
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. ld of the Invention The present invention relates to a method of impro the
plasma (blood) kinetics of anti-glypican 3 antibodies, a pharmaceutical composition comprising an
anti-glyp can 3 antibody that has improved plasma kinetics as an active redient, and a method of
preparing  the same. Description. of the Related Art        Antibodies are stable in the plasma and
exhibit few side effects and for these reasons their use as drugs has been receiving attention. Among
the several antibody isotypes, a large number of IgG isotype therapeutic antibodies are on the market
and a large number of therapeutic antibodies are also currently under development (Janice M.
Reichert, Clark J. Rosensweig, Laura B. Paden, and Matthew C. Dewits, Monoclonal antibody
successes in the clinic, Nature Biotechnology (2005) 1073-8; Paviou R. K. and Beisey M. J., The
therapeutic  antibodies market to 2008, Eur. J. Pharm. Biopharm. (2005) 59(3), 389-96; and Janice M.
Reichert and Viia F. Valge-Archer, Development trends for monoolonal antibody cancer therapeutics,
Nat. Rev. Drug Diac. (2007) 6, 349-356). Ar i-glypican 3 antibodies are known to exhibit antitumor
activity by exercising cVtotoxicity against, for example, liver cancer cells and lung cancer cells (WO
2003/000883).Antibody-drug conjugates comprising an anti-glypican 3 antibody attached to a cytotox c
substance are also known to exhibit antitumor activity against liver cancer, ovarian cancer, melanoma,
and so forth (Albin-a Nesterova, Paul C. Carter, and Le a M. Smith, Glypican 3 as a Novel Target for
an Antibody -Drug Conjugate, AACR Abstract No. 656 (2007), Los Angeles, CA, April, 4-18).       In
addition, technologies to enhance the effector functions are being developed for producing
second-generation therapeutic antibodies. For example, if is known that the antibody-dependent
cellular cytotoxicity (ADCC) activity and the complement-dependent cytotoxicity (CDC) activity are
enhanced by an amino acid substitution in which the amino acids constituting the Ft region of Id
isotype antibodies 



(referred to as IgGantibodies) are replaced by different amino acids (Kim S. J., Park 8., and Hong H.
C., Antibody engineering for the development of therapeutic antibodies, Mol. Cells (2005) 20(1),
17-29). When an anti-glypican 3 antibody  is produced in fucose transporter-deleted CHO cells, fucose
is not attached to the branched sugar chains attached to the  anti-glypican 3 antibody. Such an
anti-gUypican 3 antibody has a significantly higher ADC activity than the anti-glyptcan antibody that
contains fucose in the branched-chain of thefl 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 inich he plasma half-life of an
antibody is increased or decreased by amino acid substitution 'o5 on the amine acids constituting the
Sc region of the antibody (Hinton P. R., Xiong J. M., Johlfs M. G., Tang M. T., Keller S., and Tsurushita
N., An engineered human IgGi antibody with longer serum half-life, J. Immunol. (2006) 176(1), 346-56;
and Ghetie V., Popov S., Borvak Radu C., Matesoi D., Medesan C., Ober R. J., and Ward K. S.,
Increasingserum persistence of an IgG fragment by random mutagenesis, Nat. Biotechnol. (1997)
15(7), 637-40). If a technology thatclangs the plasma half-life of antibodies is applied t(a apeutic
antibodies, it is expected that the dose of the administered therapeutic antibody is reduced and its
interval of administration is extended, which will enable the provision of less 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 Sc region of an IgG ant ibodyanother amino acid resulting in
improving the 



known to be a salvage receptor for the IgG antibody. in addition, it is also known that the plasma
half-life Is increased by shuffling the individual domains (OH1, 0H2, CH3) constituting the constant
region of the antibody (luckier  S., Chang 0.5., Scharff M. D., and Morrison S.Chimeric human-mouse
IgG antibodies with shuffled constant region exons demonstrate thatple domains contribute to in vivo
half- life, Cancer Res. (1998) 58(17), 3905-8). However, since the amino acid sequence of the
constant region of the IgG antibody is conserved in humans, an antibody having an artificial amino
acid substitution as described above in the amino acids constituting the constant region may cause
side effects by exhibiting immunogenicity in the human body. It is therefore preferred that only a small
number of amino acids be substituted.       Technologies involving amino acid substitution in the
variable region also referred to as V region) of Igo antibodies reported to date include humanization
technology (Tsurushita N., Hinton P. R., and KumarDesign of humanizer" antibodies: rom anti-Tac to
Zenapax, Methods 2005) 36(1), 69-83), affinity maturation where amino acids in the . complementa
ity-determining region (CDR) is substituted  in order to increase the binding activity (Rajpal A., Beyaz
N., Haber S., Sappuccii-JV G.,Bhatt R. R., Takeuchi T., Lerner R. A., and Ores R., A general method
rTh  libraries, Proc. Natl. Aced. Sci. USA (2005) 102(24), 8466-71) and amino acid substitution in the
amino acids constituting the framework region (FR) for improving the physicochemical stability (Ewert
S., Honegger A., and Dluckthun A., Stability improvement of antibodies for extracellular and
intracellular applications: OUR 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 referred to as C region), amino acid substitution in the variable region is
generally used for imor ving the characteristics (e.g., stability) and enhancing the function (eantigen
binding activity) of antibodies. Since the amino acid sequence constituting the CDR of humanized 



antibodies is derivad from tammo a d sequence of a nonhuman animal species, the risk of generating
imm nogenicity by introducing an artificial amino acid substitution in this senuence is thought to be
lower tnar amgno and substitutions in a sequence in other regions. Moreover, with regard to an
artificial amino acid substitution in the amino acid sequence constituting thg FR of humanized
antibodies,  t is thought that such a substitution poses little risk of generating  mmunogenicitv if the FR
amsequence obtained as a consequence of substitution is the same as any of the Plurality of human
antibody FR amino acid sequences that are published in, for example, the Kabat database
(http:2aftp.ebi.ac.ukapub/databa5e5/kabata), the 'MGT database  (http://imgt.oines.fr/), and so forth.
Furthermore, the immunodenicity can be reduced by reselecting a human antibody sequence that is
very similar to the FR amino acid sequence obtained as a consequence of substitution, from the
plurality of human antibody FR amino sequences that are published in the Kabat database, the INGT
database, and so forth (WO 1999/018212). In contrastonly methods known for improving the plasma
half-life of IgG antibodies are, as described above, amino acid substitution of amino acids constituting
the Fe region, which is a part of the constant region, and no methods have been reported to date that
bring about an improvement in the plasma half-life of IgG antibodies by amino acid substitution of the
amino acids constituting the variable le region, which is believed to carry little ris of invoking
immunogenicity. The reason for this is, in part, that the plasma half-life of IgG anihodiesbelieved to
largely depend on antigen-dependent depletion and binding to the neonatal Fc receptor, a salvage
receptor for IgO antibodies (Lobo F. D., Hansen A I., and Balthasar J. P., Antibody pharmacokinetics
and pharmacodynamics, J. Phan:. Soi. (2004) 93(11), 2645-68), and that the functions and properties
of the variable region may not have a significant influence on the plasma half-life. It has also been
reported that the isoelectric poin IgG antibody as loweredanionic ation of IgG antibody by
succinylation (Yamasaki Y., Sumimoto K., Nishikawa M., Yamashita F., Yamaoka K., Hashida M., 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 in vivo recognition by receptors, Pharmacol. Exp. Ther. (2002) 301(2), 467-77); and that the
pI of IgG antibody is raised by cationization of the IgG antibody by modification with polyamine
(Poduslo J. F. and Curran G. L., Polyamine modification increases the permeability of proteins at the
blood-nerve and blood-brain barriers, Neurochem. (1996) 66(4), 1599-609). However, in both cases
there was no increase in the plasma half-life of the modified IgG antibody, but rather the plasma
half-life was decreased. Thus, an increase in the plasma half-life of IgG antibodies cannot be realized
by modification of the pI of the IgG antibody by the above-described chemical modification of the IgG
antibody. 



SUMMARY OF THE INVENTION       The present invention was pursued in view of the circumstances
described above.        In a first aspect, the present invention refers to an antibody which comprises a
heavy chain variable region shown in SEQ ID NO: 27 and a light chain variable region shown in SEQ
ID NO: 29.        In a second aspect, the present invention refers to a composition comprising the
antibody according to the present invention and a pharmaceutically acceptable carrier.       In a third
aspect, the present invention refers to an anticancer agent comprising as an active ingredient the
antibody according to the present invention.       In a fourth aspect, the present invention refers to a
nucleic acid that encodes a polypeptide of the antibody according to the present invention.       In a fifth
aspect, the present invention refers to a host cell comprising the nucleic acid according to the present
invention.       In a sixth aspect, the present invention refers to a method for preparing an antibody
comprising culturing the host cell according to the present invention and recovering a polypeptide from
the cell culture.       In a seventh aspect, the present invention refers to an antibody according to the
present invention for use in a method of treating cancer.       Also described herein is a method of
modulating the plasma (blood) half-life of anti-glypican 3 antibody, an anti-glypican 3 antibody having a
modulated plasma half-life and a pharmaceutical composition comprising the antibody as an active
ingredient, as well as a method of preparing the anti-  glypican 3 antibody and the pharmaceutical
composition. Also described herein is 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. Thepresentinventorscarriedoutfocused
investigations into methods for modulating the plasma half-life of an antibody (e.g. anti-glypican 3
antibody). As a result, the present inventors discovered that the plasma half-life of an antibody (e.g.
anti-glypican 3 antibody) can be modulated by modifying - among the amino acid residues constituting
the variable region and the constant region of an antibody (e.g. anti-glypican 3 antibody) - amino acid
residues exposed on the surface of this antibody molecule and thereby controlling the surface charge
of the antibody molecule. Specifically, among the amino acid residues in the amino acid sequence
constituting the variable region and the constant region of an antibody (e.g. anti-glypican 3 antibody),
particular 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
affecting the structure or function of the antibody, e.g., the antigen binding activity. The present
inventors also confirmed that an antibody (e.g. antiglypican 3 antibody) 



having a half-life modulated in this manner in fact retains its antigen binding activity. The present
inventors also found that modulation of the plasma half-life of an antibody (e.g. anti-glypican 3
antibody) increases the tumor proliferation inhibiting activity on cancer cells exhibited by cytotoxic
antibodies, such as the antiglypican 3 antibody.       Described herein is therefore a method of
modulating the plasma half-life of an antibody (e.g. anti-glypican 3 antibody) by modifying an amino
acid residue that is exposed on the surface of the antibody, an antibody (e.g. anti-glypican 3 antibody)
that has a modulated plasma half-life by amino acid residue modification, a pharmaceutical
composition comprising the antibody as an active ingredient, and a method of preparing such a
pharmaceutical composition. More specifically, the following is described herein:  [1] A method for
preparing an anti-glypican 3 antibody with modulated plasma kinetics, said method comprising the
steps of:  (a) culturing a host cell bearing a nucleic acid that encodes the anti-glypican 3 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 cell culture;   [2] The method according to [1], wherein the modulation of the
plasma kinetics is increase or decrease in a parameter selected from the plasma half life, the mean
plasma residence time, and the plasma clearance;  [3] Themethod according to [1], wherein the
modification in the charge of the amino acid residue is achieved by amino acid substitution;  [4] The
method according to [1], wherein the amino acid residue that can be exposed on the surface of the
antiglypican 3 antibody is located in a region in the antiglypican 3 antibody other than the FcRn binding
region;       The method according to [4], wnerein the FoRn ninding region comprises the Ft region; [6]
The metnoo according to [4], wherein the Fcan binding region comprises the amino acid residues of
the EU numbers 250, 253, 310, 311, 314, 428, 435, 436 according to the Kabat numbering;       The
method according to [1], wherein the a i-glyplcan 3 antibody is an IgG antibody;        The method
according to [1]-[7], wherein the amano acid residue whose charge is modified is an amino acid
residue present in the heavy chain variable region or the lioht chain! variableregion;  [9] The method
according to [8], wherein the anti glypican 3 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 ir 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 that of the amino acid residue;  [101 The method according to [9],
wherein the modification the charge of the amino acid residue is achieved (1) at least one substitution
in the heavy chain variable region shown in SEQ ID NO: 1 selected from:  (a) substitution of Q that is
the 43rd amino acid residue with K,  (b) substitution of 0 that is the 52nd amino acid residue with N,
and      substitution of Q that is the 107th amino acid residue with R; and/or (2) at least one substitution
in the light chain variable region shown in SEQ ID NO: 7actedfrom: (d) substitution of E that is the 17th
amino acid residue wit Q, (e) substitution of Q that is the 27th amino acid residue wit R, and (f)
substitution of Q that is the 105th amino acid residue with 0; 



[(11] The method according to HI, wherein the modification in  the charge of the amino acid
residueachieved by: (I) at least one substitution in the heavy chain, variable region shown in SKQ ID
NO: I selected from:  (a) substitution of K that is the 19th amino acid residue with 7  (b) substitution of
Q that Is the 43rd amino acid residue with K,  (c) substitution of Q that is the 62nd am- o acid residue
with OF  (d) substitution of K that is the 63rd amino acid residue with  (e) substitution of K that is the
65th amino acid residue wth Q, and  (f) sub stitution of 0 that is the 66th amino acid residue with 0; and
(2) at least one substitution in the light chain variable region shown in SKO ID NO: 7 selected from:
(g) substitution of R that is the 24th am o acid esidue Q, 



(h) substitution of Q thatisthe 27th amino acid residue with s,  (i) substitution of E that isthe 79th amino
acid residue with T,  (j) substitution OE R that is the 82nd amino acid residue with S. and  (I)
substitution of K that is the 112nd amino acid residue with E; [12] The method according to [111,
further comprising at least one modification in the heavy chain constant region shown in EEO 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 A that is the 238th amino acid residue
with  (d) substitution of D. that is the 239th amino acid residue (substitution of 2 that is the 241st amino
acid residue 



with M, and (f) substitution of Q that is the 302nd amino acid residue [131 The method according to
[91-[12 , wherein the anti.glypican 3 antibody has a reduced content of fucose attached to the To
region of the antibody;  [141 An anti-glypocan 3 antibody prepared  by the metnoc according to
[11-[13];  [151 A method for preparing an antibody with modulated plasma kinetics, said method
comprising the 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 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 (h) recovering the antibody
from the host cell cultu  [16] The method according to [15], wherein the modulation of   e plasma
kinetics is increase or decrease in a parameter selected from the plasma half lifer the mean plasma
residence time,and the plasma clearance;  [17] The method according to" wherein the modification in
the charge of the amino acid residue is achieved by amino acid substitution. [18]. The method
according to [17], wherein the antibody is an anti body;      The method according t [18], wherein the
antibody is an IgG1 antibody; 



[20] The method according to [17], wherein the modification ir the charge of the amino acid residue is
achieved by substitution of at least one amino acid residue of an IgGi antibody with a corresponding
amino acid residue of an IgG4 antibody;  [21] The method according to [15]-wherein the PoRn binding
region comprises the amino acid residues of the EU numbers 250, 253, 310, 311, 314, 428, 435, and
436 according to the Kabat numbering;  [22] The method according to [20], wherein the modification In
the charge of the amino acid residue is achieved by at least one substitution in the heavy chain
constant region shown in SEQ ID NO: 31 selectedOT'  (a) substitution of H that is the 151st amino acid
residue with Q,  (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 0 that is the 239th amino acid residue
with E,  (e) substitution of 18 that is the 241st amino acid residue with M, and  (f) substitution of Q
that302nd amino acid residue with 8;  [23] The method according to [15]-[22], wherein the antibody is
an a ti-glvpican 3 antibody;  [24] A method of stabilizing an anti-gl oican 3 antibody that comprises a
comnuementa tv-determining region (CDR) derived from a non-human animal, a framework region
(FR) derived from human, and a constant regionfrom human, said method comprising the steps of: 



(a) culturing a host cell bearing a nucleic acid that encodes the ant giypican 3f body under condition
allowing for  antibody has an amino acid sequence altered to increase in the Tm value of the antibody
by a modification of at least one amino acid residue; and (b) recovering the antibody from the host cell
culture;  [25] The method according to 1241, wherein the amino acid residue is present in the FF1
region and/or the FR2 region of the heavy chain or the light chain;  [26] The method according to [25],
wherein an amino acid residue 1n the FR2 region of the heavy chain is substituted with an amino acid
residue of the FR2 region of the 7144 subclass;  [27] The method according to [25], wherein an amino
acid residue in the FR2 region of the light chain, is substituted with an amino acid residue of the FR2
region of the VK3 subclass;  [28] The method according to [24]-[27], wherein substitution of the amino
acid residue Is achieved by:  (1) at least one substitution in the Seavy chain variable region shown in
SEQ ID NO: 1 selected from: substaa io of V that is the 37th amino acid residue with 1,  (b)
substitution of A that is the 40th amino acid residue  (c) substitution of M that is the 48th amino acid
residue with I, a  



(d) substitution of Lis the 51st amino acid residue and/or (2) at least one substitution in the light chain
variable region shown in SEQ 10N0: 7 selected from:  (e) substitution of L that is the 42nd amino acid
residue with Q,  (f) substitution of S that is the 48th amino acid residue  with A, and  (g) substitution of
Q that is the 50t3 amino acid residue with A;  [29] A method for preparing an antibody with modulated
cytotoxicity, comprising the steps of:  (a) culturing a host cell bearing a nucleic acid that encodes the
antibody under conditions allowing for expression of the nucleic acid, herein the antibody has an
amino acid sequence altered to causes a modification in the charge of at least one amino acid residue
that can be exposed on the surface of a cytotoxic antibody; and  (b) recoveringibody from the host cell
culture; [30- The method according to [29], wherein the modification in the charge of the amino acid
residue is achieved by amino acid substitution; [311 The method according towherein the amino acid
residue that can be exposed on the surface of the antibody is located itegion in the antibody other than
the AcAn  binding region;  [32] The metiod according to [31], wherein the FeRn binding region
comprises the to scion; 



[33] The method according to [31], wherein the toRn binding region comprises the amino acid residues
of the EU numbers 250, 253, 310, 311, 314, 428, 435, 436 according to the Rabat numbering;  [34]
The method according to [29], wherein the antibody is an IgG antibody;  [35] The method accordfig to
[29]-[34], wherein the amino acid residue whose charge He modified is an amino acid 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 the light chain van able region of the antibody;    7] The method according to [36], wherein the
antibody is an antibody that comprises a complementarity-datermiregion (CDR) derived from a
non-human animalframework region (FR) derived froman, and a constant region derived from human,
and wherein the modification in the charge of the aminoad 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 theo acid residue;   [38]
The method according to [37], wherein the modification in the charge of the amino acid residue is
achieved by: (1) at least one substitution in the heavy chain variable region shown in SEQ ID NO: I
selected from: (a) substitution of K that is the 19th amino acid residue with hb) substitution of Q that is
the 43rd amino acid residue with 



E, (c) substitution of Q that ist he 62nd amino acid residue with (d) substitution of K that is the 63rd
amino acid residue with S, substitution of K that is the 65th amino acid r idue with Q, and (f)
substitution of G that is the 66th amino acid residue with and/or,  (2) at least one substitution in the
1igh chain variable region shown in SEQ ID NO: 7 selected from: (g) substitution of R that is the 24n
amino acid residue with Q, (h) substitution of Q thaL is the 27th amino acid residue substitutio- of K
that is the 79th amino acid residue T,   (j) substitution of R that is the 82nd amino acid residue with S,
and 



(k) substitution of K that is the 112nd amino acid residue with E; [39] The method according to [38],
further comprisino at least one substitution in the heavy chain constant region shown in SEQ ID NO:
31 selected from:  (a) substitution of E that is the 151st amino aoid residue with Q,  (b) substitution of
K that is the 157th amino abid residue with Q,  (0) substitution of R that is the 238th amino acid
residue with Q,  (d) substitution of D that Is the 239th amino acid residue  (e) substitution of I that is the
241st amino acid residue with M, and  (f) substitution of Q that is the 302nd amino acid residue with E;
[40] The method a000rding to [36], wherein the 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 in hc, constant 20  region of the antibody with an amino acid residue that has a
charge different from that of the amino acidresidue;  [41] The method according to [40], wherein the
substitution is at least one substitution in the heavy chain constant region shown in SEQ ID NO: 31
selected from:      substitution of H that is the 151st =no acid residue with Q,  (b) substitution of K that
is the 157th amino acid residue with Q, 



(o) substitution of R that is the 238th amino acid residue with Q,  (d) substitution of D that is the 239th
amino acid residue with  (e) substitution of L that is the 241st amino acid residue with M, and  (f)
substitution of Q that is the 302nd amino acid residue with 5; [42] The method according to
[37]-wherein the antibody has a reduced content of fucose attached to the Sc re-Ion of the antibody;
[43] An antibody prepared by the method according to [29][42]  [44] The antibody according to [43],
wherein the antibody is an anti-glypican 3 antibody; [45] An antibody comprising: (1) a heavy chain
variable region shown in SEQ ID NO: 1 in  which the amino acid sequence comprises at least one
substitution selected from: (a) substitution of 8 that is the 19th amino acid residue with (b substitution
of Q that is the 43rd amino acid residue with E, 



(c) substitution of Q thatisthe 62nd amino acid residue with E, (d) substitution of K that is the 63rd
amino acid residue with Sr (e) substitution of K that is the 65th amino acids due with Q, and  (f)
substitution of 0 that is the 66th amino acid residue with D; and/or  2 a light chain variable region
shown in SEQ ID NO: 7 in which the amino acid sequence comprises at least one substitution selected
from: (9) substitution of R that is the 24th amino acid residue with (h) substitution of Q that is the 27th
amino acid residue with E, (i) substitution of K tnat is th- 79th amino acne residue with (11 substitution
of R that is the 82nd amino acid residue with and  



(k) substitution of K that is the 112nd amino acid residue with E; [46]. The antibody according to [45],
comprising the heavy chain shown in SEQ ID NO: 3 ana the light chain shown in SEQ ID NO: 9; [47]
The antibody according to, comprising the heavy chain shown in SEQ ID NO: 5 and the light chain
shown in SEQ ID NO:  [46] Thd antibody according to [45] which comprises a heavy chain variable
region shown in SEQ ID NO: 27 and a light chain variable region shown in SEQ. ID NO: 28;  [49] The
antibody according to {45] which comprises a neavy chain variable region shown in SEQ ID NO: 27
and a light chain variable region shown in SEC. ID NO: 29;  [50] The antibody according to [45]-[49]
comprising a constant region of a human. antibody; The antibody according to [503 whereinconstant
region comprises a sequence shown in SEQ ID NO: 32 or SEQ ID NO: 33; [52] An antibody
comprising:  (1) a heavy chain variable regior shown in SEQ ID NO: I 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 



N, and (c) substitution of Q that is the 107th amino acid residue with R; and  (2) a light chain variable
region shown in SEQ ID NO: 7 in which the amino acid sequence comprises at least one substitution
selected from: (d) substitution of E that is the 17th amino acid residue with Q, (e) substitution of Q that
is the 27th amino acid residue with R, and  (f) substitution of Q that is the 105th amino acid residue
with  [53] The antibody according to [521, comprising the heavy chain van able region shown Ar; SEQ
ID NO: 4 and the light chain variable region shown in SEQ ID NO: 10;  [54] The antibody according to
[52], comprising the heavy chain variable region shown in SEQ ID NO: 6 and the light chain variable
region shownID NO: 12;  [55] The antibody according to [52]6[54] comprising a constant region of a
human antibody;  [56] An antibody comprising at least one substitution amino acid sequence of the
heavy chain constant region shown in SEQ. ID NO: 31 selected from: (a) sub stituti on of H that is the
151st amino acid resid with Q, 



(P) substitution of K that is the 157th amino acid residue with Q,  (c) substitution of R that is the 238th
amino acid residue with Q,  (d) substitution of D that is the 239th amino acid residue with E,  (e)
substitution of L that is the 241st amino acid residue with M, and  (f) substitution of Q that is the 302nd
amino Acid residue  [57] An antibody comprising a heavy chain constant region shown r REQ ID NO:
33;  [58] The antibody according to [481-[57], wherein the antibody has a reduced content of fucose
attached to the Fc region of the antibody; [59] A composition comprising the antibody according to
[43][S8. and a nharmaoeutically acceptable carrier.  [601 An anticancer agent comprising as an active
ngredent the antibody according o 14C [HD   [61] The anticancer agent according to [60], wherein, the
cancer is liver cancer;  [62] A nucleic acid that encodes a polypeptide of the antibody according to
[45]8[58];  [63] A host cell comprising the nucleic acid according to [62]; 1641 The host cell according
to [63], wherein the host cell is  



fucose transporter--deficient animal c fucosyltransferase-deleted animal cell, or an animal cell in which
a complex branched sugar chain modification is modified; 1651 A method for preparing an antibody
comprising culturing the host cell according to [6 3] or [64] and recovering a polvoeptide from the cell
culture. BRIEF DESCRIPTION OF THE DRAWINGS        Figure 1 is a chart obtained from the
differential scanning calorimetric (DSC) measurement of the Hspu2.21,spu2.2 (Hu2.2.Lu2.2) antibody;
Figure 2 is an electrophoretogram of HOLD antibody and Hspu2 2Lspul.2 (Hu2.2Lu2.2) antibody in
high pl isoelectric electrophoresis, wherein lanes I and 4 show pi markers, lane 2 shows HOLD
antibody, and lane 3 shows Hspu2.2Lspu2.2 (Hu2.21,u2.2) antibody, where the numerical. values
show- pi values of the pi marker molecules and the arrows show the electrophoretic mobilities of the
corresponding p1 marker molecules;        Figure 3 is an electrophoretogram of HOLD antibody and
Hspd1.8ispd1.6.8Ld1.6) antibody in low p1 isoelectric electrophoresis, wherein lanes 1 and 4 show pi
markers, lane 2 shows HOLD antibody, and lane 3 shows Eispd1.81ispd1.6 (Hd1.8Ld1.6 antibody,
where the numerical values show the pi values of tpI market molecules and the arrows show the
electrophoretic mobilities of the corresponding pi ma her  molecules;       Figure 4 is a diagram that
shows the binding affinity of H15L4 antibody and HOLD antibody for glypican 3 antigen in competitive
ELISA, wherein the black diamond refers to the binding affini.ty of the HOLD antibody and the grey
square refers to the binding affinity of the H15L4 antibody;        Figure 5 is a diagram that shows the
binding affinity of Hspu2.2Lspu2.2 (Hu2.21,u2.2) antibody and HOLD antibody for glyp can 3 antigen
in competitive FLISA, wherein the black diamond refers to the binding affinity of the HOLD antibody
and the grey square refers to the binding affinity of the 6ispu2.2Lspu2.2 (du2.2Lu2.2) antibody;
Figure 6 is a diagram that shows the binding affinity of Hspd.1.8Lspd1.6 (Hd1.8Ld.1.6) antibody and
HOLD antibody for glypicar d antigen in competitive ELISA, wherein the black diamond refers to tne
binding affinity of the HOLD antibody and the grey square refers to the binding affinity of the Hspd
.8Lspd1.6 (Hd1.8Ldi.6) antibody;       Figure 7 shows the antitumor activity of the HOLD antibody,
Hspu2.2Lspu2.2 (Hu2.21du2.2) antibody, and Hspd1.611spd1.6 (Hd1.8Ld 6) antibody in a human liver
cancer-transplant mouse model; 



Figure 7A snows the antitumor activity of the HOLD antibody, Hspu2.2L(Hu2.2.Lu2.2) antibody, and
Hspd1.8Lspd1.6 (Hdi.ELdi.6) antibody in a human. liver cancer . transplant mouse modal when each
test antibody was  administered to the model at a dose of 5 mg/kg, wherein the black diamond shows
the activity for the administration of vehicle, the black triangle shows the.effectof the administration of
the Hspd1.8Lspc11.6 (Hd1.8Ld1.6) antibody, the white circle shows the effect of the administration of
the Hsbu2.2Lspu2.2 (Hu2 2Lu2.2) antibody, and the black square shows the effect of theistration of
the 'dna antibody;       Figure 78 shows the antitumor activity of the HOLO antibody, Hspu2.2Lspu2 2
(Hu2.21,u2.2) antibody, and Hspd1.81,spd1.6 (Hdl.BLdi.6) antibody in a human Liver
cancer-transplant mouse model when each test antibody was administered to the model at a dose of 1
mg/kg, wherein the black di. amond shows the activity for the adni eon of vehicle, the black triangle
shows the effect of the admi stration of the Hspd1.871,sodi.6 (Hd1.8Ld1.6) antibody, the white circle
shows the effect of the administration of the Hscu2 2Lspu2.2 (Hu2.2Lu2.2) antibody, and the black
square shows the effect of the administration of the HOLO antibody;       Figure 8 shows the plasma
concentrations of the antibody for the HOLO antibody, Hspu2.2Lspu2(H 2 2Lu2.2) antibody, and
6,spd1.8Lspd1.6 (Fd1.8Ldi.6) antibody in a human liver cancer -transplant mouse model;       Figure
8A shows the plasma concentration of the antibody for the HOLD antibody, Hsbu2.2Lspu2.2
(Hu2.2Lu2.2) antibody, and Hspai.8Lspd1.6 (Hd1:81sdi.6) antibody administered to a hiSran liver
cancer-transplant mouse model when each test  antibody was administered to the model at a dose of
5 mg/kg, wherein the black triangle shows the plasma concentration of the Hspd1.8Lspd1.6
(Hd1.8Ld1.6) antibody, the white circle shows the plasma concentration of the Hspu2.2Lspu2.2
(Hu2.2Lu2.2) antibody, and the black square snows the plasma concentration of the HOLD antibody;
Figure 8E shows the plasma concentration of the ant day, for the HOLD antibody, Hsou2.2Lspu2.2
(Hu2.2Lu2.2) antibody, and Hspd1.8Lspd1.6 (Hd1.8Ld1.6) antibody in a humanhe cancer-transplant
mouse model when each test antibody was administered to the model at a dose of 1 mg/kg, wherein
the black triangle shows the plasma concentration of the 



Hspd1.813spd1.6 (Hd1.61.,d1 6) antibody, thecircle shows the plasma concentration of the
Hspu2.2Lspu2.2 (Hu2.2Lu2.2) antibody, and the black square snows the plasma concentration of the
HOLD a ibodv; and        Figure 9 shows the ADOC activiLy of test antibodies against HepG2 cells, a
human liver cancer cell line, wherein the black triangle shows the ADDS activity by the Hspd1.8Lsodi.6
(Hd1.813d1.6) antibody, the white circle shows the ADDS activity by the Hspu2.2Lsor2 2 (2Lu2.2)
antibody, and the black square snows the ADDS activity by the HOLD antibody.      Figure 10 shows
the binding affinity of the HOLD antibody, Hd1.81,d1.6 antibody, ' Ll4 antibody and Pr /pL16 antibody
for the antigen glypican 3 measured by a competitive ELTSA,  wherein the black circle shows the
binding activity of the HOLD antibody, the white circle shows the binding activity of the Hd1.81,d1.6
antibody, the black square shows the binding activity of the pH7pL14 antibody, and the white square
showsthe binding activity of the pH7mL16 antibody.       Figure 11 shows the antitumor activity of the
HOLD antibody, pH7p1,14 antibody and pH7pLi6 antibody in a mouse model implanted with human
hepatic cancer, wherein * shows the antitumor activity of the HOLD antibody, the white circle shows
the antitumor activity of the Hd1.8Ld1.6 antibody, the black square shows the antitumor activity of the
p61212L14 antibody, and the white square shows the antitumor activity of the pH7pL10 antibody.
Figure 12 shows the plasma concentration of the antibody for the HOLD antibody, Hd1.8Ld1.6
antibody, pH7pL1ody, pH7pL16 antibody and pH7M85pL16 in mice, wherein * shows the plasma
concentration of the HOLD antibody, the white circle snowsplasma concentration of the Hdl.8Ldl.6
antibody, black square shows the plasma concentration of the pH7pL14 antibody, the white square
shows the plasma concentration of the pH7bL16 antibody, the black triangle shows the plasma
concentration of the pH7M85pL16 in mouse.        Figure 13 shows the A000 activity by HOLD
antibody, Hd1.8Ld1.6 antibody, pH7p1,14d_ Sand pH7pL16 antibody against HepG2 cells, a human
liver cancer cell line, wherein the black circle shows the AD= activity by the HOLD antibody, 



the wh.ite circle the ADC activity by the Hdl. 8Ldl. 6 antibody, the black square the ADCC activity by
the 0H7pL14 antibody, and the white square the ADCC activity by the pH7pL16 antibody.      Figure 14
shows the binding affinity of the HOBO antibody, HOM85L0 antibody, pH7pL16 antibody and
pH7M85p(i16 antibody for the antigen glypican 7 measured by a competitive EirISA, wherein the black
triangle showsbinding activity of the HOLD antibody, the black square shows the binding activity of the
ROM8SLO antibody, * shows the binding activity of the pH7pL16 antibody, and the white diamond
shows the binding activity of the pH7MB5pLI6 antibody.        Figure 15 shows the ADCC activity by the
pi-lip-LIB antibody and pR7M85p1126 antibody against HepG2 cells, a human liver cancer cell line,
wherein the white square snows the ADCC activity by the pH7pLl6 antibody, and the black triangle
shows the Apnr activity by the pH7M85pL16 antibo DESCRIPTION OF THE PREFERRED
EMBODIMENTS        The present invention provides a method of modulating the plasma kinetics of an
antibody (e.g. anti-glypican 3 antibody). In a preferred embodiment of the present invention, the
method comprises the modification in the charge of at least one amino acid residue that can be
exposed on the surface of the antibody (e.g. aglypican 3 antibody). That is, the plasma kinetics of an
antibody (e.g. anti-glypican 3 antibobe modulated by modifinna the charge of an amino acid residue in
the antibody to cause a change in the isoelectfpoint (p1) thereof. The antibody (e.g. anti-glypican 3
antibody) having modulated plasma kinetics is able to exhibit an antitumor activity on cancer cells that
is superior to that of the unmodulated antibody.      Among tt several antibody isotypes, the principle
metabolic pathways of the IgG antibody do not proceed via renal excretion due to the sufficiently high
molecular weight of the IgG anti001y. The IgG antibody, which contains toe Fc region as a part of its
molecule, is known to have a long in vivo half-life due to recyclino by a salvage pathway mediated by
the neonatal Fc. receptor (FoRn), which is expressed by endothelial cells in, for example, the vascular
system. It is thought that the IgG antibody is metabolized mainly by metabolic pathways in endothelial
cells (Xu T., 



Melrose J., Mullowney A., Vasquez M., QueenVexier V., Klingbeii C., Co M. S., and Berg K. L.,
Humanization and pharinacokinetics of a monoclonal antibody with specificity for both 5- and
P-selectin, J. Iimunol. (1998), 160(2), 1029-35). That is, it is thought that the IgG antibody is recycled
through binding to the FoRn of I0G antibody nonspecifically taken up by the endothelial cell, while the
IgG antibody that cannot be bound is metabolized. IgG antibody having the Fc regidn modi.fied to
lower the binding activity to FeRn exhib a shorter half-life in the plasma. In contrast, the plasma
half-life of the IgG antibody can be increased by modifying  amino acid residues constituting the Fc
region of the IdG antibody so as to increase the binding activity to FoRn (He X. Y., Xu Z., Melrose J.,
Mullowney A., Vasquez M., Queen C., Vexier V., Klingbeil C,, Co M. Si, and Berg E. Humanization and
pharmacokinetics of a monoclonal antibody with specificity for both E- and 9-selectin, J. Immunol.
(1998), 160(2), 1029-35; and LinksOber RJ, Radu CG, Ghet e V, Ward ESifferences in promiscuity for
antibody- interactions across species) implications for therapeutic antibodies.Laindnal. (2001) 13(12),
1551-9). As described above, the known methods for modulating the plasma kinetics of the IgG
antibody i.nvolved modification of the binding activity to FoRn by modification of amino acid residues
constituting the Sc region. Specific examples of the above amino acid residues include the amino acid
residues H250, H253 H310, H311, H314, H428, H435 and H436, according to the Kabat numbering. In
addition, the amino acid residues H254, H255, H257, H288 H296, H307, H309, H315, H415, indirectly
involve the interaction between IgC antibodies and FoRn, were thougit 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, 187, 189, 195, 295 and 313rd amino acid
residues in SEO ID N0:30, as well as the 133, 136, 193, 194, 197, 311, 316 and 319th amino acid
residues and the 137, 138, 140, 171, 179, 190, 192, 198, 298 and 316th amino acid  residues in SEQ
ID. NO:31, respectively. However, as shown in the examples provided below, it has now found by the
present invention lat the plasma half-life of an antibody (e.g. antiglypican 3 antibody) depends on the
pi dfh. a high correlation. Thus, it is now shown that the plasma half-life of the antibody (e.g.
anti-glypican 3 antibody) can be modulated without mo ifyina 'the amino acid residues constituting
KoRn binding region, whose modification would invoke the immunogenicity, in particular the amino
acid residues H250, H253, H310, H311, H314, H428, H435 and H436, as well as H254, H255, H257,
H28.8, H296, H307, H309, H315, H415 and H433 according to the Kabat numbering. It was also a
surprising result that the modification in the amino acid residues other than H250, H253, H310, H311,
H314, H428, H435 and 16436, as well as H254, H255, H257, H288, H296, H307, H309, H315, and
H433 exhibited a decrease in the pi value and change in the biding activity to FoRn.       While not
wishing to be bound to a particular theory, present inventors hold the following view at the presen time.
The rate of nonspecific uptake of the IgG antibody by endothelial cells is thought to depend on
physicochemical Coulombic interaction between the IgG antibody and the negatively charged cell
surface. itIs therefore thought that decrease (increase) in the Coulombio interaction by lowering
sing) he pi of the IgG antibody may cause decrease (increase) in nonspecific uptake by the endothelial



endothelial cell resulted in the modulation of plasma kinetics. As used herein, "decreasing the
Coulombic interaction" means an increase in the Coulombic forth as expressed in a repulsive force.
Since Coulombic nteraction between the antibody and the cell surface negative charge of the
endothelial cell is a physicochemical interactions believed that    erection does not primarily depend on
the amino acid sequence per se that constitutes the antibody.roiro e, the method of modulating the
plasma kinetics discovered present invention can be broadly applied to any antibodies or anto glypican
3 antibodies but not limited to only a specific antibody or anthglypican 3 antibody.      When an IgG
antibody is used as the ntibody (e.g. anti-g ypican 3 antibody) of the present invention, any subtype
may be used as long as it is an IgGetype antibody molecule. A bispecific IgG antibody may also be
used. When the antibody (e.g. anti glypican 3 antibody) of the present invention is a bispecific
antibody, the antibody can also specifically bind both the correspondino antigen (dlypican 3 molecule
in the case of a ti-glypican 3 antibody) and an epitope other than that antigen. For example, in order to
recruit NY cells, cytoto c T-oells, LAY cells, and so forth, a surface antigen that specifically binds to
these cells may be suitably used as another antigen. It has been shown that cytotoxicity by LAN cells
is exhibited against bile duct cancer using a bispecifdc  antibody produced from the MUSEll antibody
recognizing MUC1 (an adenocarcinoma-related antigen), and OKT3 antibody recognizing LAK cell
surface antigen (Katavose Y., Kudo T., Suzuki V., Shinoda M., Saijyo S., Sakurai N., Saeki H.,
Fukuhara K., Imai K., and Matsunc S., MUCK-specific targeting immunotherapy with b specific
antibodies: inhibition of xenografted human bile duct carcinoma growth, Cancer Res. (1996) 56(18),
4205-12). The antibody (e.g. a fnegivpican 3 antibody) having improved plasma kinetics of the present
invention can be suitably used in place of the =Ell antibody recognizing MUCl. In addition,  ar ibody
that recognizes different epitopes of the antigen to which the antibody binds (glypican 3 molecule in
the case of an -glypican 3 antibody) can also be suitably used as the bispecific antibody (e.g. an
-glypican 3 antibody) of the present invention.the case of low molecular weight antibodies for which
renal excretion is the main metabolic pathway, such as scFm and the plasma kinetics of such
antibodies cannot be modulated by the pI as described above. However, the present invention can be
applied to any antibody molecule type if it is an Fe-coupled protein for which renal excretion is not the
main metabolic pathway. Examples of such molecules include sof-Ai-Fe, dAb-Fc and Ec fusion
proteins. Since the main metabolic pathway of these molecules is not via metabolism by renal
excretion, the plasmaet cs of these molecules can be modulated by changing the pf according to the
method of the 



present invention. Antibody-i. _Joe moleculesincluded in the antibody molecules envisaged by the
invention. Antibody-like molecules are molecules that function by bindingS to a target molecule (Binz
H. K., Amstutz P., and Pluckthun A., Engineering novel binding proteins from nonimmunoglobulin
domains, Nat. B o schaol, (2005) 23(10), 1257-68); and examples include DARPins) Affibody, and
Aylmer. term "moduated plasmaa" as used herein means that the plasma kinetics are modified in a
desired direction when the plasma kine cs of the antbodI after modification of the amino an s constitu
ing the antibody ( .g a i-glypican 3 artmhody are compared with the p asma flnetics of the antibody
ormor to moaifcatior_when it is desired to increase the plasma half-life of the antibody (e .g. a glypican
3 antibody), "modulation of the plasmanetics" refers to an increase in. the plasma half-life of the
antibody. When it is desired to decrease the plasma half-life of the antibody (e.g. anti-glypican 3
antibody), "modulation of the plasma kinetics'refers to decrease In the plasma half-life of the antibody.
Whether the plasma kinetics of the antibody (e.g. antiglypican 3ibody) of the present invention have
been modified indesired direction, that is, whether the plasma          s have been modulated as
desired, can be appropriately evaluated by pnarmacokinetic tests using, for example, mouse, rabbit,
dog, monkey, and so forth. In addition, an  "extension of the plasma half-life" or a "decrease of the
plasma half-life" as used herein may also be comprehended via parameters other than the plasma
half-life parameter, such as the mean plasma residence 4- e and the p a ma clearance
(Fharmatokinetics Analysis by Practice, (Nanzando)). For example, the "modulation of the
plasmakinetics" according to the present invention can be suitably evaluated with these parameters by
carrying 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 (e.g.
ant1 pican 3 antibody). The phrase "amino acid residue that feson the surface of the polypeptide"
refers to an amino acid residue whose side chain can come into contact with solvent molecules
(typically water  !pie les). All of its side chain need not come into contact with solvent molecuies If even
a portion of the side chain of an amino acid residue comes into contact with solvent molecules, suan
amino acid residue is considered to be an amino acid residue that resides on the surface. Those
skilled in ne art can construct a homology model of the pobypeptide or antibody usinc commercially
available homology modeling software. Based on this homology modal, amino acid residues on the
surface of the polypeptide constituting the antibody (e.g.  anti-glypican 3 antibody) can be
appropriately selected as an "amino acid residue that resides..on the surface of the olypeptide".
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 FoRn binding region of the
antibody (e.g. anti-g ypican 3        ody). The FoRn binding region is preferably the Pc region, but also
include, for example, a region consisting of one or more amino acid residues H250, H253, H310,E314,
H428, H435 and H436 according to the Kabat numbering. In addition, the amino acid residues H254,
E255, H257, H288, E296, H307, H309, H315, H415, H433, which!indirectly involve the interaction
between Igo antibodies and FcRn, were tflought to be the target for modification. These amino acid
residues correspond to, for example, the 130, 133, 190, 191, 194, 308,      and 316th amino acid
residues, and the 134, 135, 137, 168, 176, 187, 189, 195, 295 and 31! 3rd amino acid residues in SEQ
ID 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 in SEQ ID N0:31,
respectively.        The amino acid residue to be subjected to charge modification in the antibody (e.g.
anti-glypican 3 antibody) according to the present invention is preferably an amino acid residue
constituting the heavy chain (H chain) variable region 



or the light chain (L chavariable region of the antibody. Preferred specific examples of these variable
regions are the complementarity-determining region (CDR) and framework region (FR).       Those
skilled in the art can appropriately select a surface amino acid residue in the antibody's variable region
based on a homology model built by homology modeling. Thus, a surface amino acid residue in the
antibody's variable region can be suitably selected from H1, H3, HS, H8, H10, H12, H13, H15, H16,
H19, H23, H25, H26, H39, 342, H43, H44, H46, H68, H71, H72, H73, H75, H76, H81, H82b, 1183,
H85, H86, H105, H108, 11110, and H112, which are amino acid residues according to the Kabat
numbering. For example, in the FR of the humanized anti-        can 3 antibody heavy chain shown in
StIQ 7D NO: 7, the surface amino residues may include, but not limited too the amino acid residues at
positions 1, 3, 5, 8, 10, 12, 13, 16, 19, 23, 2.5, 26, 39, 42, 43, 44, 46, 69, 72, 7374, 76, 82, 85, 87, 89,
90, 107, 110, 112, and 714. A surface amino acid residue in the heavy chain CDR can also be
selected using the same homology model. Thus, 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-glypican 3 antibody shown in SEC ID NO: 1
corresponds to that amiho acid residue. Suitable examples of other amino acid residues in the heavy
chain CDR of the humanized anti-glypican 3 antibody  shown in SEQ ID NO: I 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 Ll, L3, 17, L8, L9, Lil, 112,
L16, L17, L18, L22, 126, L39, 171, L42, L43, L45, L46, 179, 127, L60, L65, L66, L66, L69, 170, L7:,
L76, L77, L79, L80, L81, 1,65, L100, L103, 1105, L106, and L107 of amino acid residues according to
the Kabat numbering. For example, surface amino acids may include, but not limited to, 1, 3, 7, 8, 9,
11, 12, 16, 17, 18, 20, 22, 43, 44, 45, 46, 48, 49, 50, 54, 62, 65, 68, 70, 71, 73, 74, 75, 799 81, 82, 84,
85, 86, 90, 105, 108, 110, 111, and 112 of the humanizedgiypican 3 antibody shown in SEQ ID NO: 7.
Surface amino acid residues in the light chain CDR can be selected using the same homology model
as the 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 Ati-glypican 3
antibody light chain shown in SEQ ID NO: 7 are th.e amino acid residues at positions 24, 27, 33, 55,
and 59.        Tie term "modification" in an amino acid residue in the method of the present invention
specifically denotes, inter alia, substitution of an original amino acia 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 



acid residue with another amino Solo residue. Thus, "modification 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 nino acid residue" on the anti-giypioan 3 antibody of the present
invention for example, the charge is preferably modified for at least one amino acid residue selected
from the amino a ic residues at positions 19, 43, 52, 54, 62,65, 66, and 107 in the heavy chain variable
region constituting the humanized anti-glypican 3 antibody shown in SEQ ID NO: In addition, the
charge is preferably modified, for example,    r at least one amino acid residue selected from the amino
acid residues at positions 17, 24, 27,8h 59, 79, 82, 108 and 112 in the light chain variable regi on
constituting the humanized anti-glvpican 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 desi:red modulating effect on the plasma kinetics is being obtained; however,
such amino acid residues may conventionally modified so as to have no charge or to have the same
type of charge as the modified amino residue(s).       Charge-bearing amino acids are known to be
present. In general, lysine (K), argi n (R), and his dine (H) are known as positively charged amino
acids. Aspar(D) and glutamio acid (E) are known as negatively charged- amino acids.  The amino
acids other than these are known as the uncharged amino acids.        Preferably the aforementioned
"modified amino acid residue" is conventionally selected from, but not limited to, the amino acid
residues present in either of the following groups (a) and (b). (a) giu amic acid (E), aspartio acid (D) (t)
ivs e (K), argin ne (R), and histidine (H)       When the original (pre-modification) amino acid residue
already bears a charge, modification so as to provide an uncharged aminc acid residue is also a
preferred embodiment of the present invention. Thus, modification in the prese invention
encompassessubstitution of a charged amino acid 



with an uncharged amino acid, (2) substitution of a charged amino acid with an amino acid bearing an
opposite charge, and (3) substitution of an uncharged amino acid with a charged amino acid.
Modification of an amino acid residue constituting the antibody (e.g anti-glypican 3 antiboso as to
change the isoelectric point (p1) of the antibody is preferred for the present invention. In addition, in
those instances where a plurality of amino acid residues will be modified, the amino acid residues
subjected to modification may include a small number of uncharged amino acid residues.        Suitable
examples of the "modification in the charge of an amino acid residue" in the a H glypican 3 antibody of
the  present invention are as follows. With regard to a modification that increases the pi value, for
example, at least one substitution selected from Q43K, D52N, and Q1075 in the heavy chain variable
region constituting the humanized ant -glypican 3 antibody shown in SEQ ID NO: I can be made, and a
modification to the amino acid sequence shown in SEQ ID NO: 4 or 6 is partiularly preferred. In
addition, for example, at least one substitution selected from 517Q, .Q275, and Q1058 in the light
chain variable region constituting the humanized anti-can 3 antibody shown in SEQ ID NO: 7 can be
made, and a modification to the amino acid sequence shown in s81Q ID NO: 10 or 12 is particularly
preferred. With regard, on the other hand, to a modification ' t decreases the pi value, at least one
substitution selected from Ki9T, Q43E, 062E, K635, K65Q, and G66D in the heavy chain variable
region constituting the humanized anti-glypican 3 antibody shown in SEQ ID NO: 1 can be made, and
modificationthe amino acid sequence shown in 85Q 9D NO: 3, 5 or 27 is particularly preferred. In
addition, for example, at least one substitution selected from 524Q, Q27E, f79, RS2S and K1125 in the
light chain variable region constituting the numanizeo anto-glypican 3 antibody shown in SEQ ID NO: 7
can be made, and modification to amino acid sequence shown in SEQ ID NO: 9" 28 or 29 is
particularly preferred. In addition, the modification that decreases the pi value also include substitution
of one or more amino acid residues in the heavy chain constant region  designated by H268, H274,
H355, 19356, 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: 31 includes, for
example, substitution of  that is the 151st amino acid residue with Q, substitution of  that is the 157th
amino acid residue with Q, substitution of  that is the 238th amino acid residue waLh Q, substitution of 



that is the 239th amino acid residue with E, substitution of 1, that is the 241st amino acid residue with
M, and substitution of Q that is the 302nd amino acid residue with E. The above substitution resulted in
a chimera of the constant region of IgG1 and the constant region Of IgG4 of a human antibody. Thus
such a substitution allows forparat on of a modified antibody wtt a des ed pi value without affecting the
immunogenicity of the antibody.       There are no particular limitations in the present invention on the
number of amino acid residues subjected to modification; when, for example, the variable region of
antibody is being modified, preferably the fewest number of amino acid residues necessary to achieve
the desired modulated plasma kinetics is modified, in order to avoid lowering the bindnq activity to
.anticen and in order to avoid raising the immunogenicity. It may also be suitable to implement a
suitable combinationan amino acid residue modification that causes a decline in immunogenic v and/or
an amino acid residue modification that causes an increase in the binding  activity to antigen.
Known techniques can be used to measure the antigen binding activity Of the antibody. For example,
enzyme-linked immunosorbent assay (EL S ), enzyme immunoassay (=A), rad o munoassay (RIA), or
a fluorescent  immunoassay can be used. These methods are described in a common textbook,
Antibodies:oratory Manual, Ed Harlow and David Dane, Cold Spring Harbor laboratory, 1988.       The
methods described on pages 359 to 420 of Antibodies:  A a o atory 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 be evaluated based on a SACS
(fluorescence activated cell sortor ELISA Principle using the cells as an antigen. In the ELISA format,
an antibody's binding activity to cells i4 quantitatively evaluated by comparing the signal levels
generated by an enzymatic reaction. Thus, a test antibody is added to an FLISA plate on which th
over-expressing ce s have been immobil zed and the antibody bound to the cells is detected by an
enzyma-labeled acinooy that recognizes the test antibody. In the case of FACS, the binding activity to
cells can be compared by constructing a dilution series with the test antibody and comparing the
antibody binding titers for the over-expressing cells.       Bhnding between an antigen expressed on the
surface of cells suspended in a buffer and not anchored on a carrier  



(such as an ELISA plate) and an antibody for this antigen can be meas ed by the SACS format. Flow
cytome e s used in such measurements may include FACSCantom II, FACSAriaTM, FACSArrayTm,
FACSVantagerm SE, and FACSCaliburTM (al] from BD Bioscience) and the EPICS ALT RA
HyPerSort, Cytomics SC 500, EPICS XL-MCL ADC, EPICS XL ADC) and Cell Lab Quanta/Cell Lab
Quanta SC (all from Beckman Coulter). In an example of a suitaile method for measuring the binding
activity of a test anti-glypi an 3 antibody to an antigen, the test antibodyreacted withcell expressing
glypican 3; the cells are stained with an FITC-labeled secondary antibody that recognizes the test
antibody; the fluorescent intensitymeasured with FACSCalibui (BD) and analyzed using cFLI QUEST
software (ED). According to this method, the test antibody bound to the glypican 3 on the surface of
olypican 3-expressing cells is stained by FITC- labeled secondary antibodya specifically recognizes
the test antibody, and the fuorescet ntensti iz 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 the CELL QUEST software
The computational formulas that yield the oeo-mean value (geomec mean are described in the CELL
QUEST Software User's Guide (BD Biosciences). In order to avoid increasing the in Mitt)
immunogenicity  for the human receiving the antibody, the modified amino ac.id sequence is
preferably, but not limited to, a human sequence (seauence seen in a naturally occurring antibody of
human or gin). In addition, mutations can. be suitably introduced at locations other than the
modifications introduced to change the isoelectric point, so as to modify each of the plurality of FRs
(FR1, FR2, FR3, FR4) into a human sequence. A method that converts each of the FRs into a human
sequence in. this manner is reported by Ono K., Ohtomo T., Yoshida K., Yoshimura Y., Kawai S.,
Koishihara Y., Ozaki S., Kosaka M. and Tsuc iya M., The humanized anti-HM1.24 antibody effectively
kills multiple myeloma cells by human effector cell-mediated cytotoxi ' y, Mol. Immurso7. (1999) 36(6,
387-395. In addition, in order to change the isoelect ic point of the antibody, each of the FR sequence
may be converted 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 isoelectrin point of the antibody). Such a humanization method is reported in Dall'Acqua
W. F., Damschroder M. M., Zhang J., Woods R. M., and Wu H., Antibody humanization by framework
shuffling, Methods (2005) 36(1), 48-60.        In those instances where the desired modulated plasma
kinetics are not achieved by a modest modification of the surface charge, an antibody (e.g.
anti-glypican 3 antibody) exhibiting the desired modulated plasma kinetics can be  suitably obtained by
the repetitive execution of surface charge modification and evaluation of plasma kinetics.       The
plasma kinetics of chimerio EP507.g4, a chimeric ant E, P-selectin antibody (I0G4), have been
compared with those of HuEP5C7.g4, a humanized antibody (Cg, and the two were shown to have the
same plasma kinetics in the rhesus monkey (He X. Y., Xu Z., Melrose J., Mullowney A., Vasquez M.,
Queen C., Vezier V., Klingbeil C., Co M. S., and Berg Humanization and pharmacokinetics of a
monoclonal antibody with specifibity for both Ee and P-selectin, 3. Immunol. (l998)160(2), 102H-35). In
additDson, the plasma kinetics of ch5d8, a chimeric anti-0D154 antibody, have been compared with
those of the humaniced antibody Hu5, 8 in cynomolgus monkey and the two were shown to have the
same plasma kinetics (Gobburu J. V., Tenhoor C., Rogge M. C., Frazier D. E. Jr., Thomas D.,
Benjamin C., Hess D. M., and Jusko W. J., Pharmacokinetics/dynamics of 5c8, a monocl onaw
antibody to 0D154 (0040 ligand) suppression of an immune response in monkeys, J. Pharmaco7. Exp.
Then. (1998) 286(2), 925-30). The plasma kinetics of the ohimeric antibody c0049 were shown to be
the same as those of the humanized antibody Hu0249 in mice (KashmV., Shu L., Padlan E. A., Nilenic
D. E., Schiom J., and Hand P. H., Generation, characterization, and in vivo studies of humanized
anticarcinoma antibody 0049, HyPridoma  (1995) 14(5), 461-73). The plasma kinetics and distribution
of mouse antibody and humanized antibody were shown to be the  same in evaluations in mice
(Craves S. S., Goshorn S. P 



v  , Stone 0. M., Axworthy D. 2., Reno C. M., Bottino B., Searle S., Henry A., Pedersen J., Rees A. R.,
and Libby R. T., Molecular modeling and preclinical evaluation of the humanized NR-LU-13 antibody,
Ciin Cancer Res. (1999) 5(4), 899-908; Couto J. R., Blank E. N., Peterson J. A., and Ceriani R. L.,
Anti-3A46 monoclonal antibody Mc3i humanization using a novel positional consensus and in vivo and
in vitro characterization, Cancer Res. (1995) 55(8) 1717-22).It is thought that the plasma kinetics and
distribution of the chimeric antibodies and humanized antibodies are the same due to the fact that the
murine Sc and human Sc are both cross-reactive with the murine FoRn. As shown by these examoles,
the plasma kinetics are the same between cni,pric ancodies and huManized acflooces that have the
same CDR. This means that humanization by the known Methods provided in Ghetie V., Popov S.,
BorvakRao u C., Matesoi D., Medesan C., Ober R. J., and Ward E.Increasing the serum persistence of
an IgG fragment by random mutagenemis, Nat. Biotechnol. (1997) 15(7), 637-40) and so forth, may
provide the same plasma kinetics as the chimeric antibody, and thus a humanized antibody having
modulated plasma kinetics therefore cannot be prepared by the known methods.        In contrast when
- chimeric antibody (e.g. chimeri anti-glypican 3 antibody) is humanized accordino to the method of the
present invention, the pi of the antibody is modified by modification to an amino acid residue that can
be exposed on the surface of the chimeiic 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) in 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-glyorcan 3 antibody) may be carried out at the same
time as the humanization of the antibody, or the p3 the humanized antibody may be modified by
modification of surface-exposed amino atid starting from the humanized antibody (e.g. humanized
anti-glypican 3 antibody).       It has been established that traptuzumab, bevacizurab, 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., FlagellaPresta L., Clarke
J., Dybdh"McKeever K., and Slwkowski N. A., Humanization of a recombinant monoclonal antibody to
produce a therapeutic HER dimerization inhibitor, pertuzumab, Cancer immunol Immunother. (2006)
55(6), 717-27). Thus, the plasma kinetics are about the same when antibodies are humanization using
the same FR sequence. According to the method of the present invention, the plasma kinetics of the
antibody (e.g. anti-glypican 3 antibody) can be modulated in the humanization step where the pI of the
antibody (e.g. a glypican 3 antibody) is modified by adding a modification  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 antiglypican 3 antibody) having
modulated plasma kinetics relative to the plasma kinetics of the initially prepared human antibody (i.e.,
an increase or decrease in the okm r'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 ofhuman antibody constructed from a human antibody
library, a human antibody-producing mouse, and so forth. 



The plasma half-life of an antibody is increased by lowering the pI value of the antibody. In contrast, it
is known that the plasma half-life is decreased and the antibody's tissue translocation characteristics
are improved by raising the antibody's pI value (Vaisitti T., Deaglio S., and Maavasi F., Cationization
Of monoclonal antibodies: another step towards the "magic bu-let"?, J. Biol. Regul Homoest. Agents
(2005) 19(3-4), 105-12; Pardridge W. m Suciak J., Yang J., and Wu D., Enhanced endrocytosis in
cultured human breast carcinoma cells and in vivo biodistribution in rats of a humanized monoclonal
antibody after cationization of the protein, J Pharmacol Exc Ther. (1998) 286(1), 548-54). However,
due to fact that such an  antibody exhibits an increased immunogenicity and an enhanced
internalization into the cell, additional improvements are required for application as an antibody that
exhibits anticancer effect via a mechanism such as a cytotoxic activity, because mnternartzatton into
the cell is a hindrance to the manifestation of its cytotoxic activity, such as ADCC activity, 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 cel is a hindrance to the manilestatlon of its cytotoxic
activity, such as ADCC activity, CDC activity, and so forth, it had not been determined whether an
increase in the P7 value of an ant-body or a reduction in the pi value of an antibody causes
enhancement of the tumor-inhibiting effect. In the present invent-on, modified humanized a i-glypican 3
antibody with a reduced pI value and modified humanized anti-glypican 3 antibody with an increased pi
value were constructed, and then the question of which modification has the higher tumor-inhibiting
activity was examined by subjecting both antibodies to comparative testing of the antitumor effect. As
a result, it was surprisingly shown that the humanized anti. -pican 3 antibody with the reduced p1 value
exhibited the better effect against liver cancer.       The term "anti-glypican 3 antibody" as used herein
encompasses anti-qlypican 3 antibody obtained by subjecting anti-glypic n 3 antibody that has already
been subjected to  amino acid residue charge modification as described above, to additional
modification of its amino acid sequence, for example, by subjecting the amino acid residues
constituting this anti-glypican 3 antibody to substitution, deletion, addition, and/or insertion. In addition,
the term "antiglypican 3 antibody" as used herein also encompasses antiglypican 3 antibody obtained
starting from anti-glypican 3 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, humanliaLioand so forth, and additionally subjecting the amino acid residues
constituting this antiglypican T antibody to charge modification       A preferred example of a
modification whose goal is to improve the characteristics of the antibody (e.g. antiglypican 3 antibody)
of the presentention is a modification whose goal is to raise the stability of the antibody (referred to
below as a stability modification). In aqueous solution, the antibody 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 = AB - TAG), depends on the Gibbs free energy change AG of the system
and the balance between the components of AG, i.e., the enthalpy change AR (attributable to changes
in, for example, hydrophobic interactions and  



hydrogen bond in the potypeptide chain), and the entropy change AS (attributable to changes in
solvation and the degrees of freedom in the three-dimensional structure). A positive value for AG
indicates that the native state of the protein is more stable than the protein's denatured state, and the
stability of the native state of the protein rises as AG assumes larger positive values. The forces
contributing to this stability must be disrupted in order to denature the protein. For example, exposing
the protein solution to high temperatures results in an increase in the degrees of freedom in the
three-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 Ali of the unfolding due to thermal denaturation of the protean can be directly measured by
differential scanning calorimetry (DSC), as is specifically 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 of the test
protein. The denaturation enthalpy change is obtained by integration of th s peak. The Tm value is
generally an indicator of thermal stability. The changethe heat capacity (ACp) can also be measured
during thermal denaturation of the protein by DSC. The change in the heat  capacity that occurs during
denaturation is causedmainly by hydration that occurs 'en amino acid residues that are notexposed 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       another amino acid residue, deletion of an oramino acid residue, and the
addition of a new amino acid residue. The substitution of an original amino acid residue with another
amino acid residue is preferred. Thus, modification by . amino acid substitution is preferably used in
the present invention when a modification or antibody stabis sought. The Tm value of the antibody
(e.g. anti-glypican 3 antibody) is increased as a result of the execution of the stability modification on
the amino acid residue constituting the antibody. Thus, the Tm value is suitably used as an indicator of
the stability modification of the antibody (e.g. anti- gl lean 3 antibody) has occurred.       In order to
carry out the aforementioned "stability modification" with the anti- glypican 3 antibody of the present
invention, modification is preferably carried out, for example, on at least one amino acid residue
selected from the amino soma residues at positions 37, 40, 48, and 51 in the humanized a i-glypican 3
antibody heavy chain variable region shown in  SEQ ID NO: 1. In addition, modification is preferably
carried out on at least one amino acid residue selected from the ami c acid residues at positions 2, 25,
42, 48, 50, 83, and 84 in 



the humanized anti-glyp can antibody light chain va ia  region shown in SEQ ID NO: 7. The amino acid
residues other than the aforementioned amino acid residues on which stability modification has been
carried out, need not be modified as long as the desired La value has been obtained; however, it can
be appropriate to carry out a suitable modification thereon so as to provide a Tm value that is about
the same as or higher than the Tm value of the humanized ant'-glypican - antibody subjected to the
modirtcatton       Inc stability modification can be carriec out by randomiv modifying amino acid
residues constituting the antibody (e.g. humanized a i-glypican 3antibody) subjected to the
modification. In addition, stability modification can also be carried out by replacing a portion of the
amino acid sequence constituting the humanized antibody (i.g, antibody antiglypican 3 antibody)
subjected to the modification, with an amino acid sequence found in an antibody that already has a
high La value and that corresponds - from the .standpoint of the correlation of
antibodythree-dimensional structure - with said portion of the amino acid sequence constituting the
humanized antibody (e.g. humanized anti-glypican 3 antibody) subjected to the modification There are
notations on the position of the amino acid residue or residues undergoing  substitution; however,
amino acid residue or residues in the FR are preferably modified. Amino acid residue modification can
even be carried out as appropriate in the region as long asore is no associated reduction in the binding
activity for the antigen. In addition, the number of aminoacid residues subjected to modif.ication is not
particularly limited, and modification can even be implemented by replacing a particular segment of the
FR with a desired segment. With regard to such segments, all of the segments within the FR (TR1,
FR2, FR3 I4' can be modified, or one or more o segments modification may be combined.       The FR2
of t' e heavy chain or the light chain is a preferred example in those instances where a segment of the
FR. is modified. A preferred specific example in this regard is an amino acid residue modification in
which huminized antiglypican 3 antibody heavy chain FR2 in the VH1b subclass (shown in SEQ ID
NO:is modified to the VH4 subclass, V371. (valine at position 37 is replaced by isoleu np) as well as
A400, M481, and L 511 modifications. Other preferred specific examples are a modification of
humanize antiglypioan 3 antibody light chain FR2 region in the VK2 subclass (shown in SEQ ID NO: 7)
toe VK3 subclass, i.e., L42Q, S48A, and Q500 modifications. Also preferred is V21 modification, which
corresponds to modification to a germline sequence for FRI. 



The execution of substitution,  deletion, addition, and/or  insertion with respect to the amino acid
residues constituting the antibody (e. g. anti-glypican 3 antibody) and the modification of the amino
acid sequence by, for example, chi ebization and humanization, can be carried out as appropriate by
any method known to those skilled in the a The execution of substitution, deletion, addition, and/or
insertion with respect to the amino acid residues constituting the an ibody's variable region and
constant region can similarly be carried out as appropriate during construction of the antibody (e.g.
anti-glypican 3 antibody) of the present invention as a recombinant antibody.       Any antibodes of
animal origin, e.g., mouse antibody, human antibody, rat antibody, rabbit antibody, goat antibody,
camel antibody may prefe aorb e used as the antibody anti-glypipan 3 antibody) of the present
invention. Also preferred for use is a modified antibody (e .g. anti _lyplcan 3 antibody) as obtained by
substitution in the amino acid sequence of chimeric antibody and humanized antibody. Also preferred
for use are antibody modifications in which any of various molecules is attached.        "Chimeric
antibody" refers to an antibody constructed by combining sequences originating from different animals.
Suitable examples in this regard are antibodies constructed from the heavy chain and light chain
variable regions from mouse antibody and the heavy chain and light chain constant regions from
human antibody. Methods for constructing chimeric  antibodies are known. For example, recombinant
DNA is generated by the in-frame fusion of DNA encoding a mouse antibody variable region and DNA
encoding a human antibody constant region, and can be incorporated into a conventional expression
Vector. A host cell trans e ted or transformed with  his vector is cultured and the chimeric antibody can
be prepared or isolated from a culture medium by appropriate means.      Humanized antibodies are
also known as reshaped human antibodies. These are antibodies in which a
complementaritydetermining region (CDR) from an antibody isolated from a nonhuman mammal, such
as mouse, is ligated to a framework region (FR) from a human antibody. The DNA sequence encoding
the humanized antibody can be synthesized by an overlapping FOR reaction using a pluralit
oligonucleotides as primers.  The starting materials and procedures for overlapping FOR reactions are
described, for example, in NO 98/13388 and elsewhere. DNA encoding the variable region of a
humanized antibody of the present invention is obtained by overlapping FOR from a cluralitu of
oligonucleot des constructed so as to have nucleotide sequences that overlap with each other, which
is in turn lidated with DNA encoding a human antibody constant region so as to form an in-frame
codon sequence. The DNA lIgated as described is then operably inserted into an expression vector
followed by transfect on. into a host. 



Methods for identifying  CDRs are known (Kabat et al.,  Sequences of Proteins of Immunological
Interest (1987), National Institute of Health, Bethesda, Md.; Chothia et al. Nature (1989) 42,
877).General genetic ecombination procedures 'therefor are also known (refer to EP 125023 A and
WO 96/02576). Once a CDR from an antibody of a nonhuman animal, for example, a murine antibody,
has been determined, these known methods can be used to construct DNA encoding a recombinant
antibody in which the CDR and FR from a human antibody are ligated. The human antibody FRs
ligated with the CDR are selected in such a manner that the CDR forms a high-quality antigen bindinc
site. As necessary, an amino acid residue or residues in the antibody variable regions FRs may be
modified as appropriate so as to enable the CDR 'of the reshaped human antibody to form a suitable
antigen bin site (Sato et alCancer Res. (1993)6). The amino acid residues in the FRs subjected to
modification may include residues that directly bind to the antigen by nonhovale - bondset al., Science
C_986) 233, 747-53), residues that influence or act on the CDR structure (Chothia et al., C. Mol. Biol.
(1987) 196, 901-17), and residues related to VH-VL (heavy chain variable red on-' ht cnain va asse
region' interactions (FR 239400 B).       The humanized antibody encoded by the DNA is produced by
the host cell that has been transformed or tra sfected by the generally used expression vector into
which the DNA has been inserted and is isolated from the culture medium yielded by  the culture of the
host cell.       When the antibody of the present invention is a chimeric antibody, humahized antibody
or human antibody, a cp stant region. of .human antibody origin -vs preferably used as the constant
region of the antibody. For example, when the antiglypican 3 antibody of the present invention is a
chimeric anti-glypican 3 antibody, humanized anti-glypican 3antibody or human anti-glyp ca 3
antibody, a constant region of human antibody origin is preferably used as the constant region of the
anti-glypican 3 antibody. For example, C71, 0y2, C73, and 



074 are each suitable for use as the heavy chain constant region, while Cx and CI are each suitable
for use as the chain constant region. In addition, the human antibody constant region can be modified
as appropriate in order to improve tne antibody (e.g. anti-glypican 3 antibody) or improve the stability
of its production. Chimeric antibody (e.g. chimeric ant glypican 3 antibody) of the present invention
suitably comprises a variable region from an antibody of. a nonhuman mammal and a constant region
from a human antibody. On the other hand, the humanized antibody preferably comprises a CDR. from
an antibody of a nonhuman mammal and a constant region and FR from a human antibody. example,
a humanized anti-glypican 3 antibody preferably comprises a CDR from an ant can 3 antibody
ofanonhuxan  human antibody suitably comprises a OUR from an antibody of human origin and a
constant region and FR from a human    suitably comprises a CDR from an ant giyp can 3 antibody of
human origin and a constant region and FR from a human antibody. The human antibody constant
region is composed of an amino acid sequence that is characteristic of the particular isotype, i.e., IgG
(I GI2 Ig03, IgG4), IgM, IgA, and IgE. The constant region from antibody belonging to any of these
isotypes is suitably used as the constant region of the humanized antibody (e.g. anti-glypican 3 aday)
of present invention. The use of the constant region from human IgG is preferred, but not limited.
There are also no particular limitations on the .human antibody FR used as the KR of the humanized
antibody (e.g. humanized an -glypican 3 antibody) or human antibody (e.g. human anti-glypican 3
antibody), and the FR from antibody belonging to any isotype is suitably used.        With the aim of
lowering the immunogenioity, all or a oorton of the amino acid residues constituting the FR can also be
replaced by germilne sequences using the method described in Ono K. et al., loc.or a similar method.
Based on the rational prediction that germline sequences will have a low immunogenicity, the amino
acid sequence constituting the FR of the humanized antibody may be compared, by a: ignment, with
germline amino acid sequences (Abhinandan K. 



R. and Martin T. R., J. Mol. Biol. (2007) 369, 852-862). The amino -cresidues of the humanized
antibody FR that differ in this comparison can be replaced, within a range that does not impair the
antigenbinding characteristics, .with amino acid residues from a germline sequence. The foiloting are
specific examples for the amino acid residues constituting the heavy chain variable region shown in
SEQ ID NO: I: modification that replaces the 2 at positron 70 with I, modification that replaces the T at
position 87 with R, and modification that replaces the T at position 97 with A. In addition, a modification
that replaces the S at position 25 with A is an example for the amino acid residues constituting the light
chain variable region shown in SEQ ID NO: 7. With regard to the variable region and constan   e
modified chimeric 7antibody, humanized 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 ariable region and/or constant region of the antibody that was subjected to
modification, insofar as binding specificity for the antigen is exhibited. In particular, the variable region
and constant region ormodified chimeric anti-glypican 3 antibody, humanized anti lypican 3 ant-body,
and antiglypican 3 human antibody of the present invention, del etion, 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 an -glyp can 3 antibody that was subjected to modification,ofar as
binding specificity for the antigen glypican 3 molecule isexhibited.       Because chimeric an -glypican 3
antibodies utilizing human-derived sequences, humanized anti-glypican 3 antibodies, and human a
fol-qiypican I antibodies have a reduced immunogenic ty in the human body, they are believed to be
useful for application as therapeutic antibodies that are administered to humans, for example, with a
therapeutic objective.       Known sequences can be used in the method of the present invention for the
sequences that encode the antibody heavy chain and light chain tor introduction of muta onIn 



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 mRNAom a monoclonal
antibody-producing hvbridoma.       Numerous antibody libraries are already known within the sphere
of antibody libraries. Moreover, as methods for constructing antibody libraries are also known, trose
skilled in the art will be able to obtain or construct relevant antibody lib a i s. Examples of suitable
antibody libraries are the antibody phage libraries disclosed in the literature,  for example, Clackson et
al., NaLu(7991) 352, 624-8; Marks et al., J. Mol. Biol. (1991) 222, 561-97; Waterhouses et al., Nucleic
Acids Res. (1993) 21, 2265-6; Griffiths et al., EMBO J. (1994) 13, 3245-60; Vaughan et al., Nature
Biotechnology  (1996) 14, 309-14; and Japanese Patent Application Laid-open No. 2008-504970. A
method of constructing a library in eukaryotic cells (WO 95/15393) and known methods such as
ribosome display and so forth are also suitably -sed. Technology for obtaining human antibodies by
panning techniques using a human antibody library as the start], material is also known to those skilled
in the art. Thus, single-chain antibody (scFv), comprising the variable regions of human antibody
heavy and light chains fused in-frame, is expressed on a phage surface using phage display
techniques.        encoding antigen-binding spiv are isolated from phage by selecting for p age thatds to
the antigen. Identification of the sequence of such genes enables the determination of the DNA
sequence that encodes the heavy and         chain variable regions of a human anti-glypcan 3 a t body
that binds t- the antigen glypican 3. Human ant glypican 3 antibody is suitably prepared by insernng
the antibody gene having this sequence in a suitable expression vector and a owing for expression in
a suitable most cell as oescrmbed below. Such methods are well-known in the art and include those
disdiosed in WO 92/01047, WO 92/20791, WO 93/06213, WO 93/11236, WO 93/19172, WC.
95/01438, and WO  95/15388. 



Known technologies can be used to obtain an antibody-encoding gene from a hybridoma that
produces the antibody, particularly to obtain an an -glypican 3 antibody-encoding gene frob a
hybridoma that produces ant -glypican 3 monoclonal antibody. Briefly, an animal is immunized with
glypican 3 (the desired sensitizing antigen) using a standard immunization technique and the
immunocytes obtained from the animal are subjected to cell fusion with known parent cells by a
standard cell fusion technique, which is described in detail below. Using standard screening
techniques, the monoclonalantibodyproducing cells (hybridomas) are screened, and DNA for the
variable region (V region) of anti-glypican 3 antibody can be synthesized wit reverse transcristase
using the mRNA isolated from the selected hybridoma as a template. An anti-givpican 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 following, but the present
invention is not limited to these examples. The sensitizing antigen used to generate the antibody of the
present invention may he the complete immunogenic antigen may be an incomplete antigen, including,
for example nonimnunogenic hapten. For example, the full length glypican protein or a partial
polypeptide or peptide thereof can be suitably used. The soluble r Dr core polypeptide shown in SEQ
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-glypi an 3
antibody of the present invention binds is not particularly limited to the embodiments described above.
Antigen production is suitably carried out by methods known to those skilled in the pi-if,. For example,
a method using baculovirus (for example NO 98/46777 and so forth) can be suitably used. When the
antigen has a low immunogenicity, the animal can suitably be immunized with such an antigen
attached to a very large immunogenic molecule, such as albumin. When the sensitizing antigen is a
molecule that spans the cell membrane, such as glypican 3, a pplypeptide fragment from the
molecule's extracellular domain is suitably used as necessary as the sensitizing antigen. Or, a cell
expressing such a molecule on the cell surface is suitably used as the sensitizing antigen. In addition,
when the sensitizing antigen is an insoluble molecule, solubilization may be effected by attaching the
molecule with another water-soluble molecule and the solubilized molecule may then be suitably used
as the sensitizing antigen.       Antibody-producing cells (e.g. anti-glypican 3 antibody-producing cells)
are suitably obtained by immunizing an animal using a suitable sensit zing antigen as descrbeo above.
Or, antibody-producing cells (e.g. anti-glypican 3 antibody-producing ce is) can be obtained by in vitro
immunization of  lymphocytes that are capable of producing antibody. Various vertebrates and
mammals can be used as the animal to be immunized. In particular, rodents, lagomorphs, and p irfa es
can be generally used as the a iital to be immunized. The rodents may include mouse, rat, and
hamster; the lagomorpns may include rabbit; and the primates may include monkeys such as the
cynomolgus monkey, rhesus mohkey, hamadryas 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; Mender et al., Nat.
Genet. (1997) 146-56). Rather than using such trans genic animals, a desired human antibody that
exhibits binding activity to a desired antigen may be suitably obtained by, for example, sensitizing
man lymphocytes in vitro with the desired antigen or with cells that express the desired antigen
followed by cell fusion with human myeloma cells, for example, 11266 (Japanese Patent Publication
No. Hei 1-59878). 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, NO 92/03918, NO
94/02602, NO 96/34096, and NO 96/33735).     Immunization of the animal is carried out, for example,
by suitable dilution and suspension o the sensitizing antigen hosp ate-buffered saline (PBS).,
hysioloaltai sa  admixture of adjuvant; and then intraperitoreal subcutaneous  injection of the
sensitizing antigen into M animal. This is followed preferably by several administrations of the
sensitizing antigen mixed with Freund's incomplete adjuvant on a 4 to 21 day interval. The production
in the immunized animal of antibody against the.sensitizing antigen can be measured using known
analytical techniques, for example, enzyme-linked immunosdrbent assay (ELISA) and flow cytometry
'FACS).       A hybridoma can be prepared by fusing an anti -glypican 3 antibody-producing cell
obtained from an animal or lymphocyte immunazed with the sensitizing antigen of interest, with
myeloma cells using a fusing agent conventionally used for cell fusion, e.g., polyethylene glycol
(Coding, Monoclonal  



Antibodies: Principles and Practice, Academic Press (1986) 103). Hybridoma production can be
sustably carried out according to, for example, the method of Milstein et al. 'CA Kohler and C. Milstein
Methods Enzymol. (1981) 73, 3-46). Culture and proliferat on of the hybridoma cells prepared by this
method yields monoclonal antibody that is produced by the hybridoma and specifically binds to
glypican 3. The binding specificity exhibited by this monociona_ antibody for glypican can be suitably
measured by known analytical techniques, such as immunoprecipitation, radioimmuncassay 'RIR),
enzyme- linked immunosorhent assay 'FLISA), flow cytometry (FAO'S), and  so forth. As necessary, a
hybridoma that produces antiglypican 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 hyb idoma can be isolated.      The gene encoding the selected antibody can then be cloned from
the aforementioned hybr-doma or antibody-producing cell (e.g., sensitized lymphocyte) using a probe
capable of specifically binding to the gene (for example, oligonucleotide complementary to the
sequence encoding the antibody's constant region), Cloning can also be carried out by RT-PCR using
mRMA isolated from the hybridoma or antibody-producin(e.g., sensitized lymphocyte) as a template.
Immunoglobulins are divided into 5 different classes, i.e.IgA, IgE, IgE, IgG, and IgM, based on
differences in their structure and function. Furthermore, the individual classes are divided into several
subclasses cisotypes) (for exa le, IgGI, IgG2, IgG3, and IcG4t IgAl and IgA2; and so fo c.).. The
antibody of the present invention may or ginate from antibody belonging to any of these classes and
subclasses and is not particularly limited to any class or sub ass; however, antibody belonging to the
IgG class is particularly preferred.        Genes encoding the amino acid sequences constituting the
heavy chain and light chain of the antibody (e.g. antiglypican 3 antibody) can be modified as
appropriate by the techniques of genetic engineering. For example, a recombinant  antibody that has
been subjected to artificial Modification with the aimof , for example, reducing the xeno- 



iunogenicity against humans (e.g., chimeric antibody such as chime lc a t -glypican 3 antibody,
humanized antibody such as human zea an -glypican 3 antibodyk and so forth), can be suitably
produced by modification of the nucleic acid residues that encode the amino acid sequence
constituting the antibody, for example, a mouse antibody, rat antibody, rabbit antibody, hamster
antibody, sheep antibody, camel antibody, and so forth.              antibody is an antibody constituted of
the heavy chain and light chain variable regions of antibody originating fro ma nonhuman mammal
such as mouse, and the heavy chain and light chain constant regions of human antibody. A chimeric
antibody can be obtained asfollows: DNA encoding the variable      bn of a mouse-originated antibody
is li-ated with DNA encoding the constant region of a human antibody and inserted into an expression
vector, and the resulting recombinant yeator is introduced into a host and allowed for expression.
Humanized antibody is also known as reshaped human antibody and is an antibody inthe
complementarity-determining region (CDR) of an antibody (e.g. anti-glypican 3 antibody) isolated from
a nonhuman mammal such as mouse is liqated with a human antibody framework region so as to form
an in-frame midon sequence. The DNA sequence encoding a humanized antibody cat be synthesized
by an overlapping PCP reaction using a pin alitv of ol gonucleot des as templates. The starting
materials and procedures for the overlapping FOR reaction are described in, for example, NO
98/13388 and elsewhere.      The DNA encoding the variable region of the recombinant antibody (e.g.
recombinant anti-glyp can 3 antibody) of the present invention is obtained by overlapping PCR from a
plurality of oligonucleotides constructed so as to have nucleotide sequences that overlap with each
other, which is turn ligated with DNA encoding human antibody constant region so as to form an
in-frame codon 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 is expressed by culturing the host. The expressed antibody (e.g. ant -glypican 3 antibody)
is isolate by purifying from the host culture medium (EP 239400, NO 96/02576, and so forth). The FRs
of the humanized antibody (e.. anti-glymican 3 antibody) ligated with CDR are selected in such a
manner that the complementarity-determining region forms a high-quality antigen-bindihg site for the
antigen. As necessary, the amino acid sequence may be modified by suitable substitution of the amino
acid residues constituting the antibody variable region ERs, so as to enable the complementarity-
etermining region of reshaped antibody to form a suitable antigenRbindinc, site for the antigen (K. Sato
et al., Cancer Res. (1993) 53, 851-856)        In addition to modifications related to humanization as
discussed above, further modifications can be introduced, for  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 3antibody). Modifications in the context of the present invention can be suitably
carried out by known methods such as site-specific mutagenes s (refer, for example, to Kunkel, Proc.
Natl. Azad, 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 prefera y at least 80%, and even more preferably at least 90% (for example, at least 95%8
97%, 98%, 99%, and so forth) identity and/or similarity with the amino acid sequence constituting the
antibody subjected to the  modification (that aantibody on which the modified 



antibody is based). As used he e n; the sequence identity and/or similarity refers to the propottionof
amino residues that are identical (identical residues) or similar (amino acid residues classified into the
same group based on the general .characteristics of the amino acid side chain) after aligning the
sequences and inserting gaps as necessary in such a manner that the sequence identity assumes a
maximum -The naturally occurring amino acid residues can oenerally be classified into the following
groups based on toe properties of the side chain: (1) hydrophobic: alanine, isoleUcine, valine,
methionine, and leucine; (2) neutral hydrophilic: asparagine, glutazane, dysteine, threonine, and
serine; (3'  a dic: aspartic acid and glutamic acid; (4) basic: arginine, histidine, and lysine; (5) residues
that affect chain orientation: glyrine and proline; and (6) aromatic: tyrosine, tryptophan, and
phenylalanine.       A specific suitable embodiment of a modification for enhancing antibody fun. on
includes an improvement in the cytotoxicity exhibited by the antibody, such as humanized anti-glypican
3 antibody. Preferred examples of cytotoxicity are antibody-dependent-mediated cvtoto c y (ADCC)
and complement-dependent crytotoxic(CDC). In the present invention, CDC activ y denotes
cytotoxicity due to the complement system, while ADCC refers to an allivity of damaging the target cell
wnen - specific antibody attaches to a cell surface antigen on the target cell and an Fc
receptor-bearing cell (e.g., an immunocyte) binds to the Fc portion of the antibody through treceptor.
Whether a test antibody has ADCC activity or has DC activity can be measured by known methods (for
example, Current Protocols in immunology, Chapter 7, Immunologic studies in humans. Editor, John
E. Coligan et al., John Wiley & Sons, Inc., (1993)).       In specific terms, effector cells, a complement
solution, and target cells are rrst prepared. Preparation of effector ceEls The spleen is isolated fromor
example,A/N mouse, and the spleen cells are separated on RPM: 1640 medium  (Invitrogen). After
washing with the same medium containing 10% fetal bovine serum (FEE, 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 beepa ed by a 10X dilution of Baby Rabbit Complement (CEDARLANE)
with 10% FBI-containing medium (Inv rogen). (3) Preparation of target cells       Cells that express an
antigen protein to which the test antibody binds are cultured with 0.2 mCi biCr sodium chromate (GE
Healthcare Blase nce) for 1 hour at 37C in DMEM medium containing 10% DPP in order to radicialrel
the target cells. The following, inter ilia, can be used as the cells that express an antigen protein to
which the test antibody binds:         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 cells, bladder cancer
cells1 and colon cancer cellsfter radiclabeling, the cells are washed three times with RPMI1640
medium containing 10% FBI and the cell concentration is adjusted to 2 xells4mL to prepare the target
cells.        The ADCC activity and the CDC activity cab be measured by the following methods. In order
to measure the ADCC act- 50 t(i, of the target cells and 50 'IL of the test antibody are  added to a
96-well 0-bottom plate (Becton Dickinson) and reacted for 15 minutes on ice. To the reaction mixture is
added 100 RI, effector cells and incubated for 4 hours in a carbon dioxide incubator. A final
concentration of test antibody is preferably lthin the range from 0 to 10 uginCt. After incubation, 100
RL of the supernatant is recovered and the radioactivity of the supernatant Is measured using a
gamma counter (COSRA II ATTO-GAMMA, MODEL 05005, Packard Instrument Company). Thefl
cytotoxicity can be calculated using the radioactivity according to the following equation: (A - OMB - C)
x 100 



wherein A is the radioactivity (cpm) for the sample using the particular test antibody; B is if c
radioactivity (cpm) of the sample to1% NP-40 (Naoalai Tesque) has been added; and C is the
radioactivity (cpm) for thecontaining only the target cells. To measure the CDC activity, 50 RI of the
target cells and 50 W of the test antibody are added to a 96-well flat-bottom plate (Becton D okinson)
and reacted for 15 minutes on ice. To the reaction mixture is added 100 RL complement solution and
incubated for 4 hours in a carbon dioxide incubator. A final concentration of test antibody is preferably
within the range from 0 to 3 pp/mL. After cultivation, 100 RI, of the supernatant is recovered and the
radioactivity of the supernatant ts measured with a gamma  counter. The cytotoxicity can be calculated
in the same manner as for measurement of the ADCC activity.       When the cytotoxicity due to an
antibody conjugate is to be measured, 50 uL of the ta get cells and 50 yll, of the test antibody
conjugate are each added to a 96-well flat-bottom plate (Becton Dickinson) and reacted for 15 minutes
on ice. The p1ae 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 gg/mL. After incubation, 100 41,' of
the supernatant is recovered and the radioactivity of the supernatant is measured with a gamma
counter. The cytotox city can be calculated in the same manner as for measurement of the ADCC
activity.              heavy chai and light chain Variable regions of antibody (e.g. anti-glypican 3 antibody)
are, as described above, generally composed of 3 CDRs and 4 FRs. The amino acid residues
suojecteo 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 Modification of the amino
acid residues constituting the CDRs may In some cases causeeduction in the antigen binding activity
of the antibody.g. anti-glypican 3 antibody) 



involved in the modification. Accordingly, the antibody (e.g. anti-glypican 3 antibody) amino acid
residues subjected to "modification" in the present invention are preferably  selected from the am o
acids residues tonstituting the FRsi but not limited to. When it is confirmed that modification of amino
acid residues located in the CDRs do not cause a reductionthe antigen binding actiof the antibody (e.g.
anti-glypican 3 antibody) involved in the modification, then such amino acid residues may be selected
for mocuficacior.       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. anti-glypican 3 antibody) having plasma kinetics modulated by the method of
the present invention. For example, time humanized antibody (e.g. anti-      ican 3 antibody) is a
humanized antibody comprising a complementarity-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 acid residue that can be exposed on the antibody surface in the CDR or FR has a
different charge from that of the amino acod 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 reoion.       Another preferred
embodiment of the present invention provides a human antibody (e.g. human anti-glypican  antibody)
having plasma kinetics modulated by the method of the present invention. The human antibody, for
example, is a human antibody comprising a complementa ty-dete mining region (CDR) of humart
Origin, a framework region (FR) of human origin, and a human constant region, wherein at least one
amino acid residue that can be exposed on the antibody surface in the CDR or FR has a different
charge from that of the amino ac_Ld residue in the corresponding position of the CDR or FR of the o
ginal antibody and wherein the numan arttnocy has plasma kinetics moauiated in comparison to a
cnmeric antibody navirc the same constant region.       The aforementioned human constant region
preferably denotes a region comprising a wild-type human Sc region, but a modified Ft: can also be
suitably used. Such a "modified Sc" may include a modified Sc as prepared by the modification of an
amino acid resdue constituting the Sc as well as a modified Sc as prepared by a modification of a
modification already executed in the Sc moiety. A preferred example of such a modification of a
modification is the modification of the nature of the sugar chain modification attached to the Sc
portion.. One preferred specific example is the "antibody having reduced content of fucose attached to
theegion" that is specifically disclosed herein as a reference example. 



The term "antibody having reduced content of fucose attached to the Fe region" denotes an antibody
for which the amount of bound fucose has been significantly reduced in  comparison to the control
antibody, and preferably fucose is undetectable. Fuccse is generally bound to the N-gly oside  linked
.sugar chaHns that are bound at the two sugar chain-Sin ding sites present in the Fc region of the two
heavy chain molecules that form a single antibody molecule. The term "antibody having reduced
content of fucose attached to the Pc regionT denotes an antibody that, in comparison with the ordinary
antibody as the control, has a fudose 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 antibody. The fucose content can be measured using the analytical
procedure provided in the reference examples below. The method for preparing such a
fucose-depleted antibody may include the method described in the reference examples of the . present
invention, as well as a method for producing antibodies with fucosyl transferase-deficientanimal.: cells
(Biotechnol. Bioeng. (2004) 87(5), 614-22) and a method for preparing antibodies with animal cells in
which the complex branched sugar chain modification is modified (Biotechnol. Bioeng. (2006) 93(5),
851-61). In addition, suitable examples of reparation methods using non-animal cells as thc host cells
may include a method for producing antibodies with. plant cells (Nature Biotechnology (2006) 24,
1591-7) andth yeast cells (Nature Biotechno7ogy (2006) 24, 210-5). preferred embodiment of the
preparation method of the  present invention is a method of preparing an antibody (e.g. ant -glymican
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. antiglypican 3 antibody), such that the charge of the amino acid residue(s) is changed;
(b) culturing a host cell in such a manner that the ucle c acid modified in the step (a) is expressed; and
(c) recovering the antibody (e.g. anti-giyp -an 3 antibody) from the host cell culture.           the method
of he present rvenThor, the term "modifying a nucleic acid" refers to a modificatio of the  nucleic acid
sequence so as to provide a codon that corresponds to the amino acid residue that is introduced by
the 'modification" of the present invention. More speoifica this term refers to a modification of a nucleic
acid that contains a codon that will undergo modification, wherein said modification changes the codon
corresponding to 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 so 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  the modification. The nucleic acid modification can be suitably carried out by those
skilled in the arL using known technology, for example, site-specific mutagenesis, POP 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 it has the capability to stably maintain the inserted nucleic acid. For example, with reference to the
use of E. col: as the host, pPluescript  



various commercially available vectors can be used. An expression vector isparticularlv useful HI-)
those instances where the vector is used to dioduce polypept'de of the present invention. There are no
particular -Imitations on the expression vector as long as it can express polypeptide in vitro, in 2. coli,
in ceii culture, or within an organism. Preferred examples include pBESJ vector ( omega) for in v 7-r)
expression, pET vector (invitroden)coil, pME18S-EL vector (GenBanK Accession No. AB009864) for
cell culture, and oME18S vector (Mol, Cell Biol. (1988) 8, 466-472): for an organism. DNT, ccording to
the present invention can be inserted into the vector by standard methods, for example, by the ligase
reaction utilizing restriction enzyme sites (Current Protocols in Molecular Biology, edited by Ausubel et
al. (1987) Publish. John Wiley & Sons, sections 11.4-11.11).       There are no particular limitations on
the host cell referenced above, and various host cells can e used depending on the purpose.
Examples of cells for the expression of polypeptide include bacterial cells (e.g., Streptococcus,
Staphylococcus, E coil, Streotomyces, Bacillus subtilus), fungi cells (e.g., yeast, Aspergilius), insect_
cells (e.g., Drosophila S2, Spode era Sf9), animal cells (e.g., CHO, COS, Bela, 0127, 3T3, BHK,
HEK293, Bowes melanoma cells), and plant cells.vector can be introduced into the host cell sby
known methods, for example, calcium phosphate precipitation, electropuise poration (Current
Protocols in Molecular Biology, edited by Ausubel at al. (1987) John Wiley & Sons, sections 9.)-9.9),
lipofection, and microinjection.       An appropriate secretory signal can be suitably incorporated into
the ahtibcdy (e.g. anti-glyp a 3 antibody) in order to bring about secretion of the antibody expressed in
the host cell into a lumen o enao asmic reticulthe periplasmic space, or the extracellular environment.
Such a signal can suitably be the native signal sequence cnaraczerisnc of the antibody (e .g. anti lyp
an 3 antibody) or can be a heteropogous signal sequence.       The antibody (e.g. anti lypican 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 3 antibody)  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 (e.g. an -glypican 3 a ibody) of the invention recovered from the
recombinant cell culture, for example, ammonium sulfate and ethanol precipitation, acid extraction,
anion- or cat-on-exchange chromatography, phosphocellulose chromatography, hydrophobic
interaction chromatography, affinity chromatography, hydroxyapatite chromatography,  and le in
chromatography. 



. The present invention also relates to a composition (a drug) comprising a pharmaceutically
acceptable carrier and the antibody (e.g. a ti-giypican 3 antibody) (for example., IgG antibody) having
plasma kinetics modulated by the method of the invention.       The pharmaceutical composition in the
context of the present invention generally refers to an agent for the treatment or prevention of a
disease or for the detection or diagnosis of a disease.       The pharmaceutical composition of the
present invention can be formulated by a method known to those skilled cn the art. For example, the
formulation can be used by a non-oral route in the form of an injectable,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   accep able carrier:. .or medium, in
particulartn sterile water or physiological saline, plant oil emulsifying agent., suspending agent,
surfactant, stabilizer, flavorant, diluent, carrier, preservative, binder, and so forth, and mixing in the unit
dosage state required by generally established pharmaceutical practice. The amount of active
ingredient in the formulations is selected in suchmanner that a suitable dose in the indicated range is
obtained.      A sterile composition for injection can be suitably formulated in accordance with standard
pharmaceutical practice using a carrier such as distilled water for injection. The aqueous solution for
injection can se, for example, an isotonic solution containing Physiological saline, dextrose, and other
adjutants (for example, D-sorbitol, D-mannose, Dpannitol, sodium chloride). Suitable solubillzagents
(e.g., an alcohol such as ethanol or a polyalcohol such as propylene glycol or polyethylene glycol) and
nonionic surfactant e.g., Polysorbate 807N, HOC-50) can also be used as appropriate.       Oily liquids
include sesame oil and soy oil. Benzyl benzoate and/or benzyl alcohol can also be suitably used as
solubi izing agents. A buffer (for example, phosphate bu fer solution, sodium acetate b- fez solution),
soothing agent for example, procaine hydrochloride), stabilizer (for example, benzyl alcohol and
phenol), and oxidation inhibitor can also be incorporated as appropriate. The injection solution
prepared as described above is generainto suitable 



aMpoules.       The pharmaceutical composition of the present invention can be admi 's ered preferably
by non-oral administration.. For examPle, it can be formulated as an injectable composition, a
transnasal composition, a composition for innalation aominstratcon, or a transdermal composition. It
can be suitably administered systemically or locally by, for example, intravenous injection,
intramuscular injection, intraperitoneal injection, or subcutaneous injection.       The method of
administration can be selected as appropriate depending on the patient s age and symptoms. The
dosage of the pharmaceutical composition. comprising the antibody or polynucleothoe encoding the
antibody can be selected, for example, in me range of 0.0001 mg to 1000 me. per 1 kg body weight
per unit dose. Or, the dosage can be formulated or set at a dosage of 0.001 to 100,000 mg per patient;
however, the present invention is not necessarily limited to these numerical values. The dosage and
method of administration will -ary depending on the patient's body weight, age, and symptoms, and an
appropriate dosage and method of administration can be selected by those skilled in the art based on
a consideration of these factors.        The present invention also provides nucleic acid encodin the
antibody (e.g. anti-glypican 3 aay) (for example, humanized anti-glyp an 3 antibody) haying plasma
kinetics  modulated by the method of the present invention. A vector carrying such a nucleic acid is
also encompasSed by the present invention.       The present invention also provides a host cell that
comprises the aforementioned nucleic acid. The type of the host cell is not particularly limited, and it
may be, forexample, a bacterial cell such as E. coli or any of various animal cells. The host cell can be
used as appropriate In a production system for the production or expression of the antibody (e.g.
anti-glypic3 antibody)the present invention. .Thus, the present invention also provides a production
system that may be used to produce the antibody  (a. g. anti-olypican 3 antibody) using the
aforementioned host cell. An in vitro or in vivo production system Scan suitably be used as the
productiom system. Fukaryotic cells and prokaryotic cells are suitably employed as the host cells used
in the in vitro production system.        The eukaryotic cells used as the host cell may include animal
cells, plant fells, and fungi cells. The animal cells may include mammalian-type cells such as CHO (J.
Exp. Med. (1995) 108, 945), COS, HEK.293, 3T3, myeloma, BHE (baby hamster kidney), Hell, Vero,
and so forth; amphibian cells such Xenopus laterals oocytes (Valle et al., Nature (1981) 291, 338-
340); and insect cells such as Sf9, Sf21, and TnS. For example, 0H0-0G44, CHO-DX11B, 0037 cells,
1=293 cells and BHF cells are suitably used fcr expression of the anti- yp an 3  



antibody of the present invention. The use of CHO cells as the host cell is particularly preferred when
high levels of exprdssio in animal cells is intended. Transfection of the recombinant vector into the host
cell is suitably carried out using the calcium phosphate technique, DEAE dextran technique,
techniques that employ the cationic liposome DOTAP (Boehringer Mannheim), electroporation
technique, lipofection technique, and so for        With regard to plant cells, Lemna minor and cells
derived from Nicotiana tabacum are known as protein production systems, and the anti. -alypican 3
antibody of the present invention can be produced by callus culture techniques usina these cells. With
regard to fungi cells, protein expression systems using yeast cells, e.g., Saccharomyces (e.g.,
Saccharomyces         siae, Schizosaccharomyces pombe), and protein expression systems using
filamentous fungi, e.g., Aspergillus (e.g., Aspergillus niger), are known and can be used as host cc
produce the anti-glypican 3 antibody of the present invention.        With regard to the use of prokaryotic
cells, any production systems using bacterial cells are suitably used. Production systems that use E.
coif as described above or B. subtilus are known for the bacterial cells, and any of these bacterial cells
can be suitably used to produce the antibody (e.g. anti-glypican 3 antibody) bf the present invention.
In order to produce the antibody (e.g. anti-glypican 3 antibody) using a host.cell of the present
invention, tie host  cell transformed with the expression vector comprising Polynucleotide encoding the
antibody of the present invention is cultured to express a bolynucleotide coding for the antibod9 (e.g.
anti-glypican 3 antibody). The host cells can be cultured according to known methods. When an
animal cell is used as the host, for example, OMEN, MEN, RPM11640, or IMDM is suitably used as
the culture medium. A serum auxiliary, e.g., FBS, fetal calf serum (FOG), 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 at about 30 to 40C, with
medium replacement, aeration, and stirring as necessary.       On the other hand, production systems
based on an animal or plant are avail able as in vivo systems for oroducing the antibody (e.g.
anti-glypican 3 antibody) of the present invention. Polynucleotide encoding the antibody (e.g.
antiglyplcan 3 antibody) of the present invention is introduced into an an ma_ or plant and the
antibodyroduced within the animal. or plant and is recovered. The term "host" as used herein
encompasses such animals and plants.       When an animal is used as the host, production systems
based on mammals and insects are available. Goat, pig, sheep, mouse, cow, and so fosuitably used
as the mammal, (Vicki Glaser, SPECTRUM Biotechnology Applications (1993)). A transdenic animal
may also be employed.        For example, a polynucleotide encoding the antibody (e.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 13-casein. A polynucleotide fragment
comprising the fusion gene is then injected into a goat embryo and is transplanted into a female
goatantibody (e.g. anti-glypican 3 antibody) of interest is obtained from milk produced by the
transgenic goat born out of the goat that received the embryo or from milk produced by the offspring of
the transgen c goat. Suitable hormones may e administered as appropriate to the transgenic goat in
order to increase the amount of antibody (e.g. anti-glypican 3 antibody)-containing milk produced from
the transgenic goat (Ebert et al., 310/Technology (1994) 12, 699-702). 



The silkworm is an example of an insect that can be used to produce the antibody (e.g. a 2-Olypican 3
antibody) of the present invention. When the silkworm is employed, the silkworm may be infected with
a baculovirus having a polynucleotide encoding the desired antibody (e.g. anti-glypican 3 antibody)
inserted into its viral genome. The antibody (e.g. antiglypican 3 antibody) of interest is obtained from
tdm body  fluids of the infected silkworm (Susumu et al., Nature (1985) 315, 592-4).       The tobacco
plant is an example of a plant that may be used to produce the antibody ( .g. an -glypican 3 antibody)
of the present invention. When the tobacco plant is used, podynucleotide encoding the antibody (e.g.
anti-glypican 3 antibody) oh ' terest is inserted into a plant expressionvector, Such as pMON 530, nd
the resulting recombinant vector is transfectedbacterium such as Agrobacterium tumefaciens. This
bacterium is then used to infect a tobacco plant (for example, Niaotiana tabacum) (Ma et al., For. J.
immunol. (1994) 24, 131-8), and the desired antibody (e.g. anti-glypican 3 antibody) is obtained from
the leaves of the infected tobacco plant. Lemna minor can be si       such a bacterium and the desired
antibody (e.g. a oglypican 3 antibody) can be obtained from cells of the cloned infected Lemna =not
(Cox K. M. et al., Nat. Blotechnol. (2006) 24(12), 1591-7). The antibody (e.g. antian 3 antibody) of. the
present invention obtained in the manner described above can be isolated from inside or outside of the
host cells (e.g., culture medium or milk) and can be purified into a substantially pure homogeneous
antibody. The separation and purification techniques generally used for poliypeptiae purification can be
suitabLy used for antibody separation and purification in the present Invention, but is not limited. For
example, the antibody can be suitably separated and purified by a suitable selection and combination
of column chromatography, filtration, ultrafiltratiOn, salting out, solvent precipitation, solvent extra on,
distillation,  immunoprecip ation, SDS-polyacrylamide gel electrophoresis, isoelectric electrophoresis,
dialysis, recrystallization, and so forth.       The chromatograp c techniques Include affinity
chromatography, ion-exchange chromatography, hydrophobic chromatography, gel filtration
chromatography, reverse-phase chromatographadsorption chromatography, and so forth (Strategies
for Protein Purification and Characterization: A Laboratory Course Manual. Ed. Daniel R. Marshak et
al. (1996) Cold Spring .Harbor Laboratory Press). Chromatography can carried out using liquid-phase
chromatography, for example, H9LC, F9LC, and se forth. The column used in affinity    onatography
includes, for example, a protein A column or protein G column. Hyper D, POROS, and Sepharose F.
F. (Pharmacia) are examples of protein A based columns. 



Another preferred embodiment of the present invention is a method of preparing the antibody (e.g.
anti-glypican 3 antibody) with modulated plasma kinetics of the present invention, comprising the step
of culturinghost cell of the present invention as described above and recovering the antibody (e.g. an -
lypican 3 antibody) from the cell culture.        All of the literature c Ginthe specification are incorporated
herein by reference.            present Invention is specifically described in the following,the present
invention is not limited to the examples provided below.  EXAMPLES Example 1  (1) Construction of
point-mutation genes of the humanized HOLO  antibody        Various point-mutation crepes were
constructed starting from a gene encoding anti-glypican 3 antibody comprising the CDR of the
humanized GC33 antibody disclosed in WO 2006/046751. 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 QulkChange Site-Directed
Mutagenesis Kit (Stratagene)" Construction of the point-mutation genes was carried out by OCR under
the following conditions. After heating for 30 seconds at 95 h, a reaction mixture of 10 ng template
plasmic", 10 omol forward chain and reverse chain synthetic oxigo-DNAs and 10X buffer, dNTP mix,
and Pfu Turbo DNA Polyme ase provided with the kit was subjected to 18 cycles of 95C 30 sec, 55C 1
mfr.( and 68C 4 min. The Dpni provided withkit was added to the reaction mixture, and restriction
digestion with the restriction enzyme was carried for 1 hour at 37C. DH5a competent cells (Toyobo)
were transformed with the resulting reaction solution to obtain transformants. The introduction of poin
mutation was confirmed by determining the nucleotide  sequence of the plasmid DNA isolated from the
transformants. Each point-  



mutation gene was cloned into expressiovectors capable of expressing the insert gene in animal -ells.
Modified genes were prepared by modifications as described below.       Transient expression of hhe
humanized HOLD antibody and its point mutation-modified antibodies was carried out using
polyethyleneimine Polysciences Inc.). HEF293 cells were separated by trypsin EDTA (1 vitrogen),ao
seeded to a 10 cm2 culture dish at 6 x 106 cells/10 mL. The next day, SFMII      -re medium and
polyethvienoimwereed with a heavy chain expression plasmid DNA and a light chain expression plasm
id DNA according to the manufacturer's instructions, and the resulting mixture was left stand for 10
minutes at room temperature. The entire mixture was added drop se to the culture dish containing the
HEK293 cells seeded as described above. The culture supernatant was recovered after approximately
72 hours and the expressed humanized HOLD antibody and its point mutation-modzfaeo antibodies
were purified using rProteinA Sepharoseml Fast Flow (GE Healthcare) according to the manufacturer's
instructions.  (1-1) Modification of the Tm value of the humanized HOLO  antibody        The thermal
denaturation midpoint temperature (Tm) was determined by the top of the denaturation peak in the
thermogram (Op versus 7) obtained, after heating the test sample solution at a constant programmed
heating rate. The Tm value of the human-zed HOLD antibody was measured using a  sample solution
for DSC measurement Prepared as described in the following. The antibody solution (corresponding to
50 to 100 ng; fill 'in a dialysis membrane was first dialyzed for 24 hours aganst a dialysis external
solution of 20 mol/ sodium acetate buffer solution (pH 6.0) containing 150ol/IL sodium chloride.
Subsequently, the sample solution was adjusted at its antibody concentration of 50 to 100 dp/mT with
dialysis external solution and used as the sample solution for DSC measurement. A suitable DSC
instrument, for example, DSC-II (Calorimetry Sc ences Corporation), is used for this experiment. The
sample solution prepared as described above and the reference solution (dialysis external solution)
were thoroughly degassed, and each of these test specimens was placed in a calorimeter cell and was
thermally equilibrated at 40C. A DSC scan was then run from 40C to 100C at a scan rate of
approximately 1 K/minute. The results of this measurement are given as the top of the denaturation
peak as a function of temperature. The thermal denaturation midpoint temperature of the humanized
HOT antibody was calculated by peak assignment of the Fab domain according to Rodolfo et al.,
Immunology Letters (1999), 47-52. As a specific example, the chart obtained from differential
scanningosimetry (DSC) on the Hspu2.2Ispu2.(Hu2.2Ln2.2) antibody Is shown in Figure 1. The
humanized H01,0 antibody, comprising the heavy chain 



shown in SEO ID NO: 1 and the light chain shown in SEQ ID NO: 7, has a Tm value of 76.6C as
calculated by the method described above. The im values of Synagis and Herceptin, provided as:
examples of existing antibodies, are measured  85.4C and 81.8C, reepectively. It was thus shown: that
the Tm value of the humanized HOLD antibody is lower than that of existing antibodies.       Modified
antibodies were tnerefore prepared from humanized HOLD antibody with the aim of raising the Tm
value. Modifications of V371, A406, M46I, and L511 were introduced into FR2 of the HOLD antibody
heavy chain shown i.n SEQ ID NO:    to prepare the antibody H15 (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 ntroducing L4 2Q, 648A, and Q50K modifications into
the FR2 which changed the subclass from VK2 to VK3, and introducing 172I modification to replace
the 172 of FE1 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 --1 e of Hi5L0 and HOL4 was 79.2C and
77.2C, respectively, which shows iMbrovement from the Tm value 76.8C of HOLD. The Tm value of
the H15L4 antibody comprising the combination of these two modifications was improved to5C.  (1-2)
Modification of the pi value of the humanized HOLD  antibody         The plasma half-life of an antibody
is extended by lowering the p1 value exhibited by the antibody. In contrast, the tissue transiocat on
characteristics of an antibody are improved by increasing the antibody's pI at is unknown whether
either increase or decrease: in the p: value of an _antibody effective in cancer treatment would
enhance the tumor-suppressing effect. Therefore, Modified humanized HOBO antibody with a lowered
p1 and modified humanized BOLO antibody with an increased pf 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 analysis by isoelectric
electrophoresis. Electrophoresis was carried: out as described in the foliowing. Using PhastSystem
Cassette (Amersham Bioscience), Phast-Gel Dry IEF (Amersham Bioscience) gel was swollen, for
about 60 minutes with a swelling solution with the composition given below.  (a) Composition of the
swelling solution for high pi: 1.5 MI, 10% glycerol 100 ul, Pharmalyie 8-10.5 for IEF (Ameis am
Bioscience)  (b) Composition of the swelling solution for low pi: 1.5 mL purified water 20 uT
Pharmasyte 8-10.5 for IEF (Amersnam Bios ence) 80 iL Phar aiyte 5-8 for IEF (Amersham Bioscience)
Approximately 0.5 ug aody was loaded or the swollen 



gel and isoelectric electrophoresis was run using the PhastSystem (AMersham Bioscience) controlled
by the program described below. Thefl sample was added to the gel at Step 2 of this program.H.A
Calibration Kit- for pI (Amersham Bios ence) was used for the pI markers. W, 15C, 75 Vh W, 15C, 15
Vh W, 15C 410 Vh       After electrophoresis, the del was fixed with 20% TCA and silver staining was
then carried out using Silver Staining Protein (Ame-sham B science) according to the instructions
providedthe kit. After staining, the isoeiectric poin of each antibody (test sample) was calculated based
on the already known isoelectric points of themarkers. The electrophoretogram from the high pi
isoelectric electrophoresis is shown in Figure 2 and the electrophoretogram from the ow pI isoelectric
electrophoresis is shown in Figure 3. (a) Modifications that raised the pI       Hmou2.2 (Hu2.2) (SFQ ID
NO: 6) was prepared, in which the 043K, D52N, and 0107R modifications were additionally
implemented in H15. Lspu2.2 (Lu2.2) (SbQ ID NO: 12) was also prepared, in which the E17Q, 027R,
0105P and S25A modifications were implemented in 24, where the _ a modification replaces S25 in
CDR2 with A (abundant in a germline). The Tm value of the Hspu2.2Lspu2.2 (Hu2.2Lu2.2)   antibody
composed of Hspu2.2 (Hu2.2) and Lspu2.2 (Lu2.2) was measured at 76.8C and its pI value was
measured at 9.6. Since Lne pI of the HOLD antibody is 8.9, the pI of the 



Hspu2.2Lspu2.2 (Hu2.2Lu2.2) antibody was increased by 0.7. (b) Modifications that lowere pi
Hspd1.8 (Hd1.8)-(SEQ ID NO: 5) was prepared, in which the K19T, Q43E, MESS, K65Q, and G66D
modifications were additionally implemented in H15. Lspd1.6 (Ld1.6) (SEQ ID NO: 11) was prepared
by making the following modifications: the Q27E modification in L4; modification of KISRVE at 79-84 of
the 8R3 in L4 to TISSLQ; and the S25A modification to achieve the same modification as for Lspu2.2
(Lu2.2). The pI value of the Hspd1.8Lspd1.6 (Hd1.8Ld1.6) antibody composed of nspd1.8 (Hd1.8) and
Lspd1.6 (Ld1.6), was measured at 7.4. Since the pI of the HOLD antibody is 8.9, the pi of the
Hspdi..81ispd.1.6 (Hd1.8Ld1.6) antibody was reduced by 1.5. (2) Evaluation by competitive ELISA of
the binding activity of the point-mutation modified antibodies from the HOLD antibody        The HOLD
antibody and its point mutation-modified antibodies purified ias evaluatedcompetitive ELISA. 100of the
soluble orC3 core pol ePtide (SEQ ID NO: 13) at 1 pp/mL was added to each well of a 96-well. The
soluble GPC3 core polypept de was immobilized on the place by allowing the plate to stand
overnight4C. The soluble 5203 rore polypeptide immobilized on the _plate was washed 3 times with a
washing buffer using Skan WASHER400 (Molecular Devices); and blocked with 200 mL blocking
buffer at 4C for at least 30 min. The blocked plate on which soluble GPC3 core poxypeptide was
immobilized waS then washed 3 times with washing buffer using the Skan WASHER400.
Subsequently, each well of the plate received 200 mL of a mixture containing 100 m16 of biotinylated
POLO antibody (final concentration - 0.3 mg/mL) and 100 mi of the BOLO antibody or its point
mutation-modiantibody (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 SIan WASHER400
(Molecular Devices) 100 mI goat antistreptatidin alkaline pnosphatase ZYMED), diluted 20,000X with.
substrate buffer, was added to each well, and the resulting plate was left stand for 1 hour at zoom
temperature, and then washed 5 times with ash g buffer using the Skan WASHER400. Phosphatase
Substrate (Sigma) was prepared 



atimg/mi, in the substrate beadded at 100 gl perell for 1 hour. The absorbance at 405 nm of the
reaction solution in each well was measured using Benchmark Plus (13I0-RAD), with the control
absorbance at 655 nm. As shown by Figure 4, the antigen bindint..ivity of the        antibody was shown
to be almost the same as that of the HOBO antibody that had been subjected to te modification. In
addition, as shown in Figure 5, the antigen binding activity  of the Hspe2.2Lspu2.2 (Hu2.2Lu2.2)
antibody was shown to be about the same as that of the H0Loantibody subjected to the modification.
Moreover, as shown in Figure 6, the antigen binding activity of he Hspd1.8Lspd1.6 (Hd1.81ld1.6)
antibody was shown to be about the same as that of the HOLO antibody subjected to the modification.
Reference Example 2  Disruption of the fucose transporter gene in CRC cells  (1) Construction of the
targeting vector (1-1) Construction of the K01 vector  The BamHI site and the TGCGC sequence were
added at the side of the star- codon of the hygromycin resistance gene (Hydr) by FOR using
pcDNA3.14Hygroogen) with primers HygS-BH ano3-NT to obtasn the same sequence as on the 5'
side of the start  codon of the fucose transporter gene. Alsothe NotI site was added on the 3' side
including the region up to the 5V40 polyA addition signal. Then the Hvgr gene was excised. 



forward primer Hyg5-ER 5'-GGATCCTGCGCATGAAAAAGCCTGAACTCACC-3' (SEQ ID NO: 14)
reverse primer Hyg3-NT 5'-GCGGCCGCCTATICCTTTGCCTTCGGACG-3' (SEQ ID NO: 15) Fucose
transporter targeting vector ver. I (referred to as the MOT vector) was constructed by- inserting the 5'
side of  the fucose transporter (from the Smai at No. 2,780 of SEQ ID NO: 16 to the EamHI at No.
4,232), the 3' side (from No. 4,284 to the Sad i at No. 10,934), and the Hygr fragment into the
pMC1DT-A vector (Magi T., Proc. Natl. Acad. Srata. USB. (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 hysromycin E resistance: The KO1 vector was
cleaved at the Nati site and was transfected into the cell. It is thought that 41 base pairs in axon 1,
including the start codon, will be deleted from the fucose transporter by introduction of the KO1 vector,
resulting in a loss of function. (1-2) Construction of pBSK-pgk-i-Hygr       paSK-phik I was constructed
by excising the mouse pgk gene promoter from the pi4J2 vector (Popo -., Biochemical Genetics (1990)
28, 299-308) with EcoRI-Psti and cloning it into the EcoRI-PstI sites of pBluespt (Stratagene). regard
to Hygr, an EcoT22I siteKozak sequence were added on the 5' side of Hygr and a BaridiI site was
added on the 3' side including the region up to5V40 poly14 addition Signal by PCB using
pcDNA3.14Hythe Hyg5-AV and yg3-  



BH primers. Then the Hygr gene was excised. forward primer Hyg5-AV
151-ATGCATGCCACCATGAAAAAGOCTGAACTCACC-P5 (SFQ ID NO:reverse primer Hyg3-BH
5'-GGAT0 AGGCTTTACACTTTATGCTTC-3' (SEQ ID NO: 18)       pBSK-pgk-1-Hvgr was constructe
inserting the Hygr fragment (EcoT22I-BamHI) into the PstI-BamHI sites of p55Kpgk-1. (1-3)
Construction of the K02 vector        Fucose transporter targeting vector ver.2(referred to hereafter as
the K02 vector) was constructer' by inserting the 5' side of the fucose transporter (from the Sinai site at
No. 2,780 of SEQ ID NO: 16 to the BamHI at No. 4,232), the 3' --de (from No. 4,284 to the Sad I site at
No. 10,934), and the pgkl-Hvgr fragment into the pNIC1DT-A vector. unlike the case for the KO1
vector, the K02 vector has the pga-1 gene promoter attached to Hygr, thus will acquire hygromycin 5
resistance even when only one copy of the vector is introduoed into the cell by homologous
recombination. Tne KO2 vector was cleaved at Notl and was transfected into the cell. By introducing
the K02 vector, 46 base pairs in exon 1 including the start codon will be deleted from the fucose
transporter, resulting in a loss of function. (1-4) Construction of pBSK-pgk'-l-Puror The pPUR vector
(BD Biosciences) was cleaved by Pstv and  BamHI and the excised fragment (Puror) was inserted into
the Psti-BamHI sites of pBSK-pgk-1 to construct pBSK-pgk-l-Puror. (1-5) Construction of the 1<03
vector       Fucose transporter targeting vector ver. 3 (referred to hereafter as the 1<03 vector) was
constructed by inserting the 5' side of the fucose transporter (=nom the Sinai site at No. 2,780 of SEQ
ID N0:16 to the BamEi at No. 4,232), the 3' side (from No. 4,284 to the Sad I site at No. 10,934), and
the pgkl-Puror fragment into the pMC1DT-16 vector. A sequence for binding to the screening primer
shown below was preliminarily            to the 3' end of pgk-l-Puror. The 1<03 vector was cleaved by
Notl and was transfected into the cell. By introducing the 1<03 vector, 46 base pairs in exon 1
including the start codon will be deleted from the fucdse transporter, resulting in a loss of function. 



reverse primer KSGR-A 5'- TGTCTOGAGTACTGTGCATCTCC-3' (SEQ ID NO: 19)       The fucose
transporter gene was Icnocked out using the three targeting vectors described above. (2) Introduction
of vector into CHO cells HT Supplement (100x) (Invitrogen) and penic streptomycin (Invi ,_ogen) were
added to CHO-S-SMEMII HT(invitrogen), each at 1/100th the volume of the CHO-S-SEMII HT- to
prepare a culture medium (hereafter referred to as SMIT(+)). CHC DXBil cells were subcubtured in
SEMIT( ), 8 x  106 7B0 cells were suspended in 0.8 mL Dulbecco's phosphate buffer (Inrogen)
(referred to hereafter as PBS). 30 gg of targeting vector was added to the cell suspension, and
transferred to a Gene Pulser cuvette (4 rum) (BioRad). After holding for 10 minutes on ice, the vector
was transfected into the cells by electroporanon wlth GENE PULSER II (BioRad) at 1.5 kV and 25
uND. After vector transfectione cells were suspended in 200 m SFMII(+) medium and were seeded
into twenty 96-well flat-bottom plates (Iwaki) at 100111/ 11. The plates were cultured for 24 hours at
37C in a C04 incubator, then the reagent was added. (3) Knockout: step 1       Hal vector or K02 vector
was transfected into the CHO cells, and selected with -ygromycin B (invitroden) 24 hours after vector
transfectio . The hygromycin B was dissolved in SEMI5(+) at 0.3 mg/mL, and 100 ph was added per
well. (4) Screening for homologous recombinants by POP 



(4-1) Preparation of the sample for PCP)       Homologous recombinants were screened by PCR. The
CHO cells were cultured on 96-we 1 flat-bottom plates, the culture supernatant was removed and a
cell lysis buffer was added at 50 gL/well, and incubated at 55C for 2 hours. Then proteinase s
deactivated by heating at 95C. for 15 minutes to prepare        template. The cell lysis buffer was
composed of the following per well: 5 p1 10x LA Buffer II (supplied with  Takara LA Tag), 2.5 uL 10%
NP-40 (Roche), 4 }IL proteinase K (20 mg8m, Takart), and 38.5 ui distilled water (Nacalai Tesdue).
(4-2) PCP conditions The PCR reaction mixture was comprised of 1 ML of the PCR sample as
described above., 5 ML 10x LA Buffer II,L MgC12 (25 mM), 5 iL dNTP (2.5 mM), 2 ML primer (10 uM
each), 0.5 MT LA Tag (5 I0/ML), and 29.5 ML distilled water (total of. 50 ML). The TP-F4 and
THygro-R1 primers were used as the PCP primers to streen the KO1 vector-transfected cells, and the
TP-F4 and THygro-F1 primers were used as the PFR primers to screen the K02 vector-transfected
cells.       PCR screening for the K01 vec o transfected cells was carried out by preheating icr 1 minute
at 95C; 40 cycles of 95C830 seconds, 60C830 seconds, and 60C82 minutes; and reheating at 72C for
7 minutes. PCR screening for the K02 vecto -transfected cells was carried out by preheating for 1.
minute at 95C; 40 cycles of 95GC.830 seconds and 70C83 minutes; and reheating at 70C for 7
minutes. 



The primers are given below. In cell samples where homologous recombination had
occurred,approximately 1 DNA is amplified for the H01 vector abd approxima ly 2.0 kb DNA is
amplified for the H02 vector. TP-F4 primer was designed in the genoniic reglok of the fucose
transporter on toe 5' side ontside the vector, and the THygro-FI and THygro-R1 primers  were
designed in the Hygr within the vector. forward primer (K01, K02) TP-F4
50-GGAATGOAGOTTCOTCAA000ACT000-3' (SEQ ID NO: 20) reverse pr 4 K01) THygro-R1
57-TGCATCAGG GGAGACGOTGTOGAAC-3' (SEQ ID NO: 21) reverse primer (1<02) THygro-F1
57-GOACTCOT000A0000AAAGGAATAGC-3' (SEQ 7D NO: 22) (5) Results of the PCP screening
918 1<01 vector-transfected cells were analyzed, and 1 cell was thought to be a homologous
recombinant (homologous recombination efficiency = approximately 0.1%). 537 1<02
Vector-transfected cells were analyzed, and 17 cells were thought to be homologous recombinant-
(homologous recombination efficiency - approximately 3.2%). (6) Southern blotting analysis      Further
confIrmation was earned out by Southern blottin 10 ng aenomic DNA was prepared from the cultured
cells by a standard method and was subjected to Southern blotting. Using the two primers given
below, a 367 bp probe was prepared by PCP spanning the region from No. 2,113 to No. 2,500 in the
nucleotide sequence shown in SEQ ID NO: 16, and used for Southern blotting. The genom c DNA was
cleaved with 6017I. forward primer   1-F 54-TGTGOT000AATTGAA000AGGAC-3' (SEQ ID NO: 23)
reverse primer 



Bgl-R g'-CTACTTGTOTGTGCTTTCTTCC-3' (SEQ ID NO: 24)       Cleavage by BglII provides an
approximately 3.0 kb band from the fucose transporter chromosome, an approximately 4.6 kb band
from the chromosome where homologous recombination occurredthe KO1 vector, and an
approximately0 kb hand from the chromosome where homologous recombination occurred with the
K02 vector. One cell obtained by homologous recombination with the KO1 vector and 7 cells obtained
by homologous recombination with the KO2 vector were used in the experiments. The only cell
obtained with the K01 vector was designated 501; however, it was shown by subsequent analysis to
comprise multiple cell populations. Thus cloning by limiting dilution was carried out before using at in
the subsequent 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 fueose transporter
gene, one of three vectors was introduced into the cells in which homologous recombination had been
achieved by the KO1 vector or KO2 vector. The vector/cell combinations were as follows: method I:
KO2 vector and SC1 cells (K01); method 2: KO2 vector and 6E2 cells (K02); method 3: K03 vector
and 6E2 cells (K02). The vector was transfected into the respective cell, and selection with hvgromycin
B and puromycin (Nacaiai Tesque) was initiated 24 hours after vector transfection. The final
hygrommcin B 109  concentration was 1 mg/mL in method 1 and 7 mg/mI, 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 ug/m1.- (8) POP screening of the homologous recombinants       The samples
were prepared as described above. In the screening for method 1, both PCRs by which cells were
detected where homologous recombination has occurred with the KO1 vector and the K02 vector were
performed. The PCB 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-R1 corresponds to the region from No. 4,248 to '4,274. These PCP primers will amplify 350 bp
of the fucose transporter gene region that is otherwise deleted by the K02 vector. Therefore, in the
PCP screening in method 2, cells producing no 350 bpamclirication. product are considered to be the
cells completely lacking the fucose transporter gene. The PCP 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 TPS-F1 5I-CTCGACTCST000TATTA000AACAGC-3' (SFQ ID NO:
25) reverse primer Ssygro-R1 5l-TCAGA000AGTGGA000TCCAGTCAGC-3' (SEQ ID NO: 26) 



In the case of method :3,as used as he for3jard primer and RSGR-A Was used as the reverse primer.
The PCR conditions were as follows: preheating for 1 minute at 95C; 35 amplification cycles of 95C/30
seconds, 60C/30 seconds, and 72C/2 minutes; reheating at 72C for 7 minutes. Approximately 1.6 kb
DNA will be amplified from the cell samples in which homologous recombination by the KO3 vector
has occurred. By this PCR cells in which homologous  recombination occurred by the KO3 vector were
detected, and it was also confllmed that the cells retained the homologous recombination by the KO2
vector while detecting (9) Results of RCA screening        18 cells out of 616 cells analyzed by method I
were considered to be homologous recombinants (homologous recombination efficiency = 2.9%). 2
cells out of 524 cells analyzed by method 2 were considered to be homologous recombinants
(homologous recombination efficiency = approximately 0.4%). 7 cells out of 382 cells analyzed by
method 3 were considered to be homologous recombinants (homologous recombination efficiency =
approximately 1.8%). (10) Southern blotting analysis        Southern blotting analysis was carried out by
the method described above, and I cell as identified to have the fucose transporter gene being
completely lost. The analytical results from PCR and Southern blotting were consistent in the knockout
step 1, but not in the knockout step  (11) Fucose expression analysis       26 cells found to be
homologous recombinants were analyzed for fucose expression by PCR. 1 x 106 cells Were stained in
100 p.1 PBS containing 5 ug/mL Lens culinaris agglutinin, FITC conjugate (Vector Laboratory', 2.5%
FES, and 0.02% sodium aside (referred to hereafter as SACS solution) for 1 hour with ice cooling. The
cells were then washed 3 



asSACS solution and were analyzed by FACSCalibur (Becton Dic! nson). The results showed that
fucose expression was reduced only in FTP-KO cells, which were found to exhibit a complete loss of
the fucose transporter gene in the Southern blot analysis. Reference Example 3  Establishment of
antibody -producing cells derived from the  FTP-K0 line and purification of antibody produced by these
cells         The =nose transporter-deficient line obtained in Example 1 (FIP-K0 cells, clone ame: 3F2)
were subcultured in 55511(e) containing hydromycin E at a final concentration of 1 mg/mL. 8 x 106
3E2 cells were suspended in 0.8 raL Dnibecco's phosphate buffer. 25 1.1c of a humanized aglyeican 3
antibody expression vector was added to Ihe cell suspension and transferred to a Gene Puiser
cuvette. After holding for 10 minutes on ice, the vector was transfected ithe cells by electroporationwith
GENE PULSES II at 1.5 kV and 25 4FD.  After vector transfection, the cells were suspended in 40
m(92 SFMII() medium, and were seeded on a 96-well flat-bottom plate (Twaki)100 n4t/well. Afterwas
incubated for 24 hours at 37C in a CO2 incubator, geneticin ( vitrogen) was added to a rinal
concentration of 0.5 mg/art. The antibody production of the drug-resistant cells was measured to
obtain humanized anti-glyp can 3 antibody-producing cell lines.      The culture supernatant from the
antibody-expressing lines was collected and applied to Hitran rProtein A column (Pharmacia) using
P-1 pump (Pharmacia). The column was washed with a binding buffer (20 mM sodium phosphate (pH
7.0)), and the bound antibody was subsequentted with elution buffer (0.1 N glycine-HC1 (pH 2.7)). The
eluate wad immediately neutralized with neutralization buffer (1 M(pH 9.0) 



The eluted antibody fractions were selected using DC protein assay (BioRad) and pooled, and was
concentrated to about 2 mL with Cent prep-YM10 (Millipore). The concentrated solution was then
subjected to gel filtration on Superdex200 26/60 (Pharmacia) equilibrated with 20 mM acetic acid
buffer (pH  6.0) containing 150 mM NaCi. peak of the monomer fraction  in the eluate was collected
and concentrated with Cent-' epYM10. The concentrated solutionere ising a MILLEM-OW 0.22 ws,
filter unit (Minore) and was stored at 4C. The purified antibody concentration was determined by
calculation from the molar absorption coefficient based on the absorbance  at 280 nm. Reference
Example 4 Analysis of sugar chains attached to the humanized antiglypican 3 antibody produced by
FTP-KO cells   (1) Preparation of Z-aminobenzamige-labeled sugar chains (2AS-labeled sugarchains)
The antibody of the present invention produced byKO 



cells and antibody produced by CHO cells (control) were treated with N-glycosidase F (Roche
Diagnostics) to release the antibody-bound sugar chains (Weitzhandier M. et al., Journal of
Pharmaceutical Sciences (1994) 83(12), 1670-5). After deproteinationethanol (Schenk B. et al., The
Journal of Clinical Investigation (2001), 108(11), 1687-95), the released sugar chains were
concentrated to dryness and fluorescent-labeled with 2-aranopyridine (BiggeC. etal., Analytical
Biochemistry (1995) 230(2), 229-238). The resulting 2-AB-labeled sugar chains were separated from
the reagent by solid-phase extraction using alulose cartridce, concentrated by centrifugation to obtain
puri ed 2-AB-labeled sugars. The purified 2-A8-labeled sugar chains was treated with P-galactosidase
(Seikagaku Kogyo ce prepare agalactosyl 2-AB-labeled sugar chains which were analysed as
described below.  (2) Analysis of agalactosyl 2-AS-labeled sugar chains by normal-phase NPLC The
agalactosyl 2-AB-labeled sugar chains prepared by  above-described method, the sugar chains
released from the antibody of the present invention produced by FTP-K0 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 CHO cells: 0(0) was present as the mai component of sugar
chains, while 0(0)-Fuc lacking fucose accounted forabout 4% of the total sugar chains, as assessed by
calculation from the peak area ratio. In the case of the antibody produced by FTP-K0 cells, G(0)-Fue
was the main component. For all the antibody producing cell lines, at least 90% of the total sugar chain
in the produced antibody was fucose-free sugar chains, as assessed by on calculation from the peak
area ratll 



TableI. Relative ratios of each sugar chain estimated from normal-phase H12.1,C analysis for
agalactosyl 2-AB-labeled sugar chains sugar chain CHOFTP-KO-aFTE-KO-bFTP-KO-o G(0)-Fuc
4.0%97.4% 92.531 93.2% G(0)96.0%7.6% 7.5% 6.8% Example 5 of cell lines stably expressin
humanized SOLO Establishment   



antibody and point mutation-modified antibodies         The genes encoding Bspu2.2Lspu 2
(Hu2.2.Lu2.2) antibody, Hspd1.81,spd1.6 (Hd1.81,d1.6) antibody (HOLD antibody-sourced 115
modified antibodies produced by the method described in Exampleor the HOLD antibody subjected to
the modifications were cloned into an expression vector. In the cloning, the genes encoding the heavy
chain and light chain were inserted into different expression vectors in order to express each gene
encoding the heavy chain and light chain of the antibody. Two expression vectors were selected so as
to provide a desired combination of the genes encoding the heavy cnain and light chain as described
above, digested with Fru: and transfecte- by electroporation into the FT:P-140 line produced in
Reference Example 2.       Transformants that stably produce HOLD antibody or modified antibody
were prepared by e ectroporatibn using the Gene Puiser II (BioRad). 0.75 mL CHO cells (1 x 10'
cells/mL) suspended in PBS was mixed with 10 4g each of expression plasmid DNA providing the
desired combination of heavy chain and light chain, and the mixture was left stand on ice for 10
minules. The mixture was transferred to a Gene Pulser TT cuvette and a 1.5 1<7 electrical pulse was
ad at a capacitance of 25 p..FD.culsed mixture was incubated for 10 minutes at room temperature and
suspended in CHO-S-OFMII/174 HT/1% PS medium. 100 pi of the diluted suspension (5 fold, 10 fold,
and 50 fold, made in the same medium) was added to each well of 96-well culture plates. The plates
were incubated for 24 hours in CO2 incubator maintained at 5% 002. Then, deneticin  (G co) was
added to each well to a final concentration of SOO gg/ml, and zeocin (invitrogen) was added to each
well to a final concentration of 600 pd/mL. The plates were incubated for z weeks. The colonies of
transformed cells that exhibited genecicir and zeocin resistance were further selected by subculture on
the same medium containing 500 ug/mL genetic= (Giboo) and 600 lig/MI zeocin (invitrogen). The
culture supernatant of the transformedls selected in this manner 



was evaluated for the antibody concentration using BiacoreQ (BIACORE) to establish transfcrmant cell
lines expressing the desired antibody at a high level. The antibody concentrationr in the culture
supernatant  was measured according to the instructions provided with the Biacorecl (BIACORE).
Thefl cell line thus established was cultured in CHO-S-SFMII medium (Invitrogen) containing 500
pg/mi of Geneticin (Inn-orogen) and 600 gg/m1 of Zeocin (invitrogen) . After cultivatingan appropriate
period of time, the culture supernatant was collected, and purified using rProteinA-Sepharose column
(GE Healthcare). The purified antibody was concentrated with Amicon Ultra-4 (MILLIPORE) and
subjected to buffercnange on TD-10 Desalting column (Amersham Biosciences) wllh20mN acetic acid
buffer (pH6.0) containing 200mE NaCi. The purified antibody was quantified by the absorption at
280nND-1000 Spectrophotometer (NanoDrop) or DU-600 Spectrophotometer (BECKMAN). The
antibody concentration was calculated with the RACE method. Example 6 Therapeutic efficacy In an in
Vivo model of the humanized SOLO  antibody and the point mutation-modified antibodies   (1)
Maintenance of the cell line used for transplantation into the in vivo model       EepG2 cells' (ATCC)
were used. The Hep02 cells were maintained by subculture in Eagle's minimum essential medium.
(Sigma) containing sodium pyruvate (inno ogen) at iol/L MEM and non-essential amino acids
(invitroge) at 1 mmol/L MEM (this medium is referred to as the subculture medium).  (2) Preparation of
an Hep02 cell-transplanted mouse model       Using a solution containing subculture medium. and
MATRIGEL Matrix (BD Bioscience) at I: 1, a suspension of HepG2 cells was prepare107 cells/mL. 100
uL of the 



cell suspension (5 x 105 c= s/mouse) was transplanted subcutaneously in the abdominal region of
5010 mice (male, 5 week old, CLEA Japan, Inc.). On the day prior to cell transplantation, the mice
received 100 p1 anti-asialo GM1 antibody (content of 1 vial was dissolve inL of the aforementioned
solution, Wako Pure Chemical Industries, Ltd.) by interperitoreal administration. The tumor volume
was calculated according to the following formula.        tumor volume = long diameter x short diameter
x short diameter/2        When the average tumor volume reached 130 to 330 mmd, the mouse was
used as a model.  (3) Preparation of administration sample containing the test antibody       The
administration samples containing HOLO antibody, Hu2.2122.2.2 antibody, or Hdl.8Ldi.6 antibody at
0.5 mg/mL (5 mg/kg group) or 0.1 mg/mt (1 mg/kg group) were prepared witn physiological saline on
the -ay of administration.  (4) Aamtnrstrataon of the antibody-containing administration 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 5 animals,
and 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
was analyzed for the muri e plasma concentration of the antibody. Specifically, blood was collected
from a dorsal foot vein at two time points: 0.5 flour after toe irtal administration and immediately before
the second admin stration. 20 uL of cossected blood was treated with heparin and the plasma was
isolated by centrifugation.   (5) Evaluation of the antitumor activity of the test a tabOdie$      The
antitumor activity of each test antibody was evaluated in the mouse model transplanted with human
liver cancer. The tumor volume was measured at one week after the last day of the sample
administration. The results are shown in Figure 7. Hshd1.8Lspd1.6 (Hd1.8Ld1.6) antibody showed a
stronger therapeutic efficacy, while the Hspu2.2Lspu2.2 (Hu2.2Lu2.2) antibody showed a weak
therapeuticea-6, (6) Plasma concentrations of the test antibodies 



The concentration of the test antibody in murine plasma was measured by an ELISARbased method
described in Example 1. Standard samples were prepared at the plasma concentration of 12.8, 6.4,
3.2, 1.6, .0.8, 0.4, and 0.2 jigimL. The standard samples and the murine plasma test samples (suitably
diluted to a desired concentration) were added to immunohlates (NuncimmunoPlate, MaxiSorp (Nalge
Nunc international)) on which soluble givpican 3 core (Chugai Seiyaku Kabushiki Kaisha) is
immobilized, and the plates were incubated for 1 hour at room temperature. Goat Anti-Human I
G-BIOT (SoutB I ote chno logy Associates) and then streptavidin-alkaline phosphatase conjugate
(Roche Diagnostics) were added and a chromogenic reaction was carried out using the ElueShos
Microwell Phosphatase Substrates System (Kirkegaard & Perry Laboratories) as a substrate. Using a
microplate reader, the color of the reaction solution in each well was determined by PO  measuring the
absorbance of the reaction solution at 650 nm. The murine plasma antibody concentration was then
calculated using SOFTmax PRO analytical software (Molecular Devices) with reference to the
standard curve prepared with the absorbance values obtained from the standard samples.      The
murine plasma concentrations after 30 minutes and 7 days from administration are shown in Figure 8.
A higher antibody concentration was observed in murine plasma after 7 days from administration of
the test antibody having lower pi values for both administration doses tested. Example 7  ADCC
activity of the test antibodies measured 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) (I) Preparation of a human PBMC solution
Using a syringe breviously loaded with 200 L of a 1000 u ,n/mi neoarn solution (Novo Heparin injection
5000 Un s, Novo Nordisk), 50 mL peripheral blood was collected from a healthy volunteer (adult male)
from (m' ugai Seiyaku Kabushiki Kaisha. The blood was diluted twofold with PB, divided into 4 equal
parts, and introduced into a Leucosep lymphocyte separation tube (Greiner Bio-one) that was
previously loaded with 15 mL Facoll-Padue PLUS and subjected to centrifugation. . The separation
tube loaded with the peripheral blood was 



centiifuged for 10 minutes at room temperature at 2150 rpm, and the monooyte -fraction layer was
collected. The cells contained in the layer were washed once with Dulbec c's Modified eagle's Medium
(Sigma) contaIning 10% 72S (referred to below as 10% F2S/D-MEM) and suspended in 10%
EBS/D-MEM at a cell density of 5 x 106/mL. The cell suspension was subjected to the following
experiment as a human PBMC solution. (2) Preparation of target cells       HepG2 cells were detached
from a dish and seeded on a 96-well U-bottom plate at 1 x 104 cells/well. The plate was incubated
overnight at 37C in a 5% CO; incubator. On the next day, 5.55 MBg Cr-51 was added to each well of
the plate and the plate was incubated for 3 hours atC in - 5% 002 incubator. The HepG2 cells
contained in the wells of the plate were used as target cells in the ADCG activity assay as 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 HL of each antibody (HOLO antibody, Hu2.2Lu2.2
antibody, or Hdi.ndi.6 antibody) was added at a concentration of 0, 0.004, 0.04, 0.4, 4, or 40 Hg/m.L.
The  plate was reacted for 15 minutes at room temperature, and the antibody solution was removed.
100 HL of subculture medium was  added to each well and the plate was incubated for 1 hour at 37C
in a 5% CO2 incubator. 100 4)1 of the human PBMC solution prepared as in (1) was added to each
well (5 x 105 cells/well), and the plate was incubated for 4 hours at 37C in a. 5% CO2 incubator and
centrifuged. The radioactivity in 100 uL Of 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 (%) = (A - C) x 100/(B - C) wherein A represents the
mean value of the radioactivity (cpm) of the 100 412 culture supernatant in each well; B represents 



the mean value of the radioactivity (cpm) of the 100 4L culture supernatant in wells where 100 uL of
2% aqueous NP-40 solution, (Nonidet 0-40, Nacalai Tesque) and 50 uL of 10% FBS/D-MEM medium
were added to the target cells; and Crepresents ,he mean value of the radioacti(cpm) of the 100 ulf
culture supernatant in wells wherel50 4L of 10% PBS/DMEM medium was added to the target cells.
The tests were carried out in triplicate, and the mean value and standard deviation of the specific
chromium release rate (%), which is reflective of the ADCC activity of the antibody, were calculated
form the test results. (4) Evaluation of the ADCC activity of the test antibodies The results of the
evaluaof the ADCC activity  exhibited. by human PBMCs via the test antibody revealed that all of the
test antibodies exhibited ADCC activity. The results are shown in Figure 9. Significant difference test
revealed that no significant  difference was observed between test antibodies at any conce rations
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 ACTS activities of the pi-modified test antibodies. Example 8  Preparation and
characterization of pI modified antibody by point mutation  (1) Selection of modification sites for
decreasing pI       To improve the tumor suppression acfivithe Hd1.814d1.6 antibody, modification sites
were selected for the ability of decreasing in tDT value of the variable reaion. Amino acid residues
involving the decrease in the ni value of the variable region were found, which are summarizedTable 2
(heavy chain) and Table 3 (lightchain) . Specific examples of these modifications for decreasing the pi
value are pH7pL14 antibody and pli7pli16 antibody. These pI modification antibodies were oreuared as
follows. 



The modification sites were crearec by Assemble PCR. Oligo DNAs designed based on the sense and
antisense sequences containing the modification site were synthesized. A  an antisense oligo.DNA
containing the modification site and a sense cligo DNA corresponding to the vector bearing the gene to
be modified, orpair of a sense oligo DNA co to n-ng the modification site and an antisense ol-go DNA
coTtesponding to the vector bearing the gene to be modified was used in PCR with PrimeSTAR
(TAKERA) to obtain 5'-side and 3K-side fragments containing the modification site. The two fragments
were linked using Assemble PCR to prepare each mutant       The mutant thus obtained was inserted
into an expression vector which allows for expression of the inserted gene in animal cells. The
nucleotide sequence of the expression vector was determined by a method known ine art. Introduction
of the point mutation was confirmed by the nucleotide sequence of the plasmid DNA. The gene
containing the point mutation was cloned into an expression vector which allows for expression of the
inserted gene in. animal cells. The expression and purifi anion of the antibody was according to the
method described in Example 1 or a sarod. Starting from Hd1.6, the 61st glutam'(Q) (according to the
Rabat numbering) present in CDR1 of Hd1.8 was substituted with giutamic acidto prepare pH7 (SEC
ID NO:27). Starting from Ld1.6, the 24th arginine (R) (according to the Kabat numbering) present in
CDR5 of Ld1.6 was substituted with glutamine (Q), the 37th giu amine (Q) was substituted with ieuci e
(L), the 43rd ala ine (A) was substituted with serine (5), the 45th aro(R) was substituted with glutamine
(Q),  the 74th threonine (T) was substituted with lysine (K), the  77th se ine (S) was subStituted with
argir ne (R), the 78th leuc ne (L) was substituted with valine (V), and the 79th glutamine (Q) was subst
utedalutamic acid (E), each present in FR2 and FR3, to prepare p114 (SEQ ID NO:28). 



Starting from p114, the 104th ieuc ne (L) (according to  the Ka-at numbering) was substituted with
valine (V), the 107th lysine (K) was substituted with glutamic acid (E), each present in 154 of pL14, to
prepare p1,16 (SEQ ID NO:29).  (2) Measurement of pi value of point mutation pi modified antibodies
The pI values of the fidi.8Ldi.6 antibody, nH7pi,14 antibody and pN7p1,16 antibody were measured by
electrophoresis with PnastGel lEE 4-6.5 (GE Healthcase) using the method described in Example I or
similar method. The pi value of 14d1.81,d1.6 antibody, pH7nL14 antibody and b917pL16 antibody was
7.47, 7.07 and 6.52, respectively, indicting that the pi values of bE7bL14 antibody and pH7pLl6
antibody were lower than that of the Hd1.89fdl.6 antibody by 0.4 and 0.95, respectively. (3)
Measurement of Tm value of point mutation. 1 modified antibodies       The Tm values of labs obtained
from fidi.8Ldf.6 antibody, pN7pL14 antibody and pH7pL16 antibody were measured with VPDSC
(Micro Cal) using the method similar to Example I. In this experiment, PBS was used as a dialysis
solution, and the   antibody concentration in the test solution for DSC measurement was adjusted to
25-100 Eg/ml. DSC scanning was set from 20C to 115:1LA-le canhing rate of about K/mib, with the
reference solution (dialysis soluti  test solution. The thermal denaturation midpoint temperature of the
Fabs of the Hd1.812d1.6 antibody, pH.7pL14 antihody and pH70,1,16 antibody was 77.5, 78.0 and
74.7 C, respectively. (4) Evaluation of binding activity to antigen of point mutation pi modified
antibodies by competitive ELISA       The binding activity to 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 pH7pH14 antibody and pH7pL16 antibody was shown to be
comparative toof the BOLO antibody. Example 9 Preparation of point mutation pi modified antibody
using FTPKO cell line        The expression vector carrying the gene coding for each point mutation p1
modified antibody prepared n Example 8 was introduced into the cells of C cell e prepared in 



Reference Example 2 using Polyethylmane (Polyscie es Inc.), and the antibody was expressed. The
modified antibody was purified from the cell culture supernatant using rProtein R SepharoseTM Fast
Flow (Amersham Biosciences). The purified antibody solution was prepared a000roing to the method
described in Example 5 and the antibody concentration as measured. Example 10 Therapeutic
efficacy dr an in vivo model ofhumanized GC33  antibody and point mutation pI modified antibodies
(1) Maintenance of the cell line used for transplantation into the in vivo model        Hen G2 cells
(ATCC) were used. The Rep az cells were maintained by subculture in Minimun Essential Medium
Eagle medium (SIGMA) supplemented with 10%FES, I mmo1/1 HEM Sodium Pyruvate (invitrogen),
and 1 mmo1/1 HEM non-essential amino acids (invitrogen) (referred to as the subculture medium) (2).
Preparation of HepG2 cell-transplanted  mouse model        Using a solution containing subculture
medium and MATRIGEL Matrix ;ioscience) at 1 : 1, a suspension of HepG2 cells was prepared at 5 x
107 cells/mL. 100 cell suspension (5 x 106 cells/mouse) was transplanted subcutaneously in the
abdominal region of SCID mice (male, J week old, CLEA Japan, Inc.). On the day prior to cell
transplan tion, the mice received 100 p1 anti-asialo GM1 antibody (content of 1 vial was dissolved in 5
mi of the solution, Wako Pure Chemical Industries,by interperitoreal administration. The tumor volume
was calculated according to the following formula. tumor volume = long diameter x short diameter x
short diameter/2  



When the average tumor volume reached 400 mm3, the mouse was used as a model.  (3) Preparation
of.administration sample containing the test antibody       The administration samples containing HOLD
antibody,Hd1.8Ld1.6 antibody, pH7p3"4 antibody or pS7pL16 antibody at 0.1 mg/m.13 (1 mg/kg
group) were prepared with physiological saline on the day of administration.  (4) Administration of the
rr'body-contain 5 adminrstration sample       The administration sample prepared according to (3) was
administered at a dose of 10 ml,/kg through the tail vein to the mouse model prepared in (2) at once
per week for five weeks beginning 34 days after HepG2 cell transplantation. As a negative control,
physiological saline was administered at a dose of 10 mi,/kg through the tail vein at once per week for
five weeks. All the groups contained 5 animals, and a each test antibody-containing administration
sample was administered to a respective group. At about the same 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 collected from a dorsal foot vein at two time
points: 0.5 hour after the initial administration and immediately before the second administration. 20
:4)2L collected blood was treated  with heparin and the plasma was isolated by centrifugation.  (5)
Evaluation of the antitumor activity of the test antibodies       The antitumor activity of each test
antibody was evaluatedL 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 pH7hLl4 antibody and bli7p1216 antibody compared to
HOLO antibody and Hd1.8Ldi.6 antibody. Example 11  The PK test of humanized. G033 antibody and
point mutation  antibodies using in vivo model   (1) Preparation of test antibody-containing d nis ation
sample       The administration samples containing HOLD antibody, Hd1.8Ld1.6 antibody, pH7p1,14
antibody, pHipLle, antibody or pH7M85pL16 antibody at 0.5 mg/mL (5 mg/kg group) werepared with
physiological saline on the day of administration  (2) Administration of the antibody-containing
administration sample 



The administration sample prepared according to (1) -as administered at a dose of 10 mli/kg through
the tail vein to the C.B-17/Icr-scid mouse. All the groups contained 3 animals, and each test
antibody-containing administration sample was administered to a respective group. Venous blood was
collected from the animals and was analyzed for the murine plasma  concentration of the antibody.
Specifically,blood was collected from a dorsal foot vein at seven time points: 0.5 hours, 2 hours, 8
hours, 24 hours, 72 hours, 168 hours after the initial administration. 20 pL of collected blood was
treated with heparin and the plasma was isolated by centrifugation. (3) Plasma contentrations of the
test antibodies       The concentration of the test antibody in murine plasma was measured by an
ELISA-based method described in Exa6. Standard samples were prepared at a plasma concentration
of 12.8, 6.4, 3.2, 1.6, 0.8, 0.4, and 0.2 pd4mL. The standard samples and the murine plasma test
samples (suitably diluted to a desired concentration) were added to immunoplates (Nunc-
MaxiScrp (malge Nunc international)) on which soluble glypican 3 core (Chu al Seiyaku Kabushiki
Kaisha) is immobilized, and the plates were incubated for 1 hour at room temperature. Goat
Anti-Human IgG-BIOT (Southern Biotechnology Associates) and then s eptavidin-alkaline
phosphatase conjugate (Roche Diagnostics) were added, and a chromogenic reaction was carried out
using the B)uePhos Microwell Phospnatase Substrates System (Kirkedaard & Perry Laboratories) aS
a substrate. Using a microplate reader, the color of the reactiofl solution in each well was ceterrrned by
measuring the absorbance of the reaction solution at 650 nm. The murine plasma antibody
concentration was then calculated using SOFTmax PRO analytical software (Molecular Devices) wit
reference to the standard curve prepared with the absorbance values obtained from the standard
samples.       The murine plasma concentrations after administration are snown sig re 12. A higher
antibody concentration observed in the plasma of mice that received the test antibody having lower pi
value. Example 12  ADCC activity of the test antibodies usingman peripheral  blood monocytes as t' e
effector cell  



The ADCC activity of the test antibodies was tested as described below using a human oeripheral
blood monocyte referred to as PBMC) as the effector cell). (1) Preparation of a human PBMC solution
Using a syringe previously loaded with 200 xL of a 1000 unit/mL heparin solution (Novo Heparin
injection 5000 Units, Novo Nordisk) 50 mL peripheral blood was collected from a healthy volunteer
(adult male) from Chugai Seiyaku Kabushiki Kaisha. The blood was diluted twofold with PBS(-gided
into 4 equal parts and introduced into a ieucosep lymphocyte separation tube (Greiner Eio-one) that
was previously loaded      it Ficoll-Paque PLUS and subjected to centrifugation. The separation tube
loaded with the peripheral blood was centrifuged for 10 minutes at room temperature at 2150 rpm, and
the monocyte fraction layer was collected. The cells contained in the layer were washed once
wulbecco's  to below as 10% FBS/D-MEM) and suspended in 10% FBS/D-MEN at a cell density of 5 x
106/mLr The cell suspension was subjected to the following experiment as a human PEMC solution.
(2) Preparation of target cells       HepG2 cells were detached from a dish and seeded on a 06-well
Li-bottom plate at 1 x 104 cells/well. The plate was ihcubated overnight at 3700 in a 5 CO2 incubator.
On the next (day, 5.55 MBq Cr-51 was added to each well of the plate and the plate was incubated for
3 hours at 37C in a 5% CO2 incubator. The Hep02 cells contained in the wells of the plate were used
as target cells in the ADCC activity assay as described below. (3) Chromium release assay (ADCC
activity)        The ADCC activity was evaluated from.the specific chro am release rate determ ed by t e
chrom um release method. The target cells prepared as in (2) were washed T medium, and 100 pL of
each antibody (BOLO antibody, Hd1.8Ld1.6 antibody, pH7pL14 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 tempe antibody solution was removed. 100 pL of suiculture medium was added to each well
and the plate was incubated for 1 hour at 37C in a 5% CO; incubator. 100 qL of the human PESO
solution 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% CO2 incubator, and centrifuged. The radioactivity in 100 pL of the  culture
supernatant in each wel of the plate was measured by a gamma counter. The specific chromium
release rate was determined according to the following formula. 



Specificomium release rat (%) = (A - C) x 100/(E - C) wherein A represents the mean value of the
radioactivity (cpm) of the 100 p1 culture supernatant in each well; B represents the mean value of the
radioactivity (cpthe 100 culture supernatant in wells where 100 UI of 2% aqueous NP-40 solution
(Nonidet 1-40, Nacalai Tesgue) and SO uri of 10% FES/D-MEN medium were added to the target
cells; and C represents the mean value of the. rad oactiv y (cpm) of the 100 t1 culture supernatant in
wells where 150 U1 of 10% FBS/DMEM medium was added to the target cells. The tests were carried,
out in triplicate, and the mean value and standard deviation of the specific chromium release rate (%),
whch is ref. 'active of the ADCM1 activity of the antibody, were calculated from the test results. (4)
Evaluation of the ADCC activity of the test antibodies       The results of the evaluation of the ADCC
activity exhibited by human PBMCs via the test antibody reveled that all of the test antibodies exhibited
ADCC activity. The results are shown in Figure 13. Significant difference test revealed that no
significant difference was observed at any concentrations tested between test aodies and the control
HOLO antibody in the specific chromium release ratethe antibodies. The statistical analyses were run
using the SAS  Preclinical Package (SAS Institute Inc.). These results showed  that there was no
difference between the ADCC activities of the p1-modified test antibodies. Exampie 13   Preparation
and evaluation of modified antibodies capable of decreasing in the p1 value ofCOPS ant region  (1)
Selection of modification sites for decreasing the pI value of the constant region       IgGlACK (SEQ ID
NO:32) is the IgGi constant region having the amino acid sequence as shown in SEQ ID ND: 31,
which lacks the 446th Sly and the 447th Lys (according to the EU 



numbering) of the IgGi constant region. Deletion of these two amino acid residues allows fordecrease
in heterogeneity cause' by the heavy chain terminal constant region of an antibody.        The antibody
was modified to have decreased pI value in the constant region by substituting some of the amino acid
residues in IgG14GK with the corresponding amino acid residues in the sequence of the human Ig54
constant region according to the EU numbering.       Specificaly, the 268th histidine (H) of IgG1GGF)
(according to the EU numbering) was substituted with: glutamine (Q) of the Ig54 sequence, the 274th
lysine (K) was substituted with glutamine (Q), the 355th argininewas substituted h glutamine (Q), the
356th aspartic acid (D) was substituted with giu amic acid (E), the 358th ieucine (I) was  substituted
with methionine (M), and the 419th gl 'famine (Q) was substituted with glutamic acid (E). These
substitutions 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 IgGlAGE to obtain M85 (SEQ ID N0:33).      The constant region
M85 was combined with the variab region pH7 and HO to prepare pH7M85 (SEQ ID 110:34) and
H0M85 (SEQ ID N0:35), respective y. R0148 320 antibody was prepared from HOM85 as the heavy
chain .and 20 as the light chain, and rH7M85p1316 antibody was prepared from pH7M85 as the heavy
drain and p216 as the light light chain. Also, the HOLD antibody and pH7pLl6 antibody having the
constant region of Ig01 were prepared as in Example 1 and Example 8. The antibodies HOM851,0,
rH7M85pL16,HOLO, and pH7pL16 were expressed in FTD-K0 cell line or HE11293 cells, and purified
as described in Example 1 or 9. (2) Measurement of pI value of constant region pI modified antibodies
The pI value of the HOLD antibody, H0M8510 antibody, pH7pL16 antibody, and pH7M85p1316
antibody. was measured by electrophoresis with PhastGel IEF 4-6.5 (GE Heal case) under the same
electrophoresis conditions using the method similar to that described in Example 1. The pI values of
the HOLD antibody, HOM851,0 antibody, pH7p1M6 antibody and pH7M85p1,16  antibody was 8.85,
8.16, 6.52 and 5.78, respectively, indicating that the modification in the constant region contributes to
further decreasethe pl) value without affecting to the immunogenici5y of the antibody. (3) Evaluation of
binding activity of constant region pi modified antibodies by competitive ELISA 



The binding activity to the antigen of each constant region pi) modified antibody was measured using
the method described inample 1 (Figure 14). The binding activity to glypican 3 of the HOLE) antibody,
HOM85L0 antibody, pH7pL16 antibody, pH7M85pL16 antibody were shown to be about the same.
Example 14  ADCC activity of the constant region pI modified antibodies  using human peripheral
blood monocy-es as the effector cell        The ADCC activity of the pE7pL16 antibody and
pH7M85p116 antibody was tested using the method as described in Example 12. The results are
shown in Figure 15. 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 instituteInc.).
These results showed that there was no difference between the ADCC acti;vities of the pH7pL16
antibody and p187M85pL16 antibody.  CLAIMS          1. An antibody which comprises a heavy chain
variable region shown in SEQ ID NO: 27 and a light chain variable region shown in SEQ ID NO: 29.
2. The antibody according to claim 1 comprising a constant region of a human antibody.          3. The
antibody according to claim 2, wherein the constant region comprises a sequence shown in SEQ ID
NO: 32 or SEQ ID NO: 33.          4. The antibody according to any one of claims 1 to 3, wherein the
antibody has a reduced content of fucose attached to the Fe region of the antibody.          5. A
composition comprising the antibody according to any one of claims I to 4 and a pharmaceutically
acceptable carrier.          6. An anticancer agent comprising as an active ingredient the antibody
according to any one of claims 1 to 4.          7. The anticancer agent according to claim 6, wherein the
cancer is liver cancer.          8. A nucleic acid that encodes a polypeptide of the antibody according to 



any one of claims I to 4.          9. A host cell comprising the nucleic acid according to claim 8.          10.
The host cell according to claim 9, wherein the host cell is a fucose transporter-deficient animal cell, a
fucosyltransferase-deleted animal cell, or an animal cell in which a complex branched sugar chain
modification is modified.          11. A method for preparing an antibody comprising culturing the host
cell according to claim 9 or 10 and recovering a polypeptide from the cell culture.          12. An antibody
according to any one of claims 1 to 3 for use in a method of treating cancer. 13. An antibody according
to claim 12, wherein the cancer is liver cancer.  ABSTRACT OF THE DISCLOSURE:        A method of
modulating the plasma half-life of anti-. glypican 3 antibody, a pharmaceutical composition comprising
as an active ingredient the anti-glypican 3 antibody that has a plasma half-life that has been
modulated, a method of preha ng the anti-glypican 3 antibody and a pharmaceutical composition
comprising the anti-glypican 3 antibody as an active ingredient are provided. Disclosed is a method of
modulating the plasma half-life of anti-glypican 3 antibody by modifying an amino acidS residue that is
exposed on the surface of the anti-glypican 3 antibody; and anti-glypican 3 antibody that has a plasma
half-life that has been modulated by amino acid residue modification, a pharmaceutical composition
comprising as an active inthe a-glyhican 3 antibody, and a method of preparing the anti-glypican 3
antibody and producing a pharmaceutical composition comprising the anti-glypican 3 antibody as an
active ingredient.  SEQUENCE LISTING <110> Chugai Seiyaku Kabushiki Kaisha 



<120> ANTI-GLYPICAN-3 ANTIBODY HAVING IMPROVED KINETICS IN PLASMA <130>
PCG-9023W0 <150> JP 2007-256063 <151> 2007-09-28 <160> 35 <170> Patentln version 3.1 <210>
1 <211>115 <212> PRT <213> Artificial Sequence <220> <223> Humanized antibody H chain <400>
1 Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 151015 Ser Val Lys Val Ser Cys
Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr 



202530 Glu Met His Trp Val Arg Gin Ala Pro Gly Gin Gly Leu Glu Trp Met 354045 Gly Ala Leu Asp Pro
Lys Thr Gly Asp Thr Ala Tyr Ser Gin Lys Phe 505560 Lys Gly Arg Val Thr Leu Thr Ala Asp Lys Ser Thr
Ser Thr Ala Tyr 65 70 75 80 Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Thy Ala Val Tyr Tyr Cys
859095 Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Gly Gin Gly Thr Leu Val Thr 100105110 Val Ser Ser 115
<210> 2 <211>115 <212> PRT <213> Artificial Sequence 



<220> <223> Humanized antibody H chain <400> 2 Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys
Lys Pro Gly Ala 151015 Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr 202530 Glu
Met His Trp Ile Arg Gin Pro Pro Gly Gin Gly Leu Glu Trp Ile 354045 Gly Ala Ile Asp Pro Lys Thr Gly
Asp Thr Ala Tyr Ser Gin Lys Phe 505560 Lys Gly Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala
Tyr 65 70 75 80 Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Thr Arg
Phe Tyr Ser Tyr Thr Tyr Trp Gly Gin Gly Thr Leu Val Thr 100105110 



Val Ser Ser 115 <210> 3 <211>115 <212> PRT <213> Artificial Sequence <220> <223> Humanized
antibody H chain <400> 3 Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 151015
Ser Val Thr Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr 202530 Glu Met His Trp Val Arg Gin
Ala Pro Gly Glu Gly Leu Glu Trp Met 354045 



Gly Ala Leu Asp Pro Lys Thr Gly Asp Thr Ala Tyr Ser Gin Ser Phe 505560 Gin Asp Arg Val Thr Leu
Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr 65 70 75 80 Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Thr
Ala Val Tyr Tyr Cys 859095 Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Gly Gin Gly Thr Leu Val Thr
100105110 Val Ser Ser 115  2 <210> 4 <211>115 <212> PRT <213> Artificial Sequence <220> 



<223> Humanized antibody H chain <400> 4 Gin Val Gln Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro
Gly Ala 151015 Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr 202530 Glu Met His
Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Met 354045 Gly Ala Leu Asn Pro Lys Thr Gly Asp Thr
Ala Tyr Ser Gin Lys Phe 505560 Lys Gly Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr 65
70 75 80 Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Thr Arg Phe Tyr
Ser Tyr Thr Tyr Trp Gly Arg Gly Thr Lep Val Thr 100105110 Val Ser Ser 



115 <210> 5 <211>115 <212> PRT <213> Artificial Sequence <220> <223> Humanized antibody H
chain <400> 5 Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 151015 Ser Val Thr
Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr 202530 Glu Met His Trp Ile Arg Gin Pro Pro Gly
Glu Gly Leu Glu Trp Ile 354045 Gly Ala Ile Asp Pro Lys Thr Gly Asp Thr Ala Tyr Ser Gin Ser Phe 



505560 Gin Asp Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr 65 70 75 80 Met Glu Leu
Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys 659095 Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Gly
Gin Gly Thr Leu Val Thr 100105110 Val Ser Ser 115 <210> 6 <211>115 <212> PRT <213> Artificial
Sequence <220> <223> Humanized antibody H chain <400> 6 Gin Val Gin Leu Val Gin Ser Gly Ala
Glu Val Lys Lys Pro Gly Ala 



151015 Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr 202530 Glu Met His Trp Ile
Arg Gin Pro Pro Gly Lys Gly Leu Glu Trp Ile 354045 Gly Ala Ile Asn Pro Lys Thr Gly Asp Thr Ala Tyr
Ser Gin Lys Phe 505560 Lys Gly Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr 65 70 75 80
Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Thr Arg Phe Tyr Ser Tyr
Thr Tyr Trp Gly Arg Gly Thr Leu Val Thr 100105110 Val Ser Ser 115 <210> 7 <211> 112 



<212> PRT <213> Artificial Sequence <220> <223> Humanized antibody L chain <400> 7 Asp Val Val
Met Thr Gin Ser Pro Leu Ser Leu Pro Val Thr Pro Gly  3 151015 Glu Pro Ala Ser Ile Ser Cys Arg Ser
Ser Gin Ser Lou Val His Ser 202530 Asn Arg Asn Thr Tyr Lou His Trp Tyr Lou Gin Lys Pro Gly Gin
Ser 354045 Pro Gin Lou Lou Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 505560 



Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lou Lys Ile 65 70 75 80 Ser Arg Val Glu Ala
Glu Asp Val Gly Val Tyr Tyr Cys Ser Gin Asn 859095 Thr His Val Pro Pro Thr Phe Gly Gin Gly Thr Lys
Lou Glu Ile Lys 100105110 <210> 8 <211>112 <212> PRT <213> Artificial Sequence <220> <223>
Humanized antibody L chain <400> 8 Asp Ile Val Met Thr Gin Ser Pro Lou Ser Lou Pro Val Thr Pro
Gly 151015 Glu Pro Ala Ser Ile Ser Cys Arg Ser Ser Gin Ser Lou Val His Ser 202530 



Asn Arg Asn Thr Tyr Lou His Trp Tyr Gin Gin Lys Pro Gly Gin Ala 354045 Pro Arg Lou Lou Ile Tyr Lys
Val Ser Asn Arg Phe Ser Gly Val Pro 505560 Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr
Lou Lys Ile 65 70 75 80 Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Ser Gin Asn 859095 Thr
His Val Pro Pro Thr Phe Gly Gin Gly Thr Lys Lou Glu Ile Lys 100105110 <210> 9 <211>112 <212>
PRT <213> Artificial Sequence <220> <223> Humanized antibody L chain <400> 9 



Asp Val Val Met Thr Gin Ser Pro Lou Ser Lou Pro Val Thr Pro Gly 151015 Glu Pro Ala Ser Ile Ser Cys
Arg Ala Ser Glu Ser Lou Val His Ser 202530 Asn Arg Asn Thr Tyr Leu His Trp Tyr Leu Gin Lys Pro Gly
Gin Ser 354045 Pro Gin Lou Lou Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 505560 Asp Arg
Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lou Thr Ile 65 70 75 80 Ser Ser Lou Gin Ala Glu Asp
Val Gly Val Tyr Tyr Cys Ser Gin Asn 859095 Thr His Val Pro Pro Thr Phe Gly Gin Gly Thr Lys Lou Glu
lie Lys 100105110 <210> 10 <211>112 <212> PRT 



<213> Artificial Sequence <220> <223> Humanized antibody L chain <400> 10 Asp Val Val Met Thr
Gin Ser Pro Lou Ser Lou Pro Val Thr Pro Gly 151015 Gin Pro Ala Ser Ile Ser Cys Arg Ala Ser Arg Ser
Leu Val His Ser 202530 Asn Arg Asn Thr Tyr Lou His Trp Tyr Lou Gin Lys Pro Gly Gin Ser 354045 Pro
Gin Lou Lou Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 505560 Asp Arg Phe Ser Gly Ser Gly
Ser Gly Thr Asp Phe Thr Lou Lys Ile 65 70 75 80 Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys
Ser Gin Asn 859095 Thr His Val Pro Pro Thr Phe Gly Arg Gly Thr Lys Lou Glu Ile Lys 



100105110 <210> 11  4 <211> 112 <212> PRT <213> Artificial Sequence <220> <223> Humanized
antibody L chain <400> 11 Asp Ile Val Met Thr Gin Ser Pro Leu Ser Leu Pro Val Thr Pro Gly 151015
Glu Pro Ala Ser Ile Ser Cys Arg Ala Ser Glu Ser Leu Val His Ser 202530 Asn Arg Asn Thr Tyr Lou His
Trp Tyr Gin Gin Lys Pro Gly Gin Ala 



354045 Pro Arg Lou Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 505560 Asp Arg Phe Ser
Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr He 65 70 75 80 Ser Ser Lou Gin Ala Glu Asp Val Gly Val
Tyr Tyr Cys Ser Gin Asn 859095 Thr His Val Pro Pro Thr Phe Gly Gin Gly Thr Lys Leu Glu Ile Lys
100105110 <210> 12 <211>112 <212> PRT <213> Artificial Sequence <220> <223> Humanized
antibody L chain <400> 12 Asp Ile Val Met Thr Gin Ser Pro Lou Ser Leu Pro Val Thr Pro Gly 



151015 Gin Pro Ala Ser Ile Ser Cys Arg Ala Ser Arg Ser Lou Val His Ser 202530 Asn Arg Asn Thr Tyr
Lou His Trp Tyr Gin Gin Lys Pro Gly Gin Ala 354045 Pro Are Lou Lou Ile Tyr Lys Val Ser Asn Arg Phe
Ser Gly Val Pro 505560 Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile 65 70 75
80 Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Ser Gin Asn 859095 Thr His Val Pro Pro Thr
Phe Gly Arg Gly Thr Lys Lou Glu Ile Lys 100105110 <210> 13 <211> 545 <212> PRT <213> homo
sapiens 



<400> 13 Gin Pro Pro Pro Pro Pro Pro Asp Ala Thr Cys His Gin Val Arg Ser 151015 Phe Phe Gin Arg
Lou Gin Pro Gly Lou Lys Trp Val Pro Glu Thr Pro 202530 Val Pro Gly Ser Asp Lou Gin Val Cys Lou
Pro Lys Gly Pro Thr Cys 354045 Cys Ser Arg Lys Met Glu Glu Lys Tyr Gin Lou Thr Ala Arg Lou Asn
505560 Met Glu Gin Leu Lou Gin Ser Ala Ser Met Glu Lou Lys Phe Lou Ile 65 70 75 80 Ile Gin Asn Ala
Ala Val Phe Gin Glu Ala Phe Glu Ile Val Val Arg 859095 His Ala Lys Asn Tyr Thr Asn Ala Met Phe Lys
Asn Asn Tyr Pro Ser 100105110 Lou Thr Pro Gin Ala Phe Glu Phe Val Gly Glu Phe Phe Thr Asp Val
115120125 



Ser Lou Tyr Ile Lou Gly Ser Asp Ile Asn Val Asp Asp Met Val Asn 130135140 Glu Lou Phe Asp Ser
Lou Phe Pro Val Ile Tyr Thr Gin Lou Met Asn 145150155160 Pro Gly Lou Pro Asp Ser Ala Lou Asp Ile
Asn Glu Cys Lou Arg Gly 165170175 Ala Arg Arg Asp Lou Lys Val Phe Gly Asn Phe Pro Lys Lou Ile
Met 180185190 Thr Gin Val Ser Lys Ser Lou Gin Val Thr Arg Ile Phe Lou Gin Ala 195200205 Lou Asn
Lou Gly Ile Glu Val Ile Asn Thr Thr Asp His Lou Lys Phe 210215220 Ser Lys Asp Cys Gly Arg Met Leu
Thr Arg Met Trp Tyr Cys Ser Tyr 225230235240 Cys Gin Gly Lou Met Met Val Lys Pro Cys Gly Gly Tyr
Cys Asn Val 



245250255 Val Met Gin Gly Cys Met Ala Gly Val Val Glu Ile Asp Lys Tyr Trp 260265270 Arg Glu Tyr
Ile Leu Ser Leu Glu Glu Leu Val Asn Gly Met Tyr Arg 275280285 Ile Tyr Asp Met Glu Asn Val Leu Leu
Gly Leu Phe Ser Thr Ile His 290295300 Asp Ser Ile Gin Tyr Val Gin Lys Asn Ala Gly Lys Leu Thr Thr
Thr 305310315320 Ile Gly Lys Leu Cys Ala His Ser Gin Gin Arg Gln Tyr Arg Ser Ala 325330335 Tyr
Tyr Pro Glu Asp Leu Phe Ile Asp Lys Lys Val Leu Lys Val Ala 340345350 His Val Glu His Glu Glu Thr
Leu Ser Ser Arg Arg Arg Glu Leu Ile 



355360365 Gin Lys Leu Lys Ser Phe Ile Ser Phe Tyr Ser Ala Leu Pro Gly Tyr 370375380 Ile Cys Ser
His Ser Pro Val Ala Glu Asn Asp Thr Leu Cys Trp Asn 385390395400 Gly Gin Glu Leu Val Glu Arg Tyr
Ser Gin Lys Ala Ala Arg Asn Gly 405410415 Met Lys Asn Gin Phe Asn Leu His Glu Leu Lys Met Lys
Gly Pro Glu 420425430 Pro Val Val Ser Gin Ile Ile Asp Lys Leu Lys His Ile Asn Gin Leu 435440445
Leu Arg Thr Met Ser Met Pro Lys Gly Arg Val Leu Asp Lys Asn Leu 450455460 Asp Glu Glu Gly Phe
Glu Ala Gly Asp Cys Gly Asp Asp Glu Asp Glu 465470475480 



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



<210> 15 <211> 29 <212> DNA <213> Artificial Sequence <220> <223> Primer <400> 15 gcggccgcct
attcctttgc cctcggacg29 <210> 16 <211>10939 <212> DNA <213> Cricetulus gr seus <400> 16
gagctcaatt aaccctcact aaagggagtc gactcgatcc tttacagaaa acttgcaaac60 cctcttggag tagaaaagta
gtagtatctg acacaagtat cagcaaaatg caaacttctc120 cccatcccca gaaaaccatt ataaaaaccc ccatatctta
tgcccaactg tagtgatata180 ttatttatga tttattaaaa cttgcttaag gattcagaaa gcaaagtcag ccttaagcta240
tagagaccag gcagtcagtg gtggtacaca cctttaatcc caggactcag gattaagaag300 



tagacggacc tctgttagtt caagtctacc attacctaca caagagtgaa gagtaaccga360 tctcatgcct ttgatcccag
cagctgggat catgtgcatt caatcccagc attcgggagt420 tatataagac aggagcaagg tctcagagct ggcattcatt
ctccagccac attgaggata480 ggaaaacatt gaagtgtcag gatgctgagg agaggcagca gtttgaggtt tggtagaacc540
aggatcacct tttggtctga ggtagagtaa gaactgtggc tggctgcttt gcttttctga600 tcttcagett gaagcttgaa ctccaatatt
tgtctctggg tctattatta tcatgttaca660 cctaacttta aagctgattt acgcaagaca gttgtaggtg gacctttctt tcctgcccac720
cagttcccaa ataactgaca cggagactca atattaatta taaatgattg gttaatagct780 cagtcttgtt actuctaac tcttacattt
taaattaact catttccatc cctttacttg840 ctgccatgtg gttcatggct tgttcaagtc ctgcttcttc tgtctctggc tggtgatgcc900
tctggttctg ccctttatcc cagaattctc ctagtctggc tctcctgccc agctataggc960 cagtcagctg tttattaacc aatgagaata
atacatattt atagtgtaca aagattgctc1020  ctcaacaccc aattttttat gtgcaacctg agaatctgga ctcattgccc tcatgcttgc
agaggcggca cccttaccca ctaagccacc tttctagccc tgttgctttt gttttttgag acaggttcca ctatgtagcc caggctggcc
tcaaactgac cattctcctg cctaaacctc ccgaacactg gaattatagt caaggcctac ctgccctggc attttcacac ttttatttcc
tggctgagtc cattgacttt acactcatca aggttgaacc agttggagtt taattacagt gccaatcgca ctgaatccca cataatcaaa
caacttcaag gaagcaaaaa accagttttt cctgaagatc aatgtcagct tgcctgattc agaatagacc cccgaaaaaa
ggcaaatgct tgataaccaa tttcttctta ttgttcaatc ccctgctgct gtgtgtaagc tcctgagaaa ggacagtaag gggacattca
tgatcagaga aagagcccca actccccccc cagccccacc cccaccctgt ccacagtctg ttggtttggt ttccccctgg ctgacaccca
gaaatcacaa cataatcacc taggtcactg taacaagttc ctttctggaa aatgctacaa atgatattgg taacatgagt aatgaataat
gcctggagtc caactccctt gtgacccagc aatgttttcc gtgggtgctc ccttccccag ctgcaggcct gacatgtacc ttaaaaagcc
tcccctggag gacagaattt tgtgggtact atagtgttct cacaaatact tcccctaata cccttactta gttaccataa ataacatgca
gcccctggtg aggcacacag ggctccaatg tacagcttct cagacactgc aggaaccttc ctctcctaat gcagcactgg tctcttcagg
ctggacagca ggaacccata ccactccaat cctagtgtgg agtagagctg tctacgaaaa ccagcagatc tatagctaaa
tgtgtttcaa ttttatgctt tgacaaattg tactgacccc acccccaccc cttccccctt gctgtgctgg gaattgaacc caggaccttg
tgcatgccag gcaagtactc taacactgag ctatagcccc aatctttcat ccaagtctct atgtgtgccc acactcgctt tttattttga
gacaaaaggt tcttattttg agataaggtc tcactatgtt gccttgactt tttttttttt ttttttttga acttttgacc ttcctacctc agctgagact
acaagtcttt taccatcagg cccggctgat ggtaaaataa cagtatttga aatagtttaa acacatcatc ttaatggtca accacacaat
ttccgaaatg ttgctggctc agtctggggc aaacctgtcc gccccaacat tggtgctagg aagaaagcac agacaagtag
ccctcccagc tcaggagtaa aagacctgga gggggtggcc cacttcggtc aagttcacgg gatggggagg ggtaccctcc
tccagtagtg gtggtatttg gcagttcctc caccgacgcc ctctggaagc acctgcttgg acccgcaaag ccaggaatgc agcttcctca
agggactcgc cagcgagggt aacaggacag aggcgtccca agagggctgg ggcggaaggg ggaagacagg gtcggcctta
gatagggcaa agggccttct ggctgtgttc ccggggtaac cgccccacca cgcctggagc ccgacgtggc gagcgatggg
gacagcgagc aggaagtcgt actggggagg gccgcgtagc agatgcagcc gagggcggcg ctgccaggta cacccgaggg
caccgcgggg gtgagcgcca ggtccctgaa ccagccaggc ctccagagcc gagtccggcg gaccgacggt acgttctgga
atgggaaggg atccguaca ccgaattgct gcattgaggg gctcagaggt tctgatgtgg gagtccagaa agggttttat ctaccggagg
tgatgtgact tccggcctct ggaagtgctg ttggagtctc tgggaccttg ggtcctctcg actaggtttg gaaggggtga aataggggta
gggagaaagg agaggactgc agcaatgtct tcccgaacga cctgggttcg ggaggggtcg aaggacaagg ggctgttgtg
gggggtcttc agacgcggag gggtggtatt ctattttctg ggaagatggt gtcgatgcac ttgaccaagt ctagtcgatc tgaagaggct
aggggaacag acagtgagag aggatggtgg agggagtggc agaacccttc cagaaactgg gagaggctct agcacctgca
accccttccc tggcctccgg ggagtcccag aagagggcag gaccatggac acaggtgcat tcgtgccggc gcgctccggc
ctggcgaagg tgcgcgctct tggaggccgc gggagggcca gacgcgcgcc cggagagctg gccctttaag gctacccgga
ggcgtgtcag gaaatgcgcc ctgagcccgc ccetcccega acgcggcccg agacctggca agctgagacg gaactcggaa
ctagcactcg gctcgcggcc tcggtgaggc cttgcgcccg ccatgcctct gtcattgccc ctcgggccgc ctccctgaac ctccgtgacc
gccctgcagt cctccctccc ccccttcgac tcggcgggcg cttccgggcg ctcccgcagc ccgccctcca cgtagcccac acctccctct
cggcgctccg cttcccacgc ggtccccgac ctgttctttc ctcctccacc ctgcccttct gtccctctcc cttcctttct cccctcgact
cgtccctatt aggcaacagc ccctgtggtc cagccggcca tuctgtcaa ggctcacacc cttagctagg ccccttctcc cttccctggg
tcttgtctca tgaccccctg ccccgcccgg gagcgagcgc gatgtggagc agtgcctctg gcaagcagaa cttcacccaa
gccatgtgac aattgaaggc tgtaccccca gaccctaaca tcttggagcc ctgtagacca gggagtgctt ctggccgtgg
ggtgacctag ctcttctacc accatgaaca gggcccctct gaagcggtcc aggatcctgc gcatggcgct gactggaggc
tccactgcct ctgaggaggc agatgaagac agcaggaaca agccgtttct gctgcgggcg ctgcagatcg cgctggtcgt
ctctctctac tgggtcacct ccatctccat ggtattcctc aacaagtacc tgctggacag cccctccctg cagctggata cccctatctt
cgtcactttc taccaatgcc tggtgacctc tctgctgtgc aagggcctca gcactctggc cacctgctgc cctggcaccg ttgacttccc
caccctgaac ctggacctta aggtggcccg cagcgtgctg ccactgtcgg tagtcttcat tggcatgata agtttcaata acctctgcct
caagtacgta ggggtegcct tctacaacgt ggggcgctcg ctcaccaccg tgttcaatgt gcttctgtcc tacctgctgc tcaaacagac
cacttccttc tatgccctgc tcacatgtgg catcatcatt ggtgagtggg gcccgggggc tgtgggagca ggatgggcat cgaactgaag
ccctaaaggt caacactgta ggtaccttta cttactgtcc caggtccctt gcatcagcag ttacaggaag agccctgtag aaaacaaata
acttccttat ggtcattcaa caagttaggg acccagccag ggtgaaaata atgttagcag caactacagc aaagatggct ctcgccactt
gcatgattaa aatgtgccag gtactcagat ctaagcattg gatccacatt aactcaacta atccctatta caaggtaaaa tatatccgaa
ttttacagag ggaaaaccaa ggcacagaga ggctaagtag cttgaccagg atcacacagc taataatcac tgacatagct
gggatttaaa cataagcagt tacctccata gatcacacta tgaccaccat gccactgttc cttctcaaga gttccaggat cctgtctgtc
cagttctctt taaagaggac aacacatctg acattgctac cttgaggtaa catttgaaat agtgggtaga catatgtttt aagttttatt
cttacttttt atgtgtgtgt gtttgggggg ccaccacagt gtatgggtgg agataagggg acaacttaag aattggtcct ttctcccacc
acatgggtgc tgaggtctga actcaggtca tcaggattgg cacaaatccc tttacccact gagccatttc actggtccaa tatatgtgtg
cttttaagag gctttaacta ttttcccaga tgtgaatgtc ctgctgatca ttatcccctt ttacccggaa gccctctggg aggtgccatc
cctgtggtcg tctgcataca aatggggaaa ctgcaactca gagaaacaag  



gctacttgcc agggccccac aagtaagata ggctgggatg ccatcccaga ctggccacac5700 tccctggcct gtgcttcaag
ccagtttact ttgttcctgc ccattggaag ttagcatgtt5760 gcagtcaaac acaataacta caggccaaaa gtgcttttaa
attaaagtca gatgaacttt5820 taaacatcca gagctcctca actgcaggag ttacaacctg attctgcaac catctttgca5880
gtgcccggta gtcatatgta gctagaggct cttggctagg acagcatgtg ttaggaaaca5940 tctggccctg agatcattga
attgagtgac tgctgggtga caaagaccaa ggcatccgtt6000 ccctgagagt cctgggcaag cagcaatgtg accttcattt
gtacctactc aggttcttta6060 tctgtcctgt ttgacctact tagtctcctc tggtgtctca gaggcccagg ctgggtactc6120
tggatgtcag gatcaggcca atgcgcacat ctgccctaga aatgtccccc tggttgagca6180 gctcctgaat ccatcggtaa
agggtctgga ccagggagga gtcagataaa aagctgacag6240 cactggggga ctccatgggg aactcccacc tgcccccaca
catccatcct aagagaactg6300 gtattccttg tttcctcttt gtcctacaag gcaccctggg atcccacttc agtctcccag6360
ccttgccagg gttagagggc atgagcctcc ttgtegggaa tttagatgca agaaggtaca6420 gtcactagag aacctgagct
cagatcccca aagtaaccag tacctgatag tgaggcagct6480 gagaaccgca gcagcctgcc tgagtggctg aactctgcgg
cctccggaac tggccccaac6540 



tgttgggtct cctcttcctt cctcctgtga gggagggccc atctctgata agtgctgtgg6600 ggactctaga gtagggagga
ggaggagcaa tctaagcagg ccttactgag aagtccttgc6660 tggcatgtgg ctgcctgagg agtacagact gggaacaccc
atttgaatga gtaaggtttt6720 tcctgaaggc catggggagc cacggaggaa aatcatttta gttacaagac aaagagtaga6780
ttggttaaca tgggagcaag gacatggccc caattttcat agatgaagga aattggaact6840 cagagaggtt aagtaacttc
tcccaaatag ctcagcttca aaatcacaga acagtcagag6900 tctagatctc tctgatgcct gtgatggtcc tgccattcca
tgttgctgat ccctgtggca6960 tcagtaagcc tctaccttgt gggaatgcag gatctaaatg aagagaggaa gtgctggccc7020
catgctgtgg tctggaaagc tatgcaggct ctttgagcag agagtgaccc acaagtgaat7080 agagtcctat gagactcaaa
gcaacatcca cccttaagca gctctaacca aatgctcaca7140 ctgagggagc caaagccaag ttagagtcct gtgcttgccc
aaggtcactt tgcctggccc7200 tcctcctata gcacccgtgt tatcttatag ccctcattac agtgattaca attataatta7260
gagaggtaac agggccacac tgtccttaca cattcccctg ctagattgta gctgggagag7320 ggggagatgt aggtggctgg
gggagtggga gggaagatgc agattttcat tctgggctct7380 actccctcag ccattttttg gtgtgggagt tagactttgg atatgttgat
gatgaggtaa7440 



gggccacaga acagtctgaa ctgtggtatc agaatcctgt ccctctccct ctctcctcat7500 ccctcttcac cttgtcactc ctctgtctgc
tacaggtggt ttctggctgg gtatagacca7560 agagggagct gagggcaccc tgtccctcat aggcaccatc ttcggggtgc
tggccagcct7620 ctgcgtctcc ctcaatgcca tctataccaa gaaggtgctc ccagcagtgg acaacagcat7680 ctggcgccta
accttctata acaatgtcaa tgcctgtgtg ctettcttgc ccctgatggt7740 tctgctgggt gagctccgtg ccctccttga ctttgctcat
ctgtacagtg cccacttctg7800 gctcatgatg acgctgggtg gcctcttcgg ctttgccatt ggctatgtga caggactgca7860
gatcaaattc accagtcccc tgacccacaa tgtatcaggc acagccaagg cctgtgcgca7920 gacagtgctg gccgtgctct
actatgaaga gactaagagc ttcctgtggt ggacaagcaa7980 cctgatggtg ctgggtggct cctcagccta tacctgggtc
aggggctggg agatgcagaa8040 gacccaagag gaccccagct ccaaagaggg tgagaagagt gctattgggg
tetgagettc8100 ttcagggacc tgggactgaa cccaagtggg gcctacacag cactgaaggc ttcccatega8160 gctagccagt
gtggccctga gcaatactgt ttacatcctc cttggaatat gatctaagag8220 gagccagggt ctttcctggt aatgtcagaa
agctgccaaa tctcctgtct gccccatctt8280 gttttgggaa aaccctacca ggaatggcac ccctacctgc ctectectag
agcctgtcta8340 



cctccatatc atctctgggg ttgggaccag ctgcagcctt aaggggctgg attgatgaag8400 tgatgtcttc tacacaaggg
agatgggttg tgatcccact aattgaaggg atttgggtga8460 ccccacacct ctgggatcca gggcaggtag agtagtagct
taggtgctat taacatcagg8520 aacacctcag cctgcctttg aagggaagtg ggagcttggc caagggagga aatggccatt8580
ctgccctctt cagtgtggat gagtatggca gacctgttca tggcagctgc accctggggt8640 ggctgataag aaaacattca
cctctgcatt tcatatttgc agctctagaa cgggggagag8700 ccacacatct tttacgggtt aagtagggtg atgagctcct
ccgcagtccc taaccccagc8760 tttacctgcc tggcttccct tggcccagct acctagctgt actccctttc tgtactcttc8820
tcttctccgt catggcctcc cccaacacct ccatctgcag gcaggaagtg gagtccactt8880 gtaacctctg ttcccatgac
agagcccttt gaatacctga acccctcatg acagtaagag8940 acatttatgt tctctggggc tggggctgaa ggagcccact
ggttctcact tagcctatct9000 ggctcctgtc acaaaaaaaa aaaaagaaaa aaaaaaagca taaaccaagt
tactaagaac9060 agaagttggt ttataacgtt ctggggcagc aaagcccaga tgaagggacc catcgaccct9120 ctctgtccat
atcctcatgc tgcagaagta caggcaagct cctttaagcc tcatatagga9180 acactagcct cactcatgag ggttttactc
catgacctgt caacctcaaa gccttcaaca9240 



tgaggactcc aacgtaaatt tggggacaga agcactcaga ccatacccca gcaccacacc9300 ctcctaacct cagggtagct
gtcattctcc tagtctcctc tcttgggcct ttagaacccc9360 catttccttg gggtaatgtc tgatgttttt gtccctgtca taaaaagatg
gagagactgt9420 gtccagcctt tgattcctac ttcctacaat cccaggttct aatgaagttt gtggggcctg9480 atgccctgag
ttgtatgtga tttaataata aaaaagcaag atacagcatg tgtgtggact9540 gagtgagggc cacagggatc taaaagccaa
gtgtgagggg acccagctac agcaggcagc9600 atcctgagcc tggaatctct tcaggacaag aattctccat atacctacct
actctgggga9660 gtaggtggcc agagttcaag cttcccttag taccaactac cactggctgt gctcttactg9720 aaggcagaca
tggcactgag tgctgtccat ctgtcactca tctccacagc cattcctaat9780 gtgtggggtg ggagccatca ccaaacccca
ttttcagata aggacacagg ctcagagagg9840 cttgtgtgga gaaaagtagc agcagaattc agagagctgg gtctectgca
gcaccttgga9900 ctgccagcag ccacagtgct tgtcacacag cacatactca aaagaatgcc agccccctca9960
gcctagagtg cctggccttt ctttcagatg aggaagaggg tcaaagctgt tagcttgccc 10020 accatatgac cacatacatg
accaacagct tgagggaggg aggattactg tggctcccag 10080 cctgagaggt gggacaccca aatgtattag gtccttgaat
cagggctgac cttgtgattc 10140 agtcactcct accagaatgc tggggaatgg ggatgccaaa ggcaaaggag gctttctaag
10200 gtgtggtgta agataggcat ttctgcttcc atgtacacct gtgagcagag taggaaggcc 10260  ctgtggagaa
tatatcccac aaaccagtag cccttcctgg cagtgggtga atactgccac 10320 cctatacccc tatgcaaggc cagtagaacc
acccaaccca caacatctag agaaattaca 10380 ggtcatctta agcctctaaa ttgtggagaa actcgacatg cgcacgattc
ctaacctgct 10440 agcctagggt gcggggtgga taatttaagg aaactggggt ttcttataga atcggaggct 10500
ccatgaagtc accctgacaa gaggtcagca atagccagca gcagtggcta ctcctaagcc 10560 tccagacaga gcaccctgtg
aatgtacctt attctcacat ctgggtgtct ataggtgtga 10620 ctgggtcaga tgtcacccag gccattgcaa tgggccctta
gccccatggg gtgttgggat 10680 agcagccaag cagctcccat gctgagatac tgcctgcagt agactgatgg ataagaaaac
10740 aaggcccaaa atgttttctt tccagacttg atctttcttt gttcaaaaat gctgttttcc 10800 cttaaacttg cccaaaccca
ttgttttgca gttgaggaaa ataaggcata gaaagattaa 10860 aggaagtttc tgaggttaca gagcaaagta ctggcttcac
ctgaaataga caggtgtgcc 10920 ctgatcctga tttgagctc 10939 <210> 17 



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



<210> 19 <211> 25 <212> DNA <213> Artificial Sequence <220> <223> Primer <400> 19 gctgtctgga
gtactgtgca tctgc25 <210> 20 <211) 27 <212> DNA <213> Artificial Sequence <220> <223> Primer
<400> 20 



ggaatgcagc ttcctcaagg gactcgc27 <210> 21 <211> 27 <212> DNA <213> Artificial Sequence <220>
<223> Primer <400> 21 tgcatcaggt cggagacgct gtcgaac27 <210> 22 <211> 27 <212> DNA <213>
Artificial Sequence <220> <223> Primer 



<400> 22 gcactcgtcc gagggcaaag gaatagc27 <210) 23 <211> 24 <212> DNA <213> Artificial
Sequence <220) <223) Primer <400> 23 tgtgctggga attgaaccca ggac24 <210> 24 <211> 22 <212>
DNA <213> Artificial Sequence <220> 



<223> Primer <400> 24 ctacttgtct gtgctttctt cc22 <210> 25  <211> 27 <212> DNA <213> Artificial
Sequence <220> <223> Primer <400> 25 ctcgactcgt ccctattagg caacagc27 <210> 26 <211> 27 <212>
DNA 



<213> Artificial Sequence <220> <223> Primer <400> 26 tcagaggcag tggagcctcc agtcagc27 <210> 27
<211>115 <212> PRT <213> Artificial Sequence <220> <223> Modified antibody <400> 27 Gin Val
Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 151015 Ser Val Thr Val Ser Cys Lys Ala Ser
Gly Tyr Thr Phe Thr Asp Tyr 



202530 Glu Met His Trp Ile Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp Ile 354045 Gly Ala Ile Asp Pro
Lys Thr Gly Asp Thr Ala Tyr Ser Glu Ser Phe 505560 Gin Asp Arg Val Thr Leu Thr Ala Asp Lys Ser
Thr Ser Thr Ala Tyr 65 70 75 80 Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys
859095 Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Gly Gin Gly Thr Leu Val Thr 100105110 Val Ser Ser 115
<210> 28- <211>112 <212> PRT <213> Artificial Sequence 



<220> <223> Modified antibody <400> 28 Asp Ile Val Met Thr Gin Ser Pro Leu Ser Leu Pro Val Thr
Pro Gly 151015 Glu Pro Ala Ser Ile Ser Cys Gin Ala Ser Glu Ser Leu Val His Ser 202530 Asn Arg Asn
Thr Tyr Leu His Trp Tyr Leu Gin Lys Pro Gly Gin Ser 354045 Pro Gin Leu Leu Ile Tyr Lys Val Ser Asn
Arg Phe Ser Gly Val Pro 505560 Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile 65
70 75 80 Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Ser Gin Asn 859095 Thr His Val Pro
Pro Thr Phe Gly Gin Gly Thr Lys Leu Glu Ile Lys 100105110 



<210> 29 <211>112 <212> PRT <213> Artificial Sequence <220> <223> Modified antibody <400> 29
Asp Ile Val Met Thr Gin Ser Pro Leu Ser Leu Pro Val Thr Pro Gly 151015 Glu Pro Ala Ser Ile Ser Cys
Gin Ala Ser Glu Ser Leu Val His Ser 202530 Asn Arg Asn Thr Tyr Leu His Trp Tyr Leu Gin Lys Pro Gly
Gin Ser 354045 Pro Gin Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 505560 



Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile 65 70 75 80 Ser Arg Val Glu Ala
Glu Asp Val Gly Val Tyr Tyr Cys Ser Gin Asn  10 859095 Thr His Val Pro Pro Thr Phe Gly Gin Gly Thr
Lys Val Glu Ile Glu 100105110 <210) 30 <211) 327 <212) PRT <213) homo sapiens <400) 30 Ala Ser
Thr Lys Gly Pro Ser Val Phe Pro Lea Ala Pro Cys Ser Arg 151015 Ser Thr Ser Glu Ser Thr Ala Ala
Lea Gly Cys Leu Val Lys Asp Tyr 202530 



Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser 354045 Gly Val His Thr Phe Pro Ala
Val Leu Gin Ser Ser Gly Lea Tyr Ser 505560 Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr
Lys Thr 65 70 75 80 Tyr Thr Cys Mn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 Arg Val
Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro Ala Pro 100105110 Glu Phe Lea Gly Gly Pro Ser
Val Phe Leu Phe Pro Pro Lys Pro Lys 115120125 Asp Thr Lea Met Ile Ser Arg Thr Pro Glu Val Thr
Cys Val Val Val 130135140 Asp Val Ser Gin Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp
145150155160 Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe 



165170175 Asn Ser Thr Tyr Arg Val Val Ser Val Lea Thr Val Lea His Gin Asp 180185190 Trp Lea Asn
Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Lea 195200205 Pro Ser Ser Ile Glu Lys Thr Ile Ser
Lys Ala Lys Gly Gin Pro Arg 210215220 Glu Pro Gin Val Tyr Thr Lea Pro Pro Ser Gin Glu Glu Met Thr
Lys 225230235240 Asn Gln Val Ser Lea Thr Cys Lea Val Lys Gly Phe Tyr Pro Ser Asp 245250255 Ile
Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys 260265270 Thr Thr Pro Pro Val Lea
Asp Ser Asp Gly Ser Phe Phe Lea Tyr Ser 275280285 



Arg Lea Thr Val Asp Lys Ser Arg Trp Gin Glu Gly Asn Val Phe Ser 290295300 Cys Ser Val Met His
Glu Ala Lea His Asn His Tyr Thr Gin Lys Ser 305 310 315 320 Lea Ser Lea Ser Lea Gly Lys 325 <210)
31 <211) 330 <212) PRT <213) homo sapiens <400) 31 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Lea
Ala Pro Ser Ser Lys 151015 Ser Thr Ser Gly Gly Thr Ala Ala Lea Gly Cys Lea Val Lys Asp Tyr 202530
Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Lea Thr Ser 354045 



Gly Val His Thr Phe Pro Ala Val Lea Gin Ser Ser Gly Lea Tyr Ser 505560 Lea Ser Ser Val Val Thr Val
Pro Ser Ser Ser Lea Gly Thr Gin Thr 65 70 75 80 Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys
Val Asp Lys 859095 Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys 100105110
Pro Ala Pro Glu Lea Lea Gly Gly Pro Ser Val Phe Lea Phe Pro Pro 115120125 Lys Pro Lys Asp Thr
Lea Met Ile Ser Arg Thr Pro Glu Val Thr Cys 130135140 Val Val Val Asp Val Ser His Glu Asp Pro Glu
Val Lys Phe Asn Trp 145150155160 Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
165170175  



11 Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu 180185190 His Gin Asp Trp Leu
Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 195200205 Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile
Ser Lys Ala Lys Gly 210215220 Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu
225230235240 Leu Thr Lys Asn Gin Val Set Leu Thr Cys Leu Val Lys Gly Phe Tyr 245250255 Pro Ser
Asp Ile Ala Val Glu Trp Glu Set Asn Gly Gin Pro Glu Asn 260265270 Asn Tyr Lys Thr Thr Pro Pro Val
Leu Asp Ser Asp Gly Set Phe Phe 275280285 



Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn 290295300 Val Phe Ser Cys Ser
Val Met His Glu Ala Leu His Asn His Tyr Thr 305 310 315 320 Gin Lys Ser Leu Ser Leu Ser Pro Gly
Lys 325330 <210> 32 <211> 328 <212> PRT <213> Artificial Sequence <220> <223> Modified
antibody <400> 32 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 151015 Ser Thr
Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 



Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser 354045 Gly Val His Thr Phe Pro Ala
Val Leu Gin Ser Ser Gly Leu Tyr Ser 505560 Leu Set Set Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr
Gin Thr 65 70 75 80 Tyr Ile Cys Asn Val Asn His Lys Pro Set Asn Thr Lys Val Asp Lys 859095 Lys Val
Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys 100105110 Pro Ala Pro Glu Leu Leu Gly
Gly Pro Ser Val Phe Leu Phe Pro Pro 115120125 Lys Pro Lys Asp Thr Leu Met Ile Set Arg Thr Pro
Glu Val Thr Cys 130135140 Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp
145150155160 Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu 



165170175 Glu Gin Tyr Asn Set Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu 180185190 His Gin Asp
Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 195200205 Lys Ala Leu Pro Ala Pro Ile Glu Lys
Thr Ile Ser Lys Ala Lys Gly 210215220 Gln Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp
Glu 225230235240 Leu Thr Lys Asn Gin Val Set Leu Thr Cys Leu Val Lys Gly Phe Tyr 245250255 Pro
Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn 260265270 Asn Tyr Lys Thr Thr Pro Pro
Val Leu Asp Ser Asp Gly Ser Phe Phe 275280285 



Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gln Gly Asn 290295300 Val Phe Set Cys Ser
Val Met His Glu Ala Leu His Asn His Tyr Thr 305 310 315 320 Gin Lys Set Leu Set Leu Ser Pro 325
<210> 33 <211> 328 <212> PRT <213> Artificial Sequence <220> <223> Modified antibody <400> 33
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Set Lys  12 151015 



Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val
Ser Trp Asn Ser Gly Ala Leu Thr Ser 354045 Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu
Tyr Ser 505560 Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr 65 70 75 80 Tyr Ile
Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 Lys Val Glu Pro Lys Ser Cys Asp
Lys Thr His Thr Cys Pro Pro Cys 100105110 Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu
Phe Pro Pro 115120125 Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys 130135140
Val Val Val Asp Val Ser Gin Glu Asp Pro Glu Val Gin Phe Asn Trp 



145150155160 Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu 165170175 Glu Gin
Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu 180185190 His Gin Asp Trp Leu Asn Gly Lys
Glu Tyr Lys Cys Lys Val Ser Asn 195200205 Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala
Lys Gly 210215220 Gln Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Gin Glu Glu 225230235240
Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr 245250255 Pro Ser Asp Ile Ala Val
Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn 260265270 



Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe 275260285 Leu Tyr Ser Lys Leu
Thr Val Asp Lys Ser Arg Trp Gin Glu Gly Asn 290295300 Val Phe Ser Cys Ser Val Met His Glu Ala
Leu His Asn His Tyr Thr 305 310 315 320 Gin Lys Ser Leu Ser Leu Ser Pro 325 (210> 34 <211> 443
<212> PRT <213> Artificial Sequence <220> <223> Modified antibody <400> 34 Gin Val Gin Leu Val
Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 151015 



Ser Val Thr Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr 202530 Glu Met His Trp Ile Arg Gin
Pro Pro Gly Glu Gly Leu Glu Trp Ile 354045 Gly Ala Ile Asp Pro Lys Thr Gly Asp Thr Ala Tyr Ser Glu
Ser Phe 505560 Gin Asp Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr 65 70 75 80 Met
Glu Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Thr Arg Phe Tyr Ser Tyr Thr Tyr
Trp Gly Gin Gly Thr Leu Val Thr 100105110 Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu
Ala Pro 115120125 Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val 130135140 Lys
Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala 



145150155160 Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly 165170175 Leu Tyr
Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly 180185190 Thr Gln Thr Tyr Ile Cys Asn Val
Asn His Lys Pro Ser Asn Thr Lys 195200205 Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr
His Thr Cys 210215220 Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu  13
225230235240 Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu 245250255 



Val Thr Cys Val Val Val Asp Val Ser Gin Glu Asp Pro Glu Val Gin 260265270 Phe Asn Trp Tyr Val Asp
Gly Val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val
Val Ser Val Leu 290295300 Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305310315320 Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys 325330335 Ala Lys
Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser 340345350 Gin Glu Glu Met Thr Lys Asn Gin
Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn
Gly Gin 



370375380 Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly 385390395400 Ser
Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin 405410415 Glu Gly Asn Val Phe Ser
Cys Ser Val Met His Glu Ala Leu His Asn             420425430 His Tyr Thr Gin Lys Ser Leu Ser Leu Ser
Pro 435440 <210> 35 <211> 443 <212> PRT <213> Artificial Sequence <220> <223> Modified
antibody 



<400> 35 Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 151015 Ser Val Lys Val
Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr 202530 Glu Met His Trp Val Arg Gin Ala Pro Gly Gin
Gly Leu Glu Trp Met 354045 Gly Ala Leu Asp Pro Lys Thr Gly Asp Thr Ala Tyr Ser Gin Lys Phe
505560 Lys Gly Arg Val Thr Leu Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr 65 70 75 80 Met Glu Leu Ser
Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Thr Arg Phe Tyr Ser Tyr Thr Tyr Trp Gly Gin
Gly Thr Leu Val Thr 100105110 Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro
115120125 



Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val 130135140 Lys Asp Tyr Phe Pro Glu
Pro Val Thr Val Ser Trp Asn Ser Gly Ala 145150155160 Leu Thr Ser Gly Val His Thr Phe Pro Ala Val
Leu Gin Ser Ser Gly 165170175 Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly
180185190 Thr Gin Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys 195200205 Val Asp Lys
Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys 210215220 Pro Pro Cys Pro Ala Pro Glu Leu
Leu Gly Gly Pro Ser Val Phe Leu 225230235240 Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser
Arg Thr Pro Glu 



245250255 Val Thr Cys Val Val Val Asp Val Ser Gin Glu Asp Pro Glu Val Gin 260265270 Phe Asn Trp
Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg Glu Glu Gin Tyr Asn Ser Thr
Tyr Arg Val Val Ser Val Leu 290295300 Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
Lys 305310315320 Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys 325330335 Ala
Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser  14 340345350 



Gin Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly Phe Tyr Pro Ser
Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val
Leu Asp Ser Asp Gly 385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp
Gin 405410415 Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn             420425430
His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro 435440 














