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

itz 2ilge *-Development trends for monoolonal antibody cancer therapeutics,
Nat. Rev. Drug Dia¢. (2007) 6, 349-356). Ar i-glypican 3 antibodies are known tq exhibit antitumor
activity by exerciéﬁw*’gsc\%jo%)‘(ibﬁy"Laogpéiﬁé’t?%g“r"’e%“fﬁcﬁfef TRer cancer cells and lung cancer cells (WO
2003/ 0008%%@@&%%‘1%1 copjugates cemprising an.anti-glypican 3 antibedy 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, co_nsti;utin%the Ft region of Id
i&ﬁypeanﬁbodmgh@ present invention relates Lo a methoo of 1Mproving

the plasma [(blood) kinetics of anti-glypican 3 antibodies, a

pharmaceutical compesition comprising an anti-glypican 3
antibody that has improved plasma kinetics as an active
ingredient, and 2 method of preparing the same.
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(referred to as IgGantibodies) are replaced by different amino acids (Kim S. J., Park 8., and Hong H.
C., Antibody 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 not 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 braanhe?d-_gha' th%l sugar chain, and ﬁg%%% to exhibit a greater antitumor
activity as & tHerapautic antibody &ng g 06/067913). in addition to such {echnélogies for

enhancing:the-effectoe functians; other technolagies are-alsg knewndnieh he plasmahalf-life of an
antibody is increased or decreased by amino acid substitution ‘05 on the amine acids constituting the
Sc region of:.the aptibedy {Hintep PR.,iengik:MJ Jehtfs MdG.,ckang: M. his KellenS. cand Tsurushita
N., An engineered human IgGi antibody with longer serum half-life, J. Immunol. (2006) 176(1), 346-56;
and Ghetiel¥:,.Pspov 3.y Borvak Radw ) MatesGidD; Médesan C. - ObgriRad, and Ward K. S.,
Increasingserum persistence of an IgG fragment by random mutagenesis, Nat. Biotechnol. (1997)
15(7), 637240)1 o8 t6chriclbgy thstelangs the Plasmia halfifeloffaritibodiés & applied t(a apeutic
antibodies, it is expected that the dose of the administered therapeutic, antibody is reduced and its
interval of GdRfiffstration S EXEAAEY - WhiEH Wilf ehabfe the provision of 16Ss eXpensive therapeutic

antibodies wit 2 hjgh copvenienge factor, . iiseasif tms, dhe plasmadglte,can be extended
by substitu%in“g*an amino acid of the Sc region of an IgG ant ibodyanother amino acid resulting in

i”W”OW“QEQ%@ngates comprising an anti-glypican 3 antibody attached to
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 are
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known to be a salvage receptor for the IgG antibody. in addition, it is also known that the plasma
half-life Is increased by shuffling the individual domains (OH1, 0H2, CH3) constituting the constant
region of the antibody (luckier S., Chang 0.5., Scharff M. D., and Morrison S.Chimeric human-mouse
IgG 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 1gG antibody is conserved in humans, an antibody having an artificial amino
acid substithtion s’ Ha5Eibed aboveih the aming Acids constititing the constant région may cause
side effects by, g)rgg@%&g%{@g]%qo&eergc%&tgecng&a{gfbgg +tis therefore preferred that only a small
S

number of amino aci e substituted. Technologiés involving amino acid substitution in the

variable region also, refesred-to.as M region), of. 190, antibodiesreported-to: datesinglude humanization
technology (Tsurushita N., Hinton P. R., and KumarDesign of humanizer" antibodies: rom anti-Tac to
Zenapax, Methods:2005) 36(1),169-83)uatfinityamaturation wheresamino acidstinthe . complementa
ity-determining region (CDR) is substituted in order to increase the binding activity (Rajpal A., Beyaz
N., Haber &::Sappuceit-JV Gh8hattRt Rz, FakebehivT. 1eraéPR/ B¢ ’ard Ores R., A general method
rTh libraries, Proc. Natl. Aced. Sci. USA (2005) 102(24), 8466-71) and amino acid substitution in the
amino acids constfitulifigithefFamewbtk regfion (ERY fordmproving the physicoChiemical stability (Ewert
S., Honegger A, and Dluckthun A., Stability improvement of. %%ti%qf(ggsg% extracellular and
intracellular applications: OUR grafting ‘to stable frameworks and striictire-baséd framework
enaineering, Methods.(2004) 3A(2L. 184 95). Linlikedhe case witharine acdguibstiluion n the
constant region (5 so referred to as C region), amino acid substitution in the variable region is

generally ysed-forimaraing dhe characteristics (e1gs, stability):and enbaneing the function (eantigen
binding activity) of antibodies. Since the amino acid sequence constituting the CDR of humanized
Fc region of the antibody (Hinton P. R., Xiong J. M., Jonlfs M.

G., Tang M. T., Keller 3., and Tsurushita N., An engineered
human IgGl antibody with leonger serum half-life, J. Immunol.
(2006 1761y, 346-56; and Ghetis V., Popov 5., Borvak J.
Radu C., Matesol [D., Medesan CT., Ober R. J., and Ward E. 5.
Increasing the serum persistence of an IgC¢ fragment by random
mutagenesis, Nat. EBiotechnol. {(1897) 157, €37-40). If a
technology that prolongs the plasma half-life of antibodies is
appliaed to therapeutic antibodies, 1t is expected that the
dose of the administered therapeutic antibody is reduced and
its intervel of administration i1s extended, which will enable

the provision of less expensive therapeutic antibodies with a
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In specific terms, the plasma half-life can be extended
by substituting an amino acid ¢f the Fc region cof an IgG

antibody with ancther amino acid resulting in improving the
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antibodies is derivad from tammo a d sequence of a nonhuman animal species, the risk of generating
imm nogenicity by introducing an artificial amino acid substitution in this senuence is thought to be
lower thar amgno and substitutions in a sequence in other regions. Moreover, with regard to an
artificial amino acid substitution in the amino acid sequence constituting thg FR of humanized
antibodies, tis thought that such a substitution poses little risk of generating mmunogenicitv if the FR
amsequence obtained as a consequence of substitution is tbeﬂsamg%s any of the Plurality of human
antibody PR 3fino"adill Sedifenc@&that ar& publisRed iR “for Example: i€ Kabat database
(http:2aftp.ebi.ac.ukapub/databaSe5/kabata), the 'MGT database (hitp://imgt.oines.fr/), and so forth.
Furthermoar%?ffh“elﬁﬁhujhbdlesnia?ysgaﬁi %%wféc)itu%%% 53‘/9 E?eégel%éacsz%‘ng aa(hlﬁtma?lgﬁt}éody sequence that is
very similarto the ER amino, a¢ichsequence ohbtained.as a gonsequence of stpstitution, from the
plurality of human antibody FR amino sequences that are published in the Kabat database, the INGT
database, ankso forth(Wenk999/038242). Jacontrastontyemethads knownfor irpraving the plasma
half-life of IgG antibodies are, as described above, amino acid substitution of amino acids constituting
the Fe region, whighds @ pért.oftheconstant fregion, andnomrhethods have beertfepcited to date that
bring about an improvement in the plasma half-life of IgG antibodies by amino acid substitution of the
amino acids'eonstiteiting thetvarabie 16 t&gion: Which fs befievéd s carry Iitfie 18 of mvdking
immunogenicity. The reason for this s, ilngpart, that the | Iggpg Q%If-yge gfﬁlq/Q %lipl%qge_sbelieved to
largely dep&id oh dntiger-tepehdent depletidoirand binding to the neoratal F¢ receptor, a salvage
receptor for IgO antibodies (Lobo £, Hansen A I. .and Balthasar J, P., Antibody pharmacokinetics
and pharmacodynamics, J. Phan:. Soi. (2004) 93(11), 2645-68), and that the functions and properties
of the varialle [ggion may nothave asignificant infliuence.gn the plasma halt:lits. It has-also been
reported that the isoelectric poin IgG antibody as loweredanionic ation of IgG antibody by
succinylation (¥YamasakicY .; Sumimoete, K 5:Nishikawai M. Yamashita ExMamaoka K Hashida M., and
Takakura Y., Pharmacokinetic analysis of in vivo disposition of succinylated proteins targeted to liver
nonparenchymal celistvia scavenger receptobs: dnigoriance ol oleésulaf sizetdad negative charge
density for in vivo recognition by receptors, Pharmacol. Exp. Ther. (2002) 301(2), 467-77); and that the
pl of IgG aRfib6dy i Faised By catferfization oF the Tg&2antisothF by mhiadificafioh with polyamine
(Poduslo J. F. and Curran G. L., Polyamine 1mogifical%iqn ig\lcrea es the Qermeangtyongproteins at the
blood-nerve*Shd biootibrail Barfiets, Nédrochem. (1996 66{4)-1599-609). However, in both cases
there was no increase in the plasmahalflife of the modified lgG antibody, hut rather the plasma
half-life was decreased. Tﬁus, an’ncrease in the plasma half-life of IgG antibodies cannot be realized
by modificatign.of the-plof the IgG antibody by the above-described chemical modification of the IgG
antibody.

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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SUMMARY OF THE INVENTION The present invention was pursued in view of the circumstances
described above. In a first aspect, 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. 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 inveg}igg refers, to gn anticancer agent comprising as an agtjye ingredient the

antibody aTc'“c%J?ai’rn:betSo’ the présenat“lﬁven*tlon. ‘In‘a fourth aspect, the present invention refers to a

nucleic acid that, encodes: a nglypeptide of the antihody,according te theresept invention.  In a fifth
aspect, the present invention refers to a host cell comprising the nucleic acid according to the present
invention. .1, ¢ 1n a:sixth.aspest; the presentinventiendefers taraemeihed for-peeparing an antibody
comprising culturing the host cell according to the present invention and recovering a polypeptide from
the cell cultuseni 11tn a Bewentls aspéect;¢he present invention réfers:toZan ahtibédy acgording to the
present invention for use in a method of treating cancer.  Also described herein is a method of
modulating tive prasrrat(bidody hiakdife 6F ahfilglFpican3 ahtibédy 2af anfitglypican3 @ntibody having a
modulated plasma half-life and a pharmaceutical ggrryposltlon com .;riqsin% éhe antibody as an active
ingredient2&8 welFas @rmethod of prépafifg the antc -glypican-3 antibody and the pharmaceutical
composition. Also described herein is a method for modulating,cytotoxicity of anantibody by
modulating 7€ %Iafgrﬁg%waﬁﬁﬁfeengh%vgﬁﬁélgdy%{gwé}%ggytgﬁ%ify,%Er?egﬁfibogy Wﬁ} modulated
cytotoxicity, and.a pharmaceutical composition, comprising.the antibody; as welk as-amethod of
preparing the antibody and the pharmaceutical composition. Thepresentinventorscarriedoutfocused
investigations, inte metheds-foranedulating:the-plasma half-life of ansantibady: e.g- antieglypican 3
antibody). As a result, the present inventors discovered that the plasma half-life of an antibody (e.g.
anti-glypican 3-antibedy)atdr besmodulateddsymodifying: s amany thenamiifio acid #ésidues constituting
the variable region and the constant region of an antibody (e.g. anti-glypican 3 antibody) - amino acid
residues expesed bn-thesufacé of thissdritibody-molecitle dheFther&By controfliigtHe surface charge
of the antibody molecule. Specifically, amqnggt,kle amino acid resjdues in the amino acid sequence
constituting thé variable F&gion aiid thve 6natant fegioh 6f an ARtibody (8.9 antizgiypican 3 antibody),
particular amino acid residues were identified that can modulate the plasma_ half-life of the antibody
(e.g. anti-glypican %calr%tiﬁdgﬁ)etrﬁ“r’gu§ﬁ‘ﬁ5&%ﬁ%ﬁﬁ% éﬁ%}ac“eﬁck%rgg%ln trl%ﬂzl%tibody molecule without
affecting the, structure or fungtion of the antibody, e:¢.the.antigen binding activity. The present
inventors also confirmed that an antibody (e.g. antiglypican 3 antibody)
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having a half-life modulated in this manner in fact retains its antigen binding activity. The present
inventors also found that modulation of the plasma half-life of an antibody (e.g. anti-glypican 3
antibody) increases the tumor proliferation inhibiting activity on cancer cells exhibited by cytotoxic
antibodies, such as the antiglypican 3 antibody. Described herein is therefore a method of
modulating the plasma half-life of an antibody (e.g. anti-glypican 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 aW\Bdﬁkﬁé(ﬂi ﬁfg“ 'r%%tnh’ﬁlf-%é}{by aar%lgno”gc%or‘éé{d'ueﬁﬁoﬂ?ﬁé’gltlgd‘n% a 5}r?§rmaceutical
composition comprising the antibady s an.active ingredient,and-amethad, of. prepaying such a
pharmaceutlcachmposnio‘n. More specifically, the following is described herein: [1] A method for
preparing an-anti-glypican 3:antibody with: modulatedrplasmaskingticscsaidsuethod:eomprising the
steps of: (a) culturing a host cell bearing a nucleic acid that encodes the anti-glypican 3 antibody
under conditionsraltowingsfor expression=ofdthe nucteit acid cwhefeinrthelantiglypicdarn 3 antibody has
an amino acid sequence altered to causes a modification in the charge of at least one amino acid
residue thatcamberexposénen the surface sftheantitiody: sand () FeEoverig thé antisglypican 3
antibody from the host cell culture; [2] The method accordin toéll,,wharein the modulation of the
plasma kifeticatisdhcreasetor d86redse’in'g p‘"é?éﬁrr?]%tetaéléjleagedf bm'the plasma half life, the mean
plasma re%iggg%%ﬂti e,zand 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 acidesidue-that can:be expesed.on.the surface of the
antiglypican 3 antibody is located in a region in the antiglypican 3 antibody other than the FcRn binding
region; Themethod-according ta {4, wnereutthesFaRa, ninding:regionconmprises the Ft region; [6]
The metnoo according to [4], wherein the Fcan binding region comprises the amino acid residues of
the EU numbers 250; 253,:810; 311 814 4281485, 486accordinig toutherkabaenémbering; The
method according to [1], wherein the a i-glyplcan 3 antibody is an IgG antibody; ‘The method
according toefL7}, wierein itie arians acid résidGeWhedE chafie Ts nidifietd i<"an Hrftino acid
residue present in the heavy chain variable region or the lioht chain! variablerglgnign; [9] The method
according t7[8], Whereihthe arti glypicat 3 ﬁtﬁb&é%pﬁ%gg;a gbmplémentarity-determining region
(CDR) deriggg from a nogéh&rp?g fanicr)T%aIIg,jramewogl&{%giojgy ER) ;. acia
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substitution of the amino acids
region, which is believed to carry little risk of invoking
immunogenicity. The reasen for this is, in part, that the

lasma half-life of IgG antibodies are believed to largely
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depend on antigen-dependent depletion and binding to the

necnatal Fo receptor, a salvage recepteor for

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

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

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

variable region may not have a significant influence on the
plasma half-life.
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of IgG antibody is lowered by anionization of IgG antibody by
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derived from human, and a constant region derived from human, and wherein the modification ir the

charge of the amino acid residue is achieved by substitution of at least one amino acid residue that

can be egposed oré]the antibo surfac%m tf{e CDR,or ER QCf the ntlbo% ith an amII’MJ acid residue

that has %ﬁgfg@' ifErSTiE from AT of the amirio adid reaidue ; [102 The e ﬁoa accordirig to [9],

wherein thesmaedificatiorrthe cla‘arg@:mahemmmd%amﬂxéaduﬁ is achreVedleakieast dhe,substitution

in the hea\% chain v, rlable reglon shqwnin S (% D NO: 1 selected fr m. (Dg sgb%tltutlogfpf Q thatis
ufi

the 43rd AMTNGaS resfaue with ?(n ysugstlt on of 0'that is the 527d amino acid residue with N,

and  suhstitution eft@dhatps the=1@7th armngac&ﬁrestdue withvRrandiont®) i iedsione substitution
in the Ilght in varlable reg ion shown in S ) W% i f tis the 17th
Cﬁl due Wit 6 ?e) "Substitution of 9&1 ng r Mﬂ]ro e

amino acid resi at is t amlno acid residue wit R, and (f)
substitutiend@f Quétwet tis the 1@5mragﬁ|noiamdzr9mduéqmth©§1 vivo recognition Dby

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.



[(11] The method according to HI, wherein the modification in the charge of the amino acid
residueachieved by: (I) at least one substitution in the heavy chain, variable region shown in SKQ ID
NO: | selected from: ( ésubstl ution of K that is the 19th amino acid reS|due with 7 (%) substltutlon of

Q that Is the 43rtarflin St ith K, l??) RbEhtEn of%etﬁatllsrthé:% ndam- v dtid residue
with OF (nguibstittition of Kdhatds dhe§3rd-arainoacidi tesitiue veithc ¢ejidulestitution otKehat is the
65th amino acid residue wth and (f s stitution fO that IS LQG‘ GG@K mino aC|d q_ue with O; and
(2) at leabtSie S bstitdfiorTh erhght cﬁaln varlablg reglon Shown in SKO ID'NO % ected from:

(9) substititioniefR that is the 24th am o acid esidue Q,

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 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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(h) substitution of Q thatisthe 27th amino acid residue with s, (i) substitution of E that isthe 79th amino
acid residue with T, (j) substitution OE R that is the 82nd amino acid residue with S. and (I)
substitution of K that is_the 112 mino acid residue %12‘4 The ethod accordln to [111,
further coMPRsITa Rt Iéast%%‘é%iﬁ%mca in e heg tﬁ%féa re§ioRRBWHIREEO ID NO:
31 selected #rom: daksutistififtion belddhat is the 15kst ammrnm:eid residue witto@; 1) sobstitution of

K that is the 157t9{9{r:n|no acid residue E}% subst % ofAt ?rtx's th 238th mm_pamd residue
with (d) SUPSRERIShOr D, that i fhe Aming’acid esi i‘suﬁ)stl Utiok of 2 That is the 241st amino

acid residuefe of the antibody having cytotoxicity, an antibody with
modulated cytotoxicity and a pharmaceutical composition,
comprising the antibody, as well as a method of preparing
the antibody 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)



with M, and (f) substitution of Q that is the 302nd amino acid residue [131 The method according to
[91-[12 , wherein the anti.glypican 3 antibody has a reduced content of fucose attached to the To

region of the antibody; %141 An_anti-glypgcan antibo?%% repared by the metnoc according to
[11-[13]; PRS- BnEthBE 6 prebari %éﬁgfnti%%dfl{}vitﬁ gd ¥ Fadia g]f‘n"e‘%icsr,@s%a‘ﬁ Hethod
comprising:-the siepsin beudliing adwasicel pearirigea nuectadeacid thatencodes thé antibody
under conditions allowing for expression of the nucleic acjd, wherein tibody has an_amino acid
sequenc Q&R 1628 ksed Scri(n%&%&acf%n i the gf%a?rgepcgfa ast“h‘_%lastS[baﬁ%ega?r#lrlgeacié> ?esi&ﬁze in the
constant eegidmitdthe afdibpdy cilnerithghthe EgRn Bindmgtépindy and {mcneeswerng tieeantibody
from the host cell cultu E]Péggg.rg%thogn%% 0{%@8 to [15 31\{v\pet_(ein tQE mogulatign oéeflrgasma
kinetics is IRCrease or &ecrease ina parameter se ccted from the plasma haltifer the mean plasma
residencestimétaiicetie dasmaglearance; [1ZhThéodsthed aceording taswhekein tlembdification in
the charge.of the amigo ac'd.ﬁggggue is achieved by amino acid substitution. [18]. The method

t

accordin tloyf;f]j’:a\bvnherei?hn :

e ant%bdy is an anti body;  The method according t [18], wherein the
antibody is an Ig&Eantibedy; herein is therefore a method of wmodulating

the plasma half-1life of an antibody (e.g. anti-glypican 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;



[20] The method according to [17], wherein the modification ir the charge of the amino acid residue is
achieved by substitution of at least one amino acid residue of an 1gGi antibody with a corresponding
amino acid residue of an IgG4 antibody; [21] The method according to [15]-wherein the PoRn binding
region comprises the amino acid residues of the EU numbers 250, 253, 310, 311, 314, 428, 435, and
436 according to the Kabat numbering; [22] The method according to [20], wherein the modification In

the charge of the. amino.acid rgsldge&srgi;chdgved by af;least.one subgtitytion.in the heavy chain

constant region shown in SEQ ID NO: 31 selectedOT' (a) substitution of H that is the 151st amino acid

residue with Q... (R)-substitytion of K that.is the 57th amine-acid residuepuithQ;: £&) substitution of R
that is the 238tl¥1: amino acid residue with Q, (d) substitution of 0 that is the 239th amino acid residue
with E, (e}substittition:aidl8 thatisdbe224lst amind:acidresiduewithddrande{) sabstitution of Q
that302nd amino acid residue with 8; [23] The method according to [15]-[22], wherein the antibody is
an a ti-glvpican 3 antibody; f2apaamethicd 6f:Stabilizing an anti-gl oican 3 antibody that comprises a

comnuementa tv-determining region (CDR) derlved from a non-human animal, a framework region
(FR) deriveéd from Hurith " and EBRELEME réGionfrom HuhTa "sdid @ﬁ%ﬁcm‘ﬁbjr%]fnq?ne steps of:

the charge of the amino acid residue is achieved by amino acld

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;

o

(57 The methed according to [4], wherein the FcRn kinding

reglon comprises Fc region;

e

Pl

[6%  The method according to [4], wherein the FcRn binding

o~
e

region comprises the amino acid residues of the EU numbers 250,

253, 310, 31L, 314, 428, the Kabat

r
numbering;

(7]

[

he method according to [1], 3

anti-glvypican

antibody
81 The
raesidue
sent
varlable
[2] The
antibody

gerived

whose charge 1s modified is

iz an IgG antibody;

method according to amino acid

regidue

in the heavy chain variable re 1ight chain

region;

(87, the anti-gl

methed according to wherein

comprises a complementarity-determining region (CDE

from a non-numan animal, & Iframework

raglion
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(a) culturing a host cell bearing a nucleic acid that encodes the ant giypican 3f body under condition
allowing for antibody has an amino acid sequence altered to increase in the Tm value of the antibody
by a modification of at least one amino acid residue; and (b) recovering the antibody from the host cell
culture; [25] The method according to 1241, wherein the amino acid residue is present in the FF1
region and/or the FR2 region of the heavy chain or the light chain; [26] The method according to [25],
wherein an amino acid residue. 1n the FR2 region of the heavy chain,is substjtuted.with an amino acid
residue of the FR2 region of the 7144 subclass; [27] The method according to [25], wherein an amino
acid residue in the FR2 regienfthe light chain,;is substitded wits anraming aeidskesidue of the FR2
region of the VK3 subclass; [28] The method according to [24]-[27], wherein substitution of the amino
acid residue {s achievedsoy:i £eat least anetsubstitution in the Seavy chain smriable:region shown in
SEQ ID NO: 1 selected from: substaa io of V that is the 37th amino acid residue with 1, (b)
substitutionsofiAl titattis dthe 40thraming aeiriresid (e € c} stbstittitionsTMthat is tHee48#Famino acid
residue with I, a o o . . o o

or FR of the antibody with an aminc acid reslaue that nas 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

o8
r
ul

7
=
o)
o
61
=
ot
—

K,

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

N, and
{g) substitution of ¢ that is the 107th aminc acid residue
with R;
and/oxr

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

that is the 17th amino acid residue with

[

(dy substitution of

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

{£7 sukstitution of that 1s the 1053th amince acid residue

L@

with R;

-

1 The method according to [9], wherein the modification 1in

FRS i A S

[

[



(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
cytotoxicity, comprising the steps of: (a) culturing a host cell bearing a nucleic acid that encodes the
antibody under gonditions allowing, for expression. ot the nucleic acid, herein the antibody has an
amino acid sequence altered to causes a modification in the charge of at least one amino acid residue
that can beexposed-on the surface-0f;a gytataxicrantibody: and {b)recoveringibedy from the host cell
culture; [30- The method according to [29], wherein the modification in the charge of the amino acid
residue is achieve:hyamino acid substitution;s[814 ket miethod according towherein the amino acid
residue that can be exposed on the surface of the antibody is located itegion in the antibody other than
the AcAn bindingregion:t[32] THe fmeétiod ageoidifg 1§ {31z Whererttie FeRFrBindiHg fegion
comprises the to scion;

~r

(b} substitution of ¢ that is

ct
o)
D
e
W
Il
@]

i amine acid residue with
K,
[o) substitution ¢f ¢ that is the 62nd amino acid residue with

Lap

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

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

¢, and

(£y substitution of G that 1s the 66th amino acid residue with
D;

and/ox

{2} at least ons substitution in the light chain variable

o

region shown in SEQ ID NO: 7 selected from:

15

b

{g) substitution of

=3

that is the 24th aminc acld residue with
-

Sy

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

i

C that is the 79th amine acic residue with

]
'
e

{1} substitution

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

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

Z, and



[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 residue present
in the constant region of the antibody; [36] The method according to [29]-[34], wherein the amino acid
residue whose charge is modified is an.aming acicLresidue presept inthe heavy.chain variable region
or the light chain van able region of the antibody; 7] The method according to [36], wherein the
antibody ig, an-antibody that comprises a complementarity-datermiregion (CDR) derived from a
non-human animalframework region (FR) derived froman, and a constant region derived from human,
and wherein the medification indhecharge:of théladminbadTesidusiscachieveddiy substitution of at
least one amino acid residue that can be exposed on the antibody surface in the CDR or FR of the
antibody witte ancaimiric- atidbresidué Bratias a charge differerit from tHacef tHed'acitiresidue; [38]
The method according to [37], wherein the modification in the charge of the amino acid residue is
achieved B4 1) attéast’oné stibsfititiohlifthe heavy chain variable region shown in SEQ ID NO: |
selected from: (2) substitution of K that s the 10t amjno acid. residue wih hb) substitution of Q that s
the 43rd anfino acid residue with

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
with 2,

n aminc acid residus

B
(a2
o
1
-y

(dY substitution of D that 1s the Z
with I,

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

acid residue

i =)
w
of
o
@
W
-
[S]
o]
0
o
-
=
O

{fy substitution of ¢ that
with E;
(131 The method according to [81-(12]1, 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
according to [1.-11371:

(137 A method for preparing an antibody with modulated plasma
kinetics, sald method comprising the steps of:

{a} culturing & hest cell bearing a nucleic acid that encodes

the antibody under conditions allowing for expression of the

J—
T4



E, (c) substitution of Q that ist he 62nd amino acid residue 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 thalL is the 27th amino acid residue substitutio- of K

that s the Thaming.26id (geldus T 0 subetitgion alB that ishe.82nd arug.agiddesidue with S,
an

altered to causes a medificartion in the charge of at least one
amino acid residue in the constant regilon in the antibody
other than the FcRn binding region: and

(b) recovering the antibody from the host cell culture;

{16] The method according to [15], wherein the modulation of
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] The method according to [17], wherein the modi
the charge of the amino acid residue is achieved 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, 31

to the Kabat numbering;



(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: (@) 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 amino acid residue (e) substitution of | that is the

241st amino acid residue with M, and , (f). substitution of,Q hat is.the 302nd amjno acid residue with E;
[40] The method a000rding to [36], wheréin the antibody comprises a complementarity-determining

region (CDRR). derived. from a-poahuman animak 5 framewotk-regien {FR) derivegkftem human, and a
constant region derived from human, and wherein the modification in the charge of the amino acid
residue is achievedsby suhstitution of.at least pnenamine acitkresidue thatrcar:berexposed on the
antibody surface in hc, constant 20 region of the antibody with an amino acid residue that has a
charge diffé&teént froli® thatlofsthesarirto Acidresidue; [41] The method according to [40], wherein the
substitution is at least one substitution in the heavy chain constant region shown in SEQ ID NO: 31

selected fro: SUEbsHttGH of H that i$the- $518€=nc Htid F8%ilte With Q= fb) Stibstitution of K that
is the 157th. amlréo acid residue with Q,

Wit
(p) substitution of K that is the 157th amino acid residue

with ¢,

)

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

(d) substitution of D that is the 239th amino acid residue

I
U’I
o
6]
n
¢t
}_.J
ot
o
ot
Fl
o}
3
Q
h
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1
-
jas)
¢t
}_‘
{n
ot
=
t8
3]
Eon
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&}
¢

aminoe acid residus

with M, and

(f) =zubstitution of O that is the 302nd amino acic residus
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
comprises & compiementaritv-determining region (CDR} derived

from a non-human animal, a framework region (FR) derived Irom

human, and a constant

H

ion derived from humarn, said method
comprising the steps of:

{a} culturing a host cell bearing a nucleic acid that encodes
the anti-glypican 3 antibody under conditions allowing for

-~

expression of the nucleic acid, wherein the anti-glypican 3

13



(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 antibady; [45].An antihody compuising: (1) g heavy chain

variable region shown in SEQ ID NO: 1 in which the amino acid sequence comprises at least one
substitution,selected fram: (a) substiwtionaf 8 thatds the 19th aminozacid £esiduerwith (b substitution

of Q that is the 43rd amino acid residue with E,
amino acid residue; and
{b) recovering the antibody freom the host cell culture;
[257 The method according to [Z24}, wherein the amino acild
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;

3
D
in
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je3
j o
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E +

5
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)
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=
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h
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substituted

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

substitution of the aminc acld residue 1s achlieved by:

{1} at least one substitution in the heavy chain variable

region shown in SEZEQ ID NO: 1 selected Irom
{a) substitution of V that is the 27th amino acid residus with

Ly
{p) substitution of A that is the 40th aminc acid residue with
L
(cy substitution of M that is the 48th amino acid residue wiin

I, anc
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(c) substitution of Q thatisthe 62nd amino acid residue with 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 0 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 (g substllutl%n Qf K tn jgs gl 79th_ amino_acne reggggewlmg%l substitution

tltat Tranine aclid

ol s L

of R that is ﬁ'i §§n amino acid reS|due With an&

and/or
{2V at least one substitution in the light chain variable
regicon shown in SEQ ID NO:

{8) substitution of L that is the 4Znd aminc acid residus with

94

=
o
4]
E_)
[N
o
D
3
'_l
1
my

() 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
cyooboxicity, comprising the steps oi:
(a) culturing 2 host cell bearing a nucleic acid that encodes
the antibody under conditions allowing for expression ol the
nucleic acid, wherein the antibody hag an amino acld seguence

“.‘_‘..’

altered to causes a modification in the charge of at least one
amino acid residue that can be exposed on the surface of &
cytotoxic antibody; and

(b) recovering the antiboedy from the host cell culture;

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

[317 The method according to [297, wherein the amino acid
residue that can be exposed on the surface of the antibody is

located in in the antibody other than the FcRn

sk}
4
193]
[te)
[.._' -
9]
3
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(K) substitution of K that is the 112nd amino acid residue with E; [46]. The antibody according to [45],
comprising the heavy chain shown in SEQ ID NO: 3 ana the light chain shown inrSEQ 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 6}%%9@9‘3 tPe{;ﬁﬂrWhiCh comprises a neavy chain variable region shown in SEQ ID NO: 27

and a light chain variable region shown in SEC. ID NO: 29; [50] The antibody according to [45]-[49]
comprising &corsant segion of a human. antibedy; The artibedy accerdinge.{503 yvhereinconstant
region comprises a sequence shown in SEQ ID NO: 32 or SEQ ID NO: 33; [52] An antibody
comprising=41)a heanrchain variable regiorsshown in SEQ ID NO: | in which the amino acid
sequence comprises at least one substitution selected from: (a) substitution of Q that is the 43rd
amino acid ?ésidtieswith Ko b Esubstitationof O #Hat.isvthe 52hd amind acid residuec

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

2 428, 435, 436 according to the Kabat

[#2]
98]
(8]
s
Lan]
-
[&9]
[....5
F .
~
G
Jon
I

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 in the constant regleon of the antibody;

[36] The method according to [2%81-[34], wherein the amino acid

residue whese charge is modified ig an amino acld residue

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

antibody that comprisss a complementarity-dsterminin egion

Wy
H

(CDR) derived from a nen-human animal, a framework 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

E.

residue that can be exposed on the antibody surface in the CIE

oy

+

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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N, and (c) substitution of Q that is the 107th amino acid residue with R; 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 e, ighy, chain.varigble fegion shownin SEQIRNQ110;, [34] The antibody according o
[52], comprising the heavy chain variablé region shown in SEQ ID NO: 6 and the light chain variable
region shawnlDNQ; 12;, {55}, The.antibody; acearding.to [52]6[54] cosaprising a constant region of a
human antibody; [5%] An antibody comprising at least one substitution amino acid sequence of the
heavy chain cofstantzegionshewnsiniSEQ.dD NO: 3ieseleected fromir(aysubsstitati on of H that is the
151st amino acid resid with Q,

region shown in SEQ ID N

o

1 selected from:

]
=

{a} substitution of that is the 19th amino acid residue with

Fh

|

{bY substitution o that is the 43rd amino acid residue with

(c) substitution of that is the 62nd amino acid residue with

L
¢

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

s
-
4
o
[§k]
¢
=3

(e} substitution of ¥ that is th amino acid residue with

substitution of G that i= the 66th amino acid residue with

{2} at least one substitution in the light chain variabie

regicn shown in SEQ I NO: 7 selected from:

it

h

i
™o
£

(g} substituzion cof R that 1s ithn amino acid residue with
{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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(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) substitution of D that is the 239th amino acid residue with E, (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 t ,the Fcr

egion_af the antibo
[43][S8. and a ﬁﬁ%ﬁrﬁéﬁéﬁﬁ%ﬂfiﬁﬁt

dy;[59LAGom
a%l’e carrier.

sition, gamprising the anhody, agording to

1 An anticancer agent comprising as an active

5

ngredent @e antibody according o 14C [HD [61] The anticancer agent according to [60], wherein, the
cancer is liver cancer; [62] A nucleic acid that encodes a polypeptide of the antibody according to
[45]8[58]; [63] A:hest;cell-camprising the.nucleic asid aceerdirg to[62]; 4644 sEhimbost cell according

to [63], wherein the host cell is

with E:

[29] The method according to [38], further comprising at least
one substitution in the heavy chain constant region shown in
SEQ ID NO: 31 =selected from:

(2) substitution of B that 1s the 15lst amino acid residue
with Q,

(b} substitution of K that is the 157th aminc aclcd residue
with Q;

(¢) substitution of R that is the Z38th amino acid residue
with ¢,

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

{e} substitution of L that is the 24lst amino acid residue
with M, an

(f) substitution of { that is the 302nd aminc acid residue
with E;

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

the modificatic

achieved by substitution of at
that can be expcsad on the ant

of the amino acid residue 1is
lezst one amine acid residue

ibody
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fucose transporter--deficient animal ¢ fucosyltransferase-deleted animal cell, or an animal cell in which
a complex branched sugar chain modification is modified; 1651 A method for preparing an antibody
comprising culturing the host cell according to [6 3] or [64] and recovering a polvoeptide from the cell
culture. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is'a chart obtained from the
- differential scanning calorimetric (DSC) measurement of the Hspu2.21,spu2.2 (Hu2.2.Lu2.2) antibody;
Figure 2 is an electrophoretogram of HOLD antibody and Hspu2 2Lspul.2 (Hu2.2Lu2.2) antibody in
high pl isoéfettfic e?ezctﬁ])“ﬁh&%éfstf Wherght Tarids FARA% §how pi Tharkers, Tane 2 &hows HOLD
antibody, and lane 3 shows Hnui gLseu2 2,(Hu2.21,42.2) aglibgdy. wherg the numerical. values
show- pi values of the pi marker molecules and the arrows show the electrophoretic mobilities of the
corresponding;pkmarkermelecules; 4: nFigure Jis an glectropharetagram of HOLR antibody and
Hspd1.8ispd1.6.8Ld1.6) antibody in low p1l isoelectric electrophoresis, wherein lanes 1 and 4 show pi
markers, lane 2sshows HOED-antihady,and fanend shews Eispdil-8tisped 6 (Hdd8ldl.6 antibody,
where the numerical values show the pi values of tpl market molecules and the arrows show the
electrophoseticimabilitiés of theleorrespendirg-piimarker: molecules; Figure 4 is a diagram that
shows the binding affinity of H15L4 antibody and HOLD antibody for glypican 3 antigen in competitive
ELISA, whéféinthelack diafmont refersto the binding affini & of the HOLB Sttty and the grey
square refers_to the binding affinity of the H15L4 antibody; Figure 5 is a diagram that shows the
binding affi’ﬁhilrbquspUZ.ZLspuz.Z (Hu2.21,u2.2) antibody and HOLD antibody for glyp can 3 antigen
in competitive FLI3A, wherein, the-black diamand refers; to. the, binding affinity, of. the HOLD antibody
and the grey square refers to the binding affinity of the 6ispu2.2Lspu2.2 (du2.2Lu2.2) antibody;
Figure 6 is,a diagtam that shows the binding affinity of Hspd.1.8Lspd1.6 (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 antibady ane:the: grey-squaretrefersitocthedindirngs affinity of the Hspd
.8Lspd1.6 (Hd1.8Ldi.6) antibody; Figure 7 shows the antitumor activity of the HOLD antibody,
Hspu2.2Lspu2i2 ¢Hu2.21du2.2) antibody, and Hspd1.611spd1.6 (Hd1.8Ld 6) antibody in a human liver

cancer-transplant mouse model; o _ | o o
{(d) substitution of D that 1s the 239%th amino acid residus

with E,
{e} substituticn of L that 1s the 241lst amino acid residue

with M, and

(£ substituticn of ¢ that is the 20Znd amino acid residue
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:

21



Figure 7A snows the antitumor activity of the HOLD antibody, Hspu2.2L(Hu2.2.Lu2.2) antibody, and
Hspd1.8Lspd1.6 (Hdi.ELdi.6) antibody in a human. liver cancer . transplant mouse modal when each
test antibody was -administered to the model at a dose of 5 mg/kg, wherein the black diamond shows
the activity for the administration of vehicle, the black triangle shows the.effectof the administration of
the Hspd1.8Lspc11.6 (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 arftiosdy; "™ FiGUre 78 Sows #r& anftitdiGr attivity 8f the HOLS antibody, Hspu2.2Lspu2 2
(Hu2.21,u25.§ggtn$ipggybgnd Hsgg]ébglfgpd_l.6 (HdI.BLdi.6) antibody in a human Liver

cancer-transplant mouse model when each test antibody was administered to the model at a dose of 1

mg/kg, whetein the black di. amond;shows the actjvity, fortheradni eon ef vehicle,dhe-black triangle
shows the effect of the admi stration of the Hspd1.871,s0di.6 (Hd1.8Ld1.6) antibody, the white circle
shows thegffect 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 ef:thecantibody: forfthe HOLO antibody? Fispu2inspug(H2 2 1i2i2F antibédy, 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, Hsbu2.2Lspu2.2
(Hu2.2Lu2.2) antibody, and, Hspai»ﬁfl,sg?l._ﬁ (Hd1:81sdi;6) antibody administered to g hiSran liver
cancer-trani$plafitifouse friodel When ei2h test antibody was administered to the moder at a dose of
5 mg/kg, wherein the black triangle shows the plasma concentration of the Hspd1.8Lspd1.6
(Hd1.8Ld1.6) antibody, the white circle shows the plasma concentration of the Hspu2.2Lspu2.2
(Hu2.2Lu2.2) antibody; and:the black square snows.the: plasma gengentratien of the HOLD antibody;
Figure 8E shows the plasma concentration of the ant day, for the HOLD antibody, Hsou2.2Lspu2.2
(Hu2.2Lu22) antibody, and Hspd1.8Lspd1.6 (Hd1.8Ld1.6) antibody in a humanhe cancer-transplant
mouse model when each test antibody was administered to the model at a dose of 1 mg/kg, wherein
the black triangleshows: the ptasmia €oncentrasiontof theth amino acid residue with

¢, and

(fy substitution of G that is the 66th aminc acld residue with
D;

and/or

-4

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

-1

2

which the amince acid seguence comprises at 1least ons

2
h
H
Q
=

substitution selecte
(g) substitution of R that 1s the Z4th aminoe acid residue with
o

(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

e8!
[
o
8l
it
L
w

substitution of

i

S, and

a7



Hspd1.813spd1.6 (Hd1.61.,d1 6) antibody, thecircle shows the plasma concentration of the
Hspu2.2Lspu2.2 (Hu2.2Lu2.2) antibody, and the black square snows the plasma concentration of the
HOLD a ibodv; and Figure 9 shows the ADOC activiLy of test antibodies against HepG2 cells, a
human liver cancer cell line, wherein the black triangle shows the ADDS 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, and the black square snows the ADDS activity, by the HOLD qntibgtzﬁly. .__Figure 10 shows
the binding }éffirﬁtg?BFHéIFF@EDOdnﬂ’boﬂgﬁ%&fSﬂ&.e%ﬁi%éoo%%mﬂfﬁﬁﬁbé‘dy and Pr /pL16 antibody
for the antigen glypican 3 measured by a competitive ELTSA, wherein the black circle shows the
binding ac“fi\‘/l‘ts? of the HOLD antibody, the white circle shows the binding activity of the Hd1.81,d1.6
antibody, thedlagk square;shows the binding activity of the. pk7pl14,antibody..and the white square
showsthe binding activity of the pH7mL16 antibody. Figure 11 shows the antitumor activity of the
HOLD antiboglys, pkhiat, 14-antibody-and pH7plki6 antibodydna mouse srodet implarted with human
hepatic cancer, wherein * shows the antitumor activity of the HOLD antibody, the white circle shows
the antitumaor activity: of the Hd1.8Ld1.6 antibody, the black square shows the antitumor activity of the
p61212L14 antibody, and the white square shows the antitumor activity of the pH7pL10 antibody.
Figure 12 sHowshe plasieréanéentration of fite antibody f8Fthe"HOLD antibhodyy Hd1.8Ld1.6
antibody, pH7pLlody, pH7pL16 antibody and gHjMSgpL;LG‘iQ mice, wherein * shows,the plasma
concentratioh oP tHe' IOLD antitody, the whité'Eitcle Showsplasma concentration of ttie Hdl.8Ldl.6
antibody, ngcl&,squ?qe, 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
concentratiop;of the. pHZMBSpL16 in.mouse, +o Figure,13 shows:{he:AQR0 ackivity py HOLD
antibody, Hd1.8Ld1.6 antibody, pH7p1,14d_ Sand pH7pL16 antibody against HepG2 cells, a human
liver canceggell Jing; wherein the blackseitcle showesther ADwactivity:by the HOLD antibedy,

variable region shown in SEQ ID NC: 28;
(497 The antibody according tce [45] which comprises a heavy

-,

D NC: 27 and a light chain

3

1C

chaln variable region shown in SE

variable region shown in SEQ ID NO:

o

29;

[50)] The antibody according to [43]-[49] comprising & constant
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

)

= .
-

NO:

&

{52} An antibody comprisin

[te)]

{1} & heavy chain variable region shown in SEQ ID NO: 1 in
which the aminc acid sequence comprises at least one
supstitution selected Irom:

{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



the wh.ite circle the ADC activity by the Hdl. 8Ldl. 6 antibody, the black square the ADCC activity by
the OH7pL14 antibody, and the white square the ADCC activity. by the pH7pL16 antibody.  Figure 14
shows the binding affinity of the HOBO antibody, HOM85LO0 antibody, pH7pL16 antibody and
pH7M85p(i16 antibody for the antigen glypican 7 measured by a competitive EirlSA, wherein the black
triangle showsbinding activity of the HOLD antibody, the black square shows the binding activity of the
ROMS8SLO antibody, * shows the binding activity of the pH7pL16 antibody, and the white diamond
shows thé”bin?ﬁﬁjg activity of the pH7MB5pLI6 antibody. Figure 15 shows the ADCC activity by the
pi-lip-LIB antibody and pR7M85p1126_antibady against He cells,. a human liver cancer cell line,
wherein tf?ecwh%tgggq“u*dr%t§noéi/v§ ?hlégAﬁal(%C é%v?fg&/gbﬁh%f)pl-%%i% a%ﬁ%hgdr?/f g%g %e black triangle
shows the, Apnr activity by the pH7M85pL16 antibo DESCRIPTION OF THE PREFERRED
EMBODIMENTS The present invention provides a method of modulating the plasma kinetics of an
antibody (g« anti-glypican 3 antibody). In a preferred embodiment of the present invention, the
method comprises the modification in the charge of at least one amino acid residue that can be
exposed orzthessurfate of the antibody{eq. mglypican@antibodyfThat i$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 i catise &EhAAgE FA the 1sbElBcpoiriEp L therésf. The antibddy (e.g. anti-glypican 3
antibody) having modulated plasma kinetics is able to exhibit an antitumor activity on cancer cells that
is superiortothat bf thé linffodiatéd antiBody.  Among tt several antibody isotypes, the principle
metabolic pathways of the 19G antibody,do not praceed yia tengl excretion due Jothe sufficiently high
molecular weight of the 1gG antioo1y. Tﬂe IgG antibody, which contains toe Fc region as a part of its
molecule, is known to have a long in vivo half-life due to recyclino by a salvage pathway mediated by
the neonatal Fc. receptor (FORnN), which is expressed by endothelial cells in, for example, the vascular
system. It issthosight that theolgG antibedy is metabelizéd mainlyby metabotie pathwaysiin endothelial
cells XuT.,

R, and
(f) substitution of Q that is the 105th amino acid residue

with R;

n

heavy

[53] The antibody according to [52], comprising th

{
b

chain variable region shown in SEQ ID NO: 4 and the light
chain variable region shown in SEQ ID NO: 10;

(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;

T
O

£
g

[55] The antibody according ! [52]1-[54] comprising & 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 ¢,



Melrose J., Mullowney A., Vasquez M., QueenVexier V., Klingbeii C., Co M. S., and Berg K. L.,
Humanization and pharinacokinetics aof a monoclonal antibody with specificity for both 5- and
P-selectin, J. limunol. (1998), 160(2), 1029-35). That is, it is thought that the IgG antibody-is recycled
through binding to 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 binding activity to FeRn exhib a shorter half-life in the plasma. In contrast, the plasma
half-life of the 1§E & tiiothy€2n e icrédded by mbditying ™ aifind adid tésidties Eonstituting the Fc
region of the IdG_antibody so as to increase the binding activity to FORn (He X. Y., Xu Z., Melrose J.,
Mullowne)‘/"’%f,}\/gsquez M., Queen C., Vexier V., Klingbeil C,, Co M. Si, and Berg E. Humanization and
pharmacokineticsof & menoglonal antibody with.specifigity for both Es and 9:selectin, J. Immunol.
(1998), 160(2), 1029-35; and LinksOber RJ, Radu CG, Ghet e V, Ward ESifferences in promiscuity for
antibody- ipteractions across species) implications for therapeutic antibodies.Laindnal. (2001) 13(12),
1551-9). As described above, the known methods for modulating the plasma kinetics of the 1gG
antibody i.nuolvedrmodification affthe hineling activity tozFoRnalby. modificatior ef amiino acid residues
constituting the Sc region. Specific examples of the above amino acid residues include the amino acid
residues H250; H253 H310, H311, H314, H428, H435 and H436, according to the Kabat numbering. In
addition, the amino acid residues H254, H255, H257, H288 H296, H307, H309, H315, H415, indirectly
involve the'fiterdl¢hidh Hetivedh [T Antibddies’and FoRm, We A tHoUdH o bé Tie tafget for modification.
These amino acid resigéles correspond to, for example, the 130, 133, 190, 191, 194, 308, 315 and

al

316th amir‘i%%%id?e&dues, and the 134, 135, 137, 168, 176, 187, 189, 195, 295 and 313rd amino acid
residues in SEQID NO:30, as,welk as the 133,136,193, 194, 197, 311, 316,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,,respeetively. 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 torrelation.: Thds; itispowsshowa thatthe plasma halfdife of theantibody (e.g.
anti-glypican 3 antibody) can be modulated without mo ifyina 'the amino acid residues constituting
KoRn bindirepregien, whesé mddification 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, H296 307 H308 HELS5, 31415 GhiHA33 according'to tHeKabat murnbring” ftWas also a
surprising result that the modification in the.aming acid residues other than H250, H253, H310, H311,
H314, H428>H435 and 16436, as well 38 H254. H255, H257, H288, H296, 307, H309, H315, and
H433 exhihited g 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 nonspeciiciuptake: obthe-lge antibodyrby endathelial eelts isithoyight ta depend on
physicochemical Coulombic interaction between the IgG antibody and the negatively charged cell
surface. itlg thierefore thoughtthatadecrease (increasakinlthec€oulombio interaction by lowering

sing) he pi of the IgG antibody may cause decrease (increase) in nonspecific uptake by the endothelial

501 An anticancer agent comprlising 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 [453-1{58];

7621 A host cell comprising the nucleic acid according Lo
(021

{647 The host cell according to [62], wherein the host cell is



endothelial cell resulted in the modulation of plasma kinetics. As used herein, "decreasing the
Coulombic interaction” means an increase in the Coulombic forth as expressed in a repulsive force.
Since Coulombic nteraction between the antibody and the cell surface negative charge of the
endothelial cell is a physicochemical interactions believed that erection does not primarily depend on
the amino acid 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 antibodi&s Ut Hot liffitsd go onfy a specific antibody or anthglypican 3 antibody.  When an IgG
antibody is Ysed.as the ntibody (e.g. Antizg ynican. 3 antibody) of the present inventiop, any subtype

=

may be used as %ong as It is an lgGetype antibody molecule. A bispecific IgG antibody may also be
used. Whep, the, antibady {8.9. anti.glypican,3 antibody), of the presentinventiends a:kispecific
antibody, the antibody can also specifically bind both the correspondino antigen (dlypican 3 molecule
in the case of a ti-glypican; 3rantihody)-anid an=epitope.other thanthatantigen. Eoréxample, in order to
recruit NY cells, cytoto ¢ T-oells, LAY cells, and so forth, a surface antigen that specifically binds to
these cells:nraybe suitably ased asianother aptigenr It Has béan showat tHatcytétoxicity by LAN cells
is exhibited against bile duct cancer using a bispecifdc antibody produced from the MUSEII antibody
recognizing MU tar adehtarcifionfasrelated ahfigen), and OKT3 antibody recognizing LAK cell
surface antigen (Katavose Y., Kudo T., Suzuki V., Shinoda M., Saijyo S., Sakurai N., Saeki H.,
Fukuhara K., Imai K., and Matsunc S., MUCK-specific targeting immunotherapy with b specific
antibodies: inhibition of xenografted human-bile-dyct-carginoma grewth, Cancer Res. (1996) 56(18),
4205-12). The antibody (e.g. afnegivpican 3 antibody) having improved plasma kinetics of the present
invention can be suifgbly used in place-ef the-zEl| antibedy regegaizing MUE] zIn addition, ar ibody
that recognizes different epitopes of the antigen to which the antibody binds (glypican 3 molecule in
the case otaanghypican: 3antibady) carmalso be suitablysusedas the bispecific artibody (e.g. an
-glypican 3 antibody) of the present invention.the case of low molecular weight antibodies for which
renal excretiorristheZmain aietabelic’ 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 any antib®dymélectlé tyie RIETsCa FEECSRIRY protéif for Which réalréXeretion is not the
main metabolic Qagrwa}/?.ﬂE)éamEI‘e;s of such molecules include sof-Ai-Fe, dAb-Fc and Ec fusion
proteins. SIHce the main métabolic pathway of these molecules i ndt via metabolism by renal
excretion, the plasmaet cs.qf.thesg.molecules can.be modulated by ehanging the ptaccerding to the

T .

method of the
shows HOLO antibody, and lane 2 shows HspulZ.ZLspuZ.Z

(Huz.2LuZ.2) antibody, whear valusg show the pl

il
¢!
o

the numerl

arrows show the

i

vaiues of the pl marker molecules and th
electrophoretic mobilities of the corresponding pl marker
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

electrophoretic mobilities cf the corresponding pl marker
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present invention. Antibody-i. _Joe moleculesincluded in the antibody molecules envisaged by the
invention. Antibody-like molecules are molecules that function by bindingS to a target molecule (Binz
H. K., Amstutz P., and Pluckthun A., Engineering novel binding proteins from nonimmunoglobulin
domains, Nat. B o schaol, (2005) 23(10), 1257-68); and examples include DARPIns) Affibody, and
Aylmer. term "moduated plasmaa” as used herein means that the plasma kinetics are modified in a
desired direction when the plasma kine cs of the antbodl after modification of the amino an s constitu
ing the anfiSody €= &'i-glypican 3 artmhody are compared with the p asma flnetics of the antibody
ormor to moaifcatior when it is desired to increase the plasma half-life of the-antibody. (e .g. a glypican
3 antibody), "moagﬁ%%% of the |§Ia‘s‘r"nafaﬁfeé%r'c{:s(%i Z}Sferg%mgn iLﬁ%?eé)s*en#%%e%%&%%ﬁa%—lﬁife of the
antibody. When,it is. desired tg decrease the plasmahalf-life. of the-antihody (e.g. anti-glypican 3
antibody), "modulation of the plasma kinetics'refers to decrease In the plasma half-life of the antibody.
Whether the,plasma kiretigs;et:the.anrtibady {e.9. mntiglypicam3ihody) of tbeqpreseat invention have
been modified indesired direction, that is, whether the plasma s have been modulated as
desired, can beapprepfately evafuated by phasmatokitietiertéstsgsings forraxample, mouse, rabbit,
dog, monkey, and so forth. In addition, an "extension of the plasma half-life" or a "decrease of the
plasma haldiferas used ereti fidyf akso bé tormprehertled via batamteters other than the plasma
half-life parameter, such as the mean plasma residence 4- e and the p a ma clearance .
(Fharmatokinetics Z&hHi§sis by’ Practics (Nanzando)) £or example, thé “niodulaton of the

plasmakin Iiscs;@cfgégi_yg to the present ir%werg;grli B%q%bea%%itqpﬁ gvgllll{qtggdvggitq these parameters by
carrying out ioricompartmental analysis according o the instructions accompanying the WinNonlin

(PharSight)&ﬂfﬁYQﬂb%Wﬁ%ﬁ”@'ﬁ/@%%@ﬁW@ée-ELIS?—;r whersin the black

h

diamond refers to the binding affinity o

Y the HOLGO antibody
and the grev sguare refers to the binding affinity of the
HespuZ.2LspuZ. 2 (HuZ.ZLuZ.Z) antibody;

Figure & 1s a diagram that shows the binding affinity o©

4

Hspdl.B8Lspdl.& (HdA1.8Ld1.6) antibody and HOLO antibody for
gilypican 3 antigen in competitive ELISA, wherein the black
diamond refers to the binding affinity of the HOLD antibody

Tl

h
=
6

and the grev sguare refers to the binding affinity o
Hepdl.BLepdl. 6 (HALl,.BLal.é) antibody:

Figure 7 shows the antitumor activity of the HOLOD

b

antibody, HspuZ.2Lspu2.2 {(HuZ.2LuZ.2) antibody, and

Hespdi.BLspdl.& (HAL.BLdl.6) antibody in a human liver cancer-

Q1
rt

transplant mouse model;
Figure 7A shows the antitumor activity of the HOLO

~

antibody, HspuZ.ZLspuZ.Z {Hu

e

L2Tu2 .2y antibody, and
Hspdl.8Lspdl.& (Hdl.8Ldl.é; antibody in & human liver cancer-
Transplant mouse model when each test antlibody was
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The phrase "amino acid residue that can be exposed on the surface" as used herein generally denotes
an amino acid residue that resides on the surface of the polypeptide constituting the antibody (e.g.
antl pican 3 antibody). The phrase "amino acid residue that feson the surface of the polypeptide"
refers to an amino acid residue whose side chain can come into contact with solvent molecules
(typically water !pie les). All of its side chain need not come into contact with solvent molecuies If even
a portion oj the side chain of an amino g:id Lesjdge comes into cpkr:ltact vr\{gggolv%@emolecules, suan
amino acid TRt & Ehdiderat t3'68%h amifo aeid résidie THat Tesides on the surface. Those
skilled in ne art.can construct a homology model of the. pobypeptide, or.antibody usinc commercially
available homofogy moéﬁmg software. Based or this homology modal, amino acid residues on the
surface of.the polypeptide constituting.the, antibedy: (e:g= antglypican d-antibody) can be
appropriately selected as an "amino acid residue that resides..on the surface of the olypeptide".

The "amingsgcid residue thatcanbe exposedsan the sarfase’ issnot:pdrticedarkyolimited in the present
invention, but is preferably an amino acid residue residing outside the FoRn binding region of the
antibody (eige anitiigypicarr 8= shody). Five FoR birding régidnris préferabhPthe’Pclregion, but also
include, for example, a region consisting of one or more amino acid residues H250, H253, H310,E314,
H428, H435aHd H436 \ccordingto’thekabatRumbieting. I addition the amifid aéid residues H254,
E255, H257, H28§,%Ezg§,,H§p7, H309, H3115,F H§;§ébi4§§’ C\)/\gpiglp]!énq;{)e ;Iyairrilygl!)ve gh,e interaction
between 1§03 8htibodfesand FeRn, were fiought o 'be the target for modification. Fhése amino acid
residues correspond to, for.example. the 130,133,190, 191, 194, 308, . and316th amino acid
residues, and the 1%47 135, 137, 168, 176, 187, 189, 195, 295 and 31! 3rd amino acid residues in SEQ
ID NO:30, as wellas the 433 136,493, 194:197::314, 318:and 849th amino acid residues and the
137, 138, 140, 171, 179, 190, 192, 198, 298 and 316th amino acid residues in SEQ ID NO:31,
respectivelyspd: . Ene@mine acidresidife. to bersubjectedito chargeanodificationdnthe-antibody (e.g.
anti-glypican 3 antibody) according to the present invention is preferably an amino acid residue
constituting the: fredaychain(# chain} vafiablepegionsst antibody was

administered to the model at a dose of 1 mg/kg, wherein the

r the administration of

Fh
Q

o]

black diamond shows the activity
vehicle, the black triangle shows the eifect ol the
administration of the Hspdl.B8Lspdl.6 (Hdl.8Ldl.&6) antibody,
the white circle shows the effect of the administration of the
HspuZ.ZLspuZ.2 {(HuZ.2LuZ.Z) antibody, and the plack square

shows the effect of the administration of the HOLC antibody;

dm

Figure & 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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or the light chain (L chavariable region of the antibody. Preferred specific examples of these variable
regions are the complementarity-determining region (CDR) and framework region (FR). Those
skilled in the art can appropriately select a surface amino acid residue in the antibody's variable region
based on a homology model built by homology modeling. Thus, a surface amino acid residue in the
antibody's variable region can be suitably selected from H1, H3, HS, H8, H10, H12, H13, H15, H16,
H19, H23, H25, H26, H39, 342, H43, H44, {-I46 H68, H71, H72, H73, H75, I;|J7ghl7|§gl H82b, 1183,

H85, H86,ﬂibg?ﬁ}io‘@?iﬂ%%lnsdtﬂﬁa, whic ngrgfgcrheiﬁo acid residues according’to the Kabat

numbering, For.xample. jodbe R of the humanized:ants. o620 3 ibody heavy chain shown i
StlQ 7D NO: 7, the surface amino residues may include, but not limited too the amino acid residues at
positions L3, 5i80,682,13,.26, (191231215, 26, 39:48143, 441146,69,:22,c13¢4.76, 82, 85, 87, 89,
90, 107, 110, 112, and 714. A surface amino acid residue in the heavy chain CDR can also be
selected usingrthezsamelhemwology mrodela Thas, HO7an aming agidsresidue according to the Kabat
numbering is exposed at the surface for almost all antibodies. For example, the serine at position 101
in the heavy eRaf-CDR 'ofahe Hifanized anti-glypicart 35miscdyEsheWwn T SEEAB™NO: 1
corresponds to that amiho acid residue. Suitable examples of other amino acid residues in the heavy
chain CDR Tt htifnarized anti:glypican 3"antibody’ shown in SEQ ID NO: | are the amino acid
residues at positions 52, 54, 62, 63, 65, and 66, . .Wih respect tg the light ELIJW“ ER,.surface amino

acid residues in the’antibody's variable region can be suitably selected from LT, L3, 17,°L8, L9, Lil, 112,

L16, L17, 18, 122, 126,139, 17L:442:1:43,1.45 446, 179,127, :60; .65, 4.66,166, L69, 170, LT:,
L76,L77,L79, L80, L81, 1,65, L100, L103, 1105, L106, and L107 of amino acid residues according to
the Kabat aumbesing. Farsexample;:surfacecamio agidsomay inelugden butnot 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, 799 81, 82, 84,
85, 86, 90,:k05;:108,rE:1B8r1kbrand 142 ofthe humanizedgiypiean Fantibody shewn in SEQ ID NO: 7.
Surface amino acid residues in the light chain CDR can be selected using the same homology model
as the hontsiBgy McaeRRithwhich thetifade anfine acitf resifides in thd*Reavy chain CDR were
determined. Sui_table_exarpples of amlIno acid residues in the CDR of the humanized Ati-glypican 3
antibody ligHEcHainsHoW n SEGIDN®: 748 th.6 AHind adid reSidues af positions 24, 27, 33, 55,
"modificatign” in an aming acid residug in the.methqd of the present invention

and 59. o ‘I;)igmitegms
specifically éenét'es,“lnte'r alia, substitution of an orlglnaji amino acia residue with another amino acid

residue, deletion, of an.original,-amino acidsesidue, :and: addition of a new,aming acid residue, and
preferably indicates the substitution of an original amino
antibody, and the black sguare shows the plasma concentration

of the HOLO antibody; and
Figure 9 shows the ADCC activity of test antibodies
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,
and the black sguare shows the ADCC activity by the EOLD
antibody.

i

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

(i

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

t
—y
0]

antigen glypican 3 measured by a competitive ELISA,
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acid residue with another amino Solo residue. Thus, "modification in the
residue” in the present invention is preferably an amino acid substitution.

charge of an amino acid
In order to carry. out

"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 modified for at least one amino acid residue selected

from the amino a ic residues at positions 19, 43, 52, 54, 62,65, 66, and 1
region constituting the humanized anti-

9

charge is pretéfably migdified forexample:*°F At fedst dne aming aeid fe:
acid residyes at positions 17, 24, 2¢,81.59,,79..82,

constituting the humanized anti-glvpican 3 a

07 in the heavy chain variable

I);Eglccan 3 antibody shown in SEQ ID NO: In addition, the
| )

s‘fdﬁ)eI s%fle@cted from the amino

08,and. 112 in.the light chaln variable regi on
ntibody shown in SEQ ID NO: 7. Among the amino acid

residues listed abeve,; amino acid residues other: than those.modifiad:in:its. charge nged not be
modified as long as the desi:red modulating effect on the plasma kinetics is being obtained; however,
such aming-acié residsestnayconventionatly ynadifieekso as4o#have=nae gharge ontehave the same

type of charge as the modified amino residue(s).

Charge-bearing amino acids are known to be

present. Incgenerallysmex(KYy, argiyn ¢R),-ard his' dinks(H)areckaswn as positively charged amino

acids. Aspar(D) and glutamio acid (E) are known as negatively charged-

amino acids. The amino

acids other than &8 &re- knéiiti'as e uRthafgdtP anfifio dtids. ©* Préferdbly the aforementioned

"modified arplno acid res}lQue"jiﬂscoqventionaIIX§ ected.from, but not
residues présentin gither gt the fllowing groups (a) and (b) (&)

L

PS

(b)

elected from, but not limited t

giu amic acidm(E),Seaspartio acid (D) (t)

d 1o, the amino acid

ivs e (K), argin.ne (R).,and histdiog (H).,..., Whenthe qriginal (presmadification) amino acid residue

already bears a charge, modification so as to provide an uncharged aminc acid residue is also a
preferred embediment of thepresent inyention. -Thus; medification inthe prese invention

encompassessubstitution of a charged amino acid

shows the antitumor activity of the Hd1.8Ldl.6 ant

tibody, the

klack sguare shows the antitumor activity of the pH7pLl4

antibody,

The DH7pL

16 antibody.

Figure 1

for the HOLC antibody, HdL1.8Ld1.€ antibody, pHIpL

pH7pL16 antibody and pHTME8LpLle in mice, whereln

plasma concentration of the HOLO antibody,

- 2

shows the plasma concentration of the HAl.B8Ld

black square shows the plasma concentration

antibody, the white sguare shows the plasm

A}

the pHT7pLlé antibody, the black Triangle shows th
concentration of the pHIME5pLlé in mouse.

Figure 13 shows the ADCC activity by HOLO an
Hdl.8Ldl.6 antibody, pHTplld antibody, and pHYpLl
against HepGZz cells, & human liver cancer csll
the black circle shows the ADCC activity by the.H

0

ling,

and the white sguare shows the antitumcr activity of

shows tThe plasma concentration of The antibody

14 antibody,

*

e plasma

tibody,
o antibody
wherein

CLU antibody,



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 amino acid residue constituting the antibody (e.g anti-glypican 3 antiboso as to
change the isoelectric point (pl) of the antibody is preferred for the present invention. In addition, in
those instances where a plurality of amino acid residues will be modified, the amino acid residues
subjected {g modification may inqlude,a.smallnymber gfubebarged aiino pod feaidyes. Suitable
examples of the "modification in the charge of an ‘amino acid residue™in the a H glypican 3 antibody of
the present invention are as folloyws 2With regard to a modificatiom that increasesdhe pi value, for
example, at least one substitution selected from Q43K, D52N, and Q1075 in the heavy chain variable
region constituting: thenhumagnized ant glypican 3 antibedy showmin SEQID NQ@rkeande.made, and a
modification to the amino acid sequence shown in SEQ ID NO: 4 or 6 is partiularly preferred. In
addition, for example;atleastome substitutioniseleeted from/5 FZQL 275 Land O1058 i the light
chain variable region constituting the humanized anti-can 3 antibody shown in SEQ ID NO: 7 can be
made, andi8fRédficationeke dmino-aticPSedustice SROWRHN'SBID HY NO- 1856112 i particularly
preferred. With regard, on the other hand, to a modification ' t decreases the #J\ value, at least one
substitutioh "Sel8&tedFrOm KT ‘GA3E, BB2E; K635 K650 ARd G66D in the heavy chain variable
region consfituting the humanized anti-glypican 3 antibody shown in, SEQ ID.NO: 1.can be made, and
modificationthe amino acid sequence shown in 85Q 9D NO: 3, 5 or 27 is particularly preferred. In
addition, farexample, at least-gpe substitution:selected f£0m,524Q; Q27F 79, RS2Sand K1125 in the
light chain variable region constituting the numanizeo anto-glypican 3 antibody shown in SEQ ID NO: 7
can be made: andvmedificationdeamino acid.sequence shiawn inSEQLHY NO: 9128 or 29 is
particularly preferred. In addition, the modification that decreases the pi value also include substitution
of one or moreramine atidresiduesdn the heavychaimconstayegion designated by H268, H274,
H355, 19356, H358 and H419 according to the Kabat numbering. Preferred examples of substitution is
at least oné‘médification in‘the MeA{R ehaif cBhistalitrégion shown in SEQ ID NO: 31 includes, for
example, substitution of that s the 151st amino acid.residue with Q, substitution of, fhat is the 157th
amino acid residue With"Q; substitlition of ‘that isthe 238th amino acid residue WAL . Substitution of

and pHTME5pLlé antibody against HepGZ cells, a human liver

ol

cancey cell line, wherein th

[0

whii

¢

e sguare shnows The ADCC

activity by the pHTpLle antibody, and the klack triangle shows

J

“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

]

31



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 gg'g:l residues slulb'ec;eg;gpmgdijigatigg; WQSQ,‘ LOI?%X%ng%{De %/a;iable region of
antibody i$ beirig modified, preferably Thé téwest number of amino acid residues nécessary to achieve
the desired,modulated plasma kinetics is modifigd, ip,order to, avoid-lowering the, bindng activity to
.anticen and in order to avoid raising the immunogenicity. It may also be suitable to implement a
suitable combinationan-aminge agidikesidue modification that.causesa deglinesndmmunogenic v and/or
an amino acid residue modification that causes an increase in the binding activity to antigen.

Known techtiques can:be-tsed tosneasutenthe antigem dinding activity Ofthecantibody. For example,
enzyme-linked immunosorbent assay (EL S ), enzyme immunoassay (=A), rad o munoassay (RIA), or
a fluorescemmgramuricassay-cdivbe-used. These methods are described in a common textbook,
Antibodies:oratory Manual, Ed Harlow and David Dane, Cold Spring Harbor laboratory, 1988. The
methods describBBBHF pagss B5F15 420 6F Aitibodiés: " F5 O atory Mand& (Ed Harlow and David
Lane, Cold Spring Harbor laboratory, 1988).are examples of methods that can be used to measure an
antibody'sI%?r%ﬁglalgti\ﬁt?“t%%e\i%. %he'bnihdfr% a%ﬁﬁi%f/g ?ndzsi\’y b6 evaluated based on a SACS
(fluorescence, activated. cell sortor ELISA Pringiple using:the cells.as, an-antigen.,/n the ELISA format,
an antibody's binding activity to cells i4 quantitatively evaluated by comparing the signal levels
generated by amenzymaticreaction. Thus; adest antibagdy is;added dor-an:FLESAmpate-on which th
over-expressing ce s have been immobil zed and the antibody bound to the cells is detected by an
enzyma-labeletbacinooy that recognizes the ¢estlantibodyk i tine taseafdACS;the binding activity to
cells can be compared by constructing a dilution series with the test antibody and comparing the
antibody binditig tieersfor fe Bver-expressingcells®y =Bhnaditiy beRFéSn an Bftigén 8xpressed on the
surface of cells suspended in a buffer and not anchored on a carrier

by the neonatal Fc receptor (fcRn}, which is expressed by
endothelial cells in, for example, the vasculay system. It is
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
pharmacokinetics of a monoclonal antibody with specificlty for

both F- and P-ssliectin, J. Immuncl. {19983, 160{(2Z), 1029~25;.

That 1s, 1t is thought that the IgG antibody 1ls recycled

4

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

w
n
=
O
B
¢t
M
=
5

half-life in the piasma. In contrast, the plasma

half-1life of the IgG antibody can pe increased by modifying

s
1



(such as an ELISA plate) and an antibody for this antigen can be meas ed by the SACS format. Flow
cytome e s used in such measurements may include FACSCantom Il, FACSAriaTM, FACSArrayTm,
FACSVantagerm SE, and FACSCaliburTM (al] from BD Bioscience) 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 antigoci_)/fregcgedwéthcell expressing
glypican FTHe tefls He SEmBdwith 4R ErfCHabeled Se&dndary antibody that fécognizes the test

antibody; the fluorescent intensitymeasured with FACSCalibui. (BP).and a ed ysing cFLI QUEST
software (gb)%ﬁ%cg%réi%gatso this %n%tﬁ‘d&s ﬁ}éﬁvitlleést%%i@é)%gy ligo(L!thf:i)V flob?he gI;%%gjn éHonr%%e surface of
olypican 3Ye>§pr>@§s'gw_q calls is.stained by, FITS~labeled secendary antibedya-specifically recognizes
the test antibody, and the fuorescet ntensti iz measured by FACScalibur, then the geometric mean
value (test;geodnean value).abtained by analysissof, therresaling fluorescent intensity is compared
with the control geo-mean value obtained from a control antibody using the CELL QUEST software
The computationat formulasthap yistdthe ioeoemean value (eomecniearare described in the CELL
QUEST Software User's Guide (BD Biosciences). In order to avoid increasing the in Mitt)
immunogenicity ToFtHe htifrian Féceiting the affibody, e Fhodified-amifd*483d sequence is
preferably, but not limited to, a_ human sequence (seayence seern in.a natur occurring antibody of
human or §inj” i additior: ’muﬁYi%%EECan%g Slei”h'g‘ %/%ﬁterbdﬁééd%??o‘zcg%gdn:éc%%“elr%hgh the
modifications Intioduced p.change the isaelgelric,paipt. 50,23 10 modify. gagn of the plurality of FRs
(FR1, FR2, %‘RQB, R4Yinto a human sequence. A method that converts each of the FRs into a human
sequence in, this.manner is reparted by Ono.K s Qhtome T Yoshida:K . ¥eshimuwa Y., Kawai S.,
Koishihara Y., Ozaki S., Kosaka M. and Tsuc iya M., The humanized anti-HM1.24 antibody effectively
kills multiple, myetemascells-by human effectorncell-nediated cytdtoxi | y, Moldkmmurse?. (1999) 36(6,
387-395. In addition, in order to change the isoelect ic point of the antibody, each of the FR sequence
may be converted torandtherhunsarncRER sequenciiiedrdet t6 changesthie chargeiska particular FR
(for. example, FR3 may be exchanged with another human FR in order

the IgG antibody involved modification of the binding activity
o FcRn by modification of amino acid residues constituting
the Fo region. Specific examples of the above aminc acid
residues include the amino acid residues HZ250, HZL55, H3LO,
E311, H314, H428, H435 and H436, according to the Kabat

numbering. In addition, the amino acid residues HZ04, HZLL,

257, H2B®, 0296, H307, H309, H31:, H41

W

, H433, which
indirectly inveolve the interaction between IgG antibodies and

FoRn, wers thought to be the target for modification. Thes

il

|3
£

amino acid residues correépond to, for sxample, the 130, 133,
190, 191, 194, 308, 315 and 316éth amino acid residues, and the
134, 135, 137, 168, 176, 187, 183, 1%5, 295 and 313rd amino
acid residues in SEQ ID NO:30, as we=ll as the 123, 136, 193,

194, 197, 311, 318 and 31%th amino acid residues and the 137,

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



to lower the isoelectrin point of the antibody). Such a humanization method is reported in Dall'Acqua
W. F., Damschroder M. M., Zhang J., Woods R. M., and Wu H., Antibody humanization by framework
shuffling, Methods (2005) 36(1), 48-60. In those instances where the desired modulated plasma
kinetics are not achieved by a modest modification of the surface charge, an antibody (e.g.
anti-glypican 3 antibody) exhibiting the desired modulated plasma kinetics can be suitably obtained by
the repetitive execution of surface charge modification and eyaluation of pla kinetics. The
plasma Kinetics of ghfrﬁer%%lfgo %Tjg g’chﬁ?nSeEDrchéﬁF E, P-selectin %rn‘[ibg%lyé(%%g)fﬁhve been
compared.with thase of HUEP5C7.94,:a hymanized antibodyd(Ga, and, the,wo were-shown to have the
same plasma kinetics in the rhesus monkey (He X. Y., Xu Z., Melrose J., Mullowney A., Vasquez M.,
Queen C. . Yezier My Klingbed: ., €6 Mi:S n and-Berg:Humanizatien iang.pharmacekinetics of a .
monoclonal antibody with specifibity for both Ee and P-selectin, 3. Immunol. (1998)160(2), 102H-35). In
additDsong the ptasma kinetics>of,ch5d8,zachimeric antiz0D 154 antibody have beentéompared with
those of the humaniced antibody Hu5, 8 in cynomolgus monkey and the two were shown to have the

.....

Benjamin C., Hess D. M., and Jusko W. J., Pharmacokinetics/dynamics of_5<;8,tg monocl onaw
antibody t6°0DT54 {0040 figaRB) SUBPrEssiGA of an IMMORS reSpEnSS i FGHKEYS, J. Pharmaco?. Exp.

Then. (1998)_286(2). 925:30). Th#:geh lasma kinetics of the ohimeric antiqody. ¢Q049 were shown to be
the same gé%hgé‘((at of the }uhzllgniié% aﬁfb%%yalflﬂoﬂﬁglﬁ mice (KashmV., S“hl%Lf, Padlan E. A., Nilenic

D. E., Schiom J;,.and Hand P. 1., Generatien .gharacterization, andkin vive studies of humanized
anticarcinoma antibody 0049, HyPridoma (1995) 14(5), 461-73). The plasma kinetics and distribution

of mouse amtibody; andhumanized-antibedy werershown o bedhe samedineevalpations in mice
(Craves S. S., Goshorn S. P
H253, H310, H31l, E314, H428, H435 and H436, as well as H254,

H255, HZ257, H288, H296, H307, H309, H31S5, H41l5> and H433

according to the Kabat numbering. It was also & surprising

than H250, H253, K210, H31Ll, H314, H428, H435 and HL36, as

well as H254, H255, H237, H288, H296, H307, H309, H31%5, H41S

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



v , Stone 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 evaluation of the humanized NR-LU-13 antibody,
Ciin Cancer Res. (1999) 5(4), 899-908; Couto J. R., Blank E. N., Peterson J. A., and Ceriani R. L.,
Anti-3A46 monoclonal antibody Mc3i humanization using a novel positional consensus and in vivo and
in vitro characterization, Cancer Res. (1995) 55(8) 1717-22).It is thought that the plasma kinetics and
distribution of the chimeric antibodies and humanized antibodies are the same due tq the fact that the
murine S¢Bnd¢ humar 8 are BEfH crosstreatiive With THe murine FoRh- s &lown by these examoles,
the plasma kinetics are the same between cni,pric ancodies.and huMapi cf S that have the
same CDﬁ??ﬁ%shr%éja%“é tﬁ‘é? um“asnﬁt%%t%% by the Rn%%x%r?‘ I\E/Ige‘f %q&s%ro?/%%%q?r% G%glt%? V., Popov S.,
BorvakRagu G.Matesai D)., Medesan C,,Ober R o1, andWard £ Increasing-thg-serum persistence of
an IgG fragment by random mutagenemis, Nat. Biotechnol. (1997) 15(7), 637-40) and so forth, may
provide the:same plasma:kineties as:the-ghimericrantibodys: anckthusca htimanized antibedy having
modulated plasma kinetics therefore cannot be prepared by the known methods. In contrast when
- chimeric antibedy{erg.cchimerianti<glypican S-antibody)tisdimahizegracéording: to'the method of the
present invention, the pi of the antibody is modified by modification to an amino acid residue that can
be exposedon e SuFfagessThaschifmeiit dntibody B constridt S hitmatized ahtibodye.g.
humanized anti-glypican 3 aptibodxlthqt exhibits modulated 8@§m% kinetics (i.e., an increase or
decrease MW plasmg Faffiiife) ihcoRpariEon tothe original ¢himeric antibody. For the purpose of
modulating the plasma kingtics, the modification of aming acidthat can be exnosed on the surface of
the humanized antibody (e.gﬁwu‘mamze anti-glyorcan 3 antibody) may be carried out at the same
time as the, humanization of the aptibody . ok the. p3 the humanized antibady-may-be medified by
modification of surface-exposed amino atid starting from the humanized antibody (e.g. humanized
anti-glypican 3-antibedy)ed: 1 #tthas been established that fraptuzumab; bevacizurab, and pertuzumab,
which are three humanized antibodies that have been humanized using the same human antibody FR
sequence,thave=aboutthe same plasniz kineties (Adapns- C: W5 Alson B EH FagéllaPresta L., Clarke
J., Dybdh"McKeever K., and Slwkowski N. A., Humanization of a recombinant monoclonal antibody to
produce a #ierapétiie HER dinfériZatich-mhibitdr, pertuztfhaly CancérinimiindP finimuriother. (2006)
55(6), 717-27). Thus, the plasma kinetics are aboy thg same when antibodies are humanization using
the same FR seqUehcd” Attording to the mathiod of the' present invention, the plasma kinetics of the
antbody (¢.. anj.glypigan 3 antibody).can be modulated i the fumanization step where the p! of the

antibody (e.g. a glypican 3 anfibody) is modified by adding a modification an amino acid residue that

can be exposed.on the suface of the antibady - s The methed ofthe presentdnveatien gan also be
applied to human antibodies. A human antibody (e.g. human antiglypican 3 antibody) having
modulatedplasmadkinetics relative ia the plasmackingties efithieomitialtycprepared huiman antibody (i.e.,
an increase or decrease in the okm r's plasma half-life) can be constructed by modification of the pl of
a human ahtibedy: {(€.9: hipian anticglypicary3 ahtibody) By wodifig e medfication’te’an amino acid
residue that can be exposed on the surface ofhuman antibody constructed from a human antibody
library, a hufah-aritibodyE prodiciig-mbhisé and soorth)® Present wnvention s &

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



The plasma half-life 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 antibody's tissue translocation characteristics
are improved by raising the antibody's pl value (Vaisitti T., Deaglio S., and Maavasi F., Cationization
Of monoclonal antibodies: another step towards the "magic bu-let"?, J. Biol. Regul Homoest. Agents
(2005) 19(3-4), 105-12; Pardridge W. m Suciak J., Yang J., and Wu D., Enhanced endrocytosis in
cultured human breast carcinoma cells and jn.vivo . bigdistribution in rats o 8 humanized monoclonal
antibody after cationization of the E?gie?%l,e\] &}ﬁéﬁ?{rﬁacgﬁ?ig%er.r féjgt}gl)égaéq%)%ﬁq However,
due to fact that such.an ,antibady exhibitsan increased immuregenicity and:an enhanced
internalization into the cell, additional improvements are required for application as an antibody that
exhibits anticanger effectvia agmechanisma suchras agytomxic:activtyy because mnternartzatton into
the cell is a hindrance to the manifestation of its cytotoxic activity, such as ADCC activity, CDC activity,
and so forthiZEhus, Mith tegardito gntibédy that éxhibits antiscaricer effect vid a-mechanism such as a
cytotoxic activity, where internalization into the cel is a hindrance to the manilestatlon of its cytotoxic
activity, sutch<as ADCE-activi: CDC dctivifs ahidso forth, f'had #iot beentdéfetAfined Whether an
increase in the P7 value of an ant-body or a reduction in the pi value of an antibody causes
enhancemeHt 8t thé Tamor-ilhibiting 8HEEE 1A the preseftinvent oh? mddified Humanized a i-glypican 3
antibody with a reduced p value and modified humanized anti:glypica,3 antibady with an increased pi

arLe Cy Cal

value weré constructe ) and then the question of which modification has the higher tumor-inhibiting
activity was-examineg by subjecting, both antibodiesto.comparative-testing of the antitumor effect. As
a result, it was surprisingly shown that the humanized anti. -pican 3 antibody with the reduced p1 value
exhibited thebettereffect-againstlivercangera snaThertern danti<glypican-2 aatibody” as used herein
encompasses anti-glypican 3 antibody obtained by subjecting anti-glypic n 3 antibody that has already
been subjected:io iamineacid residuechargesnodificationas-desdéribéd above s to-additional
modification of its amino acid sequence, for example, by subjecting the amino acid residues
constituting Hisantiglypitalt 3-antibddiftc- sGbstitttion~deféetibh® adBftici amdiér insertion. In addition,
the term "antiglypican 3 antibody" as used herein also+encomgas§es antigl;gpic‘a_n 3.antibody obtained
starting frofT BhE2gpicain’3 ntibody thaf has alfeady bedn subjectéd 16 amino adid iéSidue
substitution, deletion, addition, and/or. insertion,

oL o 2

example, c Tm%Tiiétlon, humanlialioand so fort?l and additionally subjecting the amino acid residues
constituting. this antiglypican T antibody 49 charge medification i - Anpreferred example of a
modification whose goal is to improve the characteristics of the antibody (e.g. antiglypican 3 antibody)
of the presentention;is:a modifieatian sviose-goahis toraisenthe: stability of the antibedy (referred to
below as a stability modification). In aqueous solution, the antibody equilibrates between two states, its
native stateand arf inactivecderatifed statel Thenstability: of the hatige Statesas shown by the second
law of thermodynamics (AG = AB - TAG), depends on the Gibbs free energy change AG of the system
and the baRsfEEebeeerT thié Boffpohelits of AG Ci. &2 the Bhthap§ thange AR @Eitribliable to changes

in, for example, hydrophobic interactions and L . o L
The Diasma kinetlics of such ancibodlies cannect ne moduiated DYy

Qr.to_mogification. of,its, aming acig seguence by, for

the pl as described above. However, the 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

pathway of these molecules is not via metabolism by renal

excretion, the plasme kinetics of these molecules can bz
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modulated by changing the pl according to the method of the
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hydrogen bond in the potypeptide chain), and the entropy change AS (attributable to changes in
solvation and the degrees of freedom in the three-dimensional structure). 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 state of the protein rises as AG assumes larger positive values. The forces
contributing to this stability must be disrupted in order to denature the protein. For example, exposing
the protein solution to high temperatures results in an increase in the degrees of freedom in the
three-dimensiGiral stiictare apd-a Weaketing of e Factbrs it corftribtife terSrotéih stabilization,
causing a thermal denaturation of the protein, In this case the -TAS term %ovegngthe denaturation.
The Ali of tH& GRISIING dGE to thefmhal déatiration BF the' proteaR can Be dirsctly méasured by
differential scanning calorimetry (DSG), as.is. spegifically. descrihed i the examplgs, provided herein.
The DSC curve for the protein thermal denaturation process takes the form of an endothermic peak
that frameg a;temperatyrs, Known as the-denaturation midpoint (I m); that is characteristic of the test
protein. The denaturation enthalpy change is obtained by integration of th s peak. The Tm value is
generally amindicator of thermal stability.cThe ehanhgette-heat capacity: (ACp) catralso be measured
during thermal denaturation of the protein by DSC. The change in the heat capacity that occurs during
denaturaticiris:cagsedmainly-bykydration that dccurs'ehaming acicbresidaesithat are notexposed on
the molecule's surface when the protein is in its native state become exposed to solvent molecules
during the B6aFse-6f proteirtenattiratiofi; #*As deseribéd aboveamino acid residue "modification” in
the method of the present inyention §p§§ificall encompasses, inter alia, substitution of an original
amino acid residtjéR° ~ZHbthEFPamino acid resilite, ‘d&ietion of ah ofamino acid residue, and the
addition of a new.aming acid resjdue., The subsiitytion; ofan original amin agid residye with another
amino acid residue is preferred. Thus, modification by . amino acid substitution is preferably used in
the present invention whena modification gr aptibody stahis.sought, Thelim value of the antibody
(e.g. anti-glypican 3 antibody) is increased as a result of the execution of the stability modification on
the amino acid residite gansttutingthe-antibady. rEhus; theddn vatue is suitablyused-as an indicator of
the stability modification of the antibody (e.g. anti- gl lean 3 antibody) has occurred. In order to
carry out the aforéhrentioned:"stability: aibdificaticnrawith tseantis ghypican Sraftitsody of the present
invention, modification is preferably carried out, for example, on at least one amino acid residue

* selected fréMtheaiming sema residdes 5t positions-8740,48 "and 519nthe Hiinanized a i-glypican 3
antibody heavy chain variable regiﬁoqqghgwnq,ig SEQ ID NO: 1. kl)rcl)ggdiFILonﬁ; maodification is preferably

. i Yedge thne niaghs Nalir  1Ta rTothae ant V2.0, antl .
carried out On-af Teast one amino acid residue Sefected from the ami ¢ acid residdes at positions 2, 25,

' 42’48’50’§§y5€%&§4énantibody}, "modulation of the plasme kinetics”

in the plasma hali-life of tThe antibody.

(h

refears to an incrsas

Q.

When 1t 1s desired fTo decrease the plasma half-life of the

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

[

U
n
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kinetics have been modulated esired, can be appropristeliy

&
B

>5Ts using, for examplie, mouse,

M
ot
@

valuated by pharmacokinetic

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



the humanized anti-glyp can antibody light chain va ia region shown in SEQ ID NO: 7. The amino acid
residues other than the aforementioned amino acid residues on which stability modification has been
carried out, need not be modified as long as the desired La value has been obtained; however, it can
be appropriate to carry out a suitable modification thereon so as to provide a Tm value that is about
the same as or higher than the Tm value of the humanized ant'-glypican - antibody subjected to the
modirtcatton  Inc stability modification can pbe carrigc out by, randomiv modifying amino acid
residues conStiftitig the antib6dy (& §hurianized 2 i-giypican 38Ati6odY) gﬁbjéréfgd to the
modification, In,addition, stability modjfication can alse. e carigel out.hy replaing; apartion of the
amino acid sequence constituting the humanized ant ody (I.g, antibody antiglypican 3 antibody)
subjected {g the modification, with an aming acid sequence feund in-an.antibody. that already has a
high La value and that corresponds - from the .standpoint of the correlation of
antibodythree-dimensionalstructyrei=with saidepentiontofshe amino acid-sequence constituting the
humanized antibody (e.g. humanized anti-glypican 3 antibody) subjected to the modification There are
notations orrthepesition ef-thesafing acid résidbe ot residuesiandeéngding -substitution; however,
amino acid residue or residues in the FR are preferably modified. Amino acid residue modification can
even be carfiRl-obas appropiatedinithie region asdeR§aote 1§ hoassotiatéd redtction in the binding
~ activity for the antigen. In addition, the numper of aminoacid residues subjected to modif.ication is not
particularly fifitete ARd modification cAi Bvan ba implemerted by replating a particular segment of the
FR with a desired segment. With regard fo such segments, all of the, segments within the FR (TR1,
FR2, FR3 I4 ¢an b é?if/iea, or bne’or more o0 segments modification may be combined. The FR2

e mo
of t' e heawy.chajp or.the light:chain is-apreferred example inthese instances where a segment of the
FR. is modified. A preferred specific example in this regard is an amino acid residue modification in
which huminized amtighspican 2-antibady: heavy chain #R2:in the VH1b subclass (shown in SEQ ID
NO:is modified to the VH4 subclass, V371. (valine at position 37 is replaced by isoleu np) as well as
A400, M481, andh & 1dmeekfications: OGthet preferrbd spégific exxamples aress iaodifi¢ation of
humanize antiglypioan 3 antibody light chain FR2 region in the VK2 subclass (shown in SEQ ID NO: 7)
toe VK3 sUBEIASE:§.e. A4 2608 S4BA Sand G500 odifiCEisH<E AIE6 pBfetred i$-¥21 modification, which

corresponds to modification to acgermline equence for FRI. . . L
residue that resides on the surface ol The polypeptlds

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 not come into contact
with solvent molecules. If even a& portion cof the side chain of
ar amino acld residue comes Iintc contact with solvent
molecules, such an amino acid residue 1s consldered to be an
amine acig residue that resides on the surface. Those skilled
in the art can construct a homology model of the polypeptide
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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The execution of substitution, deletion, addition, and/or insertion with respect to the amino acid
residues constituting the antibody (e. g. anti-glypican 3 antibody) and the modifieation of the amino
acid sequence by, for example, chi ebization and humanization, can be carried out as appropriate by
any method known to those skilled in the a The execution of substitution, deletion, addition, and/or
insertion with respect to the amino acid residues constituting the an ibody's variable region and
constant region can similarly be carried out as appropriate during construction of the antibody (e.g.
anti-glypicﬁ%%*éﬁ%i%@d‘yc)agf theaﬁFelsbeoncpi’hvéﬁﬁbng %s %Perc%ﬁi%é%f antibody. ~- ARy Antibodes of
animal origit, .9, 1iause. aughady. human.agthody. (at antiagdy. tabbiianthody, goat antibody,
camel antibody may prefe aorb e used as the antibody anti-glypipan 3 antibody) of the present
invention. Alsq,peefetred-for use is a modified antibody (e .g. anti _lyplcan 3 antibody) as obtained by
substitution in the amino acid sequence of chimeric antibody and humanized antibody. Also preferred
for use are antibady: medificatians i whichiaayofasarious melecules isiatiached. "Chimeric
antibody" refers to an antibody constructed by combining sequences originating from different animals.
Suitable examptessin this regarckare antibodieslconstected froms the heavy chaifantight chain
variable regions from mouse antibody and the heavy chain and light chain constant regions from
human antibody- MEtHds ot -corfstrting climetic” antibodie<are kindwn™ Eot Exanisle, recombinant
DNA is generated ny dthe in-frame fusjon of DN@C\ %ncgdin&a mouse Haptibodycvaqﬁriaple region and DNA
encoding a ﬁﬁ%a?nﬁnﬁﬁ‘%?ﬁ Tongtant region, And ¢an be incoiporated fritd a conventional expression
Vector. A host gell trans e ted.orfransformed with, :his vectar.is eultured andthe chimeric antibody can
be prepared or isolated from a culture medium by appropriate means. ©~ Humanized antibodies are
also known, as reshaped human anfibodigs.-These are gntibodiesdnwhich @+ cre or
complementaritydetermining region (CDR) from an antibody isolated from a nonhuman mammal, such
as mouse, i ligated toca frameweark degiori(FR), fragcd hunian antibody. FhedDNAC8Equence encoding
the humanized antibody can be synthesized by an overlapping FOR reaction using a pluralit
oligonucledtidids as pritders. aThe starting-matéials i protetifes for everd@spingTOR reactions are
described, for example, in NO 98/13388 and elsewhere. DNA encoding the variable region of a
humanized-aftisddy 6f fie présentinvantion fs obtained By overfapping FOR frém’a cluralitu of
oligonucleqt %es cgr}gtguc@glsbo as o have nucleotide sequences that overlap with each other, which

11T

i in turn lidsted with DNA encading a human dnthdeygc%ﬁé“t%lnf?eglon“so as to form an in-frame

codon sequence. The DNA ligated as described is. then.operably insested into, an expression vector
followed by transfect on. into a host. i

bz the target for modificazion. These amine acld 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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Methods for identifying CDRs are known (Kabat et al., Sequences of Proteins of Immunological
Interest (1987), National Institute of Health, Bethesda, -Md.; Chothia et al. Nature (1989) 42,
877).General genetic ecombination procedures 'therefor are also known (refer to EP 125023 A and
WO 96/02576). Once a CDR from an antibody of a nonhuman animal, for example, a murine antibody,
has been determined, these known methods can be used to construct DNA encoding a recombinant
antibody in which the CDR and FR from a human antibody are ligated. The human antibody FRs
ligated witAthe CDR QR sEledted it'sGER ' mahiiet HHACthe“EBR ¢ Bhighquality antigen bindinc
site. As necessary, an amino acid residue or residues in the antibody variable regions FRs may be
modified as appropriaté 36 as to enable the CDR "ot the resﬁépeéhurﬁaﬁ antibody to form a suitable
antigen bin site(Sato 1 alCanger Res. (1993)6) . The amine acidresidyes, in.the ERs 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’ interactioms{ER 23940@8)ir tHhezhumanizetbantiyody:entoded tyctheaDNA is produced by
the host cell that has been transformed or tra sfected by the generally used expression vector into
which the BNA has eentinserted and is'isolated-fismithel SltireSmeédiim A€ deddyPthe culture of the
host cell. When the antibody of the present invention is a chimeric antibody, humahized antibody
or human &AfE6AY ™ Bp SARt-FEGiIoR  6f huttan antbod SHdi LvE préferably (4% asthe constant
region of the antibody. For example, when the antiglypican, 3 antibody of the present invention is a
chimeric aﬁﬁ-rgﬁy?ﬁ%a%l@gﬁtiﬁgdf humanized %inﬁ-rgﬁy&rééﬁ %%gn\fibsod\’ygér*ﬁﬁmgn“aeﬁtﬁc@yp ca3
antibody, a.consfant region,of human,antibady, origin ispreferablysused @s the constant region of the
anti-glypican 3 antibody. For example, C71, 0y2, C73, and

H15, H16, H19, H2Z2, H25, HZ6, K39, H4Z, H43, H44, Hie, HEB,

H71, H72, H73, HY5, K76, HB81l, H8Zb, HE

(a2

, HBL, H86, H10L, H108,
U110, and H112, which are aminc acid residues accerding 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
surface amino residues may include, but not limited to, the
amino aclid residues at peositions 1, 3, 5, &, 1¢, 1z, 13, 1b,

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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074 are each suitable for use as the heavy chain constant region, while Cx and Cl are each suitable
for use as the chain constant region. In addition, the human antibody constant region can be modified
as appropriate in order to improve tne antibody (e.g. anti-glypican 3 antibody) or improve the stability
of its production. Chimeric antibody (e.g. chimeric ant glypican 3 antibody) of the present invention
suitably comprises a variable region from an antibody of. a nonhuman mammal and a constant region - .
from a human antibody. On;thg pther hand, the hmanized anfibody, preferably, comprises a CDR. from
-an antibody of a nonhuman mammal and a constant region and FR from a human antibody. example,
a humanized anti-glypican3 antibody preferably comprises a CDR from an ant can 3 antibody
ofanonhuxan human antibody suitably comprises a OUR from an antibody of human origin and a
constant region and:FR deam @ humarhe Suitsibly camprises,a EDR dremaan.ant giyjpdican 3 antibody of
human origin and a constant region and FR from a human antibody. The human antibody constant
region is compdsed of an-amiro aclkbsequenés thatis chavacteristic ofthé pdriéular isotype, i.e., IgG
(1GI2 1903, IgG4), IgM, IgA, and IgE. The constant region from antibody belonging to any of these
isotypes i§§§ﬁ§6l§/du§%’d3§s ‘e constantrejion Gigmeg“r&ﬂaﬁijz(ed antibody (e.g-anti-glypican 3 aday)
of presentwinventlig%. TE% use_ of the constant re%igg frolJrE gwu an Ig%is prfg%:red “hut not limited.

There are ‘410 n6 particular limitations on the".htiman antibo y FR USed as the KR 6f the humanized

antibody (g9, humanizegd.an rglypica,3 antibody) r human aatibody {e.g.chumananti-glypican 3
antibody), and the FR from antibody beionging to any isotype is suitably used. With the aim of
lowering the immunegenioity,-all er amorten of the amingnacid residuesconstituting 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:rattanal predidtionithiat genmtine:sequerites willzhavea lowrimmeanegénicity, the amino
acid sequence constituting the FR of the humanized antibody may be compareg_, byﬂa: ignment, with

— -

germline aminocacidisequeniees (Abhinandan Kiicec to, 2, 2, 7, &, 9, i, 14,
16, 17, 18, 20, 22, 43, 44, 45, 46, 48, 49, 50, 54, 62, 65, 6%,

70, 7i, 73, 74, 75, 7%, 8L, 82, 84, €5, Bg, 90, 105, 108, L1C,

111, and 112 of the humanized anti-glyplcan 3 antibody shown
in SEQ ID NO: 7. Surface amino acid residues in the light
chain CDR can be selected using the same homology model as the

nomoclegy model with which the surface aminc acid residues 1n
the heavy chain CDR were determined. Suitable examples of

amino acid residues in the CDR of the humanized anti-glypican

o)

antibody light chain shown in SEQ ID NO: 7 are the amin

4]
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acid residues at positions 24, 27, 23, 55, anda 58.
The term "modification" in an amino acid residus in the

P
SN

ot
M

method of the present lnvention sp ically denotes, inter

fon

asidue with

mine acidc

i

)]

zlia, substitution of an original
another amino acid residue, deletion of an original amino acid
residue, and addition of & new aminc acid residue, and

preferably indicates the substitution of an original aminc
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R. and Martin T. R., J. Mol. Biol. (2007) 369, 852-862). The amino -cresidues of the humanized
antibody FR that differ in this comparison can be replaced, within a range that does not impair the
antigenbinding characteristics, .with amino acid residues from a germline sequence. The foiloting are
specific examples for the amino acid residues constituting the heavy chain variable region shown in
SEQ ID NO: I: modification that replaces the 2 at positron 70 with I, modification that replaces the T at
position 87 with R, and maglification.that replaces the-T; af 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 constituting the light
chain variahle yegien shewn in SEQ M NQ: 7. With. regard todthevariahle regiomand«constan e
modified chimeric 7antibody, humanized antibody, and human antibody of the present invention,
deletion, spibstitiiion;, insertion, and/arraddition carbe carned aut assappropriate @t one or more of the
amino acids constituting the ariable region and/or constant region of the antibody that was subjected to
modification, inséfarasibinding specificity fof el anfigen i exhibited |1 paftcular, the variable region
and constant region ormodified chimeric anti-glypican 3 antibody, humanized anti lypican 3 ant-body,
and antigljiSican FRtifhaif ahfib6dy of thé-préSent iAveRtcR del étion; Sibstitation:Sinsertion, and/or
addition can Qegcegrigd gutte_ls appg_odqfiaée %t ane or .r(réorgrqf Tthg qngin&vagigga%on;stituting the variable
region and/or GoNstant reégion of the"an -é‘@ﬁpca’ﬁ 3 ahtib\bél'y“t%at was subjecte to modification,ofar as
binding spegificity for the antigen glypican 3 mqlecule;isexhibited. . .Becausechiperic.an -glypican 3
antibodies utilizing human-derived sequences, humanized anti-glypican 3 antibodies, and human a
fol-giypican . antibodies havea,keduced-immumnegenioty inctheshyman, bedy, they are, believed to be
useful for application as therapeutic antibodies that are administered to humans, for example, with a
therapeutiG ébjectivel 07 Knower Seguencesan be usedin the gnethodvofkthe prasent invention for the
sequences that encode the antibody heavy chain and light chain tor introduction of muta onin

~

the humanized anti-glypican 3 antibody shown in SEQ ID NO: 1.

h

In addition, the charge is preferably modifled, for example,

sr at least one amino acid residue selected from the amino

Hh

acld residues at positions 17, 24, 27, .33, 33, 2%, 7%, 8Z, 10&
and 112 in the light 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

modified as i as the desi

'»w
O

is]

1 ed modulating effect con the

t

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
, lysine (K}, arginine (R}, and histidine (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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addition, novel antibody gene sequences can be obtained by methods known to those skilled in the
art. For example, genes can be suitably obtained from antibody libraries. Moreover, genes can also be
obtained by cloning using known procedures, e.g., RT-PCR using as template mMRNAom 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 tfe artll be gbls.to.otgin of gonstiuct releantaptibody ha L Examples of suitable
antibody libraries are the antibody phage libraries disclosed in the literature, for example, Clackson et
al., NaLu(991),352; 624-8; Marks et al., J. Mol. Biol. (1991) 222, 561-97; Waterhouses et al., Nucleic
Acids Res. (1993) 21, 2265-6; Griffiths et al., EMBO J. (1994) 13, 3245-60; Vaughan et al., Nature
Biotechnology (2996} 14, 309:14; and JapaneserRatehtApplicationrtiaid-openiNo. 2008-504970. A
method of constructing a library in eukaryotic cells (WO 95/15393) and known methods such as
ribosome displajnahdiso fortty ere aise:Suitalsty -sed2T eeEhAblogy-for wbtaihifig heifnar? antibodies by
panning techniques using a human antibody library as the start], material is also known to those skilled
in the art. TheisaSiffe thein BRtibOYS {SEEG] Comprisinythe varfabie fegionsdFifman antibody
heavy and light chains fused in-frame, is expressed on a phage surface using phage display
technique§.” °“P&ncdding antigen-binding spiv are isolated from phage by selecting for p age thatds to
the antigen. Identification.of the sequence, of such genes enables,the determination of the DNA
sequence that encodes the heavy and chain variable regions of a human anti-glypcan 3 a t body
that binds t- the antigen glypican 3, Humap:ant glypicann3 antibedy 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 ceflzas oescrmbedbelowy Stehomethods are welkkmown dn the egt.and include those
disdiosed in WO 92/01047, WO 92/20791, WO 93/06213, WO 93/11236, WO 93/19172, WC.
05/01438, ahtEWO 98H5388.charge, modification soc as to provide an

uncharged amino acid residue is alsc a preferred embodiment of
the present invention. Thus, modification in the present
invention encompassas (1) substitution of a charged aminc acid
with an uncharged amino acid, (2) substitution of a charged
amine acid with an aminoc acid bearing an cppesite charge, and
{3% aubstitution of an uncharged amino acid with a charged
amino acid.

Modification of an aminc acid residus constituting the
antibody (e.g. anti~glypican 3 antiboedy) so as to change 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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Known technologies can be used to obtain an antibody-encoding gene from a hybridoma that
produces the antibody, particularly to obtain an an -glypican 3 antibody-encoding gene frob a
hybridoma that produces ant -glypican 3 monoclonal antibody. 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 cell fusion with known parent cells by a
standard gell fusjon technigue, which is. deseribed in detall helow. Using standard screening
techniques, the monoclonalantibodyproducing cells (hybridomas) are screened, and DNA for the
variable regign £V.region) efanti-glypican 3:antikody: can be-synthesizegdnwitseverse transcristase
using the mRNA isolated from the selected hybridoma as a template. An anti-givpican 3 antibody gene
is suitably prepared.by thednsframecfusior ef-this: cDNA WithDNA eRgodingthz: désired antibody
‘constant region (C region) Specific examples are provided in the following, but the present
invention ishrotiimited th tHese exapiples rEhAé Sensiizirig antiged uset torgenersté the antibody of the
present invention may he the complete immunogenic antigen may be an incomplete antigen, including,
for exampRERGAPINIHIGEENIE Kapten® Eor exaifiple the-falli8ndth glypicah protéfii'or a partial
polypeptide or peptide thereof can be suitably. used. The soluble r Dr core palypep 'd%§hown in SEQ
ID NO: 13784 ﬁreIFgﬁdeéd ‘example. Bth%?\(/avisae%{"tﬁé) u%é‘c%’f? substances %%o?nwprﬁsﬂ%g %%E#ysa?:charide,
nucleic acig, lipid, andso forth as:an antigen is also known- Antigen tg which the antiglypi an 3
antibody of the present invention binds is not particularly limited to the embodiments described above.
Antigen production is suitably-carried-aut-by: methods known to thosegskilted im the pi-if, For example,
a method using baculovirus (for example NO 98/46777 and so forth) can be suitably used. When the
antigen hasra lowe immyinogenicity vthelanimal :camni suitably be: immimized withusuchi as@antigen
attached to a very large immunogenic molecule, such as albumin. When the sensitizing antigen is a
molecule that-$panstheeell membraney stekas gliypican 3la Pplypeptitfe fragfignt from the
molecule's extracellular domain is suitably used as necessary as the sensitizing antigen. Or, a cell
expressingt8ick aiblectilé ‘orPthe- elF 8ariald 1§ sitably \Feth 55 T &sitiZing antigén. In addition,
when the sensitizing antigen is an jnsolyble.molecule, solubilization may be effected by attaching the
molecule W?ﬁ“l aﬁétr%ér vvgte*r?sd;iabl“e“mtélj'lggﬁé and t%"e”édl%biléleanmjéfégéyamg may tﬁgﬁ be suitably used
as the sensgitizing antigen.., .Antibody-producing.cells(e.g-.anti-glypican 8 antibedy-producing cells)
are suitably obtained by immunizing an animal using a suitable sensit zing antigen as descrbeo above.
Or, antibody=producing sells {e:g:-anti-ghwican 3antibedyxproducing ce isyean besobtained by in vitro
immunization of lymphocytes that are capable of producing antibody. Various vertebrates and
mammals ¢arbbe used asdheianintal to bevimmunizedv 4w particulasaodents;lagomorphs, and p irfa es
can be generally used as the a iital to be immunized. The rodents may include mouse, rat, and
hamster; tHe fagomierphasmhadtireiutie Fabbit: andithe piimatés fidy ineludé monkeys such as the
cynomolgus monkey, rhesus mohkey, hamadryas baboon, and chimpanzee. In addition, transgenic
animals thatihaftitaltfa Tepeftdirasr Human ahtibody §&n&S i their genoma afe also krown, and
human antibody_can be, suitably obtained using such animals (WO 96/34096;-Mender et al., Nat.
Genet. (1997) %(Z?%a56% gg'théf than using §ﬁcl%ﬁéﬁ§“g%nﬁ16a§hil%gfs?%%%%iie& human antibody that

exhibits binding activity to a desjred antigenray be suitably obtained oy, for example sensitizing
man lymphocytes in vitro with the desired antigen or with cells that express the desired antigen
followed byrcelkfusion with-humamrpyelema celts; for.example, k266 (lapanese: Ratent Publication
No. Hei 1-59878). In addition, a desired human antibody (e.g. human anti-glypican 3 antibody) can be
suitably obtaigec by thedimmunizationwith ardesired of antigenwiagansgenicianimal that maintains
the entire repertoire of human antibody genes in its genome (WO 93/12227, NO 92/03918, NO
94/02602, RO°96/34098: and’ NEY 96/33735)°¢  Tffunization of the ahfmaris Cartied out, for example,
by suitable dilution and suspension o the §en§itizgn((g @gtigqen hgspjate-t%ﬁergd,)%alipne (PBS).,
hysioloaltai®Sa Harfiixtire*6Fadftvant: &d théh itraperitoreal subcutarieods injection of the
sensitizing antigen into M animal, This.is fpllowed. preferahly by several. administratjons of the
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sensitizing antigen mixed with Freund's incomplete adjuvant on a 4 to 21 day interval. The production
in the immunized animal of aptibody.against the sensitizing antigen-can be measuegd using known
analytical techniques, for example, enzyme-linked immunosdrbent assay (ELISA) and flow cytometry
'FACS). rAhybiigomacanibe prepaked by fusiagran anti cghpican 3santibodyeproducing cell
obtained from an animal or lymphocyte immunazed with the sensitizing antigen of interest, with
myeloma cells using a fusing agent conventionally;used for cell fusion, e.g., polyethylene glycol
(Coding, Monoclonal



Antibodies: Principles and Practice, Academic Press (1986) 103). Hybridoma production can be
sustably carried out according to, for example, the method of Milstein et al. 'CA Kohler and C. Milstein
Methods Enzymol. (1981) 73, 3-46). Culture and proliferat on of the hybridoma cells prepared by this
method yields monoclonal antibody that is produced by the hybridoma and specifically binds to
glypican 3. The binding specificity exhibited by this monociona_ antibody for glypican can be suitably
measured_ by known analytical techniques, as.immunoprecipitation, radioimmuncassay 'RIR),
enzyme- I?nekséjdgfﬁﬁrﬁ%%oggrr%ear?? és@:f%ﬂl%%% ﬂov%vH&%%qugt%g(F%gs%én%%gg%rth. gs necessary, a
hybridoma that produces antiglypican 3 antibedy with-the-desited, spegificity -affinity, ok activity may
then be suitably subcloned by, for example, limiting dilution, and the monoclonal antibody produCed by
this hyb idoma gapbeisolatesk = : -Thegene-ensedinghe selected-antibody: car then be cloned from
the aforementioned hybr-doma or antibody-producing cell (e.g., sensitized lymphocyte) using a probe
capable oftspecificallysbinding X6 thé genec(forlexamptle, cliomicteotide soniplémentary to the
sequence encoding the antibody's constant region), Cloning can also be carried out by RT-PCR using
mMRMA iscfateesfrormsthe iy Bridéihacsr-antibsdy: pedudinte. £ CersitiZ2Hymphidcyté) 8s a template.
Immunoglobulins are divided into 5 different classes, i,e‘.I%Ar, lgE, IgE, I?gég_ng Ig_!\/lbba§ed on
difference$ irr tiéir sfrutftire and furitidh’ Firtiterhiore’ the individual fasses are divided into several

subclasses cisotypes) (o1 exa{e. 19l 19C2. 1963, anl eG4t lgALand g2, and so fo.c).. The

antibody of the present invention may or ginate from antibody belonging to any of these classes and
subclasses and.is nat payticylashylimited fo any.class of:sub,ass; howevers antibedy-belenging to the
IgG class is particularly preferred. Genes encoding the amino acid sequences constituting the
heavy chain and4ight chain of:the: antibady {e.g: antiglypiean 3tantibody)can be modified as
appropriate by the techniques of genetic engineering. For example, a recombinant antibody that has
been subjectedtoartificial Modification withctive gindofd fernexanisteé Sredicing the xeho= -

The above substituticn resulted in a chimera 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 ilmmunogenicity of the antikbody.

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 moedified, in order te avold lowering the

pinding activity to antigen and in order to avoid r

joi)

ising The
immuinogenicity. It may alsc be sultable to implement a

suitable combination with an amino acid residue modification
that causes a deciine in immunogenicity and/ocr an anins acid

4

residue modification that causes an increase in the binding

e
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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, camel antibody, and so forth. antibody is an antibody constituted of
the heavy chaijn and light chain variable regions of antibody originating fro ma nonhuman mammal
such as m%%%le‘,”a‘h}ﬁ the ﬁena“vlfgﬁain and light chain constant regions of human antibody. A chimeric
antibody can be pbtajned asfollows: DNA encoding;the. vatiahle-. bn.of.a mouse-originated antibody
is li-ated with DNA encoding the constant region of a human antibody and inserted into an expression
vector, angd the resulting;recombinant yeatoriisdatroduced iterhest and allowedhforexpression.
Humanized antibody is also known as reshaped human antibody and is an antibody inthe
complementarity=-detetminingregion {CDR); of am aptibody:(eg:amteglypican 3 antibody) isolated from
a nonhuman mammal such as mouse is ligated with a human antibody framework region so as to form
an in-frameanidormsequence  THEDNA sequence’éiésdifig'a htEHIZEd antibddyTat be synthesized
by an overlapping PCP reaction using a pin alitv of ol gonucleot des as templates. The starting
materials ariprodedifres™or the dveriappiig EOR Teactidh Sr&"d85cribéd it “for example, NO
98/13388 %D}(Jm fl%e ngr.e.m ?lher%uAve]n%%g\iQ 1thepV£rLa§’l% é%gié)g czOfatQ?* recomhbinant antibody (e.g.
recombinafts ypcar-3antibody) sresént invention Is obtained by overlapping PCR from a
plurality of oligonucleqtides constrycted sa as fo haye:nucleotide sequences that overlap with each
other, which is turn ligated with DNA encoding human antibody constant region so as to form an
in-frame codon segueneernihe RNAligated iprthissmannes is then insested:incan @pesable manner into
an expression vector, and introduced into a host. The antibody (e.g. anti-glypican 3 antibody) encoded
by the DNA is expressed by gultatingiheHwostoTherekpressed antibodyqedy.canti-glypican 3 antibody)
is isolate by purifying from the host culture medium (EP 239400, NO 96/02576, and so forth). The FRs
of the humBaiZedrantibody (@1 antildiyican 3 &rtBodyAigated WP EDR&re seléctedl in such a
manner that the complementarity-determining re%ign forms a high-quality antjgen-bindihg site for the
antigen. A ABEeSSaryEHid AMiRD acid Sevtiente tas B nivdifidd by suitabie stbstitiition of the amino
acid residues constituting the antibodgé variabl% Ert%%ionhERs sQ as to.enable the complementarity-

.. ] : SCTLVIT =Y = R gast”, LALS . .
etermining rérgl%”nngf reshapedyalr{tallﬁo fto form a suitable antigenRbindinc, site for the antigen (K. Sato

etal., Cancer Res.(1993).53, 851:856) ..:ln addition o modificatians related to humanjzation as
discussed above, further modifications can be introduced, for example, to improve the biochemical
characteristigs of=the; antibody: e:9.¢the bindingadtivity aith the: antigen secagnizedsby the antibody
(e.g. anti-glypican 3antibody). Modifications in the context of the present invention can be suitably
carried outibyrknown anethodsysuch assite-specifie mutagenesls (referl fori-example, to Kunkel, Proc.
Natl. Azad, Sci. USA (1985) 82, 488), PCR mutation, cassette mutation, and so forth. The amino acid
sequence oftheahodifiedl @ntiiodiFwithSitfordved biséhémical chardctéristics enérafly’ias at least
70%, more prefera y at least 80%, and even more prefemraQLqutﬁlea$t 90% I(‘for.e‘x(@g[_rw[:)rlgbat least 95%8
97%, 98%,'99%: and"Su-forth)idBHtity afd/ATSimilarity With the amino acid sequence constituting the
antibody subjectedto the, modification (that aantibody.on which the modified ., s noqy

bound =0 the celis is detected by an enzyme-labeled antibody

that recognizes the test antibody. In the case of FAUS, the

binding activity to c¢ells can be compared by constructing &
dilution series with the test antibody and comparing the
antipody binding titers for the over-expressing celis.

Binding between an antigen expressed on the surface of

cells suspended in a buffer and not anchored on 2 carrier

46



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 into the following
groups based gn toe properties of the side chain: (1) hydrophaobic: alanine, isoleUcine, valine,
methioning,S an I&?ci%é; i“é)*rgéﬁut?éfaﬁﬁdro?:)rhollica:paé%?é?a%i?l%%gFu%ézéﬁé,Sd%ltéjl"rf!e“]pthf’eagnine, and
serine; (3',.a dic:.aspartic,acid andglutamic acid; (4) basic: argjing, histidine, and lysine; (5) residues
that affect chain orientation: glyrine and proline; and (6) aromatic: tyrosine, tryptophan, and
phenylalanipes . -« Acspecifig suitable.embopdimest of, & modification:for £nhanging:artbddy fun. on
includes an improvement in the cytotoxicity exhibited by the antibody, such as humanized anti-glypican
3 antibodyrRreferred exdmgites of cytoroxicity arediitibedy-dependentimediated evtoto ¢ y (ADCC)
and complement-dependent crytotoxic(CDC). In the present invention, CDC activ y denotes
cytotoxicitydtiettortherésmplement Bystens awhile ADCT refersto an allvity-of damiAging the target cell
wnen - specific antibody attaches to a cell surface antigen on the target cell and an Fc
receptor-bearing™ele. g dfimmifiocyte) bihas to'the 7t périon 6 the dntisody thrdtgh treceptor.
Whether aé[.gg% agggggﬂghha&ép%% gctivity or has DC activity can be measured by known methods (for
example, Current Protocols in immunology, Chapter 7, Immunologic studies in humans. Editor, John
E. Coligan et al., John, Wiley & :Sons; Inc, (1993)). . I, specific trims, eifgctorcells, a complement
solution, and target cells are rrst prepared. Preparation of effector ceEls The spleen is isolated fromor
example, AMNnodse=angd-the spleen cells areseparatgeh 0 RPM: A 640cmediuma{Invitrogen). After
washing with the same medium containing 10% fetal bovine serum (FEE, HyClone) the cell
concentratiort issadjusted ta 5s¢ 166 celisfimlite preparethe:éffectorxells. ¢2yPreparation of
complement solution

glypican 3: the cells are stained wit

oy

an FITC-labeled

secondary antibody that recognizes the test antibody; ths

fluorescent intensity is measured with FACSCaliibur (BD); and
analvzed using CELL QUEST scfiware (BD). According to this

metnod, the test antibody bound toe the glypican 3 on the

+

surface of glypican 3-expressing cellis 1s stained by FITC-

labeled secondary antibody that specifically rescognilzes the

test antibedy, and the

.
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intensity if measured by
FACSCalibur,. then the geometric mean value (test geo-mean
value) obtained by analysis of the resulting fluorescent
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
(geometric mean) are described In the CELL QUEEST Software

User’s Gulds (BD RBiosciences;.

in order to avoid increasing the in vive immunogenicity
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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 %est QnJLdeI}/ binds; . trans}t.ormeacgj1 wi@og'gengntgarg egpgggg an, ggggga Iﬂgotein to which
the test antibody Binds, dvarian cancer cells, prostate cancer célls, breast cancer cells, uterine cancer

cells, 'ivefscgir%lfgﬂgsl'§s'%&%@%%&%"%m%&%atiqmg%r cells, kidney cancer,cells, bladder cancer

cells1 and colon cancer cellsfter radiclabeling, the cells are washed three times with RPMI11640
medium containing 10%:EBI andthecell-cancentration-isradjusted-to:2 xellsamato prepare the target
cells. The ADCC activity and the CDC activity cab be measured by the following methods. In order
to measure the:ADCC act0.t(i,cof thetargetoceallscand 56 'Huof thel testantibody<areaadded to a
96-well 0-bottom plate (Becton Dickinson) and reacted for 15 minutes on ice. To the reaction mixture is
added 100LRfzaftector eells andhincubated fori4 hours iia carbsn HickidelifictbateteA final
concentration of test antibody is preferably Ithin the range from 0 to 10 uginCt. After incubation, 100
RL of the StjfernaténtSis recovared and the tadidactivity of thé Supernatant ¥s Riéasuréd using a

gamma counter. (C %BA ILATTQ-G, A, MODEL 03005, Packard Instrument Company). Thefl
cytotoxicity &‘:a?]r ge CcPé cUIaté%stiﬁg%g%di’oalcrtlivﬂy ac'c%ﬁirigstgcfﬁg%ﬂdvﬁgrgqﬁgg:)n: (A-OMB - C)

x 100 that converts each of the FRs into a human sequence in this
manner is reported by Ono K., Chtomo T., Yoshida XK., Yoshimura
Y., Kawaili &., Koishihare Y., Ozaki 3., Kosaks M., and Tsuchiva

M., The humanized anti-HM1.Zz24 antibody gffectively killis
multiple myeloma cells by human effector cell-mediated
cytotoxicity, Mol. Immunol. (1899%9) 36(6;, 387-395. In addgition,
in crder to change the isocelectric point of the antibody, each
of the FR seguence may be converted to ancther human R
saguence in order tc change the charge cof a particular FR (for
example, FR2 may be exchanged with another human FR in order

to lower the isoelectric point o

the antibody). Such a

Fh

humanization method is reported in Dail’'Acgua W. [F.,
Damschroder M. M., Zhang J., Wecods R. M., Widisa
and Wu ®., Antibodv humanization 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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wherein A is the radioactivity (cpm) for the sample using the 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 preferably
within the FARGE from Bt 3 pp/mL. After &dftivation, T00 KT, of the supernatant is recovered and the
radioactivity of the supernatant ts measured with a gamema, coupter. -The eytotoxicity can be calculated
in the same manner as for measurement of the ADCC activity. When the cytotoxicity due to an
antibody conjugatedsto bemeaswed 504t of the-ta geteeltsiagd SQylkofribe test antibody
conjugate are each added to a 96-well flat-bottom plate (Becton Dickinson) and reacted for 15 minutes
on ice. Theplaeis thesdheubated: forifromyl-4:kours, inra earbisredioxide incubator.tA final test
antibody concentration is preferably within the range from 0 to 3 gg/mL. After incubation, 100 41," of
the superratantisorecovered and'thesradisactivitofthel stipsinatantis méasuredtwitha gamma
counter. The cytotox city can be calculated in the same manner as for measurement of the ADCC
activity. “er€ FBaY chai ARdTight ThafT ¥ arisbi8 Tedions of dhtibody (6. ¢ “afti-glypican 3 antibody)
are, as descriged abgve, geperally compaged,of 3 CDRs,and 4 FRs, he afing acld gesidues
suojecteo o "modification” in & prelferretl embodiment 6f the presert invention can be suitably
selected, fgr, example, from the aming acid sesidues constituting the. CPRs o Modification of the amino
acid residues constituting the CDRs may In some cases causeeduction in the antigen binding activity
of the antibogy.g; anti-glypican 3 anthedy)inetics of a monoclonal antibody

with specificity for both E- and P-selectin, J. Immunol.
({1808Y, 160(2), 1025-35). In additison, the plasma kinetics of
ch5d8, a chimeric anti-CD154 antibody, have been compared with

those of the humanized antibody HubSc8 in cynomolgus monkey and

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

—~ .

V., Tenhoor C., Rogge M.

~
[

Fxy

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

)

Benjamin C., Hess . 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 be the
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involved in the modification. Accordingly, the antibody (e.g. anti-glypican 3 antibody) amino acid
residues subjected to "modification” in the present invention are preferably 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, meﬁose%s,kiIIed in the art Cf‘*pvg%%d"ysﬁnds ina pgspgigrdratgbase, such as the Kabat
database,“AfMing Acid §6GGences constituting 'the antibody variable region FR thiat actually occur in an
organism sugh as;mauise qr.human,, , A;preferred embediment.of the presestinvention provides a
humanized antfbody (e.g. anti-glypican 3 antibody) having piasma kinetics modulated by the method of
the presentinvention. Berexample, time-Bumanized aptibody fe:@. @ntiz . , i¢an<zantibody) is a
humanized antibody comprising a complementarity-determining region (CDR) derived from a
nonhumamanimat,a framewerki tegion (FR)0f luman origin-and:arkurhaadcdiistait fegion, wherein at
least one amino acid residue that can be exposed on the antibody surface in the CDR or FR has a
different chargé from tifsitiof- thézarnino Geod résitfilie in“the corféspistiting Position of the CDR or FR of
the original antibody and wherein the humanized antibody has plasma kinetics modulated in
comparisoL@ e chitherié 8hfib6aY having thé SanieEoAStant recion. »™ “Aristher preferred
embodiment of the present invention provides a human antibody (e.g. huma ti-glypican antibody)
having plaSma 'lj(?hoelgac“é modutated b%%’e r#h“ier%ﬁgd of the rf)rélssé“ﬁ]té{iné/e%hﬁgﬁ.—T gai:kun%gr%antibody, for
example, is a humar antibody, comprising & complementa ty-dete mining.regien (CDR) of humart
Origin, a framework region (FR) of human origin, and a human constant region, wherein at least one
amino acid:residuedbat can be expased on. theranticodysuraee i the CRRrER:has a different
charge from that of the amino ac_Ld residue in the corresponding position of the CDR or FR of the o
ginal antibadyanc-wheteinithernumaniarttnoCythas plasnea kineticsirmodufatednin comparison to a
cnmeric antibody navirc the same constant region. The aforementioned human constant region
preferably enotes acregjidn eoriprisiag @ Wild-typehuiian 'St fetion 26t & Modified Ft: can also be
suitably used. Such a "modified Sc" may include a modified Sc as prepared Q¥1 the madification of an
amino acid'tesdife E6n&fititing™the S¢ ad elf &8s fidtified %%sﬂ“g?eﬁérgd by & modification of a
modification already executed in the Sc moiety. A preferred example of such a modification of a

modification-is the' modification of the nature of the sugar chain modification attached to the Sc

portion.. Ope preferred specific example,is the;‘antibady hayving reduced-contentaf fucose attached to
theegion" that is specifically disclosed herein as a reference example.

have the same CDR. This means that humanization by the known

—~

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

o

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

(%)

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
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The term "antibody having reduced content of 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
antibody, and preferably fucose is undetectable. Fuccse is generally bound 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
heavy chain molecules that form a single antibody molecule. The term "antibody having reduced

content of fucose attached to the Pc regipnT _denotecs‘ an CEalg(ntibody that, in comparison with the ordinary
= surface oL tne il C antibo CrUC

e

antibody &¥'thd Eoritrol Has & fuddSe CORTERt o greataer than 50T, preferably no greater than 25%,

more preferably Dge%feaaﬁ%E%gél(?fi!q,&n%%%%@y preferably no.greatey, than 0% of the total sugar
chain content of the control anti ody. The fucose content can be measured using the analytical
procedureprovidegd inthe refesence examples belowe=Themethad forprepasngsuch-a
fucose-depleted antibody may include the method described in the reference examples of the . present
invention, @saxekas a method-fos predueing-antisodiés withnfucosybtransferase-deficientanimal.: cells
(Biotechnol. Bioeng. (2004) 87(5), 614-22) and a method for preparing antibodies with animal cells in
which the comtplex brahéhed sugar chais modifieation i Hiodified (Bidtechnd!t Bidend.5(2006) 93(5),
851-61). In addition, suitable examples of reparation methods using non-animal cells as thc host cells
may include-aHetHod for'producitiy BRtbodES With. Plarteells (Ratite BibtechinolBgy (2006) 24,
1591-7) andth cyeast Cr?”a,Sh(J}'ang'J}e; Bl%tegpnpgggx u(%gg@ 24, g;g@b Qﬁr}ef%r.ed. embodiment of the
preparation rhethod of the “prese'h?l”nven”tioh is a method of preparing-an antibody (e.g. ant -glymican
3 antibody) having modulated plasma kinetics, comprising (a), modifying a nugleic.aciddhat encodes a
polypeptide comprising at least one amino acid residue that can be exposed on the surface of the
antibody (e.grantighpican S-antihedy); suehthatthe-eharge-of-the,amino asid residue(s) is changed;
(b) culturing a host cell in such a manner that the ucle ¢ acid modified in the step (a) is expressed; and
(c) recovering theantibody (eng.iantigiype a3 antiboths dramm the host cell culture. the method
of he present rvenThor, the term "modifying a nucleic acid" refers to a modificatio of the nucleic acid
sequence o aSEpIoVide AcGion thatcotrésponds o tHeBminG aerfésidae that is introduced by
the 'modification” of the present invention. More speoifica this term refers to a modification of a nucleic
acid that cBRtainS Qcador? that Wit Uridérgd moditication; Wherdin-s&id Modification changes the codon
corresponding to the pre-modification amino acid residue to the codon of the.aming acid residue that is
introduced by theLfﬁdrg‘?f?cé:’t?c?rlﬁ Ggﬁg‘oa“lfystﬁg tekrﬁe?nééﬁssth‘ézfrlﬁgggfngrﬁétggﬁ of & génetic process or
mutagenic freatment $0,as:10 replace atlgast.one base.of. the.codan-comprising fuclgieacid to
provide a codon that encodes the target amino acid residue. That is, a codon encoding the amino acid
residue subjested, te.madifieatien is replacedy acagon=encoding the amino-acid residue that is
introduced by the modification. The nucleic acid modification can be suitably carried out by those
skilled in thesarl:using krowndeehnelogys forexampleysite-specific fndtagenesis, ROP mutagenesis,
and so forth. The nucleic acid prepared in the present invention is generally placed 'inserted) into a
suitable veEtor&End intfoducedifite a-hosteelf Thete-arevid particulat fihitatidhs on tieYector as long
as it has the capability to stably maintain the inserted nucleic acid. For example, with reference to the
useofE.céﬁ%&ﬁﬂ%ﬁu&fﬁpﬁMesﬁﬁﬁan;Zatio“ of & recombinant moncclonal

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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‘various commercially available vectors can be used. An expression vector isparticularlv useful HI-)
those instances where the vector is used to dioduce polypept'de of the present invention. There are no
particular -Imitations on the expression vector as long as it can express polypeptide in vitro, in 2. coli,
in ceii culture, or within an organism. Preferred examples include pBESJ vector ( omega) for in v 7-r)
expression, pET vector (invitroden)coil, pME18S-EL vector (GenBanK Accession No. AB009864) for
cell culture, and oME18S vector (Mol, Cell Biol. (1988) 8, 466-472): for an organism. DNT, ccording to
“the preseritingéhticn &ahthe fifsetted intd the Veckst 1y Btatitfard metHods féfékample, by the ligase
reaction utilizin% restriction enzyme sites (Current Protocols in Molecular Biology, edited by Ausubel et
al. (1987) %%IisﬁfjgﬁﬁXNiley & Sons, sections 11.4-11.11). There are no particular limitations on
the host cell refergnced ahgyve, and;yarious host cglls.can e used,depending an fhe pyrpose.
Examples of cells for the expression of polypeptide include bacterial cells (e.g., Streptococcus,
Staphylocegcus; coll Stiegtemyces, Bagilys subtilus), fungicells.(@:0:, yeast, Aspergilius), insect_
cells (e.g., Drosophila S2, Spode era Sf9), animal cells (e.g., CHO, COS, Bela, 0127, 3T3, BHK,
HEK293, Bowes taelahoma cetls), andiplant cellsivectardcari berintredueed intorthezhostcell sby
known methods, for example, calcium phosphate precipitation, electropuise poration (Current _
Protocols incMblecular Bislogyedited by Atssbélrat al 2 (198 1) Jehin Wiley &aSons, sections 9.)-9.9),
lipofection, and microinjection. An appropriate secretory signal can be suitably incorporated into
the ahtibcdyte-§°aRti-glyp a 3 Hntidodys 5 brdér (057G abott sebfetion 8fthe*ahtiBsdy expressed in
the host cell info a,lgn}er_l;gﬁen%o asmic rqti%ultrt1%Begglc?ﬁ‘s}g}igasﬁpﬁa&e, or the extracellular environment.
Such a signar can suitably be the Tiative signal’ sequence cnaraczerisnc oﬁhepantfﬁocfy (e .g. anti lyp
an 3 antibedy).or can be a heteropogous signalsequence. ., The.antibody (e.9. anti;lypican 3
antibody) produced as described above can be recovered by collecting the culture medium in those
instances whgre:the antibedy+of the present kwentiends sesreteghinto. the;culture-medivm. In those
instances where the antibody (e.g. anti-glypican 3 antibody) of the present invention is produced
within the eelk the:cedlds first lysedrand then thedantibody is:recovefed = Known methods can be
suitably used to purify the antibody (e.g. an -glypican 3 a ibody) of the invention recovered from the
recombinaAn&eéibealiure; for exaniple iarimeniumh sdlfate aAd ethandlpreeipitdtiors acid extraction,
anion- or cat-on-exchange chromatography, phosphocellulose chromatography, hydrophobic
interaction chfomatography, affinity chromatography, hydroxyapatite chromatography, and le in

chromatography. .. . _ e
grap YTne plesma half-1ife of an antibody is increased by
lowering the pl valus of the antibedy. In contrast, it is
known that the plasma half-life is decrsased and the
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antibody’s tTissue tran
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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. The present invention also relates to a composition (a drug) comprising .a-pharmaceutically
acceptable carrier and the antibody (e.g. a ti-giypican 3 antibody) (for example., IgG antibody) having
plasma kinetics modulated by the method of the invention. The pharmaceutical composition-in the
context of the present invention generally refers to an agent for the treatment or prevention of a
disease or for the detection or diagnosis of a disease. The pharmaceutical composition of the
present invention can be formulated by a method known to those skilleg CEI;I thgl %ré.ﬁ Egéexample, the

formulatioR can 6 Niset by aTiororal fouts T the FoHh Of Bi‘iRjeciabie a Slispension or aseptic

solution with watet o1 other pharmaceytically accepiable liguid. Far example, the farmulation can be
prepared by combining the antllbody with a pharmacologically accep able carrier:. .or medium, in
particulartn sterilewates orphysiological salingy, plant gilemulsifying. agent.. suspending agent,
surfactant, stabilizer, flavorant, diluent, carrier, preservative, binder, and so forth, and mixing in the unit
dosage state-reguired:ky generally established pharmaceutical-ptactice: The-amount of active
ingredient in the formulations is selected in suchmanner that a suitable dose in the indicated range is
obtained. e sterile compesition forinjection tan bessuitalsly forrmulbted #it aceofdance with standard
pharmaceutical practice using a carrier such as distilled water for injection. The aqueous solution for
injection cafsel for-ékample an-fsbténit Sdtiiticn 86ntaining: PRYSitlogicat satiné deéxtroge, and other
adjutants (for example, D-sorbitol, D-_[nar;_[rgose _Dpannital, sodium chlq\_ridey?% §uitableﬁ§QLubillzagents
(e.g., an alcohof Slick B ethandl o aLﬁglyérco%OlrssUcﬁLal’snpr'”o"“p%/‘fé:r?e ghycol or polyethyfene glycol) and
nonionic sy(facart &9, Polysarbate 807N, HOG;50) ganialsg be used asappropriate.  Olly liuids
include sesame oil and soy oil. Benzyl benzoate and/or benzyl alcohol can also be suitably used as
solubi izing agsnts, A buffer {for example, phosphate bufer splution, sedium.acetate b- fez solution),
soothing agent for example, procaine hydrochloride), stabilizer (for example, benzyl alcohol and
phenol), and exitation inbihiter eam alkosbe inearporatedsas - apprapriatea Thesihjectionusolution
prepared as described above is generainto suitable

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

determined whether an increase in the pl value of an antibody

or a reduction in the pI value of an antibody causes

enhancement of the tumor-inhibiting effect. In the present

i)

invention, modified humanized anti-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 question of which modification has the higher tumor-
inhibiting activity was examined by subjecting both antibodies
t¢ comparative testing of the antitumor effect. As a result,
it was surprisingly shown that the humanized anti-glyplcan 3

antibody with the reduced pl value exhibited the better effect

Q.

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
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aMpoules. - The pharmaceutical composition of the present invention can be admi 's ered preferably
by non-oral administration.. For examPle, it can be formulated as an injectable composition, a
transnasal composition, a composition for innalation aominstratcon, or a transdermal composition. It
can be suitably administered systemically or locally by, for example, intravenous injection,

intramuscular injection, intraperitoneal injection, or subcutaneous injection. ~ The method of
administration can be selected as appropriate depending on the, patient s symptoms. The
dosage ofaﬂ%férbciwfrcmlagceﬂ%i%:égggmcﬁ%%ﬁﬁgn?ﬂggrﬁbﬁ%ﬁ%t e gr?tilgi(%’)/” bﬁﬁﬁﬁ%a%g%thogﬁncoding the
antioody cai9e seieciofl.Iof £Xaupls, 1 ¢ fande 01,0001 MG.12.4000 Me, per 1 kg body 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, thepresent inventionsis:nei;necessarily. dimitettto-theseuasmernicat valuesndhe dosage and
method of administration will -ary depending on the patient's body weight, age, and symptoms, and an
appropriaterdesage-and methodof;administrationccan:be setectédrby thosetskilled in the art based on
a consideration of these factors. The present invention also provides nucleic acid encodin the
antibody (e%r anticglypicay’ 3 aay) {Forexample! hufsarized anti§lypeaf 3 d@ntibody) haying plasma
kinetics modulated by the method of the present invention. A vector carrying such a nucleic acid is
also encorfpABESER by tid presshi indénticn ™ “°Fife prégeitt inVentiA aiso provides a host cell that
comprises the aforementioned nucleic acid. The type of the host cell is icularly limited, and it
may be, fo?egﬁfé)rﬁ%f“é & bacteral cell'such as E. coli or arfy of §§ri§§§ Jénar%% ?gl%s': The host cell can be
used as appropyiate, In.a progdyction system for the produgtion or.expressian of the antibedy (e.g.
anti-glypic3 antibody)the present invention. .Thus, the present invention also provides a production
system that.may be used.to produce the antibedyr.(a. g anti-olypican3 antibedy} using the
aforementioned host cell. An in vitro or in vivo production system Scan suitably be used as the
productiomnmsystem.zEukaryofic cellszand prekaryotie cells are isuitablyremployed as the host cells used
in the in vitro production system. The eukaryotic cells used as the host cell may include animal
cells, plant-feliscand fingiroel BT arimal cel s majinélode mafiinafaf-type elis Such as CHO (J.
Exp. Med. (1995) 108, 945), COS, HEK.293, 3T3 myeloma,‘BI;II‘E‘hgbabywhgmsterklgigney), Hell, Vero,
and so fortAvanfpHibian celfs &lch Xetopusateratd docytes (Valle '&tal” Nat?e (1981) 291, 338-
340); and insect cells such as Sf9, Sf21, and TnS. For.example, 0H0-0G44, CHO-DX11B, 0037 cells,
1=293 cellggﬁalgﬁﬁ Eel%nérleb&?i%aﬁlg} uts%e“a“%? eni%%é§§)éar13 b?%é anti- yp an 3

A preferred example of a modification whose goal 1s to

th

improve the characteristics of the antibody (e.g. anti-

glypican 3 antibody} of the present invention is a

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



antibody of the present invention. The use of CHO cells as the host cell is particularly preferred when
high levels of exprdssio in animal cells is intended. Transfection of the recombinant vector into the host
cell is suitably carried out using the calcium phesphate technique, DEAE dextran technique,
techniques that employ the cationic liposome DOTAP (Boehringer Mannheim), electroporation
technique, lipofection technique, and so for With regard to plant cells, Lemna minor and cells
derived from Nicotiana tabacum are known as protein production systems, and the anti. -alypican 3
antibody GFtREGFRReRPiHVettion Carr Be Brotiuted 15/ éaflus Elture fechiiqudy usiha these cells. With
regard to fungi cells, protein expression systems using yeast cells, e.g., Saccharom}_(ces (e.g.,
Saccharofycédt=r l%f&é?%@h iz8saceRdiomyces Pormbe) “and Protéin expression systems using
filamentous fungi, e.g., Aspergillus (_e;%., ésgeggillus niger), are \:kn(\)%vn and.can be used as host cc
produce tHe &RtiGlypican™s antibody oF the presant inven " With Tegard to the use of prokaryotic

present invention: —
cells, any production systems using, bacterial cells ar ﬁsyi;tabl sed. Pr dujctionqs ems that use E.
coif as desctibetf abbve %arf.ssutbntf?ﬁs are Khown éForst?ﬁcé “b"accfe%/riliilngeﬁ)sﬁ Cgtn%”gni of téés@e bacterial cells
can be suitably used to produce the.antiody. (¢.0, any-glynican 3 antibody).bf the present invention.

In order toproduce the antlrbodoy f)e.g. anti-glypican 3 antibody) using a host.cell of the present
invention, tie host cell rransformed with the expression yector comprising kalynucleglide encoding the
antibody o the present invention is cultured to express a bolynucleotide coding for the antibod9 (e.g.
anti-glypican 3 antjbody), The hest.cells.can becultured:according-to: knewg:methads. When an
animal cell'is used as the host, for example, OMEN, MEN, RPM11640, or IMDM is suitably used as
the culture;mediwn. Asenum auxiliarye.4:, EBSidetat calf seremptr@&)randso forth, may be added.
The cells can also be cultured in a serum-free medium. The cells can be cultured at a pH of about 6-8,
depending-on:the host eelt.sCuliurenis generally rem for about 2516200 hopes af abeit 30 to 40C, with
medium replacement, aeration, and stirring as necessary. On the other hand, production systems
based on areanimal orprint Bre Zvafcable 43 Wos SRternis foF BFSHIcing theantibody (e.g.
anti-glypican 3 antibody) of the present invention. Polynucleotide encoding the antibody (e.g.
antiglyplcaf“S"ahfbeaF) of e present inve tidi 5 Airbdiiced intd an™an ma_ or plant and the
antibodyroduced within the animal. or plap and isregavered, The term $hosk; as used herein
encompasses stich animals and pﬁants. ‘Whenan animal is used as the host, production systems
based on mammals and insects are available. Goat, Ppig, sheep,.mouse,.cow, and so fosuitably used
as the mammal, (Vicki Glaser, SPECTRUM Biotechnology Applications (1993)). A transdenic animal

may also be employed, . ,_For example, a polynucleotide encoding.the antibody, (e.. anti-glypican 3

antibody) o??ﬁgﬁ}éséﬁitein%eﬁﬁén can be produced inthe form of a fusion gene with a gene encoding

a polypeptide that.is specifically produced;in milk;.such as goat, 13-casein, Apalynugleotide fragment
comprising the fusion gene is then injected into a goat embryo and is transplanted into a female

goatantibogly, (. gr apti-glypicans3 antibedy). of interest s obtained from:milkproduced hysthe
transgenic goat born out of the goat that received the embryo or from milk produced by the offspring of
the transgen:e goateSuitable-hormoenes may ecadmmisteret: as .apjropriate te the tramsgenic goat in
order to increase the amount of antibody (e.g. anti-glypican 3 antipody)-pon'gcaining milk produced from
the transgenic gpat (Ebert etaln 810/ Feehisliogy (1994 125 6995/(2). ¢ ~OIm O an

endethermic peak that frames a tTemperature, kncwn_as the

denaturation midpoint (Tm;, that is characteristic of the test

protein. The denaturation enthalipy change 1s obtalned Dy

integration of this psak. The Tm value 1s 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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The silkworm is an example of an insect that can be used to produce the antibody (e.g. a 2-Olypican 3
antibody) of the present invention. When the silkworm is employed, the silkworm may be infected with
a baculovirus having a polynucleotide encoding the desired antibody (e.g. anti-glypican 3 antibody)
inserted into its viral genome. The antibody (e.g. antiglypican 3 antibody) of interest is obtained from
tdm body fluids of the infected silkworm (Susumu et al., Nature (1985) 315, 592-4). The tobacco
~ plantis an_example of & plant that.may be. used to.produce the antibody( .g. an--glypican 3 antibody)
of the present invention. When the tobacco plant is used, podynucleotide encoding the antibody (e.g.
anti-glypicans3-antibedy), oh 'Jerestds inserted into a plant:expressienvector. Suchas pMON 530, nd
the resulting recombinant vector is transfectedbacterium such as Agrobacterium tumefaciens. This
bacteriumds:thenr #sed torinfectiztaliacco plant {for examplendiaotiana tabacum) (Ma et al., For. J.
immunol. (1994) 24, 131-8), and the desired antibody (e.g. anti-glypican 3 antibody) is obtained from
the leavesrefithesinfacted tobaeccs plait $emAa rinor tah Be sk lsiickiabadteritif and the desired
antibody (e.g. a oglypican 3 antibody) can be obtained from cells of the cloned infected Lemna =not
(Cox K. MCetafeNat. BioteEhlol’ t2006) 24(17); 1591-7). The antibody (e.g. antian 3 antibody) of. the
present inventiorzl obéaingg,ig tge manner ge§%gbgg Tacpovg (i%nuge,j;snolg;%q Cf:ro,:[g é@g,idgpor outside of the
host cells (e.g., ctituré medium of n%ffl()’aﬁg can be bUani“éa into a su%sf"an”‘"tlaall”y pure 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, thg-anticody: can be:suitably separated andpurified:by asuitable selection and combination
of column chromatography, filtration, ultrafiltratiOn, salting out, solvent precipitation, solvent extra on,
distillation,~ immunapreeip ationpSBS-pohyacrylamidésgelelectropheresis;isoekectrdc gtectrophoresis,
dialysis, recrystallization, and so forth. The chromatograp c techniques Include affinity
chromatographly fiohiekcharge chfomatstraphy, hydroptiobié ehrematography. gef filtration
chromatography, reverse-phase chromatographadsorption chromatography, and so forth (Strategies
for Protein ‘Pifrification' aHd -Charactérizatior? *A t-abdtatory Coursé Mafital. 'Ed: Daniel R. Marshak et
al. (1996) Cold Spring .Harbor Laboratory Press). Chromatography can carred out using liquid-phase
chromatog?élﬁﬁ)llsl, or%ﬁ%pl%f%Lﬁ%&%& 5F1d%>sr(§e rf%oerﬂ{ e %&Lu)én‘mHL}J%Cele"iJrLlgaafﬁﬁ%}l Dgnatography
includes, far example, a pratein A column or protein & columaHyper R, RORQS-and Sepharose F.
F. (Pharmacia) are examples of protein A based columns.

invention when a modification of antibody stablliity ls scught.

Q

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

the exscution oI the stability

h

is increased as & result o
modification on the amino acid residuss 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.

In order to carry out the aforementioned "stability
modification” with the anti-glypican 2 antibody 0f the preasent
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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Another preferred embodiment of the present invention is a method of preparing the antibody (e.g.
anti-glypican 3 antibody) with modulated plasma kinetics of the present invention, comprising the step
-of culturinghost cell of the present invention as described above and recovering the antibody (e.g. an -
lypican 3 antibody) from the cell culture. All of the literature ¢ Ginthe specification are incorporated
herein by reference. present Invention is specifically described in the following,the present
invention is not limited to the examplgzd?_‘rovideg. below. EXAMPLES Example 1 (1) Construction of
. point-mutatioh genas of the Rurhanizet HOLY antisody \\;ar%ues‘ﬁoln{f-“rﬁutatro‘n crepes were

constructed starting from a gene encoding apti-glypican 3 antibody comprising:{be GPR of the.
humanized GC33 antib'od:y disclosed in WO 2006/046751. OligoDNAs designed based on the
sequences of the senseand antisense ghains, containing the medification sitesawere, synthesized. A
plurality of point-mutation genes were constructed using the commercial QulkChange Site-Directed
MutagenesisKit (Stratagene)i-Constrygctiom of: the: pointdputation-genes. waszcariedeout by OCR under
the following conditions. After heating for 30 seconds at 95 h, a reaction mixture of 10 ng template
plasmic", 1@ ol forward chaitand veViérse’chdinesyrithétic B%igd-DREAS ARE TOX Buffer, ANTP mix,
and Pfu Turbo DNA Polyme ase provided with the kit was subjected to 18 cycles of 95C 30 sec, 55C 1
mfr.( and 684 i, TRE ISR Provided fthkit idd added to'thé reBction Mixture? and réstriction
digestion with :(h:e res_tric;iog %n?/mme vyﬁas?.gairerggd [10{ 1 Qgg& at BZCb D@n%% com Heta(::-pt cells (Toyobo)
were transformed Gith the résul |ﬁ81}eé%ﬁ6ﬁ Solution' to obtain fransformants. The introduction of poin

mutation was confirmed by determining.the nucleatide sequance of the.plasmid DNA isolated from the
transformants. Each point-

can be appropriate Lo carry out a sultable modification

thereon sc as to provide & Tm value that is about the same as

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

carried out by replacing & portion of the amince acid seguence
constituting the humanized antibody (e.g. antibody anti-

glypican 3 antibody) subiected to the modification, with an
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

U
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mutation gene was cloned into expressiovectors capable of expressing the insert gene in animal -ells.
Modified genes were prepared by modifications as described below. Transient expression of hhe
humanized HOLD antibody and its point mutation-modified antibodies was carried out using :
polyethyleneimine Polysciences Inc.). HEF293 cells were separated by trypsin EDTA (1 vitrogen),ao
seeded to a 10 cm2 culture dish at 6 x 106 cells/10 mL. The next day, SFMIl  -re medium and
polyethvienoimwereed with a heavy chain.expression plasmid DNA light.chain expression plasm
id DNA ac%%?dglhbTﬁttﬁgnmakﬁa‘ffa’c\}iﬁ%ér's? istructions, é%é l’[ﬁ%?egﬁltiﬁ%%%@ﬁ% \7&281%& stand for 10
minutes at toom temperature, The entire mixtdre was.added drap se tadhe cultire dish containing the
'HEK293 cells seeded as described above. The culture supernatant was recovered after approximately
72 hours ang, the,expressed-humanized HOLB-antibody-and itstpaintmutatien-modzfaeo antibodies
were purified using rProteinA Sepharoseml Fast Flow (GE Healthcare) according to the manufacturer's
instructionso:{(d-EeMadification of thes Torvaluedofrthemimanized HOLO1antibady The thermal
denaturation midpoint temperature (Tm) was determined by the top of the denaturation peak in the
thermograas{OpVersds 7) distaiied, Efter heatiiftheltest saffplé $bfiftiorPat &cotstant programmed
heating rate. The Tm value of the human-zed HOLD antibody was measured using a sample solution
for DSC meastrément Prépated 38 déscribelcin'the Toliowihg: STRE antiBddy Sbfiition (corresponding to
50 t0 100 ng, fill In, a dialysis membrane was,first diglyzed for 24 hows agapst 8 dialysis external

solution of 20"molf $odium acétate Butfer solution (pH 6.0) containing 1500l7/IL sodium chloride.
Subsequently, the sample salution.was adjusted af.its-antibody concentsation of 501t 100 dp/mT with
dialysis external solution and used as the sample solution for DSC measurement. A suitable DSC
instrument, for.example; REC:H fEalerimetry:Se ences Gerposatien), is:used farthis experiment. The
sample solution prepared as described above and the reference solution (dialysis external solution)
were thoroughly, degassea,zant €achof thesetest'spacimenswasplaced in aicdléameter cell and was
thermally equilibrated at 40C. A DSC scan was then run from 40C to 100C at a scan rate of
approximatetymisK/mainte S TheFesans i thisnéeasiirerfient are given as the top of the denaturation
peak as a function of temperature. The thermal genagugation}mi%oigt temperature of the humanized
HOT antibody wasGalctitated by pedk asigritient 6F the ab tormaindccording to Rodolfo et al.,
Immunology Letters (1999), 47-52. As a specific example hart ined from.diffegential
scanningo%%/ﬁ]%‘tfyrfﬁ C?%Qr%n fie Hspu bfl%pf)uif(ﬁﬁc’iz%ﬂ%Z%?%%%ibod%%ﬁh%wr? in F?guri%l. The
mﬂnanuedﬁéO%ébgggggqyﬂpgﬂﬁ¥gﬂ¥%H“%B@@!fEbagkample in this regard is an

amino acid residue modificatiorn 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, l.e., LQZQ, S485,
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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shown in SEO ID NO: 1 and the light chain shown in SEQ ID NO: 7, has a Tm value of 76.6C as
calculated by the method described above. The im values of Synagis and Herceptin, provided as:
examples of existing antibodies, are measured 85.4C and 81.8C, reepectively. It was thus shown: that
the Tm value of the humanized HOLD antibody is lower than that of existing antibodies. Modified
antibodies were tnerefore prepared from humanized HOLD antibody with the aim of raising the Tm
value. Modifications of /371, A406, M46l, and L L1 were infroduged into FR2 of the HQLD antibody
heavy chain shown i.n SEO ID NO: ™ to prepare the antibody H15 (SEQ ID NO: 2), where its subclass
was changgd from VHIb to VH4. The. Tmyvalue-was impreved o 79:3G. Also the HOLD antibody light
chain shown in SEQ ID NO: 7 was modified by ntroducing L4 2Q, 648A, and Q50K modifications into
the FR2 which ehanged:the suhclass from MKi2ite: Vi3 rand introdircing: 272b adification to replace
the 172 of FE1 with | (germline sequence), thereby L4 (SEQ ID NO: 8) was prepared. The Tm value of
each antibodywas rneasuredhds tesehibedalyove. “Hie Tm care vFHISED &fd HOL4 was 79.2C and -
77.2C, respectively, which shows iMbrovement from the Tm value 76.8C of HOLD. The Tm value of
the H15LABREBEEY 2BMBISiIAG th8 TomBinalisi of the56 tWo modifications was improved to5C. (1-2)
Modification of the pi value of the humanized HOLD . antibody _ Clejl'j&henpla_smga/Q@If-life of an antibody
is extendet{ By fotwering the p1 VATIE exhibited by the antibady’ In contrast, the tissue transiocat on
characteristics of an antibody. are-imaraved by ingreasing.the antibodyes pl.a is unknown whether
either increase or decrease: in the p: value of an _antibody effective in cancer treatment would
enhance the lumor-suppressing.effect: Thesefore -Modified: humanized HOB&.antibody with a lowered
pl and modified humanized BOLO antibody with an increased pf were prepared and the antitumor
activity of them was compared todrvestigate ifeithepmodification:had @higher ttrior-suppressing
activity. The p1 value of each antibody was calculated based on analysis by isoelectric
electrophorésisaEtéétrobhoresis was!cartiede daeas deseribeddii the FolidWwiris T9$iRg PhastSystem
Cassette (Amersham Bioscience), Phast-Gel Dry IEF (Amersham Bioscience) gel was swollen, for
about 60 MREES With & Swelfifg SBiutisi withthe“€dmposition given below. (a) Composition of the
swelling solution for hi h_wpik:)l.g Mlé;OS/() %&eroLlOO ul, Féh%rmal {i)% 8;1Q.r§1wfgr IEF (Ameis am
Bioscience) (b) CBpBsition of the sweliing solution Tof Iow i’ 1.5 mL purified watér 20 uT
Pharmasyte 8:10.5 for, IEF, (Amersnam Bios,ence). 8Q k. Phar alyte >-8,frJEE(Amersham Bioscience)
Approximately 0.5 ug aody was loaded or thé swollen

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
sequence of chimeric antibody and humanized antibody. Also
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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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 Bios ence) was used for the pl markers. W, 15C, 75 Vh W, 15C, 15
Vh W, 15C 410 Vh After electrophoresis, the del was fixed with 20% TCA and silver staining was
then carried out using Silver Staining Protein (Ame-sham B science) according to the instructions
providedthe kit. After staining, the isoeiectric poin of ea ibody.(test,sample) was calculated based
on the alré‘gd?%%%\ﬁvensis%éTe%ﬁ%wprbinfsodf t%}é%%g;"kge'rs."%%(?g?ec??g{ph?ﬁgfog?am from the high pi
isoelectric glecirophgresis.is showrin.Figure 2 and dhe glecteopheretogramdiar the ow pl isoelectric
electrophoresis is shown in Figure 3. (a) Modifications that raised the pl Hmou2.2 (Hu2.2) (SFQ ID
NO: 6) was-prepared:which:the-943K, Ba2Nranc 0307 Ramodificationsaweie adgitionally
implemented in H15. Lspu2.2 (Lu2.2) (SbQ ID NO: 12) was also prepared, in which the E17Q, 027R,
0105P and&25Amodifications averedmplemented:im24: wierénthe 2 adnodificatiohfreplaces S25 in
CDR2 with A (abundant in a germline). The Tm value of the Hspu2.2Lspu2.2 (Hu2.2Lu2.2) antibody
composesPHspu2 (Ma22)and: LEPED. FHIU2.25 Was meakuréd at 7678E A its Pt Value was
measured at 9.6. Since Lne pl of the HOLD_‘anIibO(CZi:)A is 8.9, the[ptlicgggg can be

this vectoeor is cultured and the imexric a
prepared or isolated from a culture mnedium by appropriate
means.

Humanized antibodies are alsc known as reshaped human
antibodies. These are antibodies in which a 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

lity of oligonucleo

ides as primers,

o}
o}
[. .
o
i

PCR reactlon using wlur

The starting materials and procedures for ove

[

e’

lapping PCR

ko)

Ly

reactions are described, for example, in WO 98/12388 and
elsewhere. DNE encoding the variable region of a humanized
antibody of the present invention is obtained by overlappin

DCR from a plurality of oligonucleotides constructed so as ©o

have nucleotide seguences that overlap with each othsr, wnich
i in turn ligated with DNA encoding & human antibody constant

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

ligated as described 1s then operably inserted into an

Methods for identifying CDRs are known (Kabat et al.,



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 G66D
modifications were additionally implemented in H15. Lspd1.6 (Ld1.6) (SEQ ID NO: 11) was prepared
by making the following modifications: the Q27E maodification in L4; modification of KISRVE at 79-84 of
the 8R3 in L4 to TISSLQ; and the S25A modification to achieve the same modification as for Lspu2.2
(Lu2.2). The pl value of the Hspd1.8l spd1.6 (Hd1.8L.d1.6) antibody com of nspd1.8 (Hd1.8) and
Lspd1.6 (Eﬁ%ﬁ%&é rﬁéazplfr%geétp“?A. ijnlg%nt"g o Tﬁ(e) HﬁLL_Dr%%O((;;Qé'? .9, the pi of the
Hspdi..81igpd.1.6 (Hd1,81.d1.6) antibogy.was reduced hy.1.5.(2),Evaluation by campetitive ELISA of
the binding activity of the point-mutation modified antibodies from the HOLD antibody The HOLD
antibody apgits-point saytatiomzmadified aptibedies purified ias-evatuatedearnpetitive ELISA. 1000f the
soluble orC3 core pol ePtide (SEQ ID NO: 13) at 1 pp/mL was added to each well of a 96-well. The
soluble GRC3wote polypept-de was:immobilizdd: onithe pidee by allowing 1hé platestodstand
overnight4C. The soluble 5203 rore polypeptide immobilized on the _plate was washed 3 times with a
washing bliffePasing=Skan WASHER400 (Melecatar Beviess)y afd Hlo&ked With260 1 blocking
buffer at 4C for at least 30 min. The blocked plate on which soluble GPC3 core, poxﬁypeptide was
immobilizedWaS B Washel 5 tifies With WAshing Bu e Using the SrAR WASEER400.
Subsequently, each well of the plate received 200 ml. of a mixture containing 100 m16 of biotinylated
POLO anti%rcﬁgvrtfiﬁé}é%gﬁ%er?ﬁéﬁgﬁ 0.3 mg mffqé%_rl%bvn:? fté)%]thgen g%l?o%gr%ibody or its point
mutation-maodiantibody {(at,varigus congeptrations)..The;HQLR antibedy-was:higtinylated using Biotin
Labeling Kit (Roche) according to the instructions provided with the kit. The plate was left stand for 1
hour at room temperature, themnwasheth times: withnwashing hufferusingdhe.Slan WASHER400
(Molecular Devices) 100 ml goat antistreptatidin alkaline pnosphatase ZYMED), diluted 20,000X with.
substrate bifferznassadded to eachawelt, andahesesalting plate WBS [éft stand forithour at zoom
temperature, and then washed 5 times with ash g buffer using the Skan WASHER400. Phosphatase
SubsUa&e@ﬂ@ﬁﬁﬂﬁNé@EﬁéﬁéﬁﬁPndin@ gite. As necessary, an aminoe aclid .

residue or residues irn the antibody variable regions FRs may

be medified as appropriate so as to enable the CDR of the

reshaped human antibody te form a suitable antigen tinding
gsite {(Sato et al., Cancer Res. {18937 53, 831-6). The amino

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

ected by

-

he

ot

the host cell that has been transiormed or trans
generally used expression vector into which the DNA has been

inserted and i1s isclated from the culture medium yielded by

61



atimg/mi, in the substrate beadded at 100 gl perell for 1 hour. The absorbance at 405 nm of the
reaction solution in each well was measured using Benchmark Plus (1310-RAD), with the control

absorbance at 655 nm. As shown by Figure 4, the antigen bindint..ivity of the

antibody was shown

to be almost the same as that of the HOBO antibody that had been subjected to te modification. In
addition, as shown in Figure 5, the antigen binding activity of the Hspe2.2Lspu2.2 (Hu2.2Lu2.2)
antibody was shgwputpeb% @bt ut thg Same as that of the HOLoantibody subjected to the modification.
Moreover, as shown in Figure 6, the antigen binding activity of he Hspd1.8Lspd1.6 (Hd1.81ld1.6)
antibody was shgwn to_he about the same asthat-etthe HOLQ.antibody-subjestaetto: the modification.
Reference Example 2 Disruption of the fucose transporter gene in CRC cells (1) Construction of the
targeting vactarcltl) Gonstruction ebthe-K0 vectorlhe Bamhiksite andthesEGEGC sequence were
added at the side of the star-.codon of the hygromycin resistance gene (Hydr) by FOR using

pcDNA3. 144tygroogén ) withrpamers +Hyg $-BH ano3sNT:1eicbtashthe same segrence as on the 5'
side of the start codon of the fucose transporter gene. Alsothe Notl site was added on the 3' side
including theTegior: upaethe S\AG PolyR atidition signal. gl tie H T gererwal excised.

anti-glypican 3 antibody, humanized anti-glypican 3 antil

or human anti-glypl

¢

ar 3 antibody, a constant region of

“

glypican 3 antibody of the present Iinvention i1s & chimeric

human

antibody origin is preferaply used as the constant reglon of

the anti~-glypican 3 antibedy. For example, Cyl, Cy2, Cy3,

Cy4d are each sultable for use as the heavy chain constant

and

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

chain constant regilon. In addition, the human antibody
constant region can be modified as appropriate in order

improve the antibody (e.g. anti-glypican 3 antibody; or

ot

O

improve the stability of its production. Chimeric antibody

{e.g. chimeric anti-glyplican 3 antibody) of the present

invention suitakly comprises

ol

variable reglon 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

marmal and a constant region and FR from & human antipody. For

example, a humanized anti-glypican 3 antibody preferably

7

5

®

b

compr

s a CDR from an anti-glypican 2 antibody of a nonhuman

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



forward primer Hyg5-ER 5-GGATCCTGCGCATGAAAAAGCCTGAACTCACC-3' (SEQ ID NO: 14)
reverse primer Hyg3-NT 5'-GCGGCCGCCTATICCTTFGCCTTCGGACG-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 to the Sad i at No. 10,934), and the Hygr fragment into the

PMICIDT-A vector (Magi T, Proc. Nat, Acad. Siata. USE, (1990) 87, 9918.22). A gharacteristic

H =34 13 J 1T L s} K
feature of this vectoris th , vsvhenaﬁaomofogé)us recombination has occurred, Hygr is expressed under

the promoter of the fucase transparter. singe apromoter.is pat attached to,ghe Hygr gene. However,
when only one copy of the vector is introduced into the cell by homologous recombination, Hygr is not

always expressedito adegree sufficient for exhibiting-Rysromyein nresistancecdhe KO1 vector was
cleaved at the Nati site and was transfected into the cell. It is thought that 41 base pairs in axon 1,
including theistart codempyillde deleted flomitherfueose transporter by iatrotiretionof the KO1 vector,
resulting in a loss of function. (1-2) Construction of pBSK-pgk-i-Hygr paSK-phik | was constructed
by excising e mouse pykegeneé premoter frolit tHe piadRvedtor (P8pé - 'BiéEhemical Genetics (1990)
28, 299-308) with EcoRI-Psti and cloning it into the EcoRI-Pstl sites of QBIuesspﬁg éStrgtac?ene). regard
to Hygr, aR EcoT24i sitekozaK'$8gdence Were adbied™ 5 thé 5-&ide™5f BT and a Baridil site was

added on the 3' side .including the regio up t03V4Q polyl4 addition Signal by RCB, using
pcDNAs.ﬁ‘ilﬁy?ﬁeifﬁg%-i\?ﬁé%acy@gg:g““p R 192439 polyld.aadition 2lgnalby-R
Ig I

isotype, i.e., (IgGl, IgGz, IgG3, IgG4), IgM, Igh, 1lgh,

and IgE. The constant region from antibedy belonging to any of
these 1lsotypes is sultably used as the constant reglon of Che
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 iLsctype

is suitably used.

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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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-BamHI) 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 K02 vector constructer’ by inserting t’l\]ée.S'-sid fycqse transporter ( the Sinai site at
No. 2,780%0'f §)€g I5'NG16 to thé B‘“a'm&?"“at o%o4f23§iq{é2?3' g—-%dJe' (f%(?r%\1 Igg.ﬁil,'28tl;fgtgg the Sad | site at
No. 10,934), and the pokl:Hlvgr, fragment.into the pNICIDI-A yector -unlike.the,gase for the KO1
vector, the K02 vector has the pga-1 gene promoter attached to Hygr, thus will acquire hygromycin 5
resistance; gven when.enk-one gopyofibenaciarisintrogdueed inta-theyeelt hyshamelogous
recombination. Tne KO2 vector was cleaved at Notl and was transfected into the cell. By introducing
the K02 vector,i46% base pairsin:exem lnchiding the start eodenwill be'deleted from the fucose
transporter, resulting in a loss of function. (1-4) Construction of pBSK-pgk'-lI-Puror The pPUR vector
(BD Biosciehtesy wasitleaved By Pstrahd: BantAfafdthe excisedPfragiiitt (Ptifor) was inserted into
the Psti-BamHI sites of pBSK-pgk-1 to construct pBSK-_pgk-I-Puror. (1-5) Construction of the 1<03
vector  Fitose trafspditertargeiing Vectdrvér. 3 (referfed t6' Rereatter as the 1203 Vector) was
constructed by inserting the 5: side of the fucose transporter.(=nom the Sinai site at No. 2,780 of SEQ
ID NO:16 10 t e%é:rﬁﬁ%t]\f‘&.f?é?)fiﬁ%@p@,ﬁ& %"rSm‘NoT&%r, é"zlné)tgﬁéhe Sad | site at No. 10,934), and
the pgkl-Pyror feagment into,the PMGLRT-16.vector A sequence:for binding te the screening primer
shown below was preliminarily - to the 3' end of pgk-I-Puror. The 1<03 vector was cleaved by
Notl and wastransfeeted inta the cell; By-introgicing: the-2<03 vecter] 46ihase pairsdn exon 1
including the start codon will be deleted from the fucdse transporter, resulting in a loss of function.
modification that replaces the T at pesition 87 with A. In

addition, a modification thait replaces the 8 at position 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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reverse primer 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 DXBIil cells were subcubtured in
SEMIT(), 8 x 106 7BO0 cells were suspended in 0.8 mL Dulbecco's phosphate buﬁ%r (énrogen)

(referred t6°Herdater 23°PBS) 30 gyf of talG&tiRG vettorWas added (o the cell Stispéension, and

ansterred 9 p Gene uise; cuvetie (4 um) (BloRa) Atec haling Jt 10 minutes on ce the vecior
was transfected mto the celfgsaby e ec%ropovranén wlth GENE PULSER 1l (BioRad) at 1.5 kV and 25

uND. After,veetor, iransfectione cells were-suspendeadin,20Q m SEMIIG:)medium;and were seeded
into twenty 96-well flat-bottom plates (Iwaki) at 100111/ 11. The plates were cultured for 24 hours at
37C in a Gosincubador, then the reagent was added. (3) Knockout: step 1 Hal vector or KO2 vector
was transfected into the CHO cells, and selected with -ygromycin B (invitroden) 24 hours after vector
transfectio . The Byepomycit Bwas digsdlved inSERIS () ait 0.3 maghnL “and 100°ph was added per
well. (4) Screening for homologous recombinants by POP . o

human-carived seguences, humanilzed anti-glypican 3 antibodles,

and humen anti-glypican 3 antibodies have a reduced

immunogenicity 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

obiective,

Enown seguences can be used in the method of the present
invention for ths seqgusnces that encode the antibody heavy
chain and light chain for intreduction of mutation. In

addition, novel antibody gene sequences can be cbtained by

methods known to those skilled in th

4

art. For sxample, genes
can be suiltably obtained from antibody libraries. Morsover,

ained by cloning using known procedures,

F

genes can alsc be ob

hi)

. US

=
wn

+

e,g., RT-PC ng as template mRNA Ifrom a monoclonal
antibody~producing hybridoma.

Numerous antibody libraries are already known within the
sphers of antibody libkraries. Moreover, as methods for

constructing antibody libraries are also known, theose skilled

are the antibody phage libraries disclosed in the literature,
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(4-1) Preparation of the sample for PCP) Homologous recombinants were screened by PCR. The
CHO cells were cultured on 96-we 1 flat-bottom plates, the culture supernatant was removed and a
cell lysis buffer was added at 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 following per well: 5 p1 10x LA Buffer Il (supplied with Takara LA Tag), 2.5 uL 10%
NP-40 (R%%hre), 4 1L %g(ete'nase é(ogzoétmggm, T%%rltl)ﬁ@an,q §§15 ui letill%d water Nacalai Tesdue).

(4-2) PCP conditions CR f84ction mixture Was comprised o T ML of the PC rskélsmple as

described above., 5 ML 10x LA Buffer Il LIMgCL2 (25 mM), & iL,dNTR (2.50M), 2.ML primer (10 uM
each), 0.5 MT LA Tag (5 I0/ML), and 29.5 ML distilled water (total of. 50 ML). The TP-F4 and
THygro-R1;primers weretsedas thesBEP primers ¢o streemrtheKOdsvectortransfeeted cells, and the
TP-F4 and THygro-F1 primers were used as the PFR primers to screen the K02 vector-transfected
cells. RCRugcreehjng far-thel K0l aegha transfected cellsuwas Earmied iout bycpreheating icr 1 minute
at 95C; 40 cycles of 95C830 seconds, 60C830 seconds, and 60C82 minutes; and reheating at 72C for
7 minutes. (RPERE screening Tor the KO2 vedenransiecied celisivas eafried bat By Préheating for 1.
minute at 95C; 40 cycles of 95GC.830 seconds and 70C83 minutes; and reheating at 70C for 7
minutes. Ne. 2008-304%70. A method ¢f constructing a library in

eukaryotlic cells (WO 93/15383) and known methods such as

©

5
¢t

th are alsc suitably used.

th

riposome display and so
Technclogy for obtaining human antibodies by panning

cechniques using & human antibody library as the starting
material 1s alsc known to those skilled in the art. Thus,
single—chaih antibody (scFv), comprising the variable ragicons
of human antibody heavy and iight chains fused in-frame, is
expressed on a phage suriace using phéga display Technigues.
Genes encoding antigen~binding scFv are isoclated from this
phage by selecting for phage that binds to the antigen.
Identification of the sequence of such genes enables the

determination of the DNA sequence that encodes

T
jon 3
T
-
[
Lot
<t
v
Al
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light chain variable regions of & human anti-glypican 3
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 & suitable expression

vector and allowing £

O
P
b

¥pression in a suitable host cell as
describasd below. Such methods are well-known in the art and
include those disclosed in WO 92/061047, WO 82/20791, WO

G3/06213, WC 893/1123€¢, WO 93/19172, WO ©%/01438, and WO
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The primers are given below. In cell samples where homologous recombination had
occurred,approximately 1 DNA is amplified for the HO1 vector abd approxima ly 2.0 kb DNA is
amplified for the HO2 vector. TP-F4 primer was designed in the genoniic reglok of the fucose
transporter on toe 5' side ontside the vector, and the THygro-FI and THygro-R1 primers were
designed in the Hygr within the vector. forward primer (K01, KO2) TP-F4
50-GGAATGOAGOTTCOTCAAOOOACTO000-3' (SEQ ID NO: 20) reverse pr 4 KO1) THygro-R1
57-TGCATEACE EGAGACGOTGTOGAAC-3' (SEQ ID NO: 21) reverse primer (1<02) THygro-F1

57-GOACTCOT O(C)JQTQOQO@AA GAATAGC-3 (SEQ 70 NQ;. 22), (5) Results, of the PCP screening

g

918 1<01 vector- 1’rlanéfef:teeékrécé S Were analyzed, and 1 cell was thought to be a homologous
recombinant (hamelogays recombination effisiency. s-approximately 0:1%) <588 402
Vector-transfected cells were analyzed, and 17 cells were thought to be homologous recombinant-
(homologaus-recombination-efficiency =approximately 3:2%)3 (BrSoutherndlotingranalysis  Further
conflrmation was earned out by Southern blottin 10 ng aenomic DNA was prepared from the cultured
cells by a standafd methdd-anddwas subjected t6'Sorihef biciing 108ihg tHe s pfififers given
below, a 367 bp probe was prepared by PCP spanning the region from No. 2,113 to No. 2,500 in the

nucleotideasegiietite shewh ih'SESN B NO'E16 ~and TEet- 16F SlithérEbigiting “The gehom ¢ DNA was
cleaved with 60171. forward primer 1-F 54-TGTGOTOO0AATTGAAOOOAGGAC-3' (SEQ ID NO: 23)
reverserﬂﬁﬁéﬁrea sensitizing antigen) using a standard IMMUNIZ&aTIon

technigue and the ilmmunocytes obtained Irom the animal are

subjected to cell fusion with known parent zells by a standard

cell

fusion technique, which is described in detail below.
Using standard screening technigues, the monoclonal antibody-
producing cells (hybridomas) are screened, and cDNA for the
variable region (V region) of anti-glypican 3 antibody can be
synthesized with reverse transcriptase using the mRNA lsolated
from the selected nybridoma as a template. An anti-glypican 3
antibody gene is suitably prepared by the in-frame fusion of
rhis cDNAE with DNA encoding the desired antibody constant
region (C region;.

Specifiic examples are prdvided in the following, but the
present invention is not limited tc these examplss. The
sensitizing antigen used to generate the antibody of the
present inventicn may be the complete immunogenic antigen or
may be an incomplete antigen, including, for example, a
nonimmuncgenic hapten. For example, the full length glyplcan 3
protein or @ partial polypeptide or peptide thereof can be

suitably used. The scluble GPC3 core polypeptide shown in SEQ
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Bgl-R g'-CTACTTGTOTGTGCTTTCTTCC-3' (SEQ ID NO: 24) Cleavage by Bglll provides an
approximately 3.0 kb band from the fucose transporter chromosome, an approximately 4.6 kb band
from the chromosome where homologous recombination occurredthe KO1 vector, and an
approximatelyO kb hand from the chromosome where homologous recombination occurred with the
K02 vector. One cell obtained by homologous recombination with the KO1 vector and 7 cells obtained
by homologous recombination with the KO2 vector were used in the experiments. The only cell
obtained with e Ko véctor Was designatéd 501" however, it was Showh by Sibsequent analysis to
comprise multiple cell populations. Thus cloning,by. limiting.dilution was.carried ouf befgre using at in
the subseéﬁlebr# g)?ﬁé%rﬁn“é%}rtng*éﬁénoqf tﬁgfc::ye#sco %%ﬁﬁivi?ﬁ%ﬁééﬁdz %é%gr Wagg%jééigclngéted 6E2.
Knockout: step 2.+, in orderto establish celllines-havingza completely defegtive-fueose transporter
gene, one of three vectors was introduced into the cells in which homologous recombination had been
achieved by the KQdvestor ora«@2-eston The.veetosoel :cambinations weredas fellows: method I:
KO2 vector and SC1 cells (KO1); method 2: KO2 vector and 6E2 cells (K02); method 3: KO3 vector
and 6E2 celis tKOR). sEhervectoreas transfectedintoLmervespeetive dall; antdSElection with hvgromycin
B and puromycin (Nacaiai Tesque) was initiated 24 hours after vector transfection. The final
hygrommciiBI1E69 E61iceHtratioh wasSEhigimily irf ethsd 1°8hd 7 nibfmit “m"métdd 2= method 3,
the hygromycin B was added at g final concentration of 0.15 mg/mL and the puromycin was added at a
final conceTtration 6f8 tighn1l- 8P OP screening of the homdlogous recombinants  The samples
were prepared as described above | the sgreening Jor meibad.l, bath RORs.by which cells were
detected w erelhomologous fecombination has occurred with the KO1 vector and the K02 vector were
performed The RCB primers shewn-belowwege designed forumethodh2¢IPS-Ftgorresponds to the
region from No. 3,924 to No. 3,950 in the nucleotide sequence shown in SEQ ID NO: 16, while
SHygro-R1carespends fa theisegian:fronmNoi 4:248:tc- 4,274 1 These RCB primersawiltamplify 350 bp
of the fucose transporter gene region that is otherwise deleted by the K02 vector. Therefore, in the
PCP screening invmethad 2; cellsrprodueingno350bpamchiticaticns. proedet are €oAsidered to be the
cells completely lacking the fucose transporter gene. The PCP conditions were as follows: preheating
for 1 minute’ it G534 AfpIFicatioEEYcles of 98TY56'Setohdd ardP70E/FMindiel and reheating at
70C for 7 minutes. forward primer TPS:F1 5I-CTCGACTCSTO00TATTAOO0AACAGC-3' (SFQ ID NO:
25) revers& plifer Sey§iaR1B1- FCAGAGI0AG TG EATOOTCCAG TCAGE-3" (SEQ ID'NO: 26)

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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In the case of method :3,as used as he for3jard primer and RSGR-A Was used as the reverse primer.
The PCR conditions were as follows:-preheating for 1 minute at 95C; 35 amplification cycles of 95C/30
seconds, 60C/30 seconds, and 72C/2 minutes; reheating at 72C for 7 minutes. Approximately 1.6 kb
DNA will be amplified from the cell samples in which homologous recombination by the KO3 vector
has occurred. By this PCR cells in which homologous recombination occurred by the KO3 vector were
detected, and it was also conflimed that the cells retained the homalogous recombination by the KO2
vector white Batecting” (9) Résulfs of REAscrening 18CellE out of 816 cells analyzed by method |
were considered to be homologois recomhinants, (homalogays recombinatiop gfficiency = 2.9%). 2
cells out of 524 celis analyzed by method 2 were considered to be homologous recombinants
(homologaus,recombinationefficiency-z appreximately 0 4% 1-eells out of 382:cells analyzed by
method 3 were considered to be homologous recombinants (homologous recombination efficiency =
approximately 1L8%){20) Southerrblottinganalysis 1 t Southern:blotting .arfalysis was carried out by
the method described above, and | cell as identified to have the fucose transporter gene being
completely fostnTheranalytical ¥ésults friom PCR: afd SoutierheBlotting wete Consistént in the knockout
step 1, but not in the knockout step (11) Fucose expression analysis 26 cells found to be
homologoi& YedGmbisnts Were-analyzet Tor ficdée 8xpresdion by PERM1X 168 c&ifs'Were stained in
100 p.1 PBS c ntainin%S /mL Lens c,ulingfgigSq glrlgltiggh FITg:acorHlf%atqe gV%%t&[l Lagggatory', 2.5%

FES, and 6:02% soditim asi 3S(rénf°é?r%edyfo Rereafter as SACS solition) for 1 hour With ice cooling. The

Ce"SVWHeéQ§ﬁg§%¥g%13in addition, transgenic animals that maintaln a

repertoire of human antibody genes in their genome are also
known, and human antibody can be suitably obtained using such

: y

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
se rate

with human myeloma cells, for example, U266 (J T

B
-]

o3}

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,
by suitable dilution ancd suspension of the sensitizing antigen

in phosphate-buffered saline (PBS), physiological saline
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asSACS solution and were analyzed by FACSCalibur (Becton Dic! nson). The results showed that
fucose expression was reduced only in FTP-KO cells, which were found to exhibit a complete loss of
the fucose transporter gene in the Southern blot analysis. Reference Example 3 Establishment of
antibody -producing cells derived from the FTP-KO line and purification of antibody produced by these
cells The =nose transporter-deficient line obtained in Example 1 (FIP-KO cells, clone ame: 3F2)
were subcuqurgd in 5551d1(g)ocgnt?§_ir}1ing hy%rgrré%cin Eata ]_‘Taj ggngg%rgtig@ qQf, L mg/mL. 8 x 106

3E2 cells \?v%?éﬁh%rbbna &d in 0.87aL Dnibecco's pﬁ8§5h§trpébb5ﬁer. 251.1c of a humanized aglyeican 3

antibody expression vector was,added 1 the cell suspension and fransferred to a Gene Puiser
cuvette. After holding for 10 minutes on ice, the vector was transfected ithe cells by electroporationwith
GENE PULSES 1hat1:5:kV and-25 4FR s After vecter trapsfection; the cells werersuspended in 40
m(92 SFMII() medium, and were seeded on a 96-well flat-bottom plate (Twaki)100 n4t/well. Afterwas
incubated 4ar 24 hoursiat 3ZC in alC@Xincubitor Genetivinsevitroge ) was addedtbcaginal |
concentration of 0.5 mg/art. The antibody production of the drug-resistant cells was measured to
obtain humanized asti-glyp eanB antibedy-prodaeing'cell fidsind’ TheldiilitireSihernatant from the
antibody-expressing lines was collected and applied to Hitran rProtein A column (Pharmacia) using
P-1 pump {PhaRMEkid)" The cdltimm wakwashéd With a bifdivg Butfer 0 M Sbdium phosphate (pH
7.0)), and the bound antihody. was sauﬁQsnguncgntted with.elution Qé{ﬁ?{ioz]l)!§|99|yﬁﬂe§l§|§1 (pH 2.7)). The

Mmurnl ze AN LIS L . 7Lt SaLils S Pl R g
eluate Wa&lmmecﬁa?ely neutralized With neutralization buffer (I M(pH 9.0
can be measured using known analytical technigues, for example,

low cytometrry

iy

enzyme-linked immunosorbent assay {(ELISA} and

[FACSY .

{43

& hybridoma can be prepared by fusing an anti-glypican
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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The eluted antibody fractions were selected using DC protein assay (BioRad) and pooled, and was
concentrated to about 2 mL with Cent prep-YM10 (Millipore). The concentrated solution was then
subjected to gel filtration on Superdex200 26/60 (Pharmacia) equilibrated with 20 mM acetic acid
buffer (pH 6.0) containing 150 mM NaCi. peak of the monomer fraction in the eluate was collected
and concentrated with Cent-' epYM10. The concentrated solutionere ising a MILLEM-OW 0.22 ws,
filter unit (Minore) and was stored at 4C. The purified antibody concentration was determined by
calculatiors froff? e mdtar ABSBIFEIT coBffitiEHth588d b the HEor6aRcE "4t 580 nm. Reference
Example 4 Analysis of sugar chains attached ta the humanized antiglypican 3 antibody produced by
FTP-KO c%ﬁé] Py P;regpgr% ioh of Zfﬁa*rﬁlho%%%z%aterﬁizéé(?lébaf)eed: sugar ¢ éin%%gﬂ%g?gﬁelég sugarchains)

The antibady. of the present.inyention produged bBYKO cnes by, for example,

limiting dilution, and the monocglonal antibody produced by
“his hybridoma can be isolated.

The gene encoding the selected antibody can then be

cloned from the aforementioned

»

wybridoma or antibody-producing
cell (e.g., sensitized lymphocyte) using a probe capable of
specifically binding to the gene {(for example, oligonuclectide
complementary to the seguence encoding the antibody’s constant
region) . Cloning can alsc be carried out by RT-PCR using mRNA
isclated from the hybridoma or antibody-producing cell {e.g.,
sensitized lvmphocyte! as a tempiate. Immunoglobulins are
divided inte &5 different classes, 1.e., Igh, Igl, Igk, IgG,
and IgM, rased on differences in their structure and function.

Furthermore, the individual classes are divided into several

subclasses (isotypes) (for example, IgGl, IgGZ, IgG3, and
IgG4; Ighl and IgAZ; and so forth]. The antibody of the

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 belonging
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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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
Pharmaceutical Sciences (1994) 83(12), 1670-5). After deproteinationethanol (Schenk B. et al., The
Journal of Clinical Investigation (2001), 108(11), 1687-95), the released sugar chains were -
concentrated to dryness and fluorescent-labeled with 2-aranopyridine (BiggeC. etal., Analytical
Biochemistry (1995) 230(2), 229-238). The»re§ulting2-A§;Cl§QeI§d sugﬂa{)r@q@aliré% Were separated from
the reagent By-Sfid-phise SxtFabicn uBiHY iuiGSe cartfitica ¢oncentrated by centrifugation to obtain
puri ed Z-QJBelgb_g&?g sugars, The.purified 2-A8-lapeled sugar chains was treated with P-galactosidase
(Seikagakujlfogy’o ceaprepafe agalactosyl 2-AB-labeled sugar chains which were analysed as
described bglovii, {2) Analysis of agalagtosyh2-AS-labeled sugarichains byngrmalphase NPLC The
agalactosyl 2-AB-labeled sugar chains prepared by above-described method, the sugar chains
released fromthe antibody-of the: prasent imvention, produced: by & TR-Kl-cells andrantibody produced
by CHO cells (control), were analyzed by normal-phase HPLC with TSKgel Amide-80 amide column
(TOSOH Corparand the chiomatograms veretébmpare@dFhé folfowiny assessniént was made with
respect to the antibody produced by the CHO cells: 0(0) was present as the mai component of sugar
chains, while 0B} RUReKITG fudbseraccdurntet forandut4% Sfthetotalsudar chaifs®as assessed by
calculation from the peak area ratio. In the > case of %h% anQO?X Produced by ETP-KOQ C%‘flls, G(0)-Fue
was the mamComponant. For AFtRE antibody producing call fines, at least 9096 of the tdtal sugar chain
in the prodyced antibody was fugosefree sugar chains, as.assessedy.op caleylation from the peak

area ratll

hamster antibody, sheep antibody, camel antibody, and so forth.

I chimeric antibody is an antibody constituted of the heavy

i

chain and light chain variable regicns of antibody originating
from & nonhuman mammal such.as mouse, and the heavy chain and
light chain constant regions of 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.sequence. The DNA seguence encoding & humanized antibody

can be synthesized by an cverlapping PCR reaction using a

[£23

plurality of coligonucieotides as template The starting



Tablel. Relative ratios of each sugar chain estimated from normal-phase H12.1,C analysis for
agalactosyl 2-AB-labeled sugar chains sugar chain CHOFTP-KO-aFTE-KO-bFTP-KO-0 G(0)-Fuc
4.0%97.4% 92.531 93.2% G(0)96.0%7.6% 7.5% 6.8% Example 5 of cell lines stably expressin
humanized SOLO Establishment
materials and procedures for the overlapping PCR reaction are
descriped in, for example, WO 98/1338%8 and slsewhere.

The DNA encoding the variable regilon of the recompinant
antibody (e.g. recombinant anti-glypican 3 antibody} of the
present invention is obtained by overlapping PCR from a
plurality of oligonucleotides constructed so as to have
nuclectide seguences that overlap with each other, which Is in

turn ligated with DNA encoding human antibody constant region

so as to form an in-frame codon seqguence. The DNA ligated 1n

r+

this manner 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
host culture medium (EP 239400, WO 96/02576, and so forth;.
The FRs of the humanized antibody {(e.g. aniti-glypican 3
antibody) ligated with CDR are selected in such & manner that

the complementarity-determining region forms a high-gu

_,
2

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

reshaped antibody to form a suitable antlgen-binding site for

the antigen (XK. Satc et al., lancer Res. (1993) 53, B:Z1l-850)

in addition *¢ modifications related to humanization as

discussed above, further modifications can be introduced, for



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 expression vectors in order to express each gene

encoding the hequ chain and light chain of the antibody. Two ex ression vecgogsrl\évere selected so as
to provide 5 aBETEd combiHaTioh of the Jertes efitsding the Heavy ehain and Tight'chain as described

above, digested wijth Fru: and transfecte- by electroporation into the ET:P-140 line produced in
Referencgaﬁﬁé%op €2.5°° Trar%gfgor?nlanr%%%/ata §tégbﬁ;$“ bgr%épupcteQHélLlD%nTijbgg%%/ or modified antibody
were prepared, by € ectrapotatibn, using-the Gene Puiser ll(BipRad). 0.75-mLLHO cells (1 x 10°
cells/mL) suspended in PBS was mixed with 10 4g each of expression plasmid DNA providing the
desired combination:of heavy.chaia and tight chain; aadthesaixturenwastetistand oreice for 10
minules. The mixture was transferred to a Gene Pulser TT cuvette and a 1.5 1<7 electrical pulse was
ad at a capacitancde of:251p.¢FD mulséd mixture was Inctbated for 20 Mimtes at Foom temperature and
suspended in CHO-S-OFMII/174 HT/1% PS medium. 100 pi of the diluted suspension (5 fold, 10 fold,
and 50 fol#umaeRrinthe sdifietheditih) W added t6 eachtell of §65welf Thtture*pites. The plates
were incubated for 24 hours in CO2 iQ ubator maintained at 5% 002. Then, deneticin_(G co) was
added to eich-wélito a¢f?r?fail)c08r%c’enﬂtragtfdn ot 536 gg/ml dnd 2e6¢in (invitrogen) was added to each
wellto a fingl congentrafion of. 680 RA/ML--he plates yere JcyBates for zweeks. Jhe colonies of
transformed cells that exhibite genecicir and zeocin resistance were further selected by subculture on
the same medium,containing, 500ud/mis geneticz(Giboe).and 6Q0-lig/Mhizeacin (ivitrogen). The
culture supernatant of the transformedls selected in this manner

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

s

7

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: (1) hydropnokic: alanine, lscleucine,
valine, methionine, and leucine; {2} neutral hydrophilic:
asparagine, glutamine, cysteine, threonine, and serine; (3}
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was evaluated for the antibody concentration using BiacoreQ (BIACORE) to establish transfcrmant cell
lines expressing the desired antibody at a high level. The antibody concentrationr in the culture
supernatant was measured according to the instructions provided with the Biacorecl (BIACORE).
Thefl cell line thus established was cultured in CHO-S-SFMII medium (Invitrogen) containing 500 -
pg/mi of Geneticin (Inn-orogen) and 600 gg/m1 of Zeocin (invitrogen) . After cultivatingan appropriate
period of time, the culture supernatant was (ioILected, and 8prh§igg %Sa‘g | IProteinA-Sepharose column
(GE Healththre)® THEBarified antibods WWas concentrated Wwith Amicén Ultra4 (MILLIPORE) and
subjected to huffercnange on TD-10 Desalting o (Amersham Biosgienges) wilh20mN acetic acid
buffer (pl—%ﬁ)tégﬁtréleﬁin%rﬁaogr%%f\ﬂigbi?fﬁe%%:Fﬁiééuamagnt%?d%y was q%ar%%iedpby the absorption at
280nND-1000.Spectrgphotameter(Nanorop) 0rDU:600 Specirophotometer (BECKMAN). The
antibody concentration was calculated with the RACE method. Example 6 Therapeutic efficacy In an in
Vivo model-efithehiumanized S@LG 1antbadyand the point mutation-modified antibodies (1)
Maintenance of the cell line used for transplantation into the in vivo model EepG2 cells' (ATCC)
were used. The Hepd2-dlisowere maaintainet Wi sebculiuredn BaglesSainiffura’ssential medium.
(Sigma) containing sodium pyruvate (inno ogen) at iol/lL MEM and non-essential amino acids
(invitroge)Et ERTABIL MEM (his MEHGATR reférrdd 16 a8 the SUBEITLTE mebiumf (2) Preparation of
an Hep02 cell-transplanted mo_ubsﬂe,“rprgdel‘ L ysiqg ab%()ciutiorgggptaaiginrgi%uplg%lége medium. and
MATRIGEL M3tk (8D Biostience) 4t 171, a'Suspension of HepG2 Cells was prepare107 cells/mL. 100
uL of the '

anti-glypican 3 antibody. Prefe

i

ed exanmples of cytotoxicity

H

are antibody-dependent cell-mediated cytotoxicity (ADCC) and
complement-dependent cytotoxicity (CDC). In the present
invention, CODC activity denotes coytotoxnicity due to the
complement system, whiie ADCC refers to an activity of
damaging the target cell when 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)).
Tn gpecific terms, eiffector cells, a complement solution,

and target cells are first prepared.

t
T

reparation of effector ceils
The spleen is isolated frem, for example, CBA/N mouse,

and the spleen cells are separated on RPMIL640 medium

-3
th



cell suspension (5 x 105 c= s/mouse).was transplanted subcutaneously in the abdominal region of
5010 mice (male, 5 week old, CLEA Japan, Inc.). On the day prior to cell transplantation, the mice
received 100 p1 anti-asialo GM1 antibody (content of 1 vial was dissolve inL of the aforementioned
solution, Wako Pure Chemical Industries, Ltd.) by interperitoreal administration. The tumor volume
was calculated according to the following formula. tumor volume = long diameter x short diameter
x short diameter/2 When the average tumor volume reached 130 to 330 mmd, the mouse was
used as a médel- "@ PrepatatiGn of atministidtion SampfRentifihgthe’estantibedy  The
administration sFarnges cor“]tainincngQLQFa,ntibodyk Hu2,2122.2.2 antibody, or Hdl.8Ldi.6 antibody at
0.5 mg/mL‘?S“ mg7kg groupy or -1 ‘rhﬁ/rﬁt &Dmg*?k’g’ grolip) were prepared With physiciogical saline on
the -ay of administration. .(4) Aaminystratagn of the antibody;containing administration.sample ~ The
administration sample prepared according to (3) was administered at a dose of 10 mL/kg through the
tail vein to the m@ggglrg@gghp@p%ggﬂgé%g@g ance.perweek for three weeks beginning 27 days after
HepG2 cell transplantation. As a negative control, physiological saline was administered at a dose of
10 mL/kg throughtike taitveirat onge perweek for theee weekss Alkthezgroupsasdantained 5 animals,
and each test antibody-containing administration sample was administered to a respective group. At
about the samiéatimerasthe adaministration, veholisblded was-tollectedFrom B animalstin each group
was analyzed for the muri e plasma concentration of the antibody. Specifically, blood was collected
from a dorSarfost veirt 4t twodfifie points: 0.5 flour after toe irtal administration and immediately before
the second admin stration, 20 ul. of cossected blood was treated with heparin and the plasma was
isolated by' ééntrifagaton. °(5) Evaltation of the antitumor activity of the test a tabOdie$  The
antitumor activity of gach fest antibady.was evaluated in,themouse modelransplapted with human
liver cancer. The tumor volume was measured at one week after the last day of the sample
administratign: Fheyesults are.shown in Figure:#:Hshd1.8kspei 6 (Hdik.8kd18)antiody showed a
stronger therapeutic.efficacy, while the Hspu2.2Lspu2.2 (Hu2.2Lu2.2) antibody showed a weak
therapeuticea:6:£6). Plasima concenirations didheltesvantibadies®C in DMEM medium

contalining 10% FBS in order tc radiolabpel the targat cells.

2
®

The following, inter allia, can be used as the cel

ot

tha

==
[#5)

@®

Xxpress an antigen protein Te which the fest antibody binds:
cells transformed with & gene that encodes an antigen protein
tc which the test antibody binds, ovarian cancer cells,
prostate cancer cells, breast cancer cells, uterine cancer
cells, liver cancer cells, lung cancer cells, pancreatic
cancer ceiis, kidney cancer cells, bladder cancer cells, and

13

colon cancer cellis. After radiclabeling, the cells are washed

0

three times with RPMI164C medium containing 10% FBS ang the

cell concentration is adiusted to 2 x 10° cells/ml to prepare
The ADCC activity and the CDC activity can be msasured 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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The concentration of the test antibody in murine plasma was measured by an ELISARbased method
described in Example 1. Standard samples were prepared at the plasma concentration of 12.8, 6.4,
3.2,1.6,.0.8, 0.4, and 0.2 jigimL. The standard samples and the murine plasma test samples (suitably
diluted to a desired concentration) were added to immunohlates (NuncimmunoPlate, MaxiSorp (Nalge
Nunc international)) on which soluble givpican 3 core (Chugai Seiyaku Kabushiki Kaisha) is
immobilized, and the plates were incubated for 1 hour at room temperature. Goat Anti-Human |
G-BIOT (S6iitBd te chric I0y-AsSoeratesant #én streptavidintalkalifé’phosphatase conjugate
(Roche Dia no§tics) were added and a chrpfmoggﬁnirc reaction was %arried+out using the ElueShos
Microwell ﬁ%%%pﬁ%tefsoe‘“ Substrated &y stém(Kirkeyaard & Pefry Laboratories) as a substrate. Using a
microplate %aaderﬁ%a cglogg% the reaction solutioniirn %%Cht‘i." Ilzvc\)/%s get%rngisr\egnbx PO measuring the
absorbanc® 6f the reaction=solttion at 650 Am: The mutine plasma antibody coricentration was then
calculated using SOFTmax PRQO analytical software (Molecular Devices).with reference to the
standard c‘Uar”\'“/g%pI?eSé?e%\?v?thlth\é”laDt‘)as“'g)rEén[ge““vhﬁés%%tﬁi%g fr%rﬁ%%e%;ftar%ggrfd samples. The
murine plagsma concentrations gttgg%@ minutes and 7I%qyos@frgg1ogd@igigtrggogga,rﬁLghown in Figure 8.
A higher ant|b65y concentration was observed in murine plasma after 7 days from administration of
the test angrbggy having lower. pi value Lfo(r) both eadminis;ratipnﬁdo&)s tested, Example 7 ADCC

activity of the test antibodies measure using uman Bg?llﬁﬁél‘aéi ‘blood monocytes as the effector cell
The ADCC activity.of the test antibpdies was fested ag.descripedbelow using.a human peripheral
blood monocyte (referred to as PBMC) as the effector cell) (1) Preparation of a human PBMC solution
Using a syripgg-farevigusty loaded,with-200:kz0f &d000 wor/mi neaarn-solution {NeverHeparin injection
5000 Un s, Novo Nordisk), 50 mL peripheral blood was collected from a healthy volunteer (adult male)
from (m' ugairBeiyaku KakushikiKaishai Thecbloodewas diluted: twofoid matheRB, divided into 4 equal
parts, and introduced into a Leucosep lymphocyte separation tube (Greiner Bio-one) that was
previously iGaded dith 15 m FaeolliPadiae PIIYSHEnd stibjested it Eéftrifugation. . The separation
tube loaded with the peLiptl?]rBalmblgod was

AN B '\4) % 100G
wherein A 1s the radicactivity (cpm) for the sample using the

particular test antibody; B 1s the radicactivity (cpmi of the

sample to wnhich 1% NP-40 (Nacalal Tesque) has besen added; and

)

is the radicactivity {cpm) for the sample containing only

"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-
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
incubator. & final concentration of test antipody 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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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 suspension was subjected to the following
experiment as a human PBMC solution. (2) Preparation of target cells HepG2 cells were detached
from a dish and seeded on a 96-well U-bottom plate at 1 x 104 cells/well. The plate was incubated
overnight &°37E5n a 59 CONREGBaforr Orf e RéxtCday, 5-55MBY CF51 wakaduet 't each well of
the plate and tjgglplate was incubated for 3 ours atC jn - 5% 002 incubator. The HepG2 cells

contained ifi the Weﬂgabﬁﬁg%?gft% were USed as tdarcjgf &alid' in the ADCG activity assay as described

below (3) (Chromjym release assay (ADCE aclivit) ., The ARGE aclivity.was evaluated from the
specific chromium release rate determined by the chromium release method. The target cells prepared
as in (2) were washed.with4he medium,and J00.HL of.qach,gntibedy (HQLQ,antibody, Hu2.2Lu2.2
antibody, or Hdi.ndi.6 antibody) was added at a concentration of 0, 0.004, 0.04, 0.4, 4, or 40 Hg/m.L.
The plate was; reacted for Laminutes at reemstenaperature, andthe antipedy selution was removed.
100 HL of subculture medium was added to each well and the plate was incubated for 1 hour at 37C
in a 5% CQ2 ineubaterc100 4)t of the human PBME:salution preparediassndd) was. added to each
well (5 x 105 cells/well), and the plate was incubated for 4 hours at 37C in a. 5% COZ2 incubator and
centrifuged:Fhe radioactivity i 100 T the tultufe superratantitfeach avelkobthe plate was
measured by a gamma counter. The specific chromium release rate was determined according to the
following fétmiia® S petificoéifomiutn feleaserate (F6) =LY C)01067(BF#€) Wherdin A represents the

mean value of the radioactivity (cpm) of the 100 412 culture supernatant in each well; B represents
preferably within thé range from 0 to 3 wg/mi. After

incupation, 100 wl <f tThe supernatant ls recovered and the
radicactivity of the supernatant iz measured with a gamma
counter. The cytotoxicity can be calculated in the same manner
as for measurement of tﬁe ADCC activity.

The heavy chain and iight chain variable regions of the

antibody (e.g. anti-glypican

[F))

antibody) are, as described

above, generally composed of 2 CDRs and 4 FRs. The amino acid

~

regidues subjected to "modiIication" in a preferred embodliment

the present inventilon can be sultably selected, for example,

Q
i3]

fa

from the aminc acid residuss 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 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 uL 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 of the specific
chromium release rate (%), which is reflective of the ADCC activity of the antibody, were calculated
form the té§tT8SORS. () Bvaluatish ot thé ADEC SEtvity 5f (et Bntibbaied TheTesults of the
evaluaof'tklla% ADCC ﬁt(l:%\gi;y e?ébit%qiebry human PBMCs via the ;gstm%rgibgdyﬁgevoergleg that all of the
test antibodies exhibited ADCC activity. The resufts are shown'in Figure 9. Significant difference test
revealed that ng significant differencewas observed between tegtantibodies at any conce rations
tested in the specific chromium release rate of the test antibodies. The statistical analyses were run
using the $A& Rredlinical Rackage:(SAS Institute dnc.p-These results:showed that these yvas no
difference between the ACTS activities of the pi-modified test antibodies. Example 8 Preparation and
characterization- ol pb moedifiedzantibody:by point:matation Ly Setectidncefmodification sites for
decreasing pl To improve the tumor suppression acfivithe Hd1.814d1.6 antibody, modification sites
were select8dforthé ability 6f HeetcasiAgin IDTovalEeoTIRE Variable féaibke Arfilho acid residues
involving the decrease in the ni value of the variable region were found, which are summarizedTable 2
(heavy chain) and ‘T&6les (ligtitchain) - Spédific BXampIas of thésd maodifitafiohs t6r decreasing the pi
value are pHizpk1d.anthody a0d pIZPYLD antipady, These pl modiication.antibodigs were oreuared as

UENCES
constituting the antibody variable region FR that actually
CCCuUr 1n an organism such as mouse or human.

A preferred embodiment of the present invention 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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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 fra%me,nts containing the modification site. The two fragments

were linked UsMY A&Seibia PCR 6 Prepare BacH nititaht > - STh& mutant Thus 8btdined was inserted

into an exaressign.vegtor which allows for expression.of the inserted gene in,animal cells. The
nucleotide sequence of the expression vector was determlneé’by a method known Tné art. Introduction
of the pointmutation was gonfigned:hy. the puelgptide sequence ofthe-plasmid PNA, The gene
containing the point mutation was cloned into an expression vector which allows for expression of the
inserted gerem,. animabeels.cEhe expressienanc-purifi agiomof the) antibadywasaccording to the
method described in Example 1 or a sarod. Starting from Hd1.6, the 61st glutam'(Q) (according to the
Rabat numbeting) prasentim€DR1 of +4d18 . was substitted Wite giutamieacidtopreépare pH7 (SEC
ID NO:27). Starting from Ld1.6, the 24th arginine (R) (according to the Kabat numbering) present in
CDR5 of LdE® Was substitifed Rith*giafafme QY the BVthitid anfiné (©)swas stbstifited with ieuci e
(L), the 43rd ala ine (A) was substituted with serine (5), the 45th aro(R) was substituted with glutamine

(Q), the 74th threonine (T} Was Substiftitéd With KEn& (K} the 77h §‘§‘Wé>(§ﬁfas subStituted with

argir ne (R}, the 78th.euc ne (1) was substituted with valing (v}, and the 79th-glutaming (Q) was subst
utedalutamic acid (E), each present in FR2 and FR3, to prepare p114 (SEQ ID NO:28).

riginal antibody and wherein the numan antibedy has plasms
kinetlics modulated in compariscn to a chimeric antibody having
the same constant region.
The aforementioned human consiant region preferably
denotes a region comprising a wild-type human Fc region, bhut a

modified Fo

¢

arn alse be suitably used. Such a "modified Fo"
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 medification 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 Lo the e region"” denctes an antibody for which the

amount of bound fucose has been significantly reduced in



Starting from p114, the 104th ieuc ne (L) (according to 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 pl,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 Bi value gf 14d1.81,d1.6 antibody, pH7nL14 antibody and b917pL16 antibody was
7.47,7.07 ANd 652 espéctivély “indicting tHat1he B vafti&s SFBETBELA AntibodFand pH7pLI6
antibody er that of the Hd1.89fdl.6 antibody by 0.4 and Q.95, respectively. (3)
Measure%%%)?\élrmév%%&é 0%%%?% mﬁ%at?t?er% glt:rgn;cfd%ielD %Iﬁ%bgaié“'sgv Q\Tﬁ% m Sv'aﬁsﬁesyof labs obtained
from fidi.8L.af6 antibagy: PN7RLL4 antibody-and pHZPL16 antibody were.measured with VPDSC
(Micro Cal) using the method similar to Example 1. In this experiment, PBS was used as a dialysis
solution, andrthenantibogy eereentration imthertest sglution-forDSCrmeasurement yas adjusted to
25-100 Eg/ml. DSC scanning was set from 20C to 115:1LA-le canhing rate of about K/mib, with the
reference g6lution (dialysistsdlatintest solution. Theithermahdepaturationrmidpoint temperature of the
Fabs of the Hd1.812d1.6 antibody, pH.7pL14 antihody and pH70,1,16 antibody was 77.5, 78.0 and
74.7 C, respettiveR {4y EldlGaticn of Bindifg aedivity fo Anfigen oFpsiabafutaton 17 niGdified
antibodiesrbél qompeéjg}(e,rELISA The bjr;di)rngﬁ%ctivjt]y to the antigen g[yﬁgch 3 of each point
mutation pi roditied Antibody Was Theasured using thé’ metibefdaséribdd in' Example 1 (Figure 10).
The binding.agtivity.fo.glypican 3 of the pH7pH14 antibody Q”H?@EQQL%&@@LQO@YOW% shown to be

L

comparative toof the BOLO antibody. Example 9 Preparation of point mutation pi modified antibody
using FTPKQ:cell lineran The expressionyectar canying.-the-gene coding for.each point mutation p1

modified antibody prepared n Example 8 was introduced into the cells of C cell e prepared in

preferably nc greater than 10%, and particularly preferably no
greater than 0% of the total sugar chain content of the

control antibody. The fucose content can bz measured using the
analytical procedure provided in the reference sxampies below.
The method for preparing such a fucose-depleted antibody may
include the method described in the reference examplies of the

. 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 antibodiles with animal cellis in which the complax

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 Biotechnology (2006; 24, 15%1-7) and with yeast
cells (Nature Biotechnolcgy (2006) 24, 210-5).

A preferred embodiment of the preparation method of the



Reference Example 2 using Polyethylmane (Polyscie es Inc.), and the antibody was expressed. The
modified antibody was purified from the cell cutture supernatant using rProtein R SepharoseTM Fast
Flow (Amersham Biosciences). The purified antibody solution was prepared a000roing to the method
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) wéreisat. The Rep a7 cefiswée ifintainetf By Stbeaitdre ' MiRfAdn Esséntial Medium
Eagle mediym.(SIGMA) supplemented.with, L0%FES, 1 mmaol/1 HEM Sodjum Pyruvate (invitrogen),
and 1 mmc%%/THé%ﬁﬁ)l;l?é‘sseenat%?a%i%%) acids (fﬁ%it?ﬂggé*rﬁa(?géer?ecf ?g@ésli & subcuiture medium) (2).
Preparatiop of HepGg cell:trapsplanted ;mousg-model . - : Ysing.a solution.cantaining subculture
medium and MATRIGEL Matrix ;ioscience) at 1 : 1, a suspension of HepG2 cells was prepared at 5 x
107 cells/npk.110@ cell suspension: (3% 06 celis/moause) was transplanted subcutaneously in the
abdominal region of SCID mice (male, J week old, CLEA Japan, Inc.). On the day prior to cell
transplan tioh: the miceaeeceived 100 Fliant<asiald GV antibady {cartent ofdwvial was dissolved in 5
mi of the solution, Wako Pure Chemical Industries,by interperitoreal administration. The tumor volume
was calculdtedPacédrding to- #ie followifigFormiia. tiiforvotdfie < Jond diameter xeshort diameter x
short diameter/2 , , e o o ‘
residue (8} is changed; (b} culturing a host cell in such a
manner that the nucleic acid modified in the step {a) is

expressed; and (¢} recoverin
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In the method of the present inventlion, the term
"modlifving lai cid" refers to lificats £t

ying a nucleic aci refers to a modification of the
nucleic acid sequence so as to provide a codon that

corresponds to the amino acid residue that ig introduced by

this fterm refers to & modification of & nucleic acid that
contains & codon that will undergo modification, wherein said
modification changes the codon corresponding to the pre-

modification amino acld residue to the codon of the amine acid

¢ F
F_r
0
-
o3
ot
i

hat oduced by the modification. Generally this

¢t

residu

)]

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 amino acid residue. That is, codon encoding the
aminc acid residue subjected to modification is replaced by a

coedon enceding the amince acid residue that 1s introduced by



When the average tumor volume reached 400 mm3, the mouse was used as a model. (3) Preparation
of.administration sample containing the test antibody The administration samples containing HOLD
antibody,Hd1.8Ld1.6 antibody, pH7p3"4 antibody or pS7pL16 antibody at 0.1 mg/m.13 (1 mg/kg

. group) were prepared with physiological saline on the day of administration. (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 f%‘??iv‘@%éé%%%bﬁﬂﬂng’;%ﬂ Q4§s Ater HepGBYel traidpiahtaifon. s a negative control,
physiologi%a1l4sﬁali}nevwgsrardingiﬁi%tg[e at a dose of ;anélé/k%thggggh the tail vein at once per week for
five Weeks.ﬁl“t%e*group"s contained yanﬁmaﬁs‘, and a'each test aﬁtfb‘oayTCGr?t%inlng administration
sample Wa%@g%ﬁi§%%;?dégﬁ Lespeetive group. Atabout the same time as theadministration, venous
blood was collected from 3 animals in each group and was analyzed for the murine plasma
concentratign 9 the: antibody. Specifisally, blood was collected from a dorsal foot vein at two time
points: 0.5 hour after the initial administration and immediately before the second administration. 20
:4)2L collected bltod was teeatedwithcheparin @ndtherplasmeewas isotated byrcemrifugation. (5)
Evaluation of the antitumor activity of the test antibodies The antitumor activity of each test
antibody Wi évaluatedL e rhousermisidel Harsprarited with Aultart fiveP8&ncer. The tumor voluMe
was measured at one week after the last dqy of the sample adminisgr,atiop. As shown in Figure 11, a
stronger therap&utic Bfficdcy was t6ind i pH7ALI antibody and Bii 7p 1218 antibody compared to

HOLO antibody,and I—ldl.%lﬁd_it% gn\t}jggg& Example 11 The PK test of humanized, G033 antibody and

point mutafion antibodies using in vivo mo el (ﬁ?%rééaraﬁon of test antibo y-cﬁ”htaih(fng d nis ation

sample  ;Theadministration samples containing. HOLD antibody; Hd1.8Ld1:6.antibedy, pH7p1,14
antibody, pHipLle, antibody or pH7M85pL16 antibody at 0.5 mg/mL (5 mg/kg group) werepared with

physiological satiseen the day af admninistration (2} Administeation pfthe:antibedy-containing
administration sample -
vector {Stratagene) is preferred as a cloning vector, 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 examplies inclilude pRBEST vector (Promega) for In vitro

£

expression, pET vector (Invitrogen; for E. coli, pMEIZS-FL3

bl

vector (GenBank Accession No. ARODR9864) for cell culture, and

¢

MEL18S wvector (Mol. Cell Biol. {1988) 8, 4¢€¢c-472) for an

s

organism. DNA according te the present invention can be
inserted intc the vector by standard methods, for example, Dby

the ligase reaction utilizing restriction enzyme sites

(Current Preotocels in Molecular Biology, sedited by Ausubel et

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



The administration sample prepared 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 contained 3 animals, and each test
antibody-containing administration sample was administered to a respective group. Venous blood was
collected from the animals and was analyzed for the murine plasma concentration of the antibody.
Specifically,blood was collected 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 administration. 20 pL of collected blood was
treated with heparifi andithe plashis wasiSoted by Genthiftigation: 18) Pi&Smatdontentrations of the
test antibodies ___The %%noceentrzia}ion of the ge§t§§§i90dg~i@ murine .glas!ma was me%§ured by an
ELISA-based method described mnlgxaé.“é?an’“dard sarﬁplie‘s”wéﬁen preepalrse%‘“at aplasmaconcentration
of 12.8, 6.4,3.3,J.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 gnalge:Nungdnternational))enavhich seluble glypican 3 core (Chu-alSeiyaku Kabushiki
Kaisha) is immobilized, and the plates were incubated for 1 hour at room temperature. Goat
Anti-Humah:lgG-BIOT (Southein Biotechritlogy Associates)zand thern sseptavidin:alkaline
phosphatase conjugate (Roche Diagnostics) were added, and a chromogenic reaction was carried out
using the B}iEPh&S MiroVfelf Phosphatase Substrates Systerh {Ritkedaatd & Petry:Laboratories) aS
a substrate, Using a microplate reader, the color of the reactiofl solution in each well was ceterrrned by
measuring the>BSorbante’ of (RETRALHSA solution AF 680 nm=The miirifie’platiha anfibody
concentratgi%n \évascti@n c%lgglat%g}ysi@% ‘ETn%ax PRO ana!}/tical software (MgJe%uIar Devices) wit

ir

reference to the standard curve prepared with'the absorbance values obtained from the standard
samples. . The murine plasma concentrationsafter.administration, are spown sig re 12. A higher
antibody concentration observed in the plasma of mice that received the test antibody having lower pi
value. Examplerl 2:-AREEG activity okthe test antibodies psingsnan pesipheral -bleadmonocytes as t' e
effector cell

electropulse poration {(Current Protocols in Molecular Bilology,

ot

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

1-9.9)

o

, lipofiection, and microinjection.

A approprilate secretory signal can be suitably
incorporated into the antibody (e.g. émti—glypican 3 antibody)
in order te bring about secretion of the antibody expressed in
the hest cell into a lumen of endoplasmic reticulum, the

periplasmic space, or the extracellular environment, Such a

signal can suiltably be the native slignal ssguence

th

characteristic of the antibody (e,

te}

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

6]

18]

medium in those instances where the antibody of the present
invention is secreted inte the culture medium. In those

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



The ADCC activity of the test antibodies was tested as described below using a human oeripheral
blood monocyte referred to as PBMC) as the effector cell). (1) Preparation of a human PBMC solution
Using a syringe previously loaded with 200 xL of a 1000 unit/mL heparin solution (Novo Heparin

“injection 5000 Units, Novo Nordisk) 50 mL peripheral blood was collected from a healthy volunteer
(adult male) from Chugai Seiyaku Kabushiki Kaisha. The blood was diluted twofold with PBS(-gided
into 4 equal parts and introduced into a ieucosep lymphocyte separation tube (Greiner Eio-one) that
was previously [5aded it FicoliSPaqie PLRUSSEBjetted to' cefifrifti§ation SFRe Separation tube
loaded Witg the Pﬁgflpher%[?8|0§9 Lw necen;gfugaeigrtolgolcp,miinutggﬂat room temperature at 2150 rpm, and
the monocyte fraE:tlc”)nJlgyer was collected. Thé ‘Cefls Conhtained inthe ‘Ia“;?e‘r were washed once
wulbecco's to bejow,as 10% ERS/D-MEM) and syspended.in 10% FBS/D-MEN at g cell density of 5 x
106/mLr The cell suspension was subjected to the following experiment as a human PEMC solution.
(2) Preparation; of farget ¢ells : ca:HepG2:celiswere 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 555 MBquCr-5% wassadded t0weach well of theplate andchthe 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 c&Hs it fife ADCE Sty &34y 8S theseribedselews (3 Enrémiumerelease assay (ADCC
activity) The ADCC activity was evaluated from.the specific chro am release rate determ ed by t e
chrom um F&leasR Mathod *Fhé target cRfis Preparéd a85A (3T were Sisshed T medium, and 100 pL of
each antibgg¥ égaglb% Iaantngodyh }I{,—Idrlo.g%d j"6 an'twjfbggg,ﬁ p@ZpL;ﬁ?argrtprcg or RI—J?leG antibody) 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 te%‘@?ﬁﬁ@p%%lﬁgi@@g‘é’%H?W%K%&Q%BE@@Qi%lﬂ%ﬁam‘ég%%as aflded to each well
and the plate was incubated for 1 hour at 37C in a 5% CO; incubator. 100 qL of the human PESO
solution preparedasin {4} was-added to each well (5 x 10™ cells/well and the plate was incubated for
4 hours at 37C in a 5% CO2 incubator, and centrifuged. The radioactivity in 100 pL of the culture '
supernatant in edgkhewet of thig plateawds measuredryy agamma eountersFhe:specific chromium
release rate was determined according to the following formula.

drug; compriging a phnarmaceutically 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 diséase or for the detection ox
dizgnosis o a disease.

The pharmaceutical composition of the present invention

. can be formulated by a method known to those skilled in the
art. rFor esxample, tThe formulation can ke used by & non-oral

route in the form c¢f an injectabl

[0}

, 1l.2., 2 suspensicn or
aseptic solution with water or cther pharmaceutically
acceptable liguid. For example, the formulation can be

prepared by combining the antibody with & pharmacologically



Specificomium release rat (%) = (A - C) x 100/(E - C) wherein A represents the mean value of the
radioactivity (cpm) of the 100 p1 culture supernatant in each well; B represents the mean value of the
radioactivity (cpthe 100 culture supernatant in wells where 100 Ul of 2% aqueous NP-40 solution
(Nonidet 1-40, Nacalai Tesgue) and SO uri of 10% FES/D-MEN medium were added to the target
cells; and C 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 added fo the target gejjs. The tests were carried, -
out in tripliRETE TR the Midn Valie afid ‘stifdard d&diation bfthe Specific- Shromiufi rélease rate (%),
wheh is ref, aglie of the ADCMA aclivty of e antibody, were ealeylated from the test resuls. (4)
Evaluation of the' ADCC activity o the test antibodies The results’of the evaluation of the ADCC
activity exhibited by human. PBMCs.via thetest antibady reveled that.all of the tastantibodies exhibited
ADCC activity. The results are shown in Figure 13. Significant difference test revealed that no
significant glifference was=ehservedat amneencentrations tested petween testaodies:ard the control
HOLO antibody in the specific chromium release ratethe antibodies. The statistical analyses were run
using the SASt Rrechinical Package(SAS tnstitutes tnct i Thesestesultssshioived that there was no
difference between the ADCC activities of the p1l-modified test antibodies. Exampie 13 Preparation
and evalu&iGr ot Rotified-aftibvies tapabie 6Fd&creasing i-theept Valiié of COPS ant region (1)
Selection qfhmogificqgijonﬁmsites for decrﬁiea,sﬁinagtth_e_plq\(aI;]Jeﬂof vyﬁtbgncﬁppsﬁgqlrjt%reﬂgioq; 19gGIACK (SEQ ID
NO:32) is the IgGiEbhstant Fégion Haviig the amind adid seguence as Shown’in SEQ D ND: 31,
which lacks the 446th;Sly and the 447t Lys (aceqiding fo the EU
A sterile compesition for injection can be suitabiy
formuiated 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 isotonic solution coentaining bhysicloglical 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 polyetnyle

]
43

glvcel) and nonionic
surfactant {e.g., Polyscrbate 80, 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 as
solubilizing agents. A buffer {(for example, phesphate butffer
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



numbering) of the IgGi constant region. Deletion of these two amino acid residues allows fordecrease
in heterogeneity cause' by the heavy chain terminal constant region of an antibody. The antibody
was modified to have decreased pl value in the constant region by substituting some of the amino acid
residues in IlgG14GK with the corresponding amino acid residues in the sequence of the human Ig54
constant region according to the EU numbering. Specificaly, the 268th histidine (H) of IgG1GGF)
(according to the EU numbering) was substituted with: glutamine (Q) of the 1954 sequence, the 274th
lysine (K) WaSRéubstitdted G ith ‘glifmie™(0), the BB argihinewas Subslifutdd i-gittdmine (Q), the
356th asp%%irg:o%qig S(D) was substituted with giu amic acid (E), the 358th ieucine (I) was substituted
with methionine (M), and the 419th gl ‘famine (Q) was substituted with glutamic acid (E). These
substitutions contaip seauence-ot 9:12 amina acids which-can serve as.a 7; cell.epitgpe only derived
from a human constant region and thus are expected to have lower risk of immunogenicity. These 6
modificationswete infroduced inte 19GIAGE 10 0btain M85 {8EQ H2:NB:33) ra - ildie. censtant region
M85 was combined with the variab region pH7 and HO to prepare pH7M85 (SEQ ID 110:34) and
HOMS85 (SExD NO:35}, respettivé yriROEAS:820:antibodyiwas prépareshfromi HOMS85:as the heavy
chain .and 20 as the light chain, and rH7M85p1316 antibody was prepared from pH7M85 as the heavy
drain and pZE6 Hstheightiht chbii - AlBoC f78° FIOLD Antibedytand pE7pt16 antibody having the
constant regjon of Ig01 were prepqreg asin Examplq 1 anq E%xampIeTSL. The antibodies HOM851,0,
rH7M85pL?Lg%‘fH6L%},l§ﬁd BH75L1L6 were BXprésed B DKD Gl liné or HEPE293 cells, and purified
as described in %xa mple. 1 or 9. (2) Measurement,of pl value of constant region pl madified antibodies
The pl valugg of the H(%I(_:"?IIS*:E{‘rllt|56:o€(dy2?“HOSIQ?I58L5€1r6lei'r?t%b“d\gy(?“pl—TﬂS’Ifil‘G'w }an%%éd;g and %W%%Spl?;m
antibody. was measwed by electrophoresis with PhastGel IEE 4-6.5 (GE Heal case) under the same
electrophoresis conditions using the method similar to that described in Example 1. The pl values of
the HOLD antibedy  HOMS51,Q antibodyr. pH7 p1M& antibady and: pHZM85p1,16 antibody was 8.85,
8.16, 6.52 and 5.78, respectively, indicating that the modification in the constant region contributes to
further decreasethiesph¥alue withowtraffectingaothe inanuhegenicisy efithesantibody. (3) Evaluation of
binding activity of constant region pi modified antibodies by competitive ELISA

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

L0001 mg to 1000 mg

o>

selected, for example, in the range of
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 can.be selectad 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-glypican 3 antibody) {for example,

humanized anti-glypican 3 antibody) having plasma kinstics

87



The binding activity to the antigen of each constant region pi) modified antibody was measured using
the method described inample 1 (Figure 14). The binding activity to glypican 3 of the HOLE) antibody,
HOMB85LO0 antibody, pH7pL16 antibody, pH7M85pL16 antibody were shown to be about the same.
Example 14 ADCC activity of the constant region pl modified antibodies using human peripheral
blood monocy-es as the effector cell The ADCC activity of the pE7pL16 antibody and
pPH7M85p116 antibody was tested_ sigg ttgemethogaas described in Example 12. The results are
shown in Figire 15° Sigificant dfiferdnce test Yevealed that o Significant difféferite was observed
between t%%tﬁn}ﬂ_t?1 ies at any.coneentrations gxesste(j in t@%gggg[%igs%hrogg;u%réelease rate of the test
antibodies. The'statistical analyses were run using the SAS Prec |n|caT'Package (SAS institutelnc.).
These results showed,thatithere was no difference between the ADCC acti;vities of the pH7pL16
antibody and p187M85pL16 antibody. CLAIMS 1. An antibody which comprises a heavy chain
variable region shewnpineSECQ IDING: 27 and: adight chairivariable-eegion shovwrkin SEQ ID NO: 29.
2. The antibody according to claim 1 comprising a constant region of a human antibody. 3. The
antibody acevrdihgee claim 2f wisreirt e ednstant tegionccompiises ayseqeence: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% rédudced Eohfentitilicose aftachbttothe F&Fégivh drthe antibody. 5. A

composition corr?risirlg ktjhe antibody ac;cpr%ingntoﬁany?ong of claims | to 4 and a pharmaceutically

acceptablé carfer. . © 6. AR anticancer agent comprisiig as an active fngredient the antibody
according [0, any-one. of claims.l 10.4. . 7. The anticancer. agent-according tq glaim 6, wherein the
cancer is liver cancer. 8. A nucleic acid that encodes a polypeptide of the antibody according to

production system for the production or expression of the

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

invention. Thus, the present invention also provides a
production system that may be used To produce the antibody
{2.g. anti-glypican 3 antibody] using the aforementioned host

.

céil. An in wvitre or in vive production system can sultably be
used as the production system. Eukaryotic cells and
prokaryotic cells are suitably emploved as the host cell
in the in vitro producticn system.

The suvkarvotic cells used as the host cell may ilnclude
animal cells, plant cellé, and fungi cells. The animal cells
may include mammallan-type cells such as CHO (J. Exp. Med.
(1995} 108, 245), COS, HEK2%3, 373, myeloma, BHK (bpaby hamster
kidney!, Hela, Verc, and so forth; amphibiarn cells such
Xenopus Ilaevis ococytes (Vallie et al., Nature (1981) 291, 338-
3403 ; and insect cellis such as S5f%, 3£21, and Tnbk. For sxampls,
CHO-DG44, CHO-DX11E, COST cells, HEEK293 cells, and BHK cells

are suiltably used for expression ¢f the anti-glypican 3
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any one of claims | to 4. 9. A host cell comprising the nucleic acid according to claim 8. 10.
The host cell according to claim 9, wherein the host cell is a fucose transporter-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.clgims 1 to 3 for use in.a method of treatinlg cancer. 13. An antibody according
to claim 12, wherein the cancer is fiver cancer. ABSTRACTOF THEDISCEOSURE:*P¢ A method of

modulating, the plasma halfslife of anti-. glypican 3 antipody, a Rtgggn@ eutical composition comprising
as an active ingredient the anti-glypican 3 antibody that has a plasma half-life that has been
modulateds agnethad of preha ngathe-anti-glypican S.antibody apd & pharmaceutical.composition
comprising the anti-glypican 3 antibody as an active ingredient are provided. Disclosed is a method of
modulating thevplaisma halt:lifecof anti-glypiean3santitaody by madifyingan-apineacidS residue that is
exposed on the surface of the anti-glypican 3 antibody; and anti-glypican 3 antibody that has a plasma
half-life that*Hd¥’b&éf riddaldtedbByramins acit residae modifidatiorn za pharmeoeuticak composition
comprising as an active inthe a-glyhican 3 antibody, and a method of preparing the anti-glypican 3
antibody and Provteig aFhariiacsutical toRfdosition compising the Hhti-gprian-3 Ehtibody as an
active ingr&dienl SEQUeL—‘:ggtE:I(S{?SOTrI G <110> Chu aﬁi3 §e§3§%léufKabushiki Kaisha

el ation techni Iectlon technigue,

and so forth.

il
-4

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 celis, protein

»
o)

¥pression systems using

yveast cells, =.¢., Saccharomyces (e.g., Saccharomvces
cerevisiae, Schizosaccharomyces pombe), and protein expression
systems using Iilamentous fungi, e.g., Aspercgillus (e.g.,

Aspergillus niger), are known and carn be used as host o

[0

produce the anti-glypican 3 antibody of the present invention.

i

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.
subtiius 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



<120> ANTI-GLYPICAN-3 ANTIBODY HAVING IMPROVED KINETICS IN PLASMA <130>
PCG-9023W0 <150> JP 2007-256063 <151> 2007-09-28 <160> 35 <170> PatentIn version 3.1 <210>
1 <211>115 <212> PRT <213> Atrtificial Sequence <220> <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

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 cells can

be cultured according to known methods. When an animal cell is

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

o)
=

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

Fry

[ €2]

B

nd
r e

(D

Ttal 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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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
<210> 2 <211>115 <212> PRT <213> Artificial Sequence

o

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

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

produced in form of a fusion gene with a &

gene encoding

icall such as’

Eh

s speci y preduced in milk,

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
£99-7025 .

The silkworm is an

o produce the anti

[

present invention. When The

’

may be infected with a

-

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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<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 Ser Val 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 Tyr Tyr Cys 859095 Thr Arg
Phe Tyr Ser Tyr Thr Tyr Trp Gly Gin Gly Thr Leu Val Thr 100105110

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

S ~

polynucleotide encoding the antibody (e.g. anti-glvpican
.antibedy] of interest 1s insert ed into a plant expression

vector, such as pMON 530, and the resulting re

G

omlinant vechtor

ig transiected inte & bacterium such as Agrobacterium

tumefaciens. This bacterium is then used te infect z tohacoo
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 mincr {(Cox K. M. et al. Nat. Biotechnol.

The antibedy (2.g. anti-glivplican 3 antibody! of the
present invention obitained irn the manner described above can
be isclated from inside or cutside of the hest cells e,

i

\ LI

culture medium or milk) and can be purified into a
substantially pure homogensous antibody. The separation and
purification techniques generaily used for polypeptide
purification can be suitably used for antibody separation and
purification in the present invention, but is not limited. For
example, the antibody can be sultabkly separated and purified
by a suitable selection and combination of column
chromatography, filtration, ultrafiltration, salting out,

solvent precipitation, solvent extraction, distillation,



Val Ser Ser 115 <210> 3 <211>115 <212> PRT <213> Atrtificial 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 Glu Met His Trp Val Arg Gin
Ala Pro Gly Glu Gly Leu Glu Trp Met 354045 '

ectrophoresis,

[

i1zcelectric elactrophoresis, dialysis, recrystallization, and

The chromatographic technigues includs affinity
chromatography, lon-exchange chrcmatography, hyvdrophebic

¢chreomatography, gel f£il

ot

ration chromatography, reverss-phase
chromatography, adsorption chromatography, and so forth

{Stratsgies for Protein Purlification and Characterization: A

Laboratory Course Manual. Ed. Daniel R. Marshak et al. {1998;
Cold Spring Harbor Laboratory Press). Chromatography can be

carried out using liguid-phase chromatography, for example,

h
b

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.

Another preferred embodiment ¢f tThe present iﬁvention is
a method ¢of preparing the antibody (e.g. anti-glypican 3
antibody} ith modulated plasma kKinetics of the presesnt
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.



Gly Ala Leu Asp Pro Lys Thr Gly Asp Thr Ala Tyr Ser Gin Ser Phe 505560 Gin Asp Arg Val Thr Leu
Thr AlaAsp 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 <220>

EXAMPLES
Example 1

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

antibody

Various point-mutation genes were constructed starting
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
synthesized. A plurality of point-mutatlon genes were
ceonstructed using the commercial QuikChange Site-Directed
Mutagenesis Kit [Stratagene; . Construction of the point-
mutation genes was carried out by PCR under the following
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conditions. After heating for 30 seconds at 9
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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
cbhtaln transformants.
confirmed by determining the nuclesctide sequence of ths

plasmid DNE isclated from the transfcrmants. FEach point-
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<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
Ser Tyr Thr Tyr Trp Gly Arg Gly Thr Lep Val Thr 100105110 Val Ser Ser

mutatlon gensg was cloned into expressxoﬂ VECTQQVES ”‘B.Dali)_i_e of

expressing the insert gene in animal cells. Modified genes

were prepared by modifications as describad below.
Transient expression of the humanized HOLC antibody and

its point mutaticn-modified antibédieé was carried out using
poiyethv erieimine {Pclyscisnces Inc.). EEKZ93 cells were
separated by try?sin EDTA (Invitrogen), and seseded to a ;O cm*
culture dish at 6 = 10° cells/10 ml. The next day, SFTMII

ture medium and polyethyleneimine were mixed with a heavy

chaln expression plasmid DNA and & light chaln exp

S10n

H

plasmid DNA according to the manufacturer's instructions
the resulting mixture was left stand for 10 minutes at room

temperature. The entire mixture was added dropwise to the

1§
e

o
I

D
@]
wn
o
O
)
i)
¢t
5H)
F
g
e
ol
Q
o
)
3]
ja s
Iz
)
B2
Lo
a3
0

ells seeded as described
above, The culture supernatant was recovered after
approximately 72 hours and the expressed humanized HOLC

antibody and its point mutaticn-medified antibodies wers

™

b

purified using rProteini Sepharose Fast Flow (GE Healthcare)

4

ccording to the manufacturer's instructions,

(1-17 Modification of the Tm wvalus of the humanized EOLU

antibody

The thermal denaturation midpoint temperature (Tm! was
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 0f the humanized HOLO antibody was measured using a

O
£n



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 Alalle Asp Pro Lys Thr Gly Asp Thr Ala Tyr Ser Gin Ser Phe

sample sclution for DSC measurement prepared as described in
the fcllowing. The antibody solution (corresponding to 20 to
100 ungj filled in a dialysis membrane was Iirst 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 sclution and used as the sample solution for
DSC measurement.
A suitable.DSC instrument, for example, DSC-11
Calcorimetry Sclences Corperation;, is used for this
experimant. The sample sclution preparsad as descrlibed above
and the reference solution (dialysis externzl sclution) were
cthoroughly degassed, and each of these test specimens was
placed in & calorimeter cell and was thermally egquilibrated at
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 fop of tThe denaturation peak as a

function c¢f temperature. The thermal densturation midpoin

-

h

temperature of the humanized HOLUO antibody was calculated by
peak assignment of the Fab domain according to Rodolfo et al.

Immunclogy Letters {1999), 47-52. As a spe

| §]
e
iy

ic example, the
chart obtained from differential scanning calorimetry (DSC) on

The HspuZ.ZLspul.Z (HuZ.ZLuZ.2) antibody is shown in Figure 1.

The humanized HOLO antibcody, comprising the heavy chain
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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 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

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 wvalues of Synagils and Herceptin,
provided as exampies df exisz;ﬁg antibod@ﬂs, ére measured at

g

&

.4°C and 81.8°C, respectively. It was thus shown that the Tm

value of the humanized HOLC antibody is lower than that o

e

existing antibodies.

Modified antibodies were ther
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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
improved to 79.1°C. Alsoc the HOLO antibody light chain shown
in SBEQ ID NG: 7 was modified by introducing L42C, S48R, and

Q050R modifications int he

o)
et
b

RZ 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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151015 Ser Val 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 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

The plasma half-life of an antibody is sxtended by
lowering the pl value exhibited by the antibody. In contrast,
the tissue transliocation characteristics of an antibody are
improved by increasing the antibody’s pl. It is unknown

whether esither increase or decrsase in the pl value of an

.antibody effective in cancer treatment would enhance the

Hhy

tumor-suppressing effect. Therefore, modified humanized HOLO

antibody with & lowered pl and modifised humanized HOLO
antibody with an increased pl were preparsad and the antitumor
=

activity of them was compared to investi
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modification had a higher tumor-suppre
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The pl value of sach antibody was calculated based on the
anaiysis by iscelectric electrophoresis, Electrophorésis wes
carried out as described in the fclliowing. Using PhastSystem
Cassette (Amersham Zioscience), Phast-Gel Dry IEF (Rmersham
Bioscience) gel was swellen for about 60 minutes with a
sweliling solution with “he composition given below.

(a) Composition of the swelling solution for high pl:
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for TEF (Amersham EBloscience)
() Composition of the swelling soluticn for low pl:
.5 mL purified water

20 ui Pharmalvte 8~10.5 for IEF {Amersham Bicscilence)
80 pL.Pharmalyte 5-8 for IEF (Amersham Bioscience]

ADDroximsa

&

1y 0.5 ug antibody was loaded on ths swollen

ot
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<212> PRT <213> Artificial Sequence <220> <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

gel and isoelectric electrophoresis was run using the

PhastSystem (Amersham Biosclience) 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 ¥, 2.5 mA, 3.5 W, 15°C, 75 Vh
Step 2: 200 vV, 2.5 mA, 3.3 W, 15°C, 15 Vh
Step 3: 2600 V, 2.5 mA, 3.3 W, 15°C 410 Vh

After electrophoresis, the gel was fixed with 20% TCA and
silver staining was then carried out using Siiver Staining Kit
Protein {Amersham Bloscience) according to the instructions

provided with the kit. After staining, the iscelectric point

electrophoretogram from the high pI iscelectric

lectrophoresis is shown i1n Figure Z and the

electrophoretogram from the low pl isoslectric electrophoresis
1s shown in Pigure 3.
{a} Modifications that raised the pl

HspuZ.2 (Huz.Z2) (SEQ ID NC: 6; was prepared, in which the
Q43K, D5ZN, and Qi07R modifications were additicnally
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 in L4, where the SZ5A

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

germline}. The Tm valus c¢f the HspuZ.ZLspuZ.Z (Hu

o
[
ot
o

D
[
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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 Gly Thr Lys
~Lou Glu lle Lys 100105110 <210> 8 <211>112 <212> PRT <213> Atrtificial Sequence <220> <223>
Humanized antibody L chain <400> 8 Asp 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

antibedy 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
of the HOLO antibody is £.9, the pl of ths

'HspuZ.2Lspu2.? (Hu2.2LuZ.2} antibody was incre

w

sed by C.7.
{b) Modifications that lowered the pl

Hspdl .8 (Hdl.B) {(SEQ ID NO: 5) was prepared, in which the

K19T, Q435, K638, Keb(Q, and C66D medifications were

ial

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

3

he HOLO antibody and its point mutation-modified

=

antibodies purified in (1) was evaluated by competitive ELISA.

100 pL cf the sclubl
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pg/ml was added to each well of a 96-well plate. The soluble

GPT3 core polypeptide was immobilized on the plate by allowing

b

the plate Lo stand overnight at 4°C. The soluble GPC2E core

polypeptide immoblilized on the plate was washed 3 times with =2
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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 70775 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 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

washing buffer using Skan 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

HOLG antibody (final concentration = 0.3 ug/mi) and 100 ul of
J i / }"L

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

[

instructions provided with the kit. The plate w

[Emgrin 3
eft stand

]

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

_ ik

HOLC antibody that had been sublscted to the modification. In
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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 Léu His Trp Tyr Leu 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 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>1]12:L§%1%> ?Rl‘m anticen bindin i

gux ' = Cliger 1 g aClTivaity

aition, sShown 1n
‘of the HspuZ.ZLspuZ.Z {(HuZ.Z2Lu2.2) antibody was shown to be
about the same as that of the HOLO antibody subjected to the
mod;:LcaLion. Mcreover, as shown 1n Figure &, the antigen
binding activity of the Hspdl.B8Lspdl.&¢ (Hd1.BLdJdl.o) antibody
was shewn to be about the same as that of the HOLO antibody

subjected to the medification.
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Reference Example

Disruption of the fucose transporter gense 1n CHU cells
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the targeting vector
(1-1) Construction of the KOl vector
The BamHI site and the TGCGC seguence were added at the 5

side of the start codon of cin resgistance gene

ot
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by

{Hyvgr) by PCR using pcDHAZ. vgro {Inviirogen

Hygi-BH and Hyg3-NT fo obtain the same seguence as on tThe 5

side ¢f the start codon of the fucose-transporter ge‘ 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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<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 Arg Ala Ser Arg Ser
‘Leu 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 Pr(i)f r Phe Glgér_?g %;l_y LIlgr Lgﬂ_gocu g}u lle L)&s

Iucese transporter the
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 (1950) 87
9918~22) . A characteristic feature of this vector is that,

-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-



100105110 <210> 11 4 <211> 112 <212> PRT <213> Artificial Sequence <220> <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 lle 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

BH primers. Then the Hygr gens was excised.

forward primer

Hyg5H-AV 5'-ATGCATGCCACCATGARAAAGCCTGAACTCACC-3" (SEQ ID NO:

[

reverss primar
Eyg3-BH 5'~GGATCCCAGGCTTTACACTITATGCTTC-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-

{1-2) Construction of the KQ0Z vectoxr

fucose transporte

=
)
43
4
o]
2]
t
jt
o}
e}
<
0]
9}
ot
O
3
<
[
i
[

(referred

ot
o

heresaiter as the KOZ vector) was constructed by inserting

F
=3
M

3" side of the fucose {ransporter (from the Smal site at N
2,780 of SEQ ID.Nu: 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 KCZ vector has the pgk-1 gene

e}
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e}
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attached to Hygr, thus will acgulre hygromycin B resistance

ot

even when only one copy ¢f the vector is Introduced intc the

t

cell by homecliogous recombination.

+3
o
h
>
O
A
<
D
O
cf
8]
]
=
n
0
0

at Notl and was transiected intc the cell. By introducin
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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 wvector (BD Biosciences) was cleaved by PstI and
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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 Gly Gin Gly Thr Lys Leu Glu lle Lys
100105110 <210> 12 <211>112 <212> PRT <213> Atrtificial 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

BamHI and the excised fragment (Purcr) was inserted into the
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
=
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o
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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 added to CHO-5-3FMIT HT-

{Invitrogen), each at 1/100th the velume of the CHO-3-SFMIT
HT- to prepare a culture medium (hereafter referred to as
CSFMIIi+) ). CHC D¥B11 cells were subcultured in SEMII(+). 8 x



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 100105110 <210> 13 <211> 545 <212> PRT <213> homo

sapiens c : . .
P 10° CHO cells were suspended in 0.8 mL Dulbecco’s phosphate

buffer (Invitrogen) (referred to hereafter as PBS). 30 ug of
targeting vector was added to the cell suspension, and

transferred tc a Gene Pulser cuveitte (4 mm) (BioRad). After

holding for 10 minutes

O

n ice, the vector was trans

th

ected into

0

the celis by electroporation with GENE PULSER I (BicRad;

jsh
o+

1.5 ¥V and 25 uFD. After vector transfection, the
suspended in 200 mL SEMII (+; medium and were sesded into
Twenty %6-well flat-bottom plates {(Iwaki} at 100pi/well. The
plates were cultured for 24 hours at 37°C in & CO.; incubator,
then the reagent was added.
{3} Enockout: step 1

ECQL wector or KOZ vactor was transfected into the CHO
cells, and selected with hygromycin B (Invitrogen) 24 hours
after wvector transiectlon. The hygromycin B was dissolved in
SEMII{+; at 0.3 mg/mL, and 100 pl was added per well.
(4) Screening Lor homologous recombinants by PCR
(d~1} Preparation of the sample for PCR

Homeologous recombinants were screened by PCR. The CHO

cells were cultured on 96-well flat-bottom plates, the culture

supernatant was removed and a cell lysis buffer was added az

50 uL/well, and incubated at 55°C for 2 hours. Then proteinase
-

K was deactivated by heating at 95°C for 15 minutes to prepar
a PCR template. The cell lvsis buffer was compcsed of the

following per well: 5 plL 10x LA Buffer TII (supplisd with
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<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 His Ala Lys Asn Tyr Thr Asn Ala Met Phe Lys

Asn Asn Ty1 Pro Ser, 1001051101 gy The Pra,GifAlg Phe Glu Ehe Val Gly Glu phe Phe Thr Asp val

T

(20 mg/mL, Takara), and 38.5 pl distilled water (Nacalail
Tesque) .
{£4-2) PCR conditions

The PCR reaction mizxture was comprised of 1 uL of the PCR

sample as described above, 5 pL 10x LA Buffer II, 5 plL MgCli,
(25 mM) , 5 pi dNTP (2.5 mM), 2z pl primer {10 uM each), C¢.5 uL
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

THygro-¥l primers were used as the PCR primers tc screen the

PCR screening for the KU1 vector-transfected cells was
carried out by preheating -for I minute at 95°C;
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

vector-transfected cells was carried out by prehsating for

ty
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minute at 95°C; 40 cycles of
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

i

e

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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Ser Lou Tyr lle Lou Gly Ser Asp lle 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 Lou Lys Phe 210215220 Ser Lys Asp Cys Gly Arg Met Leu
'cl;r;rs A'&rgnl\/\l% Trp Té/r %¥e GSeerlTlr 22%_?30235ﬁ2:4‘:9$gy8h%mv%%|5(gl_J Met Met Val Lys Pro Cys Gly Gly Tyr

forward primer {(KOlL, KG2Z)
TP-F4 5 -GGAATGCAGCTTCCTCAAGGGACTCGC-3 (SEQ ID NO: 20°
reverse primer {KO1)
THygro-R1l 5'-TGCATCAGGTCGGAGACGCTGTICGRAC-3" (SEQ ID NO: 21)
reverse primer (K02}
THygro-F1 & ACTCCTCCCAGGUuAAAUbAATA”ﬂ 3" (SEQ ID NO: Z2)
{5y Results of the PCR screening

818 KOl vector-transfected cells were analyzed, and 1
cell was.thought o be a homologous recombinant (homelogous
recomplnation efficiency = approximately 0.
vector-transiected cells were znalyzed, and 17 cells wers
thought to be homologous recombinants (homologous

ad

recombination efficlency » approximately 3.2%).

()]

Southern blotting analysi

o

=
H

Further confirmation was carried cut by Southern blotting.
10 ug genomic-DNA waé preparaed 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

1

Southern blotting. The genomic DNAR was cleaved with BgllI.
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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 Gin Gin Arg GIn Tyr Arg Ser Ala 325330335 Tyr
Tyr Pro Glu Asp Leu Phe lle Asp Lys Lys Val Leu Lys Val Ala 340345350 His Val Glu His Glu Glu Thr

Leu Ser Ser Ar%Arg Ar% Glu Leu lle
Bgl-R L=CTACTTGICIGTG

@]

TTTCTTCC-3" (SEQ ID NO: 24)

Cleavage by BglII provides an approximately 3.0 kb band
from the fucose transporter chromosome, an approximately 4.6
kb band from the chromosome where homolegous recombination

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

h

rom th

1y

chromosome where homologous recombination occurrsed

=
=

Lth the KOZ vector. One cell obtained 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

subseguent experiments. Une of the cells cbtained with the K02

<
[N

2Ctor was designated &E

{77 Knockout: step 2

el

- N
!

In corder to establish cell lines having a completely
cdefective fucdée transporter gens, one of three vestors was
introduced into the cells in which nomologous recombination
had been achieved by the KOl vector or K02 wvector. The
vestor/cell combinations were as follows: method i: XKQ2 vector

-y

and 5C1 cells {(KOLl;; method 2: KO2 vector and 6EZ cells |

ey
&
o8]

method 2: KOOI wvector and oEZ2 cells (KO02). 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



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 lle Asp Lys Leu Lys His lle Asn Gin Leu 435440445
Leu Arg Thr Met Ser Met Pro Lys Gly Arg Val Leu Asp Lys Asn Leu 450455460 Asp Glu Glu Gly Phe

Glu Ala Gyo%%%&yéagl%ﬁseaésg C%Ab‘/?r‘ﬁpl lurﬁeﬁtsr%g<94l75§§9 7 mg/ml in method 2.

In method 3, the hygromycin B was added at a final
concentration of 0.15 mg/mb and the puromycin was added at a
final concentration of 8 ug/mb.
(8) PCR screening of the homologous 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 3EQ

b
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1)

SsHygro-R1 corresponds

to the region from No. 4,248 to 4,274, These PCR primers will

h

iy

amplify 300 bp of the fucose transporter gene region that is

ctherwise desleted by the KOZ vector. Therefore, in thes PCR

i

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:

L0
Ut
o

preheating for 1 minute at

n
8}
I

C: 35 amplification cyvcle

95°C/30 seconds and 70°C/1 minute; and reheating at 70°¢

(@]
+h
8]
s

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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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

In the case of methed 3, TP-F4 was used as thé forward
primer and R3GR-A was used as the reverse primer. The PCR
conditions were as foliows: preheating for 1 minute at 95°C;
35 amplification cycles of 95°C/30 seconds, 60°C/230 seconds,
and 72°C/2 minutes; reheating at 72°C for 7 minutes.
Approximately 1.6 kb DNE will be amplified from the cell
samples in which homelogous recombination by the KO3 vector

has occurred. By this PCR, the cells in which homologous

recombination occurred by the RECO3 vector were detected, and it

(7‘

[

was also confirmed that the cells retained ths homologous

recombination by the KOI vector whi detectin

.
D
4]

ko]

(9) Results of PCR scresning
18 cells cut of 616 cells analyzed by method 1 wer

considerad tc be homelogous recompinants (homologous

recombination efficiency = Z2.9%).
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analyzed by method 2 were considered to be homologous
recompinants (homologous recombination efficiency =

approximately 0.4%). 7 cells cut of 382 cells analyzed

8]
-

methced 3 were considered to be homologous recombinants

(homclogous recombination efficiency = approximately 1.8

o

(10} Socuthern blotiing analysis

Southern blotting analysis was carried outr by the method
described above, and 1 cell was identified to have the fucoss
transporter gene being completely lost. The analyvtical results
from PCR and. Southern blotting were consistent in the knockout

step 1, pbut net in the knockout step 2.



<210> 15 <211> 29 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <400> 15 gcggccgcct
attcctttge 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, gcagicagly glggtacacasettiaatee caggacteag gattaag aag 300
| 26 éelié-found té be homolecgous recombinants were
analyzed for fucose expression by PCR. 1 x 10° celis
stainéd in 100 uL PBS containing 5 wug/ml Lens culinaris
agglutinin, ¥FITC conjugate (Vector Laboratory), Z.5% EBS
0.02% sodium azide (referred to hereafter as FACS solution)
for 1 hour with ice cooling. The cells were then washed 3
times with FACS solution and were analvred py 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

0

blot analysis.
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iishment of antibedv-producing cells derived from the

s

F-KO line and purification of antibody produce
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The fucose transporter-deficient line obtained in Exampile
1 (FTF-KO cells, clone name: 3F2) were subcultured in SFMIT i+

containing hygromycin B at a final concentration of 1 mg/mL. 8

[=

% 107 372 cells were suspended in 0.8 ml Dulbecco’s phosphate
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 vecter was transfected into the cells by

electroporation with GENE PULSER II at 1.5 kV and 25 ufFD.



tagacggacc tctgttagtt caagtctacc attacctaca caagagtgaa gagtaaccga360 tctcatgcct ttgatcccag

cagctgggat catgtgcatt caatcccagc attcgggagt420 tatataagac aggagcaagg tctcagagct ggcattcatt

ctccagccac attgaggata480 ggaaaacatt gaagtgtcag gatgctgagg agaggcagca gtttgaggtt tggtagaacc540

aggatcacct tttggtctga ggtagagtaa gaactgtggc tggctgcttt gettttctga600 tcttcagett gaagcttgaa ctccaatatt

tgtctctggg tctattatta tcatgttaca660 cctaacttta aagctgattt acgcaagaca gttgtaggtg gacctttctt tcctgcccac720

cagttccca%l%%aactggca cggtagaact%ae atattaatta Iaaatgﬂt g{taata_ ct780 %a tettgtt actuctaac tcttacattt
20T tg ct

taaattaact ca t?é:catécctc?ftact*tgg rfg“é“c%r%gtgtﬁﬁcgtggc Fcra%g ¢ %?ge& C tlg‘ ct‘%: géné“‘ tggtgatgcc900

fetggttcty caefttatce cagaatigic Gagielgac Lelcglgecs,agetataggeo60.cagicadelg Hitattaace aatgagaata

atacatattt atagtgtaca aagattgctc1020 ctcaacaccc aattttttat gtgcaacctg agaatctgga ctcattgccc tcatgettge

agaggcggeca gecttaccea chaagecase tictagece toftgctift:gittittgag acaggiicea gtatgtagec caggcetggee
tcaaactgac cattctcctyg cctaaacctc ccgaacactg gaattatagt caaggcectac ctgcectgge attttcacac ttttatttce
tggctgagtc cattaacttt acacicatca.agatigaace agttggagiitaatiacagt gecaategsaslgagiceca cataatcaaa
caacttcaag gaagcaaaaa accagttttt cctgaagatc aatgtcagct tgcctgattc agaatagacc cccgaaaaaa
ggcaaatgct fgataaccaa tfictietia dtgticaate ecctgetget gigtgtaageicctgagaaaggacagtaag gggacattca
tgatcagaga aagagcccca actccccece cagecccace ceccacccetgt ccacagtctg ttggtttggt ticceectgg ctgacaccca
gaaatcacaarcataatcatt taggtbactgitaacaagtte ciiGtggaalaatyetacassatyatattqy taacatgagt aatgaataat
gectggagtc caactccctt gtgacccagce aatgttttce gtgggtgcte cetteeecag ctgcaggect gacatgtace ttaaaaagee
tcecctggag gaeAgaAftt ftgggtaciatagtytct tacadatact teGEiadtatc Sitacttal gtdccataa ataacatgca
geeectggtg aggeacacag ggctccaatg tacagctict cagacactge aggaaccttc ctetcctaat gcageactgg tctcttcagg
ctggacagca ggaa%gc%a a%géléfccsa%%%]é?fg@?g“g %g?arrga“gl%: gc gééaﬁgﬁaec}%%*g%sésgé ¢'tatagctaaa
tgtgtttcaa Hiafgett fgacaaafig factgaceec.aeoceeaces CeeCCctt gelgigetag gaaltgaage caggaccttg
tgcatgccag gcaagtactc taacactgag ctatagcccce aatctttcat ccaagtctct atgtgtgece acactcgctt tttattttga
gacaaaaggtetiatitig:agataagetc tcactatgt-goctigact HEHLt tititittga-ackiigacs tiGetaccle agctgagact
acaagtcttt taccatcagg cccggctgat ggtaaaataa cagtatttga aatagtttaa acacatcatc ttaatggtca accacacaat
ttccgaaatgtigotggcteiagioiggggc Aaacctyicelgceccaanattygtgetage aagaaageac,agacaagtag
ccctcecage tcaggagtaa aagacctgga gggggtggec cacttcggtc aagttcacgg gatggggagg ggtaccctce
tccagtagtg gty gtattyy Cagtictie cacegacyes ettggaagc acctyctiggiadecycanay céaggaatge agettectca
agggactcgc cagcgagggt aacaggacag aggegtceca agagggetgg ggcggaaggg ggaagacagg gteggectta
gatagggcad’ady té%ﬂ%f%g c degy é%aé cgtiEcacct EGeitigagitegatntgdc gagegatggg
gacagcgage aggaagiog! aciagogagg acegogtage agaigeages gagugegqc, elgccagala cacecgaggg
caccgegggq gtgagegeca ggteectgaa ceagecagge ctecagagee gagteeggey gaccgacggt acgtictgga
atgggaaggg-atcegyaca cegaatiget geatigaggg geteagagatictgatgtgg. gagtecagaa agggtittat ctaccggagg
tgatgtgact tccggectct ggaagtgctg ttggagtctc tgggaccttg ggtcctetcg actaggtttg gaaggggtga aataggggta
gggagaaagg agaggectye agcaatgtettecegaacga cRtagaticg-ggagaeated:-aaggacaagg gactgtigty
gggggtcttc agacgcggag gggtggtatt ctattttcty ggaagatggt gtcgatgeac ttgaccaagt ctagtcgatc tgaagaggct
aggggaacay acagtgdygag aggatdttgg dgggagigge agdacectic-cagaaactggigagaggctet agcacctgca
accccttccce tggectcegg ggagtcccag aagagggeag gaccatggac acaggtgceat tcgtgecgge gegeteegge
ctggcgaagytgcheGetct tggaggecyc-gogagugece atgegegec eggagagetg ycceittadg getaccegga
ggcgtgtcag gaaatgegec ctgagecege ceetcccega acgeggeceg agacctggea agetgagacy gaactcggaa
ctagcactcg' GCRGLgoee "tc&&f@éﬁb%ﬁfg%%c“&t@%é?g&%%cﬁﬁfc“aitﬁc%ﬁ?c‘ilcé)é‘gg%g% éﬁ%‘gctgaac ctccgtgacc
geectgeagt,Ceicceiece Ceeaiiegac ieggeggacy cificcgggey, ceccgeage cegeceteea cgtageeeac acctecctct

cggcgcteeg cttcccacge ggtcceecgac ctgttetitc ctectcecace cigecettct gténgé}cﬁncé‘ctfcrc?ﬁét cccctecgact

cgtccctatt gggeaacage,cectgtggic cageeggesa tugtgleaa ggetcacace ctggetagg cegetictee ctieeetggg
tcttgtctca tgaccccectg cccecgeccgg gagcgagegce gatgtggagce agtgectctg gcaagcagaa cttcacccaa
gccatgtgacrsattgaagec igtaceaeea gaccetanca: tettggagce clgtagacca0ggagigett clageegigg
ggtgacctag ctcttctacc accatgaaca gggcccctct gaagcggtcc aggatcctge gcatggegcet gactggaggce
tccactgcct ttgaggaggc agatgaagac ageaggaaca ageagttics gctgegggegetgcagatag, egetggtegt
ctctctctac tgggtcacct ccatctccat ggtattcctc aacaagtacc tgctggacag cccctcectg cagctggata cccctatctt
cgtcactttc taccaadtiget tggtgaccte tetgetgtycraagggcctea geactetgde eacotgaotge ceiggoaccg ttgacttcce
caccctgaac ctggacctta aggtggcccg cagegtgcetg cecactgtcgg tagtcttcat tggcatgata agtttcaata acctctgect
caagtacgta §ghgteticcttctatadb g §§§gegetegCiEaccacty praatggctictgfdestatesjetgc tcaaacagac
cacttccttc tatgccctge tcacatgtgg catcatcatt ggtgagtggg gececcgggggc tgtgggagea ggatgggceat cgaactgaag
ccctaaaggt caacactgta ggtaccttta cttactgtcc caggtccctt gcatcagcag ttacaggaag agccctgtag aaaacaaata
acttccttat ggtcattcaa caagttaggg acccagecag ggtgaaaata atgttagcag caactacagc aaagatggct ctegecactt
~ gcatgattaa aatgtgccag gtactcagat ctaagcattg gatccacatt aactcaacta atccctatta caaggtaaaa tatatccgaa
ttttacagag ggaaaaccaa ggcacagaga ggctaagtag cttgaccagg atcacacagc taataatcac tgacatagct
gggatttaaa cataagcagt tacctccata gatcacacta tgaccaccat gccactgttc cttctcaaga gttccaggat cctgtctgtc
cagttctctt taaagaggac aacacatctg acattgctac cttgaggtaa catttgaaat agtgggtaga catatgtttt aagttttatt
cttacttttt atgtgtgtgt gtttgggggg ccaccacagt gtatgggtgg agataagggg acaacttaag aattggtcct ttctcccacc

aratanatae taoanatetna acteanatea teanaattoa cacaaateece tttacceact aancecattte actoAatcecan tatatatatn



gctacttgcc agggccccac aagtaagata ggctgggatg ccatcccaga ctggccacac5700 tcecctggect gtgcttcaag
ccagtttact ttgttcctgc ccattggadg ttagcatgtt5760 gcagtcaaac acaataacta caggccaaaa gtgcttttaa
attaaagtca gatgaacttt5820 taaacatcca gagctcctca actgcaggag ttacaacctg attctgcaac catctttgca5880
gtgcceggta gtcatatgta gctagaggct cttggetagg acageatgtg ttaggaaaca5940 tctggccctg agatcattga
attgagtgac tgctgggtga caaagaccaa ggcatccgtt6000 ccctgagagt cctgggcaag cagcaatgtg accttcattt
gtacctactca%g tgcotttggOGO tctgtcctgt ttgacctact tagtctccte tggtgtctca gaggcccagg ctgggtactc6120
tggatgtcag gatcaggcca atgcgcacat ctgccctaga aatgtcececcc tggttgagca6180 gcetcctgaat ccatcggtaa
agggtctgga.ceagggagoa gicagataaa aagctgacag6240 cactggggga ctccatgggg aactcccace tgcceccaca
catccatcctaagagaactgo300 graticettg tttcctcttt gtcctacaag gcaccctggg atcccacttc agtctcccag6360
ccttgccagg. gitagagggs Atgageetceritgtegggaadiingatgca agaaggiacabd20 gleactagag aacctgagcet
cagatcccca aagtaaccag tacctgatag tgaggcagct6480 gagaaccgca gcagcctgec tgagtggctg aactctgegg
cctccggaag tggeeecadcGodlivody produced by FTP-KC cells

{1} Preparation of Z-amincbenzamide-labeled sugar chains {(2-
AB-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 released sugar chalns were concentrated to dryness and

fluorescent-labeled with Z-aminopyridine (Bigge J. C. et al.,
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Analytical Biochemistry (1985) 230(2), 2Z2%-238). The resulting

from the reagent by

s N

2-bB~iabeled sugear chains were arate
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soild-phase extractiion using a celiulo tridge,

concentrated by centrifugation to cbtaln puri

Hh

ied zZ-AR-labeled

N

sugar chains. The purified Z-AB-labeled sugar chains was
rreaved with B-galacteosidase (Seikagaku Kogyo Co., Ltd.} to
prepare agalactosyl 2-AB-labeled sugar chains which were
analysed as descriped below.

{(2) Analysils of agalactosyl Z-AB-labeled sugar chains by
normai-phase HPLC

The agalactosyl Z-AB-iapeled sugar chains prepared by the



tgttgggtct cctcttcctt cctectgtga gggagggcecc atctctgata agtgetgtgg6600 ggactctaga gtagggagga
ggaggagcaa tctaagcagg ccttactgag aagtccttgc6660 tggcatgtgg ctgcctgagg agtacagact gggaacaccce
atttgaatga gtaaggtttt6720 tcctgaaggc catggggagc cacggaggaa aatcatttta gttacaagac aaagagtaga6780
ttggttaaca tgggagcaag gacatggccc caattttcat agatgaagga aattggaact6840 cagagaggtt aagtaacttc
tcccaaatag ctcagcttca aaatcacaga acagtcagag6900 tctagatctc tctgatgect gtgatggtcce tgccattcca
tgttgctgat ccctgtggca6960 tcagtaagcc tetacctigt gggaatgcag gatctaaatg aagagaggaa gtgctggecc7020
catgctgtggtRiggaaty tatgeagget cltgagtay agagtyateé diaalfgast7080 dgdytctfat gagactcaaa
gcaacatcca cecftaagea getctaacca aatgetcacar140 ctgagggage caaagecaag ttagagtect gtgettgeec
aag gtcacttatrgiTczzcj'it%f%]gil cc?fobgtéc;fjc%?gt% iggcég&%rtlgtl ?dfcﬁétgggc”c% cgﬁa%ggg%%%tfga” é%ta?éla ta7260
gagaggtaac-agggeracacigiceiiaca catigeccly clagatigia getogoagag 7320:99qgagatgt aggtggetgg
gggagtggga gggaagatgc agattttcat tctgggctct7380 actccctcag ccattttttg gtgtgggagt tagactttgg atatgttgat
gatgaggtaal44@1-phase HPLC with TSKgel Amide-80 amide column ([TOSOE

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

i

sugar chains, while G(0!-Fuc lackin

ucose accounted for

]
h

=

about 4% of the total sugar chains, as assessed by calculation
from the peak area ratio. In the case of the antibody 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

Y

chain in the produced antibody was fucose-free sugar chains,
as assessed by on calculation from the peak area ratioc.
Table 1.

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) 86. 0% 7.6% 7.5% c.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

15



gggccacaga acagtctgaa ctgtggtatc agaatcctgt ccctetcect ctctectcat7500 ccctettcac cttgtcactce ctetgtetge
tacaggtggt ttctggctgg gtatagacca7560 agagggagct gagggcaccc tgtccctcat aggcaccatc ttcggggtge
tggccagcect7620 ctgcgtctee ctcaatgcca tctataccaa gaaggtgctc ccagcagtgg acaacagcat7680 ctggcgcecta
accttctata acaatgtcaa tgcctgtgtg ctettcttgc ccctgatggt7740 tctgetgggt gagctcegtg ccctecttga ctttgctcat
ctgtacagtg cccacttctg7800 gctcatgatg acgctgggtg gectcttcgg ctttgecatt ggctatgtga caggactgca7860
gatcaaattc accagtcccc tgacccacaa t t%tggggg %)cag_cgga%gécct%tgggca7920 gacagtgctg geccgtgcetct

11 ed all 1 no

actatgaaga gactaagage mecttgGt g§ataagcaaroso cigatggiy ctggatgget cetédyecta tacctgggte

aggggetggg.ag; t%%?@%&%%%%%@%%%@%%f&é@%@agg9%9%%%%%9&9%@&999
tetgagettc8100 ttcagggacc tgggactgaa cccaagtggg gcctacacag cactgaaggc ttcccatega8160 gctagccagt

gtggccctga,geaatacightiacatestc sttagaatat gatctaagag8220:9agaecagaat cittcctogtaatgtcagaa
agctgccaaa tctcctgtct gecccatctt8280 gttttgggaa aaccctacca ggaatggcac ccctacctge ctectectag
agcctgtcta834@s 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 vectors were selected so as to provide a

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

Gene Pulser Il (BioRad). 0.75 mi CHC cells {1 x 107 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 was trancsfsrred To a Gene Pulser 1T

@]
oL

uvette and a 1.5 KV electrical pulse was applled at a
capacitance of 25 pFD. The pulsed mixture was incubated for 10
minutes at room temperature and suspended in CHO-5-8FMII/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

ot

well of $6-well culture plate

n
+
3
h
3
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[
]
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24 hours in CO; incubatcer maintainad at 5% C0p;. Then, geneticin
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cctccatatc atctctgggg ttgggaccag ctgcagcctt aaggggctgg attgatgaag8400 tgatgtcttc tacacaaggg
agatgggttg tgatcccact aattgaaggg atttgggtga8460 ccccacacct ctgggatcca gggcaggtag agtagtagct
taggtgctat taacatcagg8520 aacacctcag cctgcctitg aagggaagtg ggagcttggc caagggagga aatggccatt8580
ctgccctctt cagtgtggat gagtatggca gacctgttca tggcagctgc accctggggt8640 ggctgataag aaaacattca
cctctgcatt tcatatttgc agctctagaa cgggggagag8700 ccacacatct tttacgggtt aagtagggtg atgagctcct .
ccgeagteec taaccccage8760 tttacctgec tg%cttccct tggcccagct acctagetgt acteectttc tgt@Ctgttc8820
tetictcegt catggEttec Tecaatattt Eeatttgead jeaggaadtygagtccati8g86 Waatiety tebéatgac
agagcccttt gaatacctga acccctcatg acagtaagag8940 acatttatgt tctctggggc tggggctgaa ggagceccact
ggttctcact Lftg‘l Cetafdtoo66 Qg%lﬁ?cc%?éf é%ggggga&ag aa%a%acgi%%a%lcaaeagag“ég‘aggegaitag“fac%aagt
tactaagaac9060Q agaagttggt ttataacgtt ctggggcagc aaagcccaga tgaagggacge catcgaccct9120 ctetgtccat
atccteatge t9Pagaagia aggeaagst @CTtttQ%igagc&:L? atataggdoF80 acactagect CACtEatgay ggttttacte
catgacclgleancetcaaa geolieaacadZ0. . o: cranstormed celle cthar exninites

geneticln and zecoclnh reslstance wsre further selected by
subculture con the same medium containing 500 ug/ml geneticin
{Gibeco) and 600 pg/ml zeocin (Invitrogen). The culture
supernatant of the transformed cells sslected in this manner
was evaluated for the antibody concentration using Biacorel
_{BIARCORE) te establish transformant cell lines expressing the
desired antiboedy at a high level. The antibody concentration
in the culture 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 300 pg/mi of Geneticin [(Invitrogen)
and 600 ug/rl of Zeocin (Invitrogen). After cultivating for an
appropriate period of time, the culiture supernatant was

~
e

llect

O

M

¢, and purlified using rProteini-Sepharose column (Gh
Healthcare). The purified antibody was concentrated with
Amicon Ultra-4 (MILLIPCRE;) and subjected tc buffer exchange on

1

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

{BECKMAN). The antibody concentration was calculated with the

o
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tgaggactcc aacgtaaatt tggggacaga agcactcaga ccatacccca geaccacacc9300 ctectaacct cagggtagct
gtcattctcc tagtctcctc tcttgggcct ttagaacccc9360 catttccttg gggtaatgtce tgatgttttt gtccctgtca taaaaagatg
gagagactgt9420 gtccagcctt tgattcctac ttcctacaat cccaggttct aatgaagttt gtggggectg9480 atgccctgag
ttgtatgtga tttaataata aaaaagcaag atacagcatg tgtgtggact9540 gagtgagggc cacagggatc taaaagccaa
gtgtgagggg acccagctac agcaggcagc9600 atcctgagcec tggaatctct tcaggacaag aattctccat atacctacct
actctgggg%%%o %gtgg{%t(%gcc agagttcaag cttcccttag taccaactac cactggctgt gctcttactg9720 aaggcagaca
tggcactgag tg’c]i:‘tg ccat'c gtcactca tctccacagc cattcctaat9780 gtgtggggtg ggagccatca ccaaacccca
ttttcagata aggacacagg ctcagagagg9840 ctigtgtgga gaaaagtagc agcagaattc agagagctgg gtctectgca
gcaccttgga9900—ctgcragcag ccacagtgct tgtcacacag cacatactca aaagaatgcc agccccctca9960
gcctagagtg cetggesitt citicagatg-aggaagaggyg icaaagetgllagettgece 10020 accatatgageacatacaty
-accaacagct tgagggaggg aggattactg tggctcccag 10080 cctgagaggt gggacaccca aatgtattag gtccttgaat
cagggctgagrettgigatic 01 40agteactect-accagaatgentggggaaigg ggaigecaaa ggcaaaggag gctttctaag
10200 gtgtggtgta agataggcat ttctgcttcc atgtacacct gtgagcagag taggaaggcec 10260 ctgtggagaa
tatatcccac ‘daactagtag cetttectgy cagtgogiga atactgoecac 10320 cotataetsc tatycaaggeicagtagaace
acccaaccca caacatctag agaaattaca 10380 ggtcatctta agcctctaaa ttgtggagaa actcgacatg cgcacgattc
ctaacctgct'T0440 ageMaghot eggggtgga taatttaagg aaactggggt ticttataga atcggaggcet 10500
ccatgaagtc accctgacaa gaggtcagea atagccagca gcagtggcta ctcctaagee 10560 tccagacaga gcaccctgtg
aatgtacctt attctca%%lfgcfggcge%qfcst a%%%\g? tggeT%Bng m%‘g'gg%zgfgé~1 ?&E%ac%géd’ yclattgcaa tgggecctta

¢
gecceatggg olgitaggat; 10680 ageagecaag.cageieecat goigagatac tocclacagt agacigalgy ataagaaaac
10740 aaggcccaaa atgttttctt tccagacttg atctttcttt gttcaaaaat gctgttttcc 10800 cttaaacttg cccaaaccca
tigttttgca gitgageapa-ajaaggcain 9aaagatias, L0860 -aggaagtitc igaggitaca gageaaagta ctggcttcac
ctgaaataga caggtgtgcc 10920 ctgatcctga tttgagctc 10939 <210> 17

MEM and non-essential aminoe acids (Invitrogen; at 1 mmol/L MIM

{this medium i1s referred to

W
w

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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<211> 33 <212> DNA <213> Artificial Sequence <220> <223> Primer <400> 17 atgcatgcca
ccatgaaaaa gcctgaactc acc33 <210>18 <211> 28 <212> DNA <213> Atrtificial Sequence <220>
<223> Primer <400> 18 ggatcccagg ctttacactt tatgcttc28

Whern the average tumor volume reached 130 to 33C mm?, the
mouse was used as a model.
{3) Preparation of administraiien sample contalning the test
antibody

The administration samples containing HOLD antibedy,

Huz.ZLuZ.Z antibody, or Hdl.B8Ldl.&6 antibody &t 0.5 mg/mL (5

mg/kg group! or 0.1 mg/mL {1 mg/kg
g/xg g L C o

{®]
n
G

upl were prepa;ed with
physiological saline on the day of administration.
(4} hdministration of the antibody-containing administration
sample

The administration sample prepared accordi ng to (3} was
administer at a dose of lGlmL/kg through the tail vein to

the mouse model prepared in (2) at once per week for three

weeks beginning 27 days after HepGZ cell transplantaticn. BAs &
negative control, phvsiclogical saline was administered at a
dose of 10 mL/kg through the tail vein at once per week for

three weeks. ALl the groups contained S 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
the antibody. Specifically, bloocd was collected from a dorsal

foot vein at two time points: (0.5 hour after the initial

administration ancd immediatelyv befors the sescond

th
[§]
9}
£

E i
iy
O
ot
Y
O

administration. 20 ul of blood was treated with
heparin ana the plasma was lsolated by centrifugation.
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<210> 19 <211> 25 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <400> 19 gctgtctgga
gtactgtgca tctge25 <210> 20 <211) 27 <212> DNA <213> Art|f|C|aI Sequence <220> <223> Primer
<400> 20

{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 efficacy, while the HspuZ.Zlspu

s
s

)

(HeZ.2LuZ.2Z} antibody showed z weak Therapeutic efficacy.
{6} Plasma concentrations of the test antibodies

The concentraticn of the test antibody in murine plasma
was measured by an ELiSA—based method described in Example 1.
Standarcd samples were prepared at the plasma concentration of

i [

12.8, 6.4, 2.2, 1.

o

, 0.8, 0.4, and 0.2 ug/ml. The standar

sampres and the murine pliasma test samples {suitablv 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

Lazboratories) as & substrate. Using & microplate reader, the

color ¢f the reaction solution in each well was determined by



ggaatgcagc ttcctcaagg gactcge27 <210> 21 <211> 27 <212> DNA <213> Artificial Sequence <220>

<223> Primer <400> 21 tgcatcaggt cggagacgct gtcgaac27 <210> 22 <211> 27 <212> DNA <213>
Artificial Sequence <220> <223> Primer

measuring the absorbance of the reaction scolution at €50 nm.
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.

The murine plasma cconcentrations after 30 minutes and

~1

days from administration are shown in Figure €. A higher

antibody concentration was observed in murine plasma after

-}

dayes from administraticn of the test antibody having lower

o
4

values for poth administraticn doses teste

o
Wl

-

Example 7

b

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
describea kelow using & human peripherzal blood monocyte
{referred *o as PBMC) as the effector cel
(1) Preparation of a humen PBMC scolution

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
separation tube (Greiner Bio-cne) that was previously loaded
with 15 mi Ficoll-Pague PLUE and subiected to centrifugation.
Ths separation tube loaded with tThe perivheral bleood was
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<400> 22 gcactcgtcc gagggcaaag gaatagc27 <210) 23 <211> 24 <212> DNA <213> Artificial

Sequence <220) <223) Primer <400> 23 tgtgctggga attgaaccca ggac24 <210> 24 <211>22 <212>
DNA <213> Atrtificial Sequence <220>

centrifuged for 10 minutes at room temperature at 2120 rpm,

‘and the monocvte fraction laver was collected. The celils

contained in the layer were washed once with bDulbecco’s

Modified Eagle's Medium (Sigma) containing 10% FBRS [referred
to below as 10% FRS/D-MEM) and suspended in 10% FBS/D-MEM at &
cell densitv of 5 = 10%/mL. The cell suspension was subjected

to the following experiment as a human PBMC solution.

HepGZ cells were detached from & dish and seeded on a 96-

incubated overnight at 37°C in & 5% CC; incubator. On the next

n

day, 5.55 MBg Cr-51 was added To each well of the plate and

&

the plate was incubated for 3 hours at 37

o

C in a 5% CO:
1ls contained in the wells of the plate

ware used as targef cells 1n the ADCC activiiy assay as
described below.

13) Chromium reisase assay (ADCC activity)

The ADCT activity was svaluatsd

Hh

rom the specific
chromium relsase rate determined by the chromium relsase
methoed. The target cells prepared zs in (2] were washed wit

the medium, and 100 uiL of each antiboedy (HOLC antibody,
BuZ.2Lu2.2 antibody, cor HdL1.S8Ldi.& antibody) was added at a
concentraticen of O, 0.004, 0.04, 0.4, 4, cor 40 ug/mL. The

plate was reacted Zor 15 minutes at room temperature, and ths

antibody solution was removed. 100 ul of subculture medium was



<223> Primer <400> 24 ctacttgtct gtgctttctt cc22 <210> 25 <211> 27 <212> DNA <213> Atrtificial

Sequence <220> <223> Primer <400>
DNA

added to each well and

37°C

el

in a 5

CO» incubator.

25 ctcgactcgt ccctattagg caacage27 <210> 26 <211> 27 <212>

the plate was incubated for 1 hour at

i

1 £

00 uL of the human

FEMC sclution

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 radicactivity in 100 ul of 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 foruula.

Specific chromium relea
(A -
A

wherein represents th

of the 100 ul culture supernatant in each well;

the mean value of the ¢

culture supernatant in

solution (Neonidet F-40

r
FBS/D-MEM medium were

represents the

100 pL culture

MEM medium was added to

carried out 1

1y
LT

daviation

of

reflective o the ADCC activity of

t

calcuiated form the fes

¢

fEacs

The results of the

wells where 100 pl of

adced to the
mean value of the radicactivity

supernatant in wells whesre

G

Loresu

Evaluation of the ADCC activity o

se rate

(%)
e mean value of the radiocactivity (com)
B represents

adicactivity {(cpm; of
NP-40

Nacalai Tesqgue) and 50 ul of

o

targe

]

ay

o

¥
h

(cpm)

[

+
e

ul, of 10%

o0
xj
2

)

the target cells. tests were

and the mean value and standard

chromium release (%},

[
n

ra which
the antibody,

ta.

bt

Fh

the test antibodies

evaluation of the ADCC activity



<213> Artificial Sequence <220> <223> Primer <400> 26 tcagaggcag tggagcctcc agtcagc27 <210> 27
<211>115 <212> PRT <213> Artificial Seguence <220> <223> Modified antibody <400> 27 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 '

exhibited by human PBMCs via the 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
test antibodies at any coricentrations tested in the specific

chromium release rate 0of the test antibodies. The statistical

rt

analyses were run using the SAS Preciinical Package ({BAS

Institute Inc.). 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

point mutation

=

(1) Selection of modification sites for decreasing ol

F

To improve the tumcr suppression activi

s

v of the

£

Hdl.8Ld1.6 antibody, modification =sites were selected

h
O
=
%
o)
B

1—t

th

apility of decresasing in the pl valus of the variable 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

£~

of these modifications for decreasing the p

it
<
o
ot
o
D
fu
I
0

g
jat
i

e
£a
.

antibody and pH7pLlé antibody. These pl modification
antibodies were prepared as follows.

The modification sites were created by Assemblie PCR.
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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 <212> PRT <213> Artificial Sequence

an antisense oligo DNA ceontaining the modification site and a
sense oligo DNA corresponding tc the vector pearing the gene
td he modified, or ‘& pair of a sense coligo DNE conta 1ng_the
modification site aﬁd an anﬁisense oligo DNRE ceorresponding to
the vector bearing the gene to be modified was used in PCR
wi:r_? meSTAR (TAKARA) to obtalin 5'-side and 3'-side

-

fragments containing the modificaticn site. The two fragmen

ind
o

were linked using Assemble PCR To prepare each mutant.

The mutant thus obtained was inserted into an expression
vector which allows for expression of the inserted gsne in
animal cells. The nucleotlide seqguence oif the sxpres
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 vector which allows for expression

of the inserted gene in animal cells. The expression and

purification of the antibody was according toe the method
describesd in Example 1 or a similar method.

Starting from HI1.&, the €lst glutamine (Q)} {according tc

the Kabat numbering) present in CDRI of HdI.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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<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 Asn 859095 Thr His Val Pro
‘Pro Thr Phe Gly Gin Gly Thr LXS Leu Glu IIe Lys 10010511

The HMreonine supstituted with lysine (K}, the

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



<210> 29 <211>112 <212> PRT <213> Atrtificial 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

antikody ceoncentraticon in the test solution for DSC

measurement was adjusted to 25-100 ug/ml. DSC scanning was set

3

from 20°C to 115.°Clat the scanning rate-of about 4K/min,. with

L

"the referénce solution {dialvsis solution’ and DSC measurement
test solution. The thermal denaturation midpcint 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 ELISA

The binding activity to the antigen glypican 3 ©

ih

sach

point mutation pl medified antibody was measured using the

o

method described in Example 1 {(Figure 10). The bindin

jte]

activity to glypican 3 of the pH7pHl4 antibody and pH7plLlé

antibody was shown to be comparative to that of the HOL

[

antibody.

Preparation of point mutaticn pl modified antibody using FTE-

T

The expression vector carrving the gene coding for each
point mutétion rI medifled antibody preparsd in Example & was
introduced into the cells 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 using rProtsin 2

SepharoseT™ Fast Flow [(Amersham Bilosciences). The purified

antibody solution was prepared according to the method
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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

descriped in Example > and the antibody concentratlion was
1

measured.

Example 10

T

Therapettic efficacy in an in viveo model of humanized GCI3

antibody and point mutation pi modiiied aptibodies

{1) Maintenance of the cell iline used for transplantatiocon intc
zhe 1in vivo model
Hep G2 cells (ATCC) were used. The Hep GZ cells were

maintained by subculture in Minimun Essential Medium Eagle
madium (SZGMA) supplemented with 10%FBS,
Pyruvate {(Invitrogen), and 1 mmol/l MEM non-sssential aminc
cids {Invitrogen) (referred to as the subculture medium).
{2} Preparaticrn of HepG? cell-transplianted mouse model
Uzing a solution containing subculture medium and
at I : 1, & suspension of
HepG2 cells was prepared at 5 x 10 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.}). On the day prior o cell
transplantation, the mice received 100 pl anti-asialc GM:
antibody (content of 1 vial was dissclved in 5 mbL 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



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 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 ClyValGfu V&F FA§ ASTAR LYS THET ys o Ary Gl Gl GifBhéeuse

was used as z model.
(3) Preparatlion of administraticn sampie containing the test
antibody

Th

M

administration Sam?les 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 day of adminiszrétion.
{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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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 a dorsal oot veln at twe time peoints: (.5 hour

S

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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165170175 Asn Ser Thr Tyr Arg Val Val Ser Val Lea Thr Val Lea His Gin Asp 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 A§9)Gg/v§c?r Phe Pheg_ec%'el’yr Ser 275280285

TuatIon © noitumoy vity of the test
antibodies
The antitumor activity of each test antibody was
evaluated in the mbuse-mQQG;-transplanted with humam liver
cancer. The tumor volume was measured 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 physiological 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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Arg Lea Thr Val Asp Lys Ser Arg Trp Gin Glu Gly Asn Val Phe Ser 290295300 Cys Ser Val Met His
“Glu Ala Lea His Asn His Tyr Thr Gin Lys Ser 305 310 315 320 Lea Ser Lea Ser Lea Gly Lys 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

~

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

-

2.8, ©.4, 3.2, 1.8, 0.8, C.4, and 0.2 ug/mL. The standard

j—4

in

amples and the murine plasma test samples {(suitabply diluted

t

o a desired concentration) were added tc immunoplates (Nunc-
ImmunoPlate, MaxiScrp (Nalge Nunc International)) on which

H

soluble

L_(_}
( )

Lvpl 2 core (Chugal Seivaku Kabushikl Kalsha) is
immobilized, and the plates were incubated for 1 hour at 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 out using the BiuePheos Microwell
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 concentraticon was then calculated

using SOFTmax PRO analytical software (Molecular Devices) with

,._A
|8
.



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 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

ex erﬂnCZﬁ T DQ Stan@a Curve repared W...\“ L,ﬁ r
165170175% urve prepared ¢ absorban

values obtained from the standard samples.

ot

H

The murine plasma concentrations after administration are
shown in Figure 12Z. 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 antibodiss was tested as

described below using a human peripheral blood monocyte

{referred To as PRMC) as the sffector cell
(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 Units,

Nove Nordisk;, 50 mL peripheral blood was ccllected from

93]

healithy volunteer (adult male) from Chugai Seivaku Kabushiki

Kaisha. The blood was diluted twofold with PBS(-), divid

6]

d
into 4 equal parts and introduced intc a Leuccsep lymphocyte
separation tube (Greiner Bio-one) that was previously loaded
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; containing 10% FBS (referred

=

05
)



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 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 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 75280285

to below as 10% D-MEM) and suspended in 10% FBRS/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.
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(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 pl of =sach antibody (HOLO antibody, Hdl.8Ldl

(a2}

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

I 5 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
198



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 Lys Ser Leu Ser Leu Ser Pro Gly
Lys 325330 <210> 32 <211> 328 <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

culture supe natant in each well of the plate was measured by
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% aguecus NF-40
solution (Nonidet P-40, Nacalal Tesque: and 50 ul of 10%
FRS/D-MEM medium were added to fhe target cells; and C

represents th

0

mean value cf 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

carried out in triplicate, and the mean wvalue and standard

deviation of the specific chromium release rate (%)

z,
F
3
g
},.A
in

reflective of the ADCC activity of the antibody, were

caiculated Ifrom the zest results.

(43 Evaluation of the ADCC activity of the test antibodies
The results c¢if the evaluatlion ol tne ADCC zctivity

exhilbited by human PBMCs vie the test antibody reveled that

all of the test antibodies exhibited ADCC activitv. The

o

results are shown 1n Figure 13. Significant difference test

raeveal

{1

d 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 statistical analyses were run using the 35AS



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 Lys 859095 Lys Val
Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys 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 %%iglaolamp%q val Val é\;/zfaé‘ As ngjc §g£ ng Glu Asp Pro Glu Valtlﬁy%ﬁ&;eésn Trp
X U S|

145150155160 Ty V/ar Asp éﬁ/g\:?al Val His Ash ATa Lys Thr Lys Pro Arg Glu

that there was no difference between the ADCC activities of

ct

he pI-modified test antiboedies.

Hh

Preparation and evaluatiocon of 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

Specifically, the 268th histidine (H} of IgGlAGK
(according to the EU numbering; was substituted with glutamine

T

4th lysine (K; was substituted

]
~1

() of the 1gG4 seguence, the
with glutamine (Q), the 355th arginine (R} was substituted
with glutamine (Q}, the 356th aspartic acid (D] was

substituted with glutamic acid (E;
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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 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 Ser Asn Gly GIn Pro Glu Asn 260265270 Asn Tyr Lys Thr Thr Pro Pro
Val Leu A%%E)Sej Asﬁ%y Ser. Phe Phe 275%89%85

stit with methionin y . and the 419%th glutamine (Q)

was substituted with glutamic acid (E). These supstituticns

}

contain seqguence of 9-12 amino acids which can ssarve as a T-
cell epiltope only derived from a& human constant region and

thus are expected to have lower risk of immunogenicity. These

Crt

6 modifications were introduced intc IgGlAGK tc obtain MB
{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

(SEQ ID NO:Z5

s}

, respectively. HOMGLLY 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
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I1gGl were prepared as in Example 1 and Example 8. The

expressed in FTP-KC cell line or HEKZ93 cells, and purified as
described in Example or 9
{Z) Measurement of pl value of constant region pl modified

The pl value of the HOLC antibody, HOMESLO 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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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> <223> Modified antibody <400> 33
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Set Lys 12 151015 '

antibody was §.85, £.16, &.32Z and 5.78, respectively,

indicating that the modification in the constani region
contributes to further decrease in the pl value without

affecting o the immunogenicity of the antibody.

{2) Evaluation of binding activit

L

of constant region pl
modified antibodies by.competitive RLISE

The.binding activity to the antigen of each constant
_region PI modified antibody was measured using the method
degscribed in Sxample 1 {Figure 14). The binding activity to
glypican 3 of the HOLC antibody, HOMEBILU antibody, pH7pLiE

antibody, pHTMB5pLlée antibody were shown to be apbout the same.

Al
w

Example 14

T

ADCC activity of the constant reglion pl modified antibodies

using human peripheral bhlood monocyies as the effector cell

The ADCC activity of the pHUpLlée antibody and pHTMEDLPLIS

antibody was tested using the method as described in Example

i

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.



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 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&ARER Asn Trp

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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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 Thr lle Ser Lys Ala
Lys Gly 210215220 GIn Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Gin Glu Glu 225230235240
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

any one of claims | 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 ceil, 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.
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Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe 275260285 Leu Tyr Ser Lys Leu
ThrVal 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> Atrtificial Sequence <220> <223> Modified antibody <400> 34 Gin.Val Gin Leu Val
GIn Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 151015

ABSTRACT OF THE DISCLOSURE:

A method of modulating the plasma half-life of anti-
glypican 3 antibody; a pharmaceutical composition comprising
as an active iggredient the anti~giypican 3 antibody that has
a plasma half-~life that has been modulated, a method of
preparing 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 amigo acid residue that 1s exposed on the surface
of the anti-~glypican 3 antibody; and anti-glypican 3 antibody
that has & plasma half-l1ife that has been modulated by amino
aclid residue modification, a phrarmaceutical composition
comprising as an active ingredient the anti-givpican 3

ntiboedy, and a method of preparing the ahii~g1ypiéan 3

antibody and producing a pharmaceutical composition comprising

ci

the antl-glypican 3 antibody as an active ingredie
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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 AS_P Thr Ala Val Tyr Tyr Cys 859095 Thr Arg Phe Tyr Ser Tyr Thr Tyr
Trp GhyGip,Gly {m;kwayféﬁ‘;‘ﬁ%‘}ﬁ;ﬁqb;%%llo Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu
Ala R 118120125 Bet SeIBLYSHBKCT W BED GIYEGE ThPARIAAlIa Leu Gly Cys Leu Val 130135140 Lys

Asp ﬁ%g?ﬁ&eﬁgéfggk@a?ro Val Thr Val Ser Trp Asn Ser Gly Ala
<i51y 2007-09-28

{i160> 15
170> Patentin version 3.1
210
Q11> 115
{212> PRT
{213> Artificial Sequence
{220
{223> Humanized antibody H ¢hain
400> 1
Gln Vat Gin Leu gal Gln Ser Gly Ala Géu Val Lys Lys Pro Gly Ala
1 1 15
Ser Val Lys ggl Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr
25 30
Giu Met His Trp Val Arg Gin Ala Pro Gly Gln Giy Leu Giu Trp Met
35 40 45
Gly Ala Leu Asp Pro Lys Thr Giy Asp Thr Ala Tyr Ser Gin Lys Phe
50 58 60
Lys Gly Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr
65 70 75 80
#et Giu Leu Ser ger Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys
5 90 95
Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Gly Gin Gly Thy Leu ¥al Thr
100 105 110
Val Ser Ser
115
{210y 2
Q11y 115
{2¥2> PRT
213> Artificial Sequence
220>
<223> Humanized antibody H chain
{400, 2
Glin Val GIn Leu Yal GIn Ser Gly Ala &lu Val Lys Lys Pro G;y Ala
1 5 10 i
Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Tgr Asp Tyr
: 20 25 3
Giu Met His Trp Ile Arg Gin Pro Pro Gly Gin Gly Leu Glu Trp Hle
35 40 45
Gly Ala 1le Asp Pro Lys Thr Gly Asp Thr Ala Tyr Ser Gla Lys Phe
50 55 60
Lys Giy Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr
65 70 75 89
Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95
Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Gly Gin Gly Thr Leu Val Thr
106 105 110
Val Ser Ser
115
10y 3
211y 116
{212y PRT
{213> Artificial Sequence
{2207
<223> Humanized antibody H chain
{400, 3
Gin Val Gin Leu Val Gla Ser Giy Ala Glu Vat Lys Lys Pro Giy Ala
1 5 10 15
Ser VYal Thr Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe ?2r Asp Tyr
20 25 3
Glu Met His Trp Val Arg GIn Ala Pro Gly Glu Gly Leu Glu Trp Met
35 40 45
Gly Aéa teu Asp Pro Lys Thr Gly Asp Thr Ala Tyr Ser Gin Ser Phe
5 55 60
Gin Asp Arg Va! Thr Leu Thr Aia Asp Lys Ser Thr 3er Thr Afa Tyr
§5 70 75 80
Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr gyr Cys
85 80 5
Thr Arg Phe Tyr Ser Tyr Tir Tyr Trp Gy Gin Gly Thr Leu Val Thr
100 103 119
¥zl Ser Ser
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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
225@@35}%0 Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu 245250255

{2122 PRT
213> Artificiai Sequence
220>
<223> Humanized antibody H chain
<4007 4
GIn val Gin Leu Val GIn Ser Gly Ala Glu Val Lys Lys Pro Gly Ata
1 5 190 1
Sar Val Lys ggl Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr
25 30
Glu Met His Trp Va! Arg Gin Afa Pro Gly Lys Giy Leu Glu Trp Met
35 40 45
Gly Ala Leu Asn Pro Lys Thr Gly Asp Thr Ala Tyr Ser Gln Lys Phe
50 55 60
Lys Gly Arg VYal Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr
65 70 15 80
Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Thr Ata Val Tyr Tyr Cys
85 %0 §5
Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Gly Arg Giy Thr Leu ¥al Thr
Ho 105 110
Val Ser Ser
{15
210> 6
QUy 118
(212> PRT
(213> Artificial Sequence
220>
223> Humanized antibody H chain
400> 5
Gln Yal Gla Leu Val GIn Ser Giy Ala Géu Val Lys Lys Pro Gly Ala
1 5 1 15
Ser Val Thr Vai Ser Cys Lys Alz ger Gly Tyr Thr Phe Thr Asp Tyr
20 5 30
Giu Met His Trp lle Arg Gln Pro Pro Gly Giu Giy Leu Glu Trp lie
15 40 45
Gly Ala lie Asp Pro Lys Thr Gly Asp Thr Ala E%r Ser GlIn Ser Phe
50 85
Gin Asp Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr
65 70 75 80
#et Glu Leu Ser ger Leu Thr Ser Glu ggp Thr Ala Val Tyr Tyr Cys
5 . 8%
Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Giy Gin Giy Thr Leu Vai Thr
100 105 110
Val Ser Ser
115
210> 6
21ty 115
<212y PRT
<211> Artificial Segquence
220>
223> Humanized antibody H chain
400> 6
Gln Yal Gin Leu gal Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
i 10 15
Ser Yal Lys ggi Ser Cys Lys Ata Ser Gly Tyr Thy Phe Thr Asp Tyr
25 30
Glu Met His Trp Iie Arg Gin Pro Pro Giy Lys Giy Leu Glu Trp Hle
35 40 45
Gly Aia |le Asn Pro Lys Thr Gly Asp The Ala Tyr Ser Gln Lys Phe
50 55 80
tys Giy Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Aia Tyr
65 70 75 80
Met Giu Leu Ser ger Leu Thr Ser Giu gap Thr Ala Vai Tyr Tyr Cys
5 95
Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Gly Arg Gly Thr Leu Val Thr
100 105 110
Vai Ser Ser
115
Qo> 1
Q21 12
(212> PRT
{213> Artificial Seguence
{2207
€223> Humanized antibody L chain
{4005

7
Asp Val Val Met Thr Gin Ser Pro Leu Ser Leu Pro Vai Thr Pro Gly



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 A$p 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 @i Pro .Gl Pep Gip ValTYeThy Leu Rre Rioger 340345350 Gin Glu Glu Met Thr Lys Asn Gin

Val Ser Leu ThroCys Leu Val Lygs355360365 Gly fhe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn
Gly A Arg Asn Thr Tyr Leu His Iép Tyr Leu GIn Lys Pro Gly Gln Ser

35 45
Pro Gin Leu Leu lie Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
50 55 60
Asp Arg Phe Ser Gly Ser Giy Ser Gly Thr Asp Phe Thr Leu Lys lie
65 70 75 ao
Ser Arg Val Glu Ala Glu Asp Val Gily Val Tyr Tyr Cys Ser Gin Asn
85 80 1
Thr His Val Pro Pro Thr Phe Gly Gin Giy Thr Lys Leu Glu 1le Lys
100 105 110
210> 8
21y 112
{212> PRT
213> Artificial Sequence
220>
£223> Humanized antibedy L chain
<400> 8
Asp tle Val Met Thr Gin Ser Pro Leu Sgr Lau Pro Val Thr Pro Gly
1 5 1 15
Glu Pro Ala Ser lle Ser Cys Arg Ser Sar Gln Ser Leu Val His Ser
20 25 30
Asn Arg Asn Thr Tyr Leu His Trp Tyr Gin Gin Lys Pro Giy Gin Ala
35 40 45
Pro Arg Leu Leu fle Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
50 55 60
Asp Arg Phe Ser Gly Ser Liy Ser Giy Thr Asp Phe Thr Leu Lys Ile
85 70 75 an
Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Ser Gin Asn
85 90 g5 -
Thr His Val Pro Pro Thr Phe Giy Gin Gly Thr Lys Leu Glu lle Lys
100 105 110
AT
11y 12
212> PRT
213> Artificial Seauence
{220,
€223> Humanized antibody L chain
400> 9
Asp Val Vai Met Thr Gin Ser Pro Leu ?3{ Ley Pro Val Thr ?ge Gly
i 5
Glu Pro Ata Ser [le Ser Cys Arg Ala Ser Giu Ser Leu Yal His Ser
20 25 30
Asn Arg Asn Thr Tyr Leu His Tap Tyr Leu Gin Lys ige Gly Gin Ser
35 4
Pro Gin Lew Leu lle Tyr L§S Val Ser Asn Arg Ege Ser Gly Val Pro
50 5
Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lie
65 10 75 86
Ser Ser Leu Gin Ata Giu Asp Val Gly VYal Tyr Tyr Cys Ser &in Asn
85 90 95
Thr His Val Pro Pro Thr Phe Giy Gln Gly Thr Lys Leu Glu lie Lys
100 105 110
18> 10
1> 112
<212y PRY
213> Artificial Sequence
{2200
{223> Humanized antibody L chain
400> 10
Asp Yal Val M¥et Thr Gln Ser Pro Leu Ser Leu Pro Val Thr Pro Giy
1 5 10 18
Gin Pro Ala Ser 1ie Ser Cys Arg Ala Ser Arg Ser Leu Val His Ser
20 25 30
Asn Arg Asm Thr Tyr Leu His Trp Tyr Leu Gian Lys Pro Gly Gln Ser
15 40 45
Pro Gln Leu Leu ile Tyr égs Val Ser Asna Arg Ege Ser Gly Vat Pro
50
Asp Arg Phe Ser Gly Ser Gly Ser Giy Thr Asp Phe Thr Leu Lys tle
65 70 75 80
Ser Arg Val Glu Ala Glu Asp Val Giy ggl Tyr Tyr Cys Ser gén Asn
85
Thr His Val Pro Pro Thr Phe Gly Arg G!y Thr Lys Leu Glu lle Lys
100 105 110

210y 11



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

anisgiy

Artificial Sequence

Humanized antibody L

11

Asp |le Val Met Thr Gln Ser
1 5

Glu Pro Ala

Asn Arg Asn

35

Pro Arg Leu

50

Asp Arg Phe

65

Ser Ser Leu

Thr His Val

210
Q211
{212
{213
{2207
223>
{4007
Asp 1le Val

1
Gln

Asn
Pro
Asp
1

Ser

Thr

Pro
Arg
Arg
50

Arg
Arg

His

{2100
{211
212>
213
<4007

Gln
i
Phe
Val
Cys
Met
65
ile
His
Leu
Ser
Glu
145
Pro
Ala
Thr
Leu
Ser

225
Cys

Pro
Phe
Pro
Ser
50

Glu
Gin
Ala
Thr
Leu
130
Leu
Gly
Arg
Gln
Asn
210
l.ys

Gin

12
112
PRT

Ser ile Ser Cys
20
Thr Tyr iLey His

Leu ile Tyr Lys
55

Ser Gly Ser Gly

70
Gln Ata Glu Asp
as
Pro Pra Thr Phe
100

Artificial Sequence

Humanized antibody L

12

Afa
Asn
35
Leu
Phe
Val
Yal
13
545
PRT
homo

13
Pra

Gln
Gly
35

Arg
Gln
Asn
Lys
Pro
115
Tyr
Phe
Leu
Arg
Vai
195
Leu
Asp

Gly

Met Thr Gin Ser
5

Ser Iie Ser Cys

20

Thr Tyr Leu His

Leu l1e Tyr Lys
55

Ser Gly Ser Gly

70
Glu Ala Glu Asp
85
Pro Pro Thr Phe
100

sapiens
Pro Pro Pro Pro

Arg Leu Gin Pro
20
Ser Asp Leu Gin

Lys Met Glu Giu
55
Leu Ley Gin Ser

Ala Ala Val Phe
g5

Asn Tyr Thr Asn

100

Gin Ala Phe Glu

tle Leu Gly Ser
135

Asp Ser Leu Phe

150
Pro Asp Ser Ala
165

Asp Leu Lys Val

180

Ser Lys Ser Leu

Gly lle Glu Yal

215

Cys Gly Arg Met
230

Leu Met Met Val

chain
Pro Leu

Arg Ala
25

Trp Tyr

40

Yat Ser

Ser Gly
Val Giy

Gly Gin
105

chain
Pra Leu

Arg Ala
25

Trp Tyr

40

Val Ser

Sar Gly
Val Gly

Gly Arg
105

Asp Ala

Giy Leu
25

Yal Cys

40

Lys Tyr

Ala Ser
Gln Glu

Ala Net
105

Phe Val

120

Asp fle

Pro Val
Leu Asp
Phe Gly
185
Gin Vai
200
ile Asn
Leu Thr

Lys Pro

Ser
10
Ser

Asn
Thr
Val

90
Gly

Ser
10

Ser
Gin
Asn
Thr
Val

Gly

Tar
10

Lys
fey
Gin
Met
Ala

90
Phe

Asn
I1e
e
170
Asn
Thr
Thr
Arg

Cys

Leu

Glu

Arg
Asp
75

Tyr

Thr

Les

Arg

Arg
Asp
75

Tyr

Thr

Cys
Trp
Pro
Leu
Glu
75

Phe

Lys

Val
Tyr
158
Asn
Phe
Arg
Thr
Met

235
Gly

Pro
Ser
Lys
Phe
60

Phe
Tyr

Lys

Pro
Ser
Lys
Phe
&0

Phe
Tyr

Lys

His
Val
Lys
Thr
60

Leu
Glu
Asn
Phe
Asp
140
Thr
Glu
Pro
Ile
Asp
220
Trp

Gly

Val
lL.eu
Pro
45

Ser
Thr

Cys

Leu G

Val
Leu
Pro
45

Ser
Thr
Cys

Leu

Gin
Pro
Giy
45

Ala

Lys

Asn
Phe
125
Asp
Gln
Cys
Lys
Phe
205
His
Tyr

Tyr

Thy
Val
Gly
Gly
lLeu

Ser

Thr
Val

30
Gly

Leu
Ser

Glu
110

Val
Glu
30

Pro
Arg
Phe
Val
Tyr
110
Thr
Met
Leu
Leu
Leu
150
l.eu
Leu

Cys

Cys

Pro
15

His
Gin
Vail
Thr
Gin

[1e

Pro
15

His
Gin
Val
Lys
Gin

95
I 1e

Gly
Ser
Ala
Pro
[ie
80

Asn

Lys

Gly
Ser
Ala
Pro
lie
80

Asn

Lys

Ser
Pro
Cys
Asn
e
80

Arg
Ser
Val
Asn
Asn

160
Gly

e Met

Ala
Phe
Tyr

240
Val



<400> 35 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 Prod.ys 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 lvﬁum'gprﬁ;réﬁ_hr %pﬂ;prcﬁl%\(% ?I'}g Ty st@?é 5.Jhr Arg Phe Tyr Ser Tyr Thr Tyr Trp Gly Gin

Gly Thr Leu V 100105110 Nal Ser Ser AIa Sar Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro
1151A2®f25Tyr Ile Leu Ser Lew Giu Glu Lew Val Asn Gly ¥et Tyr A
215 280 285
Ile Tyr Asp Met Glu Asn Val Leu Lew Gly Leu Phe Ser Thr lle His
290 295 300
Asp Ser Ile GIn Tyr Val GIn Lys Asn Ala Gly Lys Leu Thr Thr Thr
305 310 s 320
fte Gly Lys Leu Cys Ala His Ser Gin GIn Arg Gin Tyr Arg Ser Ala
125 130 335
Tyr Tyr Pro Glu Asp Leu Phe lie Asp Lys Lys Val Leu Lys Val Ala
340 345 350
His Val Glu His Gig Glu Thr Leu Ser Ser Arg Arg Arg Giu Leu ile
355 360 165
Gln Lys Leu Lys Ser Phe lie Ser Phe Tyr Ser Afa Leu Pro Gly Tyr
370 375 380
Ile Cys Ser His Ser Pro Val Ala Giu Asn Asp Thr Leu Cys Trp Asn
185 190 395 400
Giy Gln Glu Leu Val Gig Arg Tyr Ser Gin Lys Ala Ala Arg Asn Gly
405 410 415
Met Lys Asn Gln Phe Asn Leu His Giu Leu Lys Met Lys Gly Pro Glu
4290 425 430
Pro Val Val Ser GIn Iie lle Asp Lys Leu Lys His lie Asn GIn Leu
435 440 445
Leu Arg Thr ¥ei Ser #et Pro Lys Gly Arg Val Leu Asp Lys Asn Leu
450 455 460
Asp Glu Glu Gfy Phe Glu Aia Gly Asp Cys Gly Asp Asp Glu Asp Glu
465 470 475 480
Cys lie Giy Giy Ala Gly Asp Gly Met lie Lys Val Lys Asn Gin Leu
485 490 495
Arg Phe Leu Aia Glu Leu Afa Tyr Asp Leu Asp Val Asp Asp Alz Pro
500 505 510
Gly Asn Ser Gin Glin Ala Thr Pro Lys Asp Asn Glu |le Ser Thr Phe
515 520 525
His Asn Leu Gly Asn Val His Ser Pre Leu Lys His His His His His
530 535 540
His
545
210> 14
211y 32
(212> DA
(213> Artificial Sequence
{2205
{223> Primer
400> 14
ggatcetgeg catgaaaaag cctgaactea cc 3?
210> 14
<211y 29
{212y DNA
<213> Artificial Sequence
{220
223> Primer
<4000 15
geggeepecet attcctttge ccteoggacg 29
{210 16
Yy 10938
{212> DNA
{213y Cricetulus griseus
<400> 16
gagetcaatt aacccicact aaagggagic gactegatee tttacagaaa acttgcaaac 60

cetetigeag tagaaaagta gtagtatcig acacaagtat cagcaazatg casactitcte 120
cocateccca gaasaccatt ataazaaccc ccatatetta tgeccaactg tagigatata 186
ttatttatga tttattaaaa cttgcttaag gattcagaaa gcaaagtcag cettaageta 240
tagagaccag gecagtcagtg gtegtacaca cotttaatee caggactcag gattaagaag 300
tagacggace tctgttagtt caagtctacc attacciaca caagagtgaa gagiaaccga 360
tcteatgeet tigateccag cageotgegat catgtgeatt caatcccage attcgggagt 420
tatatazegac aggamcaage tcicagaget gecattcat! ciccageecac attgaggata 480
ggaaaacatt gaaptgicag gatgcigagp agaggcagea gtitgaggti testagaace 540
aggatcacct tttggtctea getagaptaa gaactgiges tggotecitt getitictga 600
tcttcagett gaagcttgaa ctccaatatt tgtctotgpe tetattatta tcatgttaca 660
cctaacitta aagcteattt acgcaagaca gitgtagglg gacctiteit fcotgeccac 120
cagttcecaa ataactgaca cggagactca atattazita taaatgatig gttaataget 780
cagtettgtt actggctaas tcttacattt taaattaact cabtttccate cettiactig 840
ctgecatgty gticatgegct tgticaagtc cigcttcitc tgtetotgge fgetgatgce 900
tctggtictg cecctttatee cagaattcte ctagtetgee tctoccotgece agetatagace 960
cagtcagetg tttatiaacc aatgagaata atacatatti atagtgtaca aagattgetc 1020



Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala.Ala Leu Gly Cys Leu Val 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 &er 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 VEESRIPA LS

g

Leu @ﬁycPMa&e{
Arg T R0:8

gccaaicgea
ccigaagate
tgataaccaa
ggacagtaag
cccaccetgt
cataatcacc
taacatgagt
gtgegtecte
gacagaatitt
gitaccataa
cagacacigc
ggaacccata
tatagctaaa
cttcecectt
taacacigag
fttatitiga
tttttetttt
taccatcagg
ttaatggica
goocccaacat
aagaccigga
fccagtagis
acccgeaaag
aggegtecca
ageggcctteot
gagcgatgse
BaggBEERCE
CCagecagge
atccgggaca
agggittiat
tgggacctityg
agaggactge
greigtigtg
gicgatgcac
aggatgetge
accectteee
tegtgecgge
gatgegegee
ctgageecge
ctagecactceg
ctecgggeege
tcgeeggece
cggegetece
gicccictee
Cagccggeea
tcttgtctca
gcaagcagaa
tcttggagee
accatgaaca
tcecactgect
ctgcagatcg
aacaagiacc
taccaatgece
cctggeaccg
ccactgicge
geggtgrect
tacctgctec
getgagiges
caatactgia
ageccigtag
ggtgaaaata
aatgtgecag
caaggtaaaa
cttgaccagg
tacctecata
cotgtetgte
catttgaaat
gtitezerse
ttcicccace
tttacccact
ttttcecaga
aggtgecate

attatagt

ttgacttt
ctgaatecca
aatgtcagct
tttcttctta
gggacattca
ccacagfctg
taggtcacteg
aatgaataat
cctteeccag
tgtgpgtact
afaacatgca
aggaaccite
ccactecaat
tgtgtttcaa
gotgtgcteg
ctatagecce
gacaaaaggt
ttititttea
cccggoteat
accacacaat
tegtectage
gegggterce
gtegtattig
ccaggaatge
agaggectee
gectgtgttc
gacagegage
ctgceaggta
ctecagagee
ccgaatiget
claccgpage
ggtectcteg
agcaatgtct
geeggictte
tigaccaagt
agggagtggc
tggeciccgs
gegctecgge
cggagageig
cceteccgga
getcgegeee
ctccotgaac
ctteeggece
ctteceacge
ctteecttict
tgeetgicaa
tgacceecty
cttcacccaa
ctgtagacca
ggegcccctct
ctgaggaggc
cgetgricgt
tgctggacag
tggtgaccte
ttgacttcce
tagtcttcat
tctacaacgt
tcaaacagac
ECCCBREEEBC
ggtacctita
aaaacaaata
atgttagcag
gtactcagat
fatatccgaa
atcacacage
gatcacacta
cagitctott
agtggetaga
ccaccacagl
acatgggtee
gagecattte
fgtgaatgic
cctgtggtce

gvat 42

SeE AR
ebeUt 252

taaggectac
acactcatca
cataatcaaa
tgeotgatic
ttgitcaatce
tgatcagaga
ttgptitggt
faacaagitce
gectggagte
ctgcaggcet
atagtgttct
geeectggte
ctetectaat
cctagigtes
ttitatpett
gaattgaacc
aatctitcat
tcttattitg
acttitgacc
ggtaaaataa
ttccgazaty
aagaaagcac
cactteggtc
geagitecte
agcttcctica
EECEEAaAEER
ccgggetaac
aggaagtegt
cacccgagge
gagtcegecg
geattgageg
tgatgtgact
actaggttig
fcecgaacga
agacgcggag
ctagtcgate
agaaccetic
geagtcccag
ctggcgaagg
geectitaag
aLgCEECeCy
teggtgagsac
cteegigace
ctecegeage
getecccgac
ceectegact
ggetcacace
cecegeeteg
geecatgtgac
gggagtgeilt
gaagcggtce
agatgaagac
cteteictac
ccectecctyg
tectgetgtec
cagcctgaac
tggcatgata
geggcgeteg
cacttecttce
tgtgggages
cttactgice
acttccitat
caactacagc
ctaageattg
{titacagag
taataatcac
tgaccaccat
tazagaggac
catatgtttt
gtatggeteg
tgaggtctea
actggiecaa
ctgetgatca
tcigeataca

ctgeectgee
aggttgaace
caactteaag
agaatagacc
ccetgetget
aagageecea
tteeccectegg
cttictegaa
caactoectt
gacatgtacc
tacaaatact
aggracacag
geageactige
agtagagete
tgacaaattg
caggacctig
ctaagictet
agataaggtc
ttectacctce
cagiatttga
ttgciggetic
agacaagtag
aagttcacgg
caccgacgece
agegacicgc
Egaagacage
tgcccecacca
actgeegage
CaCCECEERE
gaccgacegt
getcapaggt
teeggectet
gaagggetiga
ccteggtice
geggtegtatt
fgaagaggct
cagaaactgg
adgagggcag
tgcgcgeict
gctaccegga
agacctggea
citgegeceg
gecectgeagt
cegeecteca
ctegttetttic
cgteectatt
cttagctage
gagegagegs
aattgaagge
ctggccgtgg
aggatcetge
agcaggaaca
iggetcacct
{agciggata
aagggcctca
ctggacctta
agtticaata
ctcaccaccg
tatgccctec
ggatgggcat
caggicectt
gegtcattcaa
aaagategget
gatccacatt
ggaaaaccaa
tgacatagct
gecactgtte
agcacatctg
aagttttatt
agataaggeg
acicaggtca
tatatgtgty
ttatccectt
aafggreaaa

S hoHB AN

attttcacac
aptiggagtt
gaagcaaaaa
cccgaaaaaa
gigtgtaage
actcceocece
ctgacaccea
aatgctacaa
gigacccage
ttaaazagce
teccctaata
gectccaatg
tetoticage
tctacgaaaa
tactgaccee
tgcatgecag
atgigigece
tcactatgtt
agetgagact
aatagitiaa
agtctggeec
cecteccage
gatggggaes
ctectegaage
cagegagegt
gtecggeetta
cgeotgpage
gecgegtage
gigagcgeca
acgttctgga
ictgatgtege
ggaagigctyg
aataggggta
ggaggggteg
ctattttctg
4ggggaacag
gagaggctcet
gaccatggac
tggaggccge
gecgigtcag
agctgagaceg
ccatgeetet
ccteectece
tgtageceac
cicctecace
aggcaacage
ceecttetee
gatgtegage
tgtaccccca
ggtgacctag
geatggeget
ageegittet
ccatciccat
cecctatett
geactectgge
aggtggccceg
accictgeet
fgitcaatgt
tcacatgisg
cgaactgaag
gratcageag
caagttaggg
ctcgecactt
aactcaacta
ggracagaga
gggatttaaa
cttctcaaga
acattgetac
citacttttt
acaacttaag
tcaggattigg
cttttaagag
ttacccggaa
ctgraactca

ttttattice
tagttacagt
accagbtttt
ggcaaatget
tcctgagaaa
cagecccace
gaaatcacaa
atpatattge
aatgitttee
tcecctggpag
cecttactta
tacagetict
ciggacagea
ccagcagatce
acceccaccee
gcaagtacte
acaticgctt
gectigactt
ataagtettt
acacatcate
aaacctgtee
icaggagtaa
getaccotee
acctgetige
agcaggacag
gafagggcaa
ccgacgtegee
agatgcagee
griccctgaa
atgezaaggs
gagtccagaa
tiggagtctce
gggagaaagg
aaggacaage
ggaagatggt
acagtgagag
agcacctgca
acaggtgeat
gEgagEgLca
gaaatgcgce
gaactcggaa
gtcattgcce
ccectteogac
acciccctet
ctgeecttct
cccigtegte
citecciges
agtgectete
gaccciaaca
cicttetace
gactggaggc
getgcgggeg
ggtaticcte
cgteacttte
caccigetge
cagegtgetg
caagtacgta
goettotgtee
catcatcatt
cectaaaggt
{tacaggaag
acccagecag
gcatgattaa
atcecctatia
ggctaagtag
cataagcagt
gticcaggat
ctigaggtas
atgtgtetet
aattggtcsot
cacaaatccce
gctttaacta
geectotgeg
gagaaacaag

CIg§R Hi?'ﬂ”‘lﬁﬁ@ggﬁg@@ggszmgPro Pro Cys Pro Ala Pro Glu Leu
Ehm?mﬁ?cro ng% Pro Lys Asp Thr Leu Met lle Ser

1

13290
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2046
2100
2160
2220
2280
2340
2400
2480
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3500
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4688
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640



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 Léu 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

C g t a Gg
Lys @1 & A PR A (U I I MRlETa T P L Ero BfoiTr 145340345350

gcagicaaac acaataacia caggccaaaa gigetttiaa attaaagtica gatgaacttt 5820
taaacafcca gagctectea actgeageag ttacaacctg attctgcaat catctttgea 5880
gtgcecpeta gicatatgta getagagpet citggctage acagceatgtyg ttagpaaaca 5940
tctggeccty agafcattga attgagtegac tgctpgegtea caaagaccaa gecateogit 6000
ccctpagagt cotgggcaag cageaatgtg accitcattt gtacctactc aggttcttta 6060
tctgtectgt ttgacctact tagtetcete tgetgteica gaggcccagg cteggetacte 6120
tggatgtcag gatcageoca atecgoacat cigecctaga aatgtceccce tggttgagea 6180
getocctgaat ccatcgetaa aggeicigepa ccagegagga glcagataaa aagcigacag 6240
cactegerea ctocatpege aactcrcace tgeccccaca cafccatcet aagagaactg 6300
gtaftcoctig tttectottt giectacaag geaccctgee atcccacttc agtctceccag 6360
cctigocagg gttagapgege atgagecicc titgtgpegaa ttiagaigea agaaggtace 6420
gtcactagag aacctgagct cagatcceca aagtaaccag tacctgatag tgaggcaget 6480
gagaaccgra geagectgee tgagiegete aactctgcgg cetccggaac tgegccccaac 6540
fgttggetct ceteticcit cotectptga geeageegcce atctctigaia aptgeigtge 6800
gepactctage gtaggpagga gpagegageaa tctasgeagg ccttactgag sagiccttge 6660
tppcatgiegg ctgectgage agtacagact geeaacacce attigaatga gtaaggttit 6720
tectpaagee catepgeage cacggageaa aatcattita gttacaagac aaagagtaga 6780
itgettaaca tgemageaag gacatggocee caatittcat agatgaapgga aattggaact 6840
cagagaggtt aagtaacttc t¢ccaaatag ctcagetftca aaatcacaga acagtcagag 6960
tctagatctc tctgatgect gtgatggtee tgecattcea tgttgctgat coctgtggea £960
tcagtaager totacctigt gegaatgeag gatctaaatg aagagageaa gigeiggeee 7020
catgotgtpge tctgmazage fatgcagpet ctttgagcag agagtgacce acaagteaat 7080
agagtcctat gagactcaaa gcaacatcca cecttaagea gotctaacca aatgetcaca 7140
ctgagggage caaagccaag ttagagtect gtgottgece azggtcactt tgectggece 7200
tcotociata gracccpigt tatcitatag cocicattac agigattaca attataatta 7260
gagaggtaac agggccacac tgtccttaca cattcccctg ctagatigta gotegeagag 7320
ggegagatet aggtepctpe gepgagtomgea gppaagatge agattitcat tctgggotect 7380
actecctcag ccatttttty gtptgpgagt tagactitge atatgitgat egatgaggtaa 7440
gggccacags acagtcigaa ctetgptate agaatocigt coctcicoet ctetecteat 7500
cecctecttcac cttgtcacte ctotgtotge tacaggtpgt tictgectege gtatagacca 7560
agaggeagct gagggcacce tgifcoctecat aggraccatc ticgegegtge tggecagect 7620
ctgegictec ctcaatgeca tctataccaa gaagptgete ccagcagtge acaacageat 7680
ctggegccta acctictata acaategticaa teecigtgte ctoitettae coctgatggt 7740
tctgetgget gagetecegtg coctecttga ctttgotcat ctptacagteg cccacttetg 7800
getcatgatg acgcteggty gooctottege ctttgecatt gectatgtga caggactgea 7860
gatcazattec accagtccec tgacccacaa igtatcagge acagccaagg cctgigegea 7920
gacagtecty gocegtpotet actatgaaga gactaagage ticcigteet ggacaageaa 7980
cctgatgegtyg cigggtgegct cctcagecta tacctggpte ageggctrege agatgcagaa 8040
gacccaagag gaccccaget ccaaagapee fgagasgapt geiatigege tgigagette 8100
ttcagggacc tgggactgaa cocaagtgge gectacacag cacigaagge ttcccatgra 8160
getageeagt mtgeccctga geaatactgt ttacatcctc citggaatat gatctazgag 8220
gagccagggt ctitcctgpt aatgtcagaz agctgccaaa totectptet geeccatett 8280
gttttgeeaa aaccctacca ggaatgecac ccctacctge cicctoctag agectgtota 8340
cctecatate atctotpgee ttgegaccag ctgeagectt zagggpceige atigatgaag 8400
tgatgtetic tacacaaggg agatgegttg tgatcccact aattgaagee atttggeiga 8460
cceeacacet ctgpepateca gegcaggtag agtagtaget taggtgctat taacatcagg 8520
aacacctcag ccigecitteg aagggaagty gegagetigec caagggagga aaiggcecatt 8580
ctgcectott cagtgtppat gagtatggea gaccigttca igpcapcige accciggegt 8640
ggetgataag aaaacattca cctctgeatt tcatatttge agectctagaa ceggegagag 8700
cecacacaict titacpegtt aagtagepte atgagctcct ccgoagtcec taaccccage 8760
tttacctgee tggeticecot teggeccaget acctagetgt actcectite tgtactette 8820
tcttctecgt catggectoe coccaacacct ccatctgeag gecaggaagtg gagtccact:t 8880
gtaacctetg ttecccatgac agageccettt gaatacciga accoctcatg acagiaagag 8940
acatttaigt tctctegeee tggegotgaa ggageccaci ggttctcact tagectatet 9000
- grpeteccigtec acaaaaaaaa aadaagaasa aaaaaaagea taaaccaagi tactaagaac 3060
agaaptiggt ttataacgtt ctegegcage aaageccaga tgaagggacc catcgaccet 9120
cictgtccat atccicatge tgeagaagta cagpceaaget cctttaagee tcatatagea 9180
acactagcct cactcatgag ggtittactc caigacctpt caaecctcaaa gecticaaca 9240
tgaggactcc aacgtaaatt tggggacaga agcactcaga ccatacccca goaccacace 9300
ctcctaacct cagggtagcet gtecattcter tagtetecic tottgggeet ttagaaccec 9360
catttccttyg gggiaatgic tgatgttitt gtecctgtca taaaaagatg gagagactgt 8420
gtcoagectt tgatticctac ftoctacaat cocaggiict aatgaagtit gtgegecctg 9480
atgccctgag ttgtatgiga tttaataata aaaaagcaag atacagcatg fgtgtggact 9540
gagtpageec cacageeatc taaaageraa gtgtgagese acccagetac apgeaggeage 9600
atcctgagee tggaatctct tcaggacaag sattctccat atacctacel actciggegga 9660
gtagetgeec agagttcaag cticccttag taccaactac cactggeotgt gotcttactg 9720
aaggcagaca tggcactgag tgotgtccat ctgtcacica tctecacage cattecctaat 9780
gteteggete geagcecatca ccaaacccca ttticagata aggacacagg cicagagagg 9840
cttgtgtegga gaaaagtage ageagaattc agagagotge giotcotges geacctigga 9900
ctgccageag ccacagtget tgtcacacag cacatactca aaagaatgec agececcica 9960
geetagagtyg cetggocttt ctttcagatg aggaagagge itcaaagetgi tagecttgeee 10020
accatatgac cacatacatg accaacage! tgapggages aggattactg tggeicccag 10080
cctgagaggt gegacaccea aatgiatiag gtecttgaat cagggoigac cifgtgatic 10140
agtcactcct accagaatge igggpgaatgg geatgccaaa ggcaaaggag getttctaag 10200
gtetggteta agataggeat ttctgottcc atgtacacct gtgagcagag taggaaggee 10260



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 Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val
Leu Asp Ser Asp Gly 385390395400 Ser Phe PheSLeu 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

i t i H t actgccac 10320
His fﬁamfi@'fﬂ&?ﬁ?@@ggﬁﬁﬁ g‘gpagﬁgpcggc%%g?’ gaaattaca 10380
getcatctta agectctaaa tigtggagaa actegacatg cgeacgattc ctaacctget 10440
agcctagget gcgepetgga taatttaagg aaactggeet ticttataga atcggagect 10500
ccatgaagtc accctgacaa gaggtcagea atagecagea geagiggceta ctcctaagee 10560
tccagacaga gecaccetgty aatgtacctt attcicacat ctegegtegict atzggigtga 106290
ctgegtcaga tegtcacccag gecattgeaa tgggcccita geeccatgge gtgtiggeat 10680
agcagccaag cagetcccat gotpagatac tgectgeagt agactgatge ataagaaaac 10740
aszggcocaaa atgititett tccagacttg atciticttt gttecaaaaat geotgttttce 10800
cttaaacttg cccaaaccca ttgttitgea gtigaggaaa atasgecata gazagattaa 10860
aggaagtttc tgagettaca gagcazagta ctgecttcac ctpgaaataga caggtgtgee 10920
ctgatcctga ttteagecte 10939
210> 17
211> 31
{212> DNA
(213> Artificiat Sequence
{220
223> Primer
400> 17
atgeatgcca ccatgaaaas gecigaacte ace ) 33
210> 18
{211y 28
(212> DNA
<213> Artificial Seguence
{220
{223> Primer
400> 18
ggatcccagg ctttacactt tatgeite 28
210> 19
211> 25
212> DNA
£213> Artiticial Sequence
{2207
223> Primer
<400> 19
getetcigea gtactgtgea ictge 25
<210> 20 .
ANV I Y
212> DNA
¢213> Artificial Sequence
{2205
(223> Primer
<400> 20
gpaatgcage ttccoctcoaage gactege 27
210> 21
Q11 27
{212> DNA
213> Artificial Sequence
220>
223> Primer
400> 21
tgeatcargt cggagacgct gicgaac 27
ey 22
1y 27
{212y DNA
{213> Artificial Seguence
{2200
223> Primer
{4007 22
gecactcogted gagggeaaag gaatage 27
210> 23
211> 24
(212> DNA
213> Artificial Sequence
{2207
223> Primer
(400> 23
tgtgctgerga atigaaccca geac 24
210> 24
211> 22
{212>  DNA
{213> Artificial Segquence
{220
£223> Primer
400> 24
ctacttgtct gtgcttictt cc 22
210> 25



21y 27
{212> DNA

{213> Artificial Seguence

¢710)
{223> Primer
400> 25

cicgactegt ccetattageg caacage

Q10> 26
{211y 297
{212y DNA

213> Artificial Sequence

(220>
223> Primer
<400y 28

tcagaggrag tegagectec agteage
27

(210>
211y 115
212> PRT

213> Artificial Sequence

<220
{223
400> 27

GIn Val Gin Leu Val
H 5

Ser Val Thr Val Ser
20
Glu Met His Trp ile

35
Gly Ala Ile Asp Pro
50
Gln Asp Arg Val Thr
65

Met Glu Leu Ser Ser
85
Thr Arg Phe Tyr Ser
100
Yal Ser Ser
115
o> 28
1y 112
(212> PRT

Modified antibody

Gln Ser
Cys Lys
Arg Gin
Lys Thr
55
Leu Thr
70
Leu Thr

Tyr Thr

€213y Artificial Seguence

Gin Ser
Ser Cys

Leu His

{220
<{223> Modified antibody
CABD> 28
Asp fie Val Met Thr
i 5
Giu Pro Ala Ser lle
20

Asn Arg Asn Thr Tyr

K1

Pro Gln Leu Leu lis

Asp Arg Phe Ser Gly

65

Ser Arg Val Glu Ala
85

Thr His VYai Pro Pro

100
210y 29
ety 112
<212y PRT

Tyr Lys
55

Ser Gly

70

Glu Asp

Thr Phe

{213> Artificiai Seguence

220>

223> Modified antibody

(400> 29
Asp 1ie Val Met Thr
H 5
Glu Pro Ala Ser lle
20
Asn Arg Asn Thr Tyr
35
Pro GIn Leu Leu Ile
50
Asp Arg Phe Ser Gly
65
Ser Arg Val Glu Ala

Gln Ser
Ser Cys
Leu His

Tyr Lys

Gly
Aja
Pro
40

Gly
Ala
Ser

Tyr

Pro
Gln
Trp
Val
Ser
Val
Gly

Pro
Gin
Tep
Val
Ser

Val

Ala
Ser
25

Pro
Asp
Asp
Glu

Trp
105

feu
Ala
25

Tyr
Ser

Giy

Gin
105

Leu
Ala
25

Tyr
Ser
Giy

Gly

Glu
10

Gly
Gly
Thr
Lys
Asp

94
Gly

Ser
10

Ser
Leu
Asn
Thr
Yal

80
Gly

Ser
10

Ser
lL.eu
Asn
Thr

Yal

Val
Tyr
Glu
Ala
Ser

75
Thr

Leu
Glu
Gln
Arg
Asp
75

Tyr

Thr

L.ey

Gly

Arg

Asp
75
Tyr

Lys
Thr
Gly
Tyr
60

Thr
Ala

Gly

Pro
Ser
Lys
Phe
B0

Phe
Tyr

Lys

Pro
Ser
Lys
Phe
Phe

Tyr

Lys
Phe
Les
45

Ser
Ser
Yal

Thr

Val
Leu
Pro
45

Ser
Thr
Cys

Leu

Val
Leu
Pra
45

Ser
Thr

£ys

Pro
Thr
30

Glu
Glu
Thr
Tyr

Ley
110

Thr
Val
Gly
Gly
Leu
Ser

Glu
116

Thr
Val
30

Gly
Gly
Leu

Ser

Gly
i5

Asp
Trp
Sar
Ala
Tyr

Yal

Pra
15

His
Gin
Val
Lys
Gin

95
e

Pro
15

His
Gln
Val
Lys

GlIn

Ala

Tyr

Phe
Tyr
30

Cys

Thr

Gly
Ser
Ser
Pro
be
80

Asn

Lys

Gly
Ser
Ser
Pro
Ife

80
Asn

27

27



Thr His Vai

Q210>
Qi
{12
{3
{400
Ala Ser Thr

1
Ser Tar Ser

Phe
Giy
l.eu
65

Tyr
Arg
Glu
Asp
Asp
145
Gly
Asn
Trp
Pro
Glu
225
Asn
lie
Thr
Arg
Cys

105
Leu

Pre

Val
50
Ser

Thr

Vil
Phe
Thr
130
Val
Val
Ser
Leg
Ser
210
Pro
Gin
Ala
Thr
Les
290
Ser

Ser

30
327
PRT
homo
0

Glu
i5

His
Ser
Cys
Glu
Leu
115
Leu
Ser
Glu
Thr
Asn
185
Ser
Gin
Vai
Vai
Pro
275
Thr
Vai

Leu

Q21 3
<211y 330
212> PRT
€213> hemo
400>
Ala Ser Thr

1
Ser

Phe
Gly
Ley
65

Tyr
Lys
Pro
Lys
Val

145
Tyr

Thr
Pro
Val
50
Ser
I le
Val
Ala
Pro
130
Yal

Val

Ser
Giu
35

His
Ser
Cys
Glu
Pro
115
Lys
Vai

Asp

Pra
100

85
Pro

sapiens

Lys
Glu
20

Pro
Thr
Vai
Asn
Ser
100
Gly
¥eat
Gln
Yal
Tyr
180
Gly
Ile
Val
Ser
Glu
260
Pro
Val
Met

Ser

Giy
5
Ser
Val
Phe
Val
Val
85
Lys
Gly
ile
Glu
His
165
Arg
Lys
Glu
Tyr
Leu
245
Trp
Vai
Asp
His

Leu
32%

sapiens

Lys
Gly
20

Pro
Thr
Val
Asn
Pro
100
Glu
Asp
Asp

Giy

Gly
5
Gly
Vai
Phe
Vai
Val
85
Lys
Leu
Thr
Val

Yal
168

Thr

Pro
Thr
Thr
Pro
Thr
70

Asp
Tyr
Pro
Ser
Asp
150
Asn
Val
Glu
Lys
Thr
230
Thr
Glu
Leu
Lys
Glu

310
Gly

Pro
Thr
Thr
Pro
Thr
70

Asn
Ser
Leu
Ley
Ser

150
Giy

Phe

Ser
Ala
Val
Ala
Vai
His
Gly

Ser

Gly

Val
Ala
Ser
40

Vai
Pro
Lys

Pro

Val
120

Arg Thr

135
Pro

Ala
Val
Tyr
Thr
215
Ley
Cys
Ser
Asp
Ser
295
Ala

Lys

Ser
Ala
Val
Ala
55

yal
His
Cys
Gly
Met
135
His
Val

Glu
Lys
Ser
Lys
200
ile
Pro
l.ew
Asn
Ser
280
hrg

Leu

Val
Ala
Sar
Val

Pro

Gin
105

Phe
Ley
25

Trp
Ley
Ser
Pro
Pro
105
Phe
Pro
Val
Thr
Val
185
Cys
Ser
Pro
Val
Gly
265
Asp
Trp

His

Phe
l.eu
25

Trp
l.ey
Ser
Pro
Lys
105
Pro
Ser
Asp

Asn

90
Gly

Pro
10

Gly
Asn
Gln
Ser
Ser
80

Cys
Leu
Gliu
Gln
Lys
170
Leu
Lys
Lys
Ser
Lys
250
Gln
Gly
Gin

Asn

Pro
10

Gly
Asn
Gin
Ser
Ser
Thr
Ser
Arg
Pro

Ata
170

Thr

Leu
Cys
Ser
Ser
Ser
75

Asn
Pro
Phe
Val
Phe
155
Pro
Thr
Yal
hla
&ln
235
Gly
Pro
Ser
Glu

His
315

Leu
Cys
Ser
Ser
Ser
75

Asn
His
Val
Thr
Glu

155
Lys

Lys

Ala
Leu
Gly
Ser
80

Ley
Thr
Ser
Pro
Thr
140
Asn
Arg
Vat
Sar
Lys
220
Glu
Phe
Glu
Phe
Gly

300
Tyr

Ala
Leu
Gly
Ser
80

Leu
Thr
Thy
Phe
Pro
140
Yal

Thr

Yal

Pro
Val
Ala
45

Gly
Gly
Lys
Cys
Pro
125
Cys
Trp
Glu
Leu
Asn
205
Giy
Giu
Tyr
Asn
Phe
285
Asn

Thr

Pro
Val
Ala
45

Gly
Gly
Lys
Cys
Leu
125
Glu
l.ys

Lys

Cys
Lys
37

Leu
Leu
Thr
Val
Pro
110
Lys
Vatl
Tyr
Gio
His
190
Lys
Gln
Het
Pro
Asn
270
Leu
Yal

Gln

Ser
Lys
30

Ley
Leu
Thr
Yal
Pro
110
Phe
Val
Phe

Pro

Ser
15

Asp
Thr
Tyr
Lys
Asp
85

Ala
Pro
¥ai
Val
Gln
175
Gln
Gly
Pro
Thr
Ser
255
Tyr
Tyr
Phe

Lys

Ser
15

Asp
Thr
Tyr
Gla
Asp
95

Pro
Pro
Thr
Asn

Arg
175

Arg
Tyr
Ser
Ser
Thr
80

Lys
Pro
Lys
Val
Asp
160
Phe
Asp
Leu
Arg
Lys
240
Asp
Lys
Ser

Ser

Ser
320

Lys
Tyr
Ser
Ser
Thr
80

Lys
Cys
Pro
Cys
Trp

160
Glu



Glu &in
His Gin

Lys Ala
210

Gin Pro

225

Leu Thr

Pro Ser
Asn Tyr

fey Tyr
290

Val Phe

305

Gln Lys

{2107
Q2117
{212
{213
{220
{223
{400
Ala Ser
}

Ser Thr

Phe Pro

Giy Val
50

Leu Ser

65

Tyr tle

Lys Val
Pro Ala

Lys Pro
130

Vai Val

145

Tyr Val

Glu Gin
His GlIn

Lys Ala
210

Gin Pro

225

ey Thr

Pro Ser
Asn Tyr

Leu Tyr
290

Val Phe

305

Gin Lys

<210
2115
{2125
213>
2200
223>
{4007
Ala Ser

Tyr Asn Ser Thr Tyr
180
Asp Trp Leu Asn Gly
H)
Leu Pro Ala Pro lle
215
Arg Giu Pro Gin Vai
230
Lys Asn GIn Val Ser
245
Asp 1le Ala Val Giu
260
Lys Thr Thr Pro Pro
275

Ser Lys Leu Thr Val
295
Ser Cys Ser Val Met
310
Ser Leu Ser Leu Ser
325
32
328
PRT
Artificial Sequence

Modified antibody
32
Thr Lys Gly Pro Ser
5

Ser Gly Gly Thr Afa
20
Glu Pro Val Thr Val
35
His Thr Phe Pro Ala
55
Ser Val Val Thr Val
70
Cys Asn Val Asn His
85
Glu Pro Lys Ser Cys
100
Pro Giu Leu Leu Gly
115
Lys Asp Thr Leu Met
135
Val Asp Val Ser His
150
Asp Gly Val Glu Val
165
Tyr Asn Ser Thr Tyr
180
Asp Trp Leu Asn Gly
195
Leu Pro Ala Pro kle
215
Arg Glu Pro Gln Val
230
Lys Asn Gln Val Ser
245
Asp lie Afa Val Glu
260
Lys Thr Thr Pro Pro
275
Ser Lys Leuy Thr Vai
285
Ser Cys Ser Val Met
310
Ser Leu Ser Leu Ser
325
33

328
PRT
Artificial Seguence

Modified antibody
33
Thr Lys Giy Pro Ser

Arg
Lys
200
Glu
Tyr
Leu
Trp
Val
280
Asp
His

Pro

His
Arg
Lys
200
Glu
Tyr
Leu
Trp
Val
280
Asp
His

Pro

Val

Val
185
Glu
Lys
Thr
Thr
Glu
265
Leu
Lys
Glu

Gly

Phe
Leu
25

Trp
Leu
Ser
Pro
Lys
1065
Pro
Ser
Asp
Asn
Vai
185
Glu
Lys
Thr
Thr
Glu
265
Leu

Lys
Glu

Phe

Val
Tyr
Thr
Lew
Cys
250
Ser
Asp
Ser

Ala

Lys
330

Pro
10

Gly
Asn
Gin
Ser
Ser
80

Thr
Ser
Arg
Pro
Ala
170
Yal
Tyr
Thr
Leu
Cys
250
Ser
Asp

Ser

Ala

Pro

Ser

Lys

Pre
235
l.eu
Asn

Ser

Val
Cys
Ser
220
Pro

Val

Asp

Arg Trp

Leu
315

Leu
Cys
Ser
Ser
ser
75

Asn
His
Vai
Thr
Glu
155
Lys
Ser
Lys
Ile
Pro
235
Leu
Asn
Ser

Arg

Leu
315

Leu

300
His

Ala
Leu
Gly
Sar
60

Leu
Thr
Thr
Phe

Pro

140

Vai
Thr
Vail
Cys
Ser
220
Pro
Val
Gly
Asp
Trp

300
His

Ala

Leu
Lys
205
Lys
Ser
Lys
Gin
Gly
285
Gin

Asn

Fro
Yal
Ala
45

Gly
Gly
Lys
Cys
Ley
125
Glu
Lys
Lys
Leu
Lys
205
Lys
Ser

Lys

Gly
285
Gin

Asn

Pro

11

Thr
190
Yal
Ala
Arg
Gly
Pro
270
Ser
Gln

His

Ser

Val
Ser
Lys
Asp
Phe
255
Gig
Phe
Giy

Tyr

Ser
i5

Asp
Thr
Tyr
Gln
Asp
95

Pro
Pro
Thr
Asn
Arg
175
Vai
Ser
Lys
Asp
Phe
255
Glu
Phe
Gly

Tyr

Ser

Leu
Asn
Giy
Glu
240
Tyr
Asn
Phe

Asn

Thr
320

Lys
Tyr
Ser
Ser
Thr
&0

Lys
Cys
Pro
Cys
Trp
160
Glu
Leu
Asn
Gly
Glu
240
Tyr
Asn
Phe

Asn

Thr
320

Lys



Ser
Phe
Gly
Leu
65

Tyt
Lys
Pro
Lys
Val
145
Tyr
Giu
His
Lys
Gin
225
Met
Pro
Asn
Leu
Val

305
Gln

Thr
Pro
Val
50

Ser
ile
Val
Ala
Pro
130
Vai
Vai
Gln
Gln
Ala
210
Pro
Thr
Ser
Tyr
Tyr
290
Phe

Lys

{2100
{211
21
213
{220)
229>
<400,
Gle Yal Gln Leu

]
Ser

Glu
Gly
Gin
65

Met
Thr
Val
Ser
Lys
145
Leu
Les
Thr
Yai

Pro

Vai
Met
Ala
50

Asp
Glu
Arg
Ser
Ser
139
Asp
Thr
Tyr
Gln
Asp

210
Pro

Ser
Glu
35

His
Ser
Cys
Glu
Pro
115
Lys
Val
Asp
Tyr
Asp
195
Leu
Arg
Lys
Asp
iys
275
Ser
Ser
Ser

34

443
PRT

Gly
20

Pro
Thr
Val
Asn
Pro
100
Glu
Asp
Asp
Gly
Asn
180
Trp
Pro
Giu
Asn
[1e
2606
Thr
Lys
Cys

Leu

Gly
Vali
Phe
Val
Val
85

Lys
Leu
Thr
Vali
Val
165
Ser
Leu
Ala
Pro
Gin
245
Ata
Thr
l.eu
Ser

Ser
325

Thr
Thr
Pro
Thr
70

Asn
Ser
Leu
Leu
Ser
150
Glu
Thr
Asn
Pro
Gin
230
Val
Val
Pro
Thr
Val

319
Leu

Ala
Val
Ala
55

Val
His
Cys
Gly
Met
135
Gln
Val
Tyr
Gly
lle
215
Val

Ser

Pro
Vai
295
et

Ser

Artificial Sequence

Modified antibody

34

Thr
His
35

[1e
Arg
Leu
Phe
Ser
115
iys
Tyr
Ser
Ser
Thr
185
Lys

Cys

Val
20

Trp
Asp
Val
Ser
Tyr
100
Ala
Ser
Phe
Gy
Leu
189
Tyr
Lys

Pro

Val
5
Ser
ile
Pro
Thr
Ser
85
Ser
Ser
Thr
Pro
Val
165
Ser
Ile

Yai
Ala

Gia
Cys
Arg
Lys
Leu
74

Leu
Tyr
Thr
Ser
Glu
i50
His
Ser
Cys
Glu

Pro

Ser
Lys
Gin
Thr
55

Thr
Thr
Thr
Lys
Gly
135
Pro
Thr
Yal
Asn
Pro

215
Glu

Ser
40

Val
Pra
Lys
Asp
Gly
120
Ile
Glu
His
Arg
Lys
200
Giu
Tyr
Leu
Trp
Val

280
Asp

Pro

Gly
Ala
Pro
40

Gly
Ala
Ser
Tyr
Gly
120
Gly
Val
Phe
Val
Val
200
Lys

Leu

Leu
25

Tro
Leu
Ser
Pro
Lys
105
Pro
Ser
Asp
Asn
Vai
185
Glu
Lys
Thr
Thr
Giu
265
Ley
Lys

Glu

Ala
Ser
25

Pro
Asp
Asp
Glu
Trp
105
Pro
Thr
Thr
Pro
Thr
185
Asn
Ser

Leu

10
Gly

Asn
Gln
Ser
Ser
90

Thr
Ser
Arg
PFro
Ala
170
Val
Tyr
Thr
Len
Cys
250
Ser
Asp
Ser

Ala

Glu
Gly
Gly
Thr
Lys
Asp
Gly
Ser
Ala
Val
Ala
170
Val
His
Cys
Gly

Cys
Ser
Ser
Ser
75

Asn
Ris
Val
Thr
Ghu
155
iys
Ser

Lys

Pro
235
Leu
Asn
Ser
Arg

Leu
315

Val

Tyr

Ala
Ser
75

Thr
Gln
Yal
Ala
Ser
15h
Vai
Pro
Lys
Asp

Gly

Ley
Gly
Ser
60

Leu
Thr
Thr
Phe
Pro
140
Val
Thr
Val
Cys
Ser
220
Pro
Val
Gly
Asp
Trp

300
His

Lys
Thr

 Gly

Tyr
Thr
Ala

Phe
Leu
140
Trp
Leu
Ser
Pro
Lys

220
Pro

Vai
Ala
Gly
Gly
Lys
Cys
Leu
125
Glu
Gin
Lys
Leu
Lys
205
Lys
Sar
Lys
Gln
Gly
285
Gln

Asn

Lys
Phe
Leu
45

Ser
Ser
Val
Thr
Pro
125
Gly
Asn
Gln
Ser
Ser
205
Thr

Ser

12

Lys
30

Leu
Leu
Thr
Val
Pro
110
Phe
Val
Fhe
Pro
Thr
190
Val
Ala
Gin
Gly
Pro
270
Ser
Glu

His

Pro
Thr
Glu
Glu
Thr
Tyr
Ley
1o
Ley
Cys
Ser
Ser
Ser
1490
Asn
His
Val

15
Asp

Thr

Tyr

Asp
95

Pro
Fro
Thr
Asn
Arg
175
Val
Ser
Lys
Glu
Phe
285
Glu
Phe
Gly

Tyr

Giy
15

Asp
Trp
Ser
Ala
Tyr
Val
Ala
Leu
Gly
Ser
175
Leu
Thr
Thr

Phe

Tyr
Ser
Ser
Thr
80

Lys
Cys
Pro
Cys
Trp
160
Giu
lLeu
Asn
Gly
Glu
240
Tyr
Asn
Phe

Asn

Thr
320

Ala
Tyr
Ile
Phe
Tyr
80

Cys
Thr
Pro
Val
Ala

160
Gly

Lys
Cys

Leu



225
Phe

Val
Phe
Pro
Thr
3ns
Val
Ala
Gin
Gly
Pro
i85
Ser
Giu

His

Pro
Thr
Asn
Arg
290
Val
Ser
Lys
Glu
Phe
370
Glu
Phe
Gly

Tyr

<2107
211>
{212
Q213>
{220
{223y
{4007
Gln Val Gin

1
Ser

Gly
Gly
Lys
65

Het
Thr
Vat
Ser
Lys
145
Leu
Leu
The
Val
Pro
225
Phe
Vai
Phe
Pro
Thr
305
Val

Ala

Val
WMet
Ala
50

Gly
Glu
Arg
Ser
Ser
130
Asp
Thr
Tyr
Gln
Asp
210
Pro
Pro
Thr
Asn
Arg
280
Val

Ser

Lys

Pro
Cys
Trp
275
Gly
Leu
Asn
Gly
Giu
355
Tyr
Asn
Phe
Asn
Thr
435
35

443
PRT

Lys

Val
260
Tyr

Gluy
His
Lys
Gin
340
Met
Pro
Asn
Leu
Vat

420
Gln

Pro
245
Val
Vai
Gln
Gln
Aia
325
Pro
Thr
Ser
Tyr
Tyr
405
Phe

Lys

230
Lys

Val
Asp
Tyr
Asp
310
Leu
Arg
Lys
Asp
Lys
390
Ser
Ser

Ser

Asp
Asp
Gly
Asn
295
Trp
Pro
Glu
Asp
e
375
Thr
Lys
Cys

leu

Artificial Sequence

Wodified

35

Lys
His
35

Leu
Arg
Leu
Phe
Ser
115
Lys
Tyr
Ser
Ser
Thr
195
Lys
Cys
Pro
Cys
Trp
275
Ghu
Leu

Asn

Gly

Leu
Val
20

Trp
Asp
Vai
Ser
Tyr
100
Aia
Ser
Phe
Gly
lLeu
180
Tyr
Lys
Pro
iys
Val
260
Tyr
Glu
His
Lys
Gln

antibody

Val Gln Ser
5

Ser
Val
Pro
Thr
Ser
85

Ser
Ser
Thr
Pro
Yai
165
Ser
Ile
Val
Ala
Pro
245
Val
Val
Gin
Gin
Ala

325
Pro

Cys
Arg
Lys
Leu
70

Leu
Tyr
Thr
Ser
Glu
150
His
Ser
Cys
Giu
Pro
230
Lys
Val
Asp
Tyr
Asp
310

Leu

Arg

Lys
Gin
Thr
55

Thr
Thr
Thr
Lys
Gly
135
Pro
Thr
Val
Asn
Pro
215
Glu
Asp
Asp
Gly
Asn
285
Trp

Pro

Giu

Thr
Val
Val
280
Ser
Leu
Ala
Pro
Gln
360
Ala
Thr
Leu

Ser

Ser
448

Gly
Ala
Ala
40

Giy
Ala
Ser
Tyr
Gly
120
Gly
Val
Phe
Val
Val
200
Lys
lLeu
Thr
Val
Val
280
Ser
Leu

Ala

Pro

Leu
Ser
265
Giu
Thy
Asn
Pro
Gin
345
Val
Val
Pro
Thr
Val

425
Leu

Ala
Ser
25

Pro
Asp

Asp

Trp
105
Pro
Tar
Thr
Pro
Thr
185
Asn
Ser
Leu
Lau
Ser
265
Glu
Thr
Asn

Pro

Gin

Het
250
Gln
Val

Tyr

Gly

Ile
330
Vai

Ser

Pro
Val
410
Met

Ser

Glu
10

Gly
Gly
Thr
Lys
Asp
80

Gly
Ser
Ala
Val
Ala
170
Val
His
Cys
Giy
Met
256
Gin
Val
Tyr
Gly

Ile

Vai

235
tte

His
Arg
Lys
315
Glu
TFyr
Leu
Trp
Vai
395
Asp
His

Pro

Val
Tyr
Gin
Ala
Ser
75

Thr
Gln
Val
Ala
Ser
155
Val
Pro
Lys
Asp
Gly
235
| le
Glu
His
Arg
Lys
315
Glu

Tyr

Ser
Asp
Asn
Val
300
Glu
Lys
Thr
Thr
Giu
380
Ley

Lys
Glu

Lys
Thr.
Gly

Tyr

50

Thr

Gly
Phe
Leu
140
Trp
Leu
Ser
Pro
Lys
220
Pro
Ser
Asp
Asn
Val
300
Gly
Lys

Thr

hrg
Pro
Ala
285
Vai
Tyr
Thr
Ley
Cys
365
Ser
Asp

Ser

Ala

Lys
Phe
Leu
45

Ser
Ser
Vai
Thr
Pro
125
Gly
Asn
Gin
Ser
Ser
205
Thr
Ser
Arg
Pro
Ala
285
Val
Tyr
Thr

Leu

13

Thr
Glu
270
Lys
Ser
Lys
lie
Pro
350
Leu
Asn
Ser

Arg

Leu
430

Pro
Thr
30

Glu
Gin
Thr
Tyr
Leu
110
Leu
Cys
Ser
Ser
Ser
130
Asn
His
Val
Thr
Glu
270
Lys
Ser
Lys

e

Pro

Pro
255
Vai
Thr
Yai
Cys
Ser
335
Pro
Val
Gly
Asp
Trp

415
His

Gly
15

Asp
Trp
Lys
Ala
Tyr
Val
Ala
Leu
Gly
Ser
175
Ley
Thr
Thr
Phe
Pro
255
Val
Thr
Vai
Cys
Ser

335
Pro

240
Giu
Gln
lys
Leuy
Lys
320
Lys
Ser
Lys
Gin
Gly
400
Gin

Asn

Ala
Tyr
Met
Phe
Tyr
80

Cys
Thr
Pro
Val
Ala
160
Giy
Gly
Lys
Cys
Leu
240
Giu
Gin
Lys
Leu
Lys
320
Lys

Ser



Gin
Gly
Pro
385
Ser

Glu
His

Glu
Phe
370
Glu
Phe
Gly

Tyr

Giu
355
Tyr
Asn
Phe
Asn

Thr
435

340
Wet

Pro
Asn
Ley
Val

420
Gln

Thr
Ser
Tyr
Tyr
405
Phe

Lys

Lys
Asp
Lys
390
Ser

Ser

Ser

Asn
te
375
Thr
Lys
Cys

Leu

Sin
360
Ata
Thr
Ley

Ser

Ser
440

345
Yai

Val
Pre
Thr
Val

425
Leu

Ser
Glu
Pro
Val
410
Met

Ser

Leu Thr

Trp
Vai
395
Asp
His

Pro

Glu
380
Leu
Lys

Glu

Cys
365
Ser
Asp
Ser

Ala

14

350
Ley

Asn
Ser
Arg

Leu
430

Val
Gly
Asp
Trp

415
His

Lys
Gia
Gly
400
Gin

Asn



