
aminc acid residues constituting the antibody variable region

"Rs, so as to enable the complementarity-determining region of

Ety

reshaped antibody to form a suitable antigen-binding site for

£n

the antigen (K. Satc et al., Cancer Res. (19393) 53, B51-856%)

in addition *¢ modifications related to humanization as

discussed above, further modifications can b@_introduced, for
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wherein A represents the mean value of the radioactivity (cpm) of the 100 412 culture supernatant in
each well; B represents the mean value of the radioactivity (cpm) of the 100 4L culture supernatant in

- wells where 100 uL of 2% aqueous NP-40 solution, (Nonidet 0-40, Nacalai Tesque) and 50 uk of 10%
FBS/D-MEM medium were added to the target cells; and Crepresents ,he mean value of the
radioacti(cpm) of the 100 ulf culture supernatant in wells wherel50 4L of 10% PBS/DMEM medium was
added to the target cells. The tests were carried out in triplicate, and the mean value and standard

deviation 6FHEsBecific cHFSITIM reléase PataS{Bs); Which 18 tefiédtive of the’ ADCE activity of the

antibody, were calculated form the test results. (4) Evaluation of the _activity of the test
antibodies THe Tesults of thé Z]\C/IéFua%fr% ' ér}gD%cé%E%\%y %é%kibifeﬁ . k%gﬁqugmgln PBMCs via the test
antibody revealed:that all ofthe tgst aptibodies exhibited ADCC;activity. Theiresults are shown in
Figure 9. Significant difference test revealed that no significant difference was observed between test
antibodiesvat-any. cencefations testeddntbeispecific:ehroritun releaserate of the test antibodies. The
statistical analyses were run using the SAS Preclinical Package (SAS Institute Inc.). These results
showed that: therelwas awo- différence etweenthesACTS activities of the pi-Aidifiéd test antibodies.
Example 8 Preparation and characterization of pl modified antibody by point mutation (1) Selection of
modificatiGisites fersdécreadinig pl =0~ Tofiiprove the tlfiorsuppréssion dctivitheddd1.814d1.6
antibody, modificration[sq,itespwere selected fgr the ability of decreasing in tDT value of the variable
reaion. Aniifio acid fesidues invélving the decredse in tha ri valis of the Variable région were found,
which are summarizedTable a ain).and Iable-3 (lightchain)...Specific.examples of these
modifications fé% “d“e%'reggengat%égé \%gg agrrgqgjl-%'gfld{j éné%%d%g%?i'pli?pli& anr%&i(t%dy. These pl
modificatiop. antibediesjuere.oreyaredas follows.cteristics generally has at

least 70%, more preferablv at least 80%, and even more

s

7

o
o

preferably at least 90% {(for example, at least 95%, , 9B%,
99%, anc so forth) identitv and/cr similarity with the aminc
acid sequence constituting the antibody subjected to the
nmodification (that is, the antibody on which the modified
antibody 1is based). Rs used hesrein, the seguence identity
and/or similarity refers to the propertion of amino acid
residues that are identical (identical residues; or similar
famino acic residues classified into the same grou? pased on
the general‘chazacteristics of the aminc acid side chailn)
after aligning the sequences and inserting gaps as necessary
im such & manner that the seguence ldentity assumes a maximum.
Thne naturally occurring amince acid residues can generally be
classified into the following groups based on the propertles
of the side chain: {15 hydropnobic: alianine, iscleucine,
valine, methionine, and leucine; (2} neutral hydrophilic:

asparagine, glutamine, cysteine, threonine, and serine; (3}
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The modification sites were crearec by Assemble PCR. Oligo DNAs designed based on the sense and
antisense sequences containing the modification site were synthesized. A an antisense oligo.DNA
containing the modification site and a sense cligo DNA corresponding to the vector bearing the gene to
be modified, orpair of a sense oligo DNA co to n-ng the modification site and an antisense ol-go DNA
coTtesponding to the vector bearing the gene to be modified was used in PCR with PrimeSTAR
(TAKERA,) to obtain 5'-side and 3K-side fragments, containcir_lg }T e rggdi{igatiggqsiiteigelﬁe two fragments -
were linketFuSihg ASSEble PCR 16 prapare 8adRmufiit ™’ The mutant thus obtained was inserted
into an expression vector,which allows for expression of theinsested geng jn animal cells. The
nucleotide sequence of The ex?f})ressmn vector was determined by a method known ine art. Introduction
of the point,mutation was confirmed by thenucleetide sequence ofthe plasmid-BNA<The gene
containing the point mutation was cloned into an expression vector which allows for expression of the
inserted generincanimal cells. Jihenexpressiorzand purifi anion of the antibody was according to the
method described in Example 1 or a sarod. Starting from Hd1.6, the 61st glutam'(Q) (according to the
Rabat numbering) presentin CDR1z6f Hd#& wassubstitdted With gidtaasiccacido prepare pH7 (SEC
ID NO:27). Starting from Ld1.6, the 24th arginine (R) (according to the Kabat numbering) present in
CDR5 of L&I16%7a< 8ubstitted with gliitafiine (6) Hes3 7th GFMIE"fOT wHs Siisstituted with ieuci e
(L), the 43rd ala ine Q,\)_was §u.bb§tijgt§d Witb:serinvge,_(Sg the 42%‘%“%5%‘4‘_’1%3 sugggtuted with glutamine
(Q), the 74T tHrédnine {1 Was substitited with ?QS’Tﬁe?%f,'the 77 se'ine (S) Was subStituted with
argir ne (R), the 781 leuc ne (L) was substituted with valing (V) .and the 79th glutanine (Q) was subst
utedalutamic acid ?EI)J,"each present in FR2 and FR3, to prepare p114 (SEQ ID NO:28). Starting from
p1141ﬂ“3;Q%ﬂb@@ﬁﬂyﬁ§Lb@%%§E@EE]@kll—mediated cyvtotoxicity (ADCC) and

complement-dependent cytotoxicity (CDC). In the present

invention, CODC activity denotes coytotoxnicity due to the

complement system, while ADCC refers te an activity of

damaging the target cell whe

]

a specific antibody attaches to
& cell surface antigen on the target cell and an Foy receptor-
bearing cell (e.gﬁ, zn immunocyie) binds to the Fo portion of
the antibody through the F¢y receptor. Whether a test antibpody
has ADCC activity or has CDC activity can be measured DY XKnown

methods (for example, Current Protocols in Immunology, Chapter

7, Immunologic studies in humans. Editor, John E. Coligan et
al., John Wiley & Sons, Inc., {19%3)).

In specific terms, effector cells, a complement sclution,
and target cells are first prepared.
{1} Preparation of effeétor celils

The spleen is iscolated from, for example, CBA/N mouse,

and the spleen cells are separated on RPMIL640 medium

-3
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the Ka-at numbering) was substituted with valine (V), the 107th lysine (K) was substituted with
glutamic acid (E), each present in 154 of pL14, to prepare p1,16-(SEQ ID NO:29). (2) Measurement of
. pi value of point mutation pi modified antibodies The pl values of the fidi.8Ldi.6 antibody, nH7pi,14
antibody and pN7p1,16 antibody were measured by electrophoresis with PnastGel IEE 4-6.5 (GE
Healthcase) using the method described in Example | or similar method. The pi value of 14d1.81,d1.6
antibody, pH7nL14 antibody and b917pL16 antibody was 7.47, 7.07 and 6.52, respectively, indicting
that the pi Vvaltles bf BE7bL YA aftibddy Andpr7pLI6antisERFwWeTE 1oter tidr thatf the Hd1.89fd1.6
antibody byOgA and 0.95, rﬂ.esgectiye!%/; é?, Measurement of Tm value of point mutation. 1 modified
antibodies™ " * TRETMRAIGES of FABE obtained from fidT SLAFE antibods P ON7pLT4 antibody and
pH7pL16 antihady were measuted with YPRSE, (Micro, Cal) ysing,the fethad. similar to Example . In
this experiment, PBS was used as a dialysis solution, andthe antibody concentration in the test
solution foq@S@@§g§g@m§ngwm@y§mm 251100 Eg/ml. DSC scanning was set from 20C to
115:1LA-le canhing rate of about K/mib, with the reference solution (dialysis soluti test solution. The
thermal denaturation midpamtsemperature of theFabs pithe=Hd1.812dl .6 @ntibody; pth7pL14
antihody and pH70,1,16 antibody was 77.5, 78.0 and 74.7 C, respectively. (4) Evaluation of binding
activity to aAtigew of poirtirnutation phmddifiéd ahtibbtes by competitiveEELISA 21 nThe binding
activity to the antigen glypican 3 of each point mutation pi modified antibody was measured using the
method deseribed in ExXarmpié $(Figure 10). The binding activity to glypican 3 of the pH7pH14
antibody angi\pl;jZQLl@ gﬂtibodg/;wgs vs‘hg%/vnﬂgq be comparative toof the BOLO antibody. Example 9
Preparation”of point mutation pi modified antibody using FTPKO cell line The expression vector
carrying the gene.coding for.each point mutation,pl modified antibody prepared n.Example 8 was
introduced into the cells of C cell 'e prepared in Reference Example 2 using Polyethylmane (Polyscie
es Inc.), ang the antibedy yvas expressed:Lhe;modified antibody: was-purified fresnthe cell culture
supernatant using rProtein R SepharoseTM Fast Flow (Amersham Biosciences). The purified antibody
solution waspreparedna@@eraing 4o themethocr 1 hour at 37°C in DMEM medium

contalining 10% FBS in order tc radiolabpel the targat cells.
The following, inter &lia, can be used as the cells that
exprass an antigen protein toe which the test antiboedy binds:
cells transformed with & gene that encodes an antigen protein
tc which the test antibody binds, ovarian cancer cells,
prostate cancer ceils, hreast cancer cells, uterine cancer
cells, liver cancer cells, lung cancer cells, pancreatic
cancer celis, kidney cancer cells, bladder cancer cells, and
colon cancer cellis. After radiclabeling, the cells are washed
hree times with RPMIL1&4C medium containing 10% FBS anc the
cell concentration is adiusted to 2 x 107 cells/ml to prepare
the target cells.

Thg ADCC activity and the CDC activity can be measured by
the following methods. In order to measure the ADCC activity,

50 pl of the target cells and 50 pul of the test antibody are
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described in Example 5 and the antibody concentration as measured. Example 10 Therapeutic
efficacy dr an in vivo model ofhumanized GC33 antibody and point mutation pl modified antibodies
(1) Maintenance of the cell line used for transplantation into the in vivo model ~ Hen G2 cells
(ATCC) were used. The Rep az cells were maintained by subculture in Minimun Essential Medium
Eagle medium (SIGMA) supplemented with 10%FES, | mmol1/1 HEM Sodium Pyruvate (invitrogen),
and 1 mmol/1 HEM non-essential amino acids (invitrogen) (referred to as the subculture medium) (2).
PreparatictfeEHeps Z cli-trahsplainted" miSuse Addel =€ “ORing 4 ‘Solition cBhtaining subculture
medium and M@TRIGEVL Matrix ;ioscience) at 1 : % a suspension of HepG2 cells was prepared at 5 x
107 cells/mEZT08%el Suspersion (5 166 ‘c‘é‘ﬁS/rﬁSu%en)eWJégEfr“a“nlsopfaﬁntg%“éﬁﬁcmgneously in the
abdominal region 95 gCITD gw%%e g_male, J week old, iCLEA J@E@”zé@c'} Og t@e Qa}y prior to cell
transplan G6A the mice ‘receivéd 100 pT arti-asialo GMI antibody (content of 1 vial was dissolved in 5
mi of the solution, Wako ,P,ure,Chemigakl_ndys;r@sapy;g;eég%@tpggiggdguni§gggon. The tumor volume

=R ale] r1aXlde nCupailo v L il COI )
was calculated accord]mg to tﬁeToﬁowmg formula. fumor volume =1long diameter x short diameter x

short diamelg!/2oq, Whenihe.aygias, imer, voling [eaened 40ymind,the jappee was used as a
m

model. (B)aBFeparaEEioﬁ of.administration sample containing the test antibody The administration

samples containing HOLD antibo g}.BLPl. antibody, pH7p3"4 anfibody or pS7pl.16 antibody at
0.1 mg/m.%é(I*mgj}f(“gdéarac)Ubgmer%Xg: pared with p%wygi“o Sgcil saline on the day of administration.

the radicactivity of the supernatant i1s measured using z gamma
counter (COBRA 13 AUTO~GAMME, MODEL DS00:, Packard Instrument
Company) . The cytotoxicity can be calculated using the

radicactivity according to the fellowing eguation:

wherein A 1s the radicactivity (cpm) for the sample using the
particular test antibody; B 1s the radicactivity (cpmi of the
sample to wnich 1% WP-40 (Nacalal Tesgue] has besen added{ and
¢ is the radicactivity {cpm) for the sample containing only
the target cells.

"o measure the CDC activity, 50 ul of the target cells
and 5@ ulL of the test antibody are added to a 96-well flat-

y

bottom plate {Becton Dickinson} and reacted for 15 minutes on
ice., To the reactlon mixture is addesd 100 gl complement
solution and incubated for 4 hours in & carbon dioxide
incubastor. & f£inal concentration of test antibody is
preferakly withnin the range from 0 to 2 pg/mi. After

cultivation, 100 uiL of the supernatant 1s recovered and the

radiocactivity of the supernatant 1s measured with a gamma
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(4) Administration of the rr'body-contain 5 adminrstration sample The administration sample
prepared according to (3) was administered at a dose of 10 ml,/kg through the tail vein to the mouse
model prepared in (2) at once per week for five weeks beginning 34 days after HepG2 cell
transplantation. As a negative control, physiological saline was administered at a dose of 10 mi,/kg
through the tail vein at once per week for five weeks. All the groups contained 5 animals, and a each
test antibody-containing administration sample was administered to a respective group. At about the
same timeS&tHE admiAist@tion=8nous b166d wis Eatétted fom 3 ahitiafeReadi gféup and was
analyzed for the murineS E!Tac§rp%a concegtratig[% of the antibody. Specifically, blood was collected from a

dorsal footVein 4t two time pblﬁf“s:%z.S hour after the inifial administration and immediately before the

second administrgtion. 20.:4)2l, collected blogd was treated t‘ﬁ’ggé}e%& gggggei@aﬁma was isolated
S

by centrifugation. (5) Evaluation of the antitumor activity of the test antibodies The antitumor -

activity of each lest antibody,was evaluatedLin the mouse modelransplanted with,hyman liver
cancer. The tumor voluMe was measured at one week after the last day of the sample administration.
As shown inFigure 11: anstrenger therapeutic efficacy-was foungddn pHahll4-antibady and bli7p1216
antibody compared to HOLO antibody and Hd1.8Ldi.6 antibody. Example 11 The PK test of
humanized: (G033 amibodly and poiidnutation andibodiesusingsinmiva teedel (lydLreparation of test
antibody-containing d nis ation sample The administration samples containing HOLD antibody,
Hd1.8Ld1.6%ntibodys pHYplhi ¢4 antibody; pHipkle, antbody OrpH7M85pLa 6-antilbody at 0.5 mg/mL (5
mg/kg group) werepared with physiological saline on the day of administration (2) Administration of
the antibody:Entiningadiiristration Safrple®St Fhe'ddthinistraticn shiipigTprepared according to
(1) -as administered at a dose of 10 mli’kg through the tail vein to the C.B-17/Icr-scid mouse. All the
groups corftaied 8 ahimald:arid e4éh 185FAN 56y -Containing?admini&frafién sample was
administered to a respective group. Venous blood was collected from the animals and was analyzed
for the muriné prasmaconcéntratioi of fife aniiBoTF -Specifitally BIoGd Wasedlléctéd from a dorsal
foot vein at seven time points: 0.5 hours, 2 hours, 8 hours, 24 hours, 72 hours, 168 hours after the
initial adminfStration: 20'pl of collébtet Bood \WaS tredted Wittt hePatin ahd tti& Bidsma was isolated by
Centrifugatigguxg%)e?!asmg Cg@%%@téﬁtiocn%)?f {t:ge" t%set aénghbglgg%s:ed in the same manner

as for measurement of the ADCC activity.

-
Lne

Fty

The heavy chain and i1ight chain variablie regions o

antibody (2.g. anti-glyplcan 3 antipbcdy} are, as described
above, generally composed of 2 CDRs and 4 FRs. The amino acid
regidues subjected to "modiIication" in a preferred embodliment

of the present invention can be suitably selected, for sxample,
Irom the aminc acid residues constituting the CDRs or FRs.
Modification of the aminc acid residues constituting the CDRs
may in some cases cause & reduction in the antigen binding
actlivity ¢f the antibeody {e.g. anti-glypican 3 antlibody)
invoived in the modification. Accordingly, the antibody (e.g.
anti;glypican 3 antibody]! aminc acid residues subljected to

"modification" irn the present invention are preferably
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The concentration of the test antibody in murine plasma was measured by an ELISA-based method
described in Exa6. Standard samples were prepared at a plasma concentration of 12.8, 6.4, 3.2, 1.6,
0.8, 0.4, and 0.2 pd4mL. The standard samples and the murine plasma test samples (suitably diluted
to a desired concentration) were added to immunoplates (Nunc- MaxiScrp (malge Nunc
international)) on which soluble glypican 3 core (Chu al Seiyaku Kabushiki Kaisha) is immobilized, and
the plates were incubated for 1 hour at room temperature. Goat Anti-Human 1gG-BIOT (Southern
BiotechnolSgy ASE0ciatéd) &nd tidh 8 ftavidin aikaline phoSpriatase cotjugate fRSche Diagnostics)
were addegl anda %omo e%i% reaction yvgs.l(‘;:aréigdfqgﬂtm using the B uefppﬁsﬁld\jli%rrcl)wegl Phospnatase
Substrates gysterﬁ irkedaard & Perry Laboratories) a5 & substrate. Using a microplate reader, the
color of the reactiqfl. sglution, in.each well.was ceterrmed py measuring the absorbance of the reaction
solution at 650 nm. The murine plasma antibody concentration was then calculated using SOFTmax
PRO analytical softwarer(Meleculat Devices)witnrefetencei to,thesstandard: eupeiprepargd with the
absorbance values obtained from the standard samples. The murine plasma concentrations after
administrationiare!smowarsig re12i #oHigherrantibody canceriration dbsenvedhin thesplasma of mice
that received the test antibody having lower pi value. Example 12 ADCC activity of the test antibodies
usingman pefipheral bléed ciIfceyies astes effec6reelf= e ADCEE &6t of the test antibodies
was tested as described below using a human oeripheral blood monocyte referred to as PBMC) as the

effector cell). (1) Praparation of 2 humahPBMC Solutisii <+ Uding % $Yrifig& previously loaded with

200 xL of a, lQ%)a%Qit/rgL Qgpagin&oéu%grg}é&loggﬁgggggn i%‘jmelgggn 2000 Units, Novo Nordisk) 50 mL
peripheral blood was collécted from a hea thy volunteer (adu "t""nTaIeffrom %%u“’gaﬁ Seiyaku Kabushiki

Kaisha. The blood-was,diluted twofold with PBS(-gided intq 4-equal-payts Qegdatf%iuced into &
ieucosep lymphocyte separation tube (Greiner Eio-one) that was previously loade it Ficoll-Paque

PLUS andstibjected torcenttifigations e sepacation tubenloagied with the peripheral blood was
centrifuged for 10 minutes at room temperature at 2150 rpm, and the monocyte fraction layer was

collected. The cellsroomtained-inctheclayer werefwashed oneerviulbeceo’sion provides
a humanized antibody (e.g. anti-glypican 2 antibody;) having
plasma kinetics modulated by the method of the pressnt

invention. For example, the humanized antibody {e.g. anti-

Q)

givpican 2 antibody) 1is humanized antibody comprising a

complementarityv-determining region (CDR} derived from =z
nornhuman animal, a Iframework region (FR} of human origin, and
a human constant region, wherein at least one amino acid
resiéue that can pe expesed on the antibody surface in the CDR
or FR has a different charge from tha* of the amino acid
residue in the corresponding position of the CDR or FR of the
original antibody and wherein the humanized antibody has
plasmz kinetics modulated in compariscn to the chimeric
antibody having the same constant reglon.

Another preferred embodiment c¢f the present invention

provides a human antibody (e.g. human anti-glypican 3
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to below as 10% FBS/D-MEM) and suspended in 10% FBS/D-MEN at a cell density of 5 x 106/mLr

The cell suspension was subjected to the following experiment as a human PEMC solution. (2)

Preparation of target cells HepG2 cells were detached from a dish and seeded on a 06-well
Li-bottom plate at 1 x 104 cells/well. The plate was ihcubated overnight at 3700 in a 5 CO2 incubator.

~ On the next (day, 5.55 MBq Cr-51 was added to each well of the plate and the plate was incubated for

3 hours at 37C.in a 5% CO2 incubator. The Hep02 cells contained in the wells of the plate were used

as target cails 17 %e’ ADEE AEivity 588y 48 TestribBaBeion” (3P Ehromilin Teféase assay (ADCC

activity) tth%é%% . actiyity was eval ‘é‘t%«gﬂgrmgﬁev §B(%%i){j\g:v é:feorg: am Egglease rate determed by t e

chrom um release method. The farget cells prepared as’in Was%e&)‘i‘erhealsurﬁ, and 100 pL of

each antibedy {BOLQ ansibody,-Hd1.8Ld1.6 aptihedyRH7pL14 antibody.qrpHZPL16,aptibody) was
added at a concentration of 0, 0.004, 0.04, 0.4, 4, or 40 ug/mL. The plate was reacted for 15 minutes
at room temperantibody.satution:was remoyedrd00:pL ot suiculturezmegiumanas asided: to, each well
and the plate was incubated for 1 hour at 37C in a 5% CO; incubator. 100 gL of the human PESO
solution prepared astini(lyFwastadded toeach wek {5 x1 6!t célis/nellard the plateavas incubated for
4 hours at 37C in a 5% CO2 incubator, and centrifuged. The radioactivity in 100 pL of the culture
supernatantif -ach wef of ffé phiteSAas fifcastiret 5y a'garfta) céiifte? CThe speeffi¢eRromium
release rate w gdgtgrmirggﬁgcgord,inq;o the foJIowingkfggmuLa.+ pecifiqomiurgirelease rat (%) = (A -
C) x 100/(E = (%‘Wﬁgr“eiﬁ tépresents the niean value of the radioactiity (¢pin)-6f the 100 p1 culture
supematantn gaeh well, Brepresenis ihg.meap e f the radioactivity [enthe 100 gulture
supernatant in wells where 100 Ul of 2% aqueous NP-40 solution (Nonidet 1-40, Nacalai Tesgue) and
SO uri of 16% FES/D-MENmediumwere.added tgdhe target cellsiand G, represents the mean value
of the. rad oactiv y (cpm) of the 100 t1 culture supernatant in wells where 150 U1 of 10% FBS/DMEM
medium was. addedsorthetasgeticells. dhestests werecarrietl; put in-triplicate; and.the mean value and
standard deviation of the specific chromium release rate (%), whch is ref. ‘active of the ADCML1 activity
of the antibady, were caloalated frorathe test results. (4) Evaluation of the ADCC activity of the test
antibodies The results of the evaluation of the ADCC activity exhibited by human PBMCs via the
test antibody reveied thaf afiutthe tB&CantiBGdies Exhitited ADEE adtiviyS Thelrésults are shown in
Figure 13. %%%iﬂ%ant diJf:faer[gg%e test revealed tﬁhaj[%rhoﬂgig{gificant difference was observed at any
concentrations tested betwéen t6st aodies'and the contréf HOL Hntibody iR the spetifié chromium

“ﬂease'?uﬁgﬁafied Fo can alsc be suitably used. Such a "modified Fe”
may include a modified Fc as prepared by the medification ofl
an amino acid residue constituting the Fo zs well as a
medified Fc as prepered by a modificazion of a medification
already executed in the Fc molety. k preferred sexample of such
a modification of a modificatiorn is the modification of the
nature of the sugar chain modification attached to the Fc
portion. One preferred specific example is the "antibody
having reduced content of fucose attached to the Fo region”
that is specifically disclosed herein as = reference example.

The term "antibody having reduced content of fucoss

attached to th

3]

Fo region” denctes an antibody for which the

amount of bound fucose has been significantly reduced in
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antibodies. The statistical analyses were run using the SAS Preclinical Package (SAS Institute Inc.).
These results showed that there was no difference between the ADCC activities of the p1-modified
test antibodies. Exampie 13 Preparation and evaluation of modified antibodies capable of decreasing
in the pl value of COPS ant region (1) Selection of modification sites for decreasing the pl value of the
constant region IgGIACK (SEQ ID NO:32) is the 1gGi constant region having the amino acid
sequence as shown in _S,_EQ,IE) ND: 31, which lacks the 446th Sly and the 447th Lys (according to the
EU numbeTing) of the TgGi constartt region Dértionor thBse tid Arnito-dcitiesidues allows
fordecrease.in heterageneit "by t vy chain terminal constant region.of an antibody.

The antibggglgv?/%%m%%%%d é&%}\?eg d%%r%%s%%?gwgﬁaﬁiﬁr}[ egc%h“'s%tén%\re%’?ﬁ %f/'sdlffbstituting some of
the amino acigresidugs in gG14GK pith the.corresponding:aming acid residues in the sequence of
the human 1g54 constant region according to the EU numbering. Specificaly, the 268th histidine
(H) of IgG1G&R){aceordingrtothenEUinurabhering) wag: substituteckwithoghitarmine @).0f the 1954
sequence, the 274th lysine (K) was substituted with glutamine (Q), the 355th argininewas substituted h
glutamine (@),ahe 356thraspdrticracid (D) was subystitated withegiulamicTacid (E)ythe 358th ieucine (1)
was

"antibody having reduced content of fucose attached tc the o
region™ denoies an. antibody that, in compariscn with the
ordinary antibody as the control, has a fucoss content no
greater than 50%, preferably no greater than 25%, more

preferably nc greater than 10%, and particularly preferably no

greater than 0% of the total sugar chain content of the

{1

o3

ontrol antibody. The fucose content can bs measured using the

Tical

Ol

na

—
<

rocedure provided in the reference exampies below.

3

Fh

9]

UCO3

M

The methced for preparing such a -depieted antibody may

include the method described in th

t

i

the

+h

reference examples ©

. present inventlon, as well as a method for producing
antibodies with Ifuccsyl transferasge-deficient animal cells
{(Biotechnol. Bioceng. (2004) B7(5), 614-22) and a method for
preparing antibodies with animal cells in which the ccmplexn
branched sugar chain modification is modified {Biotechnol.
Bioceng. (2006) 93(5), 851-61). In addition, suitable examples

preparation methods using ncen-animal cells as the host

-

cells may include a method for producing antibodies with plant
cells (Nature Bioctechnology {2006} 24, 15%1-7) and with veast

cells (Nature Biotechnolcgy (2006) 24, 210-5).

A preferred embodiment of the preparation method of the



substituted with methionine (M), and the 419th gl ‘famine (Q) was substituted with glutamic acid (E).
These substitutions contain sequence of 9-12 amino acids which can serve as a 7- cell epitope only
derived from a human constant region and thus are expected to have lower risk of immunogenicity.
These 6 modifications were introduced into IgGIAGE to obtain M85 (SEQ ID N0:33).  The constant
region M85 was combined with the variab region pH7 and HO to prepare pH7M85 (SEQ ID 110:34)
and HOMS8S (SEQ ID ‘N0:35‘%" respective y. R0148 320 antibody was prepared from HOMS85 as the
heavy chaifi ‘and 20 a3 R ight chaifi, d TR7 M55 antifody was pfétsared$réim pH7M85 as the
heavy drain.and p216 as. the.light light chain. Also, the HOLD antibody and pH7pLI6 antibody having
the consta?ﬁ} Fégigﬁﬁgﬁggi v&e%éngr%poa%d a{lsa%‘lggarr%%?é* Galghecii~I E%‘?n%i% ﬁmﬁseé0 antibodies HOM851,0,
rH7M85pL16HOLO, and pH7pLL6-were expressed in ETD:KO.cell line or HE11293 cells, and purified
as described in Example 1 or 9. (2) Measurement of pl value of constant region pl modified antibodies
The pl valye> of, thes HOID astibocy; HOMB510-antinedy, pHipl 16-antibedy «anrd pk/M85p1316
antibody. was measured by electrophoresis with PhastGel IEF 4-6.5 (GE Heal case) under the same
electrophofesis ieonditionszusing thesmethad simildr torthat described ir Exampleit. The pl values of
the HOLD antibody, HOM851,0 antibody, pH7p1M6 antibody and pH7M85p1,16 antibody was 8.85,
8.16, 6.52 and5. 78" respettiveRilindicitifiy that theé Ffodification i tHe €oRstant région contributes to
further dec’[eas%the pl) value without affecting to the immunogenicidSy of the antibody. (3) Evaluation of
binding activity of constant régidnBithoditied Antibodies by competitive ELISA'" Fhe binding activity
to the anti ach constant region pi). modified antibody. was measured using the method
described%%}lngél?e {5 L;({Iéciéufél%fm E‘%ﬁ%b%né%gﬁa&?ﬁfftb“g yﬁllf:a“nhf of the I-(liﬁliEfgsantibody, HOMS85L0
antibody, pHZpLL6 antibedy, pH7Ma5pL.L6 antibedy were;shown to be abaut the same. Example 14
ADCC activity of the constant region pl modified antibodies using human peripheral blood monocy-es
as the effectorcellsody TheARCC activity of he pR7phib-antibody and pH7M85p116 antibody was
‘tested using the method as described in Example 12. The results are shown in Figure 15. Significant
difference test revealedsthat hocsignificant differeace was ebsérved betweemtest antibodies at any
concentrations tested in the specific chromium release rate of the test antibodies. The statistical
analyses wétetuniisifig th& ' SAS iPretfinftal Package (SAS Tstitdtetac ) oThese #&sults showed that
there was no difference between the ADCC acti;vities of the pH7pL16 antibody and p187M85pL16
antibody. CLAINS 29 KT ARtB6dY Whith corprises'a Heatn Ehain Variable region shown in SEQ

ID NO: 27 apd a.light chaipvariable region.shown Ja SEQ IBNO 29 1t roguced by
the "modificaticn" of the present invention. More specifically,
this fterm refers to & modification of & nucleic acid that
contains & codon that will undergo modification, wherein said
modification changes thé codon corresponding to the pre-
modification amine acid residue to the codon of the amine acid
residue that is introduced by the modification. Generally this
term means the implementation of a genetic procsss or

mutagenic treatment so as Lo replace at least one base of the
codon-comprising nucleic acid to provide & codon that encodes

the target aminc acid residue. That is, a2 codon encoding the

aminc acid residue subjected to modification is replaced by

_r

43

codon encoding the amine acid residus that 1s introduced by



2. The antibody according to claim 1 comprising a constant region of a human antibody. 3. The
antibody according to-claim 2, wherein the constant region comprises a sequence shown in SEQ ID
NO: 32 or SEQ ID NO: 33. 4. The antibody according to any one of claims 1 to 3, wherein the

. antibody has a reduced content of fucose attached to the Fe region of the antibody. 5.A
composition comprising the antibody according to any one of claims | to 4 and a pharmaceutically
acceptable carrier. _ . 6. An anticancer agent comprising as an active ingredient the antibody
according 0" e of a1 td'a. “UCL57 °TRE Bhtitancer &§entAcCSrding to claim 6, wherein the
cancer is liver cancer. __ . 8. A nucleic acid that encodes a polypeptide of the antibody according to
any one of dlaims T1o L% 58 host c“erﬁocsdmﬁ}r%ih@et%elﬁludg’% a‘%d a“cscbr%air%nt%waaim 8. 10.
The host cell aceording, toclaim 9. wherein the host cell is afucase transporterdeficient animal cell, a
fucosyltransferase-deleted animal cell, or an animal cell in which a complex branched sugar chain
modificationiszmedifiets, analicAmmethad for preparing an antibody comprising culturing the host
cell according to claim 9 or 10 and recovering a polypeptide from the cell culture. 12. An antibody
according to anyore oficlaims ktoi8 foreserina method of treating dancert 18n Ansantibody according
to claim 12, wherein the cancer is liver cancer. ABSTRACT OF THE DISCLOSURE:

generally placed {(inserted; into & sultable wvector and
introduced into a host cell. There are no particular

limitations on the vector as long as it has the capabilitv to

stably maintain the inserted nuclelc acid. For example, with
reference to the use of E. coli as the host, pBluescript
vector (Stratagene) is preferred as a cloning wvector, although

various commercially avallable vectors can be used. An
exXpresgion vector ig particulariv useful in those ilnstances

where the vector is used to produce polypeptide 0of the present

inveriticn. There are no particular limitations on the
expression vector as long as 1t can express polypeptides in
vitro, in E. coli, in cell culture, or within an organism.
Preferred exampies inciude pBEST vector (Promega) for
expression, pET vector (Invitrogen; for E. coli, pMEIZS-FL3
vector (GenBank Accession No. AROR9864) for cell cultures
pMELIBS wvector (Mol. Cell Bicol. (1988 8, 466-472) for an
organism. DNA according te the present invention can be
inserted intce the vector by standard methods, for example, by
the ligase reaction utilizing restriction enzyme sites

(Current Protocels in Molecular Biology, edited by Ausubel et

al. {1987y Publish. John Wiley & Sons, sections 11.4-11.1%1:.



A method of modulating the plasma half-life of anti-. glypican 3 antibody, a pharmaceutical
composition comprising as an active ingredient the anti-glypican 3 antibody that has a plasma half-life
that has been modulated, a method of preha ng the anti-glypican 3 antibody and a pharmaceutical
composition comprising the anti-glypican 3 antibody as an active ingredient are provided. Disclosed is
a method of modulating the plasma half-life of anti-glypican 3 antibody by modifying an amino acidS
residue that is exposed on the surface of the anti-glypican 3 antibody; and anti-glypican 3 antibody that
has a plasma halfifté thaf fia8 e motutated by anfind Aeid résidtié mediication, a pharmaceutical
composition, cmprising as.an acti inthe aglyhican 3 antipody, and a methord of preparing the
anti-glypican Seantlﬁoay and pt‘odaucmg a ﬁharmaceutlcaﬁ composition comprlsmae[ € anqu-glyplcan 3
antibody as.an active ingredient, SEQUENCE LISTING. <110> Chugai Seiyaku Kabushiki Kaisha
<120> ANTI-GLYPICAN-3 ANTIBODY HAVING IMPROVED KINETICS IN PLASMA <130>
PCG-9023W0sLk50> P 2007-256063-£1512200:/+09-28:<160>:35-s479=-Ratentln version 3.1 <210>
1<211>115 <212> PRT <213> Atrtificial Sequence <220>

Staphylococcus, K. coll, Streptomyces, Bacillus subtilus),

fungi cells (e.g., ye=ast, Aspergillus), insect cells (e.g.,
Dresophlila S2, Spodoptera S£9), animal cells (e.g., CHO, COS,

HeiLa, CLl27, 3T3, BHK, HEK2%3, Bowes melanome cells), and pliant

cells, The vector can be introduced into the host cell sby

o}

known methods, for example, calcium phosphate precipitation,

electropulse poration {(Current Protocols in Molecular Bilology,

adited by Ausubel et al. {1987) John Wilev & Sons, sectlons

1-9.9), lipofectiion, and microinijection.

o

A approprilate secretory signal can be suitably

incerporated inte the antipody (e.g. anti-glypican 3 antibody)

in order te bring about secretion of the antibody expressed in
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signal can suiltably be the native slignal ssguence
characteristic of the antibody (e.qg. anti-glypican 3 antibody;
or can be a heterologous signal seguence.

The antibody (e.g. anti-glypican 3 antibodvy) produced as

described above can ke recovered by collecting the culture

medium 1n those instances where the anti
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invention is secreted inte the culture medium. In those

instances where the antibody (e.g. anti-glypican 3 antibody)



<223> Humanized antibody H chain <400> 1 Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro
Gly Ala 151015 Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr 202530 Glu Met-His
Trp Val Arg Gin Ala Pro Gly Gin Gly Leu Glu Trp Met 354045 Gly Ala Leu Asp Pro Lys Thr Gly Asp Thr
Ala Tyr Ser Gin Lys Phe 505560 Lys Gly Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr 65
70 75 80 Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Thy Ala Val Tyr Tyr Cys 859095 Thr Arg Phe Tyr
Ser Tyr Thr Tyr Trp Gly Gin Gly Thr Leu Val Thr 100105110 Val Ser Ser 115

the présent i1nhventilon 1s produced within the cell, the cell

is first lysed and then the antibody is recovered.

Known methods can be suitably used to purify the antibody

[}
[t

anti-glypican 3 antibody) of the invention rscovered

h
[

om the recombinant cell culture, for example, ammonium
sulfate and ethancol precipitation, acid extraction, anion~ or
cation-exchange chromatography, phosphocellulose
chromatography, hydrophoblc interaction chromatography,
affinity chromatography, hydroxyapatite chromatography, and

ilectin chromatography.

. The present invention alsc relates tco a composltion (s

drug; compriging a pharmaceutically acceptable carrier and the
antibody (e.g. anti-glypican 3 antibody) (for example, IgG

antibody)] having plasma kinetics modulated by the method of
the Iinvention.

The pharmaceutical composition in the context of ths
present ilnvention generally refers to an agent for the
treatment or preventicn of a diéease or for the detection ox
dizgnosis o a disease.

The pharmaceutical composition of the present invention

can be formulatesd by a method known to those skilled in the

art. rFor esxample, tThe formulation can ke used by & non-oral

[0}

route in the form of an injectable, 1.e., 2z suspension or

aseptic solution with water or cther pharmaceutically

acceptable liguid. For exampls, the feormulation can be

prepared by combining the antibody with & pharmacologically

o)
“n



<210> 2 <211>115 <212> PRT <213> Atrtificial Sequence <220> <223> Humanized antibody H chain
<400> 2 Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 151015 SerVal Lys Val Ser
Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr 202530 Glu Met His Trp lle Arg Gin Pro Pro Gly Gin Gly
Leu Glu Trp lle 354045 Gly Ala lle Asp Pro Lys Thr Gly Asp Thr Ala Tyr Ser Gin Lys Phe 505560 Lys
Gly Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr 65 70 75 80 Met Glu Leu Ser Ser Leu

Thr Ser Glu Asp Thr Ala Val Tergr C%/ ‘ o o ,
acceptable carri® edium, in particular with sterile water

or physiological-saline, piant oil, emulsifying agent,
suspending agent, surfactant, stabilizer, flavorant, diluent,

carrier, preservaiive, binder, and so forth, and mixing in the

unit dosage state reguired by generally established
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The amount of active ingredient in
the formulations is selected in such a manner that g suitable
dose in the indicated range 1s cobtained.

E sterile compesition for injection can be suliably
formulated in accordance with standard pharmaceutical practice
using a carrier such as distilled water for injection.

The aqueous solution for injectlon can be, Zor sxample,
an isoteonic éoiution containing bhysiclogical saline, dextrose
and other adjuvants {for example, D-sorbitcel, D-manncse, D-
mannitol, sodium chioride). Sultable solubilizling agents
{(e.¢., an alcochol such as ethancl or & polyaicohcl such as
propylene glycoel or polyesthylene glycol) and nonionic
surfactant {e;g., Polyserbate 80T, HCO-50) can élso be used as
appropriate.

Oily liguids include sesame o0il and soy c¢il. Benzyil

benzoate and/or benzyl alcohel can also be sultably used =z

m

solubilizing agents. A buffer {(for example, phesphate butf

{h

r

solution, sodium acetate buffer sclution), scothing agent (for

example, procaine nydrochloride), stabilizer (for example,
benzyl alcohol and phencl), and oxidation inhiklitor can alsc

be incorporated as appropriate. The injecticn soluticn

86



859095 Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Gly Gin Gly Thr Leu Val Thr 100105110 Val Ser Ser 115
<210> 3 <211>115 <212> PRT <213> Artificial Sequence <220> <223> Humanized antibody H chain
<400> 3 Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 151015 Ser Val Thr Val Ser
Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr 202530

prepared as described above 1s generally filled into-suitable

campoules.
The pharmaceutical composition of the present invention
can be administered preferably by non-oral administration.. For

example, 1t can be formulated as an injectable compesition, a

. O

[

transnasal composition, a2 composition for inhalat
administration, ¢r a transdermal composition. It can be
suitakbly administered systemically or Locally by} for example,
intravenous injection, intramuscular injection,
intraperitoneal injection, or subcutanecus injection

The method of administration can be selected as
appropriate depending on the patient’s age and symptoms. Ths
dosage of the pharmaceutical composition comprising the

antibody or pelynucleotide encoding the antibody can be

tel

selected, for example, in the range of 0.0001 mg to 1000 mg
per 1 kg body weight per unit dose. Or, the dosage can be
formulated or set at a dosage of 0.001 to 100,600 mg per
patient; however, the present invention i1s not necessarily
limited to these numerical values. The dosage and method of
administration will vary depending on the patient’s body
weight, age, and sympteoms, and an appropriate dosage andg
method of adminisﬁration ““r.be selected by those skilled in
the art based on a consideraticon of ‘these factors.

The pregent invention also provides nuclelc acid encoding

the antibody {e.g. anti-glyplican 3 antibody) {for example,

humanized anti-glypican 3 antibody) having plasma kinstics

87



Glu Met His Trp Val Arg Gin Ala Pro Gly Glu Gly Leu Glu Trp Met 354045 Gly Ala Leu Asp Pro Lys Thr
Gly Asp Thr Ala Tyr Ser Gin Ser Phe 505560 Gin Asp Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser
Thr Ala Tyr 65 70 75 80 Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Thr
Arg Phe Tyr Ser Tyr Thr Tyr Trp Gly Gin Gly Thr Leu Val Thr 100105110 Val Ser Ser 115 2 <210> 4

<211>115 <212> PRT <213> Artificial Sequence

modulated by the method oI the present invention. A vector
carrying such a nucleic acid is alsc encompassed by The
present invention.

The present

invention also provides a host cell that

cemprises the aforementicned nuclelc acid. The type of the

host cell is not particularly limited, and it may be, ifor
example, a bacterial cell such as E. c¢olil or anv of various

animal cells.

L8]

The nost cell can be used as approprizte Iin

production system for the production or expression of the

antibody (e.g. anti-glypicanr 3 antibody]! ©f the present

invention. Thus,

production system that may be used To produce the antibody

{2.g. anti-glypican 3 antibody] using the aforementioned host

cell. An in vitro or in vive production system can suitably bs

used as the production system. Eukarvotic cells and

prokaryotic cells are suitably employved &z the host cells used
in the in vitro producticn system.
The eukaryotic cells used as the host cell may include

animal cells, plant cells, and fungl cells. The animal cells

may include mammallan-type cells such as CHO (J. Exp. Med.

2}

(1995} 108, 245), COS, HEK2%3, 373, myeloma, BHK (bpaby hamster

C

kidney!, Hela, Verc, and so forth; amphiblan cells

Xenopus laevis ococytes (19811 338~

3403 ; and insect cells

CHO-DG44, CHO-DX11E, COS7 cells,

are suiltably used for expression ¢f the anti-glypican 3

88



<220> <223> Humanized antibody H chain <400> 4 Gin Val GIn Leu Val Gin Ser Gly Ala Glu Val Lys
Lys Pro Gly Ala 151015 Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr 202530 Glu
Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Met 354045 Gly Ala Leu Asn Pro Lys Thr Gly
Asp Thr Ala Tyr Ser Gin Lys Phe 505560 Lys Gly Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala
Tyr 65 70 75 80 Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Thr Arg '
Phe Tyr S%EIX%I& TA’% 'I'trgeGQ/rérsgeGly Thr Lep Val ThglOOlOSllO Val Ser. Ser

invention. 2 use of CHO cells as the
host cell is particularly preferred when high levels of
expression in animal cells is intended. Transfection of the
reéombinant vector into the host cell iz suitably carried ocut
using the calcium phosphate technigue, DEAE dextran technique,
technigues that employ the cationic liposome DOTAP (Boehringer
Mannheim}, electroporation technicgue, lipofection technigue,
and so forth.

With regard to plant cells, Lemna minor and cells derived
from Nicotiana tabacum are known as protein production systems,
and the anti-glypican 3 antibody of the present. invention can
pe produced by éallus culture techniques using these cells.

With regard to fungi cells, protein expression systems using

yeast cells, e.g., Saccharomyces l(e.g., Saccharomyces
cerevisiae, Schizosaccharomyces pombe), and protein expression
systems using Iilamentous fungi, e.g., Aspercgillus (e.g.,

Aspergillus niger;, are known and can be used as host cells to
produée the anti-glypican 3 antibody of the present invention.

With regard to the use of prokaryotic cells, anvy
production systems using bacterial cells are suitably usad.
Production systems that use E. coli as described above or B.
aub_i_u are known for the bacterilsl cells, and any of these
pacterial cells can be suitably used to produce the antibody
(&.g. anti-glypican 3 antibody] of the present invention.

Ir order to produce the antibody (e.g. anti-glypican 3

-

antibody} using & host cell of the present invention, the host

&9



115 <210> 5 <211>115 <212> PRT <213> Artificial Sequence <220> <223> Humanized antibody H
chain <400> 5 Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 151015 Ser Val Thr
Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr 202530 Glu Met His Trp lle Arg Gin Pro Pro Gly

Glu Gly Leu Glu Trp lle 354045 Gly Ala lle Asp Pro Lys Thr Gly Asp Thr Ala Tyr Ser Gin Ser Phe
505560

cell transformed with the expresszion vector comprising
polynucleotide encoding the antibody of the present invention
is cultured tc exXpress a polyﬁucleotide coding for the
antibody {2.g. anti-glypican 3 antibody). The host cel
be cultured according to known methods. When an animal cell is

IMDM is

o)
=

used as the host, for examplie, DMEM, MEM, RPMI1&4(,

sultably used as the culture medium. 2 seryum auxiliary, e.qg.,

Fry

[ €2]

B

(D

r fetal call serum (FC3), and so forth, may be added. The

—

cells can also be cultured in & serum~-fres medium. The ce
can be cultured at a pE of about ¢-%, depending on the host
cell. Culture is generally run for about 1% fTo 200 hours at
about 30 to 40°C, with medium replacement, zeration, and
STilrring as necessary.

On the other hand, production svystems based on an animal
or plant are available as in vive gvstems for producihg the
antipody (=2.g. anti-~glypican 3 antibody) of the present
invention. Polynuclieotide encoding the antibody (e.g. anti-

glypican 3 antibody] of the present invention 1s introduced

into an animal or plant and the antiboedy is produced within

the animal. or plant and 1s recovered. The term "host" as used
nerein encompasses such animals and plants.

When an animal is used as the host, production systems

based on mammals and insects are available. Goat, pig, sheep,

mcuse, cow, and so forth, are suitably used a&s the mammal
(Vicki Glaser, SPECTRUM RBlotechnology Applications (19637, A
transgenic animai may also be employed.
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Gin Asp Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr 65 70 75 80 Met Glu Leu Ser Ser
Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys 659095 Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Gly Gin Gly
Thr Leu Val Thr 100105110 Val Ser Ser 115 <210> 6 <211>115 <212> PRT <213> Atrtificial Sequence
<220> <223> Humanized antibody H chain <400> 6 Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys
Lys Pro Gly Ala 151015 Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr

o

For example, a polynucleotide encoding the antibedy (e.g.

anti-glyplcan 3 antibody) of the present inventicrn can be

o 3

-

form of. a

produced in fusion gene with a

gene encoding

icall

Eh

g speci y produced in milk, such as’

b

polypeptide

goat P-casein. A pclynucleotide fragment comprising the fusion

gene 1s then injected into a goat embryc and is transplanted

into & female goat. The antibody {(e.g. anti-glypican 3

antibody) of interest is obtained from milk produced =he

transgenic goat born cut of the goat that received the embryo

or from milk produced by
Suitable hormones may be

transgenic goeat in order

the offspring of the transgenic geat.
administered z2s appropriate to the

te increase the amount of antibody

2

-

antibedy!-containing milk produced

the transgenic goat (Ebert et al., EBio/Tach

b

7

clogy
£95-7027 .
The silkworm is an

o produce the anti

[

present invention. When The

’

e

may be infected with baculovirus having a

i

pelynucleotid

encoding the desire = anti

a

(8]

d antibody g. -glypican ntibody)

inserted into its viral genome. The antibody (e.g. anti~

giypican 3 antibody; of interest

fluids of the infecited silkworm (51

(

|2
[\
[ieN

The tobacce plant is an example

to produce the antibody

{e.g. anti-glypican 3 antibody)
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202530 Glu Met His Trp lle Arg Gin Pro Pro Gly Lys Gly Leu Glu Trp lle 354045 Gly Ala lle Asn Pro
Lys Thr Gly Asp Thr Ala Tyr Ser Gin Lys Phe 505560 Lys Gly Arg Val Thr Leu Thr Ala Asp Lys Ser Thr
Ser Thr Ala Tyr 65 70 75 80 Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095
Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Gly Arg Gly Thr Leu Val Thr 100105110 Val Ser Ser 115 <210> 7
<211> 112 <212> PRT <213> Artificial Sequence <220>

of the present invention. When the tobacco plant is used,

S ~

polynucleotide encoding the antibody (e.g. anti-glvpican
.antibody) of interest is inserted into a plant expression
vector, such as pMON 530, and the resulting recombinant vector

ig transiected inte & bacterium such as Agrobacterium

tumefaciens. This bacterium is then used te infect a tchacco
plant [(for example, Nicotiana tabacum) (Ma et al., Eur. J.
Immunoli. (1994 24, 131-8), and the desired antibody (e.g.

- .

anti-glypican 2 antibody) is obtained from the leaves of the
infected tobacco plant. Lemna minor can be similarly
with such & bacterium and the desired antibody fe.g. aﬁti—
“glypican 2 antibody) can be obtained from cells of the cloned
infected Lemna minor {(Cox K. M. et al., Nat. Biotechnol.

The antibedy (2.g. anti-glivplican 3 antibody! of the
present invention obtained-in the manner described above can
be isolated from inside or cutside of the host cells {e.g.,
culture medium or milk) and can be purified into a
substantially pure homogensous antibody. The separation and
purification technigques generaily used for polypeptids
purification can be suitably used for antibody separation and

purification in the present invention, but is not limited. For

jsH]

example, the antibody can be sultabkly separated and purified

by a suitable selection and combination of column

h

chromatography, filtration, ultrafiltration, salting out,
solvent precipitation, solvent extraction, distillation,



<223> Humanized antibody L chain <400> 7 Asp Val Val Met Thr Gin Ser Pro Leu Ser Leu Pro Val Thr
Pro Gly 3 151015 Glu Pro Ala Ser lle Ser Cys Arg Ser Ser Gin Ser Lou Val His Ser 202530 Asn Arg
Asn Thr Tyr Lou His Trp Tyr Lou Gin Lys Pro Gly Gin Ser 354045 Pro Gin Lou Lou lle Tyr Lys Val Ser
Asn Arg Phe Ser Gly Val Pro 505560 Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lou Lys
lle 65 70 75 80 Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Ser Gin Asn 859095 Thr His Val
Pro Pro Thr Phe Gly Gin Glg1 Thr Lys Lboq;g;lfvl-geﬂlf{/ﬁ 100105110

;noc#vbﬁnﬁp lamlde gel electrophoresis,
i1zcelectric elactrophoresis, dialysis, recrystallization, and
S0 férth.

The chromatographic technigues includs affinity
chromategraphy, ion-exchange chromatography, hydrophebic

chromatography,

i8]

filtration chromatography, reverse-phase

chromatography, adsorption chromatography, and so forth

{Stratsgies for Protein Purlification and Characterization: A

Laboratcry Course Manual. Ed. Daniel R. Marshak et al. {199&)
Cold Spring Harbor Laboratory Press). Chromatography can be

carried out using ligquid-phase chromatography, for exampl
HPLC, FPLC, and so forth. The column used in azffinity
chromatography includes, for example, a protein & column or
protein G cclumn. Hyper [, POR0OS, and Sepharcse . F.
{Pharmacla) are examples of protein A based columns

Anothér preferred embodiment of the present iﬁvention is
a method ¢of preparing the antibody (e.g. anti-glypican 3
antibody} with modulated plasma kinstics of the present
invention, comprising the step of culturing a host cell of the
present invention as described apove and recovering the
antibody {(e.g. anti-gliypican 3 antibody) from the cell culture,

2ll of the literature cited in the sgpecification are
incorporated herein by reference.

The present invention iz specifically described in the
following, but the present invention 1s not limited toc the

examplss provided below.



<210> 8 <211>112 <212> PRT <213> Atrtificial Sequence <220> <223> Humanized antibody L chain
<400> 8Asp lle Val Met Thr Gin Ser Pro Lou Ser Lou Pro Val Thr Pro Gly 151015 Glu Pro Ala Ser lle
Ser Cys Arg Ser Ser Gin Ser Lou Val His Ser 202530 Asn Arg Asn Thr Tyr Lou His Trp Tyr Gin Gin
Lys Pro Gly Gin Ala 354045 Pro Arg Lou Lou lle Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 505560
Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lou Lys lle 65 70 75 80 Ser Arg Val Glu Ala
Glu Asp Val Gly Val Tyr Tyr Cys Ser Gin Asn

EXAMPLES
Example 1

(1} Construction of point-mutation genes of the humanized HOLO

antibody

Various point-mutation genes were constructed starting

o

from a gene encoding anti-glypican 3 antibody comprising the
CDE of the humanized GC33 antibody disclosed in WO 2006/046751.

0ligoDNAs designed based on the seguences of the sense and

antisense chains containing the modification sites were

—

iy

synthesized. & plu

H

ity of peint-mutation genes were

-
<L

constructed using th

o
ity

commercial QuikChange Site-Directed
Mutagenesis Kit [Stratagene; . Construction of the point-
mutation genes was carried out by PCR under the following
conditions. After heating for 30 seconds at 95°C, a reaction
mixture of 10 ng template plasmid, 10 pmol forward chain and
reverse chain synthetic oligo-DNAs and 10X buffer, dNTP mix,
and Pfu Turbo DNE Polvmerase provided with the kit was
subjected te 18 cvcles of $5°C 30 sec, 55°C 1 min and 68°C 4
min. The DpnI provided with the kit was added to the reaction
mixture, and restriction digestion with the restricticon enzyme
was carried for I hour at 37°C. DHbw competent cells (Toyobo)
were transformed with the resulting reaction solution to

obtailn transformants. The introduction of point mutati

Q

I was

confirmed by determining the nuclesctide sequence of ths

-ty
rt

plasmid DNE isclated from the transfcrmants. FEach point-

94



859095 Thr His Val Pro Pro Thr Phe Gly Gin Gly Thr Lys Lou Glu lle Lys 100105110 <210> 9
<211>112 <212> PRT <213> Artificial Sequence <220> <223> Humanized antibody L chain <400> 9
Asp Val Val Met Thr Gin Ser Pro Lou Ser Lou Pro Val Thr Pro Gly 151015 Glu Pro Ala Ser lle Ser Cys
Arg Ala Ser Glu Ser Lou Val His Ser 202530 Asn Arg Asn Thr Tyr Leu His Trp Tyr Leu Gin Lys Pro Gly
Gin Ser 354045

=

atation gene was clioned into expression vectors capable of

expressing the insert gene in animal cells. Modified genes

H

were prepared by modifications as describad below.

Trangi

o
D

nt expression of the humanized HOLS antibody and
its point mutaticn-modified antibédieé was carried out using
polyethyieneimine (Polysciences Inc.j. HEK293 cells were
separated by try?sin EDTA (Invitrogen), and seseded to a ;O cm*

-~

culture dish at & x 10° cells/10 mL. The next dav, SFMII

ture medium and polyethyleneimine were mixed with a heavy

chaln expression plasmid DNA and & light chaln exp

5

egsion

plasmid DNA according tc th

i

nanufacturer’'s instructicons, and

9]

r

the resulting mixture was left stand for 10 minutes at room

temperature. The entire mixture was added dropwise to the

a
e
J
e}
'_;
]
@]
.
i
i)
0
O
j}
¢t
o)
F
.
[
ol
Q
o
)
®
ja s
Iz
il
r2
Sl
a2
0

ells seeded as described
above. The cuiture supernatant was recovered after
approximately 72 hours and the expressed humanized HOLC
antibody and its point mutaticn-medified antibodies wers

purified using rProteinA Sepharose™

Fast Flow (GE Healthcare)
ccording te the manufacturer's instructions,

(1=

(1-17 Modification of the Tm wvalue of the humanized HOLO

antibody

The thermal denaturation midpoint temperature {Tm) was

K

&

determined by the top of the denaturation peak in the
thermogram (Cp versus T) obtained after heating the test

sample solution at a constant programmed heating rate. The Tm

}—r

value of the humanized HOLO antibody was measursd using 2

O
£n



Pro Gin Lou Lou lle Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 505560 Asp Arg Phe Ser Gly Ser
Gly Ser Gly Thr Asp Phe Thr Lou Thr lle 65 70 75 80 Ser Ser Lou Gin Ala Glu Asp Val'Gly Val Tyr Tyr
Cys Ser Gin Asn 859095 Thr His Val Pro Pro Thr Phe Gly Gin Gly Thr Lys Lou Glu lie Lys 100105110
<210> 10 <211>112 <212> PRT <213> Artificial Sequence <220> <223> Humanized antibody L chain
<400> 10 Asp Val Val Met Thr Gin Ser Pro Lou Ser Lou Pro Val Thr Pro Gly 151015 Gin Pro Ala Ser

lle Ser Cys Argf\la S rAr zsefol'relbggl Igﬂlsagfrremeab prepared as describ

6

d in
the fcllowing. The antibody solution (corresponding to 20 to

~

100 ugy filled.in & dialysis membrane was first dialyzed for
“zd hburs_against a.dialysis external solution of 20 mel/L
‘sodium acetate buffer solution (pH ©.0) containing 150 mmol/L
sodlum chiloride. Bubsequently, tThe sample sclution was
adjusted at its antibedy concentration of 50 to 100 ug/mL with
dialysis external solution and used as the sample sclution for
DSC measurement.
A suitable.DSC instrument, for example, DSC-I7T
[(Calcorimetry Sciences Corporation), is used for this

experiment. The sample sclution preparsd as described above

and the reference scilution (dialysis external sclution) were

cthoroughly degassed, and each of these test specimens was

placed in calorimeter cell and was thermally equilibrated at

o
jas

40°C. B DSC scan was then run from 40°C te 100°C at a scan
rate cf approximately I EK/minute. The results of this

measurement are given as the top of the denaturation peak as

53]

function c¢f temperature. The thermal densturation midpoin

-

temperature of the humanized HOLUO antibody was calculated by
peak assignment of the Fab domain according to Rodolfo et al.
Immunology Letters (1898%), 47-52. As a specific example, the

chart obtained from differential scanning calorimetry (DSC) on

i\)

The HspulZ.ZLspul.Z (HuZ.ZLuZ.2) antibody is shown in Figurs

The humanized HOLO antibcody, comprising the heavy chain
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202530 Asn Arg Asn Thr Tyr Lou His Trp Tyr Lou Gin Lys Pro Gly Gin Ser 354045 Pro Gin Lou Lou lle
Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 505560 Asp ArgPhe Ser Gly Ser Gly Ser Gly Thr Asp
Phe Thr Lou Lys lle 65 70 75 80 Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Ser Gin Asn
859095 Thr His Val Pro Pro Thr Phe Gly Arg Gly Thr Lys Lou Glu lle Lys 100105110 <210> 11 4
<211> 112 <212> PRT <213> Artificial Sequence <220>

shown in SEQ ID NO: I and the light chain shown in SEQ ID NO:
7, has a Tm value cf 76.6°C as calculated by the method

described above. The Tm values of Synagis and Herceptin,

provided as examples of existing antibodies, are mesasured at

co .
&

-4°C and 81.8°C, respectively. It was thus shown ﬁhat the Tm
vazlue of the humanized HOLO antiﬁody is lower fhan that of
existing antibodies.

Modified antibodies were thersfore prepared from
humanized HOLO antibody with the aim of raising the Tm value.
Modifications of V37I, A4QF, MéBi, and L5171 were introduced
intoe FRZ of the HOLO antibody heavy chain shown in SEQ ID NO:
1 te prepare the antibody H13 (SEC ID NC: 27, where its

subclass was changed from VHIb to VH4. The Tm value was

v

improved to 79.1°C. Alsoc the HOLO antibody light chain shown
in SBEQ ID NG: 7 was modified by introducing L42C, S48R, and
Q50R medifications into the FRZ which changed the subclass

from VEZ teo VK3, and introducing V2I modification te replace
the V2 of FRI with T (germline ssquence), thereby L4 (S5EQ ID

NO: 8) was prepared. The Tm value of each antibody was

measured as described ahkove. The Tm value of H1ILL0 and HOLZ

fe]

e
A%

was 7 C and 77.2°C, respectively, which shows improvement

from the Tm value 76.8°C of HULC. The Tm value of the H153Ld4
antibody comprising the combination of these two modifications
was improved to 80.5°C

| B

(1-2) Modification cf the pT wvalue of the humanized HOLO

antibody
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<223> Humanized antibody L chain <400> 11 Asp lle Val Met Thr Gin Ser Pro Leu Ser Leu Pro Val
Thr Pro Gly 151015 Glu Pro Ala Ser Ite Ser Cys Arg Ala Ser Glu Ser Leu Val His Ser 202530 Asn Arg
Asn Thr Tyr Lou His Trp Tyr Gin Gin Lys Pro Gly Gin Ala 354045 Pro Arg Lou Leu lle Tyr'Lys Val Ser
Asn Arg Phe Ser Gly Val Pro 505560 Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr
He 65 70 75 80 Ser Ser Lou Gin Ala Glu Asp Val Gly Val Tyr Tyr Cys Ser Gin Asn 859095 Thr His Val

Pro Pro Thr Phe GI%/ G
Theée p

in Gly Thr Lys Leu Glu lle Lys 100105110 <210> 12 <211>112

laspla hali-life of an antibody is extended by

lowering the pi value exhibited by the antibody. In

™

contrast,
the tissue translocation characteristics of an antibody are

it

improved by increasing the antibody’' s pl. is unknown
whether esither increase or decrsase in the pl value of an
Tibody effective in cancer trsatment would enhance the

affesct.

Hhy

Therefore, modified humanized HOLD

-

antibody with & lowered pl and modifised humanized HOLO

antibody with an increased pl were preparsad and the antitumor

N R
acTivity i

A

cf them was compared to investigate 1f either
modlification had a higher tumcr-suppressing activity
The pl value of sach antibody was calculated based on the
analysis by lsoelectric electrophoresis. Electrophoressis was
carried out as described in the fclliowing. Using PhastSystem
Cassette (Amersham Zioscience), Phast-Gel Dry IEF (Rmersham
Bilosclence) gel was swcollen for about 60 minutes with a

swelling solution with

(a) Composition ¢f the
1.5 mbL 10% glycerol
100 ulL Pharmalyte E-1
{b) Composition of ths

.5 ml purified water

20 ul Pharmalvte 3~10.

~

20

ADDroxima 0.5

&

Ly

ot

ul Pharmalyte 5-8 for

the composition given below.

swelling solution for high pI:

tn

for TEF (Amersham EBloscience)

swelling scilution feor low pl:

{Amersham Riosclence)
(BAmersham Bilosclence)

g antibody was loaded on ths swollen

98



<212> PRT <213> Artificial Sequence <220> <223> Humanized antibody L chain <400> 12 Asp lle
Val Met Thr Gin Ser Pro Lou Ser Leu Pro Val Thr Pro Gly 151015 Gin Pro Ala Ser lle Ser Cys Arg Ala
Ser Arg Ser Lou Val His Ser 202530 Asn Arg Asn Thr Tyr Lou His Trp Tyr Gin Gin Lys Pro Gly Gin Ala
354045 Pro Are Lou Lou lle Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 505560 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 Tyr Cys Ser Gin Asn 859095 Thr His Val Pro Pro Thr Phe Gly Arg Gly Thr Lys Lou Glu lle Lys

gel and isoelectric electrophoresis was run using the
PhastSystem (Emersham Biosclence) controlled by the program
described below. The sample was added to the gel at Step 2 of
“this'prograﬁ; A Calibratioﬁ it for pI (Amershém-giéscience)

was used for the pl marker

n

Step 1: 2000 V, 2.5 mA, 3.5 W, 15°C, 75 Vh
Step 2: 200 V, 2.8 3.5 W, 15°C, 15 Vh

A,
2000 V, 2.5 mA, 3.5 W, 15°C 410 Vh

i
¢t
T
o]
L}

After electrophoresis, the gel was fixed with 20% TCA and
silver staining was then carried out using Siliver Staining Kit,
Protein {Amersham Bloscience) according to the instructions
provided with the kit. After staining, the iscelectric point
of each antibody (test sample}! was calculated based on the
electrophoretogram from the high pI iscelectric
electrophoresis is shown 1in Figure Z and the
electrophoretogram from the low pl isoslectric electrophoresis

1s shown in Pigure 3.

HspuZ.2 (HuZ.Z2) (SEQ ID NC: %: was prepared, in which the

Q43K, BbLZN, and QIi07R modif

E._Lv

cations were additionalily
implemented in HIS. Lspul.2 {Lu2.2} {SEQ ID NO: 12% was aliso
prepared, 1in which the E17Q, Q2Z7H, Q105R and S254
modifications were implemented

modification replaces S2% in CDRZ with 2 (abundant in a

germline}. The Tm valus c¢f the HspuZ.ZLspuZ.2 (HuZ.2Lu2.2)
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100105110 <210> 13 <211> 545 <212> PRT <213> homo sapiens <400> 13 Gin Pro Pro Pro Pro Pro
Pro Asp Ala Thr Cys His Gin Val Arg Ser 151015 Phe Phe Gin Arg Lou Gin Pro Gly Lou Lys Trp Val

- Pro Glu Thr Pro 202530 Val Pro Gly Ser Asp Lou Gin Val Cys Lou Pro Lys Gly Pro Thr Cys 354045
Cys Ser Arg Lys Met Glu Glu Lys Tyr Gin Lou Thr Ala Arg Lou Asn 505560 Met Glu Gin Leu Lou Gin
Ser Ala Ser Met Glu Lou Lys Phe Lou lle 65 70 75 80 lle Gin Asn Ala Ala Val Phe Gin Glu Ala Phe Glu
lle Val Val Arg 859095

antibody composed of HspuZ.Z (HuZ.2) and LspuZ.2 (Lu2.2) was
measurad at 76.8°C and its pl value was measured at $.6. Since
the pI of the HOLO antibody is 8.9, the pl of the

‘Hspu2;2Lspu2.4 (HuZ.2LuZ.2) antibody was increased by C.7.
(k) Modifications.that lowéred the pl
Hspdl .8 (Hdl.B) {(SEQ ID NO: 5) was prepared, in which the

K18T, (Q43E, K638, K650, and 666D modifications were
additionally implemented in H1S5., Lspdl.6 (1dil.8) (SEQ I NO:
11} was prepared by making the following modificaticns: the
QZ7E modification in L4; modification of KISRVE at 79-84 of
The FR3 in L4 to TISSLY; and the S25n modiﬁication to achleve
the same modification as for LspuZ.Z (LuZ.2). The pl value of
the Hspdl.8Lspdi.6 (HAI.8Ld1l.6) antibody composed of Hepdl.B
(Hdi.8) anc Lespdl.o (Ldl.6), was measured at 7.4. Since the pl
of the HOLO antibody is 8.%, the I of the'Hspd1;8Lspdi.6

{Hdi ., 8Ldl. &) antibodvy was reduced by 1.5,

(2} BEvaluation by competitive ELISA of the binding activity of

the point-mutation modified antibedies from the HOLO antibody

he HOLO antibody and its

3

nt mutaticon-modified

v
je)
E“, -

o

antibodies purified in (1) was evaluated by competitive ELISA.
100 pi cf the soluble GPC3E core polvpeptide (SEQ ID NO: 13) at

0

pg/ml was added to each well of a 96-well plate. The soluble
GPT3 core polypeptide was immobilized on the plate by allowing
the plate to stand overnight at 4°C. The sciuble GPC3E core

polypeptide immobllized on the plate was washed 3 times with a
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His Ala Lys Asn Tyr Thr Asn Ala Met Phe Lys Asn Asn Tyr Pro Ser 100105110 Lou Thr Pro Gin Ala
Phe Glu Phe Val Gly Glu Phe Phe Thr Asp Val 115120125 Ser Lou Tyr lle Lou Gly Ser Asp-tle Asn Val
Asp Asp Met Val Asn 130135140 Glu.Lou Phe Asp Ser Lou Phe Pro Val lle Tyr Thr Gin Lou Met Asn
145150155160 Pro Gly Lou Pro Asp Ser Ala Lou Asp lle Asn Glu Cys Lou Arg Gly 165170175 Ala Arg
Arg Asp Lou Lys Val Phe Gly Asn Phe Pro Lys Lou lle Met 180185190 Thr Gin Val Ser Lys Ser Lou

Gin Val Thr Arg lle Phe Lou Gin Ala 195200205 Lou Asn Lou Gly lle Glu Val lle Asn Thr Thr Asp His
LouLyslgwé%ﬁkﬁﬁfggﬁfer using 3Skan WASHER400 (Molecular Devices); and

blocked with 200 ul blocking buffer at £4°C for at least 30 min.
The blocked plate on which scluble GPC2 core polypeptide was
immob;lized was then washed 3 times with washing buffer using
the Skan WASHERL4OC. 3ubsequently, each well cof the plate
received 200 ul of a mixture centaining 100 ui of biotinyvlated

HOLO antibody (final concentration = 0.3 ug/mL; and 100 pl of

The HOLO antiboedy or its point mutaticon-modified antibody (at

various concentrations). The HCLC antibody was blctinvliated

using Biotin Labeling Kit (Roche) according to th

[

instructlions provided with the kit. The plat

[Emgrin 3
eft stand

]

®

W

ol

3

cr 1 hour at room Temperaturs, *“hen washed

Fh

times with

(3]

washing buffer using the Skan WASHER4Q0 (Molecular Devices).
100 puL goat anti-streptavidin alkalline phosphatase {(2ZYMED;,

diluted 20,0008 with substrate buffsr, was added to each well

and the resulting plate was left stand for 1 hour at room
temperature, and thern washed b times with washing buffer using
the Skan WASHER400. Phnosphatase Substrate (Sigma) was prepared
at 1 myg/mL in the substrate buffer, added at 100 ul per well
for 1 hour. The absorbance at 405 nm of the reaction solution
in each well was measured using Benchmark Plus {(BIC-RARD), with
the contrel absorbance at €355 nm.

As shown by Figure 4, the antigen binding activity of the
H151L4 antibedy was shown o be zlmost the same as that of the

_ S

ECLG antibody that had been sublected to the modification. In
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Ser Lys Asp Cys Gly Arg Met Leu Thr Arg Met Trp Tyr Cys Ser Tyr 225230235240 Cys Gin Gly Lou
Met Met Val Lys Pro Cys Gly Gly Tyr Cys Asn Val 245250255 Val Met Gin Gly Cys Met Ala Gly Val
Val Glu lle Asp Lys Tyr Trp 260265270 Arg Glu Tyr lle Leu Ser Leu Glu Glu Leu Val Asn Gly Met Tyr
Arg 275280285 lle Tyr Asp Met Glu Asn Val Leu Leu Gly Leu Phe Ser Thr lle His 290295300 Asp Ser
lle Gin Tyr Val Gin Lys Asn Ala Gly Lys Leu Thr Thr Thr 305310315320 lle Gly Lys Leu Cys Ala His
Ser Oin OIAI OIn AL SEL AR 3255029 T TR Gy Asp beuPhe le Asp Lys Lys Val Leu
' ‘of the HspuZ.2LspuZ.2 (HuZ.2Lu2.2) antibody was shown to be
about the same as that of the HOLO antibody subjected to the

modification. Moreover, as shown 1n Filigure &, the antigen

binding activity o

-

the Hspdli.8Lspdl.& (HdLl.8Ldl.o) antibody
was shewn to be about the same as that of the HOLO antibody

subjected to the medification.

el

Reference Example

Disruption of the fucose transporter gense 1n CHU cells

th

Construction o

(

H
5

the targeting vector
(1-1) Construction of the KOl vector

7

The BamHI site and the TGLGC seguence werse added at the

(a1

side of the start codon of the h

+

gromycin resgistance gens

¢

<

3

[{Hygr) by PCR using pcDNAZ. L/Hvg

P

b

o {Invitrogen

!

b

Hygh-BH and Hyg3-NT tc obtain the same ssaguence as on tThe 5

side ¢f the start codon of the fucose-transporter geﬁe. Also

the Notl =ite was added on the 3’ side including the region up

to the SV40 polvk additicn signal. Then the Hyor gene was

exclsed.

forward primer

Byg5-BH 5'~GGATCCTGCGCATGARARAGCCTGAACTCACC -3 (SEQ ID NO: 14)

reverse primer

Hyg3-NT 5'-GCGGCCGCCTATTCCTTTGCCCTCGEACG-3" (SEQ ID NC: 15)
Fucose transporter targeting vector ver. 1 (referred to

as the KOl vector) was constructed by inserting the 3 side of
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340345350 His Val Glu His Glu Glu Thr Leu Ser Ser Arg Arg Arg Glu Leu lle 355360365 Gin Lys Leu
Lys Ser Phe lle Ser Phe Tyr Ser Ala Leu Pro Gly Tyr 370375380 lle Cys Ser His Ser Pro Val Ala Glu
‘Asn Asp Thr Leu Cys Trp Asn 385390395400 Gly Gin Glu-Leu Val Glu Arg Tyr Ser Gin Lys Ala Ala
Arg Asn Gly 405410415 Met Lys Asn Gin Phe Asn Leu His Glu Leu Lys Met Lys Gly Pro Glu
420425430 Pro Val Val Ser Gin lle IIe Asp Lys Leu Lys His lle Asn Gin Leu 435440445 Leu Arg Thr

Met Ser Met Pro Lys Gly Arg Val L Lys Asn Leu 450455460 As 5lu Glu Gly Phe Glu Ala Gly
Asp Cys GIy Asp" /g/speGyC ﬁs%bﬁﬁj HATRIR 28T e ) PsBILS SEQ7ID

NO: 1€ to the BamHT at No. 4,232), the 3 side {(from No. 4,284
to the 3acl at Nc. 10,%34), and the HBygr fragment into the
pMC1DT-A vector (Yagi T., Proc. Natl. Acad. Sci. USA (1990) 87

9918~

E\)

—

2y . A characteristic feature of this vector is thar,

-when homologous recombilnation has occurred, Hygr ls expressed

uCos

h
O
60

under the promoter of the transporter, since a promoeter

is not attached to the Hyvgr gens. However, when only one

=

of the vector is introduced into the cell by homologous

recombination, Hygr is net always expressed Lo a degres

jo

sufficient for exhibiting hygromvein B resistance. The K01

o

vector was cleaved at the Notl site and was ftransfected into

H
in

the cell. It is thought that 41 base pai in exon 1,

o,

including the start codon, will be deleted from the fucosge

transporter by iIntroduction of the KOl vector, resulting in

a
loss of function.
(1-2) Construction of pBSK-pgk-i-Hygr

PBSK-pgk-1 was constructed by excising fThe mouse pgk-1
gene promcter from the pKJI2 vector (Popo H., Biochemical
Genetics (18%90) 28, Z285-308) with HcoRI-PstI and cloning it
into the EcoRI-Pstl sites of pRluescript {(Stratagene). With
regard to Hygr, an EcoTZZZI site and a Kozak seguence were
added on the 5 side of Hygr and & BamHI site was addsd on the

3" side including the region up to the 8V40 peolyR addition

o

gignal by PCR using pcDNAZ.IL/Hygro with Lhe Hyg5-AV and Hygl-



465470475480 Cys lle Gly Gly Ala Gly Asp Gly Met lle Lys Val Lys Asn Gin Leu 485490495 Arg Phe
Leu Ala Glu Leu Ala Tyr Asp Leu Asp Val Asp Asp Ala Pro 500505510 Gly Asn Ser Gin Gin Ala Thr
Pro Lys Asp Asn Glu lle Ser Thr Phe 515520525 His Asn Leu Gly Asn Val His Ser Pro Leu Lys His His
His His His 530535540 His 545 <210> 14 011> 32 <212> DNA <213> Atrtificial Sequence <220>
<223> Primer <400> 14 ggatcctgcg catgaaaaag cctgaactca cc32

BH primers. Then the Hygr gens was excised.

forward primer

Hyg5-AV 5'-ATGCATGCCACCATGAAAAAGCCTGAACTCACC-23' (SEQ ID NO: 173
reverss primar
Hyg3-BHE 5'~GGATCCOCAGGCTTTACACTTTATGCTTC-3' (SEQ ID NO: 183
PBSK-pgk-i1-Hygr was constructed by inserting the Hygr
fragment (EcoT22I-BamHI} intc the PstI-BamHI sites of pBSK-
pgk-
(1-3) Construction of the KCOZ vector
Fucose transporter targeting vector ver. 7 (referred to

heresaiter as the KOZ vector) was constructed by inserting the

'

193]

side of the fucose transporier {from the Smal =site at No.
2,780 of SEQ ID.NO: lé to the BamHI at Neo. 4,232, the 3' side
(from No. 4,284.10 the Sacl site_at Ne. 10,934), and the pok-
i-Hygr Ifragment into the pMClDT-Z vector. Unlike the case for
the KC1 wvector, the KOZ vector has the pgk-1 gene promoter
attached to Hygr, thus will acgulre hygromycin B resistance

even when only one copy ¢ the vector is introduced inte th

9]

ol

g

homelogous recombination. The KOZ vector was clezved

=

el

k)

W

'

T Neotl and was transfectad intoe the cell. By introducin

W
1
ot
®

KOZ vector, 46 base pairs in exon 1 including the start codon
will bpe deleted from the fucose transporter, resulting in a
loss of function.

{1-4} Construction of pRSK-pgk-1-Furor

The pPUR vector (BD Biosciences) was cleaved by PstI and
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<210> 15 <211> 29 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <400> 15 gcggccgcct
attcctttgc cctcggacg29 <210> 16 <211>10939 <212> DNA <213> Cricetulus gr seus <400> 16
gagctcaatt aaccctcact aaagggagtc gactcgatcc tttacagaaa acttgcaaac60 cctcttggag tagaaaagta
gtagtatctg acacaagtat cagcaaaatg caaacttctc120 cccatcccca gaaaaccatt ataaaaaccc ccatatctta
tgcccaactg tagtgatatal80 ttatttatga tttattaaaa cttgcttaag gattcagaaa gcaaagtcag ccttaagcta240
tagagaccag ¢ g%gtgggtgcggggtaca%% cc taatcc caggactcag gattaag%a%300 tagacggac?etctgttagtt

; ] S ragmens A rurey v ted into Tl
caagtctacc attaccfaca caagagtgad gagtaaccgase OFy/was inserted intooth

PetI-Bamll sites of pBSK-pgk~1l to construct pESK-pgk-l-Puror.

(i-5) Censtruction of the KO3 vector
Fucose transporter targeting vector ver. 3 (referred to
hereafter zs the KO3 vector) was constructed by inserting the

5 side of the fucose transporter (from the Smal site at No.

2,780 of SEQ ID NC: 1% to the BambI at No. 4,232), the 3 sids

=7

h
H
O
=
=4
o
=8

i,284 to the Sacl site at No. 10,934), and the pgk-
l-Puror fragment intc the pMC1lDT-A vector. A sequence for
binding to the screening primer shown below was preliminarily
attached to the 3 end of pgk-1-Puror. The KO3 vector was
cleaved by Notl and was transfected into the cell. By
introducing the KO3 vector, 46 base pairs in exon 1 including
the start codon will be deleted from the fucose transporter,
resulting in & loszs of function.

reverse primer
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The fucose transporter gene was knocksed out using the
three targeting vectors described abovs.
(Z) Introduction of vector into CHO cells

HT Supplement (100x) (Invitrogen) and penicillin-
streptomycin {(Invitrogen) were addsd to CHO-35-3FMIT HT-
{Invitrogen), each at 1/100th the wvolume of the CHO-S-SFMIT
HT- to prepare a culture medium {hereafter referred to as

TSFMIIi+) . CHC DXBI1 cells were subculitured in SFMII(+). 8 x



tctcatgcct ttgatcccag cagctgggat catgtgcatt caatcccagce attcgggagt420 tatataagac aggagcaagg
tctcagagct ggcattcatt ctccagccac attgaggata480 ggaaaacatt gaagtgtcag gatgctgagg agaggcagea
gtttgaggtt tggtagaacc540 aggatcacct tttggtctga ggtagagtaa gaactgtgge tggetgcttt gettttctgac00
tcttcagett gaagcttgaa ctccaatatt tgtctctggg tctattatta tcatgttaca660 cctaacttta aagctgattt acgcaagaca
gttgtaggtg gacctttctt tcctgcccac720 cagttcccaa ataactgaca cggagactca atattaatta taaatgattg
gttaatagct]?@ ‘ tcttgt; actuctaac tcttacatft taaattaact cafttccatc cctttacttg840 ctgccatgtg gttcatggct
tgttcaagtc ctgcitcite fgtctctgdE WGgthat§Eea60 té“t?;&t(‘:?g Bectihtd®Esgadttett @Ry ggc tetectgeee
agctataggc96Q cagtcagetg titattaacc aatgagaata atacatattt atagtgtaca aagatigctc1020 ctcaacaccc
aattttttat g guch%%‘%tg; "ééz%tfé’[aaéngcéﬁﬁ (%%6 %éeéftg%ﬁ;}cl %‘g%agé%(::‘ggcgg %c%ﬁ%bécég%télgg &cacc tttctageee
tgttgcetttt gt@gtlt%%g gfg:gg\gétgggrctggystag% gaggetggec %:gffcg%ascp%att%tgctg ¢cctaaacctc ccgaacactg
gaattatagt caaggcctac ctgccctggc attttcacac ttttatttcc tggctgagtc ceﬂfga&ft acactcatca aggttgaacc

agttggagtt {aatiacagt gecaatcgca clgaateosa cataatoaaa caaclicaag.gaageaaaaa agcagtittt cctgaagatc
aatgtcagct tgcctgattc agaatagacc cccgaaaaaa ggcaaatgct tgataaccaa tttcttctta ttgttcaatc ccctgetgct
gtgtgtaagcaicctyjagaaa ggacagtaag gggacatiea tgatecagagarangagcecea-acieceeese cagecccacc
cccaccctgt ccacagtetg ttggtttggt ttcccectgg ctgacaccca gaaatcacaa cataatcacc taggtcactg taacaagttc
ctttctggaa aatgctacaa atgataltigy taacatgagbaatgdatadbyectggagithcadctcectiigigacesagce aatgttttcc
gtgggtgctce ccttcceccag ctgcaggcect gacatgtace ttaaaaagec tcccctggag gacagaattt tgtgggtact atagtgttct
cacaaatact tcccetagtaccecttactia gtaccatascataatatgea: géscrtggty aghcacacag ggetotaatg tacagcttct
cagacactgc aggaaccttc ctctcctaat gcagceactgg tetcttcagg ctggacagea ggaacccata ccactccaat cctagtgtgg
agtagagct§ icRaegaaaalccagcagate tatageidaa IGghtcas ftatieitctgacaaatig-tactgaccec acccecacce
cttceeectt get tgctg? gaattgaacc caggaccttg tgeatgccag geaagtactc taacactgag ctatageeec aatctttcat
ccaagtctct algtgtgcce alactegettttiatitiya-gatadaagot whtatttty ayatadggte tactatglt Gecttgactt tttttttt
ttitiga aciiigace ecfaccl; ageigagagt acaaglett (aCcalcagg coeggeigat ggiaagatad cagiatiiga
aatagtttaa ‘acacatcatc ttaatggtca accacacaat ttccgaaatg ttgctggcic agtctggggc aaacctgtce gecccaacat
tggtgctagg-aagaaagcac. agacaagag cecleecagc tcaggagtaa aagacctgga gggggiggec cacticggte
aagttcacgg gatggggagg ggtaccctcc tccagtagtg gtggtatttg geagttccte caccgacgcec ctetggaage acctgettgg
acccgcaaagsccaggaatgeragettegica agggactcge cagcgagggt aacaggacag aggegtccca agagggetgg
ggcggaaggg ggaagacagg gtcggcectta gatagggcaa agggecttct ggetgtgttc ccggggtaac cgecccacca
cgectggage cegatgiggegagegatydegaragegage aggaagtcgt actggggagy geecgegtaye agatgeagee
gagggcggcyg ctgccaggta cacccgaggg caccgegggg gtgagegeca ggteectgaa ccagecagge cteccagagee
gagtccggegyactyatygt aegttcidiya dtgdyaagggaiceguata Cogaatiged teattgagyg gétcagaggt
fctgatgtgg gagiccagaa agggtittat ctaccggagg, tgatgtgact tecggectct ggaagtgctg tiggagicte tgggacciig

e e CT

ggtccteteg Actaggtity gaaggdatoa astagyyota §odagaadty agaggattgc Ggtaatgtet teccgaacga
cetgggttcg ggaggggtcg aaggacaagg ggctgtgry gggggtctic agacgeggag gggtggtatt ctattttctg ggaagatggt
gtcgatgcac ftglé'i(”:c%lteigt%‘l 6t§tggfc%§%8 )(tzlgiglallélg3§80rIL %ggggagégg %%gﬁ%ggjgearg ggggﬁtggtgg agggagtggc
agaaccctic, gagaaactgg.9agagqetet ageacctgea acceeticee tggeeteegg ggagteccag aagagggeag
gaccatggac acaggtgcat tcgtgccgge gegeteegge ctggegaagdg tgegegctct tggaggeege gggagggeca
gacgcgegec.cggagagetg.gecciitaag getaccegga goeglgteag, gaaatgegee ctgageeege ceetceccega
acgcggeccg agacctggea agetgagacg gaactcggaa ctagcactcg getcgeggec tcggtgagge cttgegeecg
ccatgcctct gtcattgese-clegggecge cteectgaac ctecgigace geestgcagh ceteccteee: cegeftcgac tcggegggcy
cttccgggeg cteccgeage cecgeccteca cgtageccac accteectct cggegeteeg cttecccacge ggteeccegac ctgttctttc
ctcctccaccatgeecttetgicestetorretteattict cceetcgatt egtceotatbaggcaacagc coetgtggtceagecggeca
tuctgtcaa ggctcacacc cttagetagg ccccttetee cticectggg tettgtetea tgacceecty ceccecgecegg gagegagege
gatgtggagC agtféttcty gedagedgaiy tlicadecad getatgtgae aatlgaalye tytdcceedayacectaaca
tcttggagee ctgtagacca gggagtgctt ctggeegtgg ggtgacctag ctettctace accatgaaca gggeccctet gaageggtee
aggatcctgc Jeitygiiet gattgyaggcteeartyct g@aﬁgéﬁ’g’ c agafyddgad BYtaggaaca ayeegtttct
getgeggacy ctgcagateg cgetggtegt ctetetctac tgggteacgt ceatcteeat ggtattecte aacaagtace tgetggacag
ccocteccty cagtiggata cecctatctt SatcAttic Becaatgec tygtgaccte etdetgfut dagggecteageactetgge
cacctgetge cafggeaced figagticee caccelgaac ctggacetta aggtggeced cagegtgetg ceactgtegg tagteticat
tggcatgata agtttcaata acctctgcect caagtacgta ggggtegect fctacaacgt ggggegctcg ctcaccaccy tgttcaatgt
gctictgtee tacelgelgg fcaaacagac cactipetic fatgeectge teacatglog cateateall ggtgagtggg geeeggggge
tgtgggagcea ggatgggcat cgaactgaag ccctaaaggt caacactgta ggtacctitta cttactgtcc caggtecctt gcatcageag
ttacaggaag agccctgtag aaaacaaata acttccttat ggtcattcaa caagttaggg acccagecag ggtgaaaata
atgttagcag caactacagc aaagatggct ctegeeactt geatgattaa aatgtgccag gtactcagat ctaageattg gatccacatt
aactcaacta atccctatta caaggtaaaa tatatccgaa ttttacagag ggaaaaccaa ggcacagaga ggctaagtag
cttgaccagg atcacacagc taataatcac tgacatagct gggatttaaa cataagcagt tacctccata gatcacacta tgaccaccat
gccactgttc cttctcaaga gttccaggat cetgtetgte cagttctett taaagaggac aacacatctg acattgetac cttgaggtaa
catttgaaat agtgggtaga catatgtttt aagttttatt cttacttttt atgtgtgtgt gtttgggggg ccaccacagt gtatgggtgg

agataagggg acaacttaag aattggtcct ttctcccacc acatgggtgce tgaggtctga actcaggtca tcaggattgg cacaaatccc
tHHtaccecact nanceattte actantceaa tatatntoata cttttaanan actttaacta tttteccecana tntnasatate ctoctaatea



gcagtcaaac acaataacta caggccaaaa gtgcttttaa attaaagtca gatgaacttt5820 taaacatcca gagctcctca
actgcaggag ttacaacctg attctgcaac catctttgca5880 gtgcccggta gtcatatgta gctagaggct cttggctagg
acagcatgtg ttaggaaaca5940 tctggccctg agatcattga attgagtgac tgctgggtga caaagaccaa ggcatccgtt6000
ccctgagagt cctgggcaag cagcaatgtg accttcattt gtacctactc aggttcttta6060 tctgtcctgt ttgacctact tagtctcctc
tggtgtctca gaggcccagg ctgggtactc6120 tggatgtcag gatcaggcca atgcgcacat ctgccctaga aatgtccccc
tggttgagcab180 gctcctgaat ccatcggtaa gtctgga ccagggagga gtcagataaa aagctgacag6240
cactgggggigaé{t%‘f:%td%gg aacg)ctc?ca%c%cgggcai\]cpaf %gtcé%gc%% %gagaga‘éﬁtw giatEcetty tttectcttt
gtcctacaag gcaccctggg atcccacttc agtctcccag6360 cettgccagqg gttagagggc atgagcectec ttgtegggaa
tttagatgcaqag%la{n ta6a26%téactagay e%gcggﬁ@cfléﬁqat&&%a “RAgtaacch tacttgatag tgaggcaget6480
gagaaccgca Sc;gggg:ptgcc tgagtggctg aactctgcgg cctccggaac tggeccccaac6540 tgttgggtcet cctettectt
cctecetgtga gggagggccc atctctgata agtgctgtgg6600 ggactctaga gtagggagga ggaggagcaa tctaagcagg

ccttactgag aagtcchge6660 tggeatgigg ctgcctgagg agtacagact gggaacaccce atttgaatga gtaaggtttt6 720

The PCE reac
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ribed above, 5 pL 10x LA Buffer II, 5 ulL MgCl,

(25 mM) , 5 pi dNTP (2.5 mM), 2z pl primer {10 uM each), C¢.5 uL

C

L Tag {5 IU/pL), and 29.5 pl distilled water (ftotal of 30 uly.
The TP-¥4 and THygro-RL primers were used as the PCR-primers

to screen the KOOI vector-transfected cells, and the TE-F4 and

W

1 primers were used as the PCR primers to screen the
KCZ vector-transfecied cells.

PCR screening for the KU1 vector-transfected cells was
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carried out by preheating for I minute at C; 40 cycles of
85°C/30 seconds, 60°C/30 seconds, and 60°C/2 minutes; and
reheating at 72°C for 7 minutes. PCR screening for the KO2
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“C/30 seconds and 70°C/
minutes; and reheating at 70°C for 7 minutes.

The primers are given below. In cell samples where
homologous recompination had cccurred, approximately 1.€ kb
DNE is amplified for the KOl vector and approzimately 2.0 kb
DNA is amplified for the K02 vector. TP-F4 primer was designed
in the genomic region of the fucose transporter on the % side

outside the vector, and the THygro-¥I and THygro-R1 primers
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tcctgaaggc catggggagc cacggaggaa aatcatttta gttacaagac aaagagtaga6780 ttggttaaca tgggagcaag
gacatggccc caattttcat agatgaagga aattggaact6840 cagagaggtt aagtaacttc tcccaaatag ctcagcttca
aaatcacaga acagtcagag6900 tctagatctc tctgatgcct gtgatggtcc tgccattcca tgttgctgat ccctgtggca6960
tcagtaagcc tctaccttgt gggaatgcag gatctaaatg aagagaggaa gtgctggccc7020 catgctgtgg tctggaaagc
tatgcaggct ctttgagcag agagtgaccc acaagtgaat7080 agagtcctat gagactcaaa gcaacatcca cccttaagca
gctctaacca aatgctcacars140 ‘ctggqggggc caaggggaa%tag&% %twgtgcttgccc aaggtcactt tgcctggccc7200

tcctectata geacceqtyt tatctiatiag ceetcattac agtgatiaca attataatta’260 gagaggtaac agggecacac

tgtccttaca§g{l‘9ggg{tg©§tﬁg@§tgg%(gfrtgmgag7320 ggggagatgt aggtggctgg gggagtggga gggaagatgce
agattttcat tctgggcetct7380 actccctcag ccattttttg gtgtgggagt tagactttgg atatgttgat gatgaggtaa7440

gggccacaga agagiclgaa ciglggtaieagaatestgl gestatecct sictegteat 75G0,ceetgticac ctigteactc ctetgictge
tacaggtggt ttctggctgg gtatagacca7560 agagggagct gagggcaccc tgtccctcat aggcaccatc ttcggggtgce

tggccagcect£62Q stgegtetee cteaatgeca tetataccaa gaaggtgcte ccagcagtgg acaacagceat/680
THygro-R1l 5'-TGCATCAGGTCGGAGACGCTGTICGRAC-3" (SEQ ID NO: 21)
reverse primer (K02}
THygro-Fi E~GCACTCGTCCGAGGGCAAAGGAATAGC—3 (SEQC ID NO: 223
{5) Results of the PCR screening
218 KOL vector-transfected cells were analyzed, and 1
cell was.thought o be a homologous recombinant (homelogous

recompbination efficiency = approximately 0.1

=]

yo 537 KO
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vector-transiected cells were znalyzed, and 17 cells wers
thought to be homologous recombinants (homologous

L2%)

i
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recombination efficlency = approximately

o

(6} Southern blotting amalysis

Further confirmation was carried cut by Southern blotting.
10 ng genomic-DNA waé preparad from the cultured cells by a
standard method and was subjected To Scuthern blotting. Using
the two primers given below, a 387 bp probe was prepared by
PCR spanning the resgion from MNo. 2,113 to No. 2,500 in the
nucleotide ssguence shown in SEQ ID NC: 1l&, and used for

Southern blotting. The genomic DNAR was cleaved with BgllI.

Bgl-F S-TGTGCTGGGAATTGAACCCAGGAC -3 {SEQ ID NO: 233

reverse primer
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ctggcgcecta accttctata acaatgtcaa tgcctgtgtg ctettcttgc ccctgatggt7740 tetgetgggt gagcetccgtg cectecttga
ctttgctcat ctgtacagtg cccacttctg7800 gctcatgatg acgctgggtg gcectcttcgg ctttgecatt ggctatgtga
caggactgca7860 gatcaaattc accagtcccc tgacccacaa tgtatcaggc acagccaagg cctgtgegca7920
gacagtgctg gccgtgctct actatgaaga gactaagagc ttcctgtggt ggacaagcaa7980 cctgatggtg ctgggtggcet
cctcagccta tacctgggtc aggggctggg agatgcagaa8040 gacccaagag gaccccagct ccaaagaggg tgagaagagt

gctattgggg tetgagettc8100 ticagggacc tgggactgaa cccaagtg cctacacag cactgaaggc ttcccatega8160
gctagccag %fgﬁccﬁt@%‘é’éggﬁt%é ﬁgﬁ& &%lcga%a 8220 gagccagggt ctttcctggt

tttacatecte dggantaty
aatgtcagaa agctgecaaa tetectgtet gocecatctt8280 gttttgggaa aaccctacca ggaatggeac cectacctge
ctectectag agcctgﬁﬁlc’fgé@f& c%?cc%agt%%‘ e ( g(,gc%goé(tg%gﬁgéﬁ aég%ggﬁtéjg‘ﬁftgatgaagSMO

J

¢ afctctggg4 ttggoa
tgatgtettc tacacaaggg agatggattg toajcecact aatigaagag AtttaggigaB4no Geceacagcy ctgggateca
gggcaggtag agtagtagct taggtgctat tadcatcagg8520 aacacctcag cctgcecttig aagggaagty ggagettgge
caagggagga asigaccattd3sb8Q stgacetatt cagigtggat-gagiatggca gasciatica-tggeagetge accctggggt8e40

cccurred with the KOl vector, and an approximately 5.0 kb band

h

rom the chromosome where homologous recombinatiorn occurred
with the KOZ wvector. One cell cbtained by homologous
recombination with the KOl vector and 7 cells obtained by
nomoliogous recombination with the KOZ vector were used in the
experiments, The only cell obtained with the KOl vector was
deslignated 5CL; however, it was shown by subseguent analysis

to comprise multiple cell populations. Thus cloning by

limiting dilution was carried out before using it in the

[}

ubsequent experiments. One of the cells cobtained with the KO2

<

fomy
=

ctor was designated &EZ.

{77 Knockout: step 2

el

In corder to establish cell lines having a completely
defective fucdée transporter gene, one of three vectors was
introduced into the cells in which nomologous recombination
had been achieved by the KOl vector or K02 wvector. The
vector/cell combinations were as follows: method I: X0Z vector
and 5C1 cells {(KOLl); method Z: KOZ vector and 6EZ cells (K023,
method 3: KO3 vector and 6LZ2 cells (E0Z). The vector was

-transfected into the respective cell, and selaction with
hygromycin B and puromycin {Nacalal Tesqgue) was initiated 24

hours after vector transfection. The final hygromycin B

tQo



ggctgataag aaaacattca cctctgcatt tcatatttgc agctctagaa cgggggagag8700 ccacacatct tttacgggtt
aagtagggtg atgagctcct ccgcagtccc taaccccagce8760 tttacctgec tggcettcect tggeccagct acctagcetgt
actccctttc tgtactcttc8820 tcttctcegt catggectce cccaacacct cecatctgcag gecaggaagtg gagtccactt8880
gtaacctctg ttcccatgac agagcccttt gaatacctga acccctcatg acagtaagag8940 acatttatgt tctctggggce
tggggctgaa ggagcccact ggttctcact tagcctatct9000 ggctcctgtc acaaaaaaaa aaaaagaaaa aaaaaaagca

taaacoasg} aciangaAconc0 Aaaauant ataact clggageags aaaggocaa Jaauggace calcgaccciol20

ctctgtccat atcctcatge tgcagaagta caggcaagct cctttaagcec tcatatagga acactagcct cactcatgag

ggtttactc eatgacetgl.caaccicaag geckraacad24q Igaggactcc aacgtaaqlt iggggacaga agcactcaga
ccatacccca gcaccacacc9300 ctcctaacct cagggtagct gtcattctcc tagtctccte tcttgggcect ttagaacccc9360

catttccttg gagtaatgtcdgatgitttgtccetytes taaaaagatgrgagagasigtod?2Q.giccageet tgattectac ticctacaat
cccaggttct aatgaagttt gtggggectg9480 atgccctgag ttgtatgtga tttaataata aaaaagcaag atacagcatg
tgtgtggact9546 gagigaggge eacagggatc taagagccaa gtgtgagggg acccagctac agcaggcagc9600

(8) PCR screening of the hnomologous recombinants

The samples were prepared asgs described above. In ths
screesning Zor methed 1, bkoth PCRs by which cells were detected
where homoclogous recombination had cccurred with the KO1
vector and the KOZ vector were performed. The PCR primers
shown below were designed for method Z. TPS-F1 corresponds to

the regicn from No. 3,824 to No. 3,950 in the nucleotide

—~

seguence shown in SEQ ID NC: 16, while SHygro-R1 corresponds

b

toc the regicn from No. ¢,248 to 4,274, These PCR primers will

amplify 300 bp of the fucose transporter gene region that is
sctnerwise deleted by the K02 vector. Therefore, in the PCR
screening in method 2, cells producing nc 230 bp amplification

precduct are considered to be the cells completely lacking the

=

fuccse transporter gene. The PCR conditions were as follows:

ot
el
O

preneating for 1 minute & 5°C; 25 amplification cycles of
95°C/30 seconds and 70°C/1 minute; and reheating at 70
minutes.

forward primer

TPS5~F1 5 -CTCGACTCGTCCCTATTAGGCAACAGC-3" (SEQ ID NO: 25)

reverse primer

SHygro-R1 I'-TCAGACGGCAGTGGAGCCTCCAGTCAGC~3" (SEQ ID NO: 26)
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atcctgagcc tggaatctct tcaggacaag aattctccat atacctacct actctgggga9660 gtaggtggcc agagttcaag
cttcecttag taccaactac cactggctgt getcttactg9720 aaggcagaca tggcactgag tgctgtccat ctgtcactca
tctccacagc cattcctaat9780 gtgtggggtg ggagccatca ccaaacccca ttttcagata aggacacagg ctcagagagg9840
cttgtgtgga gaaaagtagc agcagaattc agagagctgg gtctectgca gcaccttgga9900 ctgccagcag ccacagtgct
tgtcacacag cacatactca aaagaatgcc agccccctca9960 gcctagagtg cctggccttt ctttcagatg aggaagaggg .

tcaaagctgt tagcttgcce 10020, accatatgac cacatac ~caacagct tgagggaggg attactg tggctcccag
10080 cctgagaggtgggg%écic%%% gétgl%ff%é) %tgété%%%%gwg%étggg %tt%%aetﬁglﬁ%% Hoytcactect
accagaatgg.tggggaatgg ggatgccapa-ggcaraggag gettictaag 10200 gigtggtgta agataggceat ttctgettce
atgtacacct gtgagcagag taggaaggcc 10260 ctgtggagaa tatatcccac aaaccagtag cccttcctgg cagtgggtga
atactgccac::0320 cstatagsee tatgcaagye.cagtagance acegaaceca caacaictag agaaatiaca 10380
ggtcatctta agcctctaaa ttgtggagaa actcgacatg cgcacgattc ctaacctget 10440 agcectagggt gcggggtgga
taatttaagg dasetyggdtittettatagacatcggaggct 10500 catgaagtdaccetjacad gaggteatca atagccagea
gcagtggcta ctcctaagcec 10560 tccagacaga gecaccctgtg aatgtacctt attctcacat ctgggtgtct ataggtgtga 10620
ctgggtcagd Btcaéecdy geeattgéaa tgghecctta geeecatygy gtottigggat 18688 -agcagecaag cagcteccat
gctgagata%t%fct ca%tfa egctga%g ‘ata?\é%aavaqc 10740 aaggcccaaa atgtttictt tccagacttg atctttcttt
gttcaaaaat Getgtited 10800 cttaaactg ceciaacces tftttgea gttyaygdaa - afadiycata gaaagattaa 10860

aggaagtticigaggliaca.gageaaagia clageticac clgaaataga.cagotgrgeg, 10920, ctaateetga ttigagetc 10939

<210> 17 <211> 33 <212> DNA <213>Artificial Sequence <220> <2r§@3> fimer <400> 17 atgcatgcca

ccatgaaaag gectaaaete-AcC33; this PCR, the cells in which homelogous

recombination occurred by the RECO3 vector were detected, and it

was also conflrmed that the cells retained the homologous

raecombilination by the KOZ vector while detectin

ko]

(9) Results of PCR scresning

18 cells cut of 616 cells analyzed by method 1 wers
considerad tc be homelogous recompinants (homologous
recombination efficiency = 2.9%). 2 cells ocut of 524 celils
analyzed by method 2 were considered to be homologous
recombinants (homologous recombination efficiency =
approximately 0.4%}. 7 cells ocut of 382 cells analyzed by
methcd 3 were considered to be homologous recombiﬁants
{(homclogous recombinétion efficiency = approximately 1.8%).
(10} Socuthern blotiing analysis

Southern blotting analysis was carried outr by the method
described above, and 1 cell was identifisd to have the fucoss

transporter gene being completely lost. The analyvtical results

from PCR and. Southern blotting were consistent in the knockout

[N

step 1, pbut net in the knockout step
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<210> 18 <211> 28 <212> DNA <213> Artificial Sequence <220> <223> Primer <400> 18 ggatcccagg
ctttacactt tatgcttc28 <210> 19 <211> 25 <212> DNA <213> Atrtificial Sequence <220> <223> Primer
<400> 19 gctgtctgga gtactgtgca tctgc25

=

o

Fucose expression analysis

26 cells found toc be homologous recombinants were

analyzed for fucose expression by PCR. 1 x 10° celis were

0}

stainéd in 100 ply PBS containing 5 uwg/ml Lens culinaris
agglutinin, FITC conjugate (Vector Laboratory), Z.5% B3, and
0.02% sodium azide (referred to hereafter as FAZIS solution’
for 1 hour with ice cooling. The cells were then washed 3
times with FACS solutlon and were analvzed by FACSCalibur
(Becton Dickinson;. The results showed that fucose expression
was reduced only in FTP-KC cells, which were found toe exhibit

& complete loss of the fucese transporter gene in the Southern

Establishment of antibodv-producing cells derived from the

i
)

FTP-KC line and purification cof antibody producsd by thess

cells
The fucose transporter-deficient line obtalned in Example
1 (FTP-KO cells, clone name: 3F2) were subcultured in SFMIT{+)

containing hygromycin B at a final

9]
O
]
9]
]
3
py
H
vl
it
[
O
>}
&
iy
=
[{e;
T
=
i
(s )

butfer. 25 pg of 2 humanized anti-glypican 3 antibody

expresslion vector was added to the cell suspension and

transferred to a Gene Pulser cuvette. After holding for 10

minutes on ice, the vectoer was transfected into the cells by

electroporation with GENE PULSER II at 1.5 kV and 25 ufFD.



<210> 20 <211) 27 <212> DNA <213> Artificial Sequence <220> <223> Primer <400> 20 ggaatgcagc
ttcctcaagg gactcge27 <210> 21 <211> 27 <212> DNA<213> Atrtificial Sequence <220> <223> Primer

<400> 21 tgcatcaggt cggagacgct gtcgaac27

After vector trénsfection, the cells were suspended in 40 ml
SEFMII {+) ﬁedium and were séeded on a 96—well flat-bottom plate
{Iwaki) at 100 pL/well. After the plate wasrincubated for 24
hours at 37°C in a CO» incubatoﬁ, geneTtlicin {(Inviitrogen; was

1

added to a final concentration cf 0.5 mg/ml. The antibody
production of the drug-resistant cells was measurad to obtain
hnumanized anti-glypican 3 antibody-producing ceil lines.

The culture supernatant from the antibodyv-expressing
lines was collected and applied to Hitrap rProtein B column
(Pharmacia) using P~1 pump (Pharmacia). The column was washed
with & binding buffer (20 =M scdium phosphate (pE 7.0)}, and
the bound antibody was subseguently eluted with elution buffer
(0.1 M glycine-HCI (pH 2.7)). The eluate was immediately

(oH

(S
>

}—+

neutralized with neutralization buffer {1 M Tris-HC
The elutec antibody fracticns were selected using DT protein
assay (BioRad) and pooled, and was concentrated te about 7 ml

with Centriprep-¥YM10 (Millipore). The concentrated sclution

in the eluate was collected and concentrated with Centriprep-

YMI{. The concentrated solution was filtered using & MILLEX-GW

(4]
B
B

um £ilter unit (Millipore) and was stored at 4°C. The

purified antibody concentration was determined by calculation

f
[
V1]
n
(@
[oN
9}
il

trom the molar abscorption coefficient the absorbance

pa—
o,
(%)



<210> 22 <211> 27 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <400> 22 gcactcgtcc
gagggcaaag gaatagc27 <210) 23 <211> 24 <212> DNA <213> Art|f|C|aI Sequence <220) <223) Primer
<400> 23 tgtgctggga attgaaccca ggac24

at 280 nm.

Reference Example £

Analvsis of sugar chalins attached to ths humanized anti-

glypican 3 antibody produced by FTP-KC cells

{1} Preparation of Z-amincbenzamide-labeled sugar chains {(2-
AR-labeled sugar chains!

The antibody ¢f the present invention produced by FITP-KO
cells and antibedy produced by CHO cells (control) were

treated with N-glycosidase ¥ (Roche Diagnestics) to release

the antibody~bound sugar chains (Weltzhandler M. et al.

Journal of Pharmaceutical Scienceg (192%94) B3(12), 1&670-5).
Rfter deproteination with ethancl {(Schenk B. et al., Ths
Journal of Clinical Investigation {2001}, 108(11), 1687-85,
the releassed sugar chains were concentrated to dryness and
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The resulting

~-AB~igbelied sugar chains were
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=
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from the reagent by
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soild-phase extraction using a ca
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H

ridge

o8

concentrated by centrifugation to cbtaln purd
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sugar chains. The purified Z-AB-labeled sugar chains was
rreaved with B-galacteosidase (Seikagaku Kogyo Co., Ltd.} to

prepare agalactosyl Z-AB-labeled sugar

T
3
n
z
o
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{3
‘o
=
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™

analysed as descriped below.
{(2) Analysils of agalactosyl Z-AB-labeled sugar chains by

normai-phase HPLC

Lot

The agalactosyl Z-AB-iapeled sugar chains prepared by the



<210> 24 <211> 22 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <400> 24 ctacttgtct
gtgctttctt cc22 <210> 25 <211> 27 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <400>
25 ) '

above-described method, the sugar chains released from the
antibody of the present invention produced by FIP-KO cells and
antibody produced by CTHO cells (control), ware analvzed by
normal-phase HPLC with TSKgel Amide-80 amide column {TOSCE
Corp.) and the chromatograms were compared. The following
assessment was made with respect tco tThe antibody produced by

the CHO cells: G({; was present as the maln component of the

sugar chains, while G(0;-Fuc lacking

h

or

h

ucose accounted

D

about 4% of the total sugar chains, as assessed by calculation
from the peak area ratlc. In the case of the antibodv produced
by PTP-KO cells, G(0)-Fuc was the main component. For all the

antibody producing cell lines, at least %0% of the total sugar

chain in the produced antibody was fucose-free sugar chains,

as assessed by on calculation from the peak area ratioc.

Relative ratiocs of each sugar chain estimated from normal-

sl

phase HPLC anzlysis for agalactosyl Z-AB-labeled sugar cheains

sugar chain CHO FTE-KO~z FTE-KC-b FTP~KO~c
G0y ~Fuc 4,0% 9Z.4% G2.5% 83.2%
G{0) 96.0% T.0% 7.5% t.8%

Establishment of cell lines stably expressing humanized HOLO

antibodv and peint mutation-modified antibodies

The genes encoding HspuZ.ZispuZ.Z (HuZ.ZLuZ.2) antibody,

Hspdl.BLlspdl. 6 (Hdl.&8Ldl.&) antibogy {HOLO antibody-scurced



ctcgactcgt ccctattagg caacage27 <210> 26 <211> 27 <212> DNA <213> Artificial Sequence <220>
<223> Primer <400> 26 tcagaggcag tggagcctcc agtcagc27 <210> 27 <211>115 <212> PRT <213>
Artificial Sequence <220> <223> Modified antibody <400> 27

modified antibodies produced by the method described in
Dxample 1) or the HOLO antibody subiected to the modifications
weré cloned into an expression vecter. In the cloning, the
genes encoding. the heavy chain and light chain were inserted
into different expressicon vectors in order to express sach
gene encoding the heavy chain and light chéin ot tThe antibody,

Two expression vectiors were selected s

O
fu

s to provide &
desired combination of the genes encodling the heavy chaln and
iight chain as described above, digested with Pvul and
transiected by electreoporaticn intce the FIP-KO line produced
in Reference Example 2.

Transicrmants that stably produce HOLJO antibedy or

modified antibody were prepared by electroporation using the

j

Gene Pulser IT (BioRad). C.75 mlL CHC cells ?1 x 10 cells/mL)
suspended 1n PBS was mixed with 10 ug each of expression

plasmid DNA providing the desired combination of heavy chain
and light chain, and the mixture was left stand on ice for 10

minutes. The mixture wa

[€}]

cransferred tc a Gene Pulser I

@]
!
<
]
cF
¢t
]
{1
]
o]
a3
b
8]

¥V electrical pulse was appll

}J
O
8
o
art
o

o

capacitance of 25 pFD. The pulsed mixture was incubated for 10

minutes at room Lemperature and suspended in CHO-S5-SFMII/1%

HT /1% PS medium. 100 ulL of the diluted suspenszion (b fold, 10
told, and 50 folc, made 1n the same medliumn) was added o each

well of $6-well culture plates. The plates were incubated for

24 hours in .CC; incubatcr maintained at 5% (C0;. Then, geneticin

116



Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 151015 Ser Val Thr Val Ser Cys Lys
Ala Ser Gly Tyr Thr Phe Thr Asp Tyr 202530 Glu Met His Trp lle Arg Gin Pro Pro Gly Glu Gly Leu Glu
Trp lle 354045 Gly Ala lle Asp Pro Lys Thr Gly Asp Thr Ala Tyr Ser Glu Ser Phe 505560 Gin Asp Arg
Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr 65 70 75 80 Met Glu Leu Ser Ser Leu Thr Ser
Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Gly Gin Gly Thr Leu Val
Thr 100105110 Val Ser Ser 115 <210> 28- <211>112 '

{Glbco] was added to each well To a final concentration of 500
ng/ml and zeocin (Invitrogen) was added to each well Lo a
final concentration of 600 pg/mL. The plates werse incubate
for 2 weeks. The celconies of transformed cells that exhibited
geneticln and zecoclnh reslstance wsre further selected by
subculture on the same medium containing 500 ug/mL geneticin
{Gibeco) and 600 pg/ml zeocin (Invitrogen). The culture

supernatant of the

ot

ransformed cells sselected in this manner
was evaluated for the antibody concentration using Biacorel
_{BIARCORE) te establish transformant cell lines expressing the

(O

desired antiboedy at a high level. The antibody concentration

I'

in the cult

o

re supernatant was measured according to the
instructions provided with the Biacore( (BIACORE). The cell
line thus establilshed was cultured in CHO-S-SFMII medium
{Invitrogen; containing 00 pg/ml of Geneticin [Invitrogs
and 600 ug/rl of Zeocin (Invitrogen). After cultivating for an
appropriate period of time, the culiture supernatant was
collected, and purilified using rProteini-Sepharose column (GD
Healthcare;. The purified antibody was concentrated with
Amicon Ultra-4 (MILLIPCRE;) and subjected tc buffer exchange on
PE-10 Deszliing column (Amersham Biosclences) with 20mM acetic
acld buffer (pHE.0) containing 200mM NaCl. The purified
antibody was guantified by the abscrption at 280nm in ND-100¢
Spectrophotometer (NanoDrop) or DU-600 Spectrophotometer

i

{BECKMAN). The antibody concentration was calculated with the
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<212> PRT <213> Artificial Sequence <220> <223> Modified antibody <400> 28 Asp lle Val Met Thr
Gin Ser Pro Leu Ser Leu Pro Val Thr Pro Gly 151015 Glu Pro Ala Ser lle Ser Cys Gin Ala Ser Glu Ser
Leu Val His Ser 202530 Asn Arg Asn Thr Tyr Leu His Trp Tyr Leu Gin Lys Pro Gly Gin Ser 354045 Pro
Gin Leu Leu lle Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 505560 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 Tyr Cys
Ser Gin A%rﬁgggoeg,s Thr His Val Pro Pro Thr Phe Gly Gin Gly Thr Lys Leu Glu lle Lys

CE metrhod.
Example &

Therapeutic efficacy in an in vive model of the humanized HOLO

antibody and the polirnt mutation-modified antibodies

(1} Maintenance of the cell line used for transplantation inte

HepGZ cells (ATCC) were used. The HeplGZ cells were

maintained by subculture in Eagie's minimum €ssential medium

2

{(8igma) containing scdium pyruvate {Invitrogen) at 1 mmel/L

MEM and non-essential aminoe acids (Invitrogen; at 1 mmol/L MIM

{this medium 1s referred to as the subculture medium).

(2) Preparaticon of an HepGZ cell~transplanted mouse model
Using a sclution containing subculture medium and

MATRIGEL Matrix (BD Bioscience) at 1 1, a suspensicn of

HepGZ cells was prepared at 5 x 10" cells/mL. 100 ul, o the

® cells/mouse) was transplanted

cell suspension (5 x 10
subcutaneocusly in the abdominal region of 3CID mice (male, 5
week old, CLEA Japan, Inc.,). On the dav prior to cell
transplantation, the mice received 100 ul anti-asialoc GM1
antibody {(content of 1 vial was dissolved in 5 ml of the
afcorementioned sclution, Wako Pure Chemical Industries, Ltd.d
by interperitoreal administration. The tumor volume was
calculated according tc the following formula.

tumor volume = long_diameter % short diameter x short

diameter/2
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100105110 <210> 29 <211>112 <212> PRT <213> Artificial Sequence <220> <223> Modified
antibody <400> 29 Asp lle Val Met Thr Gin Ser Pro Leu Ser Leu Pro Val Thr Pro Gly 151015 Glu Pro
Ala Ser lle Ser Cys Gin Ala Ser Glu Ser Leu Val His Ser 202530 Asn Arg Asn Thr Tyr Leu His Trp Tyr
Leu Gin Lys Pro Gly Gin Ser 354045 Pro Gin Leu Leu lle Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
505560

Whern the average tumor volume reached 130 to 33C mm?, the
MoOuse wasg used as a modsl.
{3) Preparation of administraiipn sample contalning the test
antibody

The administration samples containing HOLD antibédy,
Huz.ZLuZ.Z antibody, or Hdl.B8Ldl.&6 antibody &t 0.5 mg/mL (5

mg/kg group! or (.31 mg/ml {1 mg/k

[Te]
{®]

roup} were prepa;ed with
physiological saline on the day of administration.
(4} hdministration of the antibody-containing administration
sample

The administration sample preparsed according To (3] was
administered at a dose of lGlmL/kg through the tail vein to

the mouse model prepared in (2] a

t

once per week for three

@
juad

Q)

weeks beginning 27 days after HepGZ cell transplantaticn. As

0

n 1, phvsiclogical saline was administered at

{2

gative contr

o]
sl

s

dose of 10 mL/kg through the tail vein at once per week for
three weeks. ALl the groups contained 5 animals, and sach test
antibody-containing administratlon sample was administersd to
a respective group. At azbout the same time as the
administration, vencus bicod was collected from 3 animals in
each group was analyzed for the murine plasma concentration of

ically, blced was collected from a dorsal

Fh
]

the antibody. Speci
foot vein at two time points: 0.5 hour after the initial

administration ancd immediatelyv befors the sescond

h

administration. 20 ul of collected blcocod was freated with

h

t

heparin ana the plasma was lsolated by centrifugation.
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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 Tyr Cys Ser Gin Asn 10 859095 Thr His Val Pro Pro Thr Phe Gly Gin Gly Thr
Lys Val Glu lle Glu 100105110 <210) 30 <211) 327 <212) PRT <213) homo sapiens <400) 30 Ala Ser
Thr Lys Gly Pro Ser Val Phe Pro Lea Ala Pro Cys Ser Arg 151015 Ser Thr Ser Glu Ser Thr Ala Ala
Lea Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu
Thr Ser

{5) Evaluation of the antitumcr activity of the test

antibodies

Tne antitumor activity of each test antibody was
evaluated in the mouse model transplanted with human liver
cancer. The tumor volume was measured at one week after the
last day ol the sampie administration. The results are shown

in Figure 7. Hspdi.8Llspdl.& (HJL1.8Ldl.6) antibody showsd =z

stronger therapeutic efflcacy, while the HspulZ.ZLspul.

o

(HeZ.2LuZ.2Z} antibody showed z weak Therapeutic efficacy.
(67 Plasmas concentrations of the test antibodies
The concentraticn of the test antibody in murine plasma

was measured by an ELISA-pased method described in Example 1.

i iard &3 were pr ks t the plasma concentration of
Standard samples were prepared at the plasma concentraition o

12.8, 6.4, 2.2, 1.

o

; 0.8, 0.4, and 0.2 ug/mL. The standard
sampies and the muziﬁe piasma test samples {suiltably diluted
to a desired concentration) were added to immunoplates (Nunc-
ImmuncPlate, MaxiScrp (Nalge Nunc International); on which
scluble glypican 3 core (Chugal BSeivyaku Kabushiki Kaisha) is
immebilized, and the plates were incubated for 1 hour at room
temperature. Goat Anti-Human IgG-BIilT {Scuthern Bictechnclogy
Associates) and then streptavidin-alikaline phosphatase
conijugate (Roche Dlagnostics) were added and a chromogenic
reaction was carried out using these BluePhos Microwell

Pnosphatase Substrates System (Kirkegaard & Perry

Lzboratorles) as a substrate.

-ty

color ¢f the reaction solution in each well was determined by



354045 Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Lea Tyr Ser 505560 Leu Ser Ser Val Val
Thr Val Pro Ser Ser Ser Leu Gly Thr Lys Thr 65 70 75 80 Tyr Thr Cys Mn Val Asp His Lys Pro Ser Asn
Thr Lys Val Asp Lys 859095 Arg Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro Ala Pro
100105110 Glu Phe Lea Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys 115120125 Asp Thr
Lea Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val 130135140 Asp Val Ser Gin Glu Asp Pro Glu
Val Gin Phe Asn Trp Tyr Val Asp 145150155160 Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
Glu Gin PRE1851 (i?% RsASErTRATSr Atg VAl Val'$ér VAl P& Th Valded Fiis B Asp

kol
The murine plasme antibody concentration was then calculated
using SOFTmax PRO analytical software (Molecular Devices) with

reference to the standard curve prepared with the absorbance

values obtained from the standard samples.

]

‘he murine plasma concentrations after 30 minutes and

12
~1

days from administration are shown in Figure €. A higher
antibody concentration was observed in murine plasma after 7

dayes from administraticn of the test antibody having lower

t
o
]

values for poth administraticn doses teste

o
Wl

-

Example 7

ADCC activitv of the test antibodiss measured using human

peripheral blood menocytes as the effector cell

The ADCT activity oI the test antibodies was tested as
describsd bkelow using a.human peripheral plood monocyte
{referred to as PBMC) as the effector cell).

(i) Preparation of a human PBMC sclution

Using a syringe previously lcaded with 200 ubL of & 1000
unit/ml heparin sciution {Novoe Heparin Injsction 5000 Units,
Noveo Nordisk;, 50 mlL peripheral blood was collected from
hezlohy volunteer {adult male) from Chugail Seivaku Kabushiki
Kalsha. The blocod was diluted twoiold with PRS-}, divided

into 4 egual parts, and introduced inte a Leucosep ilymphocvie

¢t

separation tube (Greiner Bio-cne) that was previously loaded

with 15 mi Ficoll-Pague PLUE and subiected to centrifugation.

U

The separation tube lcaded with The perivheral blecod was



180185190 Trp Lea Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Lea 195200205 Pro Ser
Ser lle Glu Lys Thr lle Ser Lys Ala Lys Gly Gin Pro Arg 210215220 Glu Pro Gin Val Tyr Thr Lea Pro
Pro Ser Gin Glu Glu Met Thr Lys 225230235240 Asn GIn Val Ser Lea Thr Cys Lea Val Lys Gly Phe
Tyr Pro Ser Asp 245250255 lle Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys
260265270 Thr Thr Pro Pro Val Lea Asp Ser Asp Gly Ser Phe Phe Lea Tyr Ser 275280285 Arg Lea
ThrVal Asp Lys Ser Arg Trp Gin Gluwg%Asn_‘_Ve}j Phe Ser 290295300 Cy§:L er Val Met His Glu Ala
Lea His ASITHi$ JTJCS/%QIEEI’ Gifl Lys Ser 310315300 18N SEF LeE SérLea ly VY

‘and the monocvte fraction laver was collected. The celils

[
9]

contained in the

yver were washed once with bulbecco’s

ja3

Modified Bagle’s Medium {Sigma) containing 10% FBS (referre

to below as 10% FRS/D-MEM) and suspended in 10% FBS/D-MEM at &

5

cell density of x 10%/mL. The cell suspension was subjectad

to the following experiment as a human PBMC solution.

HepGZ cells were detached from & dish and seeded on a 96-
well U-bottom plate at 1 x 10% cells/well. The plate was
incubated overnight at 37°C in & 5% CC; incubator. On the next
day, 5.55 MBg Cr-51 was added To each well of the plate and

&

the plate was incubated for 3 hours at 37°C in & 5% CO;

i

o)

cubator. The HepGZ cells contained in the wellis of the

It‘s
|_I
JAl]
rt
0]

were used as target ceils in the ADRCC activiiy assay as
described below.
13) Chromium reisase assay (ADCC activity)

The ADCC activity was evaluated from the speciiic

chromium relsase rate determined by the chromium relsase

1s prepared as 1in (Z) were washed wit

—

method. The target ce
the medium, and 100 uiL of each antiboedy (HOLC antibody,
HuZ2.2LuZ.2 antibody, or Hd1.8Ldl.6 antibody] was added at a
concentraticen of O, 0.004, 0.04, 0.4, 4, cor 40 ug/mL. The
plate was reacted for 15 minutes at rcom temperature, and the

antibody solution was removed. 100 ul of subculture medium was



325 <210) 31 <211) 330 <212) PRT <213) homo sapiens <400) 31 Ala Ser Thr Lys Gly Pro Ser Val
Phe Pro Lea Ala Pro Ser Ser Lys 151015 Ser Thr Ser Gly Gly Thr-Ala Ala Lea Gly Cys Lea Val Lys
Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Lea Thr Ser 354045 Gly Val His
Thr Phe Pro Ala Val Lea Gin Ser Ser Gly Lea Tyr Ser 505560 Lea Ser Ser Val Val Thr Val Pro Ser Ser
Ser Lea Gly Thr Gin Thr 65 70 75 80 Tyr lle Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys
859095

added to each well and the plate was incubated for 1 hour at

el

37°C in a 5% CO; incubator. 100 ul of the human PBMC solution

prepared as in (1) was added to each well (5 x 10° cells/welly,
and the plate was incubated for 4 hours at 327°C in a 3% CO,
incubator and centrifuged. The radigactivity in 100 ul éf the
culture supernatant in each well of the plate was measurad by

a gamma counter. The specific chromium release rate was
determined according to the following formul;.

Specific chromium relsase rate (%) =

(A - C) = 100/ (B - 5

]

1]
o}

wherein A represents the mean value of the radiocactivity {(cpm!

of the 100 plL culture supernatant in each well; B represents

the mean value of the radicactivityv {(cpm; of the 100 pL

culture supernatant in wells where 100 pl of 2% acueous NP-40

o

solutilon (Nenidet P-40, Wacalai Tesqgue) and 50 ul of 10
FBES/D-MEM medium were adced to the target cellis; and C

represents the mean value of the radicactivity (cpm) of

r

[
¥

FJ
-
h

100 ul culture supernatant in wells where 150 ul of 10

o0
xj
w
2
g
[IJ

MEM mecdium was added to the target cells. The tests were
carried out in triplicate, and the mean value and standard

deviation of the specific chromium release rate (%)

)
oy
‘..J_
9]
i
b
0

reflective of the ADCC activity of the antibody, wers

t

ta.

bt

calculated form the ftest resu

¢

.
fEacs

} Evaluation of the ADCC activity o

Fh

the test antibodies

Thne results of the evaluation of the ADCC activity



Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys 100105110 Pro Ala Pro Glu Lea
Lea Gly Gly Pro Ser Val Phe Lea Phe Pro Pro 115120125 Lys Pro Lys Asp Thr Lea Met lle Ser Arg
Thr Pro Glu Val Thr Cys 130135140 Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp
145150155160 Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu 165170175 11 Glu
Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu 180185190 His Gin Asp Trp Leu Asn Gly
Lys Glu T%rX les Cys Lys Val Ser Asn 19520020

ibited Dby numanﬁgﬁMps via tge test antibody revealed that
all of the test antibodies exhibited ADCC activity. The

results are shown 1n Figure 8. Significant differenc

m

test
revealed that no significant difference was observed between
tést.antibodies'at any concentrations tested in the specific
chromium release rate cof the test antibodies. The statistical
analyses were‘run uging the SAS Preclinical Package (8LAS
Institute Inc.i. These results showed that there was no
difference between the ADCC activities of the pl-modifled test
antibodies.

Example &

Preparation and characterization of pi modified antibody by

=

{1y Selection of modification sites for decreasing pl
To improve the tumor suppression activity ol the
Hdl.8Ld1.6 antibody, modification sites were selected for the

ability of decreasing in the pl wvalue ©

f
th

the wvariable region.
Amino acid residues inveolving the decrease in the pl value of
the variable region were found, which are summarized in Table

¢

2 {heavy chain) and Table 3 (light chain}. Specific examples

J-

of these modifications for decreasing the pl val

o

e are pHIplLl4
antibody and pH7pLlé antibody. These pl modification
antibodies were prepared as follows.

The modification sites were created by Assemblie PCR.
Oligo DNAs designed bassed on the sense and antisenssg seguences

containing the modification site were synthesized. A pair of
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Lys Ala Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys Ala Lys Gly 210215220 Gin Pro Arg Glu Pro Gin
Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu 225230235240 Leu Thr Lys Asn Gin Val Set Leu Thr Cys
Leu Val Lys Gly Phe Tyr 245250255 Pro Ser Asp lle Ala Val Glu Trp'Glu Set Asn Gly Gin Pro Glu Asn
260265270 Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Set Phe Phe 275280285 Leu Tyr
Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn 290295300 Val Phe Ser Cys Ser Val Met

His Glu Ala Leu His Asn His Tyr Thr 305 310 315 320 Gin <gls Ser Leu Ser Leu Ser Pro Gly Lys
325330 <§10>a?32_é§1f> 3(?.8_(30 ' \,Ol”ll,ama.“l,Ll'lG the mediflcatlon site

sense oligo DNA corresponding tc the vector pearing the gene

td he modified, or ‘& pair of a sense coligo DNA'containing_the
modification site aﬁd an anﬁisense oligo DNRE ceorresponding to
the vector bearing the gene to be modified was used in PCR

with PrimeSTAR (TAKARA) to obtain 5'-side and 3'-szide

ind
o

fragments containing the modification site. The two fragmen

werse linked using Assemble PCR To prepare each mutant.

+d
b
&
=
-
cf
o8
jm
ot
4
—
-
o
C

btained was inserted into an expression
vector which allows for expression of the inserted gsne in
animal cells. The nuclectide sequence of the expressicn VeCcior
was determined by a method known in the art. Introcduction of
the point mutaifion was confirmed by the nucleotide seguence ol
the plasmid DNA. The gene containing the point mutation was
cloned into an expression vecteor which allows for expreassion
of the inserted gene in animal cells. The expression and
purification of the antibody was according toe the method
dssc:ibed in Bxrample 1 or a similar method.

Starting from HI1.&, the €lst glutamine (Q)} {according tc

the Kabat numbering) present in CDR1 of HJL.8 was substituted

with glutamic acid (E)} tc prepare pH? (SEQ ID NO:27). Starting
from Ldi.6, the 24th arginine (R! (according to the Kabat

numbering) present in ZDRI of Ldl.é& was substituted with
glutamine (Q), the 37th c¢lutamine (Q) was substituted with
leucine (L}, the 43rd zlanine (A} was substituted with serine

{3}, the 45th arginine (R} was substituted with glutamins (Q;,
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<212> PRT <213> Atrtificial Sequence <220> <223> Modified antibody <400> 32 Ala Ser Thr Lys Gly
Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 151015 Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys
Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
354045 Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser 505560 Leu Set Set Val Val
Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr 65 70 75 80 Tyr lle Cys Asn Val Asn His Lys Pro Set Asn
‘Thr Lys Val Asp L ';'319095 LXS VaI Glu Pro Lys . Ser st1 Aﬂ)tlﬁyai ;I/_Q;E J1-|e|s E':ﬂr,clé% g’ro Pro Cys

The reonine substit

Y

77th serine (8) was substituted with arginine (R}, the 78th

leucine (L) was substituted with valine (V}, and the'j9th_
glutamine {(Q) was éubstitutéd with glutamic acid {E},-each
preéent in FRZ and FR3, to prepare plLi4 (SEQ ID NO:28).
Starting from pLld, the 104th leucine (L) (according to
the Kabat numbering) was substituted with valine (V), the
1G7th lysine (K) was substituted with glutamic acic (E}, each
present in FR4 of pli4, to prepare pLlé {(SEQ ID NC:29;.
{2} Measurement of pl value of point mutation pl modified
antibodies
The pl values of the HJL.8Ldl.¢ antikody, pHpLl4

antibody and pH7pLlé antibody were measured by slectrophoresis

described in Example 1 or similar method. The pl value of
Hdl.8Ld1.¢6 antibody, pET7pLld antibody and pH7pllst azntibody was
7047, T.07 and €.52, respectively, ilndicating that the pl
values of pHIpLl4 antibody and pH7pLlé antibody were lower

than that of the H4l.8Ldl.& antibody by (.4 and

[
o
A

(37 Measuremant of Tm value o point mutation pl modified
antibodies

The Tm values of Fabs obtained from Hd1.8Ldl.6 antibody,
pE7pLlé antibody and pHlplLlé antibody were measured with VP-
DSC (Micro Cal) using the method simiia; to Example 1. In this

experiment, PBS was used as & dialvsis soclution, and the



100105110 Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro 115120125 Lys Pro
Lys Asp Thr Leu Met lle Set Arg Thr Pro Glu Val Thr Cys 130135140 Val Val Val Asp Val Ser His Glu
Asp Pro Glu Val Lys Phe Asn Trp 145150155160 Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
Pro Arg Glu 165170175 Glu Gin Tyr Asn Set Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu 180185190
His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 195200205 Lys Ala Leu Pro Ala

Pro lle Glu Lys Thr lle Ser Lys Ala Lys Gly 210215220 GIn Pro Argf Glu Pro Gin Val Tyr Thr Leu Pro
PK)SerA@fﬁéB?ﬂﬂ concehtration 1r the test solution Tor DSC

measurement was adjusted to 25-100 ug/ml. DSC scanning was set
from 20°C to-l;5.°Ciat'£he scanning raﬁe~o§ about QK/min,.with
'the referéace"solution (dialysié solutionﬁ'and.DSC meaéuréménz
test solution. The thermal denabturation midpoint temperature
of the Fabs of the HA1.B8Ldl.6 antibedy, pH7pLlé antibody and
pH7pLlE antibody was 77.5%, T8.0 and 74.7 "L, respectively.
mutation pl modified antibodies by competitive DLISA

The binding activity to the antigen glypican 3 ©

ih

gach
point mutation pl medified antibody was measured using the
method described in Example 1 {(Figure 10). The bindin

activity to glypican 3 of the pH7pHl4 antibody and pH7plLlé

antibody was shown to be comparative to that of the HOLO

antibody.

Preparation of point mutaticn pl modified antibody using FTE-

The expresslion vector carrying the gene coding for each
point mutation pl modified antibody prepared in Example 8 was

introduced Iinto the cel

ls of FTP-KC cell line preparsd in
Reference Example 2 using Polyethylenimine (Polysciences Inc.),

and the antibody was expressed. The modified antibody was

purified from the cell culture supernatant usin

o]
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I}
Q
of
@
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e

SepharoseT™ Fast Flow [(Amersham Bilosciences). The purified

antibody solution was prepared according to the method
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225230235240 Leu Thr Lys Asn Gin Val Set Leu Thr Cys Leu Val Lys Gly Phe Tyr 245250255 Pro Ser
Asp lle Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn 260265270 Asn Tyr Lys Thr Thr Pro Pro Val
Leu Asp Ser Asp Gly Ser Phe Phe 275280285 Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
GIn Gly Asn 290295300 Val Phe Set Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr 305 310

315 320 Gin Lys Set Leu Set Leu Ser Pro 325 <210> 33 <211> 328 <212> PRT <213> Artificial

Sequence <220> i ) _ ‘ ‘
descriped in Example > and the antibody concentratlion was

measured,

Example 10

T

Therapettic efficacy in an in viveo model of humanized GCI3

antibody and point mutation pi modiiied aptibodies

{1y Maintenance of the cell liine used for transplantation intc
The in vivo model
Hep G2 cells (ATCC) were used. The Hep GZ cells were

maintained by subculture in Minimun

arl
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medium (SIGMA) supplemented with 10%FBS, 1 mmol/l MEM Sodium
Pyruvate {(Invitrogen), and 1 mmol/l MEM non-sssential aminc
acids {(Invitrogen) (referred to as the subculture medium).
{2} Preparaticrn of HepG? cell-transplianted mouse model

Uzing a solution containing subculture medium and
MATRIGEL Mzatrix {(BD Bloscience) at 1 : 1, a suspension of
Hep&Z cells was prepared at 5 107 cells/mL. 100 nlL of the
cell suspension {5 x 10° cells/mouse) was transplanted
subcutaneously in the abdominal region of SCID mice (male, 5
week old, CLEA Japarn, Inc.}. Orn the day prior tTo ce
trangsplantation, the mice received 1060 ul anti-asialo GMI
antibody {(content of 1 vial was dissolved in 5 mb of the

solution, Wakoe Pure Chemical Industries, Ltd.; by

interperitoreal administration. The tumor volume was
calculated according to the feollowing fcrmula.

tumor voliume = long diameter x short diameter x short

diameter/2



<223> Modified antibody <400> 33 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Set Lys
12 151015 Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro
Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser 354045 Gly Val His Thr Phe Pro Ala-Val Leu Gin'Ser
Ser Gly Leu Tyr Ser 505560 Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr 65 70
75 80 Tyr lle Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 Lys Val Glu Pro Lys
Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys 100105110

en the aveérage tumor volume reached 400 mm®, the mouse
was used as z model.
{3) Preparation of administration sémple containing the test
antibody

Th

M

administration samples containing HOLO antibody,
Edi.8Ldl.6 antibody, pH7pLl{ antibodv or pHiplLlé antibody at
0.1 mg/mL {1 mg/kg group}! werse prepared with physiological

saline on the dav of administration.

{4} Administration of the antibody-containing administration
sample
The administration sample prepared according to (3] was

administered at z dose of 10 ml/kg through the tail wveiln to

the mouse model prepared in (2} at once per week for five
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negative contrel, phvsiological saline was administered at a
dose of 10 mL/kg through the tall vein at conce per week for
five weeks. ALl the grouvs contained 3 animals, and a each
test antibody-containing administration sample was
administerad to.a respective group. AT about the same Time as
the adaministration, vencus blocd was collected from 3 animals
in each group and was analyzed for the murine plasma
concentration of the antibody. Specifically, blood was

collected from & dorsal foot veln at twe Time points:

hour

<
Cr

after the initial administration and immediately before the
second administration. 20 ul colliected blood was tresated with

heparin and the plasma was 1solated by centrifugation.
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Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro 115120125 Lys Pro Lys Asp Thr
Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys 130135140 Val Val Val Asp Val Ser Gin Glu Asp Pro Glu
Val Gin Phe Asn Trp 145150155160 Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
165170175 Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu 180185190 His Gin Asp
Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 195200205 Lys Ala Leu Pro Ala Pro lle Glu Lys
Thrlle Ser Lys Ala L ys.Gly. 210215220 G Rro. Arg Gl Pro,Gin VAL TV Thy Leu Pro Pro Ser Gin Glu

antibodies
The antitumor activity of each test antibody was

evaluated in the mbuse-mQQG;-transplanted with humam liver
cancer. The tumor volume was measursed at one week after the

- last day of the sample administration. As shown in Figure 11,
a stronger therapeutic efificacy was Zound in pH7PLI4 antibody
and pH7plLlo antibody compared to HOLC antibody and Hdl.g8Ldl.o
antibody.
Example 11

The PE test of humanized GL33 antibody and point mutation

antibodies using in vivo model

1} Preparation of tfest antibedyv-containing administration

The administration samples containing HOLO antibody,
Hd1.8Ld1l.6 antibody, pHV7pLld antibody, pH7pLlé antibody or
pH7ME5pLl6 antibody at 0.5 mg/ml {5 mg/kg¢ group, were prepared

with physiclogical saline on the day of administration,

{Z) Administration of the antibody-containling administration

The administration sample prepared according to (1) was
administered at a dose of 10 mi/kg thrcugh the tail vein to
the C.B-17/lcr-scid mouse. ARll the groups containsd 3 animals,
and each test antibody-containing administration sampls was
administered To a2 respective group. Venous blood was collected

from the animals and was analyzed for the murine plasma
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Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr 245250255 Pro Ser Asp lle Ala Val
“Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn 260265270 Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser
Asp Gly Ser Phe Phe 275260285 Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Glu Gly Asn
290295300 Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr 305 310 315 320 Gin
Lys Ser Leu Ser Leu Ser Pro 325 (210> 34 <211> 443 <212> PRT <213> Avrtificial Sequence <220>
<223> Modified antibody

concentration of the antibody. Specifically, blood was
collected from a dorsal foot wveln at seven time points: 0.5
hours, 2 hours, 8 hours, 24 hours, 72 hours, 168 hours after

the initial administration. 20 ul of collected blood was

treated with heparin and the plasma was isclated by

(3) Piasma condentrations of the test antibodies

The concentration c¢f the test antibody in murine plasma
was measured by an ELISA-based method described in Example 5.
Standard samples were prepared at a plasme concentration of

12.8, 6.4, 2.2, 1.6, 0.8, 0.4, and 0.2 ug/mL. The staﬁdard
samples and the murine plasma Test samples {(suitabply diluted
to a desired concentration) were added tco immunoplates (Nunc-
ImmunoPlate, MaxiScrp (Nalge Nunc Internationali) on which

soluble glypican 2 core (Chugail Seivaku Kabushiki Kailsha) is

lmmobili

1
Fat]
®
o

and the plates were ilncubated for 1 hour zt room
temperature, Goat Anti-Human IgG-BIOT (Southern Biotechnology
Asscciates) and then streptavidine-alkaline phosphatase

conjugate {Roche Diagnostics) were added, and a chromogenic

reaction was carried ouft using the BliuePhoz Microws

Phosphatase Substrates Svstem (Kirkegaard & Perry
Laboratories) as & substrate. Using a microplate reader, the
color of the reaction scluticn in each well was determined by
measuring the absocorbance of the reaction sclution at 650 nm,.
The murine plasma antibody concentration was then calculated

using SOFTmax PRO analytilical scoftware (Melscular Devices) with

,._A
|8
.



<400> 34 Gin Val Gin Leu Val GIn Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 151015 Ser Val Thr Val
Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr 202530 Glu Met His Trp lle Arg Gin Pro Pro Gly Glu
Gly Leu Glu Trp lle 354045 Gly Ala lle Asp Pro Lys Thr Gly Asp Thr Ala Tyr Ser Glu Ser Phe 505560
Gin Asp Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr 65 70 75 80 Met Glu Leu Ser Ser
Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Gly Gin Gly
Thr Leu Val Thr 100105110 Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro
115120125 S 'S Eys Ser FhrSErGly 61y Fhr AR AR Gly BysThéu a0 ~ance

values obtained from the standard samples.

ot
H

The murine plasma concentrations after administration are
shown in Figure 12. A higher antibody concentration was
cbserved in the plasma of mice that received the test aniibody
having lower pl value.

Example 12

ADCC activity ¢f the test antibodies using human pesripheral

blcood monccoytes as the effector cell

The ADCC actiwvity of the test antibodies was tested 2

92]

described below using a human peripheral blood monocyte

Hh

eferred to as PBMC) as the sffector celld.

{
L2

(1) Preparation of a human PBMC solution

Using a syringe previousiy lcaded with 200 ul of a 1000
unit/mh heparin sclution (Nove Heparin Injection 5000 Enits,
Nove Nordisk}, 50 ml peripheral blood was ccllected from a

healithy volunteer (adult male) from Chugai Seivaku Kabushiki

Kaisha. The blood was diluted twofold with PBS(-), divided

6]

into 4 equal parts and introduced intc a Leuccsep lymphocyte

o

separation tube (Greilner Bic-one) that was previously loade

0.

with 25 ml Ficoll-Pague PLUS and subjected to centrifugation.
The separation tube icaded with the peripheral biocod was
centrifuged for 10 minutes at room Tempsrature at 2150 rpm,
and the monccyte fraction laver was collected. The cells

)

contained in the layer werse washed once with Dulbecco’s

Modified Eagle’s Medium (Sigma) containin
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130135140 Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala 145150155160 Leu Thr
Ser Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly 165170175 Leu Tyr Ser Leu Ser Ser Val Val
Thr Val Pro Ser Ser Ser Leu Gly 180185190 Thr GIn Thr Tyr lle Cys Asn Val Asn His Lys Pro Ser Asn
Thr Lys 195200205 Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys 210215220 Pro
Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu 13 225230235240 Phe Pro Pro Lys

Pro Lys Asp Thr Leu Met IIe Ser Ar% Thr Pro Glu
to below as 10% FBE/D-MEM) and suspended in 10% FBS/D-MEM at a

cell density of 5 x 10%/mL. The cell suspension was subjected
to the fclleowing experiment as a human PBMC solution.

{2} Preparat

,,J

on of target cells
HepG2 cells were detached from a dish and seeded on a Y96-
well U-bottom plate at 1 x 10° cells/well. The plate was

incubated overnight at 37°C in a 5

o

C0Z incubator. On the next

day, 5.55 MBg Cr-51 was added To each well of the plate an

L

the plate was incubated for 3 hours at 37°C in a 2% C02

n

incubator. The HeplGZ cells contained in the wells of the plate

were used as target cells in th

(B

ADCC activity assay as

described below.

(98]
g
P
4
Q
=
=
o
=
by
m
'_l
M
W
0
)
DJ
0
0
)
W

(ADCC activity)

The ADZC activity was evaluated from the sgpecific

chromium release rate determined by the chromium release

methoed. The target cells preparsd as in (Z) were washed with

medium, and 100 pul of sach antibody (HOLO antibody, Hdl.8Ldl.¢
antibody, pHYpllé4 antibody or pHY7pLlé antibody) was addsd at a
concentration of O, 0.004, 0.04, 0.4, 4, or 40 ug/mlL. The

plate was reacted for 15 minutes at room temperature, and the

antibody solution was removed. 100 pl of subculture medium was

added to each well and the plate was incubated for 1 hour at

37°C in a 5% COp incubator. 100 pl of the human PBMC solution

5

prepared as 1n {1} was added fo each well (5 z 10 cells/welil)

0]

and the plate was incubated for 4 hours at 37°C in & 5% CO

incubator, and centrifuged. The radicactivity in 100 ul of the

.,.u,.
142
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245250255 Val Thr Cys Val Val Val Asp Val Ser Gin Glu Asp Pro Glu Val Gin 260265270 Phe Asn Trp
Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg Glu Glu Gin Tyr Asn Ser Thr
Tyr Arg Val Val Ser Val Leu 290295300 Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
Lys 305310315320 Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys Thr-lle Ser Lys 325330335 Ala

Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser 340345350 Gin Glu Glu Met Thr Lys Asn

Gin Val Ser &eu Thr C}é ngyFVaI Lys 33 355360365 GICyPhe Terrg Ser Asgelgesﬁnga Val Glu Trp Glu Ser
Asn Gly Gin srnake e l

a gamma counter. The specilfiic chromium release rate was
determined according to the following formulisa.

Specific chromium release rate (%) = (A - C} x 100/(B - )
wherein A represents the mean value of the radicactivity (cpm)
of the 100 ul culture supernatant in each well; B represents
The mean value of the radicactivity {cpm) o the 100 ul

culture supernatant in wells where 100 ul of 2% agueous NP-40

L
o]
=2

solution (Nonidet P-40, Nacalai Tesgue; and 50 ul of
FRS/D-MEM medium were added to fhe target cells; and C
represents the mean value cif the radicactivity (cpm) of the
100 ul culture supernatant in wells whesre 150 ul of 10% FBS/D-
MEM medium was added tTo the fTarget cells. The Tests were
carrlied out in triplicate, and the mean value and standafd
deviation of the specific chromium release rate (%, which is
reflective of the ADCC activity of the antibody, were
caiculated from the test results.

(43 Evaluation of the ADCC activity of the test antibodies

The

F
®

sults ¢f the evaluation of the ADCC activity
exhilbited by human PBMCs vie the test antibody reveled that

all of the test antibodies exhibited ADCC activitv. The

I
W
1)
o
],.J
of
0
o

re shown in Figure 13. Significant difierence test
revealed that no significant difference was observed at any

concentrations tested betwsen test antibodies and the control

HOLO antibody in the specific chromium release rate of the

™

antibodies. The statistlical analyses wer

S
£

un using the SAS

{



370375380 Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly 385390395400 Ser
Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin 405410415 Glu Gly Asn Val Phe Ser
Cys Ser Val Met His Glu Ala Leu His Asn 420425430 His Tyr Thr Gin Lys Ser Leu Ser Leu Ser

Pro 435440 <210> 35 <211> 443 <212> PRT <213> Atrtificial Sequence <220> <223> Modified
antibody <400> 35 '

Preclinical Package (SAS Institute Inc.). These results showed

that there was no difference between the ADCC activities of

ct

he pI-modified test antiboedies.

Preparation and evaluabtlion o©

Hh

modified antibodies capable of

decreaszing in the pl value o©

Fhy

the constant reglion

(1Y Selection of medification sites for decreasing the pl

vaiue of the constant region

[

IgGLAGK {SEQ ID N0:32) is the IgCl constant region having
the amino acid seguence &s shown in 3EQ ID NO:31, which lacks
the 446th Gly and the 447th Lys (according To the EU
numbering! of the IgGl constant region. Deletion 0f these two
amino acid residues allows for the decrease in heterogeneity
caused by the heavy chain terminal constant region of an
antibody.

Thne antibody was modified to have decreased pl value in
rhe constant region by substituting some of the amino acid
residues in IgGlAGK with the corresponding amino acid residues
in the sequence cof the human IgG4 constant region according to
the EU numbering.

Specifically, the 268th histidine (H} of IgGlAGK
(according to the EU numbering; was substituted with glutamine

() of the 1gG4 seguence, the

]
~1

4th lysine (K; was substituted

with glutamine (Q), the 355th arginine (R} was substituted
with glutamine (Q}, the 356th aspartic acid (D] was

supstituted with glutamic acid (Ej}, ths 358th leucine (L) was

135



Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 151015 Ser Val Lys Val Ser Cys Lys
Ala Ser Gly Tyr Thr Phe Thr Asp Tyr 202530 Glu Met His Trp Val Arg Gin Ala Pro Gly Gin Gly Leu Glu
Trp Met 354045 Gly Ala Leu Asp Pro Lys Thr Gly Asp Thr Ala Tyr Ser Gin Lys Phe 505560 Lys Gly
Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr 65 70 75 80 Met Glu Leu Ser Ser Leu Thr
Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Gly Gin Gly Thr Leu

Val Thr 100 05110 Val Ser Ser AI Ser Thr S Gly Pro serv ghe Pro Leu Ala Prq 115120125 Ser
Ser Lys S&FTHr Se t?ly SR ThIFAR }ﬁa Iy cyéite “{}al 1357agtemine

was substituted with glutamic acid (E). These supstituticns
contain sequence of 9-12 amino acids which can serve as a T-
cell epitope only derived from & human constant region and
thus are ekpected tc have lower risk of immunogenicity. These

6 modifications were introduced intc IgGlAGK tco obtain MBS
{SEQ ID NO:Z33).

The constant regilon MBS was combined with the wvariable
reglion pH7 and HO to prepare pHYMES {SEQ ID NC:34) and HOMES
(SEG ID NO:233), respecitively. HOMELLO antibody was prepared
from HOME: as the heavy chain and L0 as the light chain, and
pH7MESPLLIE antibody was prepared from pHTME> as the heavy

chain and pLleé as the light light chain. Alsc, the HOLO

(5

Tikody having the constant regiog of
IgGl were prepared as in Example 1 and Example 8. The
antibodies HOMBLLO, pH7ME0pLle,HO0LD, and pH7plLlé werse
expressed in FTP-KC cell line or HEKZ93 cells, and purified as
described in Example 1 or 2.
{2} Measursment of pl value of constant region pl modifie
antibodies

The pl valus of the HOLC antibody, HOMELLO antibody,
pH7pLlé antibody, and pHYMB8LpLle antibody. was measured oy
electrophoresis with PhastGel IEF 4-¢.5 (GE Healthcase} under
the same electrophoresis conditions using the method similar
t¢ that described in Exampie 1. The pI wvaluesz of ths HCLC

antibedy, HOM85L0 antibody, pH7plLle antibody and pH7MEBLpLI6
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Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala 145150155160 Leu Thr Ser Gly Val
His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly 165170175 Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
Ser Ser Ser Leu Gly 180185190 Thr Gin Thr Tyr lle Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys
195200205 Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys 210215220 Pro Pro
Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu 225230235240 Phe Pro Pro Lys Pro Lys
Asp Thr Leu Met lle Ser Arg Thr Pro Glu 245250255 Yal Thr Cys Val Val Val Asp Val Ser Gin Glu Asp
PK)GhJVng#%Qé%2g§f7g:EJ’ 5.16, G.oz an§S¥_5£, rggpeu-;veYy,

indicating that the modification in the constani region

contributes to further decrease in the pl value without

-t

affecting o the immunogenicity of the antibody.

(3) Evaluation of binding activity of constant region pl

58]

modified antibedies by competitive EBELISA
The binding activity to the antigen of each constant

region pl modified antibody was measured usin

{2
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described in Examplie 1 (Figure 14). The pinding activity to

+h

glypican 3 of the HOLC antibody, HOMEBILU antibody, pH7pLiE

antibody, pHTMB5pLlée antibody were shown to be apbout the same.

Al
w

Example 14

ADCC activity of the constant region pl meodified antibodies

+H

using human peripheral bhlood monocyies as the effector cell

F

The ADCC activity of the pHUpLlée antibody and pHTMEDLPLIS

Q

antibody was tested using the method as described in Example
12. The results are shown in Figure 15. Zignificant difference
test revealed that no significant difference was observed

between test antibodies at any concentrations tested in the

specific chromium release rate of the test antibodies. The
statistical analyses were run using the SAS Precliinical

Package (SAD Institute Inc.). These results showed that there
was no difference between the ADCT activities of the pHIpLle

antibody and pH7MB5pLio antibody.



Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg Glu Glu Gin Tyr
Asn Ser Thr Tyr Arg Val Val Ser Val Leu 290295300 Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu
Tyr Lys Cys Lys 305310315320 Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys
325330335 Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser 14 340345350 Gin Glu
Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly Phe Tyr Pro Ser Asp lle Ala

Val Glu Trp Glu Ser Asn Gly Gin 370375380
CLAIMS

1.  An antibody which comprises a heavy chain variable region shown in

SEQ ID NO: 27 and a light chain variable region shown in SEQ ID NO: 29,

2.  The antibody according to claim 1 comprising a constant region of a

human antibody.

3.  The antibody according to claim 2, wherein the constant region

comprises a sequence shown in SEQ ID NO: 32 or SEQ ID NO: 33.

4.  The antibody according to any one of claims 1 to 3, wherein the

antibody has a reduced content of fucose attached to the Fc region of the antibody.

5. A composition comprising the antibody according to any one of claims

1 to 4 and a pharmaceutically acceptable carrier.

6.  An anticancer agent comprising as an active ingredient the antibody

according to any one of claims 1 to 4.

7.  The anticancer agent according to claim 6, wherein the cancer is liver

cancer.

8. A nucleic acid that encodes a polypeptide of the antibody according to
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Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly 385390395400 Ser Phe Phe Leu
Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin 405410415 Glu Gly Asn Val Phe Ser Cys Ser Val
Met His Glu Ala Leu His Asn 420425430 His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro 435440

any one of claims 1 10 4.
9. A host cell comprising the nucleic acid according to claim 8.
10 _”'I'he host cell according to claim 9, wherein the host cellis a fucose
&aﬁspoﬁer-deﬁcient animal cell, a fucosyltransferase-deleted animal cell, or an animal

cell in which a complex branched sugar chain modification is modified.

11. A method for preparing an antibody comprising culturing the host cell

according to claim 9 or 10 and recovering a polypeptide from the cell culture.

12.  An antibody according to any one of claims 1 to 3 foruse ina method of

treating cancer.

13.  An antibody according to claim 12, wherein the cancer is liver cancer.

139



