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. Field of
il INETAN TS pRsent MieOn sl ameted o rras
improving the plasma( ood) Kinetics of anti-glypican 3
antibodies, a pharmaceutical composition comprising an
anti-glypican antibody that has |mproved plasma Kinetics as an
active ingredienBianerat 1 Preparirgithe’’same. Description
of the Related Art. Antlbodles are stable in the plasma and exhibit
few side effects and for these reasons their use as drugs has
re1 266N receiving aitention. Among the several antibody isotypes, a
large number of IgG isotype therapeutic antibodies are on the
market apda targe-numbenof therapeutic anihodies:are:also-
currently under development (Janice M. Reichert, Clark
EppRESensWely, Latra B F4ten, ahd MATheRFDERIEE Monocithal, =>°
con antlbod -SUccesses | in.the clin.c, Nature | @p&egbn%&gyﬁ(ggé) 23,
1073 8" Pavio A. K. and Be sey M., The therapeutic 1 antibodies
market to 2008, Eur. Pharm. Hlopharm (2005) 59(3), 389-96; and
Janice N. Reichert and Viia E. Valge-Archer, Development trends
Tielor mondclobat Sntilsady cancer therapeutics, Nat. Rev. Drug

Disc. (2007) 6, 399-356). Antgga}@el%ag

The present Invention to a method of improving

the plasma {blood} kinstics of anti-glypican 3 antibodies, a
pharmaceutical composition comprising an anti-glypican 3
antibody that has improved plasma kinetics as an  active

ingredient, and & methoed of preparing the same.

Description cf the Related Art

Antibodiss are stable in the plasma and exhibit few side
effects and Lor these reasong thelr use as drugs has been
receiving attention. Among the several antibody isctypes, a

large number of IgG isctype therapeutic antibodies are on the

market and a large number of therapsutic antibodies are aiso

Rosenswelg, Laurs B. Faden, and Matthew C. Dewitz, Meonoclonal
antibody successes in the clinic, Nature Biotechnology {(2003)

2, 1G73-8; Pavicu A. K. and Belsey M, ., The therapsutic



antibodies are known to exhibit antitumor activity by exercising
cytotoxicity against, for example, liver cancer cells and lung e
cancer cells (WO 2003/000883). Antibody-drug conjugates
comprising an anti-giypican 3 antibody attached to a cytotoxic
substance are also known to exhibit antitumor activity against
ant iiver eanger xevarancancerunelanoma; and ssefarbu(Albinas ;
Nesterova, Paul J. Carter, and Leia M. Smith, Glypican 3 as a
59 (ZNovet Target for ancAntibody-Brag Conjuiate IAACR AlsstiacthNeer
L...256 (2007" Los Angeles, C_, April., 4-18) In addition, technologies
PSS BhRANce The effector TURctioNs are being developed for - o %
nat PrEducing se¢ond-generation therapetic antibedies, ok, =
example, it is known that the antibody-dependent cellular
ant igytoiex—eity (ARECC)-actvity. and dthe:icomplement=dependent
cytotoxicity (CDC) activity are enhanced by an amino acid
exegupstitation-m-which - thé &mito racids coistituting the" regioh of
~e1190.is0type antibadies. (referred to as.laG antibodies) are seplaced
by different amino acids (Rim. S. J., Park Y., and Hong ! H. J.,
conAntihedy ~engineering:for:adevelopmentof therapeutic antibodies, to
Mol. Cells (2005) 20(1?, 17-29;. When an anti-giypican 3 antibody
@ ci§ produeett it -Huosé frarfsportéraeleted CHOCells TtcosEis
_. not attached to the branched sugar chains attached tothe  __
2T Anti-glypican a;njﬁrb“dd)(/:.aéﬁ“éﬁ'a%‘é%?ﬁé&p‘i%ﬁ% énr{li%lo%dnyo'ﬁa's e
so sighificantlyihigher-ADGCE-activity than theantj-glypicani3 u. smith,
antibody that contains fucose in the branched-chain of the sugar
Glyehadn, dndsisathivught foreghibit agreatér antindmmorT astivity agace.
therapeutic antiboep‘!_}k/6 (%9@%@0644%6@7%%?5)5;1%’

AACR Bbstract Ho. 7y, Los CR, April, 4-18j.
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In addition, technologies to enhanc

F

functions ars being developed for producing second-generatlon
therapeutic antibedies. For example, it is known that ths
antibody-dependent celiular cvtotoxicity (ADCC) activity and
the complement-dependent cytotomicity (CDC; activity
enhanced by an amine acid substitution in which ths amino
acids constituting the Fo region of IgG isotype antibodlies
(referred to as IgG antibodies) are replaced by different
amino acids (Kim 8. J., Park Y., and Hong H. J., Antibody
engineering for the development of therapeutic antibodies, Mol.

Cells {2005y 20(1y, 17-2%;. When an anti-glypican 3 antibody

is produced in fucose fransporter-deleted CH
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not attachad te the branched sugar chains attached
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In addition to such technologies for enhancing the effector
functions, other technologies are also known in which the plasma
half-life of an antibody is increased or decreased by amino acid
substitution on the amino acids constituting the Fc region of the
antibody (Hinton P. R., Xiong J. M., Johlfs M. G., Tang M. T.,

ant:KellerSisand Tsurushita NuAnLengineered spuman Jgel-antibedyz «
with longer serum half-life, J. Immunol. (2006) 176(1), 346-56;

a2 sighdiGhetielV.,'Pepev 8L Borvak Vi "RadurC., Mateséi br;-vpican 2

ot .Meddegan C., Ober R. Qﬁ.,‘gﬁnd Ward E. S., Increasing ﬂth\efsﬁsergm

" ipérsistetice of an 16 fragment By rafidom’ mutagenesis, Nat."©

uo BiOteChnol .(1997) 18(7),637:4Q). 3. technalogy.that prolongs
the plasma half-life antibodies is applied therapeutic antibodies, it

actijgigxpected thatthe:.dose of thecadmimisteéret-therapeutic antibody
is reduced and its interval of administration is extended, which will
enabEthe provision'of 'T8§s Expehisive therdpeatic dttibddies

£=Mth.2 igh convenience factar, in specific.terms. the plasma, 1. o,
half-life can be extended by substituting an amino acid of the Fc

the regien:ofran tgGi antitody with anether amina-acid-resulting-irezsed
improving the 1gG, antibody's affinity for the neonatal Fc receptor,

bY afhith /&3 KRBWIT t6 be & 'salvalferredeptor f6r fite T9GEahtibody? Inhe

_addition, it is also known that the plasma half:life is increased by,

£ ifing e naviUAL doreains (Cr. CHo, CB3) consttiing s~

c., constant regiorkof the antibedy (luckiekkicz w., 2n enginsered

a

human IgGl antibody with longsr serum half-1life, J. Immuncl.
(200¢y 17¢{1l;, 346~35¢; and Ghetie V., Popov 5., Borvak J.,
Radu C., Matesci D., Medesan C., Obsr R. J., and Waxrd E. 5.,
Increasing the serum persistence of an IgC fragment by random
mutagenesis, Nat. Biotechnol., (1987 151(7), 637-40). I =a

technology that proiongs the plasma half-life of antibodiss is
appllied to therapeutlic antibodies, 1t is expscted that the

dose of the administered therapeutic antibody is reduced and
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tration i1s extended, which will enable
the provision of less expensive therapeutlic antibodles with &

high convenlience factor.

by substituting an amine acid of the Fo region of an IgG
antibody with ancother amino acid resulting in improving

IgG antibody’'s affinity IZor the neonatal Fo receptor, which

a2



S., Chang C. J., Scharff M. D., and Morrison S. L., Chimeric
human-mouse IgG antibodies with shuffled constant region exons
demonstrate that multiple domains contribute to in vivo half- life,
Cancer Res. (1998) 58(17), 3905-8). However, since the amino
acid sequence of the constant region of the IgG antibody is
knowgonserved inhumans;arantibady having én artificiatamino acid
substitution as described above in the amino acids constituting
2ddifieconstant regivh May catlse side effetts by'éx = b-i-ping®
. immunogenicitl in. the human body, It is therefore preferred that.,
PSR a sgﬁaﬁﬁﬁﬂfnﬁgrgoi; amino acids be substituted. Téchnologies'
consHVOIVING amino-acic substitution in thervariable region (@lso:- .
‘re=-e-red as V region) IlgG antibodies reported to date incl..ude
S., humanization techroldbgy (TsurushitaNz HintonR. R.; andiKemiar
~ S, Design of humanized antibodies: from anti-Tac to Zenapax,
umeEtRoHS (2005) 361, 69-83); affiriity niaturtion wher& am--ng °"°
demo@&glg?_sa%% t@z@a@%@@@?@t%&}éﬂ%e%ﬁ@g&%oﬂ C(C;QRY)J§O halfi-
substituted in order to Increase the binding activity (Rajpal A.,
1izeBeyazdky Haber 1.2 @appaccilli G.; ¥ee H., BhateR::R.,sEakeuchi
T, Lerner R. A,, and -rea R., A general method for greatl .
ami i o\ing tREGEEnity of dntitiodied by Uing totbinatorfdl -2
is C!Iot')ﬁréaatlre\?’écprlofp nl\vlz%%%s',o‘cc%da§91’oogySAe§gQQg] g‘@%?éi’f@é@?.i?%)num
and amino acid substitution in the amino acids constituting the
ac: framework region 6-R) for improying the physiceghemisak stability
(Ewers ., , Honegger F.., and Pluckthun A., Stability improvement
conpfigntibodies forextraceli Ulas siid fitracéMiar side effects by

exnibiring immunogenicity in the human body. It is therelocre
praferred thaet only a small number ol amino acids De

substituted.
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logies involving amino acid substitution in the

i}

variable region {also referxred to as V reglon) of Ige

t

antibodies reported to date include humanization technology
{Tsurushita N., Einton P. k., and Kumar S., Design of
humanized antibodies: from anti-Tac To Zenapax, Methods (2005}
36(1Y, 69-83), affinity maturation where amind
complementarity-determining region (CDR) is substituted in
order to increase the binding activity (Rajpal A.
Haber L., Cappuccilli G., Yee E., Bhatt R. R., Takeuchi 7.,
rea R., & genersl methoed for greatiy

improving the affinity of antibodies by using combinatorial

g



applications: CDR grafting to stable frameworks and structure-
based framework engineering, Methods (2004) 34(2), 184-99).
Unlike the case with amino acid substitution in the constant region
(also _e_erred to as 0 _e,ion), amino acid substitution in the
variable region is generally used for improving the characteristics
1 ibra@d stabity) andsenhancing the:function: {ex:; antiger: bindinge- 71}
activity) of antibodies. Since the am...no acid sequence _
and gphstitating thecCPR B imdnized ahtibodies i§ derived fromthe
<ne 300iN0 acid sequence.of a. nonhuman. animal species. the tisk of
"€ generating Immunog .icity by introducing an artificial amino acid
stansubstitution in this sequence is thous7: 10 bedower thanaming : =y
acid substitutions in a sequence i_.other regions. Moreover, with
imprregard:to @h artificiali@amnino acid sustittiontinahe aning-aeie-12-
.sequence cons:itutin the FR o-'_ humanized antjbodies, _is . _
PRGN that SUcha ‘subStitation posés Tittie Tisk of generating -
pasdMIURQgenicity.the ER amina.acid sequense obta-ned asasq; .
consequence of substitution rs the same as any of the __ty of
Unlikemar amizody ER amino acid sequencestthat are published -
for example, T:e Dana- database = . ‘ o
re 9 g0t At ebr At kipubldatabases/iab t_if tha” (66 database ~ 2"
<n -utRlimgt.cines fr/), and so forth, Furthermore, theo v no <ne
Immunogen_city can be reduced by reselecting a human antibody
chaSequence tbat is very similarto-the ERamineracidseguencection
obtained as a consequence of substitution, from the plurality of
(e . humait aptib oy FR:aniiRe’ Seglienéesthat are piblishéd in the
. Kabat daga;ggsgkthe IMGT, q]gt%%agqﬁeagggoofgr_;% (WO

amine acld seguenie ConsTiLuLl] t anized

antibodies is derived from the amino acid seguence of &z
nonhuman animal species, the risk cf generating ilmmuncgenicity
by introducing an artificial amino acid substitution in this
sequence iz thought to be lower than amino asid substitutions

in & seguence in other regions. Moreover, with regard tc an

artificial amino aclid substizuticn in the amino acid seguen

immunogenicity 1f the FR aminc aci
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consaeguance of substitution is the same z= any of the
wlurality of numan antibody FRE aminc acid seguences that ars
published in, for example, the Habat database

(nttp://fto.ebl.ac.uk/pub/databases/kabat/), the IMCGT database
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1999/018212). In contrast, the only methods known for improving
the plasma half-life of IgG antibodies are, described above,
amino acid substitution of amino acids constituting the Ic region,
which is a part of the constant region, and no methods have been
reported co date that bring about an. 'improvement in the plasma
(ne@-iifenef lgorantibedies bycamind acid . sabstitution of theramino
acids constituting the variable region, which is oelleved to car -isk
irnu e GRROKRIHG IFRAUTOGERIERYS THE FeaSaRTortiisis it part that tHe
_plasma ha--f-life of IgG antibodies are belieyed to_largely. depend
Sequ%ﬁ”ﬁ tigén-dépendent dep' etion é%na k?lﬁd%r}l% to the %e%%%%?%c
ont2FECRPIOr, 2 salvage:reeeptor fordgG antibedies -rohod .nlpralicy
Hansen F. j., and Balthasar 3. P., Antibody pharmacokinetics and
of hpharnrcodyrramies 20 Atam IS Z004) 931" 645-68j ahd ©¢
_ . that the functions and properties the v%riablelﬁpevgilgnw ay not have
Kabah ghifeHtinfitiende onthe” piasma halfilife. It has also been
109¢"eparted that the isoelectric point (p1) of IgG antibody is lowered
by anionization of IgG antibody by 6 succinylation (Yamasaki Y.,
Sumimato KszNishikawa Mse Yarmashitaw: , ¥amaokaeKirHashida
K., and Takakura Y., Pharmacokinetic analysis of invivo
v lasgigposition of° sticcifyiaféd proteins Brgeted téfiver >~ 7=
smi10NRAIENGHYMA cells, via sgavenger recepiors:: IMPOHAaNce-Of -
molecular size and negative charge density for rn vivo recognition
regiﬁhEGGQQKNS;S a part of the constant region, and no methods

have been reported to dat

M

that pring about an improvement 1in
the plasmz half-life of IgG antlbodies by amino acic
substitution of the amino acids consTtituiing the varliable
regicn, which 1s pelieved tTo carry little risk of invoking
immunogenicity. The reason for this 1s, in part, that the

plasma half-1ife of Iglé antibodies are bellieved Lo largely

depend on antigen-dependent depletion and binding to the

pharmacoklinetics and pharmacodynamnics, J, Pharm. Sci. (2004,
93111y, 2645-68), and that the functions and propertles of the
variakble region may not have & significant influen
plasma hali-life.

I+ has alsc been reported that the iscelectric point (Dl

oy

of IgC antibody is lowered by anicnization of Igé antibody by



P.armacol. Exp. Then. (2002:) 30"_(2), 46'7-?7), and that the pl of
IgG antibody is raised by canonization of the IG antibody by
modification with polya.ine (Podusio J. F. and Curr G. L.,
Po?yamine modification increases the permeability of oroteins at
lie blood-nerve and blood-pram barriers, Neurochem. (1996)
succ6B(4)-=3%99-609LHowever, indoth-cases there was no increase
in The plasma :al the mod, _fied 1d6 antibody, but rather the
Tanaplasmahalfifeands decredstd “Fhils, aprcereaseci it the plasma
o _hal_ife of I9G antibodies cannot be realized by modification of the
PATEEBRthe TgG antibddy by the ‘above: de cribed chemical
sucnedification.of the, lgG.anptibedy: SUMMARY, QE LHE INYVENTION
The present invention was oursued in view of the circumstances
via deserbee-abeverArrobjeotroftirepreséntiingention. is-ta provide
a method of modulating the plasma (blood) h f-life of ant lypican 3
reddntibody aftanfi” giveican™3 dhtibody havityg a-moddlatéd piasha '
pra f:lfe.and:a. phasmaceutical composition gomprising,the antibody -
as an active ingredient, as well as a method of preparing the anti
of Wypican B-antihedy-arddihepharmacewticabconiposition: GAnotherdy
object of the present invention is to provide a method for H
LY Frethiaing Eytotoxicity ofdn antibooRF by modulatirig the “plasma: =~
o1 1AL e of the antibody having eytotoxicity, an. antiody with. .
‘modulated cytotoxicity and a pharmaceutical compaosition,
=t ©Comprising the-antibedy, aswellas.aymethed of peeparngthe 1voe;
antibody and the pharmaceutical composition. The present
6€ linvenfors-¢altied Hutfoeused investigations there was no increass

o hem ] F e
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in the pi ied IgG antibody, but
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rather the plasma half-life was decreased. Thus, an increase
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SUMMARY OF THE INVENTION

The present invention was pursued in view of the
cilrcumstances described above. An cblect of the present
invention is te provide a2 method of modulating the plasma
{bilood! nalf-1ife of anti-glivpican 3 antibody, an anti-
glvpican 3 antibody having & modulated plasma nali-life and &

pharmaceutical composition comprising the antibody &s an

actilve ingredient, as well as a nmethod of preparing the anti-

~J



into methods for modulating the plasma ha' f-li_".e of an antibody
(e.g. anti-glypican 3 antibody). As a result, the present inventors
discovered that the plasma half-life 0- an, antibody (e.g.
anti-glypican 3 antibody) can be modulated by modifying - among
the amino acid residues consta ting the variable region and the
g1 ypeenstantregionof anantibody(e:g.-anti-glypican:3 antibody) -
amino acid residues exposed on the surface of this antibody
Enotmgleculeand théreby contiolling thet su:ate thargeof thesam=tnod
__ body molecule pecif cally, among the amino acid residues in the
o Biiho aeitf s6uBhEe'EdNne thting the Vanabie regidnandthe = °
o1 a<Ganstant region of an. antibody(e.g. anti-glypican.3 antibody), par
- t-cula_- amino acid residues were identified that can modulate the
antiplagmai half:tlife of the antibodyi(eigyantisglypigarr3zantibody)
through modifying the surface charge on the antibody molecule
conRgfthott a fECHRG the Stracturd or-fiivction of the aritibSdy*e:§° the
pre;20Ugen binding activity, The present inventors alsa;31,..ed that
~ Tan antibody (e.q anti-o_~vpican antibody) 8 having a half-life
modulated 4 this:mamerinfac- retains it antigenibindingzations
activity. The present inventors also found that modulation of the
intplashia talf-life B ahtibody (e Bl 2aRf-diypican 3cantibédy)
Ht“_incr_erasgs ‘the tumor proljfgrgtignamh]ié)itrgqg aczgi%/ity on cancer cells
ntshibited by Gytotoxic” antibodies, stich as the anti-glypican 3
oreantibody. The presentinvention. relates tg a.methed ef madulating.
the plasma half-1.r.e of an antibody (e.g. anti-glypican antibody)
ant hemodifying antaminoracidresidue thatlis exposed moculated by

modifying - among the amino &aci

S
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residues constituting the

41}

variable region and the constant regicn of an antiboedy (=.g.

D

anti-glypican 3 antibody! - amino acld residues exposed on the
surface of this antibody molecule and thereby controlling the
surface charge of the antibody mclecule. Specifiically, among

the amino acid residues in the amino acld seguencs
constituting the variable region and the constant region of an
antibedy {e.g. anti-glyplcan 3 antibody), pariticular amino
acid residues were identified that can modulate the piasma
half-life of the antibody (e.g. anti-glypican 2 antibody)
through modifying the surface charge on the antibedy molecule

without affecting the structure or function oi ths antibody,

£.g., the antigen binding activity. The pressnt inventors also
confirmed thnat an antibody {e.g. anti-glypican 3 antiboedy:



on the surface of the antibody, an antibody (e.g. ant-i_ glypican 3
antibody: that has a modulated plasm halff-life by amino acid
residue modi.fr ation, a pharmaceutical composition comprising
the antibody as an active ingredient, and a method of preparing
such a pharmaceutical composition. More specifically, the present
naviventian provides ihe follewing: «(ij:A met-nod for preparing am s
anti-glypican 3 antibody with modulated plasma kinetics, said
its miethod:comprismgptie steps 6hga)culturing avlvoseeell bedringanc
_.__Nucleic acid that encodes the anti-glypican 3 antibody under
that BRdhichs Eiowing for eXpréssion of thé nticléic &¢id; Wherein the
an+:@ntizglypican antibody has an.aming acid sequence altered.ta
causes a modification’in the charge of at least one at acic.
inniresidue that canybeexposed or:the: serfacel ok the antibodys;-and
(b) recovering the anti-glypican; 3 antibody from the hest cell
ant &GRS 19 P1°Fhé metliod dctotdifiy ta 1, wieréinthe modulation
ofp the plasma kinglics is increase or decrease. in.a parameter, ;
selected from the plasma half life, the mean plasma residence -~
~he tingsand ihe plasma clearance; {3} he method according:to ‘{1],
wherein the modification in the charge of the amino acid residue
antiiggphieved by -diming aeid 28ubstittitioh; ASTREmeliod ‘decordiig
or {0411 Wheteln fne.aming 4cid, Tesidug, 13t can be gxpgged.on the

glypilcan 3 antibody! that has a modul

a1
+

ad plasms hali-life by

amine acid residue modification, & pharmaceutical compositlon

comprising the antibody as an acilve ingredient, and a metho

2 method for preparing an anti-glypican 3 antibody with
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modulated plasma kinetlcs, said method compri
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the anti-glypican 3 antibody under conditions allowing Ifor

e

antibody has an aminc acld seguence altered tc causes a
modification in the charge ©

that can be exposed on the surface of tThe antibody; and



glypican 3 antibody is located in a region in the anti- glypican 3
antibody other than the Kckn binding region; [5] The method
according to [4], wherein the _cRn binding region comprises the
Sc region; [61 The method according to [4], wherein the FCRn
binding region comprises the amino acid residues of the EU

27 Nembers:250, :253,310, 311, 314, 428,435, 436 aceording.to the
Kabat numbering; 171 The method according to [1], wherein the

the gnti-glypicars 8 @ntibody: isansEgGrantibodys {8l The mrethodter
accordlng to [l) wherein the amino acid residue whose charge is

s 197bififiéd 78 an ario 4tid fesidte” present 1 tie ey chain 4¢7 e

- imevariable region or the light chain variable region; [911 The method

according to [8], wherein the anti-glypican antibody comprises a

3] camplement+_dy<dezermining region(CBR) derveddfraaramnor in
human animal, a framework region (FR) 10 derived from human,

the 4id BeoRstantregion-déved o Haman, > ahcFWherein e e acic
. Mmodification in the charge of the amino acid residue is achieved
%y substitiition of at least one amino acid residue that can be

141 exposed onthe antibody;suface;in thee CDR o FRiofthesciq
antibody with an amino acid residue that has a charge different

resfrbrm thar of thersmine acid residues [10)THye méthdd aetording to

giyl}gl whereln the modlflcatlon |n the charge the, amlno acid residue

14 achievBd by (1) atleastone substitution i the heavy chain

glyﬁé&@ﬂﬂg antibody cther than the PFckn binding region:

1 The method acccerding to [4], wherein the F¢Rn binding

(61 The method according to [4], wherein the FcRn binding

ragion comprises the amino acid residues of the EU numbers 25

<3

f
253, 310, 3ii, 314, 428, 435, 43¢ according to the Kabat
numbering;

[7] The method according to [1], wherein the anti-glypilcan 3

antibody s an IgG antibody;

i8] The method according to [1]-17!, wherein the amino acid
rasidue whese charge 1s modified is an aminc acid residue

present in the heavy chaln varlable region or the Zight chain

81 The method according to (8], wherein the anti-glypican 3

S antibody comprises a complementarityv-determining region (CDR)

16



region shown in SEQ 1D NO: 1 selected from: (a) substitution of Q
that is the 43rd amino acid residue with K, (bj substitution of D
that is the And amino acid residue with N, and (c) substitution Q
that isth amino acid residue with R; and/or (2) at least one
substitution in the light chain variable region shown in SEQ 1D
seriNQY Z.sglegted from: (d). substitution of S thatis-the aming.agighar,
residue with Q, (e) substitution Q that is the 27td amino acid
and rgsidaérwithe Ricand-subistitution of© thatis<hef105th amino acik
residue with R; ry ] The mezn od. according (9(, wherein the ‘
e S iGtificafitnin’ 4 the EHaTgeof & dinifo acid fésiitie " 2=*¢
res:achieved by: ) at least one substitution in the heawy chain, 1. cor
variable reoicn shown in SEQ =D NO: | selected from: (a)
or Bubstitution:of Kothat theeh %rh amino acidiresidueowithndy, (D)s =
substitution of Q that is the 43rd amino acid residue with E, (c)
chargibstitttioreer Q tha isthe 62nd dmitit acid fesidue witht E,
[107 The method according to [91, wherein the modification in
the charge ¢f the aminc acid residus is achieved by:

(1) at leazst cone substituition in the heavy chain variable

region shown in SE
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{a' substitution of § that is the 43rd aminc acid residus with
Kr

{b)} substitution of T that is the 5Znd aminc acid residue with
N, ana

() substitution of € that isg tThe 107th aminc acld residue

with R;
and/or

(2% at least one substitution in the light chain variable

region shown in SEQ ID NC: 7 selected from:
(dy substitution of £ that is the 17th aminc acid residus with

oF

(e} substitutlion o
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Z27th amino acid residue with

{fY substitution of ¢ that is the 105th aminc acid residue



(d) substitution of K that is the 63rd amino acid residue with S, (e
substi~ion of K --ha the 65th amino acid residue with Q, and
substitution of C that is the 66th amino acid residue D; and/or (2)
at least one s bsti.tut_on in tie light char va-, ante region shown In
SEQ ID NO: 7 selected from: g) substitution of R that is the 24th
tne aming-acid residue;with. Qq(n)substitutionsef Q. that is,the 27'_h
amino acid residue w substitution of o that is the 79th amino acid
(1) pasidereswithng])subss- ttiohcof Rethidtds the82rd amint: aed L <
res-due with and (x), subsitution of K that is the 112nd amino acid
eSO RGRE With E:T12] The methidd according 16 [11], further
(2 comprising:at least; one, madificationdn.the-heavy chainconstant : « -
region shown in SEQ 1D NO: 31 selected from: (a) substitution o
T, Hthatis the 151st amino acid residue with Q, (b) substitution of s'
that is the 157th amino acid residue with Q, (c) substitution of R
) i3S the 288t antino acid fesidtie” With &'~(d) Stbstittiorofo’-"
- thatis the 239th amino acid residue

f

ki

{c) substitution

@]

0 that 1s the 62nd aminc acid residus with
L,

(@) substitutilion of K that is the €3rd amino acid residue with

SJ’

{e} substituticon of K that is the €5th amino acid residus with
2, and

{7y substitution of & Tthat is the 66th aminc acid resldus with

D;
ang/or

{2} at least cne substiftution in the light chain wvariable

{g: substitution of K that is the 24th aminc acld residus with

in) subkstitution of ¢ that

'th aminc acid reslidue with

{31y substitution of K that 1s the 7%th amino acid r wWith

il
[
-
o8
o
]

{7y substitutiorn of R that is the 8Znd aminc acld residue with

%, and



with E, (e) substitution of 5.., that is the 241st amino acid residue
with N, and (f; substitution of Q that is the 302nd amino acid
residue with [I3] The method according to " wherein the anti-
glypican 3 antibody has a reduced content of fucose attached to
the Sc region of the antibody; method [14Ananti-glyp-can 3

(x; antibodyuprepared by:+he aecordingitor154:A methodi forsidue
preparing an ant-nod} with modulated plasma kinetics, said

withmgthod comprising the steps of.: (@' culturing a nesz -- bearing a

., -hycleic acid t at encodes the antibody under conditions allowing _ _.

e fol'f'rhe:xfan ression of t?feg*fﬁ nTJOcIe[al”c*éu’:id“,)%\?ﬁé1 rein Ctﬁl(%pe‘tr"ltsl58Eﬂyc}{acéfggl%S )

sne antne:acidisequence: altered te.ecausesasmodifieatioprinsthem in
charge of at least one amino acid residue in the constant region in

SEQ the dntibodys otherthahrtie FcRn binding region; and (b)

., recovering the arltigog¥ from the host. cell culture; ,16] The

& FistRod accoiding to [15]; wherein thé rodilation of thé plasma

witrKipetics is increase or decrease in a parameter selected from the
plasma half lifer the mean plasma residence time, and the plasma

(b) cleasrance;r MinThé methed according 10115} wherginthes s1dus

~modification in the charge of the amino acid residue is achieved
w1t amino acid

(cy substitution of B tTh

Y
ct
L
0]

the 238th aminge acid ressidue
with g,

{d} substitution

Q
by
]

) that 1s the Z3%th amino acid residue
with B,

{e) substitution of L that 1s the 241lst aminc acid residue

(fy s=ubstitution o

iy
¥
o
g
1
ot
=
w

the 30Znd amino acid residue
with E;

[13] The method according to [8
glypican 3 antibody has a reduced content of fuccse attached
o the Fc region of the antibody;

[14} An anti-glypican 3 antibody prepared by the method
accerding to [11-1%37;

15 A method for preparing an antibody with modulated piasma

(&) culturing a host cell bearing a nuclel

the antibody under conditions allowing for expression of The



substitution; [18] The method according [17], wherein one
antibody is an 1gG antibody; :19] The method according to [18],
wherein the antibody is an 1gGl antibody; [20] The method
according no [17], wherein the modification in the charge of the
amine acid residue is achieved by substitution of at .least one
nuc1@ming.acid residue of. an 1gGL antibody. with a.corresponding,ence
amino acid residue of an 1IgG4 antibody; [21] The method
alteaecordingeus420} wheteincthe BEcRnm binding zegior Comptisesthene
amino acid residues of the EU numbers 250 253, 31.0, 311, 314,
amingoBc UB5 L 836 Actbrdmy toithe Kabath bef‘"hga 1&‘7@?} The
--nemethod @qgopdjglg @llgmﬁwh%gﬁlgghe .mod_fica-lon in the charge
of the amino acid residue is achieved by at least one substitution
(b inthe-heawy.chain eanstantregion shewndin: SEQ:IiDNO2 3L
selected from: (a] substitution o . that is the 151st amino acid
16 rdgiduie with G o) stbstitetionof K tHat18 the 1578 arifo-atid
he re&dype with Q, (c; substitution of R that the 238th amino acid
I fesidue with O, d) “substitution of D that rs the 239th‘amino acid
se) desidue - Withis, plasmz half life, the mean plasma residence

[177 The method according to 1, wherein the modification in
the charge of the amino acid residue is achieved by amino acid
substitution;

71, wherein the antibody 1s an
IgG antibody;

797 The method according to (18], whereln the antibody ig an
IgCGl antibody;

[201 The method acceording to (171, wherein the modificatlon in

the charge of the aminc acld residue i1s achieved by

substitution of at least one aminc acld residus o

=N
e}
o3
)
o]
G
!

antibody with a corresponding aminc acid resldus of an igGé
antibody:

[21] The method according to [15]7-[207, wherein the FCRn
binding region comprises

numbers 250, 253%, 210, 311, 314, 428, 435, and 43¢ according

to the Kabat numbering;

14



(e subs:_ cation, of 2 -"at is the 241st. amino aci~ residue with. M,
and (f) substitution of Q that is the 302nd am--no acid residue
with E; [23 The method according to [15]-122] , wherein the an
-body is an anti-glypican 3 antibody; [24] A method of abi_izing an
anti-glypican 3 antibody that comprises a
[22) COMPr.Lmentarty-determiningregion{CDR'; derived:: Pregt dor in
nor---human anima-, a Framework region (FRS de- iv ed from
huayan, apdtaconstant zegion derived fronschaman, saicemethoe”
comprising the steps of: cultu _ a host call bearing a nucleic acid
HAtENcEae8™ the antiglhifican™3 antivody” GAder Conditiond®™™ "
allowing for expression of the nucleic acd, wherein the
anti-glypican antibody has an amino acid sequence altered to
(a) increaseunithve <o svalue:of the lantibiody byra modification: of at
~ least one amino acid residue; and (b) recovering the antibody
“~“Ifrgm the host cell culture; [25] The method according [24],
(v, Wherein the amino acid, residue,js present the ERL region and/or
tﬁle FR2 region of the heavy chain or the light chain; [26;; The
witHmethod according to [25] , wherein an amino acid residue in the
FR2 region of the heavy chain is substituted with an amino acid
(<) residge Bfthe FR2 fedioit of thé VH4> Stubchissi 27F The miefiisd
‘t.ha%(‘:’ording [251, wherein an amino acid

Wl

i

[

ah

[

58]
g
K2

(dy substitution of D that is the 239th aminc acid

residus
with E,
(e} substitution of L that iz tThe Z41st amino acld residus
with M, and
(£} substitution of € that is the 30Z2nd aminc acid residue
vxlth jath

W

23! The method accoxrding toe [1

ey
B2
[}

wherein the antibody

ig an anti-glvpl

{1

o)

2 antibody;

12417 & method of stabilizing an anti-glypican 3 antibody that

{0

comprises a complementarivv-determining region (CDR) derived
from & non-human animal, a framework rsagion {(FR) derived Irom

humarn, and a constant region derived from human, sald mathod

comprising the steps of:
{a) culturing a hest gell bearing a nucleic acld that encodes

the anti-glypican 3 antibody under conditicons allowing for
expression of the nucleic acld, wherein the anti-glyplican 3



residue in the FR2 region of the light chain.is substituted with an
amino acid residue of the FR2 region of the VK3 subclass; [281
The method accordinc to [2c¢ [2 " wherein the substitution of the
amino acid residue achieved by: 2 at least one substitution in the
heavy cha-n variable region shown in SEQ ID NO: selected from:
anti(@asubstitution.of M-thatiis the;37Zthaminoaeid residuerwithe 74 (bche
substitution of A that is the 40th amino acid residue with
Tn vEaBStiftticH bf M At 1S the 48tFraminGacidresiddé withk “and’ 6
i (d)_substitution of ~ that is the 51st amino acid residue with and/or
““"(2)"at feast one substitution in the light chain variable region
() Shown:in SEQHD NQ; d.seleeted from: {e):substitution of d=that is
the 42nd amino acid residue with Q, (f) substi ution of S that the
[ 25148tre antinocdciteresiduecwith €24 andw{tp) stibstitofiorréf© #atds
the 50th amino acid -esidue with R; [29A method for preparing an
22180 fibody With Toa-sited” cytotoxicity, comprising steps of 2=~ %
tne GHItUNING ;. host cell-bearipg-a nucleic acid that encodes the
antibody under conditions allowing for expression of the
267 The method according to [25), wherein an amino acid

residue in the FRZ region of the hesavy chalin is substituted

with an amino acld residues of the FRZ regicon of the VH4

[277 The msthod according to [25%], wherein an amino acid

residue in the FRZ region of the light chain. ls subkstituted

with zn amino acid residue of the FRZ regilon of the VK2

subcliass;

[28]) The method according to (24:-127) wherein Tha
substitution of the aminc acid residue ls achieved by:
1) at least ones substitution in the heavy chain variable

region shown in SEC ID NO: 1 selected from:

{&7 substitution of ¥V that 1z the 37th aminc acid residus with

5

() substitution oI that is the 40th aminc acid residue with

(o) substitution of M thar is the 48tk aming acid residue with

16



nucleic acid, wherein the antibody has an amino acid sequence a
tered to causes a mod_fica'tion in the charge of at least one
amino acid residue that can exposed on the surface of a cytotoxic
antibody; and (b) recovering the antibody from the host cell
culture; [301 The method according to [291, wherein the
medificationin thecharge of the.aming agid sesiduesis-aghieved:; <
by amino acid substitution; [31: The method according to [29')),
I; wherein the amino acid residue that can be exposed on the
surface she antibody is iooated in _ - gion in the ant_ncdy ether
and/fan the PoRn binding region; [321 The method according to [31],
(2, Wherein the FeRnhinding .region comprisgs the, ¢ region; {331
The method according n [31], wherein the FcRn binding region
regicOMprises the aminoagid residues:otthe EC numbers 250, 253,
310, 311, 314, 428, 435, 436 according to the Kabat numbering;
le} [34FThe HetRbdaccordifg [29]-Whereity thd iftisody is & g6 ¥+ ="
antibody; [35] The method according to [29]-[34], wherein the
amino acid residue whose charge is modified is an amino acid
(£ residue -presentin the eenstant region-of the antibedy; J36Thewi:n
method according to [29']-[34" wherein the amino acid residue
%, 3gkose charge is modified is an amino acid residue present in the
o) NEBOLERan arigble reglon of 2he gh eyl yariable edlon of ...

R;

>

/
L

i297 R method for preparing an antibody with modulated

cvtotoxicity, comprising the steps of
(&) culturing a host cell bearing a nuclelic acid that encodes

the antibody under conditions allowing for exprassion of the

nucleic acid, wherein the antibody has an amino acld ssguence

altered to causes z modification in the charge of at least ons
amine acid residue that can be exposed on the suriace of a

cytoroxic antibody; and

{zy recovering the antibody from tThe host cell culture:;

301 The method according to [(2%], whexein th cation in

[0}
=
Q
&)
b

the charge of the amine acid residue is achlieved by amino acid
gubstitution;

721 The method according to (291, wherein the amino acid
residue that can be exposed on the surlace o

the antibody is

located 1n & regloeon in the antibody cother tThan the FcRn

17



[37] The method according to [36], wherein the antibody is an
antibody that comprises a complementarily-determini.ng region
(CDR) derived from a non-human animal, a framework region (FR)
derived from human, and a constant region derived from human,
and wherein the modification in the charge the amino acid residue
nindis:achigved by substitution of at least one amino acid residue that
can be exposed on the antibody surface in the CDR. or FR of the
[32] aRtibgtiF with ancamitoadid residue that has areharge: differgnts
__from tha}tﬁpf}beh mino acid residue; 18 [381 The method according
“S9HG [S7]Wheréin the modi™= cation in the charge of the amino acid
133, residug.is,achieved by: { )-at least ong. substitution in.the:heavy,
chain variable region shown in SEQ 7D 1\10: ' selected from: (a)
regisubstitution of K thatisithe 19tk amimoiaeid residoe withn(bjers
_ substitution of Q that is the 43rd amino acid residue with (c)
*rsiibstitution of O that is tie B2rid arfting’ atit fesidue With*(ay
num-Sybstitution of K that is the 63rd amino acid residue with c (e)
substitution of. K that is the 65th amino acid residue with Q. and
(34 (frrsubstitution: of & thatisthe 661h amine acid resigue withy 1= an
and/or, (2) least one substitution in the light chain variable region
196 ShowiPiY SEQ ID NO: 7 selected from: (g) substL7:,:-lon of R that
135 1S40 24th aming acid tesidue with, (h, substitution of Q that s the
"77°27th amino acid residue'with =~ N -

resldue whose charge is modified is an amino acid residus

220,

3]
[}

present in the constant region of the antibody;
736] The method zccording to [29]-[343, whersin the amine acid

residue whose charge

[37] The method according to [267, wherein the antibody is an

antibody that comprises & complementarity

i

determining region
(CDR}] derived from & non-human animal, & framework region (FR}

derived from human, and a constant reglion derived Irom human,

ang wherein the modification in the charge of the aminc acid

charge different from that of the amino aci

i8



(1) substitution of K that is the 79th amino acid residue with 19 (j)
substitution of R that is the 82nd amine-acid residue with S, and
(k) substitution of K that is the 1-12nd amino acid residue with R;
[39] The method according to [38, further comprising at least one
substitution in the heavy chain constant region shown in SEQ !D
1387 Q3L selected.o5:0m; fa) substitution of H that is the; 151stamina
acid residue with Q, (b) substitution of K that is the 157th amino
the acidtesidue nwithrQn{cksubstittionof R thabis=thel 288th amino
acid residue with Q, id) sub s=-itution o- C that is the 239th amino
L) atid- FésiduE wWithE - ()" Substittition' of T 87t isthe 2418t 4iind
reg1 3G fesIdue, with 81, and (f) substigition-af.Q that is the 302nd
amino acid residue with " [4C) The method according 135'1,
(a) \wherein theantibody reamprises.a compl snentar=Zy-detesmining:icn
region (CDR) dived from a non-human animal, a framework
%+ region (FR, derived from human, and a constant reg.cn derived
from human, and.wherein the modif .cation in the charge othe . .,
Amino acid residue’is achieved by substifution of at least one
= amino acid residue

Lo

(cy substitution of ¢ that is the ©Znd amince acld residue with

(d} substitutlon of K that is the €3rd aminc acid resldue with

=

{e} substitution of K that is the €b5th aminco acid residuse with
&, and

(fY substitution of G that is the 66th amino acid residue with
D;

and/or,

(2% at least one subsiitutlion in the 1ight chair varlsble

region shown in 3EQ ID NO: 7 sslected from:
{g1 substitution of R that is the 24th amino acid residue with

3

(h} substitution of @ that is the Z7th amino acid residue with

{iy substitution of K that is tr

't
)
1
-]
o
(e
2
4]
=
!,).
3
e}
i+
{1
o
o)

14 residue wWith

19



that can be exposed the antibody surface in the constant 20

region of the antibody with an amino acid residue that has a

charge different from that of the amino acid residue; [41] The

method according to [40], wherein the substitution is at least one

substitution in the heavy chain constant region shown in SEQ ID
() NO37+.s¢lected from, . (a) substi.tuti.on of H thatisithe 15dst iy

amino acid residue with Q. (b) substitution of Y _haT s the 157th,
5, aamino acid residue with Q, substitution of R that is the 238th

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

) aHfiRGAdH REsiIBhES Wilh E. (@) Stibsti ationthit is td 24Tt aMino
Wit Lacid residue With H, and substitution of Q that is the 302nd amino

aC|d residue with 5; [42] The method according to wherein the

s jantibodly- has aseduced;.cantentsof, fucoserattacheg:-to:the Sa icast

region of the antibody; [43] An antibody prepared by the method

& ZCCOTiRY T[R9 [42]; F44T ThePantib6dy Hctbrdig 1648w 17

- whergln tjhe antlbody s.an ant| -glypican 3 antibody; [45] Ar,
antlbody comprlsmg

(@) substitution of B that is the 151st aminc acld residue

with o,
(b substitution of K that is the 157¢th aminc acld residue
with Q,
{c) substitution of R that is the 238th amino acid residus

93
5]
[
o
0]
t
b
ot
o
¢
fot
8]
=
%]
By
[
rt
a2
I
E
)
&)
ot
)
M
o
€8}
Rel

it aminoe acid residue

(e} substitution ¢f L that

o
[ws
o
0]

241gt aming acid residue
with M, and

(f) substitution of

0o
rt
w
1))
'm)
o
in
iy
5
M
[¥9)
<
2]
=
o8

amino acid residus

comprises a complementarity-determining regicn (CDR) derived
from & non-numan animal, a framewcrk reglon {FR; derived from

human, and & con

(ﬂ

ant region derived from human, and wherein
the modification in the charge of tThe amino aclid residue is

achieved by substitution ci at least ons amino acid residue

tha*t can be expesed on the antibody surface in the constan

20



() a -heavy chain variable region shown in SEQ -D NO: in 21
which the amino acid sequence comprises at least one
substitution selected from: (a) substitution of K that is the 19th
amino acid residue with (b) substitution of Q that is the 43rd
amino acid residue with V (c) substitution of Q that the 62nd
regi8mMine acid residuenith: &, (&) substituionof-Kdhatds the63r2s =
amino acid residue with (e) substitution of K that is the 65th amino
chargeididsidoewithr @, ahttsudsziztizion of Gthat isthe’s6th amino
;ﬂlwa%i-d residue with D; and/ar (2) alight chain variable region . . _
L shEWn T SEQ D NG h Which the Amvino acid sequence % *°
ar 1comprises atleast one,substitution selected: from; (g)-subst-tution
of R that is the 24th amino acid residue with Q, (h substitution of
show@ that$8the2 Fthr amine=acid-residuerwith substitution of K that is
~the 79th amino acid residue with substitution of R that is the 62nd.
‘&) EMING acid résidae with®5, and (Kj substitufibn’of Kthat 15 the™®
«itk2nd amino acid residue with 5; [46] The antibody according to
[45], comprising the heavy -

(b} substlitution of ¥ that is the 1X7th aminc acid resicue
with ¢,
(o) substitution of R that is the Z38th aminc acid residue
with ¢,
(dy substitution of I that is the 239th aminc acld residue

with £,

(e} substitution c¢i . that 1s the 241st aming acid residue

(Y substitution of {0 that is the 302nd aming acid residue

The antibody:

[43] An antiboedy prepared by the methed according teo [289]-
[4z

r44} The antibody according to [42], wherein the antibody

an anti-glypican 3 antibody:

-

51 An antikody comprising:

Lo

{11 a heavy chain variable region shown in SEQ ID NO:

1 oin

jae]



chain shown in SEQ ID NO: 3.and the light chain shown SEQ ID
NO: 9; [47) The antibody according to [45', comprising the heavy
chain shown in SEQ ID NO: 5 and the fight chain shown in SEQ
ID NO: 1_; [48] The antibody according to ;45 which comprises a
heavy chain variable region shown in SEQ ID NO: 27 and a light
whicEhain variable regiongheown in SEQ:ID NQ: 28;: 449 the antibody
according no 45] which comprises a heavy chain variable region
subsshow-inrSEQ 4D"NO*2vand a Jig -- .chain; variable region shown

in SEQ ID NO: 29; [50] The antibody accordi lg 0 [49)-149] | . wier
E5RTNSiAg ] constant “fegioh of'a human antibody: [51f The™~ "~ ="
- antibody according '50], wherein the constant region comprises a

y accordin
9t L

sequence shown in SEQ ID NO: 32 or SEQ NO: 52,.. An

i antibedy.comprising: (hra heavyehaimvarmble region showndnwicn
SEQ ID NO: _in which the amino acid sequence comprises at
least one substitution selected from: (a) substitution of Q that is

(o) :%?D‘éﬁﬁd amino acid,-residue. with_K, (b) substitution of Rthats .«

e 52nhd amino acid residue with

Er

{d! substitution of K that is the
Sf

ie) substitution of ¥ that is the
Q, and

(£} supstitution of G that is the
0

and/ox

{2% & light chain varliable reglon

which the amine acld seguence

substitution selected from:

(g} substitution of R that 1s the
Q!

{ny substitution of ¢ that 1s the
E!

{1} subsztitution of K that 1s the

{47 substitution of B that 1s tne

S, and

an

N, and (c) substitution of Q that
is the 107th amino acid residue with R; and

id residue with

€5th amine acid residues with

shown i

comprises at lea

[
1N
T
oy

th aminc acid residu

27tn

To9th

8znd

| residus with

T oona

i
(

i
=
|,“I.
't
—

acid residue with

aminc

4

i residus wizth

amino acid wilith



(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 17.tn amino acid
residue with 0 (a) substitution of Q that is the 27th amino acid
residue with R, and (f) substitution of Q that is the 105th amino

(x; acidresigdue-with R; ciThe antibody:aecording 52}, comprising
the heavy chain variable region shown in SEQ ID NO: 4 and the

withlight chain variable region shown in SEQ ID NO: 10; [54] The

‘4 6}agltjibod%/#?gcgrdingrggi]&com rising the heavy_chain variable

% region shown in SEQ'I No: aridsthe“llé?ﬁ“ chain vérlalfléare“gion

chaiShowain SEQEED-NQi:12: Thesantibodyagcarding tena{84?- srg
comprising a constant region of a human antibody; [56] An

ID NamtiBody comprising at least one substitution in the amino acid

~..sequence of the heavy chain constant region shown_in SEQ SD

L4TING31 SelBtted from! W substitution of Ff E€ar the 1515t aimino

chas@cidresidue with Q, 24b) substitution,of K that is the 137th;amine
acid residue with Q. (c) substitution of R that is the 238th amino

10 r@cidiresidue with Q,

{481 The antibody according to (4350 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
493 The antibody according to (451 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
r50)] The antibody according to [43]-149%) comprising & constant
region of a human antibody;

(51 The antibeody according to [50}, wherein the constant

region comprises a seguence shown in SEQ ID NO: 32

O
o
3}
[
(&)
[
v

{1y a heavy chain variable region shown in SEQ ID NO: I in

{a) substitution c¢f ¢ that is the 43rd amino acid residue with

(o substitution of D that 1s the 32Znd amince acid residue with



(d) substitution of D that is the 239th amino acid residue with (e)
substitution o L that is the 241st amino acid residue with. w, and

(f) substitution of Q that is the 302nd amino acid residue with [571

An antibody comprising a heavy chain constant region show-: in
SEQ ID NO: 33; [58! The antibody according to [ a - [ 57 wherein
N, ..Lr.er_body has areduced content of fucose attached to the Sc

region of the antibody; [591 A composition comprising the

ic) antibaody.acearding:t i4h]: [28] and a pharmaceutieally aceeptable

carrier. ]60] An anticancer agent comprising as an active ngredient

w-thtfe antibody according to [45]-[58]; [61] The anticancer.- agent
o according to [60], wherein the cancer liver cancer; '621 A nucleic
~ acid that encodes a poiypep-tide of the antibody according to
21 [451-438];-163]:A hest gelkcomprising-the.rac, e:¢ acidaccording
to [62'.; [64] The host cell according to [63], wherein the host cell
whicy fucosetransportersdeficiert anintal celf, et least one
.fucosyltransferase-deleted animal cell, or an animal cell in which
SuPs5 compiéx brafiched sugar chain modification is modified; [65 A
(a, Method for.preparing an.antibody.cemprising.culturing -the host,:
cell according to [631 or [64i. and recovering a

W_L'\_h R,
527 The antibody according

]
®
i8]
F_A
8]
ol

region shown

variabls

R

of a human antibody;

An antibody comprising

id ssaguen

3
[
}

o
o]
0
1

Fiy

the

9]

o O

in §

EQ ID NC: 31 selected £
{z} substitution of H that
with Q,

reglon shown in

[53] The antibody according

o {52], comprisinog the heavy

in SEQ ID NO: 4 and the light

in SEQ ID NO: 10;

to [52], comprising the heavy

in SEQ ID NC: ¢ and the light

in SEQ ID NO: 1Z;

te (521-1541 comprising a consta
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polypeptide from the cell culture. BRIEF DESCRIPTION OF THE
DRAWINGS Figure %-is a chart obtained from the differential
scanning calorimetric (DSC) measurement of the Hspu2.2Lsnu2.2
(Hu2.2Lu2.2) antibody; =inure 2 is an electrophoretogram of
HOLD racy ana Hspu2 2Lspu2.2 (Hu2.27r2.2) antibody in high p
(b1 soele; ctronhoresis, wierein: anessand 4:show markerss lane 2
shows HOLD antibody, and lane 3 shows Hspu2.2Lspu2.2
witn(Hu2.2Lu2.2) antibody, where the numerical values show the pT
values of the of marker molecules and the arrows show the,
(e) 8idrdphorétic frobil ~ties of the TofrespoRding pf marker- <2<
w:trmolecules; Figure 3 is an e=ecophoretogram o HOLD antibody
and Hspol.BLsndl.6 (Hd .BLc 6) antibody in low pl isoelectric
(d) electirophoresi.s;iwherelrlanes 1=and % shew pbmarkerselane 2
shows HOLD antibody, and lane 3 shows Hspol.BLspol.6
“1Th(Ed1.8Ld'_.6) antibody, where the numerical values show the c-
(o) Values Lhe - of matker molecules and.the arraws, show the . . ..
e ectroph retie moo 'hies o: the correspondin pl marker 26
witHmoleeules; Figure 4 is a diagram that shows the binding affinity of
H1SL4 antibody and bOb antibody for g_ynican 3 antigen in
(£} competitive: BLISA, Wheréinthe bfack diamdhid fefefs to tRe-Jue
binding am,tinily of the HO=.,0 antibody and the grey square

Mt%reTers to the binding affinity of the H1SL4 antibody;

[57) Arn antibody comprising a heavy chain constant reglon

[58] The antibody according to [451~157]1, wherein the

has a reduced contant of fucoss attached to the Fo region of

the antibody;

it
ke

301 A compeositicn comprising the antibody according to [457-

n
w

I and & pharmaceutically acceptable carrier.

T607 An anticancer agent Ccomprising as an active ingredil

r‘r

the antibody according te [457-[58];

[£1] The anticancsr agent according to [601, wherein tThe

1621 A nucleic acid that encodes a polypeptide cf the antibody

according to [451~[5B1;

€3] & hest cell comprising the nucleic acid according to
(621

[647 The host cell according to (€33, wherein the host cell is



Figure S is a diagram, that shows the binding affinity of
~-Hspu2.2Lspu2.2 (Hu2.2Lu2.2) antibody and HOLD antibody for
_lyp-.can 3 antigen in competitive ELISA, wherein the black
diamond refers to the binding of inity of the HOLO antibody and
the grey square refers to the binding affinity of the
a rubSPUZ-2l5pu2.2 (hu22lu2.2).antibody; Eigure 6 is a diagram that
shows the binding affinity of Hspd.... SLspd"_.6 (HdIl.BLd 6)
fuccantibogdy=anda BLE antibody: for: diypi.can 3-aatigen: in=comgetitive
ELISA, wherein the black diamond refers to the binding affinity of
“hlthe HOEOSNntiB6aT "and>the ey Squard fefers 6 thebindifg < +&<-
atfinity.of ;he, Hspol BLspol,8 (Hd BLdl6). antbody Figure. 7. .,
‘shows the antitumor activity of t,... HOLO =~ibody, ~ .
the HSpUZ2Lspu2a2 {Huz;2Lu2:2} ant-ibody; ang: HspdiBlspel.6 (Hd
.8i,d"_.6) antibody in a huma.: liver cancer transplant mouse
rolyppdel dFigure 7A 8hews thé afititémor activity of the HOLO
antibody, Hspu2.2Lspu2.2(Hu2.2Lu2.2) antibody, and
Hsodl.BLspdl1.6 (Hd7..8Ldl.6) antibody in a Kumar, '_iver cancer-
transplant maiise megdekwhen sach:testantibady,was 27
administered to the model at a dose of 5 mg/kg, wherein the black
digdmond showsahe activity forthe! attministration cfe velicle, the
black triangle shows the effect or the administration ofthe =~
seanqepg). 8t spot B {HdI 8L dfs) dhtisody ™ the wiite CirciéStows tha” - -
(s £ffectof.the administration of the Hspu2.2Lspu2.2 (Hu2.2Lu2.2)
antibody, and the black square

Flgure 2 iz an electrophnorstogram of HOLO antibody and

[
[

{

HspuZ.ZispuZ.2 [(HuZ.2Lul.Z2) antibody in high pl lsceslectric
electrophoresis, wherein lanes 1 and 4 show pl markers, lane 2
shows HOLC antibody, and lane 3 shows HspuZ.ZLspuzZ.?Z
{Hu2.2LuZz.2) antibody, where the numerical wvaluses show the p
values of the pl marker molecules and the arrows show the
electropheretic mobllities of the corresponding pl marker
molecules;

igure 3 is an electrophorstogram of HOLC antibody and
Hspdl.8Lspdl. o {HJL.8LdLl.6) antibody in low pl ilsoeleciric
elactrophoresis, wherein lanes 1 and 4 show pI markers, lane 2
shows HOLC antibody, and lane 3 shows Hspdl.8Lspdl.g
(Rdl.8Ld1.6: antibody, where the numericsl wvaluss show The pI
values of the pI marker molecules and the arrows show the

electrophoretic meobilitles of the corresponding pl marker

26



shows the affect the administration of the HOLD antibody; Figure
7B shows the antitumor activity of the HOLD antibody,
Hspu2.2Lspu2.2 (Hu2.2Lu2.2) antibody, and pol.8Lspol.6
(Hd".8Ld"i.6 antibody in a human liver cancer transplant mouse
model when each test antibody was administered to the model at
noleadaese of 1 mg/kg, wherein the black diamond shows the a ivity
for the admini anon of vehicle, the black -angle shows the effect
of thezdrinistratioref fe Hsod | BIos6d =6 (HY-BLHLS) Hrititedy, ©F
s the white ciyclersntgvy% tne ffec &)f_ tlge a,nstato, ofthe . .
ALOLGHD P ShUD’ 2 (-2 2E 122 Antibcdy, “and the black sgia—e ™
comp%lgg‘é@vw%ﬁff@.@,t ofithe-admipistration 0;: heHOLQ@ntibedyi e
Figure 8 shows the plasma concentrations of the antibody for the
bindH@L Dntibodys Hspu2 2Lspu: 2:ifHu2. 21 Rrantibedy s card
Hspd"i.BLspd1..6 (Hdi.Bi,dl.6) antibody n a human fiver
refeggncér-trinsplant HoGse mbdel“Figire BA shoWd the pldsma
C%%%@gaEIODsogt%QQEQQdﬁ)ﬁJQrghgm‘é% QBF}QQ% affinity of
Hspu2.2Lspu2.2 (Ha2.2Lu2.2) antibody, and Hspd'_,.BL.spol.6
nspyHABkdRL6 antthady mdministerethbtaia humanidivernt ibody foxr
cancer-transplant mouse model when each. test 2S antibody was
¢ LYidiministéred 16 the 'moeRT 4t ' dosefof 5 mgikg, - wherein the?black
.. . triangle shows the plasma concentration of .the Hspol.8Lspol.6 ;..
S SEATS) anibosy. The e ST ahows e plagma e
and canceptration.ofitherHspu? . 24 spu2 . 24(Hu2, 2La2: 2. antibody, rand
the black square shows the plasma concentration of the HOLD
Espantidoy= - 2 {HuZ.ZLuZ.Z} antibocy;

Tigure ¢ is & diagram that shows tThe binding affinity of

-~

Eepdl.8Lepdli.d (HdLI.ELd1.4) antibody and HUOLC antibody for

lynican 3 antigen in competitive ELISA, wherein the black

1

diamond refers to the binding affinity of the HOLD antibody
and tThe grey square refers to the binding affinity of the
Hepdl.8Lspdl. 6 (#dl.B8Ldl.6) antibody;

Tigure 7 shows the antitumor activity o the HULO

antibody, HspuZ.ZlspuZ.Z (Hu

o

L2LuZ2 0 2) antibody, and
Hspdl.BLspdl.® (Hd1.8Ld1.6) antibody in & humar lilver cancer-
transplant mouse model;

Figure 7& shows the antitumor activity of the HCLJ
antibody, HspuZ.2LspulZ.Z (HuZ.2LuZ.Z} antiboay, and

Hspdl.BLspdl. & (HdAl.8Ldl.&€: antib

in & human liver cancesr-

O

i
<y

“ransplant mouss model when cach test antibody was



Figure SB shows the plasma concentration of the antibody, for
the HOLD antibody, Hspu2.2Lspu2.2 (Hu2.2Lu2.2) antibody, and
Hspd'.8Lspol.6 (Hdl.6ldI 6) antibody a human liver
~ cancer-transplant mouse model when each test antibody was
administered to the model at a dose of mg/kg, wherein the black
asmifiangle. shows the plasma concenttation of the  Hspol BLsp-.- 6
(HdI.SLdI.6 antibody, the white circle shows the plasma
blaceoncentrationofthehkspu2i 2L spu2:2 (Hu2.2bu2r2)x antibedy cdnd
the black square shows the plasma concentration_of the HOLD
vehighfibothe &nd Bigtfe ¥'ShEws the ADECE achivity of te&t antibodies
aami92INSLHEPG2 cells, a human Jiver canger.cell ine, wherein the
black triangle shows the ADCC activity by the Hspd .81.spol.6 (H
the wiBkdl.8) antibodythe-whitezeikcle shows: therADGE :activity by tre
the Hspu2.2Lspu2.2 (Hu2.2Lu2.2) antibody, and the black square
Hspughewabthie ACEE attivity Dy the-HOED affibody. Figire 16°SH6ws
- .{he.binding affinity of the HOLD antibody, Hdll.8Ld1,6 antibody, .
SO S HTPLIA antibody and pH/pPL16 antibody for the antigen glyp can.
3 measured hy a.competitive ELS:, 29whersinthe:blackcgircle
shows the binding activity of the HOLD antibody, the white circle
antighows therbindihgractivity of 2the Hdl8Ldli6 antibiodyzthe black
___square shows the binding activity of the pH7pL14 antibody, and
Repthe’White' square shows *the Bifding actiVity of the pH-6F_67"%*"
< 201hody Figure, 11 shows the. antitumor activity.of the HOLD

acnministered to the model at a doss of 1 mg/kg, wherein the

mlack diamond shows the activity for the sdministration of

vehicle, the black triangle shows

] = +~ £ e
Che eliect OI The

administration of the Hspdl.BLspdi.& {(HdL.8Ld4l.&} antibody,

the white circle shows the effsct of the administration cof ths
HespuZ.2LspuZ.? {(BuZ.2Luz.2! antibody, and the black sguare

shows the effect of the administration of the HCOLD antibody;
Figure £ shows the plasme concentrations of the antibody

for the HOLC antibody, HspuZ.ZlspuZ.Z (HuZ.ZiuZ2.2; antibody,

and Hspdi.Blspdl.8 (Hd1.8Ldl1.6] antiboedy in & human liver

cancer-transplant mouse model;

Figure 8& shows the plasma concentraticn of the antibody
for the HCOLE antibody, HspuZ.2ZispuZ.Z (HuZ.2luZ2.2) antibody,

and Hspdl.BLspdl.é (HdL.8Ldl.é&! antibody administered to

a

himan liver cancer-transplaht mouse modsl when each test

28



antibody, pH7pL1.4 antibody and pH7pLI6 antibody in a mouse
model implanted with human hepatic cancer, wherein > shows the
antitumor activity of the HOLD antibody, the white circle shows
the antitumor activity of the Hdl.8L:d' .6 antibody, the black
square shows the antitumor activity of the cH7pLI4 antibody, and
-n s White square;shaws the antitumor activity.of, the antibody. ..
Figure 12 shows the olasra concentration of the antibody for the
wherHOL Brantibedy, Hdl:8di6 antibody,pH7us1t4 antibedy, - pH:ipLI66
antibody and pH7M85pL16 in mice, wherein shows the plasma
the ¢GReentratich te HOLD htibodl;, fHe Wiv ke ciréle '$hovis thecie
lasma concentration of the Hdl.6Ldl .6 antibody, the black square

concentc

shows the pTasma concentration of ﬁ1e pl—f‘}ij14 aﬁtlbody the
(ruwhitessquare shows theplasma soneentration Ofthe pHEpLlG sma
antibody, the black. triangle shows the plasma concentration of
conthepH7MB5pL 18 in MblseFiguwe 13 shows the ADCC activity by
HOLD antibody, Hdl.8Ld"_.6 antibody, pH"., _4 ahtibody, and
pH7811% antlbod“y agalngth—FévbG“fceﬂs Afaman iver cancer &Y
ror NG Wherein.the blackclircle snaws:the ARCC.activity by-Rercqy,
HO:.0 antibody, 30 the white circ the ADCC activity by the
and Hdh8Ld1i6atitibody,d thehlack squarestiier ADCE activity byrthe
pH7pL14 antibody, and the white square the ADCC activity by the
canR7pERE Shtibody © BIGURE 12 sHO®S (e Bindifig afinity ot e
admﬂ%m)éﬂ%ﬁm'mdxh#%éﬂgagt@ggy cpm%'g@@nt'bwmnd the
h7M85pL-.6 antibody or the antigen glypican 3 measured by a
Aa@ﬂmpeﬁﬂmuﬁl_i\s&f the plasma concentration of ths

sho

Hspdl.BLspdl.6 (Hdl.BLdl.8) antibody, the white circie shows

)]

the plasma concentration of the Hspuz.ZLspul.2 (Hud.2LuZ.2)
antibedy, and the black sguare shows the plasms concentration
of the HOLO antibody; and

Figure Y shows the ADRCC activity of tTest antibodies
against HepGZ cells, & human liver cancer cell 1line, wherein
the black friangle shows the ADCC activity by the
Hepdl.BLspdl.6 (HAI.BLdl.g) antibody, the white clrcle shows
the ADCT activity by the HspuZ.ZlspuzZ.Z {(HuZ.ZLu2.Z) antibody,
and the black square shows the ADCC activity by the HOLO
antipody.

Figure 10 shows the binding affinity of the HCOLC antibody,
Hdl,BLdl.6.antibody, pH7pL14 antibody and pﬁ?p;lé antibedy for

the antigen glyplcan 3 measured by a competitive ELIBA,

29



wherein the black triangle shows the binding activity of the HDLG
antibody, the black square shows the binding activity of the
HOMBS5LC antibody, * shows the binding activity of the 7pL16
antibody, and the white diamond shows the binding activity of the
pH7M85pL16 antibody. Figure 15 shows the ADCC activity by the
wherpHYPlH6 antibady: and:pEAMB5prLs mnithody agairstkepC2ne
ce-Is, a man J. cancer cell line, wherein the white square shows
HOLOthe ADEE actie 1y biethel peLpL B8 aitibedy Pand-the bidek’ ty of
.. triangle shows_the ADCC activity by the pH7M850L|6 antibody.
“te [ TIGRI O Tk 71 FESRERD ERIBODIMENTE THe® e
zct 1 ¥esent inventiopprovides-a method. pf medula, :ng the.plasmas..-
kinetics of an antibody (e.g. anti-giypican 3 antibody) In a
the preferred embodiment ofitheqpresertt iaventiony the method
comprises the modification in the charge of at least one amino
acidrEsidue that'Car be éxpos8lion the sirface of thé drtibody
ant :(8-9--ani-glypican 3 aptibody Thats; the plasma, king-ticg,of an
antibody (e.g. anti-glypican 3 antibody: can be modulated by
modemodifying the chargeofan aminoiacidsresiduewne 3dither antibody: he
to cause a chance in the isoelectric point (p1) thereof. The
ant Ignfibedy (e lg. anticglypicart 3-antibodyy faving “nidduiatéd plasma
snoudNEHes 15 able to exhibit ap antitumor activity on.cancer calls that

is superior o that of the unmodulated antibody. Among the

b1adeveral antibody isotypes: themprincipte wmetabelie pathways of the
IgG antibody do not proceed via
antibody, and the white sguare shows the antitumor activity of

4]
ey
s

Lie antibody.

Figure 12 shows the plasma concentration ©f the antibody
for the HOLC antibedy, Hd1.8Ldl.6 antibody, pHlpild antibody,
pE7pLlé antibody and pHTMELBpLlE in mice, wherein * shows the

plasma concentration of the HOLC antibody,

the white clrcle
shows the plasma concentration ©f the Hdl.8Ldl.e antibody, the
black sguare shows the plasma concentration oi the pHIpLld

antibody, the white sguare shows the plasme concentration of
the pHiplLlé antibody, the black Ttriangle shows the piasma
concentration of the pHTMESPLlE in mouse.

igure 13 shows the ADCT activity by HOLU antibody,
Hal.B8Ldl.6 antibody, pH7pLl4 ahtibody, and pH7pLit antibody

against HepGZ cells, a human liver cancer cels: line, wherein

the black circlie shows the ADIC aciivity by the HOLO antibody,



renal excretion due to the sufficiently high molecular weight of the
IgG .antibody. The IgC antibody, which contains the region as a
part its molecule, is known to have a long I._ vivo half-life due to
recycling by a salvage pathway mediated by the neonatal Sc
receptor (FcRn), which is expressed by endothelial cells in, for%
cne GXMPlE; the vasculapsystem... . Is ;;;ougbt that the, la- antibody,
is metabo'ized manly by metabolic pathways in endothelia ells
the (HeX YagdtrZ sMekose z MulawneyAxMasguez M., QueerniC.,
Vexler V., Klinabei'. C., Co M. S., and Berg E. L., Humanization
and &rd phakmatskinetitsof'a mMoRceional ‘antibodiF with’ spetifitity- > <Y -
both E- and 1-selet. , U. Immung. ((1998 , 160(2), 1029-35).
Thatis, ifil"i thoug httfh;at%rédl@% a?l%:"b?jd*y‘”(iys recycled }%)l[r%)uzaﬁﬁg e
nomhinding tothe~cRA9f:10G antihady, nenspecifically. takenupdy: sor
the endothel while the IgC antibody that cannot be bound is
the metabelizedyigGaniibodyshagihg-the Secregiont rigdfied to lower
__the binding_ac vity -c -::R- exhibf--s shorter half-life in the plasma.
“P=TR doRtrast " plasiiaRalt It of e [6C antibody can be .~
nondngreased by madifying, 3%, aming.acid residues constituting:the « ¢
Pc region of the IgG antibody so as to increase the binding
the activityito FcRm(Ele X: YooXa ZhMelrosensViclowney AL, the
~_Vasquez N., Queen C., Vexler V., Klingbeil C, CoM. S,, and
PHTiefy EY TP Himanization Snd phammacoRinétics of A nfondcibhal
- Antihody. with specificity-for hoth Ezand 9-select-,n, immunol.
(1998), 160(2), 1029-§5; and Linksober RJ, Radix CG, Ghetie V.

Figure 13 shows the ADCC activity by the pHT7pLlé antibody

and pHETMESPL1S antibody against HeplZ cells, a numan liver
cancer cell line, wherein tThe white sguare showe the ADCC

17pllec antibody, and the black Triangle shows

the ADCC activity by the pHTME5plLle antibody.

DESCRIPTTION OF THE PREFERRED EMBODIMENTS
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invention provides a method of modalating the

plasma kinetics of an antibody {s.g. anti-glypican 3 antibody;.
in a preferred embodiment of the present invention, the method

antibedy (e.g. anti-glypican 3 antibody). That is, the plasma
kinetics of an antibody le.g. anti-giypican 3 antibody) can bs

modulated by modifving the ch
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Ward ES. Differences in promiscuity for antibody-FcRn
interactions across species: implications for therapeutic
antibodies. Int Immunoi. (2001 13('2), 1551-9) . As described
above, the known methods for modulating the plasma kinetics of
the 1gG antibody involved modification of the binding activity to
tne EGRNLBY.Modification.amino acid residues constituting .the. Fc 1,
region. Specific examples of the above amino acid residues
therimcfud@thezamino@cideresidaes:H250p H253,2:H310 44311544314,
- H428, H435 and H436, according to the Kapau numbering. In
roduddfifor the"amind acicresidtes H254 1255, HP57  HI88 ™
c+:H296, H307, H309, Hi315,8415, HA33, which, indirectly invplve
the interaction between 1gG antibodies and HcRn, were thought
unmct@ubedbe targetdar, modification. These amino acid residues
correspond to, for example, the 130, 133, 190, 191, 194, 308, 315
afd BTGt anfiAdacid residaesy antPthe =34, ~135F137; 468, 176,
net 451,189, 195, 295 and 313d aming acid residyes.in SEQ ID.
TENO30, s wellas the 123, 136, 193,104, 197, 311, 318%and ©
rena3lQth-aming-acigresidues andthe:£3¢; 138,140,193, 179,490«
192, 198, 298 and 316th amino acid 11 13 residues in SEQ ID
of NO:3gfrespectively. Howeveraasishown in:the exarhples the fc
provided below, it has now found by the present invention that the
=©94ilsfia haifiife 8f an-antibody (& g. antis glypican 34ribodyy'e ~*
vivolepands on.the plwith & high gorrelation. ;Thys, LisnQw shown:
that the plasma ha L -life of the antibody (e.g. anti-glypican 3
oy antibedy)can bemedatated (Fcrni, which is expressed by

ndaoth

m
1]
Ey

lial ceils in, Ior exXampie, The vascula system. LTS

Thought that the IgG antibedy is metabolized mainly by

8]

metabolic pathwavs in endothelial cells ({He ¥. ¥

o TR D

Melrose J., Mullowney A., Vasguesz M., Queen C., Vexler V.,
Klingbell C., Co M. £., and Besrg E. L., Humanization and

pharmacokinetics of & monoclonal antibody with specificizy for

both L~ and P-gelectin, J. Immuncl. (1998}, 1602y, 1026-35).
That is, it 1s thought that the I¢G antibody ls recycled

through binding to the FoRn of Igé antibody nonspecifically
taken up by the endothelial cell
cannot be bound is metabollzed. IgG antibody having the Fco

region modifled to lower the binding activity fTo FeoRn exhibits

shorter half-life in The piasma.

W

half-1ife of the Igt antibody can be increased by modifving

A
s



without modifying the amino acid residue cons- tuting FCRn
binding region, whose modification would invoke the -
i,nmurogenicity, in particular the amino acid residues H250, H253,
H310, H311, H314, H428, H435 and H436, as well as H254,
H255, H257, H2DS, H296, H307, H309, H31H415 and H433
anin@CCOrdion ta the Kahat pumbering, Jtwas alsg.a surprising -result
that the m.odi’icati_on in she amino acid residues other than
antib02560,4d253, H31€; #3111, H314, H428; H435and H436cas (257, %.
H288, H296, 5130 1i309 H3I5 415 we as H254, H2-1 1 and
' 1433-exHibitetba decrébse ffHRE pl valligahtt enange’is the - -
bldlqg aegrvn;}/ 1o FcRn. V\thle, nat W|sh|ng|,:£o be bOU{ld a particular
tnecry the present invenitors hold'the follov owmg view at the
sumapresenttime.« Thesrate-of. nenspecific uptake of the:lg G antibedy
by endothelial cells is thought to depend on physicochemical
witrCeptombic interaetiorrbetweeithe =g saftibedy and Hgunod .
. 99negatlvely charg%% cell. surface |t IS therefore thought that C .
decrease %Ih rease) ini the CoUlombie interaction by‘loWerlng S
nar{raising) the pl of the lgG antibady: may. causedegrease:,
(increase) in nonspecific uptake by the endothelial ceII 34 which
intdndurAcauses decreasei(@crease) iremeatabofism atthepsutic

endothelial cell resulted in the modulation of Iasma Kinetics. As
BN RS ferelt ™ d8EreERing the“Coutorhbic interaction” méanssa -~

agorncre%%e in the Gouiombic forth as expressed.in a repglswﬁbfome

Since Couiombic interaction between the antibody and
the Tglé antibody involved modificatlion of the binding activity

o FeRn by modification of

th

amine acid residues constituting

the Fg¢ re

ion. Specific examples cof the above amino acid

[t}

residues include the aming acid rasiduss HZ5C, H253, H310
H311, H314, H428, H43> and H4346, according to the Kabat
numbering. In addition, tThe aminc acid residuss HZ2H4, HZ:
H2RT, H2B88, H296, H207, H30%, H31%, HEL35, HLZZ, which

indirecti

rt
>

involve the interaction between IgG antibodies and
FeRn, were thought to be the targsT for modification. These

amine acld residues correspond to, for example, the 130, 133

196G, 191, 194, 308, 315 ang 2loth aming acid residues, and the

Ll

134, 135, 127

, 168, 176, 187,

(

acid residues in SECQ ID NO: 30, a3 well zs the 133, 13g, 193

164, 197, 31i, 318 and 319th aminc acid residues and the

138, 140, 17%, 179, 190, 182, 198, 258 and 3iéth amino acid



the cell surface negative charge of the endothelial cei..l is a

physicochemical interaction, it _s believed that this interaction

does not primarily depend on the amino acid sequence per as

that constitutes the antibody. Therefore, the method of modulating

the plasma kinetics discovered in the present invention can be
res:3/Qadly applied.tqany antibodies ot anti-glypican. 3 antinadies but

no limited to only a specific antibody or anti-glypican 3 antibody.
tne Whep:an lgC-antibadydsdised asthe antibedy{e.gyanti= gyp-can:

3 antibody) of the present invention, any subtype may be used as
invelghg Bs~s*an1gGRypetntisddy meéfecilie 2A bispéctic S§G - ant--

, aQtiQody mg%/bag,o‘: be use%.QV\éheQ ‘yle antibgd,y A(eig. b correlation

¢ Pahfifgivpica;: "8 antibody) Of the present invention. is a bispecific
thus@ntibody, the antihedy can also specifically bind; both-the, -

corresponding antigen (glypican 3 molecule in the case of
antigntixglypican 8rantibody; ard. -a.cepitdpe otherthan. rthat antige .

. _For example, in order to ecru-- NF, calls, cytotoxic _-cells, LAN

W eSS0 Tt SiHAce Htiger “that Spedificaty binds o™
vindhgse-cells may,he suitably used as another aptigen. It has been

showec that cvtotoxIcity by LAY. cells is exhibited against bile duct
immganeernusing a:hispeci iickaatibody produced:-from the MSEL10,

antibody recognizing MUCI (an adenocarcinoma-related antigen),
423 and BKTF antibody- tecbinizing CANEEI stitface antigen 25 44+
k25 {52058 %, KROG Suzuld M, 3hinada B, Saliyo.s, Sakurai N,

Saeki H., Fukuhara K., Imai K., and Matsuno S., MUCI-spec i'f'ic
accdargeting-immunatheraphwi-: bispee fuwe antihadies: -ahznst an

of

result that the modification in the aminoe acld residuss other
than H250, HZ223, H310, H31L1, H314, H428, HE3ES and H43G

well ¥254, K255, HZ57, H28&, HZS6, K307, H30%, H313, H4]

&)
[63]

and H433 exhibited a decrease in the pI v

fu

lue and change in
the biding activity to FcRuo.

While not wishing to be bound to a particular thecry, the

present inventors hcold the following view at Lhe present Time.

The rate of nonspecific uptake of the IgG antibody by
endothelial cells is thought to depend on physicochemical

Coulembic interaciion between the IgG antiboedy and the
negatively charged cell surfagce. It is therefore thought that
decrease {increase} 1n the Coulombic interaction by lowering

(ralsing; the pl of the IgC antibody may cause decresase

{increase; 1n nonspecific uptake by the endothelial cell,
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xenografted human bile duct carcinoma growth, Cancer Res.
(1996) 56(18), 4205-12). The antibody (e.g. anti-glypican 3
~ antibody) raving improved plasma kinetics of the present
invention can be s ably used in place of the MUSE-' antibody
recognizing MUCI. In add-it_,on, antibody that recognizes
whic I@?retn}r%plégeggsOfc;[Qgrggggenlwp{%q&Qﬁ aﬂﬂ%d&é?&@%p at the
(glypican 3 molecule In the case of anti-glypican 3 antibody) can
endo@lso be suitably-usedmasit Le aispecific. antibedycapizghypieansdics.
antibody) of the present invention. In the case of low molecular
As upfd. dhitantibodies ferwhich fehal exéretion iSO ATdinhetabslic
Qgthwag, such as Cicly and Fan, the plasma kinetics,of such

ease I tne (CoulomDls Torth &5 expressec il & repulglve
anfibodies tannot bé modulated by the pf%s described above.

ar 1
molecule --ype if it is an Sc- coupled. protein for which renal
the @xéretion isnottheanain metabolicipathway Examiples ofsuchs =
. _Mmolecules include scFv-Fc, dAb-Fc and fusion pﬁr_gtveiggz Since the
PRY Siain etabolic “patiway of these mélecules s ndt via metabolism
inc Y renal excretion, the;plasma kinetics of.these molecules gan be
modulated by changinc: the 1 according the method o- the 36
segyaiesentdnvention Antibody:like: molecutes arednclutled atthe, the
- antibody molecules envisaged by the invention. Antibody-like
ne thigp | SEulddre Mo dulés that finctich by Birfd-AoteFatargst =¢
orediglecule (Hinz H. K., Amstutz b, and Plugkthun &, .poineering .-
" novel binding proteins from nonimmunoglobulin domains, Nat.
ant Bigtechnel (2005):23(0); 1257+68); antticed to only a specific

antibody or anti-glypican

L3

antibody.

el

Wher an IgG antibody is ussd as the antibody (e.g. anti-
J 3 3

glypican 3 antibody) of the present invention, any subtype may

be used as long as it is an IgG-type antibedy meolecule., &
bispecific Igl antivody may zlso be used. When the antibody

le.g. anti-glypican 3 antlbody) of The present invention 1s a

both the corresponding antigern {(glyplcan 3 molecule in the

caze of anti-glypican 3 antibody) and an epitops other than
that antigen. For example, in order fTo reacrul
cytoteoxic T-cells, LEK cells, and so forth, a surface antlgen
that specifically binds to these cells mey be suitably

another antigen. It has been shown that cvtotoxicity by LAK

cellis is exhibited against bile duct cancer usin

o]
[+3]
o3
!,J
[57]
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examples include DARPIns, Affibody, and Avimer. The term
"modulated plasma kinetics" as used herein means that the
plasma kinetics are modified in a desired direction when the
plasma kinetics of the antibody after modification of the amino
acids constituting the antibody (e.g. anti-glypican 3 antibody) are
ant . GOMPareswith the plasma kineties of the antibody-prior 1o ;.-
d-f_ication. Thus, w -en it is desired to increase the plasma half
(an Hie:of the antibedy anti--glvpican Srantibody )y Modutation the
plasma kinetics" refers to increase in the plasma half-life of the
recoghtibody. “MheR’: S dedired o ttteass théPiasma hélfife of
suzuii€ ,Antibody (6.0, anti-glypicar, 3 antipody), jynodulation.of the
plasma kin _ics" refers to, decrease the plasma half of the
rukuaptibbody. Whether the plasmakinetics ofithe gntihady .gz-antiing
glypican 3 antibody) of the present invention have been mod f-_u
immupprtHe desiret direttiore that is, i her thé plasiia “kihetits have
n.2een modulated as desired, can be aopropr_ately_evaluated by
e SRarmacoki netic tests Using; Tor example, mouse, net, rabbit,
1199400 sankey sand-se forthnlr additz At i7<extensio ofthe-an 2
plasma half-]..ife" or a "decrease of the plasma half-life" as used
ant lyerain may also-becompreherided:viee parameéters-otherthan the
. plasma half-life parameter, such as the mean plasma residence
TV imeCAndthe plasmatiedrdice (Pharacokinetics Analysis By~
recdiactice, (Nanzando)); For. example,the "modulation ofthe.
plasma kinetics" according to
different spitopes of the antigen to which the antibody binds

e

(glypican 3 molecule in the case of anti-glypican 3 antibody)

can also be suitably used as the bispecific antibody (2.9.
anti~glypican 3 antibody) of the present invention. In the

case of low molecular weight antibodies for which renal
excretion is the main metabolic pathway, such as scPFv and Fab,
the plasma kinetics of such antibodies cannot be modulated by

the pI as describad sbove. However, The present lnvention can

be applied to any antibody molecule type 1f 1t 1s an Fo-
coupled protein for which renel excretion is not the main

metabclic pathway. Examples of such molecules incliude scPFv-Fo,

dhb-Fo and Fe fusion proteins. Since the mailn metabollc
pathway cf these moliecules is not via metabolism by renal

it
ot

nese molecules can be

Tics o

1t

- ] RN - E
excretion, The plasma xin

modulated by changing the pl according to

ot
M
=
1
&
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the present invention can be suitably evaluated with these ....
parameters by carrying out noncompartmental analysis according
to the instructions accompanying the WinNonlin (Pharsight) in
vivo pharmacokinetic analysis software. The phrase "amino acid
residue that can be exposed on the surface" as used herein
recgenerally denotes,an amino acid resjdue that resides onthe . ...
PTESSlrface of the polypeptide’ constituting the antibody (~
ant i@0thglypi-can 3:antibody)-The, phrase-amino.acid sesidue that.
resides on the surface of the polypeptide"” refers to an amino acid
mol qresidaeawhoselsidelehair «carf eome dntd> gohtact:withtsolvent rget
. molecules (-ypica_iv water molecules). Ail of _s side chain need
noL 958t Eome ito cohtact With Sblverit Aiblecuids ™ T8ver a oortion of

nghe:Side;chain of .an aming acid residue,comes ipto.contact with
solvent molecules, such an amino acne res_.du.e considered t"
domdd@an amineacid residue thatresigdesion thesurface ; Those
skilled. inqthe art can construct a homology model of the
e*aWoiypeptide antibody-tising*co iner Ay availdbié homology
mogde-ing. saftware. Based on,this homology model, aming agid.. ..
residues on the surface of the polypeptide constituting the
+naantibody {exq. BHnapti-glypicandiantibedy) carabe:apprepriately cn
selected as ar_ "amino acid residue that resides.. on the surface
whepfihe polypeptides-The “emin atid resitue hatcanbe exposed ©-
_._onthe surface" is np.t@pgﬂr_ticula_u&lz Iimiteg inthgﬁprfesent,inventiom
the amine aclds constirtuting the antibody [=.4d.

anti-giypican

3 antibody! are compared with the piasma kinetics

antibody {e.g. anti-glypican 3 antibodyl, "modulation of the
plasma kinetics" vefers t¢ decrease in the plasma hali-life of

Whether the plasma kinetics of The antibody (e.g. anti-
glyplcan 3 antibody) of the present invention have been

modified in the desired direction, that is, whether the

kinetics have besn modulated

W
w
Q.
o
1%
=

ired, can b=z appropriatsly

evaluated by pharmacokinetic

ot
6
&)
t
W

using, for exampie, mouse,

rat, rabbit, deog, monkey, and so forth. In additicn, an



but is preferably an amino acid residue residing outside the FcRn
binding region of the antibody (e.g. anti-glypican antibody). The
FCRn binding region is oreferably the Fc region, but also include,
for example, a region consisting of one or more amino acid
residues H250, H253, H310, H311, H314, H428, H435 and H436
mx*ag:cordln to the K_Labat numbermg In addltlo‘n\, the aman atcnd
Tesidues H2531 F255, H257, :288, H296, H307, H309, H315,
o1a3d415: H4335 whigh indireatly-inviolve the: inferaction beiween 195 -
ant bodies and ToRn, were thought to be the target for
paranodification s These: aminoraeilresidbes: cotraspong t6forsuch as
_example, the 130, 133, 190, 191,194, 308, 315 and 316th amino
e JEaTTesidties, Bhd the 134 155,137, 168 776, 187- 1897195,
=129 ahd 323rd-amine-acid residues.in SFQ1R-ND:30, as well as
the 133,136, 193, 194, 197/, 311, 318 and 319th amino acid
exanesiduesariththie 37,0138 140 17 517 9 1:90,: 492, 498,:298c tc
and 316th amino acid residues iT. SEQ 12 NO:3-, respectively.

“1e FHE BffinG AT reSiiE to Be Stibjectedl ' Eharge “mbdificafion in
p=:ffeantbedy. (e.g, ant= glynican 3.antibody) .according.to the. o . 4 g
present invention'is preferably an amino acid residue constituting
to the heawvychain(H ehaim)pwariable region 30w0rthe lightehain{l :r

chain) variable region of the antibody. Preferred specific
vivexarmplesof thesevariablesregidnstare the

complementarlly determlnlng regian (C R) and framew rk region_

(FR.- Those skilled in the art canglapprognégtteﬁ/ selecta - WNere

surface” as used hereln gensrally denotes an amino acid

residue that resides on the surlface of The polypeptlde

constituting the antibody {=.g. anti-glypican 2 antibody The
phrase "amino acld resldue that resides on the surface ci the

polypeptide” refers teo an amino acid residue whose side chain

can come into contact with sclvent molecules (typically water
molaculaes). ALl of its side chain need noit come into contact

with soivent molecules. I1f even a portion of the side chaln of
ar amino acid residues comes intc contact with solvent

molecules, such an amino acid residue is considered toc be an

amino acld residue that resides on the surface.

@
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o
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i
w
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in the art can construct & homology model of tThe polypeptide
or antibody using commercially availiable homology modeling
software. Based on this homology model, amino acid residues on

the surface of the polypeptide constituting the antibody (e.g.
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surface am.-no 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 HI, H3, H5, HE, H10, H12, H13, H15,
H1.6,. ' 9, H23, 125, H26, H39, H42, H43, H44, H46, 568, H71,
anc /2 3. B9, HI6, HB1, K82, HB3, H85 186, HIOS, HIO08,. .
5116, and H112, which are amino acid residues according to the
»amiKabat raumberng. For-exampies Inthe =R oftheumanized an.i-
9-YF; car. 3 antibody heavy chain shown in SEQ ID NO: the -
rolygimfae€samino residues may include, but not limited to. the amino
acid residues at positions 1, 3, 5, 8, 10, if, 16, 19, 23, 25, 26, 39,
A3 45 3 s 00T 75 T 7 5 0s 57786 50 167 1o,
surfbl2rand 114. F: suface amino: acidJdesidue . he-heavy chaimi-ion,
CDR can also be selected using the same homology model..
but QhusyHI72anvammineracid residue saccordingtotheoKabatide the
. numpe_ring,wis gxposgdhat the §grfac¢ fgr almggg gﬂ a;n_tibodiesi
FeRIE G- BRaiples the sérink it §0SitioR~ 10 Fir'the heavy chai"EDR.
ant 9fthe humanized antizgiypican. antibady shown in SEQ.ID NO:-1: o+,
corresponds to that amino acid residue. Suitable examples of
but other aminaac-dfresidues:in thez heayycchaimEDR ofdhes one or
humanized anti-glypican 3 antibody 40 shown in SEQ ID NO: .1
mOr Zr@fthePafiing A6 FeSiduésat positions” 52 54,762, 63; 6% dtfd © -
4356, With,respect to the light chain FR, syrface aminoacid.. . o.,
residues In the antibody's variable region can be Suitably selected
the fromont, 63:67r48,d QL ik ok12, k165 L17;4:18,:4220, uz9s, H3G7,

H30%, H315, H41l%, H433, which indirectly involwve the
interaction petwsen 1g& antibodies and Fckn, were thought to
pe the target for modification. These aminc acid residues

correspond te, for example, the 130, 122, 190, 181,

315 and 316th amino aclid residues, and the 134, 135, 137, 168,

Ft

26, 187, 18G, 195, 28:

[$11
$)]

12

g 313rd amino acid residuss in SEQ

g a

TD NO:30, as well ag the 133, 136, 182

219th amino acid residuss and the 137, 138, 140, 173, 17¢%, 190,
192, 198, 298 and 316th aminc acid residues in SEQ ID NO:2Z,

respectively.

The amino aclid residue To be subljected to charge

modification in the antibodwv (e.g. anti-glypican 3 antibody)
according to the present invention is preferablv an aminc acid

residusg

)

onstituting the heavy chain (H chaln) variable region
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L22, L38, 139, L41, L42, L43, 145, L46, 149, L S7, L6C, L63, 165,
166, L68, L69, L70, L74, 176, L77, 179, L8O, 181., L85, L100,
L103 1105, L106, and L107 of amino acid residues according to
the Rabat numbering. For example, surface amino acids may
include, but not limited to, 1, 3, 7, 8, 9, 12, 16, 17, 18, 20, 22, 43,

. 44.45,46, 48,49, 50,54, 62,65, 68, 70,71, 73, 74,75, 79,81,
°* g5 8285 86,90, 1.05, 108, 110" 111, ahd 512 of the humanized
pre raltizglypican 3:antibedy-shown in-3EQ DN 1Surfage-amine-acid-

residues in the light chain CDR can be selected using the same
comphemology mpded as the thomology modet withwhichthecsurfagelcn

‘amino acid residues in the heavy chain CDR were determined.
'ERiguitable examples of amino acid residues in the CDR of the

humanized anti-glypican, 3 antibady, Light.chain shown in SEQ ID

Ll oy

NO: 7 are the amino acid residues at positions 24, 27, 33, 55, and
sur HQ.eThe termetmoditieation” in armamineiacidwesidueinithe region
method of the present invention scecifi alln denotes, inter alia,
&S BEtitatiBATGF AR origittal dmino acid resiateewitty dnother amirio =
sur A6 residue, deletion of an original aming acid. residug, and... ., .,
addition of a new amino acid residue, and preferably indicates the
can SHbstitution:af an original arsina:41 acid resjdue with@nether 113,
amino acid residue. Thus, "modificaton in the charge of an amino
H15 adid resithie" frthe fpresentiinventionis‘pretérablyan arhino eid
-, substitution. In_order tq carry out "modification. in the charge of an .
"L aring acid feé‘ig‘%’e"ﬂdﬁ *trﬁégérmi-g%%é%)i'cafﬁgsfé1 ar%t?kfddf%*r ’tha% 5/ Hos,

Hi1Q, and HilZ2, which are amino acld residues accoerding to the
Kapat numbering. For example, in tha FR of the humanized anti-

glypican 3 antibody heavy chain shown in SEQ ID NG:

Led To,

r R 4
- P e e o - - ; ~ P - - - - -
i, 1%, 23, 2%, 26, 3%, 4z, 43, 44, 44, 6%, 72, T3, T4, &, ]

gz, 8%, 87, BS9, 80, 107, 110, 11z, and 114. & surface aming
acid residue in the heavy chain CDR can alsc be selected using
the same homology model. Thus, HY7, an amince acld rasidue

according to the Kabat numbering, 1s exposed at the sur

ale

rh

for almest all antibodies. For example, the serine at positiocn
101 in the heavy chain CDR ©f the humanized anti-gilypican 2

antibody shown in SEQ ID NC: 1 corresponds to that amino acid
regsidue. Suitable examplies of other aminc acid residugs 1n the

heavy chain CDR of the humanized anti-glypican 3 antibody
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present invention, for example, the charge is preferably modified
for at least one-amino acid residue selected from the amino acid
residues at positions 1.9, 43, 52, 54, 62, 63, 65, 66, and 107 in
the heavy chain variable region constituting .the humanized
anti-glypican 3 antibody showy, in SEQ ID NO: In addition, the
snowhBrgers prefeeably medified, for example, fo- atleast oneaminen s
acid residue selected from the amino acid residues at positions
02, 147, 8<,2%:31-8$55%1¥9,482, 105 and 112 in the -ion- chain
variable __ on constituting he humanized anti-glypican 3 antibod
shoth T SEGND NG Y. Afong the amino acid residliedisted
res:8DOVe, amino acid, residues.other-than, thase modified in-its.:
charge need not be modified as long as the des'red modulating
seleeffect oncthe. plasma Kineti€s i$ being bbtained;However, sadh, 20,
amino acid residues may conventionally modified so as to have
L22: 038 Uk ortfiavethe safme tyiie of chargt‘the modifist“antifio’
165, Tesidue(s), Charge-bearing aming acids are knownto be-present.
'Tn general, lysine (K), arginine (R), and histidine (h) are known
1.1 0 caspasitivelyeeharge.s amino aoids.cAspainc czacid (B) and:dutamic
acid (E) are known as negatively charged amino acids. 42 The
aCCOZMIRD acidSTGthErTharrtiEse aré kricwnusthe tinchargeer amino
o daqci?gs. Brgje[%%ly @Ewaforgnilemigngd%fémoqifiqd amino agid . .
“Yesidue™is conventionally selected fromi, out not --mi.ted to,” the
16, aminaacid sesidues present i either ofthe followingss, 2, &3, 65,

e
1,

0, Ti, 7

(93]
fas
-3
ag]
o

, T4, , 8L, 82, 84, 85, B&, 90, 103, 108, 110

r

111, and 112 of the humanized anti-glyplican 3 antibody shown

[$2]
3

in SBQ ID NO: 7. Surface amino acld residues in the light

L

chain CDR can be selected using the same nomology model as the
nomology model with which the surfiace amince acid resicues in
the heavy chain CDR were determined. Sultable sxamples of

arminoe acid re

n
pa
Q
=
o
)
i +,
3
t
by
]
¢!
=)
il
O
1=

f the humanized anti-gl

Q
>
s
=
0
3l
e}

3 antibody light chaln shown In SEQ ID NG: 7 are the amino
acid residues at positions 24

The term "modification™ in an aminc acid residu

o

.
5
ot
o
®

method of the present invention specifically denctes, inter

alia, substitution of an original aminc acld residue with

h]

ancther aminc acid residus, deletion of an original aminoe acid

rasidues, and additicn of & new amino acid residue, and

preferabhly indicates the substitution of an origlnal amino
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groups (a) and (b) . (a) glutamic acid (E), aspartic acid (D) (b)
Vs~ne (K) , arginine (R) , and histidine ( When the original
(pre-modification) amino acid residue already bears a charge,
modification so as to provide an uncharged amino acid residue is
also a preferred embodiment of the present invention. Thus,
aciemadifigation in the, present inyention.encompasses, (1)
substitution of a charged amino acid with an uncharged amino
"mocacit; {2) substitutioncokacharged: amine acid avith antaminoracic:
bearing an opposite charge, and (3) substitution of an uncharged
PresgifinerdCitWith a tHargetr Bmindg acid: Mo dific&ticHof an amitio
acid residue cons tut_ing the antibody ;e.g. anti-glypican. 3 . __
aﬁfib%égj/?%otgs %%rcﬁaﬁgé th%o%gé;e‘iééftr?crgpé‘lhtv,%%f the antibody’
amiri$ creferrecforthe presentinventon:inadditioncinthese:r tne
instances where a plurality of amino acid residues wrl be
pregpodifieds the amino racitresiduestsuljeetad nosniodifieation'may
include a small nu*.nber of uncharoed amino acid residues,
mediS iitable examples of the "Modification in the charge of an amino
ami-ACidresiduet in.ihe anti-g: ypican antibody, of the, 4, present ¢z,
invention are as follows. With regard to a modification that
56, inoreasés theplevalue; forexample; at- leasteanersubstitotion: 129
~ selected from Q43K, D52N, and Q1D7R in_the heavy chain )
Ehe \aEdle féyidn corstifuting the Humanized anii-gypican 3° "¢ -
In ﬂgl*b_ciq;f ,S'htoygn épas:l’:qg HQ '}!9&%9@1@1@9%@%1-%, for examplie

for at least cne amino acld residue sslected from th

r

() : o R . L] A T [ Rs! e oo 70 -. LNty
acid residues at opesitions 17, 24, 27, 33, 55, 5%, 7%, 8z, 10>
and 112 in the Lil¢ht chain varlab.ie region constituting the

humanized anti-glypican 3 antibody shown in SEQ ID NCG: 7.

residues other than those modified

modifisd as long as the desired modulating effect on the

{

¢r to have the same type of charge as the modifled amino

Charge-pearing aminoe acids are known to be present. In
general, lysins (K}, arginine (R}, and histidine (H) are known
as positlively charged aminc acids. Aspartic acid (D} and

glutamic acid (E} are known as negatively

Q

harged aminc acids.
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and a modification to the amino acid sequence shown in SEQ ID
NO: 4 or 6 is particularly preferred. In addition, for example, at
least one substitution selected from EI7Q, Q27R, and Q105R in
the light chain variable region constituting the humanized
anti-glypican 3 antibody shown in SEQ ID NO: 7 can be made,
tre @0d.a modification fo.the . amino.acig.seaugnce shownpSEQID
NO: 10 or 12 is particularly preferred. With regard, on the other
aminbang,de.a modification that decreases the pi value, az east one
substitution selected from KIST, Q43E, G62E, K63S, K65Q, and
GeBDES e Reavi CRaITFVarabie regish Eofdtifdting fe ©
cec:flumanized anti glypican 3 antibody.shown 23 SEQ D NO: L gan.,,
be made, and modification. to the amino amdosequence shown In
rhe SEQJID:NQ: 501 24ds particidar hwpeefereed.cin addition; ot nq
example, at least one substitution selected from R24Q, Q27E,
grouk797T::8828 arfid K' - the light chain variable region constituting
the humanized anti-glypican 3 antibody shown in SEQ ID NO: 7

can bé nmade. and modification fo the aminio acid seauence
shewnin.SEQ 1P NQ:.9; ;.28 @I, 29dssparticularly-preferred. In
addition, the modification that decreases the ol value also include
substitution onegar: ahofe@ming acidresidues:in thie hrgavy ehaine
constant region 44 designated by H268, H274, H355, H356, H358
2lre5qd HEE9 accoriing “to The Kabat ntimbérifig. Prefértéd éxdmples
unc:f Substiftion is. at least gne modificationjn.the beavy,ehain, .- o=
constant region shown in SEQ ID NO: 3lincludes, for example,
+he Substintion ot H that isthe 15lst:amine aeid residue with Q-
substitution of | .
invention encompasses (1} substitution of & charged aminoe acid

with an uncharged amino acid, {Z) substitution of & charged
amino acid with an aminc acid bearing an opposite charge, and
{3% substitution of an uncharged amino acid with a charged
Modification of an amino acid residue constitufing the
antibody {e.g. anti-glyplcan 3 antibedy! sc as to change the

isoelectric point (pli of th

{3}

antibody is preferred for the

present invention. In addition, in those instances where sz
pluralicy of amino acid residues will be modified, the amino

acid residues subijected to wmodification may include a small

rt

number of uncharged amince acld residues.
Suitable examples of the "modification in the charge oi

an amino acid residue" in the anti-glyplcan 2 antibody of the
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K that is the 157th amino acid residue with Q, substitution of R
that is the 238th amino acid residue with Q, substitution of D that
is the 239th amino acid residue with E, substitution of that is the
241st amino acid residue with H, and substitution of Q that is the
302nd amino acrd residue with E. The above substituion re alted
presULA chimera 9. the constant Jegion.oflgQland the constant
“ region of IlgG4 of a human antibody. Thus such a subs itution a
modi Eows fenseparation-afza =madifiedlantihody with. a:desited value
without affecting the immunogenicity of the antibody. There are
LeashoPArtitiar imitations in thesoresetit Hvéntion o tHe nuber of
<ne 20N acid residues subjected fo_modification; when, for.example,
the variable region of the antlobody is being maodified, prererab_y
antithe vewest & umber-of, amine.acid residuesinecessary e achieve
the desired modulated plasma kinetics is modified, in order to
and gvoikliowerngrthe bintking activitytorartigeararnd it ordet toAvoid”
o raising the immunogenic--_v. it may also be suitable to implement .
" d Siitable” cofbination with"an amino acid résidue’madification” =’
2= 1hatcauses g.decline:in.imypunoge;c: -ty andior ap:amina-acid; osx
residue modification that causes an increase in the binding 4S
in aetivityto artigen vKnowini techrigues cantbe usedito measure: thec
antigen binding activity of the antibody. For example, '
antigfizyimesfiiked” immMaH6sorBant a8say{ELISK): enzyiie™ Maee:
anc IMMuUNoassay (F14), radioimmunoassay.(RIA). or a.flyorescent, v
immunoassay can be "

NG: 10 or 12 is particularly vpreferred. With regarac, on the

t
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other hand, To & m
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tion that decreases tThe pl valuse, a:
Teast one subsiitution selected from K18T, Q43E, GE2E, K&35,
K&5C¢, and GEED in the heavy chaln varlable reglon constituting

the humanized anti-glypican 3 antibedy shown in SEQ ID NO: I
can be made, and modification to the amino acld seguence shown
in SEQ ID NO: 3, 5 or Z7 1s particularly preferredf in
addition, for example, at least one substitution selected Irom
region constituiing the humanized anti-glypican 2 antibody
showrn in 3EQ ID NC: 7 can be made, and modification to the

aminc acid seguence shown in SEQ ID NC: ¢, 11, 28 or

Y 11, 2% is
parziculariy preferred. In additlon, the modification That

H

decreases the pl valus also include substitutlion of one or

more aminc acid residues in the heavy chain constant region
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used. These methods are described in a common textbook,
Antibodies: A Laboratory Manual, Ed Harfow andDavid Lane,
Cold Erring Harbor laboratory, 1988. The methods described on
pages 359 to 420 of Antibodies: A Laboratory Manual (Ed Harlow
and David Lane, Cold Spring Harbor laboratory, 1988) are
sesi@xamples, of methads that:ean be -used:{g measure ar antibody!s
binding activity to cells. The binding activity may evaluated based
o tiop FEACS fluorescencBradtivated salimortingy a- £P$nciplelasing
_the cells as an antigen. In the ELISL format, an antibody's binding
AT 1aefivity 1o Effs IS GuantitatiVely evafAtEdBY “CompAiig thé Eighal
=nowlEVEISgenerated. by an enzymatic ; eact,on,, Thus,.a,st antibody is-
added to-an ELISA plate on wh'ch the over-expressing cells have
1 tnbeensimmohilized and thezarntibody :Bound:tothe cells is detected of
by an enzyme-labeled antibody that recognizes the test antibody.
K thfithé case of FACS the bindingFactivity o tells carrbie-cotipared -
r cnBY COnsiuactane a. dilution series wifn the test antihody apd. ; o, o
comparing the antibody binding titers for the over-expressing ells.
» «rBinding-betweenr-arantigen expressed-on: the surface of seellson of
suspended in a buffer and not anchored on a carrier 46 (such as
L than EEISAPplatdyrandran amiboty seetvenis ditigen €ah be
..,.measured by the FAGS format. Flow cytometers used in such. ., .
SR dasurements may indlude FACSCantoT FACSAfia™, ——- 0% =
rre BAGRARLL" - FACSVantage-F0:SE; and FAGSCalibw T (@l an<
from BD Bioscience) and the EPICS ALTRA HyPerSort, Cytomics
regiBQ0EPIES XlnsMCE constant region of Ig&é o a human

i

- . PR y T ) . T e T e e 5 a
antibody. Thus such a substitution allows for preparation of a

3

modified antibody with a desired pI wvalue without aifecting

-
=
o
-
o
{1
N
@
o
5

r (j

aritlicular Ilimitaticons in The present
invention on the numbsr of aminc acid residues subjected Lo
modification; when, fcr example, The varliable regicn of the
antibody is being modified, preferably the fewest number of
amine acid residues necessary to achieve the desired modulated
piasma kinetilcs is modified, in order to avoid lowsring ths
binding activity te antigen and in crder to avold ralsing the

immunogenicity. It may also be sultabl
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suitable combination with an aminge acid residue modification

that causes & declins in immunogenicity and/or an aminge acid
residue modification that ceuses an increase in the binding
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ADC, EPICS XL ADC, and Cell Lab Quanta/Cell Lab Quanta SC
(all from Beckman-Coulter,. In an example of a suitable method
for measuring the binding ac .v_ty of a test anti-glypican 3 an-
body to an antigen, the test antibody is reacted with a expressing
glypican the cells are stained with an FITC-labeled secondary
. i@@{igogé/ hat [%gggnizes the test antibody; the fluorescen: _=en ity
is measured with 7ACSCalinar (BD); and analyzed using CELL
QUEST seftware:tBDY).rAceordiag tosthisame:bod;¢hertesten
antibody bound to the glypican i on the surface of glypica._
binddRprésSing-cellS is Staindd by = - - fdbeRBSECSndary dhtibody =
. that specfica-ii.v recognizes the test antibady, and the-fluorescent
lmﬁmf‘gﬁé%ﬁf rﬁé’ggﬁ]re(%(? B?/&FAC"§5gﬁn5url,mfrﬁkérﬁvt%hhésé}eoh%t%fd mean
racivalie.(test gep-mean , value] abtained-day analysisefthe resulting
fluorescent intensity is compared with the control geo-mean value
usecobtiiined Hfromeca eontrolaitivody usingicheErN QUESTP $bftware.
_.The computational formulas that yield the %ﬁ:f)-mﬁeaDn value
A0t hetric-mean are-desérbed'in the C QUEST Software Usér's
=01 08ide (BD Bi:oseiences).-In-orderta avoid increasing the in vivo
imraunogenicity 47 for_ the human receiving the antibody, the
modified amino aeid rseguencerisgpreferably; bt hotdimitedteiees:
human sequence (sequence seen in a naturally occurrin ‘

Otiging” 11 additions Wdtatiss cah e
raintroduced. at Jocatigns, other than,the madifications introduced to.
change )

used to measurs an antibeody’s binding activity te cellis. The
pinding activity may be sevaluatad based on a FACUS

(fivorescence activated cell sorting! or ELISZ principle using
The cells as an antigen. In the ELISE formait, an antibody’s

pinding activity te cells ls guantitative
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cemparing the signal levels generated by an enzvmatlic rsaction.

Thus, & test antibody is added to an ELISE piate on whi

over-expregsing cells have been immebillized and the antibody

, thne
pinding activity te cells can be compared by constructing &
dilution series with the test antibody and comparing the



the isoeleotric point, so as to modify each of the plurality of FRs
(FRI, FR2,FR3, FR4 into human sequence. A method that
converts each of the FRs into a human sequence in is manner is
reported by Ono K., Ohtomo , Yoshida K., Yoshimura Y., Kawai
S., Koishihara Y., Ozaki S., Kosaka M., and Tsuchiya M., The
(suchumanized anti-HM124 antibody.effectively-kills: multiple : ver can
myeloma cells by human effector mediated cvtotoxic_ty, Moi.
be mpamurof. (L9999 36(6); 3BrB95: A ladditiomit erdertoehangeich
the isoeleotri'cv point of the antibody,.each. of the FR sequence .,
M2 S Be CofiVerteliTo SRother idihan FR ‘sefueice in orderto =2
racseRangethecharge; of a-particylar+R, (for example, FR3 mayhe
exchanged with. another human FR in order to lower the
and isoel@ctricspaintref therantibody)< Suche hHumahization methoedCL
reported in Dall’Acqua W. F., Damschroder M. N., Zhanc J., ]
ADCANgOds REME-Widtara ESvu's? atid Wi SAntibody Riffanizationt - -
fro mb)égmnggrguis,pequll_ng, _Methods (2005 36(1;, 43-60_. In those
instances where the desired modulated plasma kinetics are not
achiexed:by-a modest madifieationefthe: surfaee charge; ame
antibody (e.g. anti.-glypican 3 antibody) exhibiting the desired
pindhoguated plasmia Rinetics 6anhé 48°saitably ebtaifgdby then
ant {SBCTilNe execution.of surface charge modification and evaluation
“'of plasima kinetics. The piasma’kinetics of chimeric EP5C7.g4, a -
g1vichimeric anti-E.P:selectinantibody.(lgG4); have-begp.campared
with those of HUEPSC7.g4, a humanized antibody (IgG4), and the

sechywdpry antibody that recognizes the test antibody; the

labeled sscondery antibody that specifically recogni
test antibody, and the flucorsscent intensity if measured by

FACSCalibuz, then the geomeTric mean value (test geo-mean

6}

value! obtained by analvsis of the resulting fiuorescent

vith the contrcl geo-mean value obtained
from & contrcl antibody using the CZLL QUEST scoitware. The
computaticnal formulas that yield the gec-mean valiue
{geometric mean}_are described in the CELL QUEST Scftware
’

Jser’s Guide (BD Bicscisnces!.

In order tc avold increasing the
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were shown have the same plasma kinetics in the rhesus monkey
(He X. Y., Xu Z., Melrose , Mullowney R., Vasquez M., Queen C,
Varier V., Klingbei-_, Cc M. S., and Berg E. , Humanization and
pharmacokinetics of a monoclonal antibody with specificity for
both E- and P-sel.ectin, J. Immunol. )1998), 160(2), 1029-35). In
cor 3ditisgn, the plasma kinetics af, chad8, a chimeric anti-GD154 . 4
~antibody, have been compared with those of the humanized
sequaitibody HUSGS in cynamolglss markeyand: the tweavere:shewn:
to have the same plasma kinetics (Gobburu J. V., Tenhoor ,
{secReyte MEETFiazier DB 3 TREMES DS Bérjarminy CoiHeEED.
ox1 T 8NG Jusko W, J., Pharmacokinetics/dynamics of868,, .4 o
*Srionoclonal antibody fo CD154 (CD40 Tigand) suppression of an
1ocdMMUNE; FESRORSEN: RoRKeYS: daPhatmaca - Expehiero(1998) .
286(..2), 925-30). The plasma kinetics of the chimeric antibody
the cGCAEWerecsshown to sve thesamecas theseofthe-hantanizedi tv
_antibody HUCC49 in mice, (Kashmir-S. V., Shu L., Padlan E. A.,
% Willenfc D. ExSchiom J7‘and Hand P Genaration, — ™¢="°°
=na-Chasagterization, and in,vive, studies of hymanized anticarcinoma
antibody CC49, Hybridoma (1995) 14(5), 461-73). The plasma
manikimeties and disttibutiom of kmouge-antibddy dndhumahizedoshinura
antibody were shown to be the 49 same in evaluations in mice
7o (Graves s, .Boshortrst C; Stohe'd. M., Aieithy D: B Rerig' 3 2
u., My Bottino B, Searle S, Henry A, Pedersen. Rees A. R., and
Libby R., Molecular modeling and preclinical evaluation of the
mulhumanized MR-kP:13 antibathyy, Clit-CancerResnEH939):5(4),
899-908; Couto J. R.,

cyvtotoxicity, Mcl. Immunodl. {199%%: 36(&;, 387-385. In addition,
in order to change the isoelectric polnt of the antibody, each

of the FR seguence may be converted to another human FR

exampie, FR3 may bes exchanged with ancther human FR in corder
o lower tThe isgelectric point of the antibody. Such a
humanizatlon method is reperted in Dall’Acqgua W. F.,
Damschroder M. M., Zhang J., Woods K. M., Widjedz L., Yu J.,
and Wu H., Antibody humanization by framewcork shuffling,
Methods (20057 3&6({l}, 43-&0C.

Ir those instances where the desired mocdulated plasma

kinetics are not achleved by a modest modification of the

h

surface ¢ha

i4

ge, an antibody {e.g. anti-glypilcan 2 antibody]

exhipiting the desired modulated plasma kinetics can be
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Blank E. W., Peterson J. A., and Ceriani R. L., Anti-BA46
monoclonal antibody Met: humanization using a novel positional
consensus and it 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
sui- @18 the;same.dug to the factthat the murine 17 and buman are
both cross-reactve wit:-, --he murine 'c'cRn. As shown by these
cnarexamples; the jplasma kinetics arerthef samerzetween chimeric
antibodies and humanized antibodies that have the same CDR.
TRiEniedr&that FimaniZatiorh By the khown' rieth8ds providéd in
ant:SDUE Ve BOPOY 2, BONNOK 3801 Co s dateRal Do blodasaly. o
Ober R., and Ward E. S.,’Increasing the serum persistence of an
+nhodgG fragiment-hy, random:adtagenesis; -Nat: Biotechnad-(199%4) two
_5(7), 637-40) and so forth, may provide the same plasma
wersipetics as thé Ehifrmerie ArtisodyE nd s -ahumarnized Eititsody
.having modulated plasma kinetics therefore cannot be Prepared
TRV t (ég kriown 'me%h%g'sf c%%ltr"éjsstfwhé’n %uf:ﬂh%ﬁqenﬁé a%‘ﬁm%ﬁ %él.e o
oueLhimerie anti-glypican 2,aptibody) js humanized ageording to the
method of the present invention, the pl of the an'ti'body is
Humanbdified nbymoglification torart aminoacidresiduerthatscan becy
- exposed 50 on the surface of the chimeric antibody to construct a
" highized antidddy (8. hunfaltizéa ntt-glypican’ 3 ahtiisdy)
115 4bat expibits madulated plasmakinetics (i.e.,.@n iNCLease Oloxios of
decrease in its plasma half-life, _n comparison to the original
chschimeritantibodys:Far the purposerefanodudatingsthe compared with

those of the humanized antibody Hubck in cynomolgus monkey and
thae two were shown tTo have the -same plasma kinetics (Gobburu J.
V., Tenhoor ., Rogge M. C., FTrazler D. E. Jr., Thomas D.,

Berjamir C., Hess D. M., and Juskc W. J.

Pharmacokinetics/dynamics of 5c¢&, a menocclonal antibody Lo

CD134 (CD4C ligand; suppression of an immune responge in
menkevs, J. Pharmacol. Exp. Ther. (1998 2861(2), $25-30). The
plasma kinetics of the chimeric antibody ¢CC4% were shown to
be the same as those of the humanized antibody HulC48 in mice
{Kashmiri 8. V., Shu L., Padlan E. A&., Milenic D. =., Schiom
J., and Hand P. H., Generation, characterization, and in vivo

studies of humanized anticarcinoma antibody CC48, Hybridoma

{1995y 14(5}, 461-73). The plzsma kinetics and distiribution of
mouse antibody and humanized antibody were shown to be the
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plasma kinetics, the modification of amino acid that can be

exposed on the surface of the humanized antibody (e.g.

humanized anti.-glypican 3 antibody) may be carried out at the

same time as the humanization of the antibody, or the p-- of the

humanized antibody may be modified by modification of
same SWfage-exposed aming acid smartingfrom thehwmanizedc .,

antibody (e.g. humanized anti-glypican 3 antibody) has been
stonestablishedthat trastizumab fbevadizumab 2and pertuzurfabr L& S

WhICh are three humanized antibodies that have_been humanlzed
Henrysing the Edime himan antiBody FR S8queree’ Have -aboit e 2"
moce S&ME plasma kinetics (Adams G, W, Allison B F. Flagella Ky 5

Presta & , Clarke , Dybdal N., McKeever K., and Sliwkowski H, X.,
antihumanization ozrasecembindritimonocionalt @ntibody toprodacer . .

a therapeutic HER dimerizat-on inhibitor, pert,uzumab, Cancer
BLanfmmmufcl Inffrircthier (2806)33(69 7T727). Fhus e phadha
monoglpgtlcs are about the.same when antibadies are humanjzation ..

using the same FR sequence. Accordlng to the method the
con sRresentivention, thesplasmas;kinetics. the cantihedyi(€g. cancer

anti-glypican 3 antibody’, can be modulated in the humanization
Res.stepPiherethe p! of theZantibedy {&.g.rantglypicéan 3 antibbty) rs
._._modified py. addlng a modlflcatpn to 51 an amino, aC|d residue that
k-neddihe 8kposed on the surface of the antibody. The method of the
aumaPresentinvention.can.also-pe applied, fo-human antibodies. An-
human antibody (e.g. human anti- glypican 3 antibody) having
nurimedulated: plagma Kinetics relativercss-reactive with tThe murine

g

FocRn. As shown by these sxam p’es, the plasma kinetics are the
game between chimerlc antibodies and humanized antibodies that

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

methods provided in Ghetie V., Popov 5., Borvak J., Radu C.,
Mztesoli D., Medesan <., Oper R. J., and Ward E. S., Increasing

the serum persistence of an IgG fragment by random mutageneslis,
Nat. Biotechnol. {1897y 25(7)y, ©637~407 and s¢ forth, may
provide the same plasma kinstics as the chimeric antibody, and
thus & numanized antibody having modulated plasma kinetics

therefore cannot be prepared by the known methods.

anti-glypican 3 antibody) 1s humanized according to the method
cf the present invention, the pl of the antil

by modification to an amine acid residue that can be exposed

50



to the plasma kinetics of the initially prepared numan antibody (
.€., an increase or decrease in the former's plasma half-life) can
be constructed by modification of the pi of a human antibody (e.g.
human anti-glypican 3 antibody) by adding a modification to an
amino acid residue that can be exposed on the surface of a
on chmanantbedy constrycied fram.a human antibody library, a
human antibody-producing mouse, and so forth. The plasma
humahad:lifesaf orantibady; is inareased byntowerningithe pivatue of the
antibody. In contrast, itis known that the plasma half-lifeis
thatdeeréhsed dndthet ahtibcdys tissie-translocation Tharaetéistics
cec Al improved gyaraigin%{t_]gEqr;t{i}lg_oqjy_g"sc\é@tll%er(ysaigit;j T.ﬁ%eagl_o
I8 S and Malavasi F.. Cationization of monoclonal antibodies:
ori ganether step towardsiibe,"magic bullet2:Biot ReguddRomeest. the
Agents (2005) 19(3-4), 105-12; Pardridge W. M., Buciak j., Yang
vlasKs andWe D, Enkancediendoeytosis inmeukured human sreaste
carcinoma cells and in vivo_biodistribution in rats of a humanized
SPORighGlonal antibody after CatioRIZation of the protein, T -
numaRaLmacal Hap Tier (1998).286(1), 548-54). However,due 10 «x.
fact that such an 52 antibody exhibits an increased
samdMmmunagenicityramnd -an enhranced tintearalization into theecell, of
additional improvements are required for application as an
the AfBEAY that exhibits difti- CanBereffett viad dmiechdrisntsuth as

ur A Sytotoxic activity, because intetnalization into the.cell in a
""" hindrance to the

antibody {s.g. humanized anti-glypican 3 antipedy).

It has been established that trastuzumab, bevacizumab,
and pertuzumalk, which are three humanized antibedies that have
peen humanized usin@ the same human antibody ¥R seguence, have
about the same plasme kinetics {(Adams C. W., Allison D. E.
iagells ¥., Preste L., Clarke J., Dybdal N., McKeever K., and
Sliwkowski M. ¥., Humanization of a recombinant monoclonal
antibody to produce a therapeutic HER dimerization innibitor,
pertuzumab, Cancer Immuncl Immuncther. {2006 5516, 717
Thus, the plasme kinetics are about the same when antibodies

are humanizastlion using the same FR seguenc
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method of the present invention, the plasme kKinetics ¢f the
antibeody (e.g. anti~glypican 2 antibody) can be modulated In

The humanization step where the pl of the antibody (s2.g. anti-

4

t

glypicarn 3 antibody! is modified by adding a medificatlion to
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manifestation of its cytotoxic aiaity, such as ADC-_ a _vity, CDC
activity, and so forth. Thus with regard to antibody-that exhibits
anti-cancer effect via a mechanism such as a cytotoxic activity,
where internalization into the sell is a hindrance to :
theman.ifestation of its cytotoxic activity, such as ADCC activity,
an ofeRC agctivity. and 5o forth, ithad.nai.been (determined. whether.an
increase in the p3 value of an antibody a reduction in the p1 value
the efiatpantibody causes enhancement of the tunics-in-hibiting effect.
In the present invention, modified humanized anti-glypi.can 3
anfibotR With & rédicéd PTvalde dnid modified Ruffanzeds -+
w0 rflbolpican 3 andhodyith 4l ncieased pT valye were. -
constructed, and then the question. of which modification has the
51 vohighertumersinhibiting-activity was examingg byisubjecting both i v
antibodies to comparative ~esting of the antitumor effect. As a
Lo TEsullE iwasSurprisingly shewrtiatthe hakranized antiapiypican
aqtﬁ_%ogntibpd wit... the reduced pl value exhihited the bests- effect

“*agaimstTiver cancer. Thé term"ant - ypican 3 antibody™ as used™
na1ekein; engompasses-anti-glypican3; antibody-obtainedby.; or =

subjecting anti-alyoican 3 antibody that has already been
humssubjecteddp 53 amiromaeid residuel charge modificatioly asey acding
described above, to additional modification of its amino acid )
2 "Sequehce? for-example; by subjecfifigthe anirio ddid Tesidies = -
tne GRASUULING: this aptizolypican 3 antipody. to.substtytion, deletion,
addition, and/or insertion. In addition, the term "anti-
antibody library, a human antibeody-producing mouse, and so

The plasma half-1ife of an antibody ls increased b

el

lowering the pl value of the antibody. In contrast, it is
known that the plasma hali-lifes Lz decreased and the

antibody’s tissue ifranslocation characteristi

by raising the antibody’s pl valus (Valsitti

<

Frj

and Malavasi F., Cationization of monoclional antibodies:

another step towards the "magic bullet"?, J. Biol. Regui

Buciak J., Yang J., and Wu D., Enhanced endocytosis in

culturaed human breast car

9]

inoma cells and in vivo
plodistribution in rats of a humanized monoclcnal antibody
after cationization of the protein, J Pharmacoi Exp Ther.

(19987 286(1), DL4B-54)., However, dus to fact that such an
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giypican 3 antibody" as used herein also encompasses anti- .
glypican 3 antibody obtained starting from anti-‘glypi(_:an ‘antibody
that has already been subjected to amino acid residue
substitution, deletion, addition, and/or insertion, or to modification
of its amino acid sequence by, for example, chimerization,
anc1iMANIzation, and so forth, and additionally. subiecting the aming.
acid res@]ues constituting this anti- glypican 3 antl%ody to charge
intemodification: A preferred.examplaofaimodification whese coaldn
to improve the characteristics of the antibody (e.g. anti- glypican 3
requantibody) ofithelprdsant inveritiois-acmodifieationnwhose goalis

_to raise the stability of the  antibody (referred to below asa .
“ancSrapility modification) 11 agueous solution: the an Body ¥/
becz£Quilibrates between two.states. its.native state and.andnactive.

- denatured state. The stability of the native state, as shown by the
manigecondlaw of thesrmadynamics (AG =iAH, - FAS), depends enttheity,
... Gibbs free energy change AG of the system, and the balance
“DC pétwéen the* tomponehts of AGS B: the &fitHalpy cHahge AR =2~
exn {@1iributable g changesin, for.example, hydrgphebic interactions

and 54 hydrogen bond in the polypep* _ide chain) and the entropy
oyt change : AS (atiributablezto: ehanges imzsocvattorn-anddhe=degrees

of freedom in the three-dimensional structure). A positive value
RINgERIRS indicarsTHatthetRative state of the protein-isimoré! stab <"
-« A0 the protein's denatyred state, and the stability, of the pative. .

i AaCT 1V

state of the protein rises as AG assumes larger

determined whether an increase in the pl value ©

Fh

an antibody
or a reduction in the pl value ¢ an antibody causes

enhancement of the tumcr-inhibiting effect. In the present

ody with a
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invention, modified humanized anti-glvypican 2 anti
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antibody with an increazsed pl value were constructed, and then
the guestion of which modification hes the higher tumoz-
inhikiting activity was examined by subljecting both antibodies

Lo comparative testing of the antitumer effect. As a result

1t was surprisingiy shown fhat the humanized anti-glyplcan 3
zantibody with the reduced pl value exhibited the betfer effect

against liver cancern.

"y Tt L m <
The term "anti-givp
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encompasses anti-glypican 3 antibody cbtained by subjecting

anti-glypican 3 antibody that has already been subjecied to



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- dimensional structure and a
weakening of the factors that contribute to protein stabilization,

. causing a thermal denaturation of the protein. In this case the
amLner RS Hferh *governs the dénaturation. Thé af of the unfolding due”
aqaito dhermal denaturation.ef the protein can.Jbedirectiy measured

by differential scanning-calor-m ..rv (DSC), as is spec F'ica’_ly
exarg@scribedsincthe-examples provided-hereins The=D SCreurvesforng
the protein thermal denaturation process takes the form of an
= SeAdothemtic peak tHaEt frames &tefiparathre, Rhowras the™
aqc:denaturgtion midpoint (Tm), thatischaractedstic ofne test. protein.
The denaturation enthalpy chance is obtained by integration of
¢ lyrthis penknkEhe dmrvaltiesissgenerally. ant sndicatorof theemat:+ 1 -
stab--'-y. -he chance in the heat capacity (Alp) can also be
ol vrm@dsuretl dafRe thetAtal denatbratiof oftAg proteir byrDSE. The
-ne GhAN0E N the hear 55 capacily that occurs during denaturation Js ;..
calsed mainly by hydration that ocurs whe- amino acid .~
subdesidues.that arenot, exposed on, the.molecule's surface when the
protein is in its native state become exposed to solvent molecules
rodifUriag the cburse offproteirt denatdration. As déscrisedabove,
... amino acid residue "modification” in the method of. the. present
P Rvehtion Spedifitally Shcompastes,” TOT Ty Fne acaitiona- Ly

suplecting the amine acld residues constituting this anti-
glypican 3 antibody ©o charge modification.

s preie:fed example of. a medification whose goal is To
improve the characteristics of the antibody {e.g. anti-
glypican 3 antibody) ¢f the present invention 1s a
modification whose goal 1s to raises the stabillity of the
antibody (referred tc below as a stabllity modification!. In
agqueous sclution, the antibody egullibrates betwesn Two states,
1ts native state and an inactive denatured state. The
stakbility of the native state, as shown by the second law of
thermedynamics (AG = Al - TAS;, depends on the Gibbs free

anergy chan

)
B

AZ of the system and tThe balance befween tThe

components of AG, i.e., the enthalpy chancge AH (attributable
to changes  in, for example, hydreophobic interactions and



inter alia, substitution of an original amino acid residue with
another amino acid residue, deletion of an original amino acid
residue, and the addition of a new amino acid residue. The
substitution o_" an original amino acid residue with another amino
acid residue is preferred. Thus, modification by amino acid
e -SUbs-_-i ution is prefer sed in.the present snvents.onwhen.a. .
nyur?ngg(ﬁfﬁ%?i%ﬁﬁf%%i ﬁ%@‘%’%ﬁﬁ% is i%%ght.ggT%etT&meﬁlﬁg of thegr?g
Az (@ntibody: (g.g. anti-cxLypican:3 antibady..is increased:as.a sesult
of the execution of the stability modification on the amino acid
I recstesidues-constitutingithe nantibedys Thus;the Tnkvalrersis tapke ue
used as an indicator of the stability modification of the antibody
for (& alahitFaglypican 3 antibody) Hassegearred. iRoreet 1 carty otit™®
_the aforementioned "stability motification” with the an glypican 3
s gfitibody of the preSeft Invent~. on modificatioh prefrably - i.ed
or Qut.for example,. on.at jeast.one aming acid regidus, selected. o,
fiom the amino acid residues at positions .,?, 4C, 48, and 51 in the
sos iRUManizeds .anzi-glypican-3 antibody: heayy:-chain vagable zregion
shown rn 56 SEQ 12 NO: In addition, modification is preferably
muscariet ouronatieas:Grie amitoacid residuerseletied ffem the
amino acid residues at positions 2, 25, 42, 48, 50, 83, and 84 in
eXEMREHufatzed antiglypican 3 ARtbody light chain variabie region
resSNAWRINSEQ ID.NO: 71. The aming.acid-residues:other -than the.. -
aforementioned amino acid residues on which stability
dimenedification has beenscarriedotitenéed nét besmodified as-hat

contribute to protein stabilization, causing a thermal
denaturation of the proteln. In this <case the -TAZ term
governs the denaturation. The AE of the unfolding due to
thermal denaturation of the protein can be directly measured

by di
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imetrv (DEC), as 1s specifically

described 1n the examples provided her
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endothermic peak that frames a Temperature, known as the

denaturation midpoint {Tm}!, that 1s characteristic of the ftest
protein. The denaturation enthalpy change 1s cbtailned by

[

ntegraticon of this peak. The Tm vaiue 1s generally an
indicator of thermal stability. The change in The hesat
capacity (ACp) can alsc be measured during thermal

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



- long as the desired Tm value has been obtained; however, 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 or the humanized anti.-glypican 3 antibody subjected to
the modification. The stability modification can be carried out by

capatandomly. modifying.amino acid residues, constisuting the antibody
- (e.g. humanized anti-glypican 3 antibody) subjected to the
nvdraadification. 48 additions stahility nmedificationican alsebe rearried
out by replacing a portion of the amino acid sequence cons ituting
eXPOgRE htin &Rz &8 afftibGdy: (6 ¢ “aritib 0y B Ylypicen'3 arftibedy}
ax S2ubjected tto the modification, with an, amino acid sequence faund
HETIaR antibody that already hasa high T'm value and that — © —
courGRIresponds. 1 framthe;standpoint of the correlation of antibody
three-dimensional’ structure - with said portion of the amino ac=d
séguenceconstititing therhumanized-antibody '(ecg. Abranized in
__anti-glypican. 3 antibody; subjected the madification. There are no
0% iffitdtionS ort e Ppo&ition of the i 4itid tesitue of 1asTtties =
inedindergoing 57 substitution; hpwever..aming-acid residue or. .,
residues in the FR are preferably modified. Amino acid residue
witimaedificatioamcan even be catried cutias appropriatednither®@DRmino
region as long as there is no associated reduction in the binding
2C1 G tRARTST the' antiger? dn'dddition, the RtmBersf amifto” &eid =< -
The E51UES SUbjected 19 modifigation is no particulady,limited, and
' modification can even be implemented by replacing
another aminc acld residue is preferred. Thus, modification by
camino acid substitution is preferzbly used in the present

invention when a modificatiorn of antibody stabllity is sought.

The Tr value of the antibody (e.g. anti-glypican 3 antibody!
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ult of the execution of the stability
modificavrion on the aminc acild residues constituting the
antibody. Thus, the Tm value 1z sultably used as an indicator
of the stabllity modification of the antibody (&.g. anti-

vpican 2 antibody! has occurred.

In order tc carry cut the aforementioned "stability

modification” with the anti~glypican 3 antibody of the present

invention, modification i1s preferably carrisd out, for example,

on at least one amince acid residue sselecied from the amino
acid residues at positions 37, 4C, 48, and 51 in the humanized

anti-glypican 3 antiboedy heavy chain variable region shown in
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a particular segment of the FR with a desired segment. With
regard to such segments, all of the segments within the _R
(FR__, FR2, FR3 FR4( can be modified,.or one or more of the
segments modification may be combined. The FR2 of the heavy
chain.- or the light chain is a preferred example In those instances
smo WheLE segment aiithe R, i modified. A preferied specific example,
in this regard is’an aminb acid residue modification in
ous Whichiunanized anthglypicans antibedy heavychain R 2tintheni ne
VHIb subclass (shown.in SEQ ID NO: is modified to the VH4
acidsuisclasss it WB7At(valiné atijosition 3ts replaced Byrd 84 in
i_soleuc_ineé)f as well as A40P, M481, and L511 Lrnggijipwatigns: .
RS OYHEF preteffed Specificexamples afe'a modification humanized
req¥Mi=ganypicans3antibedy lightghain.FR2 region ja the MK2 - ner
subclass (shown in SEQ ID NO: to the VTR subclass, i.e., L42Q,
tharS484A, :antk@Q50R medifications.cAlsocpreferred 81 V2Lch stapility
_modification, which corresponds to modification to a germline
mOC-sedience for “FRI= Thé execution of stibstitition” défétion;” =°
1on@ddition, and/or s8-insertion with respect {a the aming.acid .
residues constituting the antibody (e.g. anti-glypican 3 antibody}
can and the rmoadiication of the aminc:aeid seguence:by . for-example,
chimerization and humanization, can be carried out as
thezgsroptidte by any iéethct koWt 5 thasé skilled i thé it S e 2°
o £X8CUtIoN of substtition, deletion, addition, gad/ar, insertior with

r
rowhan o de 0f the o IVp
respect fd the amino a&a residues constituting g

antibody subjected to the modiflcaticon.

L

The stability modiiication can be carried out by randomly

modifying amino acid residuss constituting the antibody (e.g
humanlzed anti-glypican 3 antibody! subjected to the

modification. In addition, stabllity modification cean alsc be

carried out by replacing a portion of the amino aclid segquence

A

constituting the humanized antibody f{e.g. anti

glypican 3 antibody) subjected to The modification, with an

amine acid sequence found in an antibody that already has a

high Tm value and that corresponds - from the standpocint of
the correiation of antibody threse-dimensional structure - with



the antibody's variable region and constant region can similarly’
be carried out as appropriate during construction of the antibody
(e.g. anti.-glypican 3 antibody) of the present invention as a
recombinant antibody. Any antibodes of animal origin, e.g., mouse
antibody, human antibody, La- antibody, rabbit antibody, goat
supbsabtibody, . camel.antibadymay-preferably he used asthe-antibody
(e.g. anti-glypican 3 antibody) of the present invention. Also
TR apreferred fer Userisia medifiéd antibodys (&g et glyplean3 t ton
antibody) as obtained by substitution in the amino acid sequence
can gRiielit &AtHoa§ ahd KimaniZ&d artibody” AfsD b?léfgr?gé]bﬂirﬁsse
1 ong?e antibody maodifications in.which any; o= various molgcules is
attached. "Chimeric antibodv" refers to an antibody constructed by
actiGQmpiag sequencesoriginating frony; differentabknals. Suitable
examples in this regard are antibodies constructed iron the heavy
acl<chgi-aRE TGt ERATrEYariable Tégiors from “mdtse antibodt 4hdY
.,...the heavy chain.and liar_ chain constant .regions from human, .. ..
“m*dr?ﬁboaﬁngéDt bﬂlsu?c;rmggng?r{jc(tii%%%Tméﬁ‘%%gga{ltitﬁgiyes aIr% e
= panown: Forexamples reeambinant DNA iss generatedynthe wich
in-frame fusion of DNA encoding a mouse antibody variable
regaegion and DNAEALdHING B-hamark antiaty constaht tegitn,fand
- .C2N be incorporated into a conventional expression vector. A host
FRielffransfected of trahsformed with this vector is cultured and the
seg:Ghimeric antibody: can-he preparad geisolated from a culture
medium by appropriate
The FR2Z of the heavy chaln or the light chain is a

= D e - 3 i 4 3 - - . . P T
preferred example in those instances where a segment of the FR

is modified. R preferred specific example in this regard i

L . iz an
amino acid residue modification in which humanized anti-
givpican 3 antibody heavy chain FRZ 1n the VHLb subclass
(shown in SEQ ID NO: 1) is modified to the VH4 subclass, L.e.,

T (veline at pesiticn 327 is replaced by isolaucine] as well

as AADP, M4BT, and LS1I modifications. Other preferred

specific examples are a modification of humanized anti-
glypican 3 antibody light chain FRZ region in the VKI subclass
{shown in SECQ ID N&: 73 to the VK3 subclass, 1.e., L4ZQ, 5484,

and 0530R modifications. Rlso preferred iz V21 modification

-

wnich corresponds to modification to & germiine seguence for

The execuoiion of substitution, deletion, addition, and/or
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means. Humanized antibodies are also known as reshaped
human antibodies. These are antibodies in which a
complementarity- determining region (CDR) from an antibody
isolated from a nonhuman mammal, such as mouse, is 'igated t a
framework region (7R) from a human antibody. The DNA
insePEONENEE encoding, the hymanized antibody, can he sytuhesized
by an overlapplng PCR reaction using a plurality of
the @ligonugleqtides as.primersi ddie starting-materiats and:
procedures for overlapping PCP reactions are described, for
i ekaniple: iR WO 98338 ahd TIsERNEre "DNAGNESEITRY the
. variable region of a humanized antibody of the present invention
*mefﬁamedpby overlapplng aPC%Q from a pTuraﬁ‘lty of ollgonucleotldes
apprEORsStucted so.asito- havenucleotide sequences that averlapawith
each other, which is in turn ligate' with DNA encoding a human
The antibodycconstantragiort soras t6 fermcan indrarmectodond/ o
sequence. The DNA Ilgated as described is then operably .
“neeiseited ito &R °BXpression vedtor follbwed by transfection into'a™ "¢
-ne DOSt:Methads for identifying CDRs are known (Kabatet-al.., 60
Sequences of Proteins of Immunological interest (1987; National
sinilnstityte-of HealthcBethesdaz MdChethiaetalns Naturen(1989.) of
342, 877). General genetic recombination procedures therefor are
the SRpHRAGWN [Fefer f6'EP 125025 'A anth WO 66/02576). ORcE T ™"

1nvSPR fram an antihody of a nonhuman animal, for example, a
murine antlbody, has been determined, these known methods

can pesusedco consteuchRNA engodine & ., mouse antibody,

human antibody, rat antibody, rabblt antibody, geat antibody,

amel antibody may preferably be used as the antibody (e.g.

¢

anti~glypican 3 antibody! of the present invention. Also
preferred for use .3 a modified antiboedy (e.g. anti-glypican 3

antibody) as obtalned bv substitution im the aminc acid
seguence of chimeric antibody and humanized antibody. Also

preferred for use are antibody modifications in which any of

"Chimeric antibody" refers to an antibody construcsted by
combining seguences originating Ifrom different animals.

Suitable examples in this regard are antlbodies constructed

i

from the heavy chain and light chain variable regions from
mouse antibody and the hsavy chain and light chain cconstant

regions from humsn antibody. Methods for constructing chimeric



recombinant antibody in which the CDR and FR from a human
antibody are 2.igated. The human antibody FRs ligated with the
CDP are selected in such a manner that the CDR forms a high-
quality antigen binding site. As necessary, an amino acid residue
or residues in the antibody variable regions FRs may be modified
. as,aporopriate so as enable the CDR of the reshaped human
antlbody to form a suitable antigen binding site (Sato et al.,
geneGaneepRes,{1993)53:851=6)The a]mn@ma;@dmeslduesumethe
-Rs subjected to modification may include residues that directly
antipigd t@atﬁéaéﬁﬁgéﬁ%}?*ﬂ@ﬁéb\%%ﬁt”%d@ﬁﬂﬂf*@f%l a5digrice
(1986) 233, 747-531, residues that _influence or act on the COP. .
wOP‘%s‘f‘ructun—?Jff)fﬁothla et a1 I ll\/lc< Bio%. (1987) 196 907..-1.7),
expr@;@&%'Qé‘@@oﬁeja@edx&ﬁ/gei\l';;ﬂ@ﬁﬂé’c@%@l%\t&lﬂab}& regiontlightn
chain variable region) interactions (ER 239400 B). The
thishumranized antibodyeeneodet by therDNA isproditesdBy thie
Host cell that has been transformed or ransffected by the .
Prerganieraily USed Xpredsion veetor into Which the' DNA has been
neapinserted and is isolated from the culture medium yielded by 61.
the culture of the host cell. When the antibody of the present
invention: isiaschimeric santibedy], frurhanized: antibodyrer human
antibody, a constant region of human antibody or|g|n IS preferably
ant {i68d & tHE °S6n &t T gioR G the Antibody. For Exampre ihen

det e*’mlg‘ml g"'¥zplcan 3%Elb%d}érpflpeaplm%\anQQHODelé @%merlc
anti- leplcan 3 antlbody, humanized anti-glypican 3antibody

nonhumar mammal, such as mouse, 1s ligated to a Iramework

3
z
i}

rom & human antibody. The DHA seguence encoding

the humanized antibody can be synthesized b
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PCR reaction using a plurality of oligonucleotlides as primers.
T3 rarti Tarial s o iures Tor ot inag PCE
The starting materials and procedures for overlapping PLR
reacrions are desaribsd, for exampls, in WO 9§/1338%8 and

elsewhere. DNE encoding the v

o

riable region of a humanlized
antibody of the present invention is obtained by overlapping
PCR from a pluralitv of oligonucleotides constructed so as TO
have nucleotide seguences that overlap with each other, wnich
is in turn ligated with DNA encoeding a hvman antibody constant
region sc as to form an in-frame codon segquence. The DNA
ligated as described is then operably inserted into an
expression vector followed by transfection inte a host.

Methods for identifving CDRs are known (Kabat et al.
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or human ant_.-glypican 3 antibody, a constant regi.on at human
antibody origin is preferably used as the constant region of the
anti-glypican 3 antibody. For example, Cyl, C-72, Cy3, and Cy4
are each suitable for use as the heavy chain constant region,
while It and C?, are each suitable for use as the light chain
sequéQnstant:region. addition; the human.antibody . copstantregion
can be modified as appropriate in order to improve the antibody
Nati(engl anteglypicanc3 antidbody) ortmaprove the stabitibhofitst z21.,
production. Chimeric antibody (e.g. chimeric anti-glypican 31
- Natugg. ot of thie présent SAVERtiDFENRAbY CEATPTSES Avariable
prodSgion from an tihody of 8 nonhuman: mammal and a.consfant,,
"~ region from a human an’-'body. Or. the other: nand, the
we dwmagrzed antibody-preferably.comprises @ CDR fremnaRan animal,
antibody of a nonhuman mammal and a constant region and FR
for frgpiva hurahantibody - Ford example: se hurfanizet aati-giypican

0.0, antibody preferably comprises a CDR from an anti-glypican 3

anffl%@;? of & honhuman mammal and a constant region and FR
recdf@Atanuman aptibody. Fhe 62 human antibady suitably numar,
comprises a CDR from an antibody of human origin and a
ant.gonstant regior and FR:fromiahuman-antibody . Foréramplen thes
_.... human anti-glypican 3 antibody suitably comprises a CDR. from
DR Hit antiEgR/pican:3 dtfibody 6f Human origin“and a tohstarit “* 9"
qua10ion And ER from.a human_antibody. The human_antibody,
constant region is composed of an amino acid sequence that is
res Characteristic ©fdheiparticulantisotypeyke i dgG (g6l 4062, Hg GBy
19G9), IgM, IgA, IgD,

be modified as appropriate sc as to enable the CD
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reshaped human antibody to form a suiftable antigen binding

)]

{

£51-6Y. The aminoc
acid residues in the FRs subliscted to modification may incliudse
residues that directly bind to the antilgen by noncovalent

bonds (Amit et al., Science (1986 233

, 14T-53%, residuss that

influence or act on the CDR structu

]

e {Chothis et al., J. Mcl.
Eiol, {1887y 1%9¢&, 901~17), and residues related to VE-VL
{heavy chain wariable reglon-light chain wvariable region)
interactions (EBP 239400 R,

The humanilzed antibody encoded by The DNA 1s produced by
the host cell that has been Transiormed or transfected by the
generally used expression vector into which the DNA hés been

inserted and is isclated from the culture medium yilelded by
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and IgE. The constant region from antibody belonging to any of
these i.sotypes is suitably used as the constant region of the
humanized antibody (e.g. anti-olypican 3 antibody) of the present
Invent" onThe use of the constant region from human 1gG is
preferred, but not -limited. There are also no particular limitations

he ggl_tg rgug@aghaen@lgggy &F}lq_seq as_the FR _of the humanized
antibody (e _ humanized anti-gi_vpican antibody) or human
antibodynte. g hiyman anti<glypicars-antihachy),:ane the FR{rareric
antibody belonging to any isotype is suitably used. With the aim of

ant Yespering e HARUARBE R, Al 6FE* pottionBfthe anfiRbadid

o [55Idues constituting the FR can also be replaced by permiine

9 §Equences Using the method “described in Ono’K. et al.. loc. Gi-, or

cons@ SiMilaranethed. {Based-on the rational:predictionthat germline -
sequences will have a low immunogenicity, the amino acid

5l yrsequencen corstitutingtthe FIRTiithelhumdnizediantibedythaybe

. .compared, by alignment, with germline amino acid sequences

2Rt KtinaTidan K6 R Shd Mafin G R 2T MEL Bior “(2007) '365.

or BrEi862).-The amipo acid residues of the.bumanized:antibedy £R:,
that differ in this comnarison can be ‘replaced, within a range that

antidoes notimnpairthe afntigern bindiag, characteristics;withiarmimo < £
acid residues from a germiine seauence. The following are

the gydci- fivexafiplésTor the amind adid ¥esitues tonstittting the amc
heavy chain variable region shown in SEQ ID NO: 1: modification

Cr4 fhvat replaces the™2 atpositioh 76 withy |57y chain constant

e

region, while Cx and Ch are each sultable for use as the light
chain constant region. In addition, the human antibody

constant regilon can be modifled as appropriate :
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improve the antibody |

i3

LG,

nti-glypican 3 antibody) or

1))

improve the stability of its production. Chimeric antlibody

1Cea

(1
o

i-gly

o

3 antibody) of the preseant

ot

{e.g. chimeric an
invention suitably comprisss a variable region from an
antibody ¢f a2 nonhuman mammal and a constant regicon from &
human antibody. On the other hand, the humanized antibody
preferably comprises & CDR from an antibody ¢f & nonhuman
mammal and & constant region and FR Zrom a human antibody. For
example, a humenized anti-glypican 3 antipody preferably

comprises a CDR from an anti-glypican 2 antibody ©i & nonhuman

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



modification that replaces the T at position 8? with R, and
modification: that replaces the T at position 9-1 with A. Sn
addition, a modification that replaces the S at position 25 with A is
an example for the amino acid residues constituting the light
chain variable 'region shown in SEQ ID NO: .. With regard to the
nunaY20ADIE [60100 And. consiapt tedion.of dhe Modiled ... poa
chimer-c'antibody, human-zed antibody, and human antlboay of
numathe presentiaventions deletiergsubstitution: insertion;and/or
addition can be carried out as appropriate at one or more of the
ant ieﬁﬁﬁo deitlscEonstifuting thé Vatialie " regiorrafitffor céhbtatit™
on of the antibody. E{@t was_ sub;ectedlto madification, insofar,
ind= |ng specn@cffy or the a antigenis’e “exhibited. Tn par cuar the
humavaee@@._ﬁegm and.constant-rggion efthe-medified: chimeric
anti-glypican 3 antibody, humanized anti-glypican 3 antibody, and
ant igntvglypicam8diu rﬁaﬁi‘aﬁﬁbiodyftﬁtth@préﬁmﬁ nventier:, dheletion, 2
substltutlon msertlon and/o addltlon can be carrled out as

SUl L.a

; Sot\ﬁa&r;able gegloiqj@nd -eonstayit regign of; @@ﬁantljgglyplcaﬂ3 TgD,
antlbody that was su Jected to modlflcatlon insofar as binding

and specificity forthe=antigen giypican-3anolécule iseexhibitedzc any of
Because chimeric anti-glypican 3 antibodies utilizing )

thedfurhdn-detved sequetices, itfiflanized arfticgRfican 3 antibodies

nun @04 bUman.anti-glypican 3 antibodies bave areduced; o e
|mmunogen|0|ty in the human boc y, they are believed to be

QIESQEL invention. The use of the constant reglon from human

TgG is preferred, put not limited. There are ailsc no
particular limitations on the human antibody FR used as the IR

of the humanized antibody (e.g. humanized anti-glypican

1}

antibody} or human antibody {e.g. human anti-glypican 3

antibody), and the FR from antibody belonging toe any lsotype

With the aim of lowering the ilmmunogenicity, ali or a
portion of the aminc acid residues constituting the FR can
also be replaced by germline saguences using the methed
describsd in Ono K. et al., oo, cit., or a similar method.
Based on the raticnal prediction that germiine sequences will
have a low “rﬁuﬁogenicity, the aminoe acid seguencs

constituting the FR of the humanized antibedy may be compared,

by alignment, with germline aminoc acid seguences (Abhinandan K

F AN
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useful for application as therapeutic antibodies that are
administered to-humans, for example, with a therapeutic
objective. Known sequences can be used in the method of the-
present invention for the sequences that encode the an”_ibody
heavy chain and light chain for introduction of mutation. In
r. oAddition,;novel antibedy.genezsequenses-can be obtainedhby i
methods known to those skilled in the art. For example, genes
anincandiel suitablyobtained drommantibedydibrariesy Moreover, gehes
~can also be obtained by cloning using known procedures, e.g.,
In LR PORRGSING Bs TRmprate THRNATrofit AimbribdiraF ©het @oes
not atieedy:producing. hybridoma. Nureraus. antibody libraries are
already known within the sphere antibody libraries. Moreover, as
acidnetbodsdfor reoisteucting antibodyrlibrares are dlsoikmawn, dhese
ski'-led in the art will. be able to obtain or construct relevant \
5PeC&ﬁtilioé?%iﬁ?é?’r’“es?CExéﬁﬁalé@%FSdiF&ﬁle%ﬁﬂHﬁ&? litvaries™arethe "¢
. antibody phage libraries_disclosed in the literature, 6.i for example,
“ea"éla‘ck%byh ‘é?“?ang?\TSturr"ég(fébf%%%é, %54%% NEZD:E@S etal., Mot. Biol.
moa (4991)1222 - 581 -94: Waterhauses et abs sNucleic/Acids:Res,
(1993) 21, 2265-6; Griffiths at al., EMBO (1994) 13, 3245-60;
modMaggharratak Natoke Bivteehndlogy HA:996)14 530914, dndand
Japanese Patent Application. "said-open No, 2008-504970, F_
modmATHGd BF CoRstracting A Sibrafy in “sukaRotic celis (WO 95/15393)
adaAnd known, methods sych.as: ribosome display-and so forth are; s
also suitably used.
with & is an example for the amino acid residue
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the ilight chain wvar
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‘region shown in SEQ ID NO:
With regard te the variablie region and constant reglon of
+he modified chimeric antibody, humanized antipody, and human
antibody of the present inventlon, deletion, substitutlon,
insertion, and/or addition can be carried out as appropriate
at one or more of the amino aclds constituting the wvarilable
reglon and/or consfant region o the antibody that was
subjscted to modification, insofar as binding specifaicity Ifor

e S P A N AN

the antigen is exhibited. In particular, the variable region
and constant region of the modified chimeric anti-glyplcan 3
antibody, humanized anti-glypican 3 antibody, and anti-

glypican 3 human antibody of the present inventiocon, delstlon,

substitution, inserticn, and/or additicn can be carried cut as

appropriate at one or mere of the aminc aclds constituting the

o4



Technology for obtaining human antibodies by panning _
techniques using a human antibody ,library as the starting ma’ rial
is also known those smiled in the art. Thus, single-chain antibody
(scFv), comprising the variable regions of human antibody ‘heavy
and '-ran-- chains fused in-frame, expressed on a phage surface

vax: 450 phage display techniques. ,Genes encoding antigen-binding.

SCIy are isolated from t.. . phage By selecting for phage that
ant 1 BAs t0 the,antigen; ddentificationue’s --e seauence of sucksgenes
enables the ae-_e_--mination of the DNA sequence that encodes
bindfhne heasi dnd! Hight chaifvaridblesregions ofeaa humanscu-e s
.anti-glypican 3 antibody that binds to. the antigen glypican 3.
“Fu=mar, anti- glypican: 3 antibody is suitably prepared by inserting
the. antibody gene having this sequence. in-a:suitahle expressign
vector and allowing for expression. a suitable host cell as
nunzgegeribedcbelowsSueh. methods:are well-knovwwn irithé artand-dies,
~include those disclosed in WC 92/01047, WO 92/20791, WO
and G362 F3 WO 98111936, WO §3A'FL72 WO 051458, and WO
i SR EBIIO3EE. Knawn eptalagios ¢gg,pe Usein oblaIn.aN,
antibody encoding gene from a hybr'_dorna that produces the
use mntihedyaparicidary toobtainar-anti=ghypicanB cs that are
antibody-encoding gene from a hybridoma that produces
adnigriti ey Sicart 3Hohoclonal &riBeds. Brietly, an-afimaris ¢
- immunized with glypican 3 (the desired sensitizing antigen) using
obiective, . . . . .
~ a standard immunization technique and the immunocytes
obtained fromethe animal &eus=ad in the method of the present

axh

invention for the segusnces that enccede the antipody heavy

[62)

chain and light chain for introducticon of mutstion. In
acddition, novel antibody gene seguences can be obtained by
methods known to theoss skilled in the art. For exampie, genes
can be sultably cobtained Ifrom antiboedy libraries. Morecver,

genes can also be obtained by cloning using known procsadures

wn

e.q., RT-PCR using as template mRNEZ from a monocic

3

-1
i L

antibody~producing hvbridoma.

Numercus antibody libraries are already known wlithin the
sphere of antibody libraries. Morecver, as methods Ior
constructing antibody libraries are also known, tThoss skilled

in the art will bs able tc obitain or construct relevant

antibody libraries. Exampl

M

s of sultable antibody libraries

are the antibody phege libraries disclosed in the literature,
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subjected to cell fusion with known parent cells by a standard cell
fusion technique, which is described in detail below. Using
standard screening techniques, the monoclonal antibody-
producing cells (hybridomas) are screened, and cDNA for the
variable region (V region) of anti-glypican 3 antibody can be
ror SYOHAsized with reverse.’ ranscripiase ysing the mRNAdsolated,
from the selected hybridoma as a template. An an_i-glypican 3
et zantibodyrgenerscsuitablysprepared by thevin-frame fusion:of this . ,
cDNA with DNA encoding the desired antibody constant region (C
NucliggiofisSpetiic exafriplesare prévided frrthie toibswitig, Sut thé=c <
(1od}fESEN inyention is, not imited to thesg examnles, The, sensitizing
antigen used to generate the antﬁbody of the present invention
(19amay: be thescomplete imimunegenic antigen-er :may. be @A d-open
incomplete antigen, including, for example, a no-immunogenic
No. Rap£eh? Forlexampie] the falldength glypicans3 protein orfa partial
polypeptide or peptide thereaf can be suitably used. The soluble
3 go?%“ﬁﬁlyb@fﬂti%%%ﬁéﬁfﬁ i SEQ'67TDNO 13 i§ Wpréterred
rindgxampleOtherwise cthe: use,of, .substances.comprising. .
polysaccharide, nucleic acid, lipid, and so forth as an antigen is
Tectalsocknovay Antigenitoowhick: the nantieglypican 3rantibody of the
present invention binds is not_particularly limited co the
ceC EmbodintentsCdéscibed above° AntigBhprodiictionissaitaiYy
mat SATLIEd out by methods known.to those skilled,ip the art. For.
example, a method using baculovirus (for example, WO 98/46777
sind@ng seadotthheandss (scFv), comprising the variablie regions

ek

of human antibody heavy and light chains fused in-frame, 13
expressed on a phage suriface using phage display technlgues.
Genes encoding antigen~binding sciv are isclated from this

rhage by selecting for phage that binds Tc tThe antigen

i

=]

determination of tThe DNA ssquence that encodes the heavy and
Light chain wvariable regions of a human antli-glypican 2

antibpody that binds to the antigen glypican 3. Human anti-

glypican 3 antibody iz suitably prepared by inserting ths
antibody gene having this seguence in & suitable expression
vector and allowing for expression in a sultable host cell as
described below., 3uch methods are well-known in the art and

include those disflosed in WO 92 /01047, WO $2/2078%1, WO

L2

93/06213, WO 93/1123¢, WO 93/1%172, WoO 93/0143%, and WO
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suitably used. When the antigen has a low iratunogenicity, the
animal can suitably be immunized with such an antigen attached.
to _~very large immunogenic molecule, such as albumin. When
the sensitizing antigen is a molecule that spans the cell
membrane, such as glypican 3, a polypeptide fragment from the
95 /1 g}g@pule's extracellular domain is suitably used as necessary the
sensitizing antigen. Or, a call. expressing such a molecule on the
cell sifaceris suitakly used:as the: sensitizing antigen. addition,
when the seas izino antigen is an insoluble molecule,
encogoubiligatior TARy?he Effecteitby haftahitit ife méfecile Wity
_.another water-soluble molecule and .the salubll.ized molecule may
PASgh be SuitabRy Used as the sensitizing antigen. T
geneAE‘nyQdé"F?f)@)gQ@m cells-(e;g-antiglypican 3:antibedy= predueing.= 1
c ells) are suitably obtained by immuzing an animal using a
ntisuitablesensitizingrantigan’as-deserbedrabover O - ypican 5 (The
__antibody-producing cells (e.g. anti-oglypicgn 3 antibody- producing
descéfts)Ean be obtaired b vitro Tmmunizationot 68 fytiphocytes
-ecrihat.are.capable of producing antibody. varioys - vertebrates and
mammals can be used as the animal to be immunized. In
sub-pattieular rodents;iaaomarpns;rand primates «can becgenerallyrdard
used as the animal to be immunized. The rodents may include
el imbused tat SARE HEMst8RHe fYSRBTPhE Smay intude rabbit "and
Usiéﬁesfga@%eé may_inclyde monkeys.such,.as,the cvnomolgus ..., -
monkey, rhesus monkey, hamadrvas baboon, and chimpanzee. in
orod@ddition: fransgenic-animals thatmaintaingi, and cDNA for the

variable region (V region) of anti-glypican 3 antibody can be

his cDNZ& with DN2 encoding the desired antibody constant

Specific examples are provided in the following, but

t
ry
43

present invention is not limited to these examples. The

sensitizing antigen used to generate the antibody of the

T
t
6]

sent inventicon mav be the complste immunogenlic antigen or
may be an incomplete antigen, including, for example, a

rnonimmunocgenic hapten. For example, the full length glypican 3



repertoire of human antibody genes in their genome are also
known, and human antibody can be suitably obtained using such
animals (WO 96/34096; Mendez €' ai., Nat. Genet. (1997) 15,
146-56). Rather than using such transgenic animals, a desired
human antibody cat exniioits binding activity to a desired antigen
o w1aY be sullaply obtained by, for. exampe, sepsitzing, buran
ymphocytes in vitro with the desired antigen or with cells that
subseXPress the desired antigen follaweg:bycethfusionr wi, ~h:bumanna
myeloma cells, for example, U266 (Japanese Patent Pub’'--ca-lion
sc INO.THes:.259678) it aditlition caidesifed Human: artibody- (e g e
_.human anti-glypican 3 antibody) can be §ui1_tab!;/ ?thaiqegmby th:en -
2t minization With 3 desifed of antigen of a' transgénic animal that -
-2 -=Maintains the entire repertoite.of Hhuman antibody.genesdndts
genome (WO 93/12227, WO 92/03918, WO 94/02602, WO
Ant196/34096,:andW0:06,:38735). tmmunsization ofthe Bnimral iscvwn to
~carried out, for example, by suitable dilution and suspension of
hostheb§endftizing dritigén “in phosphaébaffefedSalitie (PBY),
bacPRYySIOlgIcAl saling. 69 solytion, and-se forh; as necessant,, .
emulsification by the” admixture of adjuvant; and then
suidnRtraperitesealiae rsubeutanaaus injection ofthessensitizing:antigens
into the animal. This is followed preferably by several o
aningdmifistiatiors of thie $BRSTHZRY ahtigers mMxet withEF&iind’s-2 e
o dncomplete_adiuvant on,a 4 to 21 day, interval. The pradugtiop,in,

enrnLc uoe

the” immunized animal of anfﬂ%gy against the sensitizing antigen
the CILbe-measured-using knowmanadyticaldeehnigues, for-example,

membrane, such as glvpican 2, a polypeptide fragment £rom Che

molecule’s extracelliviar domain is suitably used as necessar

2s the sensitizing antigen. Or, & cell s¥pressing such a
molecule on the cell surface 1s suitably used as the
sensitirzing antligen. In addition, when the sensitizing antigen

is an inscluble molecule, solubilization mayv be effected Dy
attaching the molecule with another water—soluble molecule and
the solubilized molecule may then bs sultablyv used as the
sensitizing antigen.

Antibody-producing celils (e.g. anti-glypican 3 antlibody-
producing cells) are suitably obtained by immunizing an animal

using a suitable sensitizing antigen
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antibody-producing cells (e.g. anti-glypican 3 antibody-

producing cells) can be obtained by in vitro immunization of
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enzyme-linked immunosorbent assay (ELTSA) and flow cytometry
A hybridoma can be.prepared by fusing an anti-glypican 3
antibody-producing cell obtained from an animal or lymphocyte -
-immunized with the sensitizing antigen of interest, with myeloma
cells using a fusing agent conventionally used for cell fusion, e.g.,
1ympRONELYIene geo! (Goring. doneslanal antibediss;, P-faelples
~ and Practice, Academic Press (1986) 103). Hybridoma production
vert6AR:he suitablycartied out ascardingn , forexample, theamethod
of Milstein e- a--. (G. Kohler- and C. Milstein, Methods Erzymol.
irmu(i98E,; 737 3246Y.L Cultdre AritF PrdliferafBRCTRR hybBFAdoMATENS
repared by. this method yields monoclonal antibod mtlélat% .
prodicédmy the “hybridoma and specifically binds to qypican The
roaeRinding, specificity gxhikited Ly nisdimenoclianal antibedyfosrphs
glypican 3 can be suitably measured by known analytical
may technigaeszbsuch as imsnenoprecipitation, radioimaunoassay such
(RIA(, enzyme- linked immunosorbent assay (ELISA), flow L
& TeStomBH (RS, BRA P8 s foith: AR RéCessan A hybridoma that ™"
cninRoduces an-tiz glypican 3.antibody with the desired specificity, -
affinity, or activity may then be suitably subcloned by, for
repe@xampiep dimiting: ddutiomand¢he monoctenal antibodyprodiuced
by this hybridoma can be isolated. The gene encoding the
knovga|etbéd Hitidody AN herr e 2oied fromi the-aforemenitioRed "
=nifDRridoma or aptibody;producing . cell (g.0., sepsifized ,5c, -5,
W?ymphocytes using a probe capable of specifically binding to th
146{%@33(ﬁﬂ%@é@nﬂﬂ@ncﬁéﬁﬂﬂuﬁkﬂM'deansgenic animals, a desired

can

humar antibody that exhibits pinding activity to a desired

antigen may be sulitably obtained by, for example, sensitizing

numan lymphocvies in vitre with the desired antigen oy with
cellis that express the desired antigen followed by cell fusion
with human myeloma cells, for example, UZot (Japansess Patent
publication No. Hei 1-39878). In addition, a desired human
antibody (e.g. human anti-glypican 3 antibody) can be suitably
obtained by the immﬁnization with & desired of antigsn of =a

trarsgenic animal that maintains the

®

ntire repertolre of
human antibody genes in its genome (WG $3/12227, WO %2/039%1%8,
WO 94/02602, WO 96/340%6, and WO 86/33735;),

Immunization of The animal is carried out, for exampl

[¢1]

4

by suitable dilution and suspension of the sensitizing antigen

iin

Y

4]

in phesphate-puffered saline (FBS), pnvsiological s
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complementary to the sequence encoding the antibody's constant
_region). Cloning can also be carried out by RT-?GR using mRNA
isolated from the hybridoma or antibody-producing cell (e.g.,
sensitized lymphocyte) as a template. Immunoglobullns are
divided into 5 different classes, i.e., IgA, IgD, lal], IgG, and IgM,
based on differences in their structure and function.. Furthermore,

50 U e ihdNIdual classes are divided imto Several subclasses
=am: sotypes) {for &xample:06h-lgG2+ 1gC3-and, 496 4; JgAli and
IgA2; and so forth). The antibody the present invention may
subcoriginate from=antibody belbaging 10 ami of theseselassesante
__Subclasses and is not particularly limited to any class or subclass;
aiTRowever, aritioody Befongivg Stoithe 196 ¢a8s s paitichiatly ="
.= -Rreferred. Genes encoding,the.amino.acid sequences constituting
the heavy chain and light chain of the antibody (e.g. anti- glypican
adjudantibedy) candbe madified as-approptiaterbydhe: techniques: of
genetic engineering. For example, a recombinant 71 antibody that
TiRagWeéh-Sitbjetted 1o drfifididl thotification Swith-the*affl 6f -fot™"
can SEAMBlE. LEQUEING Ihe xeno- JIMYNOGENIGI AGAINSLIUDANS ;o
e.g., chimeric anti “od<y such as c¢himeric anti-glypican 3 antibody,
enzJaumanized antibadysuch as: humanized antizglypican 3 antibody;
and so forth), can be suitably produced by modification of the
{Faucleic acid residues that encode the amino acid sequence
constituting the antibody, for example, a mouse antibody, rat __
By FAB Antidy)” Tathster AntBady - sheeR anibady, "

antfggaﬁdﬁgggﬁybh@anfi)Bﬂ%éined from an animal or lymphocyte

(98]

immunized with the sensitizing antigen of interest, with
myeloma cells using & fusing agent conventlionally used for

cell fusion, e.g., polyethylene gliycol (Goding, Monoclional

Antibodies: Principles and Practice, Academlc Press (1988} 556-
103y, Hybridoma production can be sultably carried out
accerding te, for example, the method of Milstein et al. (G.
Kohler and €. Milstein, Methods Enzymel. (18811 73, 3-46).

c

ulture and proliferation of the hybridoma cells prepared by
this method vields moncclonal antibody that is produced by tThe
nybridoma and specifically binds tc glyplcan 3. The binding
specificity exhibited by this monccleonal antibody for glyplcan
% can be suitabkly measured by known analytical technigues,

such as immunoprecipitation, radicimmunoassay (RIA), enzvme-

Tinked ilmmunoscorbent assay (ELISAY, flow cytometry (FACS), and



A chimeric antibody is an antibody constituted of the heavy chain
and 'eight chain variable regions of antibody originating from a
nonhuman mamma- such as mouse, and the heavy chain and
light chain constant regions of human antibody. A chimeric
antibody can be obtained as follows: DNA encoding the variable
~region of a mouse-originated antibody is | -gated with DNA
o TEhetiG e EoaEert foatan o & R an sy and meeited
g1ypint:-an expression yveetor andihe resulting recombinant ryector, isox
introduced into a host and allowed for expression. Humanized
actigntibodyvis-also krown'asreshaped hurral antisody=and-is an
.. _.antibody in which the cpmp_ementgrj.Iy-d(a_tg_rmoiln7in |_region
i CBRY of B 4668y (€19, TRHCGypidan 3 antBody) Soraey Fom
-n: Ahenhuman mammal syeh.as mouse is ligated with a human
antibody framework region so as form an _n-frame colon
saguenee: The DNAcseqgeencéencoding: athumamzed antibody
can be synthesized by an overlapping PCR reaction usinga =
closifirafiyof bligbntciEstides 4 témplated THe starting 72 ©7 o9 e-2
ce1Materials and oraceduras for the overlapping FCR reaction are. -
described i, for example, WC 98/' 3388 and elsewhere. The DNA
spe@nceding/the variable segien ofthe recorabimant: antibody: (e gzotide
recombinant anti-glypican 3 antibody: of the presentinvention
complyramed by byvetiappifg PER fromf & plurality 6rokgeRticfedtidesa ™
constrycted so as to have nucleotide sequences. that overlap with. .
=25 3 oeF hiGH i 1 oSt with DA ey e
1 so 8tody gonstant. region.so as toforman-ip-frame cpdon : (e.¢.,
sequence. The DNA ligated in

sensitized lymphocyte) as a template., Immuncoglobulins are

divided into 5 dii

ferent classes, 1.e., Igk, Igh, Igk, IgG,
and ToM, based on differences in thelr structure and function

Furthermore, tTh

4]

individual classes are divided into several

subclasses {iso

¥
ie)

ypez; {(for example, IgGL, Igi3Z, IgG2, and
IgG4; Ighl and IgkZ; and so forth). The antibody oI the
present invention mav originate Ifrom antibody belonging to any
of these classes and subclasses and ls not particularly
limited tc any class or subclass; however, antibody belonging
to the T1gG class is particularly preferred.

Genes encoding the amino acid seguences constituting the
heavy chain and light chain of the antibody (e.g. anti-

yoican 3 antibody! can be modifised as appropriate by ths

cechnigues of genetic engineering. For example, a recombinant



this manner is then inserted in an operable manner into an
expression vector, and introduced into a host. The antibody (e.g.
anti-glypican 3 antibody; encoded by the DNA expressed by
culturing the host. The expressed antibody (e.g. anti-glypican 3
antibody] is isolate by zursryong from the host culture mediun FP
. ,239907, WC 96/02576, and so forth! The ERs of the humanized
AN ARRfiBody (e.0° anti-giypican™3 antibody) ligated with CDR are
w1 rroelectedingsuch a manngr.that the complementarity-determining
region forms a high-quality antigen-b_nding site to,- the antigen.
immuyAs Jrecessary; dhenaminoracid sequence: nray be mudified:bypuch as
suitable substitution of the amino acid residues coqsgtuting the
°n i ngitibiody vartable région RS 88%s toEHapI the % =" @
hunS0MPlementarity-determining region of reshaped antibady.tg form
a suitable antigen-binding site for. he antigen (K. Sato ata_..
suitGanger RescEH993) bog,:8512:866) 41 additiondo=modifications i dues
related to humanization as discussed above, further modifications
tha gt becintiéduéBd for 73 eXamiple” toimprove-the Biochericar <Y -
o ShATCIENSUCS Ol the, antibody. 6.0, the Ainding actiyity Wil g,
antigen recognized %y the antibody (e.g. anti-glypican 3 antlbodyg
namMedifications.in thecontext of the present inventieacarche sc forth.
suitably carried out by known methods such as site-specific
i cimptagenesist frefer foraxample o Kurike! IPYeeNatl. Acad: =56,
.. USA (1985) 82, 488), PCR. mutation, cassette mutation, and. so, ,
h2t5rtR" The Aiino acid $&quignce of the modified antibody” with —— °

:inoH“Q@MﬁQMQ@W' characlerigtics %g,eré@f@-”yh@a%@évy chzin and

93]

light chain constant regions of human antibody. A chimeric
antikbody can be cbtained as follows: DNA enceding the variable
region of 2 mouse-originated antibody 1s ligated with DNA
encoding the constant regicon of & human antibody and inserted
inte an eXpression vector, and the resulting recomblnan
vector is introduced into & hest and allowed for expression.
Humanized antikbody is also 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)
isclated from a nonhuman mammal such as mouse 1s ligated wilh
a human antibedy framework regilon so as to form an in-frame
coden ssguence. The DNA seguence encoding & humanized antibody
can be svnthesized by an overlappiﬂg PCR reaction using a

plurality of oligonucleoiides zs tempiates. The starting
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Least. 70%, more preferably at least 80%, and even more
preferably at least 90% (for example, at least 95_, 970, 98%,
99%, and so forth) identity and/or similarity with the amine acid
sequence constituting the antibody subjected to the modification
(that is, the antibody on which the modified antibody is based’).

. _As used herein, the sequence ,identit(_yﬂand/pr siryilgrilg% re]f_qroshtoa?e
TETEHE BropSHiBRGTARine 4G FR&IdUES thatareidentical (identicar
sesciasidues) orsimilar (aming;acig residyes.classified; into.the same

group based on the general. characteristics of the amino acid side
chain)miadtemaligning the sequences aaglinsertinglgaps agninant
necessary in such a manner that the sequence identity assumes
antigfaximuim, TFRETRtirally Setiringariro add resfdies tan™"*
or=cggnerally be classified into the following groups baseg.on the
~  properties of the side chain: (1) hydrophobic: alanine, isoleucine,
plurvaline, methianine;anrd teanine; (23 neuttalchydraphidc: have
asparagine, glutamine, cysteine, threonine, and serine; (3) 74
nuclgeiicicaspante: aefd aF ghitamieracid= (4 Fpasic argining 1<% +s o
rerfustidine and lysing; (3) residues that affect chain orientation. ., .
glycine and proline; and (%3 aromatic: tyrosine, tryptophan, and
<o £henylalaning, R spegificsuitable-embodiment-of-a:modification
for enhancing antibody function includes an improvement in the
thigvietoxicityexhibitethby thecaritibedy csach bs humagized: to an
anti-oiypican 3 antibody. Preferred examples of cytatoxicity .are. -
XD Hihsav-dependent cetmediatad cviB oxicity (ADC-Yand -~

{e.g. anti-glypican 3 antibody! encoded by the DNR is

expressed by culturing the host. The expressed antibody (2.4d.

host culture medium
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The FRs of the humanized antibody (e.¢. anti-glypican 3

antibody) ligated with CDR are sslected in such a manner that
the complementarity~determining region forms a high-guality
antigen-binding site for the antigen. As necessary, the amino

scid seguence may be modified by suitable substitution of the

U]

amino acid residues constituting the antibody variable region

FRs, so as to enable the complementarity-determining region of

(O

(

reshaped antibody to form & sultable antigen-binding site fox

the antigen (K. Sato et al., Cancer Res. {1993) 53

, 851-85¢)

in addition to modifications relat

D

4 to humanization as

9]

discussed above, further modifications can be introduced, for



‘complement-dependent cytotoxicity (CDC). In the present
invention, CDC activity denotes cytotoxicity due to the
complement system, while ADCC refers to an activity of
damaging the target cell when a specific antibody attaches to a
cell surface antigen on the target cell and an Fcy receptor- bearing
cell (e.g., an immunocvte) binds to the Fc portion of the antibody
eXEMBUgH tHEESY fecéptor Whethéra test aftiboty® as ADCE™®
anc186YitY has CDC agtivity can be measured;by known ;methods (for
example, Current Protocols in Immunoloav, Chapter Immunologic
reccsfudies pwhumans::Edioer, Jehn.Caligansetyal.cdohh Witey&dy ) .
Sons, Inc., 1993;)) in specific terms, effector cells, a complement
Modidgltfiprenantltarget eelisare fifstpreparets Preparatibn of effectsr
su1:G8lI8, The spleen is isglated from, for example, CBAIN mouse, -and
“the Spleen cellsare sgparated on RPMI1640 medium 75
mut {dBVitrogen):After washing.with-the same, medium containing 109%.
fetal bovine serum (FBS, HyClone) the cell concentration is
sciadjbsted 165 x¢£06 cells/micTo prepare the Effectorcalisz a2)pn. and
Preparation of complement solution The complement solution can

R N

=2 458 preparéd By 210X dildtioh 6f Baby Rabbit Complerment ~~

wiz{CEDARLANE) with 10% EBS-containing medium Invit,_roger. {3)
Preparation of target cells Cells that express an antigen protein to

leasvhithtthentest antivody binds are=cultired withi02 mCis1Cr

sodium chromate ] ) i
preferably at least 90% (for example, at least 85%, 987%, &S8%,

99%, and so forth) identity and/or similarity with the aminc
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antibody i1s based). As used herein, the segusence ldentity
and/or similarity refers toe the propertion of aminc acid
residuses that are ildentical {identical residues) or similar

(amino acid residues classifisd intc the sams

9]

croup based on

the general characteristics of the amino acid side chain)
after aligning the seguences and inserting ¢gaps as necessary
in such & manner that the seguence identity assumes & maximum.
The naturally occurring aminc acid residuses can generally be

classified inte the following groups bhased on the properties

3

of the side chain: (1) hydrophobic: alanine, isclsucine,
valing, methicnine, and leucine; {Z) neutral hydrophilic:
asparagine, glutamine, cysieilne, threconine, and serine; (3}
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(GE Healthcare Bioscience) for 1 hour at 37 in. DMEM medium
containing 10% FBS on order to radiolabel the target cells. The
following, inter alia, can be used as the cells that express an
antigen protein to which the test antibody binds: cells
transformed. with a gene that encodes an antigen protein to

which the test antibody binds, ovarian cancer cells, prostate .
25398 5h o dlis: Draakt cancer Ceid ietine tancer “Calls lver canaer

h ngguﬁem%&aﬂyﬁ! £ells, pancreatic. cancer calls, kidgyicancer
_S, bladder cancer cells, and colon cancer cells. After
oneradloiaﬁeh@gym eellscare-washed sthreedimesawithiRPM 1640 ne,
medium containing 10% "BS and the cell concentration is
tryadjisted ©'2 Y10 ¢elfs/AAL 16 prepare the target cells. The ADCC
activity and the CDC, activity. ca he measured by the following
methods. In order to r?feasure the ADCC activity, 50 L of the
=nt Aarget cellsand 50 gh-of the testantibody ares 76-added to.acne
96-well U-bottom plate (Becton Dickinson) and reacted for 15
oyt ohindtes onstel To tite reactionampitire is &H8BdEF00 Hleetfettor
cells and mcubated for 4 hgurs ina carbon dioxide incubator. A_
ARt G Eorcentration of st antibody 1S preferably within the range -
=r= QM 010,10 yg/mi... After incubation. 100l of the-supermatant is.a
recovered and the radioactivity of the supernatant is measured
comuisingra gammra scounter(CABRAY = AUTO-GAMMA? MODEL
D5005, Packard Instrument_ Company). Thecytotoxicity can be

*I“th’a#éﬁta*ted]:usm@"m YadiGHetivity atcording to thé tol6wing™

_ongg%¥%L 'system, while ADCT refers tTo an activity of

AV

damaging the target cell when a specific antibody attaches to
2 cell surface antigen on the targset cell and an FCy receptor-
bearing cell (e.g., an immunocyte} binds to the Fc portion of

the antibody through the Fov receptor. Whether a test antibody
has ADCC activity or has CDC activity can be measursed by Xnown

mathods (for example, Current Protcgols in Immuncliogy, Chapter

7, Immunologic studies in humans. BEditor, Jonn E. Coligan et
al., John Wiley & Sons, Inc., 1863

In specific terms, effector cells, & complement solution,
and target celis are first prepared.

{1y Preparation of effector cells

The spieen ig isolated from, for example, CBRE/N mouse,

u
]
@]

the spleen cells are separated on RPMIL040 medium

B |
A



(A-C)/(B-0)x1001 wherein A is the radioactivity (cpm) for the
sample using the particular test antibody; B is.the radioactivity
(cpm) the oo~ sample to which 1% NP-40 (Nacalai Tesaue) has
been added; and the radioactivity (cpm) for the samcle containing
only the target cells. To measure the CDC activity, 50 RL of the
target cells and 50 L of the test antibody are added to a 96-well
AL B6om plater (Béctor Dikkinson)ardtéatfed for T8 hindgies
10+ 904he reaction mixtyre is,added 100.1. complement. solufion.and,

incubated for 4 hours in a carbon dioxide incubator. A final

13 sconeestratiore of test aptibodyis preferably-dherrange-from: to=3 1s.
ug/m-. After cultivation, 100 L of the supernatant is recovered and
2) theeradivattivity" Of the ‘stsernatant is measured with a gamma 77
counter. The cytotoxicity can be calculated in the same manner .
as for measurement of the ADCE activity. Whien the ?:yjtotbx_‘lé:fy o
or e t9an antthody conjugate:is:ta e measured,:5¢9 0fthe: 1: ng
target cells and 50 uL of the test antibody conjugate are each
medigdded toa 98+well flat-bottom elate (Becton Dickinson; and
reacted for 15 minutes on ice. The plate is then incubated for from
TAREGPS 17"a Rarlbén “dioxide ificubator. A final test antibody
concentration is..preferably within.the range fram .10 3,9/mL. . . .
After incubation, 100 R1 of the supernatant is recovered and the
ant radigactivity of thecsuperratant 16 nteasured Wwith agammanronate

counter. The cytotoxicity can be calculated in the same manner
(GE Healthcare Bioscience! for 1 hour at 37°C irp DMEM medium

fon
Lo

containing 10% FBS in order te radlolabel the targe

[l
0
44
F
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The following, inter alia, can be ussed as the celils that

express an antigen protein o which the test antibody binds:
cells transfeormed with & gene that encodes an antigen protein
o

to which the test antibody binds, ovarian cancer cells,

prostate cancer ceils, breast cancer cells, uterine cancer

cancer cells, kidney cancer cells, bladder cancer cells, and
colon cancer cells. After radiclabeling, the cell
three Times with RPMI1640 medium containing 10% FBS and the

cell concentration is adiusted to

2]

x 107 gcells/ml to prepare

The ADCC activity and the CDC activity can be measured Dy
the following methods. In order Lo measure tThe RDRCC activity,

50 uL of the target cells and 50 ul o

=y

The test antibody are

76



as for measurement of the ADCC activity. The heavy chain and
light chain variable regoons or the antibody (e.g. anti-glypican 3
antibody) are, as described above, generally composed of 3
CDRs and 4 FRs. The amino acid residues subjected to
"modification” in a preferred embodiment of the present invention
can be suitably selected, for example, from the amino acid
addefpdifugs’Coristituting the TDRS of FRE-MadHticatidhy of théEmino
..2¢id residyes constituting the CDRs..main some cases cause a
'eavreecfjgt%n in tﬁénéjﬁteléeﬁrgijha?hg activity b??ﬁgq afritigoc}i% 9.

zaqe@ntirglypican-3 anfibody), dnyelved in,the modification,..~s ir. a
Accordingly, the antibody (e.g. anti-glypican 3 antibody)aminc
carcaeidiresiduesisubjected tck "modification®in the jpreseht irwvention
are preferably 78 selected from the amino acids residues
antigonstituting tieFRs) bt hot limited 202 YWAEAT is eonfifmed that
modification c- am'-no acid residues located in the CDRs do not
Aftegause dPredietion in the ARtigen BindHig activity of the antibddy? ¢
e.g. an -glypican.3 antibody) involved,in the modification, then _
SUich &iino acid résidues may be selected for modification: Thése
courSkilled dathe art canrseadibifindimarpublic -database,such as.the.-
Kabat database, amino acid sequences constituting the antibody
CompvariableltegiontERothiat actually loecer inakorganismastch as
~mouse or human. A preferred embodiment of the present
aAiRGENtiIoN Provides” a Hunfarized antibdy {e 5§ an- i*lypican 3
antibody), haying plasma kinetics modulated by the method of the
present

wherein A 1 the radicactivity {(cpm) fcr the sample using tThe

the

particular test antibodv; B is the radiocactivity {cpm) of the
sample to wnhich 1% NP-40 (Nacalai Tesgue! has been added; and
C is the radicactivity {(cpm) for tThe sample containing only

o measure the CDC activity, 50 pl. of the target cells
and 55 pL of the fTest antibody are added To a 96-well ILlat-
bottom plate (Becton Dickinscony and reacted for 15 minutes cn
ice. To the reaction mixturs 1s added 100 uL complement
solution and incubated for 4 hours in & carbon dioxide
incubator. A final concentration of
preferably within the range from ¢ to 3 ug/mL. After
cultivation, 100 pl of the supsrnatant ls recovered and tThe

radicactivity of the supesrnatant is measured with a gamma

77



invention. For example, the humanized antibody (e.g. anti-
glypican 3 antibody) is a humanized antibody comorisino a comp
lemenzarity-determining region (CDR) derived from a nonhuman
animal, a framework region (FR) of human origin, and a human
constant region, wherein at least one amino ac_d. residue that
can be exposed on the antibody surface in the CDR_ or FR has a
counitferent thargerant that 6f théarmd acitf Tesiduélin thgre manner
as ££QMEsponding position of the CDR.or £R of the original antibody
and wherein the humanized antibody has plasma kinetics
maodiated ik comparisonytaithe chimeric anibhody-hayingibeis to
same constant region. Another preferred embodiment of the
be rpresemtcinvehtion provides @ hemar antibody (€.githurhame test
~ anti-glypican 3 70 antibody) having plasma kinetics modulated by
2P ethod 6F the Present invétitfon: ThHe htiman antiBody” for™
mlat%xa\‘@epl%b§ %ﬁHﬂ%@@”%‘&W&O@BQS%%E minutes on ice.
complementarily-determining region (CDR) of humad origin, a
The framewark region (FR)ofdauman erigin,: andhahuman goastant,
_ region, wherein least one amino acid residue that can be exposed
diogRlantibotiFSafface in-ftie CDR o "Rty adifferént ehatgeffom
that of the amine acid residue in the corresponding position of the
PTECHRER e ofignal artiBody&hd Whéreinhhe aniar Entibody
i fJS Plasma, kinetics modulated In comparison lo a chimeric
“antibody having the same constant region. The aferementionied
-ac MMan.gonstantregionreferably denates.a Legien comprising
awi?d-type human Fc region, buta _
counter. The cviotoxicity can be calculated in the same manner

zs for measurement of the ADIC activity.

The hesvy chain and light chain variable regions of the
antibody (e.g. anti~-glvpican 3 antibody) are, as described

above, generally composed of 2 CDEs and 4 FRs. The amince acid
regidues subjected to "modification" in & preferraed embodiment

of the present invention can be suitably selected, Ior sxamplie,
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rezidues constituting the CDRs or F

o)

5.

Modification of the aminc acid ressidues constituting the CDRs

[

may in some <¢ases cause a reduction in the antiger binding
activity ¢f the antibody le.g. anti-glypilcan 3 antibody}

invelved in the modificaticn. Boccordingly, the antibody

®
9]

anti-glypican 2 antibody} aminc acid residues subjected -

F
<

"modiflcation" in the present invention are preferably
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modified _c can also be suitably used. Such a "modified = may
include a modified Fc as prepared by the modification of an amino
acid residue constitutinc the Fc as well as a modified Fc as
prepared by a mod ication of a modification already executed in
- the F,» moiety. F preferred exampleof such a modification of a
selamodt donnisithe modification=ofithe cnature of thetsugar chainrrs,
~ modification attached to the Fc portion. One c referred specific
out Eramplétisithe antibtdy “having réduceatdrtent Bifutose-1on o=
2. @ltached to.the, Fe region: that is, specifically disclosed herein as a
reference example. The term "antibody having reduced content of
redfieose attached to the-Feregion’ denotes anantibedy fer which (e . .
the amount of bound fucose has been significantly reduced in Sr
anticomparison fo thé coritrol antibodys and preferably fucosetis then
uh%url(]jﬂe;tneoctgpi%. EHEQSQE greqergll)i bound to we‘N-g(I:ycgqsﬂidg linked
“stigar chains that are bound at the two sugar chain- binding Sites
present inithe ¢ regionof the twa heawvy chain molgcules,that.
form a single antibody molecule. The term "antibody having
datyedecedcontent of fudose attachéed e thenSccregion” denetes:an.
antibody that, in comparison with the ordinary antibody as the
COnTontrot Had ATuEdse COrteRt nd” Hreafdtthan 5094 Spreferably #o
cco@reatet than 25%. more.; preferably no greater than 10%, and
particularly preferably no greater than 0% of the total sugar chain
content tf thec centrol aribody. The fucose content.canberovides
measured using the analytical procedure provided in the
a h$@ﬁ%%ﬁ§é%§%&ﬁﬁ%%;ﬁékﬁm_anti—glypican I antibody) having

piasma kinetics modulated by the method o

-ty

the present
invention. For example, the humanized antibody (=

In

givpican 2 antibody)y is humanized antibody comprising a

a3}

complementaritv-determining region (CDR)} derived from a
nenhuman animail, & Iramewerk regilon (FR) of human origin, and

a human constant reglon, whersin at least one amin

]
.

ju]
Q
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residue that can be exposed on the antibody surface in the CDR

or IR has a different charge Irom that c¢f the amincg acid
residue in the corresponding position of the CDR or FR of the

original antibedy and wherein the humanized antibody has
piasma kinetics modulated in comparison to the chimeric
antibody having the same constant region.

Ancther preferred smbodiment of the present invention

provides a human antibody (e.g. human anti-glypican 3

70



The method for preparing such a fucose-depleted antibody may
include the method described in the reference examples of the
present invention, as well as a method for producing . antibodies
with fucosyl trans’_erase-deficient animal cells (Biotechnol.
Bioeng. (2004) 87(5,,), 614-22 and a method for preparing
antibodies with animal cells in which_ the complex branched
antihigay chalft Moo id fiddifictr(Bio? eednd!. Bibert:(2006)
3(5),.8p1-61). In additjon, suitable e XE mples of preparation ,
mett%ods usm% rl%on anlr%al §eWs the hoagt cells mfy |§cﬂ3d‘e " *
numdnetheddenprogusing antitodieswith-plant :eells INature. : g region
Biotechnology (2006) 24, 1591-7) and with yeast cells (Nature
{CPBiotechinBiogy {2006) 24, 2120:5). X precdrred efibodimewtahecrigin,
. Preparation method of the 81v§)resent invention is a method of
preparing an antibody (e-§" anti-giypican 3 aitibodyyhaliny 2+
resiAQdulated plasma kinetics; comprising (@) modifying a.nygleig. oy
acid that encodes a polypeptide comprising at least one amino
or %ldaﬁeﬂdmmmmbe@ﬁpdsed onrthe stirface efthe antibody
(e.g. anti- glypican 2 antibody), such that the charge of the amino

oS résithie(SY i€ RRBNYed q by Cutfurifig A hb&F celtin Sudiac? the
o1 faanner that the nycleic acid modified in the, §1%@,0@) Rae plaspa
expressed; and (c) recovering the antibody (e.g. anti glypican
kinantibody)dfrom ¢he hosteelk culture - In themethod: o&:ﬁhew@ﬁaIfEmng
___invention, the term "modifying a nucleic acid" refers to a
IS mgtfication of thé=htieteic acid sequence so as to provide a
c On._bhrﬂmenhAoneo human constant reglon preferably

“denotes a region comprising a wild-type human Fo region, but z

modifled Fo can also be sultably used. Such a "modified Foo

may include z modified o a

3]

prepared bv the modificetion of
an amino acid residus constituting the Fc as well as a
modified Fo as prepared by a modifiication of 2 modification
already executed in the Fc melety. B preferred example of sush

Lol b

a modification of a modification is the modificartion of the

nature of the sugar chain modification attached *o the Fo
pertion. One prefsrred specific examplie 1s the "antibody
having reduced content of fuccse attached to the Fo region”

that s specifically disclosed herein as a reference example.

The tTerm “antibody having reduced content of fucose

attached to the Fc regicn" denotes an antibody for which the
amount of bound fucose has been significantly reduced in



corresponds to the amino acid residue that is introduced by the
"modification” of the present invention. More spec-f cally, this
term refers to a modification of a nucleic acid that containsa
codon that w---'- undergo modification, wherein said modification
changes the codon corresponding the pre- modification amino
COMPACoresitiue to the Cotfon o the aiin® acit” FésitRfe thatigose 1o
ungdPltaduged by, ine modification, Gengrally this fermmeans the,,
implementation of a genetic procéss or mutagenic treatment as to
1inkeplacesat least-one bhase:oft the ueeden-eomprising nucleig.acid-to
. provide a codon that encodes the target amino acid residue. That
bingshg EodBh Enestitg tie “amin6 acidirasidue Subjéctedtgvy chain
1 Jnodification is replaced by a codon encoding the amino acid
" residue that iécfﬁ'#ocd uced’by ¢ "the ?ﬁ%diﬁ%é?%)‘hl. The huciéic acid
" andnostification-can be, suitably-carried-out bydhose: skilled in-the.art:-.
using known technology, for example, site-specific mutagenesis,
regIPCR Grittagenesisiandost ferht Thenoeleie aicid preparedrin the
Ordiglrgsengpipygntipn is_generally placed (inserted) into a suitable
FAVEctor And “ittrodiicéd nfo 8 Host céif “TReré aré ho Parficlldr®
gredimitations anthevectoras long as.has the gapability tc, stably
maintain the inserted nucleic acid. For example, with reference to
creiheaise ofcEgcelitas thédostOpBlaescrpt vector {Stratageas)isy no
preferred as a cloning vector, although various commercial_y
SreEAIlADIRVEELSTS CAIT bEPh&ed S A exipressich Vertsr i pafticularly

con%ggﬁuéﬂ%£99§§Jn§ﬁ%n%%%ose content can be measursd using the

analytical procedure provided in the

reference examples below.
The method for preparing such z fuccse-depleted antibody may

include the method described in She reference examples of the
present invention, as well as a method for producing
antibodies with fucosyl transferasse-deficient animal cell
{Bictechnol. Bioeng. {2004} 87(5), $14-22' and a method for

preparing antibodies with animal cells in which the complex

branched sugar chain modification is modified (Biotechnoi.

cells (Nature Bilotechnology (2006} 24, 210-%%.

A preferred embodiment of the preparation method of the



where the vector is used to produce polypeptide of the present
invention. There are no pa 'ticula -.imitations on the expression
vector as long as it can express polypeptide in vitro, in E. cci_, in
cell culture, or within an organism. Preferred examples include
pBEST vector ,Promega) for vitro expression, pT vector
presdnvitrogen). fonE: coif, RMEIBS 3 yector {GenBank.Accession
No. AB009864) for ce,_| culture, and pME18S vector (Mol. Cell
an<iBiply{1988) 8, 466-472) foran rorganisis BNA:agcording to the ,
resent invention can be inserted into the vector by standard
“oMEhethods, for Brantpiel by* the“1i gasé TeactibhtutiizifgGestriction
po1RREYME.sites (Curent.Rratocols in Molegular Biglogy, edited by
Ausubel at ate. ,"!198 Publish. John Wiley & Sons, sections
can '"nd . 4xpodd) o Theresare ao=particular dimitatiens on. the host-cell
referenced above, and various host cells can be used depending
9L VEir the pUpose Examiples o ealls fér fig-exprédsiorfopmine acid
<< RONYPEPLLe Icludefadioral Gl e9. . SHiEploggocus,

A A i «

Staphylococcus, E. c0-7i, Strep‘tomyces, Bacillus %ﬁbtliugf%un‘f;i
nanrcells:(eng. cyeast Aspergilus) rinsect cells{e:g- Drosophila;: 92,
Spodoptera Sf9), animal cells (e.g., CHO, COS, Hela, 0127, 3T3,
S¥PISHE HEKZ93 “Bovfes niélarorhbecalisy. amh plents celist Thel veican
vector can_be introduced into. the host cell sbv known methods,
antlivody ) [rom the nost Ceil cultuzne..
for example, calc¢ium pﬁospﬁafe precipitation, electropulse
poration:(Gurrent Rrotocols Malecular Biglogy,,  edited-hy.,
Ausube' at al . (1987) john: Wiley & Sons, sections

"modifying a nucleic agid" refers to & moedification of the

3

nucleic acid segquence sc as to provide a codon that
corresponds to the amine acild residue that is introduced by

the "modification"” of the present invention. More specifically,

this term refers to a modification of a3 nucleic acid that

contains a codon that will undergo medification, wherein said
modification changes the codon corressponding to the pre-

modification amine acid residus to the codon of the amino acild
residue that ls introduced by the modification. Generallyv Zhis
Term means the implementation of a genetisc process or
mutagenic treatment So as Lo rep.ace at least ons bass of the
codon~comprising nucleic acid to provide a codon that encodes
The targel amino acid residue. That 1s, a codon encoding the
amino acid residue subjected to modification is replaced by a

codon encoding the amino acid residus that is introduced by



9.1-9.9), lipofection, and m,ic_.oinjection. An appropriate secretory

signal can be suitably incorporated into the antibody (e.g.

anti-glypican 3 antibody) in order to bring about secretion of the

antibody expressed in the host cell into a lumen of endoplasmic

reticulum, the periplasmic space, or the extracellular environment.
the Suchracsignal .cansuitably be the native signal sequences

characteristic of the antibody (e.g. anti-glypican 3 antibody) or can
suitha-a hetéroldgdts-sighal sequérice M Thelantibid§=g. antiglypicaf
B aﬁntidt%,od)é)ogroduced as described ahove can be recove gg by

Ol < sPeClile multadellesl

]

collecting the culture mhedium in those instances wheré the
nutzantibedy of-the presertrnvention. is secreted into the culture

medium. In those instances where the antibody (e.g.

aftylypicet, antibedyy 8=26f the présent fiverition is prodoteds
sonNithin the cell, the cell _is first lysed and then the antibody is
e Setovered: Kiown methods Gan be suitably used to purify the
int 2Rtibady ; anti-gl.ypican-3antipgdy). of the invention secovered

from the recombinant cell culture, for example, ammonium sulfate
Linignd ethanot precipitation, acidiextragtion; aniontor capability to

___cation-exchange chromatography, phosphocellulose . o

Sta”ch\’rofr“ﬁéfot@%%’phﬁ’,%yd“r%‘i)%oaﬁic%f&%‘cﬁioar? chromatography, affility”
-= - Shromatography, hydroxyapatite chramatography,and Jectin

chromatography. The present invention also relates to a
veciCompesitian gandrug) comprsing a pharmaeceuticathy @acceptablecugh

carrier and the _ 7 _
Varicus commerciaiiy avallablie vectors can be used. An

expression vector is particularly useful in these instances
where the wvector 1s used to produce polypeptide of tThe present

invention. There are no particular limitations con the

expression vector as 1

e}

ng as it can express polypeptide in
vitre, in E. c¢oli, in cell culture, or within an organism.

Preferred examples include pBEST vector (Promegal for in vid

%]

expression, pbT vector {(Invitrogen, for E. coll
vector (GenBank Rhcocession No. ABOQSG864; for cell culture, and
pPMEIBS vector (Mol. Ceil Biol. (18988) B, 466-472) for an
organism. DNA according to the present invention can be
insertec into the vector by standard methcas, for example, DY
e ligase reaction utilizing restriction enzyme sites

{(Current Protocols in Molecular Biology, edited by Ausubel et

al. (1987 Publish., Jehr Wiley & Sons, sections 11.4-131.110.



antibody (e.g. anti-glypican 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 esent invention
can Be fGrmulsted by & méthod Rnofn- thss& Skiiksd P e &t For
ref e%’é%@apdeaﬁé%?r%@%@f% Q?o%suegeb)ﬂ'%‘ %%g-qgg ! uI’O@U ecitggending
form of an injectable, i.e., a suspension or aseptic solution with
on twater:opather pharmaceutically 1acceptable ligiide Forexample,
the formulation can be prepared by combining the antibody with a
POl BRammatolaGically 85dcteptablé tatriet of mediumy in particalar
_ with sterile water or physiologicalsaline, plant oil, emulsifying ,
“te ggér?ﬁo§ﬁésf)bn*dinﬁva‘%énst% é‘u%aﬁ%ﬁf? stabifizer, “Tiéi’i/d‘srlé%*t,}/ diluent,
fundCarsier; presepvativesbinders and;so fokth, and mixing in the ugit
dosage state required by generally established pharmaceutical
Drogsraictice. “Ehe amoumt of active ingredieat ire the formlations. iscos,
Lop Selected i_ﬂ_ms,ychBaKmam{erthat a suitable dose in the indicated =~
*“Fange is obtained. A stafife composition for IRfECtion cah bg™d ©-ans
o2 8UItably formulated i n. accardance;with standard pharmaceytical
practice using a carrier such as distilled water for injection. The
knowggueobs$solufion fordnfection:-canibe, forcexampleprecipitation,

electropulse poration (Current Preotocols in Molecular Biology,

edited by Rusubel et al. (L1987 John Wiley & Sons, sections
i, lipofaction, and microinjection.

An appropriate secretory signal can be suitably
incorporated intc the antibody (e.g. énti"glypican 2 antibody)
in order to kring abcut secretion of the antibody expressed in
the nest cell into a lumen of endoplasmic reticulum, the
periplasmlic space, or the extraceliular environment. 3uch
signal can sultably be the native signal sesquence
characteristic of the antibody {=.g. anti-glypican 2 antibody)
or can pe a heterclogous signal seguence.

The antibody (e.g. anti-glypican 2 antibody) produced as
described above can be recovered by collecting the culturs
medium in those instances where the antibody of the present

invention is secreted into the culture medium. In thoss

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

¥



an isotonrr. solution containing physiological saline, dextrose, and
other adjuvants (for example, D-sorbitol, mannese, D- mannitol,
sodium chloride). Suitable solubilizinc agents (e.g., an alcohol
such as ethanol or a polvalcohol such as propylene glycol or
polyethylene alvcol) and nonionic surfactant e.g., ;Polysorbate
BOTHHEOB0;"¢ER al§0 be U a8 appropriate  Oilydiguidshe celt
dnelude sesame il and 5oy ol Benzyl benzoate and/or benzy
alcohol can also be suitably used as ‘solubﬁlzmg agents. buffer
(femexanple; phosphate: bufferasoluvien: sodiym-aeetate-buffer oqy
solution), soothing agent (for example, procaine hydrochloride),
L2 - Stabllizerd(foF ex@mple " beral alédhshandphenohr apgkovered
fro n;‘?)fti igj[iggcon‘]%ibitor can also_he incorporated as agprogriate,. The
injection solu

O
h

n

fion 86 prepared as described abbve is YJanaraily

sul filled inte suitable arnpoules:The-pharmaceutical composition, of ..
the present invention can be administered preferably by non-oral

cat gaministration. Feprexamplelit carbecfornmulatéd e an injectable

- comieogtion_, a_transnasal composi~ion, a composition for

“H ihRalEton adminisiration, or atransdermal ConTBositisriFt tan be

=1 £ Suitably.administered systemically, or locally. by, for example, .

intravenous injection, intramuscular injection, in=peritoneal
lLecipjectionrer-subentaneous injection. The method of administration

can be selected as appropriate depending on the patient's age

aﬁ%F%yﬂﬁﬁiﬁﬁé.??ﬁf“zion aisc relates to a compesition (a

drug) comprising a pharmacautically acceptable carrier and the
antibody {(e.g. anti-glypican 3 antibedy) (for exampie, IgG
antibody) having plasma kinetics modulated by the method of
the invention.

The pharmaceutical composition in the context of the
present invention generally refers tc arn agent for the
Treatment or prevention of a disease or for the detection or

diagnosis of a disease.

The pharmaceutical composition of th

m
s

resent invention
can be formulated by a method known to those skilled in the

art. ror sxample, tThe Tormulation can be used by a non~oral

route in the form of an injectabls, i.e., a suspension or

8]

septic scluticon with water or other pharmacsu

t
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cceptable liguid. For example, the formulation can be

prepared by combining the antibody with a pharmacclogically
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dosage of the pharmaceutical composition comprising the
~ antibody or polynucleotide encoding the antibody can be’
selected, ro example, in the range of 0.0001 mg to 1000 mg per _
no body weight per unit dose. Or, the dosage can be formulated
or set at a dosage o_ 0.001 to 100,000 mg per patient; however,
acodhesplesentinvention:is aatmecessarily : imited to theseumerieal s -
values. The dosage and method o_ administration will vary
or rdepéndirig o tié patfents Bodye Weight-age S dhtssymptoms, and
susiH) 20propriate dgsage and, method of adminitration ca-. ke,
rSelacted By those skilled in “the aft baséd on a Conaideration of ™"
carthese factors.;The.presents=Invention also provides:nycleic acid ..
encoding theantibody (e.g. anti-glyp=can 3 antibody) (for
uniexarmple, furranizediast-glypican=3 antibedy)zhavirigeplasma 97
modulated by the method of the present invention. A vector ‘
Pee T irying §tich ™ HUclEt alidfis ae entoniisasséd Byt freserit
:ne IRYERHOD. The present invention alsoprovides a hostcel: that, .1 .
comprises the aforementioned nucleic acid. The type of the host
des<elll isnotiparticudarly danited; ancomay:be, for example, a
bacterial cell such as ~. coli or any of various animal cells. The
hostelf can beised G appfopriatesin a® prodbictidndystért. c, -
coig production or expression of the, antibody (e.g, anti-glypican 3
antibody) of the present invention. Tdhus, the present invention
usi@dsa prevides asproduction systesm that spaybe uses-to produce
the antibody '

The aguecus sclution for indjeciion can be, for sxample,
an isotonlc soluticn centaining physiological saline, deaxtrose,

and oTher adjuvants (for example, D-sorbitel, D-manncse, D-

-mannitol, sodium chioride:. Sultable sclubilizing agents
{e.g., an aicochel such as ethancl or a polvalcohol such as

propylene glycel or polyethylene glycol; and nonionic
surfactant (e.g., Polvsorbate 80™, HCO-50) can alsc be usad as
appropriate.

OLily iiguads include sesame oil and scy oil. Benzvl

benzoate and/or benzyl alcohol can alsce be suitably used as

solubilizing agents., & buffer (for sxample, phosphate buffer
soclutlon, sodaum acetate buffer solution), sococthing agsnt {(for

example, procaine hydrochloride), stabilizer {(for examples,

oy
0]

nzyl alcohol and phenol), and oxidation inhibitor can also

o
h

incorporated as appropriate. The injection sclution
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(e.g. anti clypicar. 3 antibody) using the aforementioned host cell.
An rn vitro or in vivo production system can suitably be used as
the production system. Eukarvotic cells and prokaryotic cells are
suitably employed as the host cells used in he i vitro production
system. The eukaryotlc cells used as the host cell may include
hrﬁpﬁﬁﬁﬁa?Ceﬁ%sbﬁﬁt@(‘,‘eﬁgoﬁndlﬁnﬁ el e anintal célis may~arte
amp dnclude mammalian-type cells such as CHO (J. Exp. Med. ,1995)
108, 945), COS, HEK?293, 3T3, mveloma, EHK (baby hamster
kidney)nkieta -Veros and-sadfosth: anphibian<cells: such Xenreopusn
iaevis oocytes (Valle et al., Nature (1981) 291, 338- 340); and
can ifeerfRells AT AsSIS =5fot vand THE Forexafiple sCHODG44,0r
e}am%yg Dle E, CO§U ceqs J:'dEK294 cells arLd BHK cells are,
suitably used for expression of the anti- gijyplcan 88 antfbody of the®
crarpfesent inveption: Ihe use-ehS&HO-cells as.the.host:cellis
particularly preferred when high levels of expression. in animal
admigglistihtendetl Framsiettionmet tieesconbinantivector into the
i a(;g)st ceII |s suitably ¢ carrled out usmg the_calcium phosphate
L tachhigie; DEAE dextran -echmique, technigues that ehiploy e ¢
int Caftionicdiposame: DOTAR (Boghringer Mannheim),
electropora_ion technique, _ipofection. technique, and so forth.
int Apfrregareto plantcells, Lemnamimorrand: eells-derived - from
Nicotiana tabacum are known as protein production systems, and

the dntigiipican FaRtibody 6f tHe préSentinvertiortair. be
app Produced by callus, culture techniques using these 6’ Sy . he

dosage of the pharmaceutical composition comprising

te]
ok
.
>

antibody cor polynucleotide encoding the antibody can be

selected, for example, in the range of C.0001 mg te 1000 mg
per 1 kg body welght per unit dose. Or, the dosage can be
formuiated or set at a dosage of $.001 te 100,000 mg per
patient; however, the present inventicon is not necessarily
limited to thesse numericel values. The dosage and method of

administration will vary depending on the patient’s body
welignt, age, and symptoms, and an appropriate dosage and

methed of administraticn can be sslected by those skilled in

the art based on a consideration of these factors.

The present invention also provides nucleic acid encoding
the antibody {e.g. anti-glypican 3 antibody] {(for axample,

humanized anti-glypican 3 antibody) having plasma kine!
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With regard to fungi cells, protein expression systems using yeast
cell , e .g., Saccharomyces (e.g., Saccharomyces cerevisiae,
Schi.zosaccharomyces pombe), and protein expression systems
using filamentous fungi, e.g., Aspergillus (e.g., Asoerai_ius
- nlge_-), are known and carp be used as host cells produce the
anti-glypican 1 antibody of the oresent. itver non. With regard to
modulfE-Beetof prokaryblicccélls fany > preduEticn systents udingctor
bacterial cells are suitably used. Production systems that use B. l
s 'described above or B subtilus are KNown-or the bactetfal ce--
nres:adany:of these bacterial cells can be suitably used to produce
the antibody (e.g. anti-glypican 3 antibody) of the present
inventiore dnordertorproduce theramtibody: (e.g: @nti-glypicam
antlbody usinc a host cell, Of 71'l_ resent invention, the host 84
COMEEAIF franstormed Wit th O%‘%?)r%%éfb‘ﬁeétdr“t:onfp‘ﬁsﬁi@“ of the
nos:Palynucleotide encoding the antihody.of the presept invention _is
cultured to express a polynucleotide coding for the antibody (e.g.
exangnit-glynican:8-antibedy) . Ihe:host cellscan de autwredvarious
according. to known methods. When an animal cell cs used as
ani%ie [ESt Tor eXample; BMEMSMEN, RPMIE640P0F IMDM §s i &
- tably used the cult rem dlum A serum auxiliar » 800, FBS
oo fe\fél%gll s§e%rur‘%§ (FCS), a%ds3 sogforﬂw may be added. “The” telldcan
ant alsebe eultureddn-a sefum-free meditin, The-cells candie -
cultured at a pH of about 6-8, depending on the host cell. Culture
Lvgggeterallyun forcaboat 45 to- 2007 héars al about-804046, with

medium reyplacement aeratjon, and
produc,;o* iaw may De HSEC TO D‘”OQ‘JCC the ant;bocv

car
—

le.g. anti-glypican 3 antibody! using the aforementioned host

0

ell. An ip vitro or in vive production system can suizably be

o
U
[
0

I &5 the production system. Eukarvetic cells and
prokaryotrlic cells are suitably emploved as the host celils used

in the in vitre production system.

The sukaryotic cells used as the host cell may include
animal cells, piant cells, and fungl cells. The animal cells
may include mammalian-type cells such as CHO (7. Exp. Med
(19%5) 108, 945, CO03, HEKZS3, 3T3, mveloma, BHK {paby hamster

kidney}, Hela, Verc, and so forth; amphibian cells such
Xencpus laevis oocytes (Valle et al., Nature (1981 293

3405 and insect cells such as S£%, S£21, and TnS. For example,

LIS v ) LSl LD

CHO-DG44, CHO-DX11E, COS7 cells, HEK2G3 cells, and BHE cslls

are sultably used for expression of the anti-glypican 2
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stirring as necessary. On the other hand, production systems

based on an animal or plant are available as in vivo systems for

producing the antibody (e.g. anti-glyp.ican. 3 antibody) of the

present invention. Polynucleotide encoding the antibody (e.g.

anti- glye-can 3 antibody) of the present invention is introduced
antiibte-aranimal orplant and-the antibady: is;producedwithin the: -+.
~anima. or plant and is recovered. The term "host" as used herein
nosteRéempdsses Suehianirialy aftkpRmtsnwWhen @n aenmed isUsed
exp:23 e hast, production. systems Qaseddon mammals and insects

®are available. Goat, Pig; sheép, Mouse. cow, AndEo t6ih ars™®

reCo%l;d:igaﬁliytu$@g@§ftn@amam@%o@{ic&ga&:’gr’s%ELEa%Iﬁu,Mried our

iotechnology Applications (1993).). A transgenic animal may also
usirse Eraployed "90HEorsexantples @ polyruucledtidecencading theniqgue,
‘_Mlgr]tibggy%(e.g. anti-glypican 3 antibody) of the present invention
“CCCaibe protiucal i the tormof & fusion g Wit a gerigcshringer
van:80G0MING. 2. polypeptide that is spegifically produced.in.milk, such

as goat H-casein. A polynucleotide fragment comprising the -
and fasigrrgene is then injected into a goat embryo and is

transplanted into a female goat. The antibody (, anti.-q, lypican 3

antibddyy ot iiterésPis*bbtained frohf itk prodicedcbythes derived
¢ -ofransgenic goat been out of the goat that received the embryo or
o O%r%%%ﬂk%?odﬁ%f& by t%fegoﬁ%%ﬁﬁ g of fh‘eo?r%h%g%rrl?c 'éfbﬁf‘y SysTems,
and Suitable: hagmenes may be agdmipistered-as. appropriate 49:the, ~ar,

be produced by calius culture techniques using these gells.
With regard ©o fungl cells, protein expression systems using

veast cells, e.g., Baccharomyces {e.g5., Saccharomyces
cerevisiae, Schizosaccharomyces pombe!, and protein expression
., Aspergllius le.g.
Aspergillus niger), are known and can be used as host czlls to
produce the anti-glypican 3 antibody ¢f the present invention.
With regard to the use of prokarvotic cells, any
productlon systems using bacterial cells are suitablyv usesd.
Froduction svstems that use E. coli as described above or B,
subtilus are known for the bacterial ce iz, and any of these
vacterial cells can be suitably used tc produce the antibody
the present invention.

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

=
L]

antibody; using & host cell of the present invention, the nost



transgenic goat _n order to increase the amount of antibody (e.qg.
anti-glypican 3 antibody)-containing milk produced from the
transgenic goat (Ebert at al., 5io/Technology (1994) 12, 699-702).
The silkworm is an example of an insect that can be used to
produce the antibody _ anti-glypican 3 antibody) of the present
invention When the silkworm is employed, the a'lkworr.,.. may
celparfoctédwith abdculovirastravingra polyhacleotide iencgding
., the desired antibody (e.g. anti-glypican 3 antibody) inserted into
POLEira? gerome’ THe antibody (6. ahti-glypedantibody)y 6=
i dnterestis obta.ned fro.: the body fids of the-ipfected silkworm
(Susumu at al., Nature ;1985) 315, 592-4). The tobacco plant is
antigrrexample ofa:plaritithatmay ke tused:to producesthe antibody:n
_ (e.g. anti-glypican 3 antibody) 91 of the present invention. When
¢ fHetobdcds prantistuséd “poiyniiestide dHcoding theldntibedy s
wseded analyp, can.g eptipody) of.nerestis nseried into.a plggy, ..
expression vector, such as pMON 530, and the resulting
suitecombinantaector stransfected: inte. abactetivm suchiasy, «. g
Agrobacterium tume aciens. This bacterium is then used infect a
TBS tobaeto plant fiterexariple, Nicotiana tabacurny(Ma etdeed rufhe
o1 7. Immunol, (1994° 24, 131:8), and the desired antibody (e.g. -
“%-anti-glynican 3 antibody) is obtained from the 185768 the® ~1+°
can infecteddobacco plant: Lempa-miner ganibe similarly infegted, with
such a bacterium and the des',_-ed antibody (e.g. anti-

cell. Culture is generally run for about 15 to 200 hours at

.7

about 3C to 40°C, with medium replacement, aeration, and
stirring as necessary.

O the other hand, production svstems based on an animal
or plant are availablie as in vivo svstems for producihg the
antibedy (e.g. anti-glypican 2 antvibody) of the present
invention. Polynucleotide enceding the antibody (e.g. anti-

glypican 2

the present invention is introduced

i

antibody! o©
inte an animal or plant and the antibody is produced within
the animal or plant and is recovered. The term "host" as used
herein encompasses such animals and plants.

When an animal is ussd as the hest, production systems

basec on mammals and insects are availabls. Goat, pig, sheer,

)]

mouss, cow, and so forth, are sultabliyv used as the mammal

{Vicky Glaser, SPECTRUM Biotechnology Applications (19

(Sa)

3y, A

Transgenic animal may alsc be emplovyed.
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glypican 3 antibody) can be obtained from cells of the cloned.-.
infected Lemma minor (Cox K. M. et a__., Nat. Biotechnol.
(2006)" 24!10;, 1591 The antibody (e.g. anti-glvpican 3 antibody)
of the present invention obtained in the manner described above
can be isolated from inside outside the host cells (e.g., culture

mediuR B hilk) Ak CARGe SIS T8 Stibs:= sl 'y Biive (<
ant when}%gegﬁousaqntlpggya The sepagation.and putification,, .
techniques generally used for poly peptide purification. can be
prodsuitabliyused forantiiody Separatipmand: purk- eationsirihens =
present invention, but is not _im:itted. For example, the antibody
rolypsR e suitably %%ﬁa?%?ééjaﬁd purfief HKyza suitdble’sefectioriand
. gmbrnatlon of column chromatogr_%g/ filtration, ultrafiltration,
[tifig out,” solvent precipitation, So=Vent- -extrARGGR- st Stior ©”
gen<Q2iMAWNGPIECipitation, SDS;polyagryiamide gel s'e%r@@@%f»@d
isoelectric electrophoresis, d. |tlysrs recrystallization., and so forth.
intol hefchromategrapliicdechnigues inelude affinity; :chromatagraphly,
ion-exchange chromatography hydrophobic chromatography, gel
20t fifiatior? chronfatography®federss phade throntatogaphy;y the
cra na}%{sorptlon chromatography, @nd SO forl;h (Strat gles for Protein
Purificatio7 and Characterization: A" Laboratory ourse anua?
or izdnDaniel R:-Marsbak.e al=(1396)..Cald Spring-Harbetcen:ic goax.
Laboratory Press). Chromatography can be carried out using
SUlpjuid-phaserciiromatography, for example, appropriate to the

transgenic goat in order to increase the amount of antibody

{e.g. anti-glypican 3 antibodyl-containing milk produced from

cF
D.r
[0}

transgenic goat (Epert st al., Bio/Technclogy (1994)

™3

*

[}
Lo}
el

=702y .
The silkworm 1s an example of an insect that

can be used

to produce the antibody |

el

-g. anti-glypican 3 antibodyv) of the
present invention. When the silkworm is employed, the sillkworm

may be infected with & baculovirus having a polynucleotide

inserted inte its viral genome. The antibody (e.g. anti-

givpican 3 antibody) of interest is obtained from the body
fluids of the infected silkworm {Susumu &%t al., Nature {13985
315, B9zZ-4y

The tobacco plant 1s an example of a plant that may be

used te preduce the antibody (=.g. anti-glypican 2 antibody)

]
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HPLC, FPLC, and so fort's. The column used in affinity
chromatography includes, for example, a protein A column or
protein C column. Hyper D, POROS, and Sepharose F. F.
(Pharmacia) are examples o_ protein A. based columns. Another
preferred embodiment of the present invention is a method of

of tpreparngrthelantibodyr(e.ghantizghypican d-antibody) withsed,

_ modulated plasma kinetics of the present invention, comprising

PO LY &1 0 S chlttring Rost éefTof thecgreSerit indentiohag - can 3
- ribed al d recoyering the antibody (e.g. anti-glypican 3
5 both) tom i el surre. T of 16 Meralirs ndd 1 he.
vectspecificationsaggincomoraied hereindy, refergnee-dhe present ot ox
invention is specifically described in the following, but the present
15 GRYeSi6A s net ithited 16 'the  exattiples pravidedklselow 19
cunEXAMPLES, Example 1 Constryction of point-mutation genes of
~"Zne humanized HOLD “antibddy Various point-mutation genes ~°°
olarWere construeted starting; from-a geng eneading anti-giypican S
antibody comprising the CDR of the humanized GC33 antibody
Immidiselosed it WO 2006/046.7 51n < CligoDMAs-desigrned based: on.

_ the sequences of the sense and antisense chains containing the
S mbdificaion sitds wetrd” synth&sized) A plirdlity 'of point-mutation
12 JENES were. constrycted using the comumercial QuikChange. - ..

Site-Directed )

with such a bacterium and the desired antibody (e.g. anti-

‘glypilcan 3 antibody) can be cobtained from cells of the cloned

infected Lemna minor (Cox K. M. et al., Nat. Biotechnol.
(2006) 2412y, 1591-7

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

3
3

resent invention obtained in the manner described above can

o
M
1
W

oiated from -inside cr ocutside of the host cells {e.g.,
culture medium or milk] and can be purified into &
substantially pure homogeneous antibody. The separation and
purification technigues generally used for polypeptide
purification can be suitably used for antipody separaticn and
purification in the prasent inventlion, but is noet limited. For

examples, the antilbedy can be sultably separazed and purified

i

by a suitable selection and combination of column
chrematography, filltration, ultrafiltration, saliing ou:,

solivent precipitation, solvent extraction



Munagenesis Kit ;Stratagene . Construction of the point- mutation
genes was carried out by PCP under the following conditions.
After heating for 30 seconds at 95, a reaction mixture of 10 no -
template plasmid, 10 pmoi forward chain and reverse chain
synthetic oligo-DNAs and "-CY, buffer, dNTP mix, and Pfu Turbo
DNA Polymerase provided with the kit was subjected to 16 cycles

USPRIS BOPSeR F 55 C £ MiPandP68 W AR STHE DR Epre iRt fitht -

s sodthe kit was, a&@gg Ao the S‘|5wesa}ct|on r}plxtureragg recstrlcptlogﬂgestlon
with the restriction enzyme was carried for hour at 37Dis¢

so feampetent cells IToyobo) were transformed with the resulting
reaction solution to obtain transformants. The introduction of point
mtit&tiehr Was ceRfiFred-by determininy thelnuelddtide sequence
of the plasmid. DNA |sglated from the nransformants. Each point

ﬁﬁro&? mutation geir?eﬁvff:f{isC cloried nto’ exbr@ssmny Ve&orE gaﬁable of

chrSXPressing the insert gene-inanimal cells. Modified.genes. were: .
Prepared by modifications as described below. Transient
chr %@B@@h}of driéshaman'rzediH@E@anﬂbbw and s pointh

uagé%garatedotay;@/@@né@TF &'n targé\sn nangé%e%%d io 310 qmy,,
culture dish at o' 106 cellsil" mL. The next day, SFMII culture

Colanediumpang-noly ethyleneiminerwese mixed-withcadeavy ehaine
expression plasmld DNA and a light chain expreSS|on plasmid

CErBRA aceording to the Manttactirersinstictions, arid thearols

nerdesplting mpxture was left sand for 1. 0 minu. esatroom

colurr used 1T Llrllp\/

chromatography includes, for example, & protein A column or

{Pharmacia) are examplies of protein k based columns.

Aricther preferred smbodiment of the present invention is
a method of preparing the antibody (e.g. anti-glypican 3
antibody; with modulated plasme kinetics of the present

invention, comprising the step of culturing & host cell of the
present invention as described above and recovering the
antipody (e.g. anti-glyplcan 3 antibody} from the cell culture.
All of the literature clted in the specification are
incorporated herein bv reference.
The present invention is specifically described in the
following, but the present invention is not limitsd to the

examples provided below.
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temperature. The entire mixture was added dropwise to the
culture dish containing the HEK293 cells seeded as described
above. The culture supernatant was recovered after
approximately ?2 hours and the expressed humanized HOLD
antibody and its point mutation-modified antibodies were purified
using rProteinA SepharoseT5 east Flow (GE Healthcare)
oxaBEcording to the manufacturer's instructions. Modif'._catio. o the
—~—T1mrvalue of the humanized HOLD antibody The thermal
rxar@Rraturation midpoint temperature ,-m) was determined by the
top of the denaturatlon peak in the thermograr (Op versus _

[ 3N’
i pro%rammed heatlng rate. The Tm value of the humanlzed HOLD
3 dy was measured using a 95 sample solutionfor DSC
measurement prepared as-descdbeddn. the fallowing The, .- .
antibody solution (corresponding to 50 to 100 g) filled in a dialysis
frormensisrane rwas-fiestadialyzed for 24 hours againstagialysisc the
external solution of 20 mot/L sodium acetate buffer solution g N
DR 620) tohtaifiAG 150 ritmol./E 508 ShidTite® SubsedlUentl§ oie 675 -
11 Sample solution, was. adjusted at.its antibody concentration of 20
to 100 sg/mL with dialysis external solution and used as the
ant sample solutiendfontDS: inmeasurement. A suitable RSGier-
instrument, for example, DSC-L= (Calorimetry Sciences
SYNE6rporation, siised Tor fisPexperiient. ‘Fiie Exdrmple’sbiution
con PIERAYEY a5 described above . uixchange site-pirected

Mutagenesis Kit {Stratagene}. Construction

mutation genes was carried cut by PCR under the following

conditions. After heating for 30 seconds at 95°C, a reaction
mixture of 10 ng template plasmid, 10 pmel forward chain ang
reverse chain synthetlc oligo-DNAs and 10¥ buffer, dNTPE mix,

and PEZu Turbo DNA Polymerase provided with the kit was

mixture, and restriction digestion with the restriction enzyme
was carried for I hour at 37°C. DHBa competent cells (Toyobo)
rmed with the resulting reaction solution To

chtain transfcormants. The Introduction of point mutation was

confirmed by determining the nuclectide sequenc

6]
O
y
ot
s
0

plasmid DNAE isolated from the transformants. Xach point-
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and the reference solution (dialysis external solution) were
thoroughly degassed, and each of these ..es:- specimens was
placed in a calorimeter cell and was thermal 1v equilibrated at
40C. A DSC scan was then run from 40C to 100C at a scan rate
of approximately 1 K/minute The -esu__tS of ----a measurement
are given as the top of the denaturation peak as a function of

mut aferApef@itiie” Fhé thenmnal tehatraten midpoint temperature off
the humanized HOLD antibody was calculated 9% Eeak

ST assignment of the Feb domain according to Rodoffo & at., 7" e®
werdmmunologyrhetters {1999) .47-52. Asa specific example, the
chart obtained from differential scanning cal ,o-merry (D= on the
HSpu2: 2espuZ2rida 2.2l uZ. 2)tantibody is showa in Figure 4y Thed
. humanized SOLO antibody, comprising the heavy chain 96
~=* difown A-SEQ D RO aht thE fight'cham Ehowit i SEQTIE NG9
poz:Nas a . vajue of 76,6C as.calculated by the methad descrihed
above. The Tm values of Synagis and Hercentin, provided as
sepexamples of existingeantibodies, aregmeasured as=854Canrd 10 on?
~ 81.8C, respectively. It was thus shown that the Tm value of the
U HiimaniZEdFIOLD antiboey i lowet thar that st ekisting ™11
-1 antibodies, Modified .antibodies wetre therefore prepared from
e HOLD shbos o e A of g et SGee™
chaModifications of W 3#,:A40R; M48I,-and 151l were intrpduged- into
FR2 of the HOLD antibody heavy chain shown in SEQ I! NO: 1 to
plagrepaieithecantbody FIS(SERID NOT 2) swhererits rsubelass wasd
.. changed from,VHIb to VH4. The T ‘
the resditing mixture was left standg u

temperature. The entire mixture was added dropwise tc the

culture dish containing the HEK2S53 cells sesded as described
above. The culture supsrnatant was recovered afrer
approximataly 72 nours and the expressed humanized HOLO
antibedy and its point mutation-modifisd antibodies were

purified using rProteind Sepharcse™ Fast Flow (GE Healthcare;

according to the manufacturer's instructions.
(1-31) Modificaticon of the Tm value of the humanized HOLS

antibody
The tThermsl deneturation midpoint temperature (Tm) was

determined by the top of the denaturation peak in the

thermegram (Cp versus T) obtained after heating the test

sample sclutlon at & constant programmed heating rate. The Tm

vaiue of the humanized HOLO antibody was measured using a

95



improved to 79.1C. Also the HOLD antibody light chain shown in
SEQ ID NO: 7 was modified by introducing 142Q, S48A, and -
Q50R modifications into the FR2 which chanced the subclass.
from VK2 no VK3, and introducing V2| modification to replace the
V2 of FRI with | (germline sequence), thereby L4 (SEQ ID NO: 8)
sam¥ESJrERaTed. The T value of each antibody was measured.as
described above The Tm value H15LC and HOL4 was 79.2 and
the £, Tespegtively, whichshows imprevement-deyanthe. d movalue o
76.6 of HOLD. The Tm value of the H15L4 antibody comprising
100 the combiration ef these two mrodifieationss was impioved1eB83S
- (1-2) Modification of the pl value of the humanized HOLD
29 S0 dy 97 The plasmia halfSife s an atitibodyTs extenda@a by
o dngwearL g th g{h% %I \@Iue exphlglted byvtpe agtlbod In contrast the
tissue franslocation characteristics of an antl%ocfy are |mproved
sodymincreasing the.aptibesy!s ¢l. Itis=usknrewn awhether.either
increase or decrease :in the DI value of an antibody effective in
adjcaEncerdreatmentwoold enharice the Jtumor-stippressirig effect. with
Therefore, modified humanized SOLO antibody with a lowered p1
A1a gid inGdiffed Atnianized SOLO UAftibédy With aifindreasedpirt for
s Were %Rgred and the antitumor activity of them was compared
to mvestlgate if either modification had a higher
tumar-suppressing astivityrdhe, pkaalde:ofeach antibody was
calculated based on the analysis by isoelectric electrophoresis.
(Ca%gééﬁ%bﬁbﬁ§§§gmﬁ§ Corporation;, is ussed for this

L L

experiment. The sample scolution prepared as described above
and the reference sclution {(dialysis external solution) were
thoroughly degassed, and each of these Te3t SpPEeCimens was
placed inn a calerimeter cell and was thermally eguilibrated at

40°C, B DSC scan was then run from 40°C to 100°C at a scan

rate of approximately 1 K/minute. The resulifs of this

measurement are given as the top ¢f the denaturailon peak asg a
function ¢f temperature. The therma. denaturation midpoint

Tenperature of the humanized HOLO antibody was calculated by

peak assignment cf the Fab domain according to Rodolic et al.

h

Immunology Letters (1959, 47-52. A

in
(n

specific example, the

chart obtained from differential scanning calorimetry (DSC) on

the HspulZ.ZLspuZ.Z (HuZ.Z2Lu2.2) antibody 1s shown in Figure 1.
The humanized HCLC antibody, comprising the heavy chain
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carried out as described in the following. Using PhastSystem
Cassette (Amersham Bioscience), Phast-Cel Dry IEF (Amersham
Bioscience) gel was swollen for about 60 minutes with a swelling
solution with the composition given below. (a) Composition of the
Show§w‘ellin so{utiloqn _fog hj%h pﬁl‘: 1.}5, mL 10% glycerol 100 uLW _
“O“Bharmalyte for IEF (Amershant Bioscighte) B-Edniposkion b
7, nihe swelling selutiensferdew pl. 1.5 ml: purified water 20 E
Pharmalyte 8-10.5 for IE.V (Amersham Bioscience) 80 ul
descPhagmalyters-8 Tok IEP (Amershain Bioscience)d Apprasdmately
. 0.5 g antibody was loaded on the swollen 98 gel and isoelectric
POV S G GTERTE Was Tuntisio-iife PhaSSVstem {AMmBrsIFaFed 2t
- . :Blosgignge) contralled by the program _described below, The .. .
e vt added 13 e Gol &t Stap £ of 8 program AL ne T
valu€alibratienKit far pd<(Amersham'Biascience).was:used:-fior:thel
~ markers. Step 1: 2000 V, 2.5 mA, 3.5 W, 15C, 75 Vh Step 2: 200
SXI7L995 FHATBIGARE 15-C, 15 on Step 3: 2000 V, 2.5 mA, 3.5 W,
15¢.4i0. Y After electrophoresis, the ael was fixed with 20%, TCA
and silver staining was then carried out using Silver Staining Kit,
humsREolein {Amersham-Bioscience)according G the zjx@St*ngti@lﬂsva iue.
provided with the kit. After staining, the isoelectric point of each
Mod grtibedytestisample) Wds caltilated basedionithes alreadyinced

__known isoelectric_points of the pl markers. The
to FRZ of tThe HOLU antibody hsavy chain shown in SEQ ID NO:

—ii D20

in
1 tc prepare the antibody HL1S (SE¢ ID NOC: 23, where ite
subclilass was changed from VHIL to VH4. The Tm value was
improved To 79.1°C. Alsoc the HCLO antibody light chain shown
in SEQ ID NO: 7 was modified by introducing L4230, S48R, and
250R modifications into the FRZ which changed the subclass
from VKZ to VKI, and introducing V2I modification tc replace
iith I (germline sequence}, thersby L4 (SEC ID

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

-

measured as described above. The Tm value of HISLO and HOLE

[

-~

was 79.2

-t

C and 77.2°C, respectively, which shows improvement
from the Tm value 76.6°C of HOLO. The Tm value of the H15L4
antibody comprising the combination of thess twoe modifications
was improvead ﬁOVBG.SOC.

(1-2)

2y Modification of the pI value of the humanized HOLD

antibody



elec ~_ophore’ogran, from the high pl isoelectric electrophoresis
is shown in Figure 2 and the electrophoretogram from the low pl
isoelectric electrophoresis is shown in Figure 3. (a) Modifications
that raised the nl Hspu2.2 (Hu2.2) (SEQ ID NO: 6)) was prepared,
in which the Q43K, D52N, and Q107-e, modifications were
additionally implemented in HIS. Lspu2.2 (Lu2.2) (SEQ ID NO:

135was &6 predared: Sndwhich #hé L7, O27R: ‘61058 Afd

lowe§%5d§ Jnodifications were, |mplgmented inL4. dere tpe S25A . -
fication places S25 In CDR2 with F. (aoundant in a
the geEiide)ihe 2myaluedrr-he arspu2:-2 spu22 (Eu2.2042.2) 99
antibody. composed of Hspu2.2 (Hu2.2) and Lspu2.2. (Lu2.2) was
LIRS red- B 7838C ENd IS pl vitge was eaditiréd at'9:628ince
the p1. of the HOLD antlbod |s 8 9 the cl of the Hspu2 2Lspu2 2
(FT 27Lu22) ‘antibody was mcreased by 6%7 (‘"bJ) Modifications
ant ithat Jowered:the-pk Hspal 8 {HAIB)LSEQ IR NQ: 5;:-was.prepared,
ir.. which the K19T, Q43E, K63S, K65Q, and G66D modifications
tumageparadditional v rhplemdhted:in: HIS respol6{Ldhea(SEQ iDi.C
NO: was prepared by making the following modifications: the

=N S57E Fibt_ficafl 'S i LC; Modificationof RISRVE 3t 76784 of the
ant ;DBG\:I’n m'r-_& fo JASSLLQDQHQQJ[@G %%@A mp fLQBJlOrlL% agmegg SQ%mov
same modification as for Lspu2.2 (Lu2 2) . The ol value of the
actilispokSLspel 6+4dk8hdd:6) antibody:-eomposed of Hspah8
(Hd..8) and Lspol.6 (Ldl.6), was measured 7.4. Since the c-

modification had a higher tumeor-suppressing activity.

whet

The pI value of sach antibody was calculated based on the
analysis by lsoelectric eslectrophoresiz. Electrophoresis was
carried out as described in the following. Using PhastSystem
Cassette {Amersham Blosclence), Phast-Gel Dry IEF (Amersham
Bicscience] gel was swollen for about 60 minutes with 2
swelling sclution with the compesition given below.

(z) Composition of the swelling solution for high pl:
1.5 mL 10% glvycerol

10C ul Pharmalyte §-10.5 for IET (Amersham Bioscience)
(b} Composition cof the swelling solution for low pl:
1.5 ml purified water

20 uL Pharmalyte B-10.5 for IEY {Amershanm Bicscience)

80 pi Pharmalyte &5~8 for IEF (Bmersham Bioscilence)

w
f
O
o}
0
D
@]
Q
]
I8
o
13
B
o}
i
0]
=

Approximately 0.5 uc antibody wa
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--0f the HO-_C antibody is 8.9, the p1 of the Hspd'.8Lspd'_.6
(HdI.8Ld1.6) antibody was reduced by 1.5. (2) Evaluation by
competitive ILISF. of the binding act ti:.ty of the point-mutation
modrfiea antibodies from the HOLC antibody Inc HOLD antibody

. and its Qv"lL qutgtio_n;-ﬂmodi‘ieg antibodies purified in (1) was
9¢- &Valuated by competitive ELISAT 5160t of the SotliBle GPC3 core
enashlynentide(SEQLD NQ: 13) at. ughl. was added to,each well of
a 96-well plate. The soluble OPC3 core polypept_ide was
desdmimobilizedvon The plate by alowingcthe: platestosstand ovesnighto
__at9C. The soluble 0903 core polypeptide immobilized on the
“h-Sp it IAE washBd 'S Timés with a 100 Washiify bttfet dsing Skart!
was WASHERA400 (Molecular Devices) ; and blocked with 200 L
clocking buffer at 4L for at least 30 min. The blocked plate on
which solublecGRC3zcarenpolypeptide wwas ,immohilized was then
washed 3 times with washing buffer using the Skan
WASHER400, Subsegquihtly- each well 6f thepléte received 200
L of a mixture containing 100 yL of biofiny ated. HOLD antibody
(fiﬁa%oh'ce%rﬁ?gtigh = OTJB%mI%'éna’lc}d ul- 3% heHOLO antibody
or:its point mutation-medified antigody.(al varous,:tr 20: TCz and
concentrations). The HOLD antibody was biotinylated using Biotin
=1 1vsabeling Kit{Roche) aocording 10 thetinstractioAs previded withs Kit,
5.4ne kit. The plate was left stand for 1 hour at room -temperature,
"then washed 5 times with” Washing buffef using the-SRan"c-+°1"®
pr - WASHER400. (Mplecular Devices) r-.:J:QQ, L goa_;apti- é@lﬂl_&q nt
alkaline nhosphatase (ZYMED) diluted 20,000X with substrate
of duffegrwasagdded4oeachhwell, was calculated based on the

aiready known iscelectric points of the pl markers. The
glectrophoretogran from the high pl iscelectric

eglectrophoresis is shown in FPigure 2 and the

D
-

lectrophorstogram from the low vl iscelectric

electrophoresis
is shown in Figure 3.
fa; Modifications that raised the pl
Hspuz.2 (HuZ.Z) (SEQ ID NC: &) was prepared, in which “he

Q43K, D5IN, and Ql07R modifications were additicnally

implemented 1n HLIS. LspuZ.Z (Lu2.2) (SEQ ID NO: 127 was also

modification replaces 525 in CDRZ with & (abundant in a

‘germiine;} . The Tm valusz of the HspuZ.ZLspuZ.2Z (HuZ.ZLuZ.2:
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and the resulting plate was left stand for 1 hour at rooir,
temperature, and than washed 1 times with washing buffer using
the Skan WASHER400. Phosphatase Substrate (Sigm.a) was
prepared at mg/mi, in the substrate buffer, added at 100 uL per
‘well for 1 hour. The absorbance at 405 no. of the reaction solution
3T irPedchitenivds theasiured usiigr Benchfiafke Piids {BICHRAD), e s
- the control absorhance at 655 nm. As shown by Figure 4, .
nes Sme“gn%]gﬂ; e‘il0 t'?ign di n%‘ ggt* Zn é%H‘i‘gfﬁ*a‘ﬁ’ﬁboaf/aV\slgg S oavvn%tbc‘t')eg Hhee
the almest the same as.thatefthe HOLD-aatibadythathad been
subjected to the modification. in 101 addition, as shown in Figure
- Espug . tHeaptigen birdingactivitynof the Hepu2 2hspud by ©.7.
. I—(Llég.fgl'?:ug.w_ gﬁantgbggy was §hpv¥n to Qe about the same as that of
" the FFOL&)Lénti%onGsubfewcTé%Gto tie fmodification. Moreover, as
shewninsFigure, 6, the antigercbinding activity ofthe 1. wricr tne
Hspdi.BLspol.6 (Hd1.8Ldl.6) antibody was shown to be about the
Kl3Tsame’as that of theSHOGantibbdycsubjectedosthe: modification.

. Reference Example 2 Disruption of the fucose transporter gene in
#CA-CHO Tells EonSHtittivh of the tardetig vector'(r-1) Constriicti
11, Qhthe. KO vectr The BamHl site and fhe TGCGC sequence were

added at the 5' side of the start oodon of the hygromycin
Q27 resistahcezgene (Hygr) byyPCRusing-peDNA3RMHYgIC76-84 of
JInvitrogen) wi':r primers H:yg5-BH and Hyg3-NT to obtain the
“he dAmetSegliericelas Brtthé™s* sitie 6f fife Gtart Codon of the fatesers
thetg%ﬁ%pggg{ékgy%ié%§%s for Lspuz.2 {(LuZ.2). The pl value of
tne Hspdl.S8Lspdl.& (Hdl.8Ld:.6) antibody composed of Hspdl.s

[Hd1.8) and Lespdi.e (Ldl.6), was measured .4,

&t

N

ince the pT
o the HOLO antibody 1s 8.9, the pl of the Hspdi.fLspdl.é

{HA1.8Ldl.6) antibody was reduced by 1.

[y

(2} Evaluation by competitive ELISAE o

-

the binding activity of

the point-mutaticn modified antibodies from the HOLC antibody

The HOLO antibody and its point mutation-modified
antlibodies purified in (1) was evaluated by competizive ELISR.
100 ul of the solubple GPCZ2 core polvpsptide (SEQ ID NO: 13) ar

1 ug/mL was added to each well of a %6-well plats. The soluble

GPC3 core polypeptide was immobilized on the plate by

allowing

the plate to stand overnight at 4°C. The soluble GPC3

Zore

polypeptide immobilized con the plate was washed 2 times with a

[=4

100 .



the Not_ site was added on the 3’ side including the region up the
SV40 poiyA addition signal. Then the Hygr gene was excised.
forward primer HygS-BH
5-GGATCCTGCGCATGAAAAAGCCTGAACTCACC-3' (SEQ TD
NC: 1-4) reverse primer Hyg3-NT 5’GCGGCCGCCTATTC T...
GCCCTCGGACG _3' (SEQ ID NO: 15) Fucose _ransporter
wasiargelingivector ver. S kfrefdMEiEiol (ds thie KOwWectobewas:s) ; and
.. constructed by inserting the 5' side of 102 the fucose transporter
SLoqfmithe Smial 46NV 78FoP SEQ I NG: 46765 tife Beamfagl min.
e NO, 4,232), the 3' side (from No. 4,284 to the Sac- at No. 10,934),
e e Taheit I e EMCIBT A seror (ager - Bro”
immdNatli Acad: SCk MSALLIQ0; 87;:9918:22), A characteristic.feature,,
of this vector is that, when homologous recombination has
the deeurrdd; Hrgrlis-eXpressad nupder<tive: promoter of therfueose
transporter, since a promoter is not attached to the Hygr gene.
recirevet’ whefi orfty"orié Copy- Bt vaEtor U8 iHfrofucetPinteither =3
cell by homologous recombination, Hygr. is not always expressed

AVLGo R gegtee sufficient Yor BXHiBitig: hygromytin s tesittante: the *
=ne KOLVECorWas Geaved at the Notl.site and was, transfected intg_
the cell. It is thought that 41 base pairs in. exon chuélng the -
var siak-, coden, wikberdeleteddran the-fucose, transparer By =-cc
“introduction the KO1 vector, resulting in a loss of function. (1-2)
us S RSORSAHEHORFOF PBSK PGk-1HHyge ) 2ccording to the

nsTr

uctions provided with the kit. The piate was left stand
for 1 hour at room Temperature, Then washed 5 fimes wizh
washing bﬁffer using the Skan WASHER400 (Molecular Devices).
10C uL goat anti-streptavidin alkaline phosphatass [(ZYMED),
diluted 20,000 with substrate buffier, was added to each well,

and the resulting plate was left stand for 1 hour at room

temperature, and then washed b times with washing bufier using

i
I
M

Skan WASHER400. Phosphatase Substrate {Sigma) was prepared
at 1 mg/ml in the substrate buffer, added at 100 pl per well
for 1 hour. The absorbance at 405 nm of the reaction sclution
in each well was measured using Benchmark Plus {BIO-RAD), with

The control absorbance at 655 nm.

As shown by Figure 4, the antigen binding activity

a

H15L4 antibody was shown to be almo

N
o1
!

che same as that of the

t

HOLC antibeodyv that had been subiscted to the modification. In

rf
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p3SK-pgk was constructed by excising the mouse pgk-1 gene
promoter from the pKJ2 vector (Pogo H., Biochemical Genetics
(1990) 28, 299-308, with EcoR--Pstl and cloning it into the
EcoRI-Pstl sites of uB_uescript (Stratagene). with regard to Hygr,
.4;an EcoT22| site and a Kozak sequence were_added on the d' side
"9 g and & Barmbl Sits was added on the ' Side g the:
of tregiosbup torthe SVAQ polyAraddition: signalby RGPsUSING o ve
pcDNA3./Hyg c with the HygS-AV and Hyg3 103 BH primers.
abouTheretherMyvgrEgehe ' was excised-Yorward primerHygseA\Vcc the
5'--ATGCATGCCACCATGAAAAAG2 CTGAACTCACC-3' (SEQ
mOdllﬁﬁé%OPévgjr%reeﬁﬁI@ﬁ:ér ﬁsyg%?%vﬁ in Flgure &, the antlgen
binR 2@ GATCCCAGGCTT TACACT TIAT GCTIG-3:{SEQ ID.NQ; 18),
pBSK-pgk-I-Hygr was constructed by inserting the Hygr fragment
was (BcoT22i-Bamil unto-the Rstk-Bamtissitest of pBSKE pgkat 1 1{343)
_Construction of the KO2 vector Fucose transporter targeting vector
SUENEr Y (Fételréd 10 “herédfter as the K02 vector) was constructed
res¥iNserting the 5" side of the fucose transporter (from the Smal
Site N0.2,780°0f SEQ ID NO: 16 the Bamh]. No. 4,232), the side
DisfromcNo: 4,284 touthesSact siteat-No. 15,034);: ang:the: pgk- -Hygr
fragment into the pMC1DT-7-_ vecto . Unlike the case For the
KOS VEETOF theP K02 e &bt ITas Hie Tgi-1T gene promoter
- _-attached to Hygr, thus will %gquég% tygromycin B resistance even

Lk T

when only one copy of the Vector is introduced into the

The BamHI site and the TGLGC sequence were addsd at the

[

gide of the start codon of the hygromycin resistance gene
{Hygr} by PCR using pcDNAR3.I/Hygro {(Invitrogen) with primers

Hygbh~-BH and Hyg3-N

3

to obtain the same segusncs as on the 5

side oI the start codon of the fucose transporter gsne. Rlso
the Notl site was added on the 3 side including the region up
To the 5V40 polvhk addition signal. Then the Hygr gene was

excised,

reverses primer

Hyg3-NT 5 -GCGGCCGUCTATTCCTTTGCCCTCGGRACG-3 (3EC ID NO:

ID 15)
fucose transporter targeting vector wver. 1 (referred to

gs the KOL vector) was constructed by inserting the % side of
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cell by homologous recombination. The KO2 vector was cleaved
at Not™_ and was transfectec into the cel'_. By introducing the
K02 vector, 46 base pairs in exon including the start codon will be
deleted from the facose transporter, resulting a loss of function.
(1-4) Construction of pBSK-pgk-1-Puror The pPUR vector (BD
Biosciences! was cleaved by PS-7 and 1.04 BamEl arms the
the dyeiged fragient tParod was'insefted irtb the: PSt{Yanf? $5ites”
. of pBSK-pgk-I tg construct EBﬁSﬁK-\pgl&-‘l-ﬁPurpr., (1-5) Construction
MO e KOS vettdr Flicose transpotter targating Vectdrgse v - - 284
co digferted g fereafieras the KO3 vecton) was constructed by,
insertincthe 5 side of the fucose transporter (from the émal site at
pMCIND=- 22,780 SEQHY NQ@:. 16 tethe BamHilaidNo. 4,232);4he 3'sside &7,
(from No. 4,284 to the Sac! site at No. _0,934), and the pgk-
2215 Pyror fraghfertints the pMCIDTA vector & seefierice-for-biriding
une01e sereen'na primer shown below was preliminarily attached to,
the 3" end of pgk-1-Puror, The K3 vecior was cléaved by Not ahc
unadvasiransfectedinte ttageceﬂljc%ﬁein@mlégggttﬁ ,K%N\%t@r’p%@moter
rase pairs in exon _including the start codon will be deleted from
is rthe ficosdcfahsponteriyesultng infelossof fudctionfeverse copy
_ primer ..,h TGC TCTC, RSG P-A5-GC" ~ )
°" CloAGTACTE TECANES -3 (SEF D NO- 19 THeTucsse®
recdfRNSRONEr gene was knocked,Qutusingdhe. . +o . gegree
gufficient for exhibiting hygromycin B resistance. The KoL
vector was clesaved at the Neotl site and was transfected into
the cell. It is thought that 41 base pairs in exon i,
including the start codon, will be deletsd from tThe fucose

transporter by introducticn of Ths KOOI wector, resulting in

jsh)

lozs of function.

n

{i-2} Construction of pBSK-pgk-l-Hygr

pBEK~-pgk-1 was constructed py excising the mouss pak-1
gene promoter from the pKJZ vector (Popo H., Eiochemical
Genetics {1880} 28, 289%-308) with EcoRI-Pstl and cloning it
into the BcoRI-PstI sites of pBluescript (Stratagene!. With
regard to Hygr, an EcoT22I site and & Kozak seguence were
added on the 5 side of Hvgr and a BamHI site was added on the
3

side Ilncluding the region up to the SV40 pelyA addit

LLCnN

zignal py PCE using pocDNAZ. L/Hygro with the Hygi-AV and Hygl-
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three targeting vectors described above. Introduction of vector into
CHC cells HT Supplement ,100x) ,Inv'trogen) and penicillin-
streptomycin ,Invitrogen) were added to CHO-S-SFMII HT-
(Invitrogen), each at 1/100th the volume of the CHO-S-SFMIl NT-
o o.prepar geculggge &e@iunl (her_egffptmerﬁ[‘efer‘red to as SFMI1(+)).
FCHODXB célls weré $tibclituredin SEMISE) 8 x 105 106 CHC
soruCalls were-suspended in 0.8 mL Dulbecco's phosphate buffer
(invitrogen) (referred to hereafter as PBS). 30 g of targeting
Hyg Srectos was:atdert ta the cell:suspensiom;and -transferred a Gene. 7,
Puler cuvette (4 mm) (BioRad). After= holding for 10 minutes on
revegaetg Vettor was transfecred into the ce_.Is by electroporation
~_with GENE PULSER Il (BioRad') at 1.5 kV and 25 FD. _fter vector
B frafistection. the’téils were™ sUspended i 200 ThY SEMIHE)LE
mediur, and were §e,§dqedﬂinto:_ twenty, 96-well fi@tpottom lates
(w‘%g%) §%obu‘rfﬁén. fﬁe”BTaSté‘suvvé?\é cultired for 24 hb%“?s‘aft%m
f ragmea-CQ dacubatesuthen;the-reagentwas:-addeds (3): Knockaut -
step | KOI vector or KC2 vector was transfecred into the CHC
rgxgells, and selected with hygromycin B (Invitrogen) 24 hours after
., _Vector transfection. The D.)éggomXQLn P. was dissolved in SFMII
“T#) at 0.3 mgin , and 100 L.wa& added per well. (4; Screening for
hame.:0aous.secomeinantshy 9CR., (4:1),Preparation of the , -,
sample for PCR Homologous recombinants were screened by
her@CkeThesCHIC KCZ vector) was constructed by inserting the

pod

4 L} [ d gy - &~ Y 3 + 1
5" side of the fucose transporter (from the Smal site at No.
2,780 of BEQ ID NC: 16 to the BamBI at Ko. 4,232, the 3 side

(from No. 4,284 to the Sacl site at No. 10,934, and the pgk-
i-Hygr fragment intce the pMCIDT~A vector. Unlike the case for

the ROL vector, the KOZ wvector has the pgk-l gene promoter

attached o Hygr, thus will acguire hyvgromycin B resistancs

By

even when only one copy of the vector is introduced into “he
cell by homologous recombination. The KOZ vector was cleaved

at Notl and was transfected into the cell. By introducing ths

KOz vector, 46 base palrs in exon 1 including the start codon

leoss of function.
il-4} Construction of pBSK-pgk-l-Puror

The pPUR vector {BD Biosciences) was cleaved bv PstI and



cells were cultured or. 96 well __at-botto" plates, zl-le culture
supernatant was removed and a --e--,- lysis buffer was added at
50 L/well, and. Incubated at 55C for. . hours. Then proteinase K
was deactivated by heating at 95 for 15 minutes to prepare a
PCR template. The cell lvsis buffer was composed of the
following per well: 5 L 10x L . Buffer SI (supplied with 106 Takara
Bami A S gg); (2 52k F0% NP0 Roche) 4 1 proteinase K «20. mg/mbe
.. Takar), and 389 L distilled water (Nacalai Teague). (4-2) 2CR
‘conditions The PCRT8action mixturs Was comprised 6F 1 ol B the:
(- RCR.:sample as described.aboye, 5.uL 10x LA Buffer II, 5 L
MgC__ (25 mM), 5 uL dNTP (2.5 m), 2 L primer -0 M each), 0.5
ulEdcAsEag (Griedfty)r and- 295 ulndistiedowatesr: (total (5@ 1£h - Ehec o
___TP-F4 and THygro-RI primers were used as the PCR primers to
“ErEtregh thie KOI VEctdiEfranstedtedl calis -and the PR-Fasaidiny =he
= 1 Hygro-El primers were used as the PCB primers no screen the
) Sk%%%éctﬁrgtréﬁ‘é%éteﬁ EelE”PCR screéning Tor the KOr® &% Mo
2, 7yector-gransfected cells was, carrigd-out by prepeating for 1 ., .
minute an 950CY 40 cycles of 95C/30 seconds, 60C/30 seconds,
(£rand:60C/2minytesanda reheating:at Gfor Z-minutes :RER e oqk-
screening for the KO2 vector-transfected cells was carried out by
- P prehedting for-1 Lninute atr9520% 3 cyelescaf 95G/3€:secends-and
70C/3 minutes; and reheating at 70C for 7 minutes. The primers

binding .to Tthe screenimg prifer s ; low was prelliminarily
“are-given below. Iy cell? sahiples whefa ~=-cv was preiiminaziiy

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 KO

[
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in exon 1 including
the start codon will be deleted from the fucose transporter,
resulting in a loss of function.
reverse primer
R3GR-A 5'~GCTCTCTGGAGTACTETGCATCTGO -2 (SEQ 1
The Iucose transporter gene was knocked out using the
three tTargeting vectors describesd above.
(2} Introduction ¢f vector into CHO cells
HT Supplement {(100x} {(Invitrogen) and peniciliin-
streptomycin {Invitrogen! were added to CHCO-3-SFMIT HT-

(Invitrogen), each at 1/100th the wvolume of ths CHO-S—3FMI

O

HT= Lo prepare a culture medium {(hereafter referred To as

SFMIT (=) 1. CHC DEBLL cells were subcultured in SFMII(+). & x



homologous recombination had occurred, approximately 1.6 kb
DNR amplified for the KOI vector and approximately 2.0 kb DNA
is amplified for the KO2 vector. TP-F4 primer was designed in the
genomic region of the fucose transporter on the 5' side outside
the vector, and the THygro-='l and THygr"-RI primers 107 were
10° gesigréddinthesRygswithinithe vector: farware:-primepK0hn KO2)
T?-F4 5-GGAATGCAGCTTCCTCAAGGGACTCGC-3' (SEQ D
LuLIRD: 2OY revetse prifferetker) THygroeRT E238(SEEY 1 NO): 2¢) of
amrmeverseg)rlmer K02) THygro-El
FErOS L SEACTCET ?G&E?G%C%A&GGE\ATASGE?%“%%Q TBNO: 22)
: rarRResuitsof the, PCR.s¢reening-918 K01 vector-transfected cells,
were analyzed, and 1 cell was thought to be a homologous
helagoombmant (homolegous: recombination-efficiency snsfected into
~approximately 0.1%). 537 K02 vector-transfected cells were
S Afatyzed dnd 17 CBRS wers thidughttotbé Hombldgoug okad! at
(;ombl nts (homplogous_recombination eff|C|ency =
approxwrr%:tellxyrég 21 (63gSoufhern blottin ﬁg“a“n“élysis Further
sustioRfirmationwag-cafried out by Southern blotting. .10.g ggnamic
DNA was prepared from the cultured cells by a standard method
twergnd Wassao;éczed co-Sourniertzblcihg dsing: thedtwo primershe
given below, a 387 by probe was prepared by HCR spanning the
PLETRYiGH flom NP 21 310 N0 25604 thé hutledtide seqGehesc: -

£ne:SNQWN,ID.SEQ ID.NQ:;16, and used for

{3} Enockout: step 1

L

13 wer

6]

RO1 wvector or KOZ vectocr was Transiected into the CHO
cells, and selected with nygromycin B (Invitrogen! 24 hours
after vector transfection. The nygr cmycin B was dissolved in
SFMIIi+) at 0.2 mg/mi, and 100 ul was added per well.

(4] Scresning for homelogous regombinants by PCR
14-1} Preparation of the sample for PLR

Homologous recombinants were screened by POR. The CHO
cells were cultured on 96-well flat-bottom plates, The culturs
supernatant was removed and & cell lysis buffer was added at
50 uL/well, ang 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 lysis buffer was composad of the

following per well: & pL 10x LA Buffer I1 (supplied with
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Southern blotting The genomic DNA was cleaved w the Sg_II.
forward primer BgL-F 5-TGTGCTGGGAATTGAACOCAGGAC-3'
(SEQ iD NO: 23;. reverse primer 108 Bgi-R
5-CTACTTGTCTGTGCTTTCTTCC-3' (SEQ ID NO: 24} Cleavage
raiaPY Bgikprovides.an.approximately, 3.0, kb band, from the fucose

QCh |SAnel

transporter chromosome, an approximately 4.6"kp Bana*f?gr%etﬁﬁe
(20 £RvEROSQME Where homolegous yecombination. gccyired. with the
KO's. vector, one an approximately 5.C kb band from the
TesgGBromosome where homologous recombination occurred with the
K02 vector. One cell obtained by homologous recombination with
H-Zthe KO Tvéetor @nd cells obtained by homologous recombination
wit,: the KO2 vector were used in the experiments. The only cell
obtained with*the RO V&Lt Wi dedighatet’se1; however its PR
--Wwas shown by subsequent analysis to comprise multiple cell -
Ppopuiations. Thus doning by Himiting ditution Was carried‘out? =
= before.using,it.in the subseauent experiments. Ope of the cells
e (p'j%'fz:iinéofi \%vi%{\%% kéo'ZSS\I/PE%tbrléwﬁs designated ééig (-?Rtrﬁ'o’d(gdlj’t: -
1z 1Step2 Inorder to.establish cell lines.having,a completely - =4 ;)
defective fucose transporter gene, one of three vectors was o
The iNtraduced into/the cellsdpiwhich shemolegaus secombination -had
been achieved by the KOI vector or KO2 vector. The vector/cell
to seeRrbinationsivere ds folldwas Arethod t2K8% vedtormarnid 501 and
. ceIIg£Kgl“ method 2: KO2 vector and 6E2 cells (K02,;

THvgro-F llhers were used as the PLR primers to screen the

=

KOZ vector-transfected cells.

PCR screening Zor the KOI vector-transfected cells was
carried out by prehsating for I minute at 9
E°C/30 seconds, 60°C/30 seconds, and 6C°C/2 minutes; ang
raheating at 72°C for 7 minutes. PCR screening for the KOZ
vector-transfiected cells was carried out by preheating for 1
minute at 93°C; 40 cycles of 25°C/30 seconds and 70°C/3
ninutes; and reheating at 70°C for 7 minutes.

The primers are given below. In cell samples where
homelogous recompination had occurred, approximately 1.6 kb
DNE s amplifisd for the KCL vector and approximately 2.0 kb
DNA iz amplified for the KOZ vector. TE~P4 primer was designed
in the genomic regilon of the fucose fransporter on the 5 side

[

cutside the vector, and the THygro-Fl and THygreo-R1 primers
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method K03 vector and 6E2 cells (KO2). The vector was
trans’ected into the respective _cell, and selection with hygromycin
B and puromycin (Nacalai Tesque) was initiated 24 hours after
vector transfection. The final hygromycin B 109 concentration was
_mg/mL in method 1 and 7 mg/ml:: in method 2. In method 3, the
hygromycin B was added at a final concentration of 0.15 mg/mL
wEre LRPHTE Puromyéih wastaddedist & findFEdAEentration of 8 qg/mL.
8).PCR scre 'rilg oKfOtge homologous recombinants The samples

forwgru primer ; ) .
were prepared as described above. In the screening for method

r=- DO BGRe Dy which-cells were-detected where hqmolagous
recombination had occurred with the KO1 vector and the K02
reveYeetarwere performed. The PCR primers shown below were
designed for method 2. TPS-FI corresponds to the region from
THYgNo:F3, 92476 N6 3;9500R he-AUCIEGtde Csequetice shown in SEQ
ID NO: 16, while SHygro-RI corresponds to the region from No.
LEVERSA8 16 F 274 Fhiese PCR primers will amplify 350 by of the
... fucase transporter gene region that otherwise deleted by the K02
SR tor, Therbore NG PCR SCIBning 1 metiot 2 oolls =%
5y Rraducing ro.320 b amplification product are considered to be
the I:..s completely lacking the fucose transporter gene. The PCR
conélititris werecasfollows:cpreheating fos d=minute a¢ 95Gn351
. amplification cycles of 95C/30 seconds and 70C/I minute; and
cel-refigating W F0CTorT "minlites Forward Primmerant (homelogous

recombination sefficiency = approximatelv 0.1%). 537 EL2

<

ector-transfected celils were analyzed, and 17 cells were
thought to be homclogous recombinants (homclogous
recombinacion efficlency = approximately 3.2%7.
(%} Southern blotiing analysics

Further confirmation was carried out by Scuthern biotting.
10 ug genomlic DNA was prepared from the cultured cells by &

standard metnod and wasg subjscted to Scouthern plotting. U

o]
C
93]
-
e
L&)

the two primers given below, & 387 bp probe was prepared by
PCR spanning the region from No. 2,112 te No. 2,300 irn the

nucleotide seguence shown 1n SEQ ID NC: 16, and used for

Southern blotiing. The genomic DNE was <l

6]
a3
<3
T
8]
3
}.
ot
¥
(xt
L]
;
F
.

forward primer
Bgl~F D -TCTGUTEGEARTTGARCCIAGGAC -3 {8EQ ID NO: 23

reverse primer
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TIE-FI 5' CTCGACTCGTCCCTATTAGGCAACAGC 3 (SEQ iD
NO: 25) reverse primer SHygro-R.1
5 TCAGAGGCAGTGGAGCC_CCAGTCAGC-3' (SEQ ID NO: 26)
110 in the case of method 3, TP-F4 was used as the forward
prlmer and RSGR-A was used as the reverse primer. The PCR
Conditions were as follows’ prehdating for r%ﬁwt% at95C; 35
 amplification cygles of 95C/30 seconds, B00C/30,seconds, and,
72C/2 minutes; reheating at 72C for - minutes. ApprOX|mater 16
£ rorkh RBNAwwilk be-amplified fromrtheeelb-samplesdn-whighte1yv 2.6
homologous recombination by the KO3 vector has occurred. By
Ko opis PERE thescélls it wiiieh Mofictohetis- recombinativpioecared
oo b)é the KO3 vecto.r ere detected and it was also conflrmed that

“the cells retained the homologous recombination by the K02™ ~="°

£ ronvector whiledetecting:(9) Results0lLEGR sereening 48 cells out.of
616 cells analyzed by method | were considered be homologous

witireggmbifantss(homdlogoasl tecohvinationsefficiency =12.9%). 2

cell's out of 524 cells analyzed by method 2 were considered to

s INaT 1o

P& homologots  redombinants (Romoldgous recombiratiohn =¥
hom@HfiGiRNACY = apRroximately: 0:4%, . 7:gells out of 382 cells analyzed,
by method 3 were considered to be homologous recombinants
expehomotogods yecombinatiorvefficiency:= approximatelys(10)r was

Southern blotting analysis Southern blotting analysis was carried
“es—éiﬁﬁby?hewnetﬁaﬁea%scrﬁofedaﬁo%o‘and)a CRIPRr fdentified 16

Jgﬁﬂaigng99§§p e cell populations. Thus cloning by

Bgl-

-
I

limiting dilution was carried out before using it in the
subseguent experiments. One of the ¢ells obtained with the X0
vector was designated 6EZ.

{7; Knockout: step 2

Ir order to estabilish cell lines having a completely

gefective fucose transporter gene, one o©f three VeCTors was
introduced inte the cells in which homologous recombination
had been achieved by the KOl vector or KOZ vector. The
vector/cell combinations were as follows: method 1: KOF vector
and 5C1 cells (KOL1j; method 2: KOZ vector and 6E2 cells (KO2):
method 3: KO2 vecteocr and 6E2 cells (KC2). The vector was
transfected into the respective cell, and selection with
'hygromycin B and puromycin (Nacalal Tesgue! was initiated 24

hours after vector transiection. The final nygromycin B



transporter oene being completely lost. The analytical results from
PCR and Southern blotting were consistent in the knockout step
1, but not to the knockout step 2. lid 1)Fucose expression analysis
26 cells found to be homologous recombinants were analyzed fo
fucose expression by PC-R. | x 106 cells were stained in 100 L
PBS containing 5 pg/mL Lens cuiinaris agglutinin, FITC conjugate
. ‘EEFOWllfﬁbEﬁ?ﬁtofy?}‘?lfﬁTS,%h&eéfﬁﬁbmlséﬁgrﬁ AR referrédoc 2+
o dereafter asEAGE sqlution'.. for, 1 hoprwith.ice coglino. The cells
were then washed 3 tim with FACE so ution and were analyzed
conday FAESCalibur . (BeetonrDiekinsorn). Fhe-results shewed that+ -
fucose expression was reduced only in F'P-<C cells, whic _n
finayererfoemtoexhibit & complete loss of the fucose transporter
ene in the Southern blot analysis. Reference Example 3
e %g?abﬁ%?ﬁ?rem%f@ént%dg}%ui%?ﬁ@ daIRCderivedfom the
FIFeKG line.and purification.of antifody produced by these, cells
The fucose transporter-deficient line obtained in Example 1
screfriRK& eells-elone camenweressubcultured 0N+ =Co=tectea
~taining hygromycin B a- a final concentration | mg/mL. 8 x 1C"
whe rsnd W IS fieterSSPendetifr 08 mo D ibecc's thosbnace:
_.buffer. 25.9 o ;aﬁhl,lrm@}ni;e“d ggti- lypican 3 antibody ex wressjﬂon
vee “\(/Déct%%véé% addéd ‘tgﬁh%‘cgl?éns%%e%%?éﬁea%d ’t?énéﬁﬁe}?rrg%%eés
shovaeng Rulser-euvetesAfter-holdingdor -0 res-r1 corresponds

the region from No. 3,924 2o Ne. 3,850
sequence shown in 3SEQ ID NO: 16, while SHvgro-Rl corresponds
to the region from No. 4,248 to 4,274, These P
amplify 350 pp of the fucose transporter gene regilon that is
otherwlise deleted by the KO vector. Therefore, in the PCR
screening in method 2, cell
product are considered To be the cells completely lacking the
fucese transporter gene. The PCR conditions were as follows:
preheating for 1 minute at 95°C; 25 amplification cycles of

- O

95°C/30 seconds and T70°C/1 minute; and reheating at 70°C

3 tor 7
minutes.
ferward primer
TP3~-Fl 5 -CTCGACTCETCCCTATTAGGCAACAGC-3' (SEQ ID NO: 233
reverse primer
SHygro-R1 5'-TCAGAGGCAGTGGAGCCTCCAGTCAGC -3 (SEQ ID NO: 26)
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minutes on , the vector was transferted into the cells by
electroporation with GENE PULSER Il at" .5 kV and 25 FD. 112
After vector transfection, the cells were suspended in 40 mL
SFM_1I() medium and were seeded on a 96-well Plat-bottom plate
(Ilwaki) at 100 L/well. After the plate was incubated for 24 Hours at
3%C in a CO_incubator, geneticir. _nvi*_roger..was added to a
fifdl. Evhceritaion o 0.5 mg/mE Thevantibedy prodbetién:ofthe
. s drug-resistapt cells was rgeaqsut(,ed to obtain humanized
P=anti-glypican 3 antibodyproducing cell ings. The calure® *<*
condUperatantdrom the aptibody-expressing: lines was collected:apd
applied to Hitrap rrotein A column (Pharmacia) using P-I pump
25 {Pmariaeia)eThe corsmmiwas washedk cwithi a bifidingzbuffer{20=,
. mM sodi,m phosphate (pH 7.0;, and the bound antibody was
and g thseéquintly Giited With - futio buffer (O°TM gIfeREEERCI (pH 2.))
app=cHig £luate was immediately neutralize:with neutralization buffer.
(1 M Tr' -IHICI (p; 9.0)" The eluted antibody fractions were
samsetected wsing DCroprateus, :assayy (BiaRad) and:-peoled, and-was
___concentrated to about 2 mL with Centriprep-YM10 (Mil~ipore) .
nas THE Coricentfated solution W fiien Subjecte: 6 gelfittrationson
~Superdex200 26/60. 'Pharmacies; equilibrated with 20 mM acetic ,
rev%ﬁ%ﬁdﬁé}? (gﬂ%fi%go%‘\fa%ﬁggﬁo %N/f Nacl The peal of the™ = *©
was MAOROMEr fragton:inthe @luate was collested and goncentrated
with Centriprep- YM10. The concentrated solution was filtered
recyfEing s MILLERLGW X022 erndiltertunit (Viliiporéyand was stored
93 a;'.—Eeﬁs%JIsh%“’ PCR screening
it cells ocut of 916 cells anzlyzed by method 1 were
considered to be homologous recombinants (homologous
- recomblnation sfficiency = 2.9%), 2 cell

1is out of 524 cells

analyzed by method 2 were considerad Lo be homolegous

recombinants {(homolcogous recombination efficiency =
approximately 0.4%). 7 cells out of 382 cells analyzed by
method 3 were considered to be homclogous recombinante
(homologous recombination efficliency = approximately 1.8%).

{10 Southern blotting analysis
Southern blotting analysis was carried out by the method

described above, and I cell was identi

th

ied tc have the fucose
transporter gene being complstely lost. The analytical resulis
from PCR and Southern bletiing weres consistent in the knockout

step 1, but nct in the knockout step 2.



purified antibody concentration was determined by calculation
from the molar absorption coefficient based on the absorbance
113 at 28C nm. Reference Example 4 Analysis of sugar chains
attached to the humanized anti- g-_ypi.ca.n 3 antibody produced
(11) byﬁggé@ﬁzﬂlg,s@n%%q@@n o _ aminobenzamide-labeled
sugar chains (2- AB-labeled sugar chains) The antibody of the
peesent. invemntion Spragucediby-b o PKE -eells antkantibody
produced by CHI' cells (control) were treated with N-g.ycosidase
ana pIRoCHE Difistics) o e cease thé antibodylbsiird Sutfsre
__.chains (Weitzhandler M. et al., Journal of Pharmaceutical
S-ai8giendes (7 94y 83 12 1670.25) “Alter YeptoTRirdtich tith
agg§thanol (Sehenk S.etal.. The, ~ou.ral.of Clinical investigation _
(2001) , 108 (1]..) ,'1687-95) , the released sugar chains were
. vzeonecentratedito=dryness-and fluoreseent abeled with scivcion:
~2-aminopyridine (Bigge C. eta_, Analytical Biochemis ry ,"995)
for 330229:238). e Tesukiy 2 XBIabeted stgarchaingwere °
< imSeDAMAted, from the reagent by, 50 - -phase extra "ign ysing.a .
cellu-o-se a_trlgge, concentrated by cehtrﬁugaﬁon to obtain
(meuified 2-ABJabeled -sugar cha BsoFhe puified-2-AB:labgledsz: o
sugar chains was treated with p-gal.actosidase (Seikagaku Kogyo
was Csditd) prepare dalattosyd: 2sASabeledsugdrehains whichoit
__were _analysed as described below. (2) Analysis of agalactosvi_
a b?ﬂﬁﬂiﬂ%be&%ﬁéﬁgéffhé#ﬁfﬁﬁ transplrter ‘gene 10 the Southern

plet analysis,

Establishment of antibodv-producing ceils derived from the

FTP-KO jiine and purificatiorn of antibody produced by these

cells
The fucose transporter-delicient iine obtained in Example

1 (FTE-KC cells, clone nams: 3F2) were subcultured in SFMIT [+
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£ 1 mg/mL. &
% 1C® 3F2 cells were suspended in 0.8 ml. Dulbeccs’s phosphate
buffer. 25 ug ¢f a humanized anti-glyplcan 3 antibody

expraession vaector was addec To tThe cell suspension and

transferred to a Gene Pulser cuvette. After helding for 10
minutes on ice, the vector was transfected into ths cells by

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



normal-phase HPLC The agalactosyl. 2-AB-labeled sugar chains
prepared by the 114 above-described method, the sugar chains
released from the antibody of the present invention produced by
FTP-KO cells and antibody produced by CHO cells (control), were
analyzed by normal-phase HPLC with TSKgel Amide-80 amide
column (TOSOH Corp.) and the chromatograms were compared.
Afterhaspliohint tdsEssment Wes fifdde with tespertts the antibody:
sey-Aroduced by the deIquCl;chSILs‘i CjgB&O) was %r‘ sentasthe mair.
" “Component of the Sugar chains, while F(?))‘fl%ht lacking fUGG8eP -3¢

(1weageounted forabout 4% of the total sugar chains, as assessed by
calculation from the peak area ratio. In the case of the antibody
nourpreduced cbyFEP=KO cells, 50)-Fuenwas the main corapenent: «
~_For all the antibody producing cell lines, at least 90% of the total
addegydar ichafal inctheepiodiced antidody wasHucdde- ree Seigar
o Lhains, as assessed by on ca_culation from. the peak area ratio.
PTUable 1. Relafive ratios of each sugar chain estimated from ="
numadQrBal--phase HPLG analysis:foragalactosyl.AR-labeled sugar
chains sugar chain CHO FTP-KOa "= KC-r_ FT?-KO G(C) Fac
4.0% F2.4-92:5%:93:2%- (G {0 9610%7.60:=.5006:8% Exanyplec
%neasbwiéshment of cel" lines stab- expressing humanized HCLC

antibody and point MiitatidrEniddified antiBbdies The Genes® e
(Phﬁ%@@'ﬂg !E's%mézp%*_'é&l{g%&%gkyga %Hgb&gymmﬁ was washed

with a binding buffer (20 mM sodium phosphate (pH 7.0}, and

et

the bound antibody was subsequently eluted with elution buffer
(0.3 M glycine-HCL (pH 2.7):. The siuate was immediately
neutralized with neutralization buffer (1 M Tris-HCl (pH 2,0}
The eiuted antibody fractions were se;ected‘using DC protein
zssay (BioRad) and pocled, and was cencentrated To about 2 mL
with Centriprep-YM10 (Millipore). The concentrated sciution
was then subjected to gel filtration on SuperdexlZi( 26/60
{Pharmacia} eguilibrated with 20 mM acetic acid buffer (pH
€.8) containing 1506 mM Nall. The peak of the monomer fraction
in the esluate was collected and concentrated wit

YM1G. The concentrated solution was fi
.22 um filter unit (Millipcre! and was stored at £°C. The

purified antibody concentration was determined by calculation

from the molar absorption coefficilent based on the absorbance
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Hsod-i.8Lspd1.6 (Hd .8_d"_.6; antibody (HO:0 ant-body-sourced
115 modified antibodies produced by the method described in
Example 1) or 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 order to express each dens encoding
2 2fHe ABavy chain an: light chain of the antibody. Two expression
re £ ¥QCIOISWere selected so as to provide a desired combination of
€ genes encoding the heavy chain and light chain as described
analabBave pdigested with Pyvul and iteansfecied hyieleatreporatian into
the FTP-KO line produced in Reference Example 2.

9L VPTERAE: sforRants thab sEabivasrddiuce OLDx&ntibody or modified
o ntide)C{lLvyere --revered no electronoratibn‘using the Gene Pulser
repal O Gl Il e —~ L A0e | en ugar =]

T (BioRad). 0.75 mL CHO cells (1 x 10 celis/ml)” sispendedd in”
a5~ RBS wassmjxed-with-uc each of expression plasmid DNA.
providing the desired combination of heavy chain and light chain,
arfd therhbatre wasleft stanekon i €&/ fortt0 ninates sFhe:mBdaréc
was tr\ansﬂftejr]rged a Gene Pu_]sg,] cuvette ﬁa}n@d a 1.5 kV electrical
pulsé was applied'ata capacitarice of 25 UF;~ The pulsed mixture
£ r= @S incubated for. 10, dpinutes atroom-temperatiie and, reicase
suspended in CHO-S-SFMII/10; HT/'_ PS medium. 100 ul of the
the dilutédsuspension (5 4old; %0 rfold Wand =56 folts mede=t.. the.,
_same medium) was added to, eac-r. well of 96-well culture plates.
JouRie plates Wete iRdubated Tt °24 Hours i COZ inéubatdt’ ¥ -
Afté@agggyg%%fgégiégowégqegtxgggij?gchenk E. et al., The

cel

1

Journal of Clinical Investi

9

ation (2001}, 108{1l%;, 1687-95},

{

the reieased sugar chains were concentrated to dryness and

fluorescent-labeled with 2-amincpyridine (Bigge J. C. et al.

Analytical Biocchemistry {1995y Z230{(2:, 229-238 The resulting
Z2-AB-iabeled sugar chalns were separsted from the reagsent by

solid-phase extraction using a cellulose cartridge,

concentrated by centrifugation to cbhtalin purified Z-AB-labesled

treated with P-galactosidase (Seikagaku Kogyo Co.
prepare agalactosyl ’-BE-labeled sugar chains which wers
analysed as described below.

{27 Analysis of agalactosyl Z-AB-labeled sugar chains by
normal-phase HPLC

Tne agalacrosvl Z-AB-labeled sugar chalns prepared by

t
g
€

114



116 (Gibco) was added to each well to a final concentration of 500
g/ml, and zeocin (Invitrogen) was added to each well to a final
concentration o_ 600 g/mL. The plates were incubated for 2
weeks. The colonies o- transformed cells that exhibited geneticin
. and zeocin resistance were further selected by subculture on the
=P SamE meditim Tontaiting 5008 -, Yersticin = (G1566) and606°
ant MY/ML zeqcip (nvitrogen),.The cylture, sypernatantotihe ..\ .ng
transformed cells selected in this manner was evaluated for the
ant antibody concentrationcusiag BiacoreQ «(BIAGORE) ta establish
transformant cell lines expressing the desired antibody a' a 'nigh
nerfayaP rRE dhtibody Concentratioh T tive cBftufé stipefifatantiras
- Orgngagg&edh%cgq@gﬁgttgcm% Instructions pq_g)_;/'deg. with the

T

BiacoreQ (BIACORE) The cell line thus established was cultlired
25548 GHOQ-S-SFMkmedium: dnvitragen) containing S0C.peMEes by
Geneticin ..nvitrogen) and 600 ,ig/s1 of zeocin (rnvitrogen). After
the dgifvating®s-d= @n dppropiace period-of tifrid,ithecenitopet of the
cug SUpernatant was ﬁcgll(%qt_egdcan_d purifiedusing = Q for
*TProtéinA-Sepnarose column (GE Healtficare). The purified ~*
abo@ntibpdy- was concentrated with. Amilcon Wltta-4 MILLIPORE) - .
and subjected to buffer exchange or. PD-10 Desalting column
trofAnmhersham Biosciences) wWith20mNacetict acid buffer(pl6Q)oduced
_cgptaininngpOmﬁb NaCl. The purified antibody was quantified by
°Y e absorption at 280rm in"RD-1000" Spectiophbimetsr™ ==+ t7¢
ant (NanoRrop),0r DU-6Q0 Spectrophotometer (BECKMAN). The . ...
antibody n entration was calculated with the 117
chein in the produced antlbody was fuccose-~Iree sugar chains,

as assessed by on calculation from the psak area ratio.

sugar chain THO TTE-KO-a | FrF-KC~b | FTP-KO=-c
G0y -Fuc L4.0% 92, 4% 9. 5% §3.0%
{0 96.0% 7.6% $7.5% T 6. 8%
Example 5

Estabiishment of cell lines stably expressing humanized HOLC

antibody and point mutation-modified antibodies

The genes encocing HspuZz.ZLspuz.Z (HuZ.2ZLuZ.2) antibody,

Hepdl.8Lspdl. & {Hd1.BLdl.&) antibedy (HOL0O antibody-sourced

115



RACE method. Example 6 Therapeutic efficacy in an in vivo
model of the humanized HOLO antibody and the point
mutation-modified antibodies ,1) Maintenance of the cell line used
for transplantation into the in vivo model HepG2 cells (ATCC)
were used. The HepG2 cells were mainta-ned by subculture in
Olegle s minimum essential medium (Sigma) containing sodium

pyruvats (ihvitrogeRy At Aol MEN End Aon<E§SEATiES. “Bmino
xar@fids (Inv.trogen)at= ,reped/k, MEM; (this medium s referred to
‘as the subculture medium). (2) Preparation of an HepG2
werecel[amaﬂsplanbedameasemmd&i Using:a solutiore containing the
subculture medium and MATRIGEL Matrix (BD B_oscience) at 1 .
9=1% SHEPRNSION '0'° HEpG2 TEls WARprefared a5 ™ 18" eligfsts ted
; qt,\OQ L. of the. cell, suspension (S x 106 cells/mouse) was .. ooy
transplanted subcutaneously in the abdominal region of SLID~
gendnice:(male, week:idy CliEA: Japan, lac.) Onsthe day-prHOR{a cellay .
transplantation, the mice received 100 pL anti-asialo GM1
TWO IO {EBNTETROF 91 Vidlwas disseReth' Ssmiofrhevide 2
.- aforementioned solution, Wake Pure Chemical Industrles Ltd) b
“*interpetitoreal administration. The tUMGF volume was calcfdl%fed
1 giaccording fe the fellowing:farmulas: tumaraolyme =lang diameter
x short diameter x short diameter/2 118 When the average tumor
traQ@ﬁ@ﬁﬁgﬁegghééqungq;yg#nnﬁ%ﬂmg the FTP-KO line produced

in Reference Example 2.

Transiormants that stably produce HOLG antibody or
modified antibody were prepared by electroporatidn using the
Gene Pulser IT (BioRad). 0.75 mL CHO cells (1 x 107 cells/ml)

suspended in PBS was mixed with 10 ug each of expression

piasmid 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 transferred To a Gene Pulser 17

cuvette and a 1.5 kV electrical pulse was applisd at a

}
O
8]
o)
1
}.4
ct
W)
°
P!
M
9]
iy
[

25 uro. The pulsed mixiture was incubated for 10
minutes at room temperature and suspended in CHO-S-SFMIT/1%
HT/1% PE medium. 100 pl of the dilutad suspensicn (5 fold, 10
fold, and 50 fold, mades in The same nmedium! was added to e2ach

wall of 96-well culture plates. The plates were incubated for

24 hours in .CO; incubator maintained at 5% COp;. Then, geneticin

116



mouse was used as a model. (3) Preparation of administration
sample containing the test antibody The administration samples
. containing HOLD antibody, Hu2.2Lu2.2 antibody, or HdI.8LdI.6
antibody at 6.5 mg/mL (5 mg/kg group) or 0.1 mg/mL (1 mg/kg
group) were prepared with physiological saline on the day of
administration. (4) Administration of the antibody-containing
(GirgdministrationcsamplecTheddministratior: samplesprepared: of 500
according to (3) was administered at a dose of 10 mL/kg through
ke /M 2R4| GEIITEO the HiGUSE FHodet prépared T (27 &t difce pet vieek
forthree weeks beginning 27 days after HepG2cell
Nt afgpiantation: As & regatiié Tontrdi® physisidgicaisdiieias
eor Bdministered ata, dose of 10 ml kg thiough the tail vein atonce _
per week for three weeks. All the groups contained S animals,
genand each.test antibady-connainineg-administeation sarpple was
administered to a respective group. At about the same time as the
subgdministrationvensasisioodwas cellected fF6M Banimalksiricin
each group was analyzed for the urine plasma concentration of
(Cijhe’aftiBody" Specificalycblood wWas eetlietted Froma dotsal foot
vein at two time points: 0.5 hour a zer the initial administration
*UPHE imediately before théSetord “ddministration 20 LS of 277~
was Gollected-bload was treated with heparin.and the plasmawas, .
isolated by centrifugation. 119 (5) Evaluation of the antitumor
(BIEﬂﬂREQ/@ﬁthgt@Sﬂish transformant cell lines expressing the

th

desired antibody at a high level. The antibhody concentration
in the culture supernatant was measured according to the
instructicns provided with the Bizccrel (BIACORE). The cell
line thus established was cultured in CHO-S-3FMIT medium
{Invitrogen; containing 200 pug/ml of Geneticin (Invitrogen:

and 600 ug/ml of Zeccin {(Invitrogen:. After cultivating for

appropriate period of fime, the culture supernatant was

collected, and purifisd using rProeoteinh-Sepharcss column (GE
Healthcare). The puriZied antibody was concentrated with
Amicon Ultra-4 (MILLIPORE) and subjected to buffer exchangs on

PO-10 Desalting column (Amersham Biosciences! with 20mM acetic
acid buffer (pHE.0) containing 2Z00mM NaCl. The purified
antibody was guantified by the abscrption at 280nm in ND-1000
Spectrophotometer (Nancobrop) or DU-600 Spectrophotometer

{BECKMAN: . The antibody concentration was calculated with tThe

WiTh



antibodies The antitumor activity of each test antibody was:

evaluated in the mouse model transplanted with human liver

cancer. The tumor volume was measured at one week after the

last day of the sample administration. The results are shown

Fl%ure ?. Hspol.BLspol.6 (HdIl.BLdI.6) antibody showed a stronger

therapelitic efficacy, while the Hspu2.2Lspu2.2 (Hu2.2Lu2.2""

=xan@flibedy showed a weak therapeutic efficacy. (6) Plasma
concentrations of the test antibodies The concentration of the test

Theraptibody infmurine plasma _wwas.measuted by an+d |SA-haseds 1010
method descrlbed in Example I Standard samples were prepared

antl CH -an "L- A S .38 “"ﬁbq.—n*w» "“9.4,and

1y Q2 glml, The glanggrq §an‘5ple§ %nd thg murlne plasﬁrn@a;est o

samples (suitably diluted to a desired concentratlon)L Were’édde(f

the torimmunepasates (Nunc- ImmunoPlate, Maxisorp (Nalge Nunc
-n-ernational)) on which soluble glypican 3 core (Oh.ugai Seiyaku
Kabtishikiekaishd) is” imfebilized:: arfd thé pratesaere inttbated

s hour at room. temperature. Goat Anti- HumancIoG -BIOT

o (Saoﬁern BlotecFlnoTogy Asso%lates) ‘and then =558 meciun

(51 cstreptasdin-alkaline phasphaitase . conjugate (Roche Diagpostics)

- were added and a chromogeni.c reaction was carried out usinc

12N thedBhyePhoseNicrowell-iPhosphatasé :Substrates Systénmmol /L MEH
(K|rkegaa rd & Perry Laboratories) as a substrate. Using a

hahiGioptate réadér Sthie colbr ot the Tedttion' Sotid < “Bach well

.2y wasdetermined:by (20 measuring the ahsorbance, of the reaction
solution at 650 nm.

Using & solubion conteaining subculture medium and

RACE

MATRIGEL Matrix {BD Bioscience! at 1 : 1, & suspension of
HepGZ cells was prepared at 5 x 10 cells/mL. 100 pl of the
cell suspension (5 x 10° cells/mouse! was Transplanted
subcutaneously in the abdominal region of SCID mice (male, 5
week cld, CLEA Japan, Inc.). On the day prior toe cell
transplantation, the mice received 100 plL anti-asialo GM1
antibody (content of 1 vial was dissclved in 5 ml of tThe
aforementionsd soliution, Wako Pure Chemical Indust:ies,
by Interperitorsal administraticn. The tumor volume was

calculated according to the following formula.

tumer volume = long diameter x short diameter x short

1

j—
e2e]



The murine plasma antibody concentration was then calculated
usingSOFTmax PRO analytical software (Molecular Devices) with
reference to the standard curve prepared with the absorbance
values obtained from the standard samples. The murine plasma
concentrations after 30 minutes and days from administration are
shown in Figure 8. A higher antibody concentration was observed
infiuTine plasimee aftetuday sfromradninistration thec-est @ntibodyhe
o wsr‘lavm lower gl values for both administration doses tested.
exgrahplesifb 2 0S¥ the test antibodies measured usino
(2) humanperipheralblood monocytes.as the effector the ARCG, ..
ac::- test antibodies was tested as des gibed below using a
antiwgman peripnera-- blood monocyte (referred to as PBMC) as the
effector cell), Preparation of a human PBMC solution Using a

syTiiTg8 Previcusly 1oad et With 200701 b e 10080 il Febarin
Huz SAlution (Novy Heparin Injection 5000 Units,, Novo Nordisk), 50 .
mL peripheral blood was collected healthy voPunteer (aoffﬁ’t malei
mg / from-€htigai:Seiyakey Kabushiki Ka shas the bleadwas diluted; + 1,
~ twofold w-th PBS(-), divided into 4 equal parts, and introduced
D“‘””h?&%%éééo%éb%%ﬁﬁoé?ﬁe “Séparatioh tube (Greimer Bio-one)
. th t was preV|ousI¥Joaded W|th IS ml. -CoII Paque PLUS and.

" s Jected to centrifugation Trie” Separation Hibé 165880 Withthe™™
samfderipheral -blood was L1 centrifuged for 10 minutes at room
temperature at 2150 rpm,
The administration sample prepared according to (3} was

administered at a dose of 10 mlL/kg through the tail vein to
the mouss model prepared in {2) at once per week for fhres

weeks beginning 27 days afier HepG2 c=l] transplantation. As

83}

negative control, physiclegical saline was administered at

41

dese of 10 ml/kg through the tail veln at ocnce per week for
three wesks., All the groups contained 5 animals, and sach test

antibody-containing administration sample was administered =o

4]

respective group. At about the same Cime as the
administration, venous blood was collected from 3 animais in
esch group was analyzed for the murine plasma concentratiorn of
the antibody. Specifically, blood was collected from a dorsal
foot vein at two time points: 0.3 hour afrer the initial
administration and i1mmediately before the second

administration. 20 ul cf collected blood was freated with

heparin and the plasma was lsolated by centrifugation.



and the monocyte fraction layer was collected. The cells
contained in the laver were washed once with Dulbecco's
Modified Eagle's Medium (Sigma( containing 10% FRS (referred
to below as AT FBS/D-MEM) and susrended in 10% FBS/D-MEM
at a cell density of 5 s; 10e/mL. The cell suspension was
(3) Gipiectedtothe folloWing experiént asa htntéf PBMC solution.
aVI_CJ(DZ%hPreparatlon of target cells HeDG2 cells were detached from a
and seeded on a 96- well U-bottom plate at | x 10’ cells/well.
The-plate:was. inclbated overnightat 320C.ina:5%,CQ.s
incubator. On the next day, 5.55 MBq Cr-51 was added to each
evalyelref the platerante thednarewastnenbated for3thoars at Gin a
50 002 mcubator The He £GZ cells contained in the Wells the
cancstite” Were liged as target Cells T 1he P “DCE adtivity assay as'®
1 stdescribed belaw.(3).Chiomium selease assay.(ADEC agtivity; Fhe
ADCC activity was evaluated from the specific chromium release
ir Fraterdeternsimed byihedchromidm. islease) methodhdFheitarget =
cells prepared as in (2) were washed with the medium, and 100
STTORIDE dabth ahtibody (HOLDAntiody S His. 22 ﬁnﬁBde or Hd
(1u2l; BLALG antihody) was, added at,a_ congentratian of 0, 0.004, 0.04,
0.4, 4, or 40 4g/mL. 'The plate was reacted for 15 mlnutes at
(£) moedempertature; anchthe santibodysolution:wassemoved. 102 L
of subculture medium was 172 added to each well and the plate
waksinetiEted or L hotr d-"3-'Ceifita BY COintlbatsr."F00 1267
the human PBMCrsoJ

gyOﬂw e o w4
was measured n DiLisA-pased method described in Example

Standard samples were prepared at the plasma concentration of

iz.g, ©.4, 3.2, 1.8, 0.8, 0.4, and 0.2 pg/mi. The standard

samples and tThe murine piasma Test samplies (sultably diluted

Lo a desired concentration) were added tTo lmmunoplates (Nunc-
ImmunoPlate, MaxiSorp (Nalgs Nunc International!! on which

soluble gilvpican 3 core {(Chugal Seiyaku Kabushiki Kaisha) is
immobilized, and the pliates were incubated for 1 hour at roon
temperature. Goat Anti-Human IgG-BIST {Scuthern Biotechnclogy
Lssociates) and then streptavidine~alkaline phesphatase
conjugate (Roche Diagnostics: were added and a chromogenic
reaction was carried out using the BluePhos Microwell
Phosphatase Substrates System (Kirkegaard & Perry
Laboratories) as a substrate. Using & microplate reader, the

color of the reaction solution In each well was determined by
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prepared as in (1) was added to each well (5 x 105 Dells/well)
and the plate was incubated for 4 hours at 37C in a 5% CP2
incubator and centrifuged. The radioactivity in 100 uL o the
culture supernatant in_ each well of the plate was measured by a
gamma counter. The specific chromium release rate was
reasisté¥mined detordiiyto the folloning Formuta - Specifié Ehtérilim
The @?%g Ebaitaefs(‘% ﬁﬂ(éﬁggyxgg%%/igzﬁqgiéeinﬁ re%‘r‘leesrlenteﬁtQELated‘
mean value of the radioactivity (cpm) or the 100 uL culfure
- usirsupermatantdnceach well, Brepresents themean yalue-ofthe wirn
radioactivity (com; of ---he 100, pL culture supernatant in wells
refagfere 100 Ul of P2 Ediecus NP-40rsoiition (NoniderPs40bance
va10Nasals- Tesaug) and 50 uL of 100 5RS/3-MEM medium were
added 1o the target cells; and %‘Feprae%%ﬁfs” the mean value of the
ragieagtivity(cpm).of the ,100.uk. .culture_supernatant £ nwells; -
where 150 uL 10°4 .BS/D- MEM medium was added to the target
cayscalisyThentests were: wartied eubint ipl Foater arfd the meanvalue
_and standard deviation of the specific chromium release rate (0),_
1 Which 1§ Yefiective' 6F the ABET dttivity of tie Ahtibody wére =~
dayLalculated, form the test results. (4. Evaluation of the ADCC ... 1
activity of the .es* _antibodies The results of the evaluation of the
a1 AP GCractivity 23wexhibited: by-humars PBMGsivia the test antibody
__revealed that all of the test antibodies exhibited ADCC activity.
2E2FERE results are shown in Figure . Significant difference test

ADCC activity of The ftest antibodies measured using human

peripheral klood mcnocyies as the effector cell

ul

The ADCC activity of the fest antibodies was testad as

1Y

t

described below using a human peripheral blood monocyte
{referred tc as PBMZ) as the effector celil).

1} Preparsation of a human PBMC sclution

Cunit/mi heparin sclution (Nove Heparin Ind
Nove NWoraisk), 50 ml peripheral blood was collected from
healthy veoluntesr (adult male) from Chugail Selvaku Kabushilki
Kaisha. The blood was diluted twofold with PBS(-), divided

into 4 egual parts, and introduced into a Leucoser lymphocvte

separation tube {(Greiner Bic-one) that

The separatlon tube loaded with
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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 Preclinical Package (SAS Institute Inc.”, These
results showed that there was no difference between the ADCC

centactivities ot the pimmadified test-antibegdies: Example: 8:Reepatation
and characterization of ci modified antibody by point mutation

and Sefedtion ~of modifcation sitesfor decreasiiy pr - ToliMmdrovesthe

condiMOL SUPRTESsion activity of the Hd. 8Ld.Gantibody, .

“ odification sites were séfected for the ability of decreasing in the
nod: P Malueokthe variable regian., Amina acid residues:invalying the
decrease in the el value of _ 'she variable region were found,
to hwhich arelsumraryzedin Tables 2stheawyr chain)tand TFalbleBilight =
. .chain). Specific examples of these modifications for decreasing

“e I hEBrvaluéare pH7pLE antibody and BE7PES 18 antibody These"
co PldMoa . catiop,antbadies were prepareg:as fallows; The
modification sites were created by Assemble PCR. 01ligo DtiAs,
(21 designed based-ondhessense and ant-sense sequences cc
taining the modification site were synthesized. A pair 124 an
anti&erisé vligoDRIA containiig thehatlificatiod siteSaRta Sénge”®~
we1 0199, DNA corresponding jo the vector bearing;the gene. ..

=l 4

incupated overnight at 37°C in a 5% CO; incubator. On the next

{37 Chromiumr release assay (ADCC activity:

=

The ADCC activity was evaluaitsed from

+
[

he specifi

o]

chromium release rate determined by the chromium release
method. The target cells prepared as in {2} were washed with
the medium, and 100 ul of eazch antibody (HOLO antibody,
HuZz.2LuZ2.Z antibody, or HAL.BLdi.€ antibody) was added at a

r *

concentration of O, ¢.004, 0.04, 0.4, 4, or 40 ug/ml. The

plate weas reacted for 1% minutes at room temperature, and the
antibody sclution was removed. 100 pl of subculture medium was



to be modified, or a pair of a sense oligo DNA containing the
modification site and an antisense oligo DNA corresponding to
the vector bearing the gene to be modified was used in POP with
PrimeSTAR (TAKARA ) to obtain 5'-side and 3'-side fragments
containing the modification site. The two fragments were linked
using Assemble FOR to prepare each mutant. The mutant thus
addegbtainedavassinserted o an Expressidmeetoravhich allows:forc
- __. expression of the inserted gene in anima-, cells. The nucleotide
37 Ssdguénce GftheTsptession vetter was deteriined BY'a methsden
oreNOWN N the art, introduction of the no_nt mutanior was .o
PEEESORT rined by the Alcleotids sequence or the pladmid DRIA - FAE=L -
znc GeRe conaining the.poin.muigtion. was Llgnedinto an . 52 ¢,
expression vector which allows for expression the inserted gene in
incanimal eells cThe-expressioniand =purificat.on of the antipody was -
according to the method described in Example 1 or a similar
cuLiReth6H P Starthg from thec6 1St glutamines(Q) aecordingsthered by
. oXKabat numbering) present in CDR-- of Hdl.B was substituted with
T otttamic ac " d to prepare pH7 (SECIE NG 272%Etarting fom
det d:6H:6.the. 24th arginine (R)(accarding tothe Kabat. numbering)
present in -DR- of 1,d'i.6 was substituted with glutamine (Q), the
Spe@Athogltamine(Q) Wass substituted:wit_". leucine (L, the 43rd
a_anine_(A) was substituted with serine (S), the 45th arginine (R)
was substitited With glutamine (Q), L?f the 74th threonine (T) was
wne SUstituted with lysing (K), the 77thserine () was.substituted with .
arginine (R), the 78th o

of the 100 uL culturs supernatant in each well; B represants

iy

the mean valus o

h

the radicactivizy (cpmi of the 100 plL
cuiture supsernatant in wells where 100 ul. of 2% agueous NEFE-40
solution (Nonidet P-£0, Nacalai Tesqus) and 50 ul of 10%
FBS/D-MEM medium were added To the target cells; and C
represents the mean value of the radioactivity (cpm) of the

100 ul culture supernatant in wells where 150 pl of 10%

MEM medium was added toe the target cells. The Tests ware

reflective of the ADCC activity of the antibody, were
calculated form the test results.
(4} Evaluation of the ADCC activity of the test antibodiss

1

b

he results of the evaluation of the ADIT activity
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leucine (L) was substituted with valine (V), and the 79th.
glutamine (Q) was substituted with glutamic acid (E), each
present in FR2 and FR3, to prepare pLI4 (SEQ ID NO:28). Starting
from pL"14, the 104th leucine (L) (according to the '
Kabatnumbering) was substituted with valine (V), the 107th lysine
(K) was substituted with glutamic acid (F), each present in FR4 of
exhipEiEhd prepae pEY6{SEG IDNG:29). 2)Measurepient of pkhat
e value of point mﬁu:_tation% pl modified, adnti}pé)cllies TQe ] yal%es of the
=% Hdi.8LdI.€ antibody, p7pL 14 antibody and pH7pLi6 antibody
resulete Jneasured by, electrophoresis; with PhastGel:TES,4:6.5GE
Healthcase) using the method described Example _ or similar
revemetiodnsThepi vajue Ofc#Hdl. 8Ldi6 antibodyg p"Tpladantibedyean
- and pH7pt16 antibody was 7.47, 7.07 and 6.52, respectively,
== Sndlicating that ftve P VAIIES Of BR7PLI4 dtioody and pHAIE™
cnxQNtikody were lqwer than that of the Hd{,8l.d1.6 aptibady by. 0.4 .,
and 0.95, respectively. 3) Measurement of Tm value of point
anametatienr < madified rantibedies: The<Em values of Fads:obtained
from Hd1.BLdI.6 antibody, pH7pL14 antibody and pH7pLI6
NS AiBGdy Were me&sared With VPSSO (Mitro (CaRUSIAG thie
. - fmethod similar to Example.in.this_experiment, PBS.was used as a,
SIS collion, ani the (26 aniiodh Zonceniraion i the fogt -
ant Soldtien for DSC measurement was adjusted to 25-100 pg/ml.
DS-- scanning was set

ot

Preparation and characterization of ol modified antibody by

polint mutation

To ilmprove the tumer suppression activity of the

Hdl.BLdi.¢ antibody, modification sites wer

D
0
D
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b
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D
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g
D

apitity of decresasing in the pl wvalus ©

Ffy

n

(3

variable reglon.

ct

Amine acid residuss involving the decr=ase in The pl value

“he variable reglon were found, which are summarized in Table

2 d{heavy chain; and Table 2 {laght chain}. Specific examples
cf these modificaticons for decreasing the pl value are pHipLld

antiboedy and pHYpLi6 antibody. These pl modification
antibodies were prepared as follows.
ites were created by Assembis PCR.

Qiigo DNAs designed based on the sense and antlisense sequences

B

B

containing the modification site were synthesized., L palr of



from 20'C to 115.C at. the scanning rare of about 4K/min, with the
reference solution (dialysis solution] and DSC measurement test
solution. The thermal denaturation midpoint temperature of the
Fads of the HdI.8Ld1.6 antibody, pH7pL14 antibody and _
prl7pL16 antibody was 78.0 and 74.- , respectively. (4) Evaluation
n 20t binding activity antigen-ef point mutation p7onodified: ce anc
antibodies by competitive ELISE The binding activity co the
sensgntigencgpican 3 ef each poilt nibtatiois pP madifiethantibodyere
.. .Wwas measured us[n%;hg ‘method described in Example 1 (Fj%urLe_h
“ 10§ e birding dctivity t0 glypican 3 of the off pHI4 Artibody and”
nodiRPELRLLEG, antitody was showndp.he comparative 1o that pfhe, o
HOLC antibody. Example 9 Pr ation. of point mutation i modified
the gmtibodyrusinghBETP:<KG:ce- tinecFheweXpression vecter carrying
~.the some coding for each point mutation pl modified antibody
i prepdied it Exampie 8 was” iifrotucedits the cells o FTP-KG
c racgllline prepared in Reference Example 2 using, Rolyethylenimine,
(Polysciences Inc.” and the antibody was expressed. The modified
wersantibady wasnpurified-from the cell cukuse supernatantusing
rProtein A SepharoseTK Fast Flow Amersham Biosciences) . The
pUrified-antibody SoRitich Was prépared aeedrding’ to thé Fretiad
vecdid? desciibed In Example 5 and.the aptibady concentration was
“measured. T T T T T T e e

fd

animal cells. The nuclectide seguence cof the expression vecitor
was determined by & method known in the art. Introduction of
tThe point mutatlon was coniirmed by the nucleotide saguence of

the plasmid DNA. The gene containing the point muitation was

cloned into an expression vector which allows for expression

hl

the

oy f
L]

The expression and

purification of the antibodv was according e the methed

described in Hxample 1 or similar method.

=

from H

i

Sterting

[y}

ist glutamine {Q) {according to

Ll

*he Kabat numbering of Hdi.B was substituted

t

with glutamic acid

from Ldl.6, the Z4th ¢
numbering: present in CDRI of
(g}, the 37th glutamine

(L), the 4

D alanine (R}

(81, t

o+

he 45th arginins (R}
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was substituted with glutamine
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{according to the Rabat
supstituted with
{Q} was substituted with

was substituted with serine
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Example 10 Therapeutic efficacv in an in vivo model of humanized
GC33 antibody and point mutation pl modified antibodies (1)
Maintenance of the cell line used for transplantation into the in
vivo mode? Rep 62 cells (ATCC) were used. The Her) G2 cells
were _maintained by subculture in Minimun Essential Medium

the Ergle MEHTMIS(SIGME SsippRmMEHEES with TOEES™T Mo/
“77:nMEM Sodium  Pyruvate. Iny. trogen), and.L mmol/l MEM . 75+,

non-essential amino acids (In.vitrogen) (referred to as the
1eucsubcutture mesliim) : (2)Rreparatien ofHepG?2 transplantegt: -
_mouse model Using a solution. containing subculture medium and -
G LUTRIAIRI--EL Matri {BIS Eiostie'te} a-9 Ut H'SGspension of FEpPG2
pres%%lés Wﬁa;pgegggeg,%t I X 10 C_"g/erﬁ*lQO %EQ’eff)—I%&J%n.smn (5

[ Drena A

x 106 ceﬂsfmouse)mwés transplanted” subcutaneously the

abdemina region of SCIRMMice (male:b-week old, = ddAddapan,

Inc.). Or the day prior to transplantation, the mice received 100 p1l
the Fatasial GV @ntitody (E6ntemterl vial was gissolved: int8amL
_ of the solution, Wako Pure Chemical JndL:ILstriesJ Ltd.).by

1078h, lysine (Ki 'was. supstituted with glutamlc adic’ (F:, each
mte%entoréal administration. The tumor Volume was calculdted”

oreAgcOrding:o the following formula. fumarvolume = lang diameter

x short diameter x short diameter/2 128 When the average tumor
(2} vielame yeached 400 mmBsthé mouse was:tised as ammbdeled
antibodies

The pl vaiues of the HA1.8Ldl.6 antibody, pHIpLl4

antibody and pH7pllé antibody were measured by electrophoresis

described in Example 1 or similar method. The pl valus of
Hdl.8Ld1.6 antibody, pHYpLl4 antibody and pH7plié antibody was
and 6.52, respectively, indicating that the pl

pHipLld antibody and pHIpLlc antibody were lower

than that of the Hdl.8Ldl.6 antibody by 0.4 and 0,95

(37 Measurement of Tm valus of polint mutation pl modified
antibodies

The Tm values of Faps obtained from Hdl.8Ldl.& antibody,
pH7pLl4 antibody and pHipli6 antibody were measured with VP-
DST (Micro Cal) using the method simiiar to Example 1. In this

experiment, PBS was used &s a dialysis solution, and the
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(3) Preparation of. administration sample containing the test
antibody The administration samples containing HOLO antibody,
HdI.Old1.6 antibody, pH7pLI4 antibody or pH7pLi6 antibody at 0.1
mg/mL ('_ mg/kg group) were prepared with physiological saline
on the day of administration. (4) Administration of the
antibody-containing administration sample The administration
antggmplepreparediaccordingito (3)swase admimisterediata dose of
10 mL/kg through the tail vein to. the mouse model prepared (2) at
EABHEE BT WakTor e Weeks bédinmifig™s4 days aftér Hepce el ="
£ rodransplantation. As a. nggative control, physiplogical.saling was . .
administered at a dose of 10 mL/kg through the tail vein at once :
the periweek-forsfiverweeks: All the greups:centained SHanimais;anden
a each test antibody-containing administration sample was |
tesdministéred t0'a réspactive grotupT At-abodt-fie sAime e @ ‘the
o gdministration,,venous blood was.collected from 3 animals in .
each group and was analyzed for the murine plasma
pH 7 eoncenttatien;of.the antibody: Speeifically;blogd was «celilected
from a dorsal foot vein at two time points: 0.5 hour after the initial
14) dafainistratiorrandinirediately bétorethen second adntinistration.
. 20 ulL callected blood was treated with_heparin and the plasma
-Was isdlated by centrifugation. 128°(5) Evaluation of the antitumor
activityrof-the test-antibodies tre antigen glypican

mu

cf =ach

[F%)

point mutation pl modified antibody was measured using the
method described in Example 1 (Figure 1G). The bindin
activity to glypican 3 of the pH7YpHI4 antibody and pHTpLlé

antibody was shown Lo be comparative to that of the HOLC

Preparaticn of point mutation pl meodified antibody using

rry

TP-

The expressicn vsctor carryving the gene coding for sach
point mutation pl modiflied antibody prepared in Example & was
introduced into the cells of FTF-KO cell line prepared in
Reference Example Z using Polyethylenimine (Polvsciences Ina.)

and the antibody was expressed. The modified antibody was

[

purified from the cell culture supernatant using rProtein

.
+
=)

SepharoseTM Fast Flow {Amersham Bicsciences). The purified

antibedy solution was prepared according to the method

[



The antitumor activity of each rest antibody was evaluated in the
mouse model transplanted with human liver cancer:~The tumor
volume was measured at one week after the last day of the
sample administration. As shown in Figure 11, a stronger
therapeutic efficacy was found in pH7p.i4 antibody and pH7pLI6
desc@Rtibady.cempared to HQLD,antibody.and Hdl.8l.d1.6 antihody.
Example 11 The PK test of humanized GC33 antibody and point_
neasmeiation antibodies using in vivo model Preparation of test
antlbody containing administration sample The administration
s containing HOLD antibody, HdI.BLdI.6 antibody, pn7pLI4
z«heﬂgm% PH7RL.6 antibody, pH7M@5pL 16 antibody a3 0.5, -
wm@mmymﬁ@mmmm
ant ithesday -administration. «(2)-Administcation ofthenodies
antibody-containing administration sample The administration
L dEmpléprepared adcording toHI} wiS adipinistéretr akatdoserofinte
ne 10 mL/kg through the tail vein to one .5-17/lcr-scid mouse. All the
e gr()ups contained 3 animals, and each test antibody-containing
adrainistration sample-was- administergd-to;agespective.greup.
Venous blood was collected from the animals and was analyzed
ma irfpp thedmirineplasra- 30 cncemrationofthezantibodyn Eagls

;r)remflcalljy, blood was coIIecteq1 froOm 2 dorsial foot vel\rgE%t seven
ement ith L0%FBES A -
tithe Poifts; QBFPLemented wit ;1 mmoly S5a1um

Lt

K3

med]
Pyruvate {Invitrogen), and 1 mmol/l MEM non-essential amino
acids (Invitrogen) (referred to as the subculture medium! .
{2} Preparation of HepGZ cell-itransplanted mouse model
Using & solution cont *Plnﬁ subculture medium and

L . 4y

MATRIGEL Matrix (BD Bioscience) at 1 : 1, & suspensicn of

o
o

e
[ra!
o
e

eills was prepared at 3 x 10' cells/miL. 100 uL of the
cell suspension (5 x 10° cells/mouse) was transplanted
subcutanecusly in ths abdominal region ¢f 3CID mice (male, 3
week old, CLEA Japan, Inc.). On the dav prior toe cell
transplantation, the mice received 100 plL anti-asialc GM1
antibody {content of 1 vial was dissolved in T mL of the
solution, Wake Pure Chemical Industries, Ltd.! by
interperitcreal administration. The tumor velume was
calculated according to the following formula.

Tumor volume = long diameter ¥ short diameiter x short

diameter/2Z



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 isolated by centrifugation. (3)
Plasma concentrations of the test antibodies The concentration of
the test antibody in murine plasma. was measured by an
ELISA-based method described in Example 6. Standard samples
m?é’?@”preﬁar%‘é?éﬁﬁapl’é@i*ﬁé coneertration vt 1208, B, 32" mpuse
e dO and 0 2 ug/mL. The standard samples and the murine
® plasma test samples (suitably diluted a desired concentration)
(3) wgé@aagéd,@drtodmWa&%&{wcsalm&r@Blatw-Xﬁ%oméNaé@e
Nunc International)) on which soluble glypican 8 core (Ohugal
antigefyraku Kabushi_ki Kaisha) is immobilized, and the plates were
incubated.for 1 hour at room temperature. :;s0-- Anti-Human

IgGRIOTSSthern Bictedhho oﬁ?qA‘éJs&Fa’cegf Andtirenccyr
ra1 SHeptavidin-alkaline phosphatase conjugate (Roche Diagnostics)

were added, and a chromogenic reaction was carried out using

1 the/BluePhos/Microwelt | PhosphataserSubstratesiSystemgical

(Kirkegaard & Perry Laboratories) as a substrate. Osing a
S““Jtlﬁrcr%[blafé rE&def, tHE"CSlor oftheYeaction sol .,ion in each well

(4) WaRdetermined by .measuring,z he abserbange of the reaction
solution at 650 no,. The murine plasma antibody concentration

sampwas then calculated using SOFTmax PRO analytical so---ware
(Moecular Devices, with 1; reference to the standard curve

prepargemwithsthe: Absbrbafiees ValGes thtaiet? from thesstahdares

admf%ygpg%éd at & dose of 10 ml/kg through the tall veln to
tThe mouse model prepared in (2} at once per wesk for five
weeks baginning 34 days after HepGZ cell transplantation. RAs &
negative control, physiclogical saline was administered at a
dose of 10 mL/kg through the tail vein at once per week £
five weeks. All the groups contained 5 animals, and 2 each
test antibody-contalning acministration sample was

administersd to a rs¢

b
w
9]
®
0
it
F
<
b
63
=
o
o
hel
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about the same time

{n
0

the administration, venous bloocd was collected from 3 animalis

in each group and was analyzed for the murine plasma

concentration of the antibody. Specifically, blood was

P

ceollected from a dersal fool veln at two time peints: 0.3 hour
after the initial administraticn and lmmediztely before the

second administration. 20 ul collected biocod was treated with

heparin and the plasma was isclated by centrifugation.
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The marine plasma concentrations after administration are shown
in Figure 12. A higher antibody concentration was observed in the
plasma of mice that received the zest antibody having-lower pl
value. Example 12 ADCC activity of the test antibodies using
human peripheral blood monocytes as the effector cell The ADCC
activity of the test antibodies was tested as described below using
51 Furnfan peripherat biood mshocyte - lretérred to'ds PBMC) as the
effectar cell) (11 Preparation of a human PBMC solution Using a
syringe previously loaded with 200 p1 of a 1000 unit/ml heparin
sotution {NouecHepatin/les08 5QRR Arits;- Nova Nordisk)s 50 in'_
peripheral blood:was collected from.a healthy volunteer (adult ma
evalarfrgin - CHUGarSeRfaki Kahushiki iKashas Thetblododiwas dilated
ﬁanct;’\lOfQJ‘geWilQ IZ@S%;,; Qi-\QdSQS iqulq'g:‘oa gag%ual partscand ;ibntrogycgdﬁin;to
“#"F1eucosep Tymphocyte sSeparation tube (Gréier Bio-ohe) that '
 1astwaspreviouslylogaded awits, 5:m ieon-Pague PLIIS and-subjected
to can-:: ifugation. The separation tube loaded with the peripheral
& sthloogewas ccentrifaged<or 1G-mimnres Atuoom teniperature atibedy
. 2150 .rpm, and the monocyte fraction laver was collected. The
and oRI&eontifiediRthE I’ e Wweré Washed bnde WitF Dulbeccd st - ©
=nt :Modified Eagle's Medium,, (Sigma? containing 10 FPS (referred to
below as 10% FBS/D-MEM) and suspended in 10% FBS/D-MEM
zxamana cell density of 5 x 106/ml. The cell suspension was subjected

to the following experiment as a human PBMC solution.
The PX test of numsnized GCI3 antibody and point mutation

anti

antibodies using in vive model

1) Preparaticn of test antibody-containing administration

The administration samples containing HOLC antibody,

Bdl.8Ldl.6 antibody, pH7pLld4 antibody, pETpLIE antibody or

PETMEDPLLE antibody at 0.5 mg/ml (5 mg/kyg group were prepared
with phvsiclegical saline on the day of administration.
{2} Administration of the antibodv-containing adﬁinistration
sample

The administration sample prepared according to (1) was
administered at a dose cf 10 mL/kg through the tail vein to
/lcr-scid mouse. ALl the groups contained 3 animals,
and each test antibody~ceontalning administraticon sample was

administered tc a respective group. Venous blood was collected

rom the animals and was analvzed for the murine plasma
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(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 at 37C in a 5% C02 incubator.
On the next day, 5.55 MBq Cr-51 was added to each well of the
mate and the plate was incubated for 3 hours at 37'C in a C02
incubator. The HepG2 cells contained in the wells of the plate
CONSFEreSEH &S taryetTElisfifthe KSEC dctivity -assdy as  described
cox1Relow. 3),Chromium release assay. (ADCC activity) The ADCC -
activity was evaluated from the specific chromium release rate
nourdetermined pysthescheomiunteeleaser methad., Thedarget celis: & »

~ prepared as in (2) were washed with medium, and 100 pl of each
- TR afitibody (POLIO Fntibody: -HEF.819106 antibbeyz pHirptasrzs
-.-antibody. or pH7pL 16 antibody) was added at a_concentration of
tLeagfé.dudg?O%)f 6% X, or Zi%%?frﬁf%& af)IaTé“V%gs”er(éa%%ed for 15
cendRIAUtES atyoom temperature, and the antibody solution was
removed. 100 uL of subculture medium was added to each well
3] andihe plateswasdneabated ford hear atn37C0mia% CD,
incubator. 100 uL of the human PBMC solution  prepared as in (1)
was added to eachWell (5% 10" talisivelly ad the piatd was =™
wa s iﬂ@é‘?@_t@g EQ} %P%%@%E@é@ %é%i’o@oge M@%@rlar@xame_e [
centrifuged. The radioactivity in 100 p1 of the 133 culture
sStarsiipernatantdn eacls welkpf the plate was smeasured:byra-gamma
.. counter. The specific chromium release rate was determined
*2-%cdording to the folldwing formuf® ©-¢ wg/ml. The standard

samples and the murine plasma test samples (suitabply diluted
te a desired concentration) ware added to lmmunoplates (Nunc-
ImmuncPlate, MaxiSorp (Nalge Nunc International:} on which
soluble glypican 3 core- (Chugal Seivaku Kabushiki Kaisha) is
immobilized, and the plates were incubated for 1 hour at room
temperature. Goat Anti-Human IgG-BIOT {Southern Biotechnelogy
Assoclates}) and then streptavidin-alkaline phosphatass
conjugate (Roche Diagnostics) were added, and g chromegenic
reaction was carried out using the BlusPhos Microwell
Phosphatase Substrates Svstem (Kirkegasard & Perry
Laborarories! as a gubstrate. Using & microplate reader, the
color of the reaction sclution in each well was determinad by
measuring the absorbance cf the reaciicn sclution at &50 nm.

The murine plasma antibody concentration wag then calculated

using S0FTmax PRO analytical software (Mclecular Devices: with
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Specific chromium release rate () = (A - C) x 100/(B - C) wherein
A represents the mean value of the radioactivity (cpm) of the 100
uL culture supernatant in each well; B represents the mean value
of the radioactivity (cpm) of the 100 uL culture supernatant in
wells where 100 'L of 2% aqueous NP-40 solution (Nonidet P-40,
_...Nacalai Tongueg and SC uL of 1.0 FBS/D- MEM ‘medlum were
TEELTUET t6 the target calls: and & reprBaents the mean valtia or e
v2 1 dadioactivity cam)of the 100 Q1 gultire-supernatant in wells
where 150 pL of 10=% FBS/D- MEM medium was added to the
tafyet celsnThe'tests wereccauried out in friplicateyandthetion are
mean.. value and standard. deviation of the specific chromium

ShoYh|edse Tt ™ which'is TefIBTLive of the ADCESaE ity Tf thes ,
obs2nfibody, were, calcilated, from the test results, (4, Evaluation of ;.
the AD---- act|V|ty the test antibodies The results o_ the
rhavevalaation offthe Al--C activity exhibited by human PBMCs via
the test antibody reveled that all of the test antibodies exhibited
-activity. The results are shown ine'igure 13. Significant
ncflifierence fest: reyealed that o significant diferepce was . .,
p1oandthe epnieol: HOLD antibedy-i —eispec f ¢ crromiua release rate
of t antibodies. The statistical analyses were run using the SAS
13%Préchinical Package {SAS Institute ine> THese results shiowed
dmsthat there was no dlfference betvxiqqg tge ADhCC activities of the
c7-modified fest Hhtibodigdren pe-ipheral biood monocyte

(referred to as PRMC: as The effectecr celll.

Exa

{1} Preparation of a human PBMC soliution
Using a syringe previously loaded with 200 uL of a 100C

unit/ml heparin sciution (Nove Heparin Injection 5000 Units,

(€3]

Nove Nerdiski, 30 mb peripherzl blood was collected from a
nealthy volunteer (adult male’} from Chugai Seivaku Kabushiki
Kaisha. The blcood was diluted twofold with PBS(-}, divided
into 4 egual parts and introduced into a Leucosep lymphocyte
separation tube (Greiner Bilo-one} that was previcusly loaded
with 15 mi Flcolli-Pague PLUS and subjected to centrifugation.
The separation tube loaded with the peripheral blood was
centrifuged for 10 minutes at room temperature at 2150 rpm,
and the monocvte fraction layer was collected., The cells

contained in the layver were washed once with Dulbecco’s

Modifiec Eagle’ s Medium (Sigma) containing 10% FBS (referred



Example 13 Preparation and evaluation of modified antibodies
capable decreasing in the pl value of the constant region (1)
Selection of modification sites for decreasing the pl value of the
constant region IgGIAGK (SEQ ID NO:32") is the 1a-1 constant
region having the amino acid sequence as shown in SEQ ID
NO:31, which -lacks the 446t1-. Giv and the 447:r, Lys (according
to Helthie EF nUiMbERnG)-oEthe kgG@| eonstantregion! Deletibnrofiiese =
__,two_amine acid residues allows for the decrease in heterogeneity
= eatided by fhie heavly chiEin térhindl Corstant tagicn & anibdy =
ro <Hie antibndy was modified tq have decreased nl valuedn. the.
constant region by substituting some the amino acid residues in
(2} lgEAGKwith the cerrespanrding amino acid residues in the
sequence of the human 1gG4 constant region according to the EU
nuifBering. 'Spetificalf? the 268t ristitlifie (K Z6F IGSHEGK o & 98-
=1 {aceprding to the. EU. numbering) was substituted with glutamine
e (Q) of the Ig&4 sequence, the 274th Fy%iﬁé“(K)“W%%&b‘ﬁitﬁ%éd
incidith glutarine 4Q), the 355th:arai.ninedR) was.substituted witthy,. ;.-
~glutamine (Q), the 336t_:h, aspartic acid (D) was sun _itutec with
day glatamidiBerd {E) thie 858thseutine wis “E35 substitated with and
-ne Methionine (M), and the 419th glutamine (Q). was substituted with
€ glatamic agid (). These Substitlitions Tontair seuence 6f9-12
inc@haino-acids Which.Can SeIVe @S @i f=¢ in the weiis of the plate
were used as target cells in the ADCC activity assay as
described below.
{3} Chromium release assay [(ADCC activity)
The ADCC activity was evaluated from the specific

chromium release rate determined Ly The chromium release

b

method. The target cells prepared as in (2} were washed with

medium, anc 100 pl of each antibody (HOLC antibody, Hd1.B8Ldl.

(2

antibody, pH7pLld antibody or pE7pllé antibedy) was added at a

v

concentration of O, 0.004, .04, 6.4, 4, or 40 ug/mL. The
plate was reacted for 13 minutes at room temperature, and the
antibody solutiorn was removed. 100 ul of subculture medium was

added to sach well and the plate was incubsted for 1 hour at

37°C in a %

a0

CO, incubator. 100 ul of the human PEMC solution

prepared as in (1) was added to each well (5 x 10° cells/well)

o

and the plate was incubated for 4 hours at 37°C in a

(a3

R

incubator, and centrifuged. The radicactivity in 100 ulL of zhe

—
Ly
a3}



cell epitope only derived from a human constant region and thus
are expected to have lower risk of immunogenicity. These 6
modifications were introduced into TgGILGK to obtain M85 (SEQ
ID NO:33). The constant region M85 was combined with the
variable region pH' and HO to prepare p:H7M85 ;.SEQ -D NO:34)
cultzpg HONIBS {SEQUD NCIS ) Tespettively. HOMSBLO Trtibody bY
. qali2s propared from HOMES as the heavy chain and.as he light
= 2*%hain, and “ph7M85pL 16 antibody Was prepared from pH7MS5 as
derethe heaw: chainand plib.as the Light light.chain. Also, the HOLD
antibody and pH7pLI6 antibody having the constant region of IgGil
Specwire pleparedrasdns Bcampte | and ExampleCThe dntibadiesc)
HOMS8S5L , cH7M85cLI6,HOLO, and pH7pLI6 were expressed in
“herprp RETEIFHIE Or HEKIS3 cells ind putified a8 Gaseribedin' =™
or <Example or 9. {2) Measurement of p-.valug,of.constant tegion pi. .
modified antibodies The pl value of the HOLD antibody,
the HOM8SIQ«antibady, pH7pkiG antibody;rand pH7ZMS85pld6LL
antibody. was measured by electrophoresis with PhastGel '-EF
culopg 5YGEHR R case) Under* thesaiie efectrophioresigors He-40
. sonditions using the method similar to that described in Example
o e of 6 HOLD - anbads: HONBSLo Entbony,
res pHdpLl6.antibody antpHdIM8SpLie 136-antibedy was-8.85; 8.1-6,
6.52 and 5.78, respectively, indicating that the modification in the
repigHTstant regior ccontribyates to-firthed decrease tin therP| valuehe
yxiTthout

100 ul culture supernatant in wells where 150 nl of 10% FRS/D-
MEM medium was added To the target cellis. The tests were

carried out in trirplicate, and the mean value and standard

deviation of the specific chromium release rate (%), which is
reflective of the ADCC activity of the antibody, were

Bl

caglculated Irom the test results.

4

{4} Evaluation of the ADCC activity of the test antibodies
The results of the evaluation of the ADCC actiwvity
exnibited by human PBMCs via the test antibody reveled that
all of thes test antiboedies exhiblted ADCC activity. The
results are shown in Figure 13, Significant diffsrence test
revealed that no significant difference was observed at any
concentrations tested between test antibodies and the control
HOLC antibody in the specific cﬁromium reiease rate of the

antibodies. The statistical analyses weXe run using the SAS

Fad



affecting to the immunogenicity of the antibody. (3j Evalua--ion of

binding act-v'zv of constant region p1 modified antibodies by

competitive ELISA The binding activity to the antigen of each

constant region pl modified antibody was measured using the

method described in Example 1 (Figure 19,. The binding activity

to lypicar 3, ol the HOLC antlbod%/ HCMSSLQ ant|b0d¥ qu pnowgd
FreC ahliboly, &ﬁW§5pl’_f§ hody Were SHOWN to be a St the ©
trat SBME. Example 14 ADCC activity.of the copstantregionpls of

modified antibodies using human peripheral blood monocytes as
the theweffectorcelleTheADBCact. . T:_ty of the phipLi6 antibody and

pH7M85pLI6 antibody was tested using the method as described
EMmEExainple 7.2. The results are shown in Figure 15. Significant u_
sron-BlENCE tes revealed:that no significapt difference was, observed
Wﬁmw
secrspeciic chramiuntrelease rate-akthetestzantibedies: The

statistical analyses were run using the SAS Preclinical Package
@AS“MRU% I héseresiitsSshéfetPthattheteswis ho® P*
,. difference betwgen the ADCC activities of the pH7pL16 antibody
Y5 and pH9M§§pEIBQantlbo%y 137 Claims: ~. A method for preparing
aﬁ)ﬁﬁfﬂt;gly@m@n"@ antibody with modulated plasma kineties, saig ng

method comprising the steps of: (a) culturing a host cell bearlng a
the goeleic acid thgtuence as shown in 3EQ ID NO:3i, which lacks

the 446th Gly and the 447th Lys (accerding to the BU

numbering: of the Ig8l constant region. Deletion of these two

Q
Fy
®
th
s
)
o
I
m

aminc acil . allows for the decrease in hetercgeneizty
causad by the heavy chaln terminal constant region ol an
antibody.

The antibody was modified to have decreased pl value in

the constant r

(]

gion by substituting some <f the amino acid

=

residues in IgGiAGK with the corresponding amino acid residues

in the sequence of the human IgG4 constant reglon according to

the EU numbering.

{according to the EU numbering! was substituted with glutamine
(¢} of the IgG4 seguence, the 274th lysine (K} was substituted
with glutamine {Q), the 3I5th arginine (R} was substituted

with glutamine (Q}, the 236th aspartic acid (D} was

substituted with glutamic acid {(E}, the 358th leucine (L} was



encodes the anti-glypican 3 antibody under conditions allowing for
expression of the nucleic acid, wherein the anti-glypican 3
antibody has an amino acid sequence altered to causes a
modification in the charge of at least.: one amino acid residue that
can be exposed on the surface of the antibody; and (b) recovering
. upcMe anti-glypican 3 antibody from the host ce” culture. 2. The .
" method according to laim whereif the Thodtilation® of the blashia
was Kinetics.increase.or decrease in-a parameter.selected-from the
plasma half life, the mean plasma residence time, and the plasma
contelearance:rthe methdd accordirg toclaim whergingthes as a T-
_modification in the charge of the amino acid residue achieved by
e L affinE Btid substitotioh” 4° e methtd attorditiy td hainy 12
cnuswWherein the amino aeid resigue that can-be gxposed.onthe op...
surface of the ant_- glypican 3 antibody is located'in a region in
& motheranti= glypican-3 antibodyather thanithelEGRn binding region.
E. The method according to claim 4, wherein the FcRn binding
(SECregioticomprises the Fc region. 138 6. The method according to
claim 4, wherein the FeRpchinding fegion comprises the aming .
acid residues of the' ED numbers 250, 253, 310, 311, 314, 428,
reqi®35p436zaccording to-the: Kahatmumbering.: The:method.s nomss

according to claim 1, wherein the ant_-
(SEQ ID NC:35;, respectively. HOMBELO antibody was prepared

from HOMB85 as the hesavy chaln and L0 as the light chain, and
pHIMELPL1S antibody was prepared from pHTMB5 as the heawvy

chain and pLlé as the light 1light chain. Alsc, the HOLO

LR

antibody and pH7pLlld antibody hawving the constant region of

{2) Measurement of pi value of constant region pl medified

The pl vaive of the HOLO antibody, HOME8LLO antibody,
pH7pllé antibody, and pHTMELpLlEe antibody was measured by
electrophoresis with PhastGel IEF 4-¢.5 (GE Healthcass) under
the same electrophoresis conditions using the method similar
t¢ that describsd in Exampie 1. The pl walues of the HOLO

. At

antibody, HOMESLO antibody, pH7pLlée antibody and pHTMEBLpLlE

£36



glypican 3 antibody is an IgG antibody. 8. The method according
to any one of claims 1-7, wherein the amino acid residue whose
crarge is modified is an amino acid residue present in the heavy
chain variable region or the light chain variable region. 9. The
method according to claim 8, wherein the anti- glypican 3 antibody
_comprises a comolementarity-determining region (CDR) derived
AnLIRBHY a'ibn™humahn afima™>a fiathewdrk reGibR“ERY Werived from
inailUMIAN, and.a constant regign derived. . -Nomhuman, and,,
wherein the modification toe charge of the amino acid residue is
contachigved by substiiutionat-east one:amino acid:fesidue-that can
be exposed on the antibody surface the CDR or FR of the
afTegRabedy Withan BMirTe atid résidie “0¢ e hagd tharge different
(3 oM thatof the aming acid residue. - 0. The method according to
7 Haim S Wherein the modification i the charge of the amind acid
mod residue s achieved Ry (h).at least.one substitution in the heavy
chain variable region shown in SEQ ID NO: 1 selected from: (a)
substitotioniof: ¢ that'is-the 4 3rd=amino aid résitud: withh K 2139
(b) substitution of D that is the 52nd amino acid residue with N,
*29°4hd (¢) Labstititiof '6r & that 18 thETo 7 amifo’ Hcid Yeidue With

ces&uBRA/OL, pyanmpie 1 (Figure 14). The binding activity to

Lo W IR N

i 7

OLC antibody, HOMBSLC antibody, pEVpLié

antibody, pHTMBSpLlé antibody were shown To be about the same.

ADCC activity of the constant region pl modlfl

T
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3
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using human peripheral blood monocytes as the effsctor cel

The ADCC activity oI the pHT7plLid antibogdy and

o]
he]
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antibody was tested using the methcocd as described in Example

1Z. The results are shown in Figure 15, Significant difisrence
test revealed that no significant difference was chserved

betwsen tTest antilbodises at any concentrations tested in the

spacific chromium release rate of the test antibodies. The

statistical analyses were run using the SAS Preclinical

Package (SAS Institute Inc.). These results showed that there
was no difference betweesn the ADCC activitles of the pHTpLlE

antibody and pHTMESpLlé antibody.

—
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(2:) at least one substitution in the lighn chain variable region
shown in SEQ ID NO: 7 selected from: (d) substitution of E that is
the 17th amino acid residue with Y/ (c) substitution of Q that is the
27th amino acid residue with. R, and (f) substitution of Q than is
the 105th amino acid residue with K. 11. The method according to
clzielaim 9, wherein the modification the charge of the amino acid
residue is achieved by: (1) at least one substitution in the heavy
chain variable region shown in SEQ ID NO: 1 selected from: (a)
substitution of K that is the _9th amino acid residue with T, (B) .
substittion of & that is e 93ra aring acid Fesiiue with aﬁ,"(ig)oay
wi crSybstitution:of Q that is the 62nd amino.acidresidue with,, (d). .
substitution of K that is the 63rd amino acid residue with 140 (e)
stersulgdtitution of K that is the 65th amino acid residue with Q, and (f)
substitution of G that is the 66th amino acid residue with D; and/or
(2)7at 184st Gnd Substifiition™ 1m thé fight thaif Valfatie® region
enchownin SEQ 1D NO: 7 selected from: (g).substitution of R that is.
the 24th amino acid residue with ’
or exwpression ¢f the nucleic acid, wherein the anti-glvpican

1

3 antibody has an amine acid ssguence altered To causes a

Al

modification in the charge of at least one amino aclid residue

that can be exposed on the suriace o

bk

the antibody; and

(b} recovering the anti-glypican 3 antibody from the
nost cell culture,
z. The method according to claim 1, wherein the modulation
cf the plasme kinetics is increase or decrease in a parameter
selected from ths plasms haelfi life, the mean plasma residence

time, and the plasma clearance.

LS

The method according To claim I, wherein the modification
in the charge of the amino acid residue is achieved by aminc
acld substitution.

4. The methed according te ciaim 1, wherein the amince acid
residue that can be exposed on the surface of the anti-

gilypican 3 antibody is located in a2 region in the anti-

giypican 3 antibody other than the ¥FcRn binding region.
5. The method according to claim 4, whersin the FcRn binding



or (h) substitution of Q that is the 27th amino acid residue with (i)
substitution of K that is the 79th amino acid residue with T, (j)
substitution of R that is the 82nd amino acid residue with S, and
(k; substitution of K that is the [I2nd amino acid residue with S. 12.
The method according to claim 11, further comprisino at least one
modification in the heavy chain constant region shown in SEQ ID

- NO=31E8eCtéd Fronmi 14) stbstitdfion of k&t is e 1576t drimmo »o

reg‘%CId respldue Wlth Q. (rpg substltutlon Of K that is the 157th a@égg
acid residue with Q, (s

()

substltutlon o? P that is the 238th amino '
253,acithresidue with Q21414 substitution-of:Dthat isithe:239th
amino acid residue with E, (e) substitution of ., that is the 241st
NUMBEIIAG -acid residue with M, and (f) substitution of Q that is the
. BQan amlno ac:ld idue Wlth E, 13. The method accordlng to
t any ‘ORe of claims g% ‘Wherein™ the anti: gﬁ/plcanﬁan?lbody has

o1yvAdeduced coptent offucose,attached to the Fc region of the
antibody.

2. The method according to any one of claims 1-7, wherein
the amino acid residue whose charge ils modified is an amino
acid residue pressent in the heavy chain variable region cr the
light chain variable region.

9. The method according to claim 2, wherein the anti-
glypican I antibody comprises a complemeniaritv-determining
reglon {CDR) derived from a non-human animal, a2 framework
region (FR) derived from human, and a constani feglon gderive
from human, and wherein the modification in the charge cof
amine aclid residue is achieved by substitution of at lsast one

aminc acid residue that can pe exposed on the antibody surface

in the CDR or FR of the antibody with ar amine acid resid

us
that has a charge different from that of the amine acid
resgidue

18. The method according tTo claim 8, wherein the modification

1 the charge of the aminc acid residue is achieved by:
i1y at least one substitution in the neavy chain variable
regicn shown in SEQ ID NO: 1 selected from:

{a) substitution of that iz the 432rd anmino acid residue with

L O]
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14. An anti-glypican antibody prepared by the method according
to any one claims 1-13. 15. A method for preparing an antibody
with modulated plasma kinetics, said method comprising the
steps of: (a) culturing a host c_:..i bearing a nucleic acid that
encodes the antibody under conditions allowing for expression of
the nucleic acid, wherein the antibody has an amino acid
(b sEgGehcerareréd t6 catises & motificationtintheschargeat deastith
.one amino acid residue in the constant region in the antibody
" “other than the FcRn binding region; and (b) recovering the
(c) antbedy.from the hosticell eulture. 16 Themethed agcording to
claim 13, wherein the modulation of the plasma kinetics is
withintrease or decrease in a parameter selected from the plasma
1ﬁglf life, the mean plasma residence time, and the plasma
#%%&earance, 142 The method according to claimer wherein the
(21 modification.ip the charge of the amino-acid.resjdue is _aghieved
by amino acid substitution. 18. The method according to claim 17,
regiwhesenvthe mriiodyrisi@an fg&:aatibedy: A8« The method
~according claim 1_8, wherein t_he antibody is an IgGl antibody.
4 3§ The ethod accordifig to°cldifh 177 whetsm fie Snotiification tr
o, inthe charge of the amino acid residue is achieved by substitution
" of at least one amino acid residue of an 7gGl antibody with a
e} camresponding amino acid residize of &t amino acic residue with

N

R, and

(£} substitution of ¢ that is the 105%th aminc acid residue
with .

11. The method according to claim 9, wherein the modification
in the charge of the aminc acid residue is achieved by:
(1] at least one substitution in the heavy chain varizble

reglon showrn 1n SEQ ID NG:

1 selected from:

{a} substitution of K that is the 19th aminc acid residue with
T;

{b} substitution of ¢ that is the 43rd anmino acid residue with
Er

() substitution of ¢ that 1ls the €2Z2nd amino acid residue with
Er

{di substitution of K that is the 63rd amino acid residus wizth
<
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IgG4 antibody. 21. The method according to any one of claims
15-20, wherein the ToRn 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 claim 20, wherein the modification in the charge o:

(e} thetaminotacid residuerist achievied 43¢ at teastcone stibhstidution im: «h
the heavy chain constant region shown SEQ ID NO: 31 selected

C From: (a) substitution of H that is the 151st amino acid residue

(e, With Q, (b; substiution of y th is the 157th amino acid residue with .
e V(%[,El%cs)“&]ﬁéﬁ?&tiéﬁ of ﬁ%tﬁgt Tsstﬁg ?éagiﬁkar%iﬁg acidi's due with "
n; Q, 143 (d) substitution of D that is the 239th amino acid residue
with E, (e) substitution of L that is the 241st amino acid residue
and4gith M, and (f substitution of Q that is the 302nd amino acid
. residue WingﬁE.qgg. ;I'hte methoﬁdﬁagcgrqi‘ngt to any one of claims
15227 Wherein the antibodyis an anti-glypicart 3 antiboay™24; A
reginethed.of stabilizingrananti-glynican.3 antibody that comprises a
complementarity-determining region (CDR) derived from a
(9} nrophurhanianimal fa frameworkredion (FRY.deriveddronsidue with

Iy

[
(ny substitution of ¢ that is the 27th amino acid residue with
,
(i} substitution ¢of K that is the 79th amino acid residus with
T,
{3) substitution of R that is the £Znd aming acid residue with

o)

5, and

O
s
o

{k) substitution ¢ { that 1s the 112nd aminoc acld residue

with &
1Z2. The metnod according to claim 11, Zurther comprising at
lezst one modificaticen in the heavy chain constant region

shown 1n SE¢ ID NO: 31 selected from:

uuuuuu

{2 substitution of B that is the 10lst amino acid residue
with ¢,
(b substitution of K that is the 157th amince acid residue
with ¢,

{c) substitution of

e}
¢t
=y
st}
t
Lo
N

L8 the 23BLhn amino acid residue

with ¢,



human, and a constant region derived from human, said method
comprising the steps.of: culturing a host cell bearing a nucleic acid
that encodes the anti-glyoican 3 antibody under conditions
a--lowing for expressiorn of the nucleic acid, wherein the
anti-alypican 3 antibody has an amino acid sequence altered to
'd) inersasé itithecTol vallue of therantiBody byrarmodification of &t
least one amino acid residue; and (b) recovering the antibody
frorh the host cell culture. 25. The method according chain: 24,
(e; Wheteinthe gmine acid, residue is pressy—i the ER ; region,,
and/or the FR2 region of the heavy chain or the light chat-:. 26.
witThie method according to claim 25, wherein an amino acid residue
__inthe FR2 region of the heavy chain is substituted with an amino
1) atid Tesidize Of the FRZ'fégion of the’ \At4 1Y Stibtfass . 27 Thie
.1+ method according to claim 25, wherein an amino acid residue in
theFR2 region of the light chain is substituted with an amino acid
13. residuenefthe ERZ:tegion efthe YK3.csubclass: 28.Fhe methad ir
according to any one of claims 24-27, wherein the substitution of
the tha amfHg acid residde IS athibied by st least o substfutiorrase
»- Ihe heavy chain variable region shown in SEQ ID NO: _ selected
“““from- (a) substitution of. V that is thé 37th amiino acid residue with
14. (bisuhstitution.of Acthat isthe40th amino.acidsesiduewith..

Wit

gccording to any one of claims 1-13.
15. B method for preparing an antibody with modulated plasma
kinetics, sald method comprising the steps of:

{a) culturing a host cell bearing a nuclieic aci

ot
jo]
ot
oy
W
ct

)

encodes the antibody under conditions allowing for sxpression

of the nucleic acid, wherein the antibody has an amino acid

&l

sequence altered to causes a modification in the charge oI

f

[
0y

lgagt one amino acld residus 1in The constant region in the
antibody other than the FcRn binding region: and
)

b} recovering the antibody from the host cell culture.

1¢. The method according to claim 15, wherein the modulation

=

of the plasma kinetics is increase or decrease in a paranmets

selected from the plasme half 11

it
[

. Lhe mean plasma residence

time, and ths plasma clearance,
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P (c) substitution of N that is the 48th am no acid residue with and
(d) substitution of D that is the 51st am-no acid residue with

_and/o-r (2) at least one substitution. in the light chain variable
region shown in SEQ SD NO: 7 selected from: e' substitution of..
that is the 42nd amino acid residue w~tu.: (f) substitution of S that
is the 48th amino acid residue with A, and (g) subs_ution of Q

- tHatdsthens0thk amird- acid residuenwith Rnh:45129 tTemethod for
preparing an antlbody with modulated cytotoxicity, comprising the

modiSes-of (@) cultifrifig s Fost celf Bedfing a httteitacid that®

acm%@ggds§ the: antibody under canditions allowing for expression of
the nucleic acid, wherein the antibody has an amino acid

18. saguenceraltered tecauses admadificationtir the:chargesof atody s

least one amino acid residue that can be exposed on the surface

+ Igfa &otokic’ antibody; and (b) recovering the antibody from the

1o hastee _.culture. 30, The method according, to, clalngﬁwhergm
the modification in the c’harge of the amino acid residue is

an 1aghieyed:by@amino acid substitution. 31. The method according to

claim. 29, wherein the amino acid residue that can be exposed on
20.th@ﬁgJﬁaééqﬁfﬁﬁ;gﬁﬁb@ﬁng claim 17, wherein the

1
e

modification in the chargs of the aminc acld residus is

achisved by subpstitution of at least cone amine acid residue of

an I1gGl antibhody with & corresponding aminc acid residue of an

the EU numbers 250G, 253, 31C, 3171, 314, 428, 433, and 43¢
according teo the Kabat numbering.
22. The method according to cliazim 20, wherein the

modification in the charge of the amine acid residus is
achieved by at ieast cne substitutlon in the heavy chain
nstant reglon shown in SEQ ID NC: 31 selected from:

{ai substitution of B that i1s the 15lst aminc acld residue

by substitution of K

¢t
=
[}
=
L
wn
¢t
"l
®

157th amino acid reszidue

(o} substitution of R that is the

B
(ad
[o.0]
%)
o3

amino aclid rssidue

with ¢,



located in a region in the antibody other than the FCRn binding
region. 32. The method according to claim 31, wherein the FcRn
binding region comprises the Fc region. ., . The method according
to claim 31, wherein the FcRn binding region comprises the .
an.-no acid residues of the Eu numbers 250, 253, 310, 311, 314,
428, 435, 436 according to the Kabat numbering. 34. The method

(d) aueerding-tootlaim R9% whereinttre arfibodyrisnig@antibedysThe
method according to any one of claims 29-34, wherein the amino

“1th48id residue whose charge is modified is an amino 146 acid

(o) 'esiduepresentin the constant region;af the aptibody., 36, The.
method according to any one of claims 29-34, wherein the amino

witracid residue whose charge is modified is an amino acid residue

_ present in the heav vy chain variable region or the light chain
'l \7Aftablerégion of the diitibody.t37. The metRod accordingtoelaim
.136, wherein the antibody is an antibody that comprises a

i ‘complementarlty -determining region (CDR) derived from a

23. nonhumananined-aframewark region {FR):derved-from human,
and a constant region derived from human, and wherein the

the mydificationinitheliarge 0f the" amiro-agieresidue is achieved
b){xsubstltutlon of at least one amlno acid resldue ghan canbe =
** eXposed on the Antibody sufface Jn the' COR oF FR 6f thg ©@7 =it

com@ntiRedy with an.amino-acid residue: that has.a charge:different .
from that of the amino acid

from a non~human animal, a framework region (FR)} derived from

Wi T

human, and a constant region derived from human, said method
comprising the steps of:

{a} culturing a host cell bearing 2 nucleic acid that
encodes the anti-g
for expression of the nucleic acid, wherein the anfi-glypican

3 antibody has a
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the Tm vaiue oI the antibody by a modification of at least one
aminc acid residus;: and
(b} recovering the antibody from the host cell culture.

2%, The method according to claim 24, wherein thes amino aci

O

t

residue ig present 1n the FRL reglon and/or the FR2 regicn o

12 hes chain or the licht chain
26, The method according to clelm 23, wherein an aminoc acid
reslidue in the FRZ region of the heavy chain ls substituted

- wlth an aminc acid residues of the FRZ region of the VH4



residue. 36. The method according claim 37, wherein the
modification in the charge of the amino acid residue is achieved
by: (1) at least one substitution in the heavy chain variable region
shown in SEQ NO: selected from: (a) substitution of K that the
19th amino acid residue with (b) substitution of Q that is the 43rd
subciio acid residue with (c) substitution of Q -hat is the 62nd
?lno acid residue with E, 147 ( )(S ybstitution of K that is the .
© 63rd aminG acid residue with < S (e substitufion of K thatisthe™™
res 6Bt amna@ea@l@bre.%gy@nwgh Q-and {f)-substitution of G thatis.
the 66th amino acid residue with D; and/or, (2) at least one
Wit'%mﬁﬁ@nqnqh@lighﬁ chain variabte Frégiopasskhowrtint SE Q=i NO:
sub\_? gelected rom: ¢ substitution of R that is the 24th amino acid

Tesidue with Q, (h) substitution of Q that is the 27th amino acid

25 . residug with subs-.. substitution. of S that is, the /79th aminq.acid. ;
residue with substitution P. tha is the 82nd amino acid residue

the withs8; and ¢k) stbstitution :of K that is:theild 2nd aminevacidsy
residue

(1} at least one substitutlon in the heavy chain variable

reglon shown in SEQ ID NO: 1 selected from:

fa) substitution of V that i1s the 37th amino acid residus with

{bhy substitution of A that is the 40%th amino acid

]

esidue with

{c) substitution of M that is the 48Th amine acid 2 with

H
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is the 5lst amino acid residue with

and/ozr
{2y at least one substitution in the light chain variable
reglon shown in SEQ ID NO: 7 selected from:

{e} substitution of L thar is the 42nd anince acid residue with
oF

{(fy substizution of

[£8]

hat is the 48th aming acid residus with
A, and

et

(g} substitution of ¢ that 1s the 50th amino acid residue with

K.



with E. 30. The method according claim 33, further comprising at
least one substitution in the heavy chain constant region shown in
SEQ ID NO: 31 selected from: (a) substitution of H that is the
151st amino acid residue with Q, (b substitution of K that is the
15?th amino acid residue with Q, 148 (c) substitution of R that is
the 238th amino acid residue with Q. (d) substitution of D that is
29 tHe 239t ArhitTo Bdd Tesidud Wit EL 8 siibstitutist ot “t¢hat is
oyt Otpe 241st amlno aC|d requue Wlth N and (f) substitution of Q that
s the 30§nd amino acid residue Wlth E. 40. The method
aQQOrdiﬂg:t@&|ﬁ¢ﬁh3ﬁoMQﬁ€m she:antipogdyn COmpAaSEsia <hat
complementarity-determining region (CDR) derived from a
ENCORGA-Htma Rival, affamews ik fegion (FRydetived fronirhaman)
and a constant re leon derlved from human and Whereln the
°F Shodification if the harge of the-amino acu'ff résidie is"athieved
seq¥ SUbstitution of-atleast.one amine agid residue: that canbe - 4+
exposed on the antibody surface _n the constant region of the
Leasantibedywith aav aiino: adic: residuecthatras s chargerdifferent
from that of the amino and residue. 41. The method according to
S0 J.CEIéEf,noa.O V\(}?H Ipeglﬁm_s\.he?.ﬁ_.l_DOGV, and

{b} recovering the antibody from the host cell culture.

30. The method according Lo claim 29, wherein the

icaticn in the .charge of the amino acid residue is

residue that can be exposed on the surface of the antibody is
located in a2 region in the antibody other than the FeRn

binding region.

32
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binding reglon comprises the Fo region.

[O%)
[¥5]

The method according to claim 31, wherein the FoRn
binding region comprises the amince acid residues of the TU

numbers 230, 253, 310, 311, 314, 428, 435, 436 according to

the Kabat numbering.
34, The method according To claim 2%, wherein the antibody is
an I1gG antibodyv.

Lad

5. The method according to any one of claims 29-34, whereln

s

the amino acid residue whose chargs is modified is an amino
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substitution is an least one substitution in the heavy chain
constant region shown in SEQ ID NO: 31 selected from: (a)
substitution of H that is the 151st amino acid residue with Q, (b)
substitution of K that is the 157th amino acid residue with Q, (c)
~ substitution of R that is the 238th amino acid residue with Q, '49
acLA(dYPSUBSitUtioiT 67 D that [t 239th arhiftto aeid feSitfue " With ey -

55 (62 substitution of L that is the 241st amino acid residue with M. .

HASJUYE

and (_ Substitiition of O thatis the 302hd amino acid residue
the \Withrk. 42: I he method-according te any ene:aficlaims 37-4i:no

wherein the antibody has a reduced content of fucose attached to
acidthes Fevegiort ot thie ‘antibody a3y A antibvdyisrepared byther the
.. .method according to any one _of claims 29-42. 44. The antibody
"“'“gna”cc%‘fad‘iﬁg‘i%rélaallorﬁe4§je9\/¥r?é‘re?ﬁ the antisody i an anti-glypi.can 3
37. antibody.45; An.antibady comprsing; & heavy.chainvadable .. 1«

region shown in SEQ. ID NO: I in which the amino acid secuence
an gomprises-at leastone s sabstitution selected: frome(@):substitution

of K that is the 19th am=no acid residue with
regicn (CDR) derived from a non-human animal, a framework

¥4

gglon {(FR} derived from human, and z constant reglon derivead

rom human, and wherein the modification in the charge of the

)]

amine acid residue is achieved by substitutiocn of st lLeast one
aminc acid residue that can be exposed on the antibody surface
in the CDR or FR ¢f the antibody with an aminc acid residue

that has a charge different Ifrom that of the amino acid

i WA

{23 at least one subsiitution in the heavy chain wvariable

region shown in SEQ ID NO: 1 selected from:

(&)

the 19th amino acid residue with

b

{a) substiturion of K that

by substitution of § that is the 43rd aminc acid resldus with

(cy substitution of. the 62nd amino acld residue with

L]
ot
=)
o}
[
s
[6H]
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(b, substitution of Q that ... the 43rd amino acid residue wit.- (c)
substitution of Q that _s the 62n6 amine acid _esiaie with (d)
substitution of K that is the 63rd amino acid residue with 50 (e"
substitution of K that is the 665th amine acid residue with Q, and
(f; substitution of G that is the 66th amino acid residue with. D;
(a) andles <(2)a.light chain a\{arlgb{QLGQI%SQQV\%Wg§E}QIIDSNQI 70y
which the amino acid sequence comprises at least one
S, substitution selected from: (g; substitution of R that is the 24t1
amino acid residue with Q, (h; substitution of Q that is the 27th
' Ao adi-rasidte w th* i SubStitufion o Riifist st 70tH Hrfirid ="
aggld residue with "? substitution of R that is the 82nd amino acid
residue with and () substitution of. K that is the 112nd amino
» acickrasidueswitit B 46:Thesantibody.acearoingta-claime 450 wich
comprising the heavy chain shown .. SEQ 'D NO: 3 and the light
chain show- in SEQ ID NO: 9. 47 The antibody according to claim
mm/4§ comprising the heavy chain shown in. SEQ ID NO: 5 and the
liana chain shown SEQ ID NO: 11. 48. The antibody according
(2 claimeASWhich e0MPris@S &r in the light chain variable

+h

:
1

D;

region shown in SEQ ID NO: 7 selected from:

(g} substitution of R that is the 24th amino acid residuse with

3
(n) substituticon of £ that is the 27

aming acid residue with

{1; substitution of K that is the 7%th aminc acid residue with

")
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T 18 the 82nd amino acid residus with

{k} substitution of K that is the 11Z2nd amino acid residue

least one substitution in the heavy chairn constant region

shown 1n SEQ ID NO: 31 selectad from:

{a) substitution of H that is th

1]

151lst amine acid residue
with Q,
(b} substitution of K that is the 157th amino acid residue

with Q,
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heavy chain variable region shown in. SEQ ~D NO: 27 and a light
151 chain variable region shown in SEQ !D NO: 26. 49. The
antibody according to claim 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: 29. 50. The antibody
aggording to any.ope of claims 45-49 comprising & cqnstant,
region of a human antibody. 51. The anifib6dy according 6 ctaim
witnho0, wherein the constant region comprises a sequence shown in
SEQ ID NO: 32 or SEQ ID NO: 33. 52. An antibody comprising: a
(d) heavylchairrvarible région shoven i3 BEQaD. NOzaZidn revhichdhe
o aL[nino acid sequence comprises at Least one substitution
¥+ *sélected from: (a) substitution of Q that is the 43rd amino acid
(=) Gsidue-with, (b) supstifytion of 1) that is the, 52nd.amino acid, .
residue with N, and (c) substitution of Q that is the 107th amino
withagid eesidue with R; and (2) a light chain variable region shown in
SEQ ID NO: 7 in which the amino acid sequence comprises at
') reHstongtstbstitution 8elected o' (d, substittitish 6f Stheit's
..+« nihe amino acid residue with Q, (e) substitution of Q tha is the 27th
amino acid residue with

40, The method according te clalm 36, wherein the antibody

{c]

comprises a complementarity-deternmining region (CZDR) derived
from & non-humen anima., & Iramework region (FR) derived from

nruman, and 2 constant region derived from human, and whersin

the modification in the charge of the aminc acid residue 1=
achleved by substitution of af least one amino scld residue

xposed on the antibody surface in the constant

[
oy
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region of the antibody with an aminc acid residue that has a2

charge different from that of the amino acl

&3
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41. The method according to claim 40, whersin the

substitution is at least one substitution in the heavy chain
constant region shown in SEQ ID NO: 31 selected from:

vosubstitution of KB that is the 15lst amince acld residus

(b} substitution of K that is the 157th aminc acid residue
with &,
(¢} substituticon of R that is the 238th aminc acilid residue

with @,
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52 R, and (t;- substitution of Q that is the 105th amino acid residue
with R. 53. The antibody according to claim 52, comprising the
heavy chain variable region shown in SEQ TO NO: 4 and the light
chain variable region shown in SEQID NO: 10. 54. The antibody
according to claim 52, comprising the heavy chain variable region
(d) showrninSEQ 7D NOn6tand thedighte chaimvariable regiendue
shown in SEQ ID NO: 12. 55. The antibody according to any one
of tlaims 52-54 comprising a constant region of a human
. aptibody, 56, An.antingdy compyising atJegst gne sybstitution in
the amino acid sequence of t._e heavy chain constant region
withshowamdn SEQ ID, NO: 31 selected from: (a) subs ti u_ion. of H
than is the "151st. amino acid residue with Q, (b). substitution of
(5 RUpatis thet159th animoraéi Fléﬁd&“”with@%)%maﬁw(@f
_.P.that is the 238th amino acid residue w_t_. Q, (d). substitution
oF D that rs the 239th amlno aC|d reS|due W|th E (e substltutlon of

with

T

Q that _s the 302nd amlno aC|d residue W|th E

the antibody has 2 reduced content of fuccese attached to the
Fo region of the antibeody.

43. An antibody prepared by the method according to any ons
cf claims 29-4Z.

44. The antibody according to claim 432, wherein the antibody
is an anti-glyplcan 2 antibody.

45. An antibody comprising:

{1} a heavy chain variable reglon shown in 38 ID NC: 1 in
which the amino acid sequence comprigses af 1s8as8t one
substitution selected from:

{2y substitution of K that

mn

the 18%th amino acid residue with

bo-

by substitution of O that is the 43rd amino acig residue with

(¢ substitution of ¢ that iz the 6Z2nd aminc acid residue with

id: supstitution of K that is the

[oN)
8]
]
8

1 amino acid residus with
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153 57. An antibody comprising a heavy chain constant region
shown in SEQ 1D NO: 33. 58. The antibody according to any one
of claims 45-57, wherein the antibody has a reduced content of
fucose attached to the Scregion of the antibody. 59. A
composition comprising the antibody according to any one of
clalms 45- 58 anda pharmaceutlcally acce%table carrler 60. An
Anticancer a¢ agent comphising as ah active ThgFsdidnt “the antibody
o, a@ecording to any one of claims 45-58. 61. The anticancer agent

according to claim 66, wherein the cancer is liver cancer. 62. A
(I} mucleic acid that encodes aipolypepiitde: of the antibady caccording:h
to any one of claims 45-56 63. A host cell comprising the nucleic
acid according to claim 62. 64. The host cell according to claim
ana /63, wherein the host cell is a fucose transporter-deficient animal

cell, a fucosyltransferase-deleted animal cell, or an animal cell in
(2 whichyacomnplex branehed sugarnehatmodificationzis modified:

~ 65. A method for preparing an antibody comprising culturing the

"I FostCelfactording t6 TR 63 6P B ahtFretovetify a”polypeptide

from Lhe ceII culture 154

(e}

I

substitTutlidn selecis

(g} substitution of R that is the 24th amino acid residus with
Q.

(hy substitution of 4 that is the 27th aminoe acld residus with
B,

17 substitution of K that is the 79tl

o
rt
a
o
=
|._4
-y
)
W
0
o
o
=
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123
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o,
c
gl

& with

71 substitution of R that ls the 8Znd aminoc acid residue with
5, and

(ki substituticn of K that is the 112nd aminc acid residue

4%, The antibody according to claim 45, comprising the heavy
chain shown in SEQ ID NO: 3 and the light chain shown in SEQ
ID NO: 9

47. The antibody according toe clieim 45, comprising the heavy
chain shown in SEQ ID NC: 5 and the light chain shown 1n SEQ
ID NC: 11

48. The antibody according te claim 45 which comprises a
heavy chain variable region shown in SEQ ID NO: 27 and a light



variable reglon shown in SEQ ID NO:

heavy

cnain

28,

The antibedy according to claim 45 which comprises a

variable reglion shown in SEQ ID NO: 27 and a light

chain varliable region shown in SEQ ID NO: 2%.

50. The antibody according te any one of claims 45-46%
-comprising & constant region of & human antibody.

51, The antibody according toe clilaim 30, whersin the consian:
region comprises & seguence shown in SEQ ID NO: 32 or SEQ ID
NO: 33,

52,  An antibody comprising:

{1}y a heavy chalin variable region shown irn SEQ ID NO: in
which the amine acid sequence comprises at lsast one
substitution selected from:

{a' substitution of § that is The 43rd amino acid residue with
z,

{by substitution of D that ls the 52nd aminoe acid residuae with
N, and

(e substitution of ¢ that is the 107th amine acic residus
with E;

and

{2} a light chain variable regilion shown in SEQ ID NC: 7 in
which the amino acid seguence comprilses at least one
substitution selected Ifrom:

{(dy substitution of & thet is the 17th aminc acld residue with
QI

{e! substitution of ¢ that iz the 27th aminoe acid residus with

152



R, and

rEy substitution of ¢ that is the 105th amino acid residue

. The antibody according to claim 52, comprising the heavy

chain wvariable region shown in
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chain variable region shown in SEQ ID NO: 10.
54, The antibody according to claim 52, comprising the heawy

e reglon shown
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chain wariable rsgion shown in SEQ ID NC: 12.

55. The antibedy according to any one of claims 52-°

(93]
=

comprising a constant region of a human antibody.
5. An antibody comprising at least one substitution in the

amine acid seqguence of the hesvy chain constant region shown

in SEQ ID NO: 31 selected from:

{a) substitution of H that is the 15lst amino acid residus
with ¢,
(b1 substitution of K that 1s the 157th amino acid residue
with ¢,
(o} substitution of R that 1s the Z38th amino acid residue

{d} substiturion of D that is the 230th amino ac

b
o
B
®
tn
0
o
o

of L that i3 the Z41lst amino regsidus

32
¢}
-
Q

with M, and

iy

£y substitution
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et
oy
Qi
ot
n

the 30ZInd aminc acid residus
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57. An antibody comprising a heavy chain constant region

clial

58. The antibody acgording to any one o

it

=
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wherein the antibody has a reduced content of fucose attached
to the Fo region of the antibody.

59, A composition comprising the antibody according te any

ot

one of claims 45-35% and & pharmaceutically acceptable carrier
©¢. An anticancer agent comprising as an active lngredient

the antibody according tTo any one of claims 45-58.

©l. The anticancer agent according to claim 60, wherein the
cancer lg 1liver cancer.

6Z. A nucleic acid that encodes z polypeptide of the antibody
according to any one of ciaims 45-5%.

£3. A& hest cell comprising the nucisic acld according to
claim 62

64. The host cell according to claim €2, whereln the host

cell 1s a fucose transporter-deficient animal cell, a

fucosyliransierase~deleted animal cell, or an animal cell in

which & complex branched sugar chain modification is modified.



