
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
the Invention The present invention relates to a method of
improving  the plasma (blood) kinetics of anti-glypican 3
antibodies, a  pharmaceutical composition comprising an
anti-glypican  antibody that has improved plasma kinetics as an
active  ingredient , and a method preparing the same. Description
of the Related Art. Antibodies are stable in the plasma and exhibit
few side  effects and for these reasons their use as drugs has
been  receiving attention. Among the several antibody isotypes, a
large number of IgG isotype therapeutic antibodies are on the
market and a large number of therapeutic antibodies are also
currently under development (Janice M. Reichert, Clark
Rosensweig, Laura B. Faden, and Matthew Dewitt, Monoclonal.
antibody successes in the clin.c, Nature Biotechnology (20:5)  23,
1073-8; Pavlo A. K. and Be sey M. , The therapeutic 1 antibodies
market to 2008, Eur. Pharm. Hiopharm. (2005)  59(3), 389-96; and
Janice N. Reichert and Viia E. Valge-Archer,  Development trends
for monoclonal antibody cancer therapeutics,  Nat. Rev. Drug
Disc. (2007) 6, 399-356). Anti-giypican  



antibodies are known to exhibit antitumor activity by  exercising
cytotoxicity against, for example, liver cancer  cells and lung
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
liver cancer, ovarian cancer, melanoma, and  so forth (Albina
Nesterova, Paul J. Carter, and Leia M. Smith,  Glypican 3 as a
Novel Target for an Antibody-Drug Conjugate,  AACR Abstract No.
656 (2007" Los Angeles, C_, April., 4-18) In addition, technologies
to enhance the effector  functions are being developed for
producing second-generation  therapeutic antibodies. For
example, it is known that the  antibody-dependent cellular
cytotox=city (ADCC) activity and  the complement-dependent
cytotoxicity (CDC) activity are  enhanced by an amino acid
substitution in which. the amino  acids constituting the region of
Igo isotype antibodies  (referred to as IgG antibodies) are replaced
by different  amino acids (Rim. S. J., Park Y., and Hong ! H. J.,
Antibody  engineering for development of therapeutic antibodies,
Mol.  Cells (2005) 20(1?, 17-29;. When an anti-giypican 3 antibody
is produced in --noose transporter-deleted CHO cells, fucose is
not attached to the branched sugar chains attached to the
anti-glypican 3 antibody. Such an anti-glypican 3 antibody has  a
significantly higher ADCC activity than the anti-glypican 3
antibody that contains fucose in the branched-chain of the  sugar
chain, and is thought to exhibit a greater antitumor  activity as a
therapeutic antibody (WO 2006/067913). 



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.,
Keller S., and Tsurushita N., An engineered  human IgGl antibody
with longer serum half-life, J. ImmunoI.  (2006) 176(1), 346-56;
and Ghetie V., Popov S., Borvak J., Radu C., Matesoi D.,
Medesan C., Ober R. 0., and Ward E. S.,  Increasing the serum
persistence of an Igo fragment by random  mutagenesis, Nat.
Biotechnol. (1997) 15(7), 637-40). If a  technology that prolongs
the plasma half-life antibodies is  applied therapeutic antibodies, it
is expected that the  dose of the administered therapeutic antibody
is reduced and  its interval of administration is extended, which will
enable  the provision of 'Tess expensive therapeutic antibodies
with a  high convenience factor. in specific terms, the plasma
half-life can be extended  by substituting an amino acid of the Fc
region of an IgG  antibody with another amino acid resulting in
improving the  IgG, antibody's affinity for the neonatal Fc receptor,
which is  3 known to be a salvage receptor for the IgG antibody. In
addition, it is also known that the plasma half-life is  increased by
shuffling the individual. domains (CHI, CH2, C83)  constituting the
constant region of the antibody (luckier L.  



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
conserved in humans, an antibody having an artificial amino  acid
substitution as described above in the amino acids  constituting
the constant region may cause side effects by ex_ b --ping
immunogenicitl in. the human body. It is therefore  preferred that
only a small number of amino acids be  substituted. Technologies
involving amino acid substitution in the  variable region (also
re=-e-red as V region) IgG  antibodies reported to date incl..ude
humanization technology  (Tsurushita N., Hinton R. R., and Kumar
S., Design of  humanized antibodies: from anti-Tac to Zenapax,
Methods (2005)  36(1'), 69-83), affinity maturation where am--no
acids zr, the  complementarity-determining region (CDR) is
substituted in  order to Increase the binding activity (Rajpal A.,
Beyaz ti.,  Haber L., Cappuccilli G., Yee H., Bhatt R. R., Takeuchi
T ,  Lerner R. A., and -rea R., A general method for greatly
imp.oving the of='nity of antibodies by using combinatorial
libraries, Proc. Nac_. Acad. So-, . USA (2005] 102(24), 8466-71)
and amino acid substitution in the amino acids constituting  the
framework region (FR) for improving the physicochemical  stability
(Ewers ., , Honegger F.., and Pluckthun A., Stability  improvement
of antibodies for extraceli ular and intracellular  



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
.g., stability) and enhancing the function  (e.g., antigen binding
activity) of antibodies. Since the  am...no acid sequence
constituting the CDR of humanized  antibodies is derived from the
amino acid sequence of a  nonhuman animal species, the risk of.
generating 'immunog .icity  by introducing an artificial amino acid
substitution in this  sequence is thou=7: to be lower than amino
acid substitutions  in a sequence i_.other regions. Moreover, with
regard to an  artificial amino acid substitution in the amino acid
sequence  cons:itutin the FR o-'_ humanized antibodies, __ is
thought  that such a substitution poses little risk of generating
immunogenicity the FR amino acid sequence obta-ned as a
consequence of substitution rs the same as any of the __ty of
human antibody FR amino acid sequences that are  published in,
for example, T:e Dana- database
moo://ftp.ebi.ac.uk/pub/databases/kab t_i), the I(00 database
(http://imgt.cines.fr/), and so forth. Furthermore, the
immunogen_city can be reduced by reselecting a human antibody
sequence that is very similar to the FR amino acid sequence
obtained as a consequence of substitution, from the plurality  of
human antibody FR amino sequences that are published in the
Kabat database, the !MGT database, and so forth (WO  



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
a-f-life of Igo antibodies by amino acid  substitution of the amino
acids constituting the variable  region, which is oelleved to car -isk
of invoking  immunogenicity. The reason for this is, in part, that the
plasma ha--f-life of IgG antibodies are believed to largely  depend
on antigen-dependent dep'_etion and binding to the  neonatal Fc
receptor, a salvage receptor for IgG antibodies  (Lobo L. ., ,
Hansen F. j., and Balthasar 3. P., Antibody  pharmacokinetics and
pharmacodynamics, J. Alarm. Sci. (2004)  93(1' " 2645-68), and
that the functions and properties the  variable region may not have
a significant influence on the  plasma half-life. It has also been
reported that the isoelectric point (p1)  of IgG antibody is lowered
by anionization of IgG antibody by  6 succinylation (Yamasaki Y.,
Sumimoto K., Nishikawa M.,  Yamashita _ , Yamaoka K., Hashida
K., and Takakura Y.,  Pharmacokinetic analysis of in vivo
disposition of  succinylated proteins targeted to liver
nonparenchymal cells  via scavenger receptors: importance of
molecular size and  negative charge density for rn vivo recognition
by receptors,  



P.armacol. Exp. Then. (2002:) 30"_(2), 46'7-?7), and that the pI  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)
66(4), =599-609! However, in both cases there was no increase
in The plasma :al the mod, _fied Id6 antibody, but rather the
plasma half-life was decreased. Thus, an -.crease  _n the plasma
hal_ife of IgG antibodies cannot be realized  by modification of the
e_ of the IgG antibody by the above- de cribed chemical
modification of the IgG antibody. SUMMARY OF THE INVENTION
The present invention was oursued in view of the  circumstances
described above. An object of the present  invention. is to provide
a method of modulating the plasma  (blood) h f-life of ant lypican 3
antibody, an anti- glvpican 3 antibody having a modulated plasma
f-life and a  pharmaceutical composition comprising the antibody
as an  active ingredient, as well as a method of preparing the anti
glypican 3 antibody and the pharmaceutical composition.  Another
object of the present invention is to provide a method  for
modulating cytotoxicity of an antibody by modulating the  plasma
half-life of the antibody having cytotoxicity, an  antibody with
modulated cytotoxicity and a pharmaceutical  composition,
comprising the antibody, as well as a method of  preparing the
antibody and the pharmaceutical composition. The present
inventors carried out focused investigations  



into methods for modulating the plasma 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
constant region of an antibody (e.g.  anti-glypican 3 antibody) -
amino acid residues exposed on the  surface of this antibody
molecule and thereby controlling the  su,:ace charge of the an`
body molecule pecif cally, among  the amino acid residues in the
amino acid sequence cons tuting the variable region and the
constant region of an  antibody (e.g. anti-glypican 3 antibody), par
t-cula_- amino  acid residues were identified that can modulate the
plasma  half-'life of the antibody (e.g. anti-glypican 3 antibody)
through modifying the surface charge on the antibody molecule
without a fecting the structure or function of the antibody,  e.g., the
antigen binding activity. The present inventors also -31 _..ed that
an antibody (e.q anti-o_~vpican antibody) 8 having a half-life
modulated in this manner In fac- retains  its antigen binding
activity. The present inventors also found  that modulation of the
plasma half-life of an antibody (e.g.  anti-glypican 3 antibody)
increases the tumor proliferation  inhibiting activity on cancer cells
exhibited by cytotoxic  antibodies, such as the anti-glypican 3
antibody. The present invention relates to a method of modulating
the plasma half-I.r.e of an antibody (e.g. anti-glypican  antibody)
by modifying an amino acid residue that is exposed  



on the surface of the antibody, an antibody (e.g. ant-i_  glypican 3
antibody: that has a modulated plasm halff-!ife 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
invention provides the following:  (ij A met-nod for preparing an
anti-glypican 3 antibody with  modulated plasma kinetics, said
method comprising the steps  of: (a) culturing a host cell bearing a
nucleic acid that encodes  the anti-glypican 3 antibody under
conditions allowing for  expression of the nucleic acid, wherein the
anti-glypican  antibody has an amino acid sequence altered to
causes a  modification in the charge of at least one at acic.
residue  that can be exposed on the surface of the antibody; and
(b) recovering the anti-glypican: 3 antibody from the hest  cell
culture; 9 2] The method according to [1], wherein the modulation
of  the plasma kinetics is increase or decrease in a parameter
selected from the plasma half life, the mean plasma residence
time, and the plasma clearance; [3] The method according to '[1],
wherein the modification in  the charge of the amino acid residue
is achieved by amino acid  substitution; [4 The method according
to {1], wherein the amino acid  residue that can be exposed on the
surface of the anti- 



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
numbers 250,  253, 310, 311, 314, 428, 435, 436 according to the
Kabat  numbering; 171 The method according to [1], wherein the
anti-glypican 3  antibody is an TgG antibody; [8] The method
according to [l) wherein the amino acid  residue whose charge is
modified is an amino acid residue  present in the heavy chain
variable region or the light chain  variable region; [911 The method
according to [8], wherein the anti-glypican  antibody comprises a
complement -_ty-dezermining region (CDR)  derived from a no;
human animal, a framework region (FR) 10 derived from human,
and a constant region derived from human,  and wherein the
modification in the charge of the amino acid  residue is achieved
by substitution of at least one amino acid  residue that can be
exposed on the antibody surface in the CDR  or FR of the
antibody with an amino acid residue that has a  charge different
from than of the amino acid residue; [10) The method according to
[91, wherein the modification in  the charge the amino acid residue
is achieved by: (1) at least one substitution in the heavy chain
variable  



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
NO: 7 selected from: (d) substitution of S that is the amino acid
residue with  Q, (e) substitution Q that is the 27td amino acid
residue with  R. and substitution of Q that is the 105th amino acid
residue  with R; ry ] The mezn od. according (9(, wherein the
modification in  11 the charge of ..he amino acid residue is
achieved by: _) at least one substitution in the heavy chain
variable  reoicn shown in SEQ =D NO: l selected from: (a)
substitution of K that the '_9_h amino acid residue with  T, (b)
substitution of Q that is the 43rd amino acid residue with  E, (c)
substitution of Q tha is the 62nd amino acid residue with  E, 



(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
amino acid residue with  Q, (n) substitution of Q that is the 27'_h
amino acid residue w  substitution of o that is the 79th amino acid
residue with  (j) subs- ution of R that is the 82nd amino acid
res-due with  and (x) subsitution of K that is the 1l2nd amino acid
residue  with E; [12] The method according to [11], further
comprising at least  one modification in the heavy chain constant
region shown in  SEQ 1D NO: 31 selected from: (a) substitution o
H that is the 151st amino acid residue  with Q, (b) substitution of s'
that is the 157th amino acid residue  with Q, (c) substitution of R
that is the 238th amino acid residue  with Q, (d) substitution of D
that is the 239th amino acid residue  



with E, (e) substitution of 5.., that is the 241st amino acid residue
with N, and (f; substitution of Q that is the 302nd amino acid
residue  with [l3] 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
antibody prepared by --he according to ,15] A method for
preparing an ant-nod} with modulated plasma  kinetics, said
method comprising the steps of.: (a' culturing a nesz -- bearing a
nucleic acid t at encodes  the antibody under conditions allowing
for expression of the  13 nucleic acid, wherein the antibody has an
amino acid sequence  altered to causes a modification in the
charge of at least one  amino acid residue in the constant region in
the antibody  other than the FcRn binding region; and (b)
recovering the antibody from the host. cell culture; ,16] The
method according to [15], wherein the modulation of  the plasma
kinetics is increase or decrease in a parameter  selected from the
plasma half lifer the mean plasma residence  time, and the plasma
clearance; M[ The method according to 115], wherein the
modification in  the charge of the amino acid residue is achieved
by amino acid  



substitution; [18] The method according [17], wherein one
antibody is an  IgG antibody; :19] The method according to [18],
wherein the antibody is an  IgGI 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
amino acid residue of an IgGI  antibody with a corresponding
amino acid residue of an IgG4  antibody; [21] The method
according _ -[20], wherein the FcRn  binding region comprises the
amino acid residues of the EU  numbers 250, 253, 31.0, 311, 314,
428, 435, and 836 according  to the Kabat numbering; 14 ]22] The
method according to ]20], wherein the mod_fica-lon in  the charge
of the amino acid residue is achieved by at least  one substitution
in the heavy chain constant region shown in  SEQ iD NO: 31
selected from: (a] substitution o . 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 the 238th amino acid
residue  with Q, (d) substitution of D that rs the 239th amino acid
residue  With 5, 



(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
comp~.ementarity-determining region ((CDR'; derived  Prom a
nor---human anima-, a Framework region (FRS de- iv ed from
human, and a constant region derived from. human, said method
comprising the steps of: cultu _ a host call bearing a nucleic acid
that encodes  the anti-glypican 3 antibody under conditions
allowing for  expression of the nucleic acd, wherein the
anti-glypican antibody has an amino acid sequence altered to
increase in the  To, value of the antibody by a modification of at
least one  amino acid residue; and (b) recovering the antibody
from the host cell culture;  [25] The method according [24],
wherein the amino acid  residue is present the FRI region and/or
the FR2 region of  the heavy chain or the light chain; [26;; The
method according to [25] , wherein an amino acid  residue in the
FR2 region of the heavy chain is substituted  with an amino acid
residue of the FR2 region of the VH4  subclass; [27] The method
according [251, wherein an amino acid  



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:
(a; substitution of V that is the 37th amino acid residue with  7, (b
substitution of A that is the 40th amino acid residue with
substitution of M that is the 48th amino acid residue with  and 16
(d) substitution of ~ that is the 51st amino acid residue with  and/or
(2) at least one substitution in the light chain variable  region
shown in SEQ ID NO: 1 selected from: (e) substitution of L that is
the 42nd amino acid residue with  Q, (f) substi ution of S that the
48th amino acid residue with  e., and (g) substitution of Q that is
the 50th amino acid -esidue with  R; [29A method for preparing an
antibody with moa 'sited  cytotoxicity, comprising steps of.:
culturing a host cell bearing a nucleic acid that encodes  the
antibody under conditions allowing for expression of the  



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
modification in  the charge of the amino acid residue is achieved
by amino acid  substitution; [31: The method according to [29')),
wherein the amino acid  residue that can be exposed on the
surface she antibody is  iooated in _ - gion in the ant_ncdy ether
than the PoRn binding region; [321 The method according to [31],
wherein the FcRn binding  region comprises the _c region; [331
The method according n [31], wherein the FcRn binding  region
comprises the amino acid residues of the EC numbers 250,  253,
310, 311, 314, 428, 435, 436 according to the Kabat  numbering;
[34 The method according [29], wherein the antibody is an  IgG
antibody; [35] The method according to [29]-[34], wherein the
amino acid  residue whose charge is modified is an amino acid
residue  present in the constant region of the antibody; [.36] The
method according to [29']-[34" wherein the amino acid  residue
whose charge is modified is an amino acid residue  present in the
heavy chain variable region or zhe light chair  variable region of
the antibody; 



[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
is achieved by substitution of at least one amino acid  residue that
can be exposed on the antibody surface in the CDR.  or FR of the
antibody with an amino acid residue that has a  charge different
from that of the amino acid residue; I8 [381 The method according
to [37], wherein the modi'~ cation in  the charge of the amino acid
residue is achieved by: ( ) at least one substitution in the heavy
chain variable  region shown in SEQ 7D 1\10: ' 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  (c)
substitution of Q that is the 62nd amino acid residue with  (d)
substitution 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
(f). substitution of G that is the 66th amino acid residue with
and/or, (2) least one substitution in the light chain variable  region
shown in SEQ ID NO: 7 selected from: (g) substL7:,:-Ion of R that
is th 24th amino acid residue with  (h, substitution of Q that is the
27th amino acid residue with  



(i) substitution of K that is the 79th amino acid residue with  19 (j)
substitution of R that is the 82nd amino acid residue with  S, and
(k) substitution of K that is the 1-l2nd 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
NO: 31 selected ---om: (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, id) sub s=-itution o- C that is the 239th amino
acid residue  with E, (e) substitution of i that is the 241st amino
acid residue  with 81, and (f) substitution of Q that is the 302nd
amino acid residue  with " [4C) The method according 135'1,
wherein the antibody  comprises a compl mentar-7y-dete mining
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 substitution of at least one
amino acid residue  



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
NO: 37.. selected from.: (a) substi.tuti.on of H that is the 151st
amino acid residue  with Q. (b) substitution of Y _haT s the 157th,
amino acid residue  with Q, substitution of R that is the 238th
amino acid residue  With Q, (d) substitution of D that is the 239th
amino acid residue  with E. (e) substi ution that is the 241st amino
acid residue  With H, and substitution of Q that is the 302nd amino
acid residue  with 5; [42] The method according to wherein the
antibody  has a reduced content of fucose attached to the Sc
region of  the antibody; [43] An antibody prepared by the method
according to [291- [42]; r44] The antibody according to [43],
wherein the antibody s  an anti.-glypican 3 antibody; [45] Ar,
antibody comprising: 



(l) a -heavy chain variable region shown in SEQ -D N0: 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
amino acid residue with  E, (d) substitution of K that is the 63r
amino acid residue with  (e) substitution of K that is the 65th amino
acid residue with  Q, and suoszizuzion of 0 that is the 66th amino
acid residue with  D; and/or  (2) a light chain variable region
shown in SEQ TD NO: in  which the amino acid sequence
comprises at least one  substitution selected from: (g) subst-tution
of R that is the 24th amino acid residue with  Q, (h substitution of
Q that is the 27th amino acid residue with  substitution of K that is
the 79th amino acid residue with  substitution of R that is the 62nd.
amino acid residue with  5, and (k) substitution of K that is the
112nd amino acid residue  with 5; [46] The antibody according to
[45], comprising the heavy  



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
chain  variable region shown in SEQ ID NO: 28; 149j The antibody
according no 45] which comprises a heavy  chain variable region
show- in SEQ ID NO: 2' and a Jig`-- .chain;  variable region shown
in SEQ ID NO: 29; [50] The antibody according to [45)-[49j
comprising a constant  region of a human antibody; [51] The
antibody according `50], wherein the constant  region comprises a
sequence shown in SEQ ID NO: 32 or SEQ  NO: 52,'.. An
antibody comprising: (I.) a heavy chain variable region shown in
SEQ ID NO: _ in  which the amino acid sequence comprises at
least one  substitution selected from: (a) substitution of Q that is
the 43rd amino acid -residue with  K, (b) substitution of D that is
the 52nd amino acid residue with N, and (c) substitution of Q that
is the 107th amino acid residue  with R; and  



(2) a light chain variable region shown in SEQ ID NO: 7 in  which
the amino acid sequence comprises at least one  substitution
selected from: (d) substitution of E that is the 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
acid residue  with R; .;j The antibody according [52], comprising
the heavy chain variable region shown in SEQ ID NO: 4 and the
light  chain variable region shown in SEQ ID NO: 10; [54] The
antibody according [52], comprising the heavy  chain variable
region shown in SEQ ID NO: 6 and the light  chain variable region
shown in SEQ 1D NO: 12; The antibody according to _ [54?
comprising a constant  region of a human antibody; [56] An
antibody comprising at least one substitution in the  amino acid
sequence of the heavy chain constant region shown  in SEQ SD
NO: 31 selected from: W substitution of H chat the 151st amino
acid residue  with Q, 2 (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, 



(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
't'r.e r _body  has a reduced content of fucose attached to the Sc
region of  the antibody; [591 A composition comprising the
antibody according t i45]- [58] and a pharmaceutically acceptable
carrier. ]60] An anticancer agent comprising as an active ngredient
the antibody according to [45]-[58]; [61] The anticancer.- agent
according to [60], wherein the  cancer liver cancer; '621 A nucleic
acid that encodes a poiypep-tide of the antibody  according to
[451-[58]; `63] A hest cell comprising the rac_e_c acid according
to  [62'.; [64] The host cell according to [63], wherein the host cell
a fucose transporter-deficient animal cell, a
fucosyltransferase-deleted animal cell, or an animal cell in  which
a complex branched sugar chain modification is modified;  [65 A
method for preparing an antibody comprising culturing  the host
cell according to [631 or [64i. and recovering a  



polypeptide from the cell culture. BRIEF DESCRIPTION OF THE
DRAWINGS Figure 1 is a chart obtained from the differential
scanning calorimetric (DSC) measurement of the Hspu2.2Lsnu2.2
(Hu2.2Lu2.2) antibody; =inure 2 is an electrophoretogram of
HOLD racy ana  Hspu2 2Lspu2.2 (Hu2.27r2.2) antibody in high p
isoele  ctronhoresis, w erein _anes _ and 4 show markers, lane 2
shows HOLD antibody, and lane 3 shows Hspu2.2Lspu2.2
(Hu2.2Lu2.2) antibody, where the numerical values show the pT
values of the of marker molecules and the arrows show the
electrophoretic mobil_.ties of the corresponding pI marker
molecules; Figure 3 is an e=ecophoretogram o HOLD antibody
and  Hspol.BLsndl.6 (Hd .BLc 6) antibody in low pI isoelectric
electrophoresi.s, wherein lanes 1 and 4 show pI markers, lane 2
shows HOLD antibody, and lane 3 shows Hspol.BLspol.6
(Fd1.8Ld'_.6)' antibody, where the numerical values show the c-
values the of marker molecules and the arrows show the
e_ectroph retie moo 'hies o: the correspondin pI marker 26
molecules;  Figure 4 is a diagram that shows the binding affinity of
H1SL4 antibody and bOb antibody for g_ynican 3 antigen in
competitive ELISA, wherein the black diamond refers to the
binding am,tinily of the H0=.,0 antibody and the grey square
refers to the binding affinity of the H1SL4 antibody; 



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
Hspu2.2lspu2.2 (hu2.2Lu2.2) antibody; Figure 6 is a diagram that
shows the binding affinity of  Hspd.... SLspd"_.6 (Hdl.BLd 6)
antibody and _OLO antibody for  dlypi.can 3 antigen in competitive
ELISA, wherein the black  diamond refers to the binding affinity of
the HO LO antibody  and the ey square refers to the binding
affinity of _he.  Hspol.BLspol.6 (Hdl.BLdl.6). antibody; Figure 7
shows the antitumor activity of t,... HOLO  =~ibody,
Hspu2.2Lspu2.2 (Hu2.2Lu2.2) ant-ibody, and  Hspdi.BLspol.6 (Hd
.8i,d`_.6) antibody in a huma.: liver cancer  transplant mouse
model; Figure 7A shows the antitumor activity of the HOLO
antibody, Hspu2.2Lspu2.2(Hu2.2Lu2.2) antibody, and
Hsodl.BLspd1.6 (Hd7..8Ldl.6) antibody in a Kumar, '_iver cancer-
transplant mouse model when each test antibody was 27
administered to the model at a dose of 5 mg/kg, wherein the  black
diamond shows the activity for the administration of  vehi.cle, the
black triangle shows the effect or the administration of the
Hspol.8Lspol.6 (Hdl.8Ldl.6) antibody,  the white circle shows the
effect of the administration of the  Hspu2.2Lspu2.2 (Hu2.2Lu2.2)
antibody, and the black square  



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
a dose 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 the administration of he Hsodl.BLsod-.6 (Hd 8Ldl.6) antibody,
the white circle snows tne ffec of the a ,in'st:at.o, of the
Hspu2.2Lspu2.2 (H-2.2Lu2 2 antibcdy, and the black sgua.-e
shows the effect of the administration o _he HOLO antibody;
Figure 8 shows the plasma concentrations of the antibody  for the
HOLD antibody, Hspu2.21spu2.2 (Hu2.2Lu2.2 antibody,  and
Hspd"i.BLspd1..6 (Hdi.Bi,dl.6) antibody n a human fiver
cancer-transplant mouse model; Figure BA shows the plasma
concentration of the antibody  for the HOLD antibody,
Hspu2.2Lspu2.2 (Ha2.2Lu2.2) antibody,  and Hspd'_,.BL.spol.6
(Hdl.8Ldl.6 antibody administered to a  human liver
cancer-transplant mouse model when each. test 2S antibody was
administered to the model at a dose of 5 mg/kg,  wherein the black
triangle shows the plasma concentration of  the Hspol.8Lspol.6
(Hdl.8Ldl.6) antibody, the white circle  shows the plasma
concentration of the Hspu2.21spu2.2 (Hu2.2Lu2.2) antibody, and
the black square shows the plasma  concentration of the HOLD
antibody; 



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.6ldl 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
triangle shows the plasma concentration of the  Hspol.BLsp-._.6
(Hdl.SLdl.6 antibody, the white circle shows  the plasma
concentration of the Hspu2.2Lspu2.2 (Hu2.2Lu2.2)  antibody, and
the black square shows the plasma concentration  of the HOLD
antibody; and Figure 9 shows the ADCC activity of test antibodies
against HepG2 cells, a human liver cancer cell line, wherein  the
black triangle shows the ADCC activity by the Hspd .81.spol.6 (H
_.BLdl.6) antibody, the white circle shows  the ADCC activity by
the Hspu2.2Lspu2.2 (Hu2.2Lu2.2) antibody,  and the black square
shows the ACCC activity by the HOLD  antibody. Figure 10 shows
the binding affinity of the HOLD antibody,  Hdl.8Ld1.6 antibody,
pH7pLl4 antibody and pH7pL16 antibody for  the antigen glyp can.
3 measured by a competitive ELIS:, 29 wherein the black circle
shows the binding activity of the  HOLD antibody, the white circle
shows the binding activity of  the Hdl.8Ldl.6 antibody, the black
square shows the binding  activity of the pH7pL14 antibody, and
the white square shows  the binding activity of the pH-/o-l'_6
antibody. Figure 11 shows the antitumor activity of the HOLD  



antibody, pH7pL1.4 antibody and pH7pLl6 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 cH7pLl4  antibody, and
the white square shows the antitumor activity of  the antibody.
Figure 12 shows the olasra concentration of the antibody  for the
HOLD antibody, Hdl.8Ldi.6 antibody, pH7u 14 antibody,  pH:ipLl66
antibody and pH7M85pL16 in mice, wherein  shows the  plasma
concentration the HOLD ntibod;, the wh_te circle  shows the
plasma concentration of the Hdl.6Ldl.6 antibody, the  black square
shows the plasma concentration of the pH7pL14  antibody, the
white square shows the plasma concentration Of  the pH7pLl6
antibody, the black. triangle shows the plasma  concentration of
the pH7M85pL16 in mouse. Figure 13 shows the ADCC activity by
HOLD antibody,  Hdl.8Ld'_.6 antibody, pH''., _4 ahtibody, and
pH7oL16 antibody  against HeDG2 cells, a human liver cancer cell
line, wherein  the black circle snows the ADCC activity by ne
HO:.0 antibody, 30 the white circ the ADCC activity by the
Hdl.8Ld1.6 antibody,  the black square the ADCC activity by the
pH7pL14 antibody, and the white square the ADCC activity by the
pH7pLl6 antibody.  Figure 14 shows the binding affinity of the
HOLO antibody,  HOM85LC antibody, pH7pLl6 antibody and
ph7M85pL-.6 antibody _or  the antigen glypican 3 measured by a
competitiiv ..LISA, 



wherein the black triangle shows the binding activity of the  HDLG
antibody, the black square shows the binding activity of  the
HOM85LC antibody, * shows the binding activity of the 7pLI6
antibody, and the white diamond shows the binding  activity of the
pH7M85pL16 antibody. Figure 15 shows the ADCC activity by the
pH7pLl6 antibody  and pH7M85p'16 antibody against HepC2
ce-ls, a man J. cancer cell line, wherein the white square shows
the ADCC ac i.r-_ty by the pr. pL16 antibody, and the black
triangle shows  the ADCC activity by the pH7M85oLI6 antibody.
DESCRIPTION 0. 1HE ?R FESKEED EMBODIMENTS The
"resent invention provides a method of modula_ng the  plasma
kinetics of an antibody (e.g. anti-giypican 3 antibody)  In a
preferred embodiment of the present invention, the method
comprises the modification in the charge of at least one amino
acid residue that can be exposed on the surface of the antibody
(e.g. .ant--glypican 3 antibod} That is, the plasma  king-tics of an
antibody (e.g. anti-glypican 3 antibody: can be  modulated by
modifying the charge of an amino acid residue in  31 the antibody
to cause a chance in the isoelectric point (p1)  thereof. The
antibody (e.g. anti-glypican 3 antibody) having  modulated plasma
kinetics is able to exhibit an antitumor  activity on cancer cells that
is superior to that of the  unmodulated antibody. Among the
several antibody isotypes, the principle  metabolic pathways of the
IgG antibody do not proceed via  



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%
example, the vascular system. __ is  --ought that the la-, antibody
is metabo'ized manly by  metabolic pathways in endothelia ells
(He X.Y., Xu Z ,  Melrose , Mullowney A., Vasquez M., Queen C.,
Vexler V.,  Klinabei'. C., Co M. S., and Berg E. L., Humanization
and  pharmacokinetics of a monoclonal antibody with specificity
_o_  both E- and 1-se]e t_ , U. lmmuno'. ((1998 , 160(2), 1029-35)
That is, it is thought that the IgG antibody is recycled  through
binding to the -cRn of IgG antibody nonspecifically  taken up by
the endothel while the IgC antibody that  cannot be bound is
metabolized. IgG antibody having the Sc  region mod-fied to lower
the binding ac vity -c -::R- exhibf--s shorter half-life in the plasma.
In contrast, -_._ plasma  half-life of the IgC antibody can be
increased by modifying  3^_ amino acid residues constituting the
Pc region of the IgG  antibody so as to increase the binding
activity to FcRn (He X.  Y., Xu Z., Melrose , Mu_lowney A.,
Vasquez N., Queen C.,  Vexler V., Klingbeil C , Co M. S., and
Berg E. L.,  Humanization and pharmacokinetics of a monoclonal
antibody  with specificity for both E- and 9-select-,n, immunol.
(1998), 160(2), 1029-35; and Linksober RJ, Radix CG, Ghetie V.  



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 IgG antibody involved modification of the binding activity  to
FcRn by modification amino acid residues constituting  the Fc
region. Specific examples of the above amino acid  residues
include the amino acid residues H250, H253, :H310,  H311, H314,
H428, H435 and H436, according to the Kapau  numbering. In
addition, the amino acid residues H254, H255,  H257, H288,
H296, H307, H309, H315, 8415, H433, which  indirectly involve
the interaction between IgG antibodies and  HcRn, were thought
to be the target for modification. These  amino acid residues
correspond to, for example, the 130, 133,  190, 191, 194, 308, 315
and 316th amino acid residues, and the  134, 135, 137, 168, 176,
18T, 189, 195, 295 and 313rd amino  acid residues in SEQ ID
NO:30, as well as the 123, 136, 193,  194, 197, 311, 318 and
319th amino acid residues and the 137,  138, 140, 191, 179, 190,
192, 198, 298 and 316th amino acid 11  13 residues in SEQ ID
NO:3_, respectively. However, as shown in  the examples
provided below, it has now found by the present  invention that the
plasma half-life of an antibody (e.g. anti- glypican 3 antibody)
depends on the pI with a high correlation.  Thus, it is now shown
that the plasma ha L -life of the antibody (e.g. anti-glypican 3
antibody) can be modulated  



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
accordion to the Kabat numbering. It was also a surprising  result
that the m.odi`icati_on in she amino acid residues other  than
H250, H253, H31C, H311, H314, H428, H435 and H436, as :257,
H288, H296, 5130 1i309 H3l5 `415  we as H254, H2-1 1 an d
n433 exhibited a decrease in the pl value and change in  the
biding activity to FcRn. While not wishing to be bound a particular
tnecry, the  present inventors hold the following view at the
present time.  The rate of nonspecific uptake of the IgG antibody
by endothelial cells is thought to depend on physicochemical
Coulombic interaction between the -a, antibody and the
negatively charged cell. surface. it is therefore thought that
decrease (increase) ini the Coulombic interaction by lowering
(raising) the p1 of the IgG antibody may cause decrease
(increase) in nonspecific uptake by the endothelial cell, 34 which
in turn causes decrease (increase) in metabolism at the
endothelial cell resulted in the modulation of plasma kinetics.  As
used herein, "decreasing the Coulombic interaction" means an
increase in the Couiombic forth as expressed in a repulsive  force.
Since Couiombic interaction between the antibody and  



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
broadly applied to any antibodies or  anti-glypican 3 antibodies but
no limited to only a specific  antibody or anti-glypican 3 antibody.
When an lgC antibody is used as the antibody (e.g. anti- gyp-can
3 antibody) of the present invention, any subtype may  be used as
long as -s an lgG-type antibody molecule. A  bispectfic SgG
antibody may also be used. When the antibody  (e.g.
anti-glvpica... 3 antibody) of the present invention. is a  bispecific
antibody, the antibody can also specifically bind  both the
corresponding antigen (glypican 3 molecule in the  case of
anti-glypican 3 antibody; and. a. epitope other than.  that antige .
For example, in order to ecru-- NF, calls,  cytotoxic _-cells, LAN
cells, and so forth, a surface antigen  that specifically binds to
these cells may be suitably used as  another antigen. It has been
showc that cvtotoxIcity by LAY.  cells is exhibited against bile duct
cancer using a bispeci_ic antibody produced from the MUSE11
antibody recognizing MUCI  (an adenocarcinoma-related antigen),
and OKT3 antibody  recognizing LAN cell surface.antigen
(Ka--avose Y., Khoo  Suzuki M., Shinoda N., Saijyo S., Sakurai N.,
Saeki H.,  Fukuhara K., Imai K., and Matsuno S., MUCI-spec i`f'ic
targeting  immunotherap} wit:-: bispec f_c antibodies: ~nhzn t on
of  



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
different epitopes of the antigen which the antibody binds
(glypican 3 molecule In the case of anti-glypican 3 antibody)  can
also be suitably used as t_.e oispecific antibody , an _-glypican 3
antibody) of the present invention. In the  case of low molecular
wei.aht antibodies for which renal  excretion is the main metabolic
pathway, such as scly and Fan,  the plasma kinetics of such
antibodies cannot be modulated by  the pl as described above.
However, the present invention can  be ap-----'ed to any antibody
molecule --ype if it is an Sc- coupled. protein for which renal
excretion is not the main  metabolic pathway. Examples of such
molecules include scFv-Fc,  dAb-Fc and fusion proteins. Since the
main metabolic  pathway of these molecules s not via metabolism
by renal  excretion, tne plasma kinetics of these molecules can be
modulated by changinc: the 1 according the method o- the 36
present invention. Antibody-like molecules are included in the
antibody molecules envisaged by the invention. Antibody-like
molecules are molecules that function by bind-no to a target
molecule (Hinz H. K., Amstutz P., and Pluckthun A., _ngineering
novel binding proteins from nonimmunoglobulin  domains, Nat.
Biotechnol. (2005) 23(10), 1257-68); and  



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
compares with the plasma kinetics of the  antibody prior to m
d-f_ication. Thus, w -en it is desired to  increase the plasma half
life of the antibody anti- glvpican 3 antibody), "modulation the
plasma kinetics"  refers to increase in the plasma half-life of the
antibody.  When i_ _s desired to decrease the plasma half-life of
the  antibody (e.g. anti-glypicar, 3 antibody), "modulation of the
plasma kin _ics" refers to, decrease the plasma half of  the
antibbody. Whether the plasma kinetics of the antibody .g.. anti-
glypican 3 antibody) of the present invention have been mod f-_u
in the desired direction, that is,wh her the plasma  kinetics have
been modulated as desired, can be aopropr_ately  evaluated by
pharmacoki.netic tests using, for example, mouse,  net, rabbit,
dog, monkey, and so forth. Ir add-t=, at i7 "extensio.-, of the
plasma half-]..ife" or a "decrease of the  plasma half-life" as used
herein may also be comprehended via  parameters other than the
plasma half-life parameter, such as  the mean plasma residence
time and the plasma clearance  (Pharmacokinetics Analysis by
Practice, (Nanzando)). For  example, the "modulation of the
plasma kinetics" according to  



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
generally denotes an amino acid  residue that resides on the
surface of the polypeptide  constituting the antibody (
anti-glyp.i.can 3 antibody). The  phrase "amino acid residue that.
resides on the surface of the  polypeptide" refers to an amino acid
residue whose side chain  can come into contact with solvent
molecules (-ypica_iv water  molecules). Ail of _ s side chain need
not come into contact  with solvent molecules. _f even a oortion of
the side chain of  an amino acid residue comes into contact with
solvent  molecules, such an amino acne res_.du.e considered t"
be an  amino acid residue that resides on the surface. Those
skilled.  in the art can construct a homology model of the
polypeptide antibody using co_mmer _ly available homology
mode-ing  software. Based on this homology model, amino acid
residues on  the surface of the polypeptide constituting the
antibody (e.g.  36 anti-glypican 3 antibody) car. be appropriately
selected as ar_  "amino acid residue that resides.. on the surface
of the  polypeptide". The "amino acid residue that can be exposed
on the  surface" is not particularly limited in the present invention,  



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
according to the Kabat numbering. In addition,  the amino acid
residues H254, H255, H257, :288, H296, H307,  H309, H315,
H415, H433, which indirectly involve the  interaction between 1g5
ant bodies and ToRn, were thought to  be the target for
modification. These amino acid residues  correspond to, for
example, the 130, 133, 190, 191,194, 308,  315 and 316th amino
acid residues, and the 134, 135, 137, 168,  7.'76, 187, 189, 195,
295 and 323rd amino acid residues in SFQ  ID N0:30, as well as
the 133, 136, 193, 194, 197, 311, 318 and  319th amino acid
residues and the 137, 138, 140, 171., 179, 190,  192, 198, 298
and 316th amino acid residues iT. SEQ I2 N0:3-,  respectively.
The amino acid residue to be subjected to charge  modification in
the antibody. (e.g. ant= glypican 3 antibody)  according to the
present invention is preferably an amino acid  residue constituting
the heavy chain (H chain) variable region 39 or the light chain (1
chain) variable region of the antibody.  Preferred specific
examples of these variable regions are the
complementarily-determining region (CDR) and framework region
(FR,. Those skilled in the art can appropriattely select a  



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,
H72, H73, H75, H76, H81, H82b, H83, H85, H86, HIOS, H108,
5110, and H112, which are amino acid residues according to the
Kabat -numbering. For example, In the FR of the humanized an.i-
9-YF; car. 3 antibody heavy chain shown in SEQ ID NO: the -
surface amino 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,
42, 43, 44, 46, 69, 72, 73, 74, 76, 82, 85, 87, 89, 90, 107, 110,
112, and _14. F. surface amino  acid residue _he heavy chain:
CDR can also be selected using  the same homology model..
Ohus, H97, an amino acid residue  according to the Kabat
numbering, is exposed at the surface  for almost all antibodies.
For example, the serine at position  101 in the heavy chain CDR.
of the humanized anti-giypican  antibody shown in SEQ ID NO: 1
corresponds to that amino acid  residue. Suitable examples of
other amino ac-d residues in the  heavy chain CDR of the
humanized anti-glypican 3 antibody 40 shown in SEQ ID NO: .1
are the amino acid residues at positions  52, 54, 62, 63, 65, and
66. With respect to the light chain FR, surface amino acid
residues in the antibody's variable region can be suitably  selected
from it, L3, L7, L8, L9, Lil, 112, L16, L17, L18, L20,  



L22, L38, 139, L41, L42, L43, 145, L46, 149, L S7, L6C, L63, 165,
166, L68, L69, L70, L74, 176, L77, 179, L80, 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,
82, 84, 85, 86, 90, 1.05, 108, 110,  111, and 512 of the humanized
anti-glypican 3 antibody shown in SEQ ID NO: Surface amino acid
residues in the light  chain CDR can be selected using the same
homology model as the  homology model with which the surface
amino acid residues in  the heavy chain CDR were determined.
Suitable examples of  amino acid residues in the CDR of the
humanized anti-glypican  3 antibody, Light chain shown in SEQ ID
NO: 7 are the amino  acid residues at positions 24, 27, 33, 55, and
59. The term "modification" in an amine acid residue in the
method of the present invention scecifi a11n denotes, inter  alia,
substitution of an original amino acid residue with  another amino
acid residue, deletion of an original amino acid  residue, and
addition of a new amino acid residue, and  preferably indicates the
substitution of an original amino 41 acid residue with another
amino acid residue. Thus,  "modificaton in the charge of an amino
acid residue" in the  present invention is preferably an amino acid
substitution. In order to carry out "modification in the charge of an
amino acid residue" on the anti-glypican 3 antibody of the  



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
charge is preferably modified, for example,  fo- at least one amino
acid residue selected from the amino  acid residues at positions
1-7, 2-, 27, I -S, 59, 79, 82, 105  and 112 in the -ion- chain
variable _ on constituting he  humanized anti-glypican 3 antibody
shown in SEQ ID NO: 7.  Among the amino acid residues listed
above, amino acid  residues other than. those modified in its
charge need not be  modified as long as the des'red modulating
effect on the  plasma kinetics is being obtained; however, such
amino acid  residues may conventionally modified so as to have
no .,_.u__  or have the same type of charge the modified amino
residue(s). Charge-bearing amino acids are known to be present.
Tn  general, lysine (K), arginine (R), and histidine (h) are known
as positively charge.. amino acids. Aspa___c acid (D) and  lutamic
acid (E) are known as negatively charged amino acids. 42 The
amino acids other than these are known as the uncharged  amino
acids. Preferably the aforementioned "modified amino acid
residue" is conventionally selected from, out not --mi.ted to,  the
amino acid residues present in either of the following  



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,
modification in the present  invention encompasses (1)
substitution of a charged amino acid  with an uncharged amino
acid, (2) substitution of a charged  amino acid with an amino acid
bearing an opposite charge, and  (3) substitution of an uncharged
amino acid with a charged  amino acid. Modification of an amino
acid residue cons tut_ing the  antibody ;e.g. anti-glypican. 3
antibody) so as to change the  -so electric point ,p of the antibody
is creferrec for the  present invention. In addition, in those
instances where a  plurality of amino acid residues wrl be
modified, the amino  acid residues subjected no modification may
include a small  nu*.nber of uncharoed amino acid residues.
Suitable examples of the "modification in the charge of  an amino
acid residue" in, :he anti-g_ypican antibody, of the  4, present
invention are as follows. With regard to a  modification that
increases the pI value, for example, at  least one substitution
selected from Q43K, D52N, and Q1D7R in  the heavy chain
variable region constituting the humanized  anti-glypican 3
antibody shown in SEQ ID NO: 1 can be made,  



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,
and a modification to the amino acid seauence shown in SEQ ID
NO: 10 or 12 is particularly preferred. With regard, on the  other
hand, to a modification that decreases the pi value, az  east one
substitution selected from KIST, Q43E, G62E, K63S,  K65Q, and
G66D ir... the heavy chain variable region constituting  the
humanized anti-glypican 3 antibody shown zs SEQ ID N0: I  can
be made, and modification. to the amino acid sequence shown  in
SEQ ID NO: 5 or 27 is particular lv preferred. In  addition, for
example, at least one substitution selected from  R24Q, Q27E,
K79T, 8823 and K'____ the light chain variable  region constituting
the humanized anti-glypican 3 antibody  shown in SEQ ID NO: 7
can be made, and modification to the  amino acid seauence
shown in SEQ ID NO: 9, _ , 28 or 29 is  particularly preferred. In
addition, the modification that  decreases the ol value also include
substitution one or  more amino acid residues in the heavy chain
constant region 44 designated by H268, H274, H355, H356, H358
and H419 according  to the Kabat numbering. Preferred examples
of substitution is  at least one modification in the heavy chain
constant region  shown in SEQ ID NO: 3l includes, for example,
substitution of  H that is the 151st amino acid residue with Q,
substitution of  



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
In a chimera o_ the constant  region of IgOland the constant
region of IgG4 of a human  antibody. Thus such a subs itution a
Lows for separation of a  modified antibody with. a desired value
without affecting  the immunogenicity of the antibody. There are
no particular limitations in the present  invention on the number of
amino acid residues subjected to  modification; when, for example,
the variable region of the  antibody is being modified, prererab_y
the _ewest r. umber of  amino acid residues necessary to achieve
the desired modulated  plasma kinetics is modified, in order to
avoid lowering the  binding activity to antigen and in order to avoid
raising the  immunogenic--_v. it may also be suitable to implement
a  suitable combination with an amino acid residue modification
that causes a decline in immunoge c__ty and/or an amino acid
residue modification that causes an increase in the binding 4S
activity to antigen. Known techniques can be used to measure the
antigen  binding activity of the antibody. For example,
enzyme-linked  immunosorbent assay (ELISA), enzyme
immunoassay (EIA),  radioimmunoassay (RIA), or a fluorescent
immunoassay can be  



used. These methods are described in a common textbook,
Antibodies: A Laboratory Manual, Ed Harlow 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
examples of methods that can be  used to measure an antibody's
binding activity to cells. The  binding activity may evaluated based
on a FACS fluorescence activated sell sorting) a- ET i.nciple using
the cells as an antigen. In the ELISL format, an antibody's  binding
activity to cells is quantitatively evaluated by  comparing the signal
levels generated by an enzymatic _eact.on.  Thus, a st antibody is
added to an ELISA plate on wh'ch the  over-expressing cells have
been immobilized and the antibody  bound to the cells is detected
by an enzyme-labeled antibody  that recognizes the test antibody.
In the case of FACS, the  binding activity to cells can be compared
by construactane a  dilution series witn the test antibody and
comparing the  antibody binding titers for the over-expressing ells.
Binding between an antigen expressed on the surface of  cells
suspended in a buffer and not anchored on a carrier  46 (such as
an ELISA plate) and an antibody -fee_ this antigen can  be
measured by the FAGS format. Flow cytometers used in such
measurements may include FACSCan.toT' FACSAria' ,
FACSArrayT",  FACSVantage To SE, and FACSCaliburT"' (all
from BD Bioscience) and the EPICS ALTRA HyPerSort, Cytomics
500, EPICS XL.-MCL  



ADC, EPICS XL ADC, and Cell Lab Quanta/Cell Lab Quanta SC
(all  from Beckman Coulter,. In an example of a 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
antibody hat recognizes the test antibody; the  fluorescen: _=en ity
is measured with 7ACSCalinar (BD); and  analyzed using CELL
QUEST software !BD)). According to this  me hod, the test
antibody bound to the glypican i on the  surface of glypica._
expressing cells is stained by F=_- labeled secondary antibody
that specfica-ii.v recognizes the  test antibody, and the fluorescent
intensity if measured by  FACSCalibur, then the geometric mean
value (test geo-mean  value] obtained by analysis of the resulting
fluorescent  intensity is compared with the control geo-mean value
obtained  from a control antibody using che ELL QUEST software.
The  computational formulas that yield the geo-mean value
(geometric mean) are described in the C QUEST Software  User's
Guide (BD Bi.oseiences). In order to avoid increasing the in vivo
imraunogenicity  47 for_ the human receiving the antibody, the
modified amino acid  sequence is preferably, but not limited to, a
human sequence  (sequence seen in a naturally occurring
antibody of human  origins. In addition, mutations can be suitably
introduced at  locations other than the modifications introduced to
change  



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
humanized anti-HM1.24 antibody effectively kills  multiple
myeloma cells by human effector mediated  cvtotoxic_ty, Moi.
immu ol. (1999) 36(6), 38,-395. In. addition,  in order to change
the isoeleotric point of the antibody, each.  of the FR sequence
may be converted to another human FR  sequence in order to
change the charge of a particular FR (for  example, FR3 may be
exchanged with. another human FR in order  to lower the
isoelectric point of the antibody) . Such a  humanization method
reported in Dall'Acqua W. F.,  Damschroder M. N., Zhanc J.,
Woods R. M., Wid]aia L., Yu J.,  and Wu , Antibody humanization
by framework. shuffling,  Methods (2005` 36(1;, 43-60. In those
instances where the desired modulated plasma  kinetics are not
achieved by a modest modification of the  surface charge, an
antibody (e.g. anti.-glypican 3 antibody)  exhibiting the desired
modulated plasma kinetics can be 48 suitably obtained by the
repetitive execution of surface  charge modification and evaluation
of plasma kinetics. The plasma kinetics of chimeric EP5C7.g4, a
chimeric  anti-E, P-selectin antibody (IgG4), have been compared
with  those of HuEPSC7.g4, a humanized antibody (IgG4), and the
two  



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
additison, the plasma kinetics of  ch5d8, a chimeric anti-CD154
antibody, have been compared with  those of the humanized
antibody HuScS in cynomolgus monkey and  the two were shown
to have the same plasma kinetics (Gobburu J.  V., Tenhoor ,
Rogge M. , Frazier D. E. Jr., Thomas D.,  Benjamin C., Hess D.
m., and Jusko W. J.,  Pharmacokinetics/dynamics of 5c8, a
monoclonal antibody to  CD154 (CD40 ligand) suppression of an
immune response in  monkeys, J. Pharmaco . Exp. Tier. (1998)
286(..2), 925-30). The  plasma kinetics of the chimeric antibody
cCC49 were shown to  be the same as those of the humanized
antibody HuCC49 in mice  (Kashmir- S. V., Shu L., Padlan E. A.,
Milenic D. E., Schlom  J., and Hand P. H., Generation,
characterization, and in vivo  studies of humanized anticarcinoma
antibody CC49, Hybridoma  (1995) 14(5), 461-73). The plasma
kinetics and distribution of  mouse antibody and humanized
antibody were shown to be the 49 same in evaluations in mice
(Graves S.,.Goshorn S. C., Stone D. M., Axworthy D. B., Reno J.
M., Bottino B., Searle S ,  Henry A., Pedersen , Rees A. R., and
Libby R. , Molecular  modeling and preclinical evaluation of the
humanized NR-LD-13  antibody, Clin. Cancer Res. (1999) 5(4),
899-908; Couto J. R.,  



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
are the same due to the fact that the  murine 17 and human are
both cross-reactve wit:-, --he murine  'c'cRn. As shown by these
examples, the plasma kinetics are the  same between chimeric
antibodies and humanized antibodies that  have the same CDR.
This means that humanization by the known  methods provided in
Ghetie V., Popov S., Borvak , Radu C.,  4atesoi D., Medesar. ,
Ober R. , and Ward E. S., Increasing  the serum persistence of an
IgG fragment by random mutagenesis,  Nat. Biotechnol. (1997)
_5(7), 637-40) and so forth, may  provide the same plasma
kinetics as the chimeric antibody, and  thus a humanized antibody
having modulated plasma kinetics  therefore cannot be Prepared
by the known methods. contrast, when a chimeric antibody (e.g.
chimeric  anti-glypican 2 antibody) is humanized according to the
method  of the present invention, the pI of the an'ti'body is
modified  by modification to an amino acid residue that can be
exposed  50 on the surface of the chimeric antibody to construct a
humanized antibody (e.g. humanized anti-glypican 3 antibody)
that exhibits modulated plasma kinetics (i.e., an increase or
decrease in its plasma half-life, _n comparison to the  original
chimeric antibody. For the purpose of modulating the  



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
surface-exposed amino acid smarting from the humanized
antibody (e.g. humanized anti-glypican 3 antibody) has been
established that trastuzumab, bevacizumab,  and pertuzumab,
which are three humanized antibodies that have  been humanized
using the same human antibody FR sequence, have  about the
same plasma kinetics (Adams C. W., Allison D. E.,  Flagella K.,
Presta & , Clarke , Dybdal N., McKeever K., and  Sliwkowski H, X.,
humanization o_ a recombinant monoclonal  antibody to produce
a therapeutic HER dimerizat-on inhibitor,  pert,uzumab, Cancer
Immuncl Immunother. (2006) 33(6;), 717-27).  Thus, the plasma
kinetics are about the same when antibodies  are humanization
using the same FR sequence. According to the  method the
present invention, the plasma ;kinetics the  antibody (e.g.
anti-glypican 3 antibody', can be modulated in  the humanization
step where the p. of the antibody (e.g. anti- glypican 3 antibody) rs
modified by adding a modification to 51 an amino acid residue that
can be exposed on the surface of  the antibody. The method of the
present invention can also be applied  to human antibodies. A
human antibody (e.g. human anti- glypican 3 antibody) having
modulated plasma kinetics relative  



to the plasma kinetics of the initially prepared numan  antibody (
.e., 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
human antibody constructed from a human  antibody library, a
human antibody-producing mouse, and so  forth. The plasma
half-life of or antibody is increased by  lowering the pi value of the
antibody. In contrast, it is  known that the plasma half-lifeis
decreased and the  antibody's tissue translocation characteristics
are improved  by raising the antibody's value (Vaisitti T., Deagl_o
S.,  and Malavasi F., Cationization of monoclonal antibodies:
another step towards the "magic bullet"?, Biol. Regul  Romcest.
Agents (2005) 19(3-4), 105-12; Pardridge W. M.,  Buciak j., Yang
K, and Wu D., Enhanced endocytosis in  cultured human breast
carcinoma cells and in vivo  biodistribution in rats of a humanized
monoclonal antibody  after cationization of the protein, J
Pharmacol Hap Tier.  (1998) 286(1), 548-54). However, due to
fact that such an 52 antibody exhibits an increased
immunogenicity and an enhanced  internalization into the cell,
additional improvements are  required for application as an
antibody that exhibits anti- cancer effect via a mechanism such as
a cytotoxic activity,  because internalization into the cell in a
hindrance to the  



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,
CDC activity, and so forth, it had not been  determined whether an
increase in the p3 value of an antibody  a reduction in the p1 value
of an antibody causes enhancement of the tunics-in-hibiting effect.
In the present  invention, modified humanized anti-glypi.can 3
antibody with a  reduced pT value and modified humanized
anti-glypican 3  antibody with an increased pT value were
constructed, and then  the question. of which modification has the
higher tumor- inhibiting activity was examined by subjecting both
antibodies  to comparative ~esting of the antitumor effect. As a
result,  it was surprisingly shown that the humanized anti-piypican
3  antibody wit... the reduced pI value exhibited the bests- effect
against liver cancer. The term "ant_-'_ypican 3 antibody" as used
herein  encompasses anti-gl.ypican 3 antibody obtained by
subjecting  anti-alyoican 3 antibody that has already been
subjected to 53 amino acid residue charge modification as
described above, to  additional modification of its amino acid
sequence, for  example, by subjecting the amino acid residues
constituting  this anti-olypican 3 antibody to substitution, deletion,
addition, and/or insertion. In addition, the term "anti- 



giypican 3 antibody" as used herein also encompasses anti-
glypican 3 antibody obtained starting from anti-glypican  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,
humanization, and so forth, and additionally  subjecting the amino
acid residues constituting this anti- glypican 3 antibody to charge
modification. A preferred example ofa modification whose coal in
to  improve the characteristics of the antibody (e.g. anti- glypican 3
antibody) of the present invention is a  modification whose goal is
to raise the stability of the  antibody (referred to below as a
stability modification). In  aqueous solution, the an body
equilibrates between two states,  its native state and an inactive
denatured state. The stability of the native state, as shown by the
second law of  thermodynamics (AG = AH - TAS), depends on the
Gibbs free  energy change AG of the system, and the balance
between the  components of AG, _.e., the enthalpy change AH
(attributable  to changesin, for example, hydrophobic interactions
and 54 hydrogen bond in the polypep*_ide chain) and the entropy
change  AS (attributable to changes in so'_vation and the degrees
of  freedom in the three-dimensional structure). A positive value
for AG indicates that the native state of the protein is more  stable
than the protein's denatured state, and the stability  of the native
state of the protein rises as AG assumes larger  



positive values. The forces contributing to this stability  must be
disrupted in order to denature the protein. For  example, exposing
the protein solution to high temperatures  results in an increase in
the degrees of freedom in the three- dimensional structure and a
weakening of the factors that  contribute to protein stabilization,
causing a thermal  denaturation of the protein. In this case the
-TAS term  governs the denaturation. The 4f of the unfolding due
to  thermal denaturation of the protein can. be directly measured
by differential scanning calor-m ..rv (DSC), as is spec F'ica'_ly
described in the examples provided herein. The DSC curve for
the protein thermal denaturation process takes the form of an
endothermic peak that frames a temperature, known as the
denaturation midpoint (Tm), that is characteristic ofne test  protein.
The denaturation enthalpy chance is obtained by  integration of
this peak. The Tm value is generally an  indicator of thermal
stab--'-,y. -he chance in the heat  capacity (Alp) can also be
measured during thermal  denaturation of the protein by DSC. The
change in the hear 55 capacity that occurs during denaturation is
caused mainly by  hydration that occurs whe-_ amino acid
residues that are not  exposed on the molecule's surface when the
protein is in its  native state become exposed to solvent molecules
during the  course of protein denaturation. As described above,
amino acid residue "modification" in  the method of. the present
invention specifically encompasses,  



inter alia, substitution of an original amino acid residue  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
subs-_-i ution is preferably used in the present  -nvents,on when a
modification of antibody stability is sought.  The Tm value of the
antibody (e.g. anti-c.1ypican 3 antibody;  is increased as a result
of the execution of the stability  modification on the amino acid
residues constituting the  antibody. Thus, the Tm valuers s table
used as an indicator  of the stability modification of the antibody
(e.a. anti- glypican 3 antibody) has occurred. in order to carry out
the aforementioned "stability  motification" with the an glypican 3
antibody of the present  invent~..on modification preferably _i.ed
out, for example,  on at least one amino acid residue selected
from the amino acid residues at positions .,?, 4C, 48, and 51 in the
humanized.  an::i-glypican 3 antibody heavy chain varrable -region
shown rn  56 SEQ 12 NO: In addition, modification is preferably
carried  out on at leas- one amino acid residue selected from the
amino  acid residues at positions 2, 25, 42, 48, 50, 83, and 84 in
the humanized anti-glypican 3 antibody light chain variable  region
shown in SEQ ID NO: 71. The amino acid residues other  than the
aforementioned amino acid residues on which stability
modification has been carried out, need not be modified as  



long as the desired 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
randomly  modifying amino acid residues constituting the antibody
(e.g.  humanized anti-glypican 3 antibody) subjected to the
modification. in addition, stability modification can also be  carried
out by replacing a portion of the amino acid sequence  cons ituting
the humanized antibody (e.g. antibody anti- glypican 3 antibody)
subjected tto the modification, with an  amino acid sequence found
an antibody that already has a  high T'm value and that
corresponds - from the standpoint of  the correlation of antibody
three-dimensional' structure - with  said portion of the amino ac=d
sequence constituting the  humanized antibody (e.g. humanized
anti-glypican. 3 antibody;  subjected the modification. There are no
imitations on the  position of the amino acid residue or residues
undergoing 57 substitution; however, amino acid residue or
residues in the  FR are preferably modified. Amino acid residue
modification  can even be carried out as appropriate in the ODR
region as  long as there is no associated reduction in the binding
activity for the antigen. In addition, the number of amino  acid
residues subjected to modification is no particularly  limited, and
modification can even be implemented by replacing  



a particular segment of the FR with a desired segment. With
regard to such segments, all of the segments within the _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
where segment of the R.  is modified. A preferred specific example
in this regard is an  amino acid residue modification in
whichiumanized anti glypican 3 antibody heavy chain FR2 in the
VHlb subclass  (shown in SEQ ID NO: is modified to the VH4
subclass, i.e.,  V371 (val.ine at position 3' is replaced by
isoleucine) as well  as A40P, M481, and L511 modifications.
Other. preferred  specific examples are a modification humanized
anti- g_.ypican 3 antibody light chain FR2 region in the VK2
subclass  (shown in SEQ ID NO: to the VTR subclass, i.e., L42Q,
S48A,  and Q50R modifications. Also preferred is V21
modification,  which corresponds to modification to a germline
sequence for  FRI . The execution of substitution, deletion.,
addition, and/or  58 insertion with respect to the amino acid
residues constituting  the antibody (e.g. anti-glypican 3 antibody}
and the  modification of the amino acid sequence by, for example,
chimerization and humanization, can be carried out as
appropriate by any method known to those skilled in the art.  The
execution of substitution, deletion, addition, and/or  insertior with
respect to the amino acid residues constituting  



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
antibody,  camel antibody may preferably be used as the antibody
(e.g.  anti-glypican 3 antibody) of the present invention. Also
preferred for use is a modified antibody (e.g. anti-glypican 3
antibody) as obtained by substitution in the amino acid  sequence
chimeric antibody and humanized antibody. Also  preferred for use
are antibody modifications in which any o~  various molecules is
attached. "Chimeric antibodv" refers to an antibody constructed by
combining sequences originating from, different animals.  Suitable
examples in this regard are antibodies constructed  iron the heavy
chain and light chain variable regions from  mouse antibodv and
the heavy chain and liar` chain constant  regions from human
antibody. Methods for constructing Chimeric 59 antibodies are
known. For example, recombinant DNA is  generated by the
in-frame fusion of DNA encoding a mouse  antibody variable
region and DNA encoding a human antibody  constant region, and
can be incorporated into a conventional  expression vector. A host
cell transfected or trahsformed with  this vector is cultured and the
chimeric antibody can be  prepared or isolated from a culture
medium by appropriate  



means. Humanized antibodies are also known as reshaped
human  antibodies. These are antibodies in which a
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
sequence encoding  the humanized antibody can be synthesized
by an overlapping  PCR reaction using a plurality of
oiigonucleotides as primers.  The starting materials and
procedures for overlapping PCP  reactions are described, for
example, in WO 98/13388 and  elsewhere. DNA encoding the
variable region of a humanized  antibody of the present invention
obtained by overlapping  PCR from a plurality of oligonucleotides
constructed so as to  have nucleotide sequences that overlap with
each other, which  is in turn ligate' with DNA encoding a human
antibody constant  region so as to form an in-frame codon
sequence. The DNA  ligated as described is then operably
inserted into an  expression vector followed by transfection into a
host. Methods for identifying CDRs are known (Kabat et al..,  60
Sequences of Proteins of Immunological interest (1987;  National
Institute of Health, Bethesda, Md.; Chothia et al.,  Nature.. (1989.)
342, 877). General genetic recombination  procedures therefor are
also known (refer to EP 125023 A and WO 96/02576). Once a
CDR from an antibody of a nonhuman animal,  for example, a
murine antibody, has been determined, these  known methods
can be used co construct DNA encodino a  



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 annropriate so as enable the CDR of the  reshaped human
antibody to form a suitable antigen binding  site (Sato et al.,
Cancer Res. (1993) 53, 851-6). The amino  acid residues in the
-Rs subjected to modification may include  residues that directly
bind to the antigen by noncova_ent  bonds (Amit et al., Science
(1986) 233, 747-531, residues that  influence or act on the COP
structure !Chothia et al., J. _Mc<..  Bio%. (1987) 196, 907..-1.7),
and residues related to VE',-V-_  (heavy chain variable region-light
chain variable region)  interactions (ER 239400 B). The
humanized antibody encoded by the DNA is produced by  the
Host cell that has been transformed or _ransffected by the
generally used expression vector into which the DNA has been
inserted and is isolated from the culture medium yielded by  61.
the culture of the host cell. When the antibody of the present
invention is a chimeric  antibody, humanized antibody or human
antibody, a constant  region of human antibody origin is preferably
used as the  constant region of the antibody. For example, when
the anti- glypican 3 antibody of the present invention is a chimeric
anti-glypican 3 antibody, humanized anti-glypican 3antibody  



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
constant region. addition, the human antibody  constant region
can be modified as appropriate in order to  improve the antibody
(e.g. anti-glypican 3 antibody) or  improve the stability of its
production. Chimeric antibody  (e.g. chimeric anti-glypican 31
an--body) of the present  invention suitably comprises a variable
region from an tibody of a nonhuman: mammal and a constant
region from a  human an`-'body. Or. the other: nand, the
human-zed antibody  preferably comprises a CDR from an
antibody of a nonhuman  mammal and a constant region and FR
from. a human antibody. For  example, a humanized anti-glypican
3 antibody preferably  comprises a CDR from an anti-glypican 3
antibody of a nonhuman  mammal and a constant region and FR
from a human antibody. The 62 human antibody suitably
comprises a CDR from an antibody of  human origin and a
constant region and FR from a human  antibody. For example, the
human anti-glypican 3 antibody  suitably comprises a CDR. from
an anti-glypican. 3 antibody of  human origin and a constant
region and FR from a human  antibody. The human antibody
constant region is composed of an  amino acid sequence that is
characteristic of the particular  isotype, i.e., IgG (IgGl, IgG2, IgG3,
IgG9), IgM, IgA, IgD,  



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  IgG is
preferred, but not -limited. There are also no  particular limitations
on the human antibody BR used as the FR  of the humanized
antibody (e _ humanized anti-gi_vpican  antibody) or human
antibody (e.g. human anti-glypican  antibody), and the FR from
antibody belonging to any isotype  is suitably used. With the aim of
lowering the immunogenicity, all or a  portion of the amino acid
residues constituting the FR can  also be replaced by germline
sequences using the method  described in Ono K. et al., loc. ci-, or
a similar method.  Based on the rational. prediction that germline
sequences will  have a low immunogenicity, the amino acid
sequence  constituting the FIR of the humanized antibody may be
compared,  by alignment, with germline amino acid sequences
(Abhinandan K. 6. R. and Martin C. R., J. Mel. Biol. (2007) 369,
852-862). The  amino acid residues of the humanized antibody FR
that differ  in this comnarison can be 'replaced, within a range that
does  not impair the antigen binding, characteristics, with amino
acid residues from a germiine seauence. The following are
soeci_fic examples for the amino acid residues constituting the
heavy chain variable region shown in SEQ ID NO: 1:  modification
that replaces the 2 at position 70 with I,  



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
variable region and constant region of  the modified
chimer-c'antibody, human-zed antibody, and human  antibody of
the present invention, deletion, substitution,  insertion, and/or
addition can be carried out as appropriate  at one or more of the
amino acids constituting the variable  region and/or constant
region of the antibody that was  subjected to modification, insofar
as bind=ing specificity for  the antigen is exhibited. In par cuar, the
variable region  and constant region of the modified chimeric
anti-glypican 3  antibody, humanized anti-glypican 3 antibody, and
anti- glypican 3 human antibody of the present invention, deletion,
substitution, insertion., and/o,:' addition can be carried out as
appropriate at one or more of the amino acids constituting *_.... 64
variable region and/or constant region of the anti-glypican 3
antibody that was subjected to modification, insofar as  binding
specificity for the antigen giypican 3 molecule is  exhibited.
Because chimeric anti-glypican 3 antibodies utilizing
human-derived sequences, humanized anti-glypican 3 antibodies,
and human anti-glypican 3 antibodies have a reduced
immunogenicity in the human body, they are believed to be  



useful for application as therapeutic antibodies that are
administered to humans, for example, with a therapeutic
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
addition, novel antibody gene sequences can be obtained by
methods known to those skilled in the art. For example, genes
can be suitably obtained from antibody libraries. Moreover,  genes
can also be obtained by cloning using known procedures,  e.g.,
RT-PCR using as template mRNA from a monoclonal
antibody-producing hybridoma. Numerous antibody libraries are
already known within the  sphere antibody libraries. Moreover, as
methods for  coistructing antibody libraries are also known, those
ski'-led  in the art will. be able to obtain or construct relevant
antibody libraries. Examples of suitable antibody libraries  are the
antibody phage libraries disclosed in the literature, 6 i for example,
Clackson et al., Nature (1991) 352, 624-8; Narks  et a1., Mot. Biol.
(1991) 222, 581-97; Waterhouses et al.,  Nucleic Acids Res.
(1993) 21, 2265-6; Griffiths at al., EMBO  (1994) 13, 3245-60;
Vaughan at al., Nature Biotechnology  (1996) 14, 309-14; and
Japanese Patent Application "said-open  No. 2008-504970. F_
method of constructing a -ibrary in  eukaryotic cells (WO 95/l5393)
and known methods such as  ribosome display and so forth are
also suitably used.  



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
using phage display techniques.  Genes encoding antigen-binding
scly are isolated from t..__  phage by selecting for phage that
binds to the antigen.  Identification c' `--e sequence of such genes
enables the  ae-_e_--mination of the DNA sequence that encodes
the heavy and  light chain variable regions of a human
anti-glypican 3  antibody that binds to. the antigen glypican 3.
Hu-mar, anti- glypican: 3 antibody is suitably prepared by inserting
the  antibody gene having this sequence in a suitable expression
vector and allowinq for expression. a suitable host cell as
described below. Such methods are well-known in the art and
include those disclosed in WC 92/01047, WO 92/20791, WO
93/06213, WO 93/11236, WO 93/19172, WO 95/01438, and WO
66 95/15388.  Known technologies can be used to obtain an
antibody encoding gene from a hybr'_dorna that produces the
antibody,  particularly to obtain an anti-glypican 3
antibody-encoding  gene from a hybridoma that produces
anti-glypican 3 monoclonal  antibody. Briefly, an animal is
immunized with glypican 3 (the  desired sensitizing antigen) using
a standard immunization  technique and the immunocytes
obtained from the animal are  



subjected to cell fusion with known parent cells by a standard  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
synthesized with reverse *_ranscr:iptase using the mRNA isolated
from the selected hybridoma as a template. An an_i-glypican 3
antibody gene is suitably prepared by the in-frame fusion of  this
cDNA with DNA encoding the desired antibody constant  region (C
region,. Specific examples are provided in the fol-owing, but the
present invention is not limited to these examples. The  sensitizing
antigen used to generate the antibody of the  present invention
may be the complete immunogenic antigen or  may be an
incomplete antigen, including, for example, a  no-immunogenic
hap~en. For example, the full length glypican 3  protein or a partial
polypeptide or peptide thereof can be  suitably used. The soluble
GP03 core polypeptide shown in SEQ 67 ID NO: 13 is a preferred
example. Otherwise, the use of  substances comprising
polysaccharide, nucleic acid, lipid, and  so forth as an antigen is
also known. Antigen to which the  anti-glypican 3 antibody of the
present invention binds is not  particularly limited co the
embodiments described above.  Antigen production is suita'n].y
carried out by methods known to  those skilled in the art. For
example, a method using  baculovirus (for example, WO 98/46777
and so forth) can be  



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
molecule's extracellular domain is suitably used as necessary the
sensitizing antigen. Or, a call. expressing such a  molecule on the
cell surface is suitably used as the  sensitizing antigen. addition,
when the seas izino antigen  is an insoluble molecule,
soubilizatior. may be effected by  attaching the molecule wit:
another water-soluble molecule and  the solubll ized molecule may
then be suitably used as the  sensitizing antigen.
Antibody-producing cells (e.g. anti-glypican 3 antibody- producing
c ells) are suitably obtained by immuzing an animal  using a
suitable sensitizing antigen as described above. Or,
antibody-producing cells (e.g. anti-glypican 3 antibody- producing
cells) can be obtained by in vitro immunizationof 68 lymphocytes
that are capable of producing antibody. various  vertebrates and
mammals can be used as the animal to be  immunized. In
particular, rodents, laaomorpns, and primates  can be generally
used as the animal to be immunized. The  rodents may include
mouse, rat, and hamster; the lagomorphs  may include rabbit; and
the primates may include monkeys such  as the cvnomolgus
monkey, rhesus monkey, hamadrvas baboon, and  chimpanzee. in
addition, transgenic animals that maintain a  



repertoire of human antibody genes in their genome are also
known, and human antibody can be suitably obtained using such
animals (WO 96/34096; Mendez e' 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
may be suitably obtained by, for example, sensitizing  human
lymphocytes in vitro with the desired antigen or with  cells that
express the desired antigen followed by cell fusion;  wi`~h-human
myeloma cells, for example, U266 (Japanese Patent  Pub'--ca-lion
No. He- :.-59678). In addition, a desired human  antibody (e.g.
human anti-glypican 3 antibody) can be suitably  obtained by the
immunization with a desired of antigen of a  transgenic animal that
maintains the entire repertoire of  human antibody genes in its
genome (WO 93/12227, WO 92/03918,  WO 94/02602, WO
96/34096, and WO 96,-33735). Immunization of the animal is
carried out, for example,  by suitable dilution and suspension of
the sensitizing antigen  in phosphae-buffered saline (PBS),
physiological saline 69 solution, and so forth; as necessary
emulsification by the  admixture of adjuvant; and then
intraperitoreal or  subcutaneous injection of the sensitizing antigen
into the  animal. This is followed preferably by several
administrations  of the sensitizing antigen mixed with Freund's
incomplete  adjuvant on a 4 to 21 day interval. The production in
the  immunized animal of antibody against the sensitizing antigen
can be measured using known analytical techniques, for example,



enzyme-linked 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.,
polyethylene glycol (Goding,.Monoclonal  Antibodies: P-finciples
and Practice, Academic Press (1986)  103). Hybridoma production
can be suitably carried out  according n , for example, the method
of Milstein e- a--. (G.  Kohler- and C. Milstein, Methods Erzymol.
(1981, 73, 3-46).  Culture and proliferation of the hybridoma cells
prepared by  this method yields monoclonal antibody that
produced by the  hybridoma and specifically binds to q'ypican The
binding  specificity exhibited by 'nis monoclonal antibody for-
glypican  3 can be suitably measured by known analytical
techniques,  such as imsnunoprecipitation, radioimnunoassay
(RIA(, enzyme- linked immunosorbent assay (ELISA), flow
cytometry (FA=, and 70 so forth. As necessary, a hybridoma that
produces an-ti- glypican 3 antibody with the desired specificity,
affinity, or  activity may then be suitably subcloned by, for
example,  limiting dilution, and the monoclonal antibody produced
by  this hybridoma can be isolated. The gene encoding the
selected antibody can then be  c?oned from the aforementioned
hybridoma or antibody-producing  cell (e.g., sensitized
lymphocyte) using a probe capable of  specifically binding to the
gene (for example, ol1oonucleor de  



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, la!], IgG,  and IgM,
based on differences in their structure and function.  Furthermore,
the individual classes are divided into several  subclasses
(isotypes) (for example, -gGl, IgG2, IgC3, and  lgG4; IgAli and
IgA2; and so forth). The antibody the  present invention may
originate from antibody belonging to any  of these classes and
subclasses and is not particularly  limited to any class or subclass;
however, antibody belonging  to the IgG class is parti.cularly
preferred. Genes encoding the amino acid sequences constituting
the  heavy chain and light chain of the antibody (e.g. anti- glypican
3 antibody) can be modified as appropriate by the  techniques of
genetic engineering. For example, a recombinant 71 antibody that
has been subjected to artificial modification  with the aim of , for
example, reducing the xeno- immunogenicity against humans
(e.g., chimeric antibody such as  chimeric anti-glypican 3 antibody,
humanized antibody such as  humanized anti-glypican 3 antibody,
and so forth), can be  suitably produced by modification of the
nucleic acid residues  that encode the amino acid sequence
constituting the antibody,  for example, a mouse antibody, rat
antibody, rabbit antibody,  hamster antibody, sheep antibody,
camel antibody, and so fort::.  



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
encoding the constant region of a human antibody and inserted
into an expression vector, and the resulting recombinant  vector is
introduced into a host and allowed for expression.  Humanized
antibody is also known as reshaped human antibody  and is an
antibody in which the comp_ementari.ty-determining  region
(CDR) of an antibody (e.g. anti-glypican 3 antibody)  isolated from
a nonhuman mammal such as mouse is ligated with  a human
antibody framework region so as form an _n-frame  colon
sequence. The DNA sequence encoding a humanized antibody
can be synthesized by an overlapping PCR reaction using a
plurality of oligonucleotides as templates. The starting 72
materials and orocedures for the overlapping PCR reaction are
described i , for example, WC 98/'_3388 and elsewhere. The DNA
encoding the variable region of the recombinant  antibody (e.g.
recombinant anti-glypican 3 antibody: of the  present invention
obtained by overlapping PCR from a  plurality of oligonucleotides
constructed so as to have  nucleotide sequences that overlap with
each other, which is in  turnligated with DNA encoding human
antibody constant region  so as to form an in-frame codon
sequence. The DNA ligated in  



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
23990", WC 96/02576, and so forth!  The FRs of the humanized
antibody (e.g. anti-glypican 3  antibody) ligated with CDR are
selected in such a manner that  the complementarity-determining
region forms a high-quality  antigen-b_nding site to,- the antigen.
As necessary, the amino  acid sequence may be modified by
suitable substitution of the  amino acid residues constituting the
antibody variable region  FRs, so as to enable the
complementarity-determining region of  reshaped antibody to form
a suitable antigen-binding site for.  he antigen (K. Sato at a_.. ,
Cancer Res. (1993) 5_,, 851_-856) In addition to modifications
related to humanization as  discussed above, further modifications
can be introduced, for  73 example, to improve the biochemical
characteristics of the  antibody, e.g., the binding activity with the
antigen  recognized by the antibody (e.g. anti-glypican 3 antibody)
Modifications in the context of the present invention can be
suitably carried out by known methods such as site-specific
mutagenesis (refer, for example, to Kunkel, Proc. Natl. Acad.  Sci.
USA (1985) 82, 488), PCR. mutation, cassette mutation, and  so
forth. The amino acid sequence of the modified antibody  with
improved biochemical characteristics generally has at  



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 identity  and/or similarity refers to
the proportion of amine acid  residues that are identical (identical
residues) or similar  (amino acid residues classified into the same
group based on  the general. characteristics of the amino acid side
chain)  after aligning the sequences and inserting gaps as
necessary  in such a manner that the sequence identity assumes
a maximum.  The naturally occurring amino acid residues can
generally be  classified into the following groups based on the
properties  of the side chain: (1) hydrophobic: alanine, isoleucine,
valine, methionine, and leonine; (2) neutral hydrophi ic:
asparagine, glutamine, cysteine, threonine, and serine; (3) 74
acidic: aspartic acid and glutamic acid; (4) basic: arginine,
histidine, and lysine; (5) residues that affect chain  orientation:
glycine and proline; and (6) aromatic: tyrosine,  tryptophan, and
phenylalanine. P_ specific suitable embodiment of a modification
for  enhancing antibody function includes an improvement in the
cvtotoxicity exhibited by the antibody, such as humanized
anti-oiypican 3 antibody. Preferred examples of cytotoxicity  are
antibodv-dependent cel-mediated cvto-oxlcity (ADC--) and  



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
through the Fcy receptor. Whether a test antibody  has ADCC
activity has CDC activity can be measured by known  methods (for
example, Current Protocols in Immunoloav, Chapter Immunologic
studies _- humans. Editor, John Coligan et  al., John Wiley &
Sons, Inc., 1993;)) in specific terms, effector cells, a complement
solution,  and target cells are first prepared. Preparation of effector
cells The spleen is isolated from, for example, CBA/N mouse,  and
the spleen cells are separated on RPMI1640 medium 75
(Invitrogen). After washing with the same medium containing  10%
fetal bovine serum (FBS, HyClone) the cell concentration  is
adjusted to 5 x 106 cells/mL to prepare the effector cells.  (2)
Preparation of complement solution The complement solution can
be prepared by a lOX dilution  of Baby Rabbit Complement
(CEDARLANE) with 10% FBS-containing  medium Invi*_roger. (3)
Preparation of target cells Cells that express an antigen protein to
which the test  antibody binds are cultured with 0.2 mCi s1Cr
sodium chromate  



(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
cancer cells, breast cancer cells, uterine cancer  cells, liver cancer
cells, lung cancer cells, pancreatic  cancer cells, kidney cancer
ce1_s, bladder cancer cells, and  colon cancer cells. After
radiolabeling, the cells are washed  three times with RPM:1640
medium containing 10% ^BS and the  cell concentration is
adjusted to 2 x 10 cells/mL to prepare  the target cells. The ADCC
activity and the CDC, activity ca be measured by  the following
methods. In order to measure the ADCC activity,  50 L of the
target cells and 50 gL of the test antibody are  76 added to a
96-well U-bottom plate (Becton Dickinson) and  reacted for 15
minutes on ice. To the reaction mixture is  added 100 pL effector
cells and incubated for 4 hours in a  carbon dioxide incubator. A
final concentration of test  antibody is preferably within the range
from 0 to 10 ug/mL.  After incubation, 100 L of the-supernatant is
recovered and  the radioactivity of the supernatant is measured
using a gamma  counter (COBRA I= AUTO-GAMMA, MODEL
D5005, Packard Instrument_  Company). Thecytotoxicity can be
calculated using the  radioactivity according to the following
equation: 



(A - C) / (B - 0) x 1001 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
flat- bottom plate (Becton Dickinson) and reacted for 15 minutes
on the reaction mixture is added 100 L complement  solution and
incubated for 4 hours in a carbon dioxide  incubator. A final
concentration of test antibody is  preferably the range from : to 3
ug/m-. After  cultivation, 100 L of the supernatant is recovered and
the radioactivity Of the supernatant is measured with a gamma  77
counter. The cytotoxicity can be calculated in the same manner
as for measurement of the ADCC activity. When the cytotox_ic_ty
due to an antibody conjugate is to  be measured, 50 pL of the
target cells and 50 uL of the test  antibody conjugate are each
added to a 96-well flat-bottom  elate (Becton Dickinson; and
reacted for 15 minutes on ice.  The plate is then incubated for from
1-4 hours in a carbon  dioxide incubator. A final test antibody
concentration is  preferably within the range from 0 to 3 g/mL.
After incubation, 100 R1 of the supernatant is recovered and the
radioactivity of the supernatant is measured with a gamma
counter. The cytotoxicity can be calculated in the same manner  



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
residues constituting the CDRs or FRs.  Modification of the amino
acid residues constituting the CDRs  main some cases cause a
reduction in the antigen binding  activity of the antibody (e.g.
anti-glypican. 3 antibody)  involved in the modification.
Accordingly, the antibody (e.g.  anti-glypican 3 antibody)aminc
acid residues subjected tc  "modification" in the present invention
are preferably 78 selected from the amino acids residues
constituting the: FRs,  but not limited to. When it is confirmed that
modification c- am'-no acid residues located in the CDRs do not
cause a reduction in the antigen binding activity of the antibody
(e.g.  an`'-glypican 3 antibody) involved in the modification, then
such amino acid residues may be selected for modification. Those
skilled in the art can readily find in a public  database, such as the
Kabat database, amino acid sequences  constituting the antibody
variable region FR that actually  occur in an organism. such as
mouse or human. A preferred embodiment of the present
invention provides  a humanized antibody (e.g. an'_i-glypican 3
antibody) having  plasma kinetics modulated by the method of the
present 



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
different charge from that of the amino acid  residue in the
corresponding position of the CDR or FR of the  original antibody
and wherein the humanized antibody has  plasma kinetics
modulated in comparison to the chimeric  antibody having the
same constant region. Another preferred embodiment of the
present invention  provides a human antibody (e.g. human
anti-glypican 3 70 antibody) having plasma kinetics modulated by
the method of  the present invention. The human antibody, for
example, is a  human antibody comprising a
complementarily-determining region  (CDR) of humad origin, a
framework region (FR) of human origin,  and a human constant
region, wherein least one amino acid  residue that can be exposed
on antibody surface in the CDR  or ^R has a different charge from
that of the amine acid  residue in the corresponding position of the
CDR FR the  original antibody and wherein the human antibody
has plasma  kinetics modulated in comparison to a chimeric
antibody having  the same constant region. The aforementioned
human constant region preferably  denotes a region comprising
awi?d-type human Fc region, buta  



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
mod- -ion is the modification of the  nature of the sugar chain
modification attached to the Fc  portion. One c referred specific
example is the "antibody  having reduced content of fucose
attached to the Fc region"  that is specifically disclosed herein as a
reference example. The term "antibody having reduced content of
fucose  attached to the Fc region" denotes an antibody for which
the  amount of bound fucose has been significantly reduced in Sr
comparison to the control antibody, and preferably fucose is
undetectable. Fucose is generally bound to the N-glycoside  linked
sugar chains that are bound at the two sugar chain- binding sites
present in the Sc region of the two heavy chain  molecules that
form a single antibody molecule. The term  "antibody having
reduced content of fucose attached to the Sc  region" denotes an.
antibody that, in comparison with the  ordinary antibody as the
control, has a fucose content no  greater than 50%, preferably no
greater than 25%, more  preferably no greater than 10%, and
particularly preferably no  greater than 0% of the total sugar chain
content of the  control an`ibody. The fucose content can be
measured using the  analytical procedure provided in the
reference examples below.  



The method for preparing such a fucose-depleted antibody may
include the method described in the reference examples of the
present invention, as well as a method for producing  antibodies
with fucosyl 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
sugar chain modification is modified (Bio_ecdnol.  Bioeng. (2006)
93(5), 851-61). In addition, suitable examples  of preparation
methods using non-animal cells the host  cells may include a
method for producing antibodies with plant  cells (Nature
Biotechnology (2006) 24, 1591-7) and with yeast  cells (Nature
Biotechnology (2006) 24, 21.0-5). A pre erred embodiment the
preparation method of the  81 present invention is a method of
preparing an antibody (e.g.  anti-glypican 3 antibody) having
modulated plasma kinetics,  comprising (a) modifying a nucleic
acid that encodes a  polypeptide comprising at least one amino
acid .residue that  can be exposed on the surface of the antibody
(e.g. anti- glypican 2 antibody), such that the charge of the amino
acid  residue(s) is changed; (b) culturing a host cell in such a
manner that the nucleic acid modified in the step .(a) is
expressed; and (c) recovering the antibody (e.g. anti-glypican  3
antibody) from the host cell culture. In the method of the present
invention, the term  "modifying a nucleic acid" refers to a
modification of the  nucleic acid sequence so as to provide a
codon =hat  



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  contains a
codon that w--'-'- undergo modification, wherein said  modification
changes the codon corresponding the pre- modification amino
acid residue to the codon of. the amino acid  residue that is
introduced by the modification. Generally this  term means the
implementation of a genetic process or  mutagenic treatment as to
replace at least one base of the  codon-comprising nucleic acid to
provide a codon that encodes  the target amino acid residue. That
is, a codon encoding the  amino acid residue subjected to
modification is replaced by a  codon encoding the amino acid
residue that is introduced by c_ the modification. The nucleic acid
modification can be  suitably carried out by those skilled in the art
using known  technology, for example, site-specific mutagenesis,
PCR  mutagenesis, and so forth. The nucleic acid prepared in the
present invention is  generally placed (inserted) into a suitable
vector and  introduced into a host cell. There are no particular
limitations on the vector as long as has the capability tc  stably
maintain the inserted nucleic acid. For example, with  reference to
the use of E. coli as the host, pBluescript  vector (Stratagene) is
preferred as a cloning vector, although  various commerciaL_y
available vectors can be used. An  expression vector is particularly
useful in those instances  



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
(Invitrogen) for E. coif, pME18S-TL3  vector (GenBank Accession
No. AB009864) for ce,_l culture, and  pME18S vector (Mol. Cell
Biol. (1988) 8, 466-472) for an  organism. DNA according to the
present invention can be  inserted into the vector by standard
methods, for example, by  the 1i.gase reaction utilizing restriction
enzyme sites  (Current Protocols in Molecular Biology, edited by
Ausubel at  ate. ,"!98 Publish. John Wiley & Sons, sections
"_1.4-__.11)  c: There are no particular limitations on the host cell
referenced above, and various host cells can be used depending
on the purpose. Examples of cells for the expression of
polypeptide include bacterial cells (e.g., Streptococcus,
Staphylococcus, E. c0-7i, Strep`tomyces, Bacillus subtiius)  fungi
cells (e.g., yeast, Aspergillus), insect cells (e.g.,  Drosophila S2,
Spodoptera Sf9), animal cells (e.g., CHO, COS,  Hela, 0127, 3T3,
SHE, HEK293, Bowes melanoma cells), and plant  cells. The
vector can be introduced into the host cell sbv  known methods,
for example, calcium phosphate precipitation,  electropulse
poration (Current Protocols Molecular Biology,  edited by
Ausube'_ at al . (1987) john: Wiley & Sons, sections  



9.I-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.
Such a  signal can suitably be the native signal sequence
characteristic of the antibody (e.g. anti-glypican 3 antibody)  or can
be a heterologous signal sequence. The antibody .g. anti-glypican
3 antibody) produced as  described above can be recovered by
collecting the culture  medium in those instances where the
antibody of the present  invention. is secreted into the culture
medium. In those  instances where the antibody (e.g.
anti-glypican, antibody) 8~ of the present invention is produced
within the cell, the cell  is first lysed and then the antibody is
recovered. Known methods can be suitably used to purify the
antibody  anti-gl.ypican 3 antibody) of the invention recovered
from the recombinant cell culture, for example, ammonium  sulfate
and ethanol precipitation, acid extraction, anion- or
cation-exchange chromatography, phosphocellulose
chromatography, hydrophobic interaction chromatography,  affinity
chromatography, hydroxyapatite chromatography, and  lectin
chromatography. The present invention also relates to a
composition ,a  drug) comprising a pharmaceutically acceptable
carrier and the  



antibody (e.g. anti-glypican 3 antibody) (for example, IgG
antibody) having plasma kinetics modulated by the method of  the
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 formulated by a method known those skilled in the  art. For
example, the formulation can be used by a non-oral  route the
form of an injectable, i.e., a suspension or  aseptic solution with
water or other pharmaceutically  acceptable liquid. For example,
the formulation can be  prepared by combining the antibody with a
pharmacologically 85 acceptable carrier or medium, in particular
with sterile water  or physiologicalsaline, plant oil, emulsifying
agent,  suspending agent, surfactant, stabilizer, flavorant, diluent,
carrier, preservative, binder, and so forth, and mixing in the  unit
dosage state required by generally established  pharmaceutical
practice. The amount of active ingredient in  the formulations is
selected i_ such a manner that a suitable  dose in the indicated
range is obtained. A sterile composition for injection can be
suitably  formulated i_n. accordance with standard pharmaceutical
practice  using a carrier such as distilled water for injection. The
aqueous solution for injection can be, for example, 



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
80Ti, HCO-50; can also be used as  appropriate. Oily liquids
include sesame oil and soy oil. Benzyl  benzoate and/or benzy'
alcohol can also be suitably used as  solubilizing agents. buffer
(for example, phosphate buffer  solu~ion, sodium acetate buffer
solution), soothing agent (for  example, procaine hydrochloride),
stabilizer (for example,  benzyl alcohol and phenol), and
oxidation_nhibitor can also  be incorporated as appropriate. The
injection solution 86 prepared as described above is generally
filled into suitable  ampoules. The pharmaceutical composition of
the present invention  can be administered preferably by non-oral
administration. For  example, it can be formulated as an injectable
composition, a  transnasal composi~ion, a composition for
inhalation administration, or a transdermal com,oosition. it can be
suitably administered systemically or locally by, for example,
intravenous injection, intramuscular injection,  in=peritoneal
injection, or subcutaneous injection. The method of administration
can be selected as  appropriate depending on the patient's age
and symptoms. The  



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,
the present invention is not necessarily  limited to these numerical
values. The dosage and method o_  administration will vary
depending on the patient's body  weight, age, and symptoms, and
an appropriate dosage and  method of administration ca-. be
selected by those skilled in  the art based on a consideration of
these factors. The present =Invention also provides nucleic acid
encoding  theantibody (e.g. anti-glyp=can 3 antibody) (for
example,  humanized anti-glypican 3 antibody) having plasma 97
modulated by the method of the present invention. A vector
carrying such a nucleic acid is also encompassed by the  present
invention. The present invention also provides a host cel- that
comprises the aforementioned nucleic acid. The type of the  host
celll is not particularly lunited, and may be, for  example, a
bacterial cell such as ~. coli or any of various  animal cells. The
host cell can be used as appropriate in a  production system. 'c,-
the production or expression of the  antibody (e.g. anti-glypican 3
antibody) of the present  invention. Thus, the present invention
also provides a  production system that may be used to produce
the antibody  



(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 eukaryotic cells used as the host cell may include
anrmai cells, plant cells, and fungi cells The animal cells  may
include mammalian-type cells such as CHO (J. Exp. Med.  ,1995)
108, 945), COS, HEK293, 3T3, mveloma, EHK (baby hamster
kidney), Hela, Vero, and so forth; amphibian cells such  Xenopus
iaevis oocytes (Valle et al., Nature (1981) 291, 338- 340); and
insect cells such as Sf9. Sf21, and Tnt. For example,  CHO-DG44,
CHO-DX1'_E, COS-' cells, HEK294 cells, and BHK cells  are
suitably used for expression of the anti-glypican 88 antibody of the
present invention. The use of CHO cells as the  host cell is
particularly preferred when high levels of  expression. in animal
cells is intended. T'ransfection of the  recombinant vector into the
host cell is suitably carried out  using the calcium phosphate
technique, DEAF dextran -echnique,  techniques that employ the
cationic liposome DOTAP (Boehringer  Mannheim),
electropora_ion technique, _ipofection. technique,  and so forth.
With regard to plant cells, Lemna minor and cells derived  from
Nicotiana tabacum are known as protein production systems,  and
the ant--glypican 3 antibody of the present invention can..  be
produced by callus culture techniques using these ce''__s.  



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
n1ge_-), are known and carp be used as host cells  produce the
anti-glypican 1 antibody of the oresent. itver non. With regard to
the use of prokaryotic cells, any  production systems using
bacterial cells are suitably used.  Production systems that use B. li
as described above or B.  subtilus are known for the bacterial ce--
, and any of these  bacterial cells can be suitably used to produce
the antibody  (e.g. anti-glypican 3 antibody) of the present
invention. in order to produce the antibody (e.g. anti-glypican
antibody usinc a host cell, Of 71'l_ resent invention, the host  84
cell transformed with the expression vector comprising
polynucleotide encoding the antibody of the present invention  is
cultured to express a polynucleotide coding for the  antibody (e.g.
anti-glynican 3 antibody) . The host cells can  be cultured
according. to known methods. When an animal cell cs  used as
the host, for example, DMEM, MEM, RPMI1640, or IMDM is
suitably used as the culture medium. A serum auxiliary, e.g.,  FBS,
fetal call serum (FCS), and so forth, may be added. The  cells can
also be cultured in a serum-free medium. The cells  can be
cultured at a pH of about 6-8, depending on the host  cell. Culture
is generally run for about 15 to 200 hours a- about 30 to 40, with
medium replacement, aeration, and  



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
into an animal or plant and the antibody is produced within  the
anima. or plant and is recovered. The term "host" as used  herein
encompasses such animals and plants. When an animal is used
as the host, production systems  based on mammals and insects
are available. Goat, pig, sheep,  mouse, cow, and so forth, are
suitably used as the mammal  (Vicki Glaser, SPECTRUM
iotechnology Applications (1993).). A  transgenic animal may also
be employed. 90 For example, a polynucleotide encoding the
antibody (e.g.  anti-glypican 3 antibody) of the present invention
can be  produced in the form of a fusion gene with a gene
encoding a  polypeptide that is specifically produced in milk, such
as  goat H-casein. A polynucleotide fragment comprising the
fusion  gene is then injected into a goat embryo and is
transplanted  into a female goat. The antibody (, anti.-q, lypican 3
antibody) of interest is obtained from milk produced by the
transgenic goat been out of the goat that received the embryo  or
from milk produced by the offspring of the transgenic goat.
Suitable hormones may be administered as appropriate to the  



transgenic goat _n order to increase the amount of antibody  (e.g.
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
be::fected with a baculovirus having a polynucleotide  encoding
the desired antibody (e.g. anti-glypican 3 antibody)  inserted into
its viral genome. The antibody (e.c. anti- glyp'ca antibody) of
interest is obta_ned fro : the body  fluids of the infected silkworm
(Susumu at al., Nature ;1985)  315, 592-4). The tobacco plant is
an example of a plant that may be  used to produce the antibody
(e.g. anti-glypican 3 antibody)  91 of the present invention. When
the tobacco plant is used,  polynucleotide encoding the antibody
(e.g. anti-glyp_can 3  antibody) of. interest is inserted into a plant
expression  vector, such as pMON 530, and the resulting
recombinant vector s transfected into a bacterium such as
Agrobacterium tume aciens. This bacterium is then used infect a
tobacco  plant (rror example, Nicotiana tabacum) (Ma et a~ , rur.
7.  lmmunol. (1994` 24, 131-8), and the desired antibody (e.g.
anti-glynican 3 antibody) is obtained from the leaves of the
infected tobacco plant. Lemna minor can be similarly infected  with
such a bacterium and the des',_-ed antibody (e.g. anti- 



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
medium or milk) and can be purified into a subs- antial'_y pure
homogeneous antibody. The separation and  purification
techniques generally used for poly peptide  purification. can be
suitably used for antibody separation and  purl.- cation. in the
present invention, but is not _im:itted. For  example, the antibody
can be suitably separated and purified  by a suitable selection and
combination of column  chromatography, filtration, ultrafiltration,
salting out,  solvent precipitation, so=vent extraction, distill..ation,
Q2 immunoprecipitation, SDS-polyacryiamide gel electrophoresis,
isoelectric electrophoresis, d.itlysis, recrystallization., and  so forth.
The chromatographic techniques include affinity  chromatographly,
ion-exchange chromatography, hydrophobic  chromatography, gel
filtration chromatography, reverse-phase  chromatography,
adsorption chromatography, and so forth  (Strategies for Protein
Purificatio7 and Characterization: A  Laboratory Course Manual.
Ed. Daniel R. Marshak e al. (1996)  Cold Spring Harbor
Laboratory Press). Chromatography can be  carried out using
liquid-phase chromatography, for example,  



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
preparing the antibody (e.g. anti-glypican 1  antibody) with
modulated plasma kinetics of the present  invention, comprising
the step o_ culturing host cell of the present invention as
described above and recovering the  antibody (e.g. anti-glypican 3
antibody) from the cell culture.  Al' of the literature cited in the
specification are incorporated herein by reference. The present
invention is specifically described in the  following, but the present
inve=ion, is not limited to the  examples provided below. 9`
EXAMPLES  Example 1 Construction of point-mutation genes of
zne humanized HOLD  antibody Various point-mutation genes
were constructed starting  from a gene encoding anti-giypican S
antibody comprising the  CDR of the humanized GC33 antibody
disclosed in WO 2006/046751.  OligoDNAs designed based on
the sequences of the sense and  antisense chains containing the
modification sites were  synthesized. A plurality of point-mutation
genes were  constructed using the commercial QuikChange
Site-Directed  



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
of. 95 30 sec, 55 C 1 min and 68 4  min. The Dpn! provided with
the kit was added to the reaction  mixture, and restriction digestion
with the restriction enzyme  was carried for hour at 37Disc
competent cells !Toyobo)  were transformed with the resulting
reaction solution to  obtain transformants. The introduction of point
mutation: was  confirmed by determining the nucleotide sequence
of the  plasmid DNA isolated from the nransformants. Each point
94 mutation gene was cloned into expression-. vectors capable of
expressing the insert gene in animal cells. Modified genes  were
Prepared by modifications as described below. Transient
expression of -he humanized HOLD antibody and  its point
a'tion-modified antibodies was carried out using
polyethyleneimine (Polysciences Inc.). HEK293 cells were
separated by trypsin EDTF (Invitroaen , and seeded to a 10 cm'
culture dish at o x 106 cellsil" mL. The next day, SFMII  culture
medium and nolyethyleneimine were mixed with a heavy  chain
expression plasmid DNA and a light chain expression  plasmid
DNA according to the manufacturer's instructions, and  the
resulting mixture was left s -and for 1_0 minu.-_es at room  



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)
according to the manufacturer's instructions. Modif'._catio. o the
Tm value of the humanized HOLD  antibody The thermal
denaturation midpoint temperature ,-m) was  determined by the
top of the denaturation peak in the  thermograr,: (Op versus _
obtained after heating the --es- sample solution at a con==:
programmed heating rate. The Tm  value of the humanized HOLD
antibody was measured using a 95 sample solutionfor DSC
measurement prepared as described in  the following. The
antibody solution (corresponding to 50 to  100 g) filled in a dialysis
membrane -was first dialyzed for  24 hours against a dialysis
external solution of 20 mot/L  sodium acetate buffer solution (pH
6.0) containing 150 mmol./L  sodium chloride. Subsequently, the
sample solution, was  adjusted at its antibody concentration of 50
to 100 sg/mL with  dialysis external solution and used as the
sample solution for  DS_- measurement. A suitable DSC
instrument, for example, DSC-L=  (Calorimetry Sciences
Corporation', _s used for this  experiment. The sample solution
prepared as described above 



and the reference solution (dialysis external solution) were
thoroughly degassed, and each of these ..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
temperature. The thermal denaturation midpoint  temperature of
the humanized HOLD antibody was calculated by  peak
assignment of the Feb domain according to Rodolfo a' al.,
Immunology Letters (1999), 47-52. As a specific example, the
chart obtained from differential scanning caI ,o-merry (D= on  the
Hsp'u2.2Lspu2.2 (Hu2.2Lu2.2) antibody is shown in Figure I. The
humanized SOLO antibody, comprising the heavy chain  96
shown in SEQ ID NO: and the light chain shown in SEQ ID NO:
has a In value of 76.6C as calculated by the method described
above. The Tm values of Synagis and Hercentin,  provided as
examples of existing antibodies, are measured as  85.4C and
81.8C, respectively. It was thus shown that the Tm  value of the
humanized HOLD antibody is lower than that of  existing
antibodies. Modified antibodies were therefore prepared from
humanized HOLD antibody with the aim of raising the Tm. voice.
Modifications of V37I, A40P, M48I, and L51I were introduced  into
FR2 of the HOLD antibody heavy chain shown in SEQ I! NO:  1 to
prepare the antibody HIS (SEQ ID NO: 2), where its  subclass was
changed from VHlb to VH4. The Tm value was  



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 V2I modification to replace  the
V2 of FRI with I (germline sequence), thereby L4 (SEQ ID  NO: 8)
was prepared. The Tm value of each antibody was  measured as
described above. The Tm value H15LC and H0L4  was 79.2 and
;,.2, respectively, which shows improvement  from the Tm, value
76.6 of HOLD. The Tm value of the H15L4  antibody comprising
the combination of these two modifications  was improved to 80.5
(1-2) Modification of the pI value of the humanized HOLD
antibody 97 The plasma half-life of an antibody is extended by
lowering the pI value exhibited by the antibody. In contrast,  the
tissue translocation characteristics of an antibody are  improved
by increasing the antibody's cl. It is unknown  whether either
increase or decrease :in the DI value of an  antibody effective in
cancer treatment would enhance the  tumor-suppressing effect.
Therefore, modified humanized SOLO  antibody with a lowered p1
and modified humanized SOLO  antibody with an increased pi
were prepared and the antitumor  activity of them was compared
to investigate if either  modification had a higher
tumor-suppressing activity. The p1 value of each antibody was
calculated based on the  analysis by isoelectric electrophoresis.
Electrophoresis was  



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
swelling solution for high pI:  1.5 mL 10% glycerol 100 uL
Pharma!yte for IEF (Amersham Bioscience)  (b; Composition of
the swelling solution for low pl:  1.5 mL purified water 20 E
Pharmalyte 8-10.5 for IE.V (Amersham Bioscience)  80 u1
Pharmalyte 5-8 for IEP (Amersham Bioscience)  Approximately
0.5 g antibody was loaded on the swollen 98 gel and isoelectric
electrophoresis was run usino the  PhastSystem (Amersham
Bioscience) controlled by the program  described below. The
sample was added to the gel at Step 2 of  this program. A
Calibration Kit for p1 (Amersham'Bioscience)  was used for the pI
markers. Step 1: 2000 V, 2.5 mA, 3.5 W, 15C, 75 Vh  Step 2: 200
V, 2.5 mA, 3.5 W, 15-C, 15 on  Step 3: 2000 V, 2.5 mA, 3.5 W,
15C 4i0 Vh After electrophoresis, the ael was fixed with 20%, TCA
and  silver staining was then carried out using Silver Staining Kit,
Protein (Amersham Bioscience) according tc the instructions
provided with the kit. After staining, the isoelectric point of each
antibody ;test sample) was calculated based on the  already
known isoelectric points of the pl markers. The  



elec ~_ophore`ogran, from the high pI isoelectric  electrophoresis
is shown in Figure 2 and the  electrophoretogram from the low pI
isoelectric electrophoresis  is shown in Figure 3. (a) Modifications
that raised the nI 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:
12) was also  prepared, in which the 5170, Q27R, 0105E and
S25A  modifications were implemented in L4, where the S25A
mod_fication places S25 in CDR2 with F. (aoundant in a
gerni'_ne). The 2m value or --he a_spu2.2 spu2.2 (Eu2.2Lu2.2) 99
antibody. composed of Hspu2.2 (Hu2.2) and Lspu2.2. (Lu2.2) was
measured at 76.8C and its pI value was measured at 9.6. Since
the p1 of the HOLD antibody is 8.9, the cI of the  Hspu2.2Lspu2.2
(Hu2.2Lu2.2) antibody was increased by C.7. (b) Modifications
that lowered the pI Hspol.8 (Hdi.8) (SEQ ID NO: 5;: was prepared,
ir.. which the  K19T, Q43E, K63S, K65Q, and G66D modifications
were  additional v implemented in. HIS, Lspol.6 (Ldl.6~ (SEQ ID
NO: was prepared by making the following modifications: the
Q27E mod_ficati.on in LC; modification of KISRVE at 79-84 of  the
FR- in L9 to TISSLQ; and the S25A modification to achieve  the
same modification as for Lspu2.2 (Lu2.2) . The oI value of  the
1,.spol.SLspol.6 (Hdl.8Ld1.6) antibody composed of Hspol.8
(Hd..8) and Lspol.6 (Ldl.6), was measured 7.4. Since the c- 



of the H0-_C antibody is 8.9, the p1 of the Hspd'.8Lspd'_.6
(Hdl.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 point mutation;-modi`ied antibodies purified in (1) was
evaluated by competitive ELISA.  100 uL of the soluble GPC3 core
polypeptide (SEQ ID NO: 13) at  ug/mL was added to each well of
a 96-well plate. The soluble 0PC3 core polypept_ide was
immobilized on the plate by allowing  the plate to stand overnight
at 9C. The soluble 0903 core  polypeptide immobilized on the
plate was washed 3 times with a 100 washing buffer using Skan
WASHER400 (Molecular Devices) ; and  blocked with 200 L
clocking buffer at 4L for at least 30 min.  The blocked plate on
which soluble GPC3 core polypeptide was  immobilized was then
washed 3 times with washing buffer using  the Skan
WASHER400. Subsequently, each well of the plate  received 200
L of a mixture containing 100 uL of biotiny ated.  HOLD antibody
(final concentration = 0.3 g/ml,) and 100 ul- o- theHOLO antibody
or its point mutation-modified antibody (at  various
concentrations). The HOLD antibody was biotinylated  using Biotin
Labeling Kit (Roche) according to the instructions provided with
the kit. The plate was left stand  for 1 hour at room -temperature,
then washed 5 times with  washing buffer using the Skan
WASHER400 (Molecular Devices)  100 L goa_ anti- treptati_din
alkaline nhosphatase (ZYMED)  diluted 20,000X with substrate
buffer, was added to each well,  



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
in each well was measured using Benchmark Plus (BIC-RAD),
w---,- tne control absorbance at 655 nm. As shown by Figure 4,
the antigen binding act' Zne  H15L4 antibody was shown to be
almost the same as that of the  HOLD antibody that had been
subjected to the modification. in  101 addition, as shown in Figure
5, the antigen binding activity  of the Hspu2.2Lspu2.2
(Hu2.2Lu2.2) antibody was shown to be  about the same as that of
the HOLO antibody subjected to the  modification. Moreover, as
shown in Figure 6, the antigen  binding activity of the
Hspdi.BLspol.6 (Hd1.8Ldl.6) antibody  was shown to be about the
same as that of the HOLC antibody  subjected to the modification.
Reference Example 2 Disruption of the fucose transporter gene in
CHO cells  Construction of the targeting vector (1-1) Construction
of the K01 vector The BamHI site and the TGCGC sequence were
added at the 5'  side of the start oodon of the hygromycin
resistance gene  (Hygr) by PCR using pcDNA3._/Hygrc
,Invitrogen) wi`:r primers  H:yg5-BH and Hyg3-NT to obtain the
same sequence as on the 5'  side of the start codon of the fucose
transporter gene. Also  



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
targeting vector ver. _ (referred to  as the KO vector) was
constructed by inserting the 5' side of 102 the fucose transporter
(from the Smal at No. 2,780 of SEQ ID  NO: 16 to the BanHI at
No. 4,232), the 3' side (from No. 4,284  to the Sac- at No. 10,934),
and the Hygr fragment into the  pMC1DT-A vector (Yagi T , Proc.
Natl. Acad. Sci. USA (1990; 87,  9918-22). A characteristic feature
of this vector is that, when homologous recombination has
occurred, Hygr is expressed  under- the promoter of the fucose
transporter, since a promoter  is not attached to the Hygr gene.
However, when only one copy  of the vector is introduced into the
cell by homologous recombination, Hygr. is not always expressed
to a degree  sufficient for exhibiting hygromycin B resistance: The
KO'  vector was c'-eaved at the NotI site and was transfected into
the cell. It is thought that 41 base pairs in. exon  including the
star-, codon, will be deleted from. the fucose  transporter by
introduction the K01 vector, resulting in a  loss of function. (1-2)
Construction of pBSK-pgk-l-Hygr 



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-PstI sites of uB_uescript (Stratagene). with  regard to Hygr,
an EcoT22I site and a Kozak sequence were  added on the d' side
of Hygr and a BamHI site was added on the  3' side including the
region up to the SV40 polyA addition  signal by PCP using
pcDNA3./Hyg c with the HygS-AV and Hyg3 103 BH primers.
Then the Hvqr gene was excised.  forward primer Hyg5-AV
5'--ATGCATGCCACCATGAAAAAG2 CTGAACTCACC-3' (SEQ
ID NO:  reverse primer Hyg3-BH
5'-GGATCCCAGGCTTTACACTTTATGCTTC-3' (SEQ ID NO: 18)
pBSK-pgk-l-Hygr was constructed by inserting the Hygr  fragment
(EcoT22I-BamHI) into the PstI-BamHI sites of pBSK- pgk-'_. (1-3)
Construction of the K02 vector Fucose transporter targeting vector
ver. 2 (referred to  hereafter as the K02 vector) was constructed
by inserting the  5' side of the fucose transporter (from the Smal
site No.  2,780 of SEQ ID NO: 16 the Bamh]. No. 4,232), the side
(from No. 4,284 to the SacI site at No. 15,934), and the pgk- -Hygr
fragment into the pMC1DT-7-_ vecto . Unlike the case For the
K0-_ vector, the K02 vector has the pgk-1. gene promoter
attached to Hygr, thus will acquire hygromycin B resistance  even
when only one copy of the vector is introduced into the  



cell by homologous recombination. The K02 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 BamEI arms the
excised fragment (Puror) was inserted into the  PStI-Dam?,! sites
of pBSK-pgk-I to construct pBSK-pgk-I-Puror.  (1-5) Construction
of the K03 vector Fucose transporter targeting vector vet. 3
(referred to  hereafter as the K03 vector) was constructed by
insertincthe  5 side of the fucose transporter (from the Smal site at
No.  2,780 SEQ ID NO: 16 to the BamHil at No. 4,232), the 3' side
(from No. 4,284 to the Sac! site at No. _0,934), and the pgk-
-Puror fragment into the pMCIDT-A vector. A sequence for binding
to the screen'na primer shown below was preliminarily  attached to
the 3' end of pgk-l-Puror. The K03 vector was  cleaved by Notl and
was transfected into the cell. By  introducing t e K03 vector, 46
rase pairs in exon _ including  the start codon will be deleted from
the fucose _ransporter,  resulting in a loss of function. reverse
primer ..,h TGC TCTC. RSG P-A 5 -GC^_~
CuoAGTACTGTGCA.iiu~~.-3' (SEQ ID NO: 19) The fucose
transporter gene was knocked out using the  



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-SFMII  NT-
to prepare a culture medium (hereaffter referred to as  SFMI1(+)).
CHO DXB cells were subcultured in SEMIS(+) 8 x 105 106 CHC
cells were suspended in 0.8 mL Dulbecco's phosphate  buffer
(invitrogen) (referred to hereafter as PBS). 30 g of  targeting
vector was added to the cell suspension, and  transferred a Gene
Puler cuvette (4 mm) (BioRad). After=  holding for 10 minutes on
ice, the vector was transfecred into  the ce_.ls by electroporation
with GENE PuLSER II (BioRad') at  1.5 kV and 25 FD. _fter vector
transfection, the cells were  suspended in 200 mT SFMII(+)
mediur, and were seeded into  twenty 96-well fiat-bottom plates
(Iwaki) at 100ul/well. The  plates were cultured for 24 hours at 37C
__ a CO, incubator,  then the reagent was added. (3) Knockout:
step I KOl vector or KC2 vector was transfecred into the CHC
cells, and selected with hygromycin B (Invitrogen) 24 hours  after
vector transfection. The n.ygromycin P. was dissolved in  SFMII
(+) at 0.3 mgim , and 100 L. was added per well. (4; Screening for
home_'oaous recom.:inants by 9CR  (4-1) Preparation of the
sample for PCR Homologous recombinants were screened by
9Ck. The CHIC  



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
LA Tag), 2.5 L 10% NP-40 (Roche), 4 L proteinase K  (20 mg/mL,
Takara), and 38.5 L distilled water (Nacalai  Teague). (4-2) 2CR
conditions The PCR reaction mixture was comprised of 1 pL of the
PCR  sample as described above, 5 uL lOx LA Buffer II, 5 L
MgC__  (25 mM), 5 uL dNTP (2.5 m), 2 L primer -0 M each), 0.5
uL  LA Tag (5 ID/L), and 29.5 uL distilled water (total 50 u'l)  The
TP-F4 and THygro-Rl primers were used as the PCR primers  to
screen the KOl vector-transfected cells, and the TP-F4 and
THygro-Fl primers were used as the PCB primers no screen the
K02 vector-transfected cells. PCR screening for the KOl
vector-transfected cells was  carried out by preheating for 1
minute an 950CY 40 cycles of  95C/30 seconds, 60C/30 seconds,
and 60C/2 minutes; and  reheating at C for 7 minutes. PCR
screening for the K02  vector-transfected cells was carried out by
preheating for 1  minute at 9520 43 cycles of 95C/3C seconds and
70C/3  minutes; and reheating at 70C for 7 minutes. The primers
are given below. In cell. samples where  



homologous recombination had occurred, approximately 1.6 kb
DNR amplified for the KOI vector and approximately 2.0 kb  DNA
is amplified for the K02 vector. TP-F4 primer was designed  in the
genomic region of the fucose transporter on the 5' side  outside
the vector, and the THygro-='I and THygr"-RI primers 107 were
designed in the Rygr within the vector.  forward primer (K01, K02)
T?-F4 5'-GGAATGCAGCTTCCTCAAGGGACTCGC-3' (SEQ iD
NO: 20)  reverse primer (KOI) THygro-R! E,'-3' (SEQ -: NO: 21)
reverse primer (K02) THygro-El
5'-GCACTCGTC7GAGGGCAAAGGAATAGO-3' (SEQ 1D NO: 22)
Results of the PCR screening 918 K01 vector-transfected cells
were analyzed, and 1  cell was thought to be a homologous
recombinant (homologous  recombination efficiency =
approximately 0.1%). 537 K02  vector-transfected cells were
analyzed, and 17 cells were  thought to be homologous
recombinants (homologous  recombination efficiency =
approximately 3.21 (6) Southern blotting analysis Further
confirmation was carried out by Southern blotting.  10 g genomic
DNA was prepared from the cultured cells by a  standard method
and was sao;ec`zed cc Sounerr, -blcing. Using  the two primers
given below, a 387 by probe was prepared by  HCR spanning the
region from No. 2,1'_3 to No. 2,500 in the  nucleotide sequence
shown in SEQ ID NO: 16, and used for  



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
by BglIl provides an approximately 3.0 kb band  from the fucose
transporter chromosome, an approximately 4.6  kb band from the
chromosome where homologous recombination  occurred with the
KO's. vector, one an approximately 5.C kb band  from the
chromosome where homologous recombination occurred  with the
K02 vector. One cell obtained by homologous  recombination with
the KO1 vector and cells obtained by  homologous recombination
wit,: the K02 vector were used in the  experiments. The only cell
obtained with the KO' vector was  designated 5C1; however, it
was shown by subsequent analysis  to comprise multiple cell
populations. Thus cloning by  limiting dilution was carried out
before using it in the  subseauent experiments. One of the cells
obtained with the K02  vector was designated 6E2. (-; Knockout:
step 2 In order to establish cell lines having a completely
defective fucose transporter gene, one of three vectors was
introduced into the cells in which. homologous recombination  had
been achieved by the KOl vector or K02 vector. The  vector/cell
combinations were as follows: method 1: KO% vector  and 501
cells (K01;; method 2: K02 vector and 6E2 cells (K02,;  



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
and the puromycin was added at a  final concentration of 8 qg/mL.
(8) PCR screening of the homologous recombinants The samples
were prepared as described above. In the  screening for method
both PCRs by which cells were detected  where homologous
recombination had occurred with the K01  vector and the K02
vector were performed. The PCR primers  shown below were
designed for method 2. TPS-Fl corresponds to  the region from
No. 3,924 to No. 3,950 in the nucleotide  sequence shown in SEQ
ID NO: 16, while SHygro-RI corresponds  to the region from No.
4,248 to 4,274. These PCR primers will  amplify 350 by of the
fucose transporter gene region that  otherwise deleted by the K02
vector. Therefore, in the PCR  screening in method 2, cells
producing no 350 bp amplification  product are considered to be
the l:..s completely lacking the  fucose transporter gene. The PCR
conditions were as follows:  preheating for 1 minute at 95C; 35
amplification cycles of  95C/30 seconds and 70C/I minute; and
reheating at 70C for 7  minutes. forward primer 



TIE-Fl 5'-CTCGACTCGTCCCTATTAGGCAACAGC-3' (SEQ iD
NO: 25)  reverse primer SHygro-R.I
5'-TCAGAGGCAGTGGAGCC_CCAGTCAGC-3' (SEQ ID NO: 26)
110 in the case of method 3, TP-F4 was used as the forward
primer and RSGR-A was used as the reverse primer. The PCR
conditions were as follows: preheating for 1 minute at 95C;  35
amplification cycles of 95C/30 seconds, 600C/30 seconds,  and
72C/2 minutes; reheating at 72C for - minutes.  Approximately 1.6
kb DNA will be amplified from the cell  samples in. which
homologous recombination by the K03 vector  has occurred. By
this PCR, the cells in which homologous  recombination occurred
by the K03 vector were detected, and it  was also confirmed that
the cells retained the homologous  recombination by the K02
vector while detecting (9) Results of PCR screening 18 cells out of
616 cells analyzed by method I were  considered be homologous
recombinants (homologous  recombination efficiency = 2.9%). 2
cell's out of 524 cells  analyzed by method 2 were considered to
be homologous  recombinants (homologous recombination
efficiency =  approximately 0.4%`. 7 cells out of 382 cells analyzed
by  method 3 were considered to be homologous recombinants
(homologous recombination efficiency = approximately (10)
Southern blotting analysis Southern blotting analysis was carried
out by the method  described above, and 1 cell was identified to
have the fucose  



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. I x 106 cells were  stained in 100 L
PBS containing 5 pg/mL Lens cuiinaris  agglutinin, FITC conjugate
(Vector Laboratory), FBS, and  0.02% sodium azide (referred
hereafter as FACE solution',  for 1 hour with ice coolino. The cells
were then washed 3  tim with FACE so ution and were analyzed
by FACSCalibur  (Becton Dickinson). The results showed that
fucose expression  was reduced only in F"P-<C cells, whic _n
were found to exhibit  a complete loss of the fucose transporter
gene in the Southern  blot analysis. Reference Example 3
Establishment of antibody-producing cells derived from the
FTP-KG line and purification of antibody produced. by these  cells
The fucose transporter-deficient line obtained in Example  1
(FTP-KG cells, clone came: were subcultured in o NII(+',  co-
taining hygromycin B a- a final concentration I mg/mL. 8  x 1C"
3^2 ce11s were suspended in 0.8 mL: D,.lbeccc's .nosonace
buffer. 25 g of a humanized anti-glypican 3 antibody expression
vector was added to the cell suspension and  transferred to a
Gene Pulser cuvette. After holding for 1-0  



minutes on , the vector was transferted into the cells by
electroporation with GENE PULSER II at "_.5 kV and 25 FD. 112
After vector transfection, the cells were suspended in 40 mL
SFM_II() medium and were seeded on a 96-well Plat-bottom plate
(Iwaki) 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
final. concentration of 0.5 mg/mL. The antibody  production of the
drug-resistant cells was measured to obtain  humanized
anti-glypican 3 antibody-producing cell lines. The culture
supernatant from the antibody-expressing  lines was collected and
applied to Hitrap rrotein A column  (Pharmacia) using P-I pump
(Pnarmacia). The column was washed  with a binding buffer (20
mM sodi,m phosphate (pH 7.0;, and  the bound antibody was
subsequently eluted with. Iutio buffer  (O.1 M glycine-HCl (pH 2. ))
. The eluate was immediately  neutralize' with neutralization buffer.
(1 M Tr' -IHICl (p; 9.0)'  The eluted antibody fractions were
selected using DC . prote_.,  assay (BioRad) and pooled, and was
concentrated to about 2 mL  with Centriprep-YM10 (Mil~ipore) .
The concentrated solution  was then subjecte. to gel filtration on
Superdex200 26/60  'Pharmacies; equilibrated with 20 mM acetic
acid buffer (pH  6.0) containing 150 mM NaCl. The peal of the
monomer, fraction  in the eluate was collected and concentrated
with Centriprep- YM1O. The concentrated solution was filtered
using a MILLER-6W  0.22 um filter unit (Miliipore) and was stored
at 4C. The  



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
by FTP-KO cells (3) Preparation o`_ aminobenzamide-labeled
sugar chains (2- AB-labeled sugar chains) The antibody of the
present invent.ionSproduced by F_P-KO  cells and antibody
produced by CHI' cells (control) were  treated with N-g.ycosidase
F (Roche Diagnostics) to re'_ease  the antibody-bound sugar
chains (Weitzhandler M. et al.,  Journal of Pharmaceutical
Sciences ('_994) 83 12), 1670.-5)  After deproTeinaticn with
ethanol (Schenk S. et al., The  ~ou.rnal of Clinical investigation
(2001) , 108 (1]..) , 1687-95) ,  the released sugar chains were
concentrated to dryness and  fluorescent abeled with
2-aminopyridine (Bigge C. et a_ ,  Analytical Biochemis ry ,"995)
230 229-238). The resulting  2-AB-labeled sugar chains were
separated from the reagent by  so - -phase extra "ion using a
cellu-'o-se a_tridge,  concentrated by centrifugation to obtain
purified 2-AB-labeled  sugar cha ns. The puified 2-AB-labeled
sugar chains was  treated with p-gal.actosidase (Seikagaku Kogyo
C., ,Ltd.)  prepare agalactosyl. 2-AS-labeled sugar chains which
were  analysed as described below. (2) Analysis of agalactosvi
2-AB-labeled sugar chains by  



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.
The following  assessment was made with respect to the antibody
produced by  the CRC cells: G(0) was present as the mair
component of the  sugar chains, while C(0)-Fuc lacking fucose
accounted for  about 4% of the total sugar chains, as assessed by
calculation  from the peak area ratio. In the case of the antibody
produced  by FTP-KO cells, G(0)-Fuc was the main component.
For all the  antibody producing cell lines, at least 90% of the total
sugar  chair.... in the produced antibody was fucose-`ree sugar
chains,  as assessed by on ca_culation from. the peak area ratio.
Table 1. Relative ratios of each sugar chain estimated from
normal- phase HPLC analysis for agalactosyl AR-labeled sugar
chains  sugar chain CHO FTP-KOa "= KC-r_ FT?-KO G(C) Fac
4.0% 92.4 92.5% 93.2%  G(0) 96.0% 7.60 -.50 6.81  Example
ab_ishment of cel" lines stab- expressing humanized HCLC
antibody and point mutation-modified antibodies The genes
encoding Hspu2..%.I,spu2.2 (Hu2.2Lu2.2) antibody,  



Hsod-i.8Lspd1.6 (Hd .8_d"_.6; antibody (H0:0 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
the heavy chain an: light chain of the antibody.  Two expression
vectors were selected so as to provide a  desired combination of
the genes encoding the heavy chain and  light chain as described
above, digested with Pvul and  transfected by electroporation into
the FTP-KO line produced  in Reference Example 2.
Tran.sformants that stably produce HOLD antibody or  modified
antibody were --revered no electronoratibn using the  Gene Pulser
II (BioRad). 0.75 mL CHO cells (1 x 10 cells/mI)  suspendedd in
PBS was mixed with uc each of expression  plasmid DNA.
providing the desired combination of heavy chain  and light chain,
and the mixture was left stand on i ce for 10  minutes, The mixture
was transferred a Gene Pulse,  cuvette and a 1.5 kV electrical
pulse was applied at a  capacitance of 25 uF;. The pulsed mixture
was incubated for 10  minutes at room temperature and
suspended in CHO-S-SFMII/10;  HT/'_ PS medium. 100 u1 of the
diluted suspension (5 fold, 10  fold, and 50 fold, made _.. the
same medium) was added to, eac-r.  well of 96-well culture plates.
The plates were incubated for  24 hours in CO2 incubator
maintained at 5`` C0_ Then, yene._ici 



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
same medium containing 500 g/m-. geneticin  (Gibco) and 600
ug/mL zeocin (Invitrogen). The culture  supernatant of the
transformed cells selected in this manner  was evaluated for the
antibody concentration using BiacoreQ  (BIACORE) to establish
transformant cell lines expressing the  desired antibody a' a 'nigh
level. The antibody concentration  in the culture supernatant was
measured according to the  instructions provided with the
BiacoreQ (BIACORE) The cell  line thus established was cultured
in CHO-S-SFMII medium  (invitrogen) containing 50C pg/mr of
Geneticin ..nvitrogen)  and 600 ,ig/s1 of zeocin (rnvitrogen). After
cult vating '--a- an  appropriate period of time, the culture
supernatant was  collected, and purified using
rProteinA-Sepnarose column (GE  Healthcare). The purified
antibody was concentrated with  Amilcon Ultra-4 (MILLIPORE)
and subjected to buffer exchange or.  PD-10 Desalting column
(Amersham Biosciences) with20mN acetic  acid buffer (p16.0)
containing 200mb NaCI. The purified  antibody was quantified by
the absorption at 280nm in ND-1000  Spectrophotometer
(NanoDrop) or DU-600 Spectrophotometer  (BECKMAN). The
antibody n entration was calculated with the 117 



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
Eagle's minimum essential medium  (Sigma) containing sodium
pyruvate (Invitrogen) at mmol/L  MEN and non-essentia'.._ amino
acids (Inv_trogen) at = ,repo-/I, MEM  (this medium is referred to
as the subculture medium). (2) Preparation of an HepG2
cell-transplanted mouse model  Using a solution containing
subculture medium and  MATRIGEL Matrix (BD B_oscience) at 1 .
a suspension o_  HepG2 cells was prepared at 5 x 10' cells/eL.
-00 L of the  cell, suspension (S x 106 cells/mouse) was
transplanted  subcutaneously in the abdominal region of SLID
mice (male,  week cid, CLEA. Japan, Inc.) On the day prior to cell
transplantation, the mice received 100 pL anti-asialo GM1
antibody (content of. 1 vial was dissolved ' S mi of -he
aforementioned solution, Wake Pure Chemical Industries, Ltd.)  by
interperitoreal administration. The tumor volume was  calculated
according to the following formula. tumor volume = long diameter
x short diameter x short  diameter/2 118 When the average tumor
volume reached 130 to 330 mm3,the  



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 Hdl.8Ldl.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
administration  sample The administration sample prepared
according to (3) was  administered at a dose of 10 mL/kg through
the tail vein to  the mouse model prepared in (2) at once per week
for three  weeks beginning 27 days after HepG2 cell
transplantation. As a  negative control, physiological saline was
administered at a  dose of 10 mL/kg through the tail vein at once
per week for  three weeks. All the groups contained S animals,
and each test  antibody-connainincg administration sample was
administered to  a respective group. At about the same time as the
administration, venous blood was collected from 3 animals in
each group was analyzed for the urine plasma concentration of
the antibody. Specifically, blood was collected from a dorsal  foot
vein at two time points: 0.5 hour a zer the initial  administration
and immediately before the second  administration. 20 gL of
collected blood was treated with  heparin and the plasma was
isolated by centrifugation. 119 (5) Evaluation of the antitumor
activity of the test  



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
Figure ?. Hspol.BLspol.6 (Hdl.BLdl.6) antibody showed a  stronger
therapeutic efficacy, while the Hspu2.2Lspu2.2  (Hu2.2Lu2.2' '
antibody showed a weak therapeutic efficacy.  (6) Plasma
concentrations of the test antibodies The concentration of the test
antibody in murine plasma  was measured by an -LISA-based
method described in Example I.  Standard samples were prepared
at the plasma concentration of  12.8, 6.4, 3.2, 1.6, 6.8, 0.4, and
0.2 g/mL. The standard  samples and the murine plasma test
samples (suitably diluted  to a desired concentration) were added
to immunop_ates (Nunc- ImmunoPlate, Maxisorp (Nalge Nunc
-n-ernational)) on which  soluble glypican 3 core (Oh.ugai Seiyaku
Kabushiki Kaisha) is  immobilized, and the plates were incubated
_.,_ _ hour at room  temperature. Goat Anti-Human loG-BIOT
(Southern Biotechnology  Associates) and then
streptav,din-alkaline phosphattase  conjugate (Roche Diagnostics)
were added and a chromogeni.c  reaction was carried out usinc
the BluePhos Nicrowell  Phosphatase Substrates System
(Kirkegaa.rd & Perry  Laboratories) as a substrate. Using a
microplate reader, the  color of the reaction solution __. each well
was determined by (20 measuring the absorbance of the reaction
solution at 650 nm.  



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
in murine plasma after  days from administration the -est antibody
having lower p1  values for both administration doses tested.
example  ADCC ---itv of the test antibodies measured usino
human  peripheral blood monocytes as the effector The ADCC
ac::- test antibodies was tested as  des gibed below using a
human peripnera-- blood monocyte  (referred to as PBMC) as the
effector cell). Preparation of a human PBMC solution Using a
syringe previously loaded with 200 uL of a 1000  unit/mL heparin
solution (Nov-- Heparin Injection 5000 Units,  Novo Nordisk), 50
mL peripheral blood was collected healthy volunteer (adult male)
from Chugai Seiyaku Kabushiki  Ka sha. The blood was diluted
twofold w-th PBS(-), divided  into 4 equal parts, and introduced
into a Leucosep lymphocyte  separation tube (Greiner Bio-one)
that was previously loaded  with IS ml. -Coll-Paque PLUS and
subjected to centrifugation.  Tne separation tube loaded with the
peripheral -blood was L1 centrifuged for 10 minutes at room
temperature at 2150 rpm,  



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
subjected  to the following experiment as a human PBMC solution.
(2) Preparation of target cells HeDG2 cells were detached from a
dish and seeded on a 96- well U-bottom plate at I x 10' cells/well.
The plate was  incubated overnight at 370C in a 5% CO,
incubator. On the next  day, 5.55 MBq Cr-51 was added to each
well of the plate and  the mare was incubated for 3 hours at C in a
50 002  incubator. The HepG2 cells contained in the wells the
plate  were used as target cells in the P_DCC activity assay as
described below. (3) Chromium release assay (ADCC activity; The
ADCC activity was evaluated from the specific  chromium release
rate determined by the chromium release  method. The target
cells prepared as in (2) were washed with  the medium, and 100
A. of each antibody (HOLD antibody,  Hu2.2Lu2.2 antibody, or Hd
l. BLdI.6 antibody) was added at a  concentration of 0, 0.004, 0.04,
0.4, 4, or 40 4g/mL. 'The  plate was reacted for 15 minutes at
room temperature, and the  antibody solution was removed. 102 L
of subculture medium was 172 added to each well and the plate
was incubated for 1 hour a- 3-'C in a 5% CO, incubator. 100 L of
the human PBMC solution  



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
determined according to the following formula. Specific chromium
release rate (o, _  (A - C) x 100/(B  wherein A represents the
mean value of the radioactivity (cpm)  or the 100 uL culture
supernatant in each well; B represents  the mean value of the
radioactivity (com; of ---he 100, pL  culture supernatant in wells
where 100 uL of 2% aqueous NP-40  solution (Nonidet P-40,
Nasals- Tesaue) and 50 uL of 100  5RS/3-MEM medium were
added to the target cells; and C  represents the mean value of the
radioactivity (cpm) of the  100 uL culture supernatant r_n wells
where 150 uL 10`4 .BS/D- MEM medium was added to the target
cells. The tests were  carried out in t_ipl_cate, and the mean value
and standard  deviation of the specific chromium release rate (o),
which is  reflective of the ADCC activity of the antibody, were
calculated form the test results. (4) Evaluation of the ADCC
activity of the .es*_ antibodies  The results of the evaluation of the
ADCC activity 23 exhibited by human PBMCs via the test antibody
revealed that  all of the test antibodies exhibited ADCC activity.
The  results are shown in Figure . Significant difference test  



revealed that no significant difference was observed between  test
antibodies at any concentrations tested in the specific  chromium
release rate of the test antibodies. The statistical  analyses were
run using the SAS Preclinical Package (SAS  Institute Inc.`, These
results showed that there was no  difference between the ADCC
activities of the pi modified test  antibodies. Example 8 Preparation
and characterization of ci modified antibody by  point mutation
Selection. of modification sites for decreasing pI  To imorove the
tumor suppression activity of the  Hd'_.8Ldl.6 antibody,
modification sites were selected for the ability of decreasing in the
p7 value of the variable region.  Amino acid residues involving the
decrease in the el value of  _ 'she variable region were found,
which are summaryzed in Table  2 (heavy chain) and Table 3 flight
chain). Specific examples  of these modifications for decreasing
the pI value are pH7pLl4  antibody and pH7pL,16 antibody. These
pI moa___cation antibodies were prepared as follows. The
modification sites were created by Assemble PCR.  01igo DtiAs,
designed based on the sense and ant-sense sequences  cc
taining the modification site were synthesized. A pair 124 an
antisense oligoDNA containing the modification site and a  sense
oligo DNA corresponding to the vector bearing the gene  



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
obtained was inserted into an expression  vector which allows for
expression of the inserted gene in  anima-, cells. The nucleotide
sequence of the expression vector  was determined by a method
known in the art. introduction of  the no_nt mutanior was
conf_rmed by the nucleotide sequence or  the plasmid DNA. The
gene containing the poin, mutation. was  cloned into an
expression vector which allows for expression the inserted gene in
animal cells. The expression and  purificat_on of the antibody was
according to the method  described in Example 1 or a similar
method. Starting from the 61st glutamine (Q) (according  the
Kabat numbering) present in CDR-- of Hdl.B was substituted  with
glutamic ac_ d to prepare pH7 (SEQ ID NO:27,. Starting  from
Ldl.6, the 24th arginine (R) (according to the Kabat.  numbering)
present in -DR- of 1,d'i.6 was substituted with  glutamine (Q), the
37th glutamine (Q) was substituted wit_".  leucine (L`, the 43rd
a_anine (A) was substituted with serine  (S), the 45th arginine (R)
was substituted with glutamine (Q), L?f the 74th threonine (T) was
substituted with lysine (K), the  77thserine (S) was substituted with
arginine (R), the 78th  



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 pLl4 (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
pLl4, no prepare pL16 (SEQ ID No:29). (2) Measurement of pl
value of point mutation pl modified  antibodies The pI values of the
Hdi.8Ldl.6 antibody, p7pL14  antibody and pH7pL16 antibody
were measured by electrophoresis  with PhastGel TET 4-6.5 (GE
Healthcase) using the method  described Example _ or similar
method. The pi value of  Hdl.8Ldi.6 antibody, p"7pLi4 antibody
and pH7pt16 antibody was  7.47, 7.07 and 6.52, respectively,
indicating that the p_  values of pH7pLl4 antibody and pH7pLl6
antibody were lower  than that of the Hd1.8Ld1.6 antibody by 0.4
and 0.95,  respectively. 3) Measurement of Tm value of point
mutation _ modified  antibodies The Tm values of Fads obtained
from Hd1.BLdl.6 antibody,  pH7pL14 antibody and pH7pLl6
antibody were measured with VP- DSO (Micro Cal) using the
method similar to Example in this  experiment, PBS was used as a
dialysis solution, and the (26 antibody concentration in the test
solution for DSC  measurement was adjusted to 25-100 pg/ml.
DS-- scanning was set  



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 Hdl.8Ld1.6 antibody, pH7pL14 antibody and
pr17pL16 antibody was 78.0 and 74.- , respectively. (4) Evaluation
of binding activity antigen, of point  mutation p7 modified
antibodies by competitive ELISE The binding activity co the
antigen glypican 3 of each  point mutation pi modified antibody
was measured using the  method described in Example 1 (Figure
10) The binding  activity to glypican 3 of the off pH14 antibody and
p#7pL16  antibody was shown to be comparative to that, of the
HOLC  antibody. Example 9 Pr ation. of point mutation i modified
antibody using FTP- KG ce- line The expression vector carrying
the some coding for each  point mutation pl modified antibody
prepared in Example 8 was  introduced Into the cells of FTP-KG
cell line prepared in  Reference Example 2 using Polyethylenimine
(Polysciences Inc.  and the antibody was expressed. The modified
antibody was  purified from the cell culture supernatant using
rProtein A  SepharoseTK Fast Flow Amersham Biosciences) . The
purified  antibody solution was prepared according to the method
127 described in Example 5 and the antibody concentration was
measured. 



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
Eagle medium. (SIGMA) supplemented with IOFBS, 1 mmol/l
MEM Sodium  Pyruvate ,Inv_trogen), and I mmol/l MEM
non-essential amino  acids (In.vitrogen) (referred to as the
subculture medium).  (2) Preparation of HepG2 transplanted
mouse model Using a solution. containing subculture medium and
MA-RI--EL Matrix (BL` Eioscie'ce) a- _ . , a suspension of  HepG2
cells was prepared at I X 10 C---S/M-. 100 UT .,e-'_ suspension (5
x 106 cells/mouse) was transplanted  subcutaneously the
abdominal region of SCID mice (male, 5  week old, -_LEA Japan,
Inc.). Or the day prior to  transplantation, the mice received 100 p1
anti-asialo GM_  antibody (content of I vial was dissolved in 5 mL
of the  solution, Wako Pure Chemical Industries, Ltd.) by
interperitoreal administration. The tumor volume was  calculated
according to the following formula. tumor volume = long diameter
x short diameter x short  diameter/2 128 When the average tumor
volume reached 400 mm3, the mouse  was used as a model. 



(3) Preparation of. administration sample containing the test
antibody The administration samples containing HOLO antibody,
Hdl.Old1.6 antibody, pH7pLl4 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
sample prepared according to (3) was  administered at a dose of
10 mL/kg through the tail vein to  the mouse model prepared (2) at
once per week for five  weeks beginning 34 days after HepG2 cell
transplantation. As a  negative control, physiological saline was
administered at a  dose of 10 mL/kg through the tail vein at once
per week for  five weeks. All the groups contained 5 animals, and
a each  test antibody-containing administration sample was
administered to a respective group. At about the same time as  the
administration, venous blood was collected from 3 animals  in
each group and was analyzed for the murine plasma
concentration of the antibody. Specifically, blood was  col.lected
from a dorsal foot vein at two time points: 0.5 hour  after the initial
administration and immediately before the  second administration.
20 uL collected blood was treated with  heparin and the plasma
was isolated by centrifugation. 129 (5) Evaluation of the antitumor
activity of the test  antibodies 



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 pH7pLl6
antibody compared to HOLD antibody and Hdl.8Ld1.6  antibody.
Example 11 The PK test of humanized GC33 antibody and point_
mutation  antibodies using in vivo model Preparation of test
antibody containing administration  sample The administration
samples containing HOLD antibody,  HdI.BLdl.6 antibody, pn7pLl4
antibody, pH7pL"_6 antibody  pH7M85pL16 antibody at 0.5
mg/m,- (5 mg/kg group) were prepared with physiological saline
the day administration. (2) Administration of the
antibody-containing administration  sample The administration
sample prepared according to (I).was  administered at a dose of
10 mL/kg through the tail vein to  one .5-17/Icr-scid mouse. All the
groups contained 3 animals,  and each test antibody-containing
administration sample was  administered to a respective group.
Venous blood was collected  from the animals and was analyzed
for the murine plasma 130 concentration of the antibody.
Specifically, blood was  collected from a dorsal foot vein at seven
time points: 0.5  



hours, 2 hours, 8 hours, 24 hours, 72 hours, 168 hours after  the
initial administration. 20 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
were prepared at a plasma concentration of  12.8, 6.4, 3.2, "_.6,
0.8, 0.4, and 0.2 ug/mL. The standard  samples and the murine
plasma test samples (suitably diluted a desired concentration)
were added to immunoplates (Nunc- ImmuroPlat NaxiSorp (Nalae
Nunc International)) on which  soluble glypican 8 core (Ohugai
Seiyaku Kabushi_ki Kaisha) is  immobilized, and the plates were
incubated for 1 hour at room  temperature. :;so-- Anti-Human
IgG-RIOT (Southern Biotechnology  Associates) and then
streptavidin-alkaline phosphatase  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. Osing a
microplate reader, the  color of the reaction sol .,ion in each well
was determined by  measuring z he absorbance of the reaction
solution at 650 no,.  The murine plasma antibody concentration
was then calculated  using SOFTmax PRO analytical so---ware
(Moecular Devices, with 1; reference to the standard curve
prepared with the absorbance  values obtained from the standard
samples. 



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 p1
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
a human peripheral blood monocyte  (referred to as PBMC) as the
effector cell) (l1 Preparation of a human PBMC solution Using a
syringe previously loaded with 200 p1 of a 1000  unit/mI heparin
solution (Novc Heparin ]e=on 5000 Units,  Novo Nordisk), 50 in'_
peripheral blood was collected from.a  healthy volunteer (adult ma
e! from. Chugai Seiyaku Kahushiki  Kasha. The blood was diluted
twofold with PBS,-;, divided  into 4 equal parts and introduced into
a leucosep lymphocyte  separation tube (Greiner Bio-one) that
was previously loaded  wits. 5 m 'icon-Paaue PLUS and subjected
to can-:: ifugation.  The separation tube loaded with the peripheral
blood was  centrifuged for 10 minutes at room temperature at
2150 .rpm,  and the monocyte fraction laver was collected. The
cells  contained in the layer were washed once with Dulbecco's
Modified Eagle's Medium,, (Sigma? containing 10 FPS (referred to
below as 10% FBS/D-MEM) and suspended in 10% FBS/D-MEM
an a  cell density of 5 x 106/ml. The cell suspension was subjected
to the following experiment as a human PBMC solution. 



(2) Preparation of target cells HepG2 cells were detached from a
dish and seeded on a 96- well U-bottom plate at 1 x 104 cells/well.
The plate was  incubated overnight 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
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 by the chromium release  method. The target cells
prepared as in (2) were washed with  medium, and 100 pl of each
antibody (POLO antibody, Hdl.8101.6  antibody, pH'7pL14
antibody or pH7pL16 antibody) was added at a  concentration of
0, 0.004, 0.04, 0.4, 4, or 40 ug/ml. The  plate was reacted for 15
minutes at room temperature, and the  antibody solution was
removed. 100 uL of subculture medium was  added to each well
and the plate was incubated for 1 hour at  37C in a 5% CD,
incubator. 100 uL of the human PBMC solution  prepared as in (1)
was added to each well (5 x 10' cells/well)  and the plate was
incubated for 4 hours at 37C in a 5% C02  incubator, and
centrifuged. The radioactivity in 100 p1 of the 133 culture
supernatant in each well of the plate was measured by  a gamma
counter. The specific chromium release rate was  determined
according to the following formula. 



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 Tongue) and 5C uL of 1.0  FBS/D-MEM medium were
added to the target cells; and C  represents the mean value of the
radioactivity (cnm) of the  100 01 culture supernatant in wells
where 150 pL of 10=% FBS/D- MEM medium was added to the
target cells. The tests were  carried out in triplicate, and the
mean.. value and standard.  deviation of the specific chromium
release rate " which is  reflective of the ADCC activity of the
antibody, were  calculated. from the test results. (4` Evaluation of
the AD---- activity the test antibodies  The results o_ the
evaluation of the AD--C activity  exhibited by human PBMCs via
the test antibody reveled that  all of the test antibodies exhibited
ADCC activity. The  results are shown ine'igure 13. Significant
difference test  revealed that to significant difference was
observed at any  concentrations tested between test antibodies
and the control  HOLD antibody i - e spec f c crromiua release rate
of t  antibodies. The statistical analyses were run using the SAS
134 Preclinical Package (SAS Institute Inc. These results showed
that there was no difference between the ADCC activities of  the
c7-modified test antibodies. 



Example 13 Preparation and evaluation of modified antibodies
capable  decreasing in the pI value of the constant region (1)
Selection of modification sites for decreasing the pI  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 the Ei numbering) of the IgGI constant region. Deletion of these
two  amine acid residues allows for the decrease in heterogeneity
caused by the heavy chain terminal constant region an  antibody.
The antibody was modified to have decreased nI value in.  the
constant region by substituting some the amino acid  residues in
IgGIAGK with the corresponding amino acid residues  in the
sequence of the human IgG4 constant region according to  the EU
numbering. Specifically, the 268th histidine (K? of IgGliGK
(according to the.EU numbering) was substituted with glutamine
(Q) of the IgG4 sequence, the 274th lysine (K) was substituted
with glutamine (Q), the 355th aroi.nine (R) was substituted  witth
glutamine (Q), the 336t_:h, aspartic acid (D) was sun _itutec with
glutamic acrd (E), the 358th ieucine was  135 substituted with
methionine (M), and the 419th glutamine (Q)  was substituted with
glutamic acid (E). These substitutions  contain sequence of 9-12
amino acids which can serve as a 7- 



cell epitope only derived from a human constant region and  thus
are expected to have lower risk of immunogenicity. These  6
modifications were introduced into TgGlLGK 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)
and HOM85  (SEQ ID NC:5), respectively. HOM85LO antibody
was prepared  from HOM85 as the heavy chain and as he light
chain, and  ph7M85pL16 antibody was prepared from pH7M85 as
the heavy  chain and pLl6 as the Light light chain. Also, the HOLD
antibody and pH7pLl6 antibody having the constant region of  IgGI
were prepared as in, Example I and Example The  antibodies
HOM85L , cH7M85cLI6,HOL0, and pH7pLl6 were  expressed in
FTP-RC cell line or HEK293 cells, and purified as  described in
Example or 9. (2) Measurement of p- value of constant region pi
modified  antibodies The pI value of the HOLD antibody,
HOM85LO antibody,  pH7pLl6 antibody, and pH7M85pLl6
antibody. was measured by  electrophoresis with PhastGel '-EF
4-6.5 (GE Hea "h:case) under  the same electrophoresis
conditions using the method similar  to that described in Example
1. The pI values of the HOLD  antibody, HOM85LO antibody,
pH7pLl6 antibody ant pH7M8SpL!6 136 antibody was 8.85, 8.1-6,
6.52 and 5.78, respectively,  indicating that the modification in the
constant region  contributes to further decrease in the PI value
without  



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 pI modified antibody was measured using the
method  described in Example 1 (Figure 19,. The binding activity
to lypicar 3, ol the HOLC antibody, HCM8SLC antibody, pH7pL
antibody, pH7M85pLl6 antibody were shown to be about the
same.  Example 14 ADCC activity of the constant region pI
modified antibodies  using human peripheral blood monocytes as
the effector cell  The ADCC act_.T:_ty of the phipLi6 antibody and
pH7M85pLI6 antibody was tested using the method as described
in Example  7.2. The results are shown in Figure 15. Significant u_
_erence  test revealed that no significant difference was observed
between test antibodies at any concentrations tested in. the
specific chromium release rate of the test antibodies. The
statistical analyses were run using the SAS Preclinical  Package
(SAS Institute Inc. hese results showed that there  was no
difference between the ADCC activities of the pH7pL16  antibody
and pH7M85pLl6 antibody. 137 Claims:  ~. A method for preparing
any anti-glypican 3 antibody with modulated plasma kinetics, said
method comprising the  steps of: (a) culturing a host cell bearing a
nucleic acid that  



encodes the anti-glypican 3 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
the anti-glypican 3 antibody from the  host ce" culture. 2. The
method according to claim wherein the modulation  of the blasma
kinetics increase or decrease in a parameter  selected from the
plasma half life, the mean plasma residence  time, and the plasma
clearance. The method according to claim wherein, the
modification  in the charge of the amino acid residue achieved by
amine  acid substitution. 4. The method according to claim 1,
wherein the amino acid  residue that can be exposed on the
surface of the ant_- glypican 3 antibody is located in a region in
the anti- glypican 3 antibody other than the FCRn binding region.
E. The method according to claim 4, wherein the FcRn binding
region comprises the Fc region. 138 6. The method according to
claim 4, wherein the FcRn binding  region comprises the amino
acid residues of the ED numbers 250,  253, 310, 311, 314, 428,
435, 436 according to the Kabat numbering.  The method
according to claim 1, wherein the ant_- 



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
from a non.-human anima'-, a framework  region FR) derived from
human, and a constant region derived  _-Nom human, and
wherein the modification toe charge of the  amino acid residue is
achieved by substitution at -east one  amino acid residue that can
be exposed on the antibody surface the CDR or FR of the
antibody with an amino acid residue  ..._a~ has a charge different
from that of the amino acid  residue. - 0. The method according to
claim 9, 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 ID N0: 1 selected from: (a)
substitution of Q that is the 43rd amino acid residue with  K, 139
(b) substitution of D that is the 52nd amino acid residue with  N,
and (c) substitution of Q that is the 107th amino acid residue  with
R; and/or  



(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
claim 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)
substitution of Q that is the 93rd amino acid residue with  E, (c)
substitution of Q that is the 62nd amino acid residue with  (d)
substitution of K that is the 63rd amino acid residue with  140 (e)
substitution 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) at least one substitution _n the light chain variable  region:
shown in SEQ ID NO: 7 selected from: (g) substitution of R that is
the 24th amino acid residue with  



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 ll2nd 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: 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, (s). substitution of P that is the 238th amino
acid residue  with Q, 141 (d) substitution of D that is the 239th
amino acid residue  with E, (e) substitution of ., that is the 241st
amino acid residue  with M, and (f) substitution of Q that is the
302nd amino acid residue  with E. 13. The method according to
any one of claims 9-12, wherein  the anti-glypican 3 antibody has
a reduced content of fucose  attached to the Fc region of the
antibody. 



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
sequence altered to causes a modification in the charge at  least
one amino acid residue in the constant region in the  antibody
other than the FcRn binding region; and (b) recovering the
antibody from the host cell culture.  16. The method according to
claim 13, wherein the modulation  of the plasma kinetics is
increase or decrease in a parameter  selected from the plasma
half life, the mean plasma residence  time, and the plasma
clearance, 142 The method according to claimer wherein the
modification in the charge of the amino acid residue is  achieved
by amino acid substitution. 18. The method according to claim 17,
wherein the antibody is  an IgG antibody. 19. The method
according claim 1_8, wherein t_he antibody is  an IgGl antibody.
20. The method according to claim 1-7, wherein the  modification
in the charge of the amino acid residue is  achieved by substitution
of at least one amino acid residue of  an 7gGl antibody with a
corresponding amino acid residue of an  



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:
the amino acid residue is  achieved by at least one substitution in
the heavy chain  constant region shown SEQ ID NO: 31 selected
from: (a) substitution of H that is the 151st amino acid residue
with Q, (b; substiution of y th is the 157th amino acid residue  with
Q, (c) substitution of R that is the 238th amino acid i_s_due  with
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
with M, and (f substitution of Q that is the 302nd amino acid
residue  wino E. 23. The method according to any one of claims
15-22, wherein  the antibody is an anti-glypican 3 antibody. 24. A
method of stabilizing an anti-glypican 3 antibody that  comprises a
complementarity-determining region (CDR) derived  from a
non-human animal, a framework region (FR) derived from  



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
increase i_.  the To. value of the antibody by a modification of at
least one  amino acid residue; and (b) recovering the antibody
from the host cell culture.  25. The method according chain: 24,
wherein the amino acid  residue is press,--- in the FR_ region
and/or the FR2 region of  the heavy chain or the light chat-:. 26.
The method according to claim 25, wherein an amino acid  residue
in the FR2 region of the heavy chain is substituted  with an amino
acid residue of the FR2 region of the VH4 144 subclass.  27. The
method according to claim 25, wherein an amino acid  residue in
theFR2 region of the light chain is substituted  with an amino acid
residue of the FR2 region of the VK3  subclass. 28. The method
according to any one of claims 24-27, wherein  the substitution of
the amino acid residue is achieved by: at least one substitution in
the heavy chain variable  region shown in SEQ ID NO: _ selected
from: (a) substitution of. V that is the 37th amino acid residue with
(b substitution of A that is the 40th amino acid residue with  



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
that is the 50th amino acid residue w th  R. 145 29. T. method for
preparing an antibody with modulated  cytotoxicity, comprising the
steps of: (a) culturing a host cell bearing a nucleic acid that
encodes the antibody under conditions allowing for expression  of
the nucleic acid, wherein the 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
ofa cvtotoxic antibody; and (b) recovering the antibody from the
host ce__ culture.  30. The method according to claim 29, wherein
the  modification in the charge of the amino acid residue is
achieved by amino acid substitution. 31. The method according to
claim. 29, wherein the amino acid  residue that can be exposed on
the surface of the antibody is  



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
according to claim 29, wherein the antibody is  IgG antibody. The
method according to any one of claims 29-34, wherein  the amino
acid residue whose charge is modified is an amino  146 acid
residue present in the constant region of the antibody.  36. The
method according to any one of claims 29-34, wherein  the amino
acid residue whose charge is modified is an amino  acid residue
present in the heavy chain variable region or the  light chain
variable region of the antibody. 37. The method according to claim
36, wherein the antibody is  an antibody that comprises a
compiementarity-determining  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 of the  amino acid residue is achieved
by substitution of at least one  amino acid residue than can be
exposed on the antibody surface  in the CDR or FR of the
antibody with an amino acid residue  that has a charge different
from that of the amino acid  



residue. 36. The method according claim 37, wherein the
modification in the charge of the amino acid residue is  achieved
by: (_) 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
amino acid residue with  (c) substitution of Q -hat is the 62nd
amino acid residue with  E, 147 (d) substitution of K that is the
63rd amino acid residue with  S, (e) substitution 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) at least one
subs-- ion in the light chain variable  region shown in SEQ =i NO:
7 selected `rom: c substitution of R that is the 24th amino acid
residue with  Q, (h) substitution of Q that is the 27th amino acid
residue with  subs-_ substitution of K that is, the 79th amino acid
residue with  substitution P. tha is the 82nd amino acid residue
with  S, and (k) substitution of K that is the 112nd amino acid
residue  



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
the 239th amino acid residue  with E, (e; substitution of. 1 that is
the 241st amino acid residue  with N, and (f) substitution of Q that
is the 302nd amino acid residue  with E. 40. The method
according to claim 36, wherein she antibody  comprises a
complementarity-determining 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 of the amino acid residue is  achieved
by substitution of at least one amino acid residue  that can be
exposed on the antibody surface _n the constant  region of the
antibody with an amino acid residue that has a  charge different
from that of the amino and residue. 41. The method according to
claim. 40, wherein `she  



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
(d) substitution of D that is the 239th amino acid residue  with E,
(e? substitution of L that is the 241st amino acid residue  with M.
and (_`) substitution of Q that is the 302nd amino acid residue
with E. 42. The method according to any one of claims 37-4i,
wherein  the antibody has a reduced content of fucose attached to
the  Fc region of the antibody. 43. An antibody prepared by the
method according to any one  of claims 29-42. 44. The antibody
according to claim 43, wherein the antibody  is an anti-glypi.can 3
antibody. 45. An antibody comprising: a heavy chain variable
region shown in SEQ. ID NO: I in  which the amino acid secuence
comprises at least one  substitution selected from: (a) substitution
of K that is the 19th am=no acid residue with  



(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;
and/o_  (2) a light chain variable region shown in SEQ ID N0: 7 in
which the amino acid sequence comprises at least one
substitution selected from: (g; substitution of R that is the 24t1_
amino acid residue with  Q, (h; substitution of Q that is the 27th
amino acid residue w.th  ii' substitution o' K that is the 79th amino
acid residue with  "? substitution of R that is the 82nd amino acid
residue with  and (Y) substitution of. K that is the 112nd amino
acid residue  with E. 46. The antibody accoroingto claim. 45,
comprising the heavy  chain shown _.. SEQ 'D NO: 3 and the light
chain show- in SEQ  ID N0: 9. 47 The antibody according to claim
45, comprising the heavy  chain shown in. SEQ ID N0: 5 and the
liana chain shown SEQ  ID N0: 11. 48. The antibody according
claim 45 which comprises a  



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
according to any one of claims 45-49  comprising a constant
region of a human antibody. 51. The antibody according to claim
50, wherein the constant  region comprises a sequence shown in
SEQ ID NO: 32 or SEQ ID  NO: 33. 52. An antibody comprising: a
heavy chain variable region shown in SEQ ID NO: `_ in  which the
amino acid sequence comprises at Least one  substitution
selected from: (a) substitution of Q that is the 43rd amino acid
residue with  (b) substitution. of D that is the 52nd amino acid
residue with  N, and (c) substitution of Q that is the 107th amino
acid residue  with R; and  (2) a light chain variable region shown in
SEQ ID NO: 7 in  which the amino acid sequence comprises at
least one  substitution selected from: (d, substitution of S that is
the amino acid residue with  Q, (e) substitution of Q tha is the 27th
amino acid residue with  



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
shown in SEQ TD NO: 6 and the light  chain variable region
shown in SEQ ID NO: 12. 55. The antibody according to any one
of claims 52-54  comprising a constant region of a human
antibody. 56. An antibody comprising at least one substitution in
the  amino acid sequence of t._e heavy chain constant region
shown  in 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
K that is the 159th amino acid residue  with Q, (c) substitution of.
P. that is the 238th amino acid residue  w_t_. Q, (d). substitution
of D that rs the 239th amino acid residue  with E. (e substitution of
1, that is the 241st amino acid residue  with M. and (f) substitution.
Q that '_s the 302nd amino acid residue  with E. 



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 Sc region of the antibody. 59. A
composition comprising the antibody according to any  one of
claims 45-58 and a pharmaceutically acceptable carrier.  60. An
anticancer agent comprising as an active ingredient  the antibody
according to any one of claims 45-58. 61. The anticancer agent
according to claim 66, wherein the  cancer is liver cancer. 62. A
nucleic acid that encodes a polypeptide of the antibody  according
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
63, wherein the host  cell is a fucose transporter-deficient animal
cell, a  fucosyltransferase-deleted animal cell, or an animal cell in
which acomplex branched sugar chain modification is modified.
65. A method for preparing an antibody comprising culturing  the
host cell according to claim 63 or 64 and recovering a  polypeptide
from the cell culture. 154 








