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METHOD OF MODULATING THE ACTIVITY 
OF FUNCTIONAL IMMUNE MOLECULES 

The present application is a divisional of Us. Ser. No. 
09/958,307, ?led Oct. 9, 2001 (abandoned), Which is a 371 
U.S. national phase of PCT/JP00/02260, ?led Apr. 7, 2000, 
Which claims bene?t of JP 11.103158, ?led Apr. 9, 1999, 
contents of each of Which is hereby incorporated by refer 
ence. 

TECHNICAL FIELD 

The present invention relates to a method for controlling 
the activity of an immunologically functional molecule, 
such as an antibody, a protein, a peptide or the like, an agent 
of promoting the activity of an immunologically functional 
molecule, and an immunologically functional molecule hav 
ing the promoted activity. 

BACKGROUND ART 

Since antibodies have high binding activity, binding 
speci?city and high stability in blood, their applications to 
the diagnosis, prevention and treatment of various human 
diseases have been attempted (Monoclonal Antibodies: 
Principles and Applications, Wiley-Liss, Inc., Chapter 2.1 
(1995)). HoWever, an antibody derived from an animal other 
than human, such as a mouse antibody, is recognized as a 
foreign material When administered to a human, Which 
thereby induces a human antibody against the mouse anti 
body (human anti mouse antibody: hereinafter referred to as 
“HAMA”) in the human body, and it is known that the 
HAMA causes side effects by reaction With the administered 
mouse antibody (J. Clin. Oncol., 2, 881 (1984); Blood, 65, 
1349 (1985); J. Natl. Cancer Inst., 80, 932 (1988); Proc. 
Natl. Acad. Sci. USA, 82, 1242 (1985)), promotes disap 
pearance of the administered mouse antibody from blood (J. 
Nuc. Med., 26, 1011 (1985); Blood, 65, 1349 (1985); J. Natl. 
Cancer Inst., 80, 937 (1988)) and reduces diagnostic, pre 
ventive and therapeutic effects of the mouse antibody (J. 
Immunol., 135, 1530 (1985); CancerRes., 46, 6489 (1986)). 

For the purpose of solving these problems, attempts have 
been made to convert an antibody derived from an animal 
other than human into a humanized antibody, such as a 
human chimeric antibody or a human complementarity 
determining region (hereinafter referred to as “CDR”) 
grafted antibody, using gene recombination techniques. The 
human chimeric antibody is an antibody in Which its anti 
body variable region (hereinafter referred to as “V region”) 
is of an antibody of an animal other than human and its 
constant region (hereinafter referred to as “C region”) is of 
a human antibody (Proc. Natl. Acad. Sci. USA, 81, 6851 
(1984)). It has been reported that administration of such 
chimeric antibodies to humans eliminate serious side effects 
and the half-life in blood Was prolonged about 6 times 
compared to a mouse antibody (Proc. Natl. Acad. Sci. 
USA, 86, 4220 (1989)). The human CDR-grafted antibody 
is an antibody in Which CDR of a human antibody is 
replaced by CDR of an antibody other than human (Nature, 
321, 522 (1986)). It has been reported that, in an experi 
mentation using monkey, the immunogenicity of a human 
CDR-grafted antibody Was reduced and its half-life in blood 
Was prolonged 4 to 5 times compared to a mouse antibody 
(J. Immunol., 147, 1352 (1991)). These reports shoW that a 
humanized antibody is expected to have su?icient effects, as 
an antibody to be applied to the diagnosis, prevention and 
treatment of various human diseases, even though it is not a 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
completely human antibody. Actually, clinical tests have 
been performed With anti-tumor antibodies, such as an 
anti-CD20 human chimeric antibody, Rituxan (IDEC, Inc.), 
and an anti-HER2/neu human CDR-grafted antibody, Her 
ceptin (Genentech, Inc.). The safety and therapeutic effects 
of the anti-CD20 human chimeric antibody and of the 
anti-HER2/neu human CDR-grated antibody, to a certain 
degree, have been con?rmed in B lymphoma and breast 
cancer, respectively (J. Clin. Oncol., 16, 2825 (1998); J. 
National Cancer Institute, 90, 882 (1998)). Moreover, a 
fragment (Fab') of an anti-GPllb/llla human chimeric anti 
body, ReoPro (Centocor, Inc.), is commercially available in 
Europe and America as a secondary disease preventing drug 
after percutaneous transluminal coronary angioplasty. Cur 
rently, a large number of clinical tests are being conducted 
With other humanized antibodies. Most of these humanized 
antibodies have been prepared using gene recombination 
techniques and produced using appropriate animal cells. 

It has been revealed that ?ve classes of antibodies, i.e., 
lgM, lgD, lgG, IgA and lgE, are present in mammals. 
Antibodies of human IgG class are mainly used in the 
diagnosis, prevention and treatment of various human dis 
eases because of their long half-life in blood and functional 
characteristics, such as various effector functions and the 
like (Monoclonal Antibodies: Principles and Applications, 
Wiley-Liss, Inc., Chapter 2.1 (1995)). The human IgG class 
antibody is further classi?ed into the folloWing 4 subclasses: 
lgGl, lgG2, IgG3 and IgG4. A large number of studies have 
so far been carried out for the antibody-dependent cellular 
cytotoxicity activity (hereinafter referred to as “ADCC 
activity”) and complement-dependent cytotoxicity activity 
(hereinafter referred to as “CDC”) as effector functions of 
the IgG class antibody, and it has been reported that anti 
bodies of the lgGl subclass have the greatest ADCC activity 
and CDC activity among the human IgG class antibodies 
(Chemical Immunology, 65, 88 (1997)). Therefore, most of 
the anti-tumor humanized antibodies Which require a high 
effector function are antibodies of human IgG1 subclass, 
including the above Rituxan and Herceptin. 

Expression of ADCC activity and CDC activity of human 
IgG1 subclass antibodies requires binding of the Fc region 
of antibody to an antibody receptor existing on the surface 
of an effector cell, such as a killer cell, a natural killer cell, 
an activated macrophage or the like (hereinafter referred to 
as “FcyR”) and various complement components. It has been 
suggested that several amino acid residues in the second 
domain of the antibody hinge region and C region (herein 
after referred to as “Cy2 domain”) (Eur J. Immunol., 23, 
1098 (1993), Immunology, 86, 319 (1995), Chemical Immu 
nology, 65, 88 (1997)) and a sugar chain linked to the Cy2 
domain are also important for this binding reaction (Chemi 
cal Immunology, 65, 88 (1997)). Regarding the sugar chain, 
Boyd et al. have examined effects of a sugar chain on the 
ADCC activity and CDC activity, by treating a human 
CDR-grafted antibody, CAMPATH-lH (human IgG1 sub 
class), produced using Chinese hamster ovary cell (CHO 
cell) or mouse myeloma NSO cell With various sugar hydro 
lyzing enzymes, and reported that elimination of sialic acid 
of the non-reducing terminal does not have in?uence upon 
both activities. Further elimination of galactose residue 
hoWever Was reported to exert in?uence upon only the CDC 
activity, decreasing about 50% of its activity. Complete 
elimination of the sugar chain Was reported to cause disap 
pearance of both activities (Molecular Immunol., 32, 1311 
(1995)). Moreover, Lifely et al. have analyzed the sugar 
chain of a human CDR-grafted antibody, CAMPATH-lH 
(human IgG1 subclass) Which Was produced using CHO 
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cell, NSO cell or rat myeloma YO cell, measured its ADCC 
activity and reported that the CAMPATH-IH derived from 
YO cell shows the greatest ADCC activity, suggesting that 
N-acetylglucosamine at the bisecting position is important 
for the activity (Glycobiology, 5, 813 (1995): WO 
99/54342). These reports shoW that the structure of sugar 
chain plays an important role in the effector function of 
human IgG1 subclass antibodies, and that it may be possible 
to prepare an antibody having greater effector function by 
changing the sugar chain structure. Actually, hoWever, struc 
tures of sugar chains are complex and vary greatly. There 
exists a need therefore to further study the structure in order 
to obtain greater effector function. 

DISCLOSURE OF THE INVENTION 

An object of the present invention is to specify a sugar 
chain Which increases the ADCC activity, by analyzing 
sugar chains of human IgG1 subclass antibodies produced 
by various animal cells, and to thereby also provide a 
method for controlling the activity of an immunologically 
functional molecule. Since the ADCC activity is improved 
in such antibodies, increase in the therapeutic effect for 
various human diseases can be expected by use of not only 
anti-tumor antibodies but also anti-other diseases antibodies, 
as Well as proteins or peptides against various diseases. 
Particularly, in the clinical application of anti-tumor anti 
bodies, the anti-tumor effect of an antibody alone is insuf 
?cient in many of current cases. The insu?iciencies of 
knoWn antibodies have required the concomitant use of 
chemotherapy (Science, 280, 1197, 1998). The dependency 
on chemotherapy hoWever Will be reduced, With a reduction 
of side effects, if a stronger anti-tumor effect of an antibody 
alone is provided by the improvement of ADCC activity. 
The present inventors have evaluated in vitro activity of 
various humanized antibodies of human IgG1 subclass pro 
duced by tWo kinds of Chinese hamster ovary cells, CHO/ 
dhFr cell (ATCC CRL 9096) and CHO/DG44 cell (Somatic 
Cell and Molecular Genetics, 12, 555 (1986)), mouse 
myeloma NSO cell (RCB 0213, BIO/TECHNOLOGY, 10, 
169 (1992)), mouse myeloma SP2/0-Ag14 cell (hereinafter 
referred to as “SP2/0 cell”; ATCC CRL 1581) and rat 
myeloma YB2/3HL.P2.G11.16Ag.20 cell (hereinafter 
referred to as “YB2/0 cell”; ATCC CRL 1662) and have 
discovered, as a result, that the ADCC activity of a human 
ized antibody produced by the rat myeloma YB2/0 cell is 
considerably higher than that of the humanized antibodies 
produced by other cells. Further, as a result of an in vivo 
activity evaluation using Macaca faseicularis, it has been 
discovered that the humanized antibody produced by YB2/0 
cell shoWs the greatest effect, suggesting the utility of an 
antibody having elevated ADCC activity in a human clinical 
application. In addition, a sugar chain having the ability to 
increase the ADCC activity has been identi?ed by analyzing 
and comparing structures of the sugar chains of humanized 
antibodies produced by various animal cells in detail, and 
the present invention has been accomplished. 
More speci?cally, the present invention relates to the 

folloWing (1) to (62). 
(1) A method for controlling the activity of an immuno 

logically functional molecule, Which comprises regulating 
the presence or absence of binding of fucose to N-acetyl 
glucosamine of the reducing terminal of an N-glycoside 
linked sugar chain Which binds to the immunologically 
functional molecule. 
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4 
(2) The method according to (1), Wherein the N-glyco 

side-linked sugar chain Which binds to the immunologically 
functional molecule comprises: 

Manotl 

\6 
3 Manotl/ 

(3) A method for enhancing the activity of an immuno 
logically functional molecule, Which comprises binding a 
sugar chain in Which fucose is not present in N-acetylglu 
cosamine of the reducing terminal of an N-glycoside-linked 
sugar chain to the immunologically functional molecule. 

(4) The method according to (3), Wherein the sugar chain 
comprises: 

Manotl 

\6 
3 Manotl/ 

(5) The method according to (3), Wherein the sugar chain 
is synthesized in a cell Which has a loW enzyme activity of 
adding fucose to N-acetylglucosamine of the reducing ter 
minal or does not have said enzyme activity. 

(6) The method according to (5), Wherein the enzyme 
Which adds fucose to N-acetylglucosamine of the reducing 
terminal is a fucosyltransferase. 

(7) The method according to (6), Wherein the fucosyl 
transferase is (x1,6-?.1cosyltransferase. 

(8) The method according to (3), Wherein the sugar chain 
is synthesized in a rat myeloma cell. 

(9) The method according to (8), Wherein the rat myeloma 
cell is YB2/3HL.P2.G11.16Ag.20 cell (ATCC CRL 1662). 

(10) A method for inhibiting the activity of an immuno 
logically functional molecule, Which comprises binding a 
sugar chain in Which fucose is present in N-acetylglu 
cosamine of the reducing terminal of an N-glycoside-linked 
sugar chain to an immunologically functional molecule. 

(11) The method according to (10), Wherein the sugar 
chain comprises: 

Manotl \gMan?l 
Manotl/ 

—> 4G1CNAC131 —> 4GlcNAc 

(12) The method according to (10), Wherein the sugar 
chain is synthesized in a cell Which has a high enzyme 
activity of adding fucose to N-acetylglucosamine of the 
reducing terminal. 

(13) The method according to (12), Wherein the enzyme 
Which adds fucose to N-acetylglucosamine of the reducing 
terminal is a fucosyltransferase. 

(14) The method according to (13), Wherein the fucosyl 
transferase is (x1,6-?.1cosyltransferase. 

(15) The method according to (1) to (14), Wherein the 
immunologically functional molecule is an antibody, a pro 
tein or a peptide. 

(16) An agent of promoting the activity of an immuno 
logically functional molecule, comprising a sugar chain in 
Which fucose is not present in N-acetylglucosamine of the 
reducing terminal of an N-glycoside-linked sugar chain. 
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(17) The agent of promoting the activity of an immuno 
logically functional molecule according to (16), Wherein the 
sugar chain comprises: 

Manotl \gMan?l 
Manotl/ 

—> 4GlcNAcbl —> 4GlcNAc 

(18) The agent of promoting the activity of an immuno 
logically functional molecule according to (16), Wherein the 
sugar chain is synthesized in a cell Which has a loW enZyme 
activity of adding fucose to N-acetylglucosamine of the 
reducing terminal or does not have said enZyme activity. 

(19) The agent of promoting the activity of an immuno 
logically functional molecule according to (18), Wherein the 
enZyme Which adds fucose to N-acetylglucosamine of the 
reducing terminal is a fucosyltransferase. 

(20) The agent of promoting the activity of an immuno 
logically functional molecule according to (19), Wherein the 
fucosyltransferase is (x1,6-?1cosyltransferase. 

(21) The agent of promoting the activity of an immuno 
logically functional molecule according to (16), Wherein the 
sugar chain is synthesiZed in a rat myeloma cell. 

(22) The agent of promoting the activity of an immuno 
logically functional molecule according to (21), Wherein the 
rat myeloma cell is YB2/3HL.P2.G11.16Ag.20 cell (ATCC 
CRL 1662). 

(23) The agent of promoting the activity of an immuno 
logically functional molecule according to any one of (1 6) to 
(22), Wherein the immunologically functional molecule is an 
antibody, a protein or a peptide. 

(24) An immunologically functional molecule having a 
promoted immunologically functional activity, to Which 
molecule a sugar chain in Which fucose is not present in 
N-acetylglucosamine of the reducing terminal of an N-gly 
coside-linked sugar chain is bound. 

(25) An immunologically functional molecule having an 
inhibited immunologically functional activity, to Which mol 
ecule a sugar chain in Which fucose is present in N-acetyl 
glucosamine of the reducing terminal of an N-glycoside 
linked sugar chain is bound. 

(26) The immunologically functional molecule according 
to (24), Wherein the immunologically functional molecule is 
an antibody, a protein or a peptide. 

(27) The immunologically functional molecule according 
to (25), Wherein the immunologically functional molecule is 
an antibody, a protein or a peptide. 

(28) A method for producing the immunologically func 
tional molecule according to (24), Which comprises using a 
cell Which has a loW enZyme activity of adding fucose to 
N-acetylglucosamine of the reducing terminal or does not 
have said enZyme activity. 

(29) The method according to (28), Wherein the enZyme 
Which adds fucose to N-acetylglucosamine of the reducing 
terminal is a fucosyltransferase. 

(30) The method according to (29), Wherein the fucosyl 
transferase is (x1,6-?1cosyltransferase. 

(31) A method for producing the immunologically func 
tional molecule according to (24), Wherein a rat myeloma 
cell is used in the method for producing an immunologically 
functional molecule having a promoted immunologically 
functional activity. 

(32) The method according to (31), Wherein the rat 
myeloma cell is YB2/3HL.P2.G11.16Ag.20 cell. 
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(33) A method for producing the immunologically func 

tional molecule according to (25), Wherein a cell having a 
high enZyme activity of adding fucose to N-acetylglu 
cosamine of the reducing terminal is used. 

(34) The method according to (33), Wherein the enZyme 
Which adds fucose to N-acetylglucosamine of the reducing 
terminal is a fucosyltransferase. 

(35) The method according to (34), Wherein the fucosyl 
transferase is (x1,6-?1cosyltransferase. 

(36) The immunologically functional molecule according 
to (26), Wherein the antibody recogniZes a tumor-related 
antigen. 
A tumor-related antigen of the present invention is an 

antigen Which is expressed in a tumor cell in greater amount 
in comparison With normal cells. Examples include ganglio 
side GD2, GD3 and GM2 (Cancer Immunol. immunother, 
43, 152 (1996)), HER2 (J. Surgical Research, 77, 85 
(1998)), CD52 (Leukemia Research, 22, 185 (1998)), 
MAGE (APMIS, 106, 665 (1998)) and the like. In addition, 
a factor Which induces groWth of a tumor cell and its 
receptor are also tumor-related antigens. Examples include a 
basic ?broblast groWth factor and its receptor (Pancreas, 17, 
169 (1998)), a vascular endothelial cell groWth factor and its 
receptor (Pathology International, 48, 499 (1998)) and the 
like. 

(37) The immunologically functional molecule according 
to (36), Wherein the tumor-related antigen is ganglioside 
GD3. 

(38) The immunologically functional molecule according 
to (36), Wherein the antibody is produced by 7-9-51 (FERM 
BP-6691). 

(39) The immunologically functional molecule according 
to (26), Wherein the antibody recogniZes an antigen related 
to an allergy or in?ammation. 

An antigen related to an allergy or in?ammation accord 
ing to the present invention is an antigen Which induces an 
allergy or in?ammation and an antigen Which is induced 
accompanied by an allergy or in?ammation. Examples 
include interleukin 5 and its receptor (International 
Archives. Allergy. Immunol, 117, 11 (1998)), a tumor necro 
sis factor and its receptor (Cytokine, 8, 651 (1996)) and the 
like. 

(40) The immunologically functional molecule according 
to (39), Wherein the antigen related to an allergy or in?am 
mation is human interleukin 5 receptor a chain. 

(41) The immunologically functional molecule according 
to (39), Wherein the antibody is produced by No. 3 (FERM 
BP-6690). 

(42) The immunologically functional molecule according 
to (26), Wherein the antibody recogniZes an antigen related 
to a cardiovascular disease. 

An antigen related to a cardiovascular disease according 
to the present invention is an antigen Which is concerned in 
a cardiovascular disease induced by thrombus, vascular 
re-stricture or the like. Examples include platelet Gpllb/llla 
(Thrombosis Research, 89, 129 (1998)), a platelet-derived 
groWth factor and its receptor (American J. Physiology, 269, 
1641 (1995)), a blood coagulation factor (Thrombosis. Hae 
mostasis, 79, 14 (1998)) and the like. 

(43) The immunologically functional molecule according 
to (27), Wherein the antibody recogniZes an antigen related 
to an autoimmune disease. 

An antigen related to an autoimmune disease according to 
the present invention is an autoantigen Which induces an 
immune response as the cause of a disease and an antigen 
that enhances the response. Examples include auto-DNA 
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(Rheumatology International, 17, 223 (1998)), CD4 (Rheu 
matic Diseases Clinics. North America, 24, 567 (1998)) and 
the like. 

(44) The immunologically functional molecule according 
to (26), wherein the antibody recognizes an antigen related 
to a viral or bacterial infection. 

An antigen related to a viral or bacterial infection accord 
ing to the present invention is an antigen related to its 
infection and groWth in a viral or bacterial target cell and 
also includes a viral or bacterial product. Examples include 
gp120 (Virology, 248, 394 (1998)), CXCR4 (J. Wrology, 72, 
8453 (1998)), Vero toxin (J. Clinical Microbiology, 34, 2053 
(1996)) and the like. 

(45) An agent for diagnosing a cancer, comprising the 
immunologically functional molecule according to (36) as 
an active ingredient. 

(46) An agent for treating a cancer, comprising the immu 
nologically functional molecule according to (36) as an 
active ingredient. 

(47) An agent for preventing a cancer, comprising the 
immunologically functional molecule according to (36) as 
an active ingredient. 

(48) An agent for diagnosing an allergy or in?ammation, 
comprising the antibody according to (39) as an active 
ingredient. 

(49) An agent for treating an allergy or in?ammation, 
comprising the antibody according to (39) as an active 
ingredient. 

(50) An agent for preventing an allergy or in?ammation, 
comprising the antibody according to (39) as an active 
ingredient. 

(51) An agent for diagnosing a cardiovascular disease, 
comprising the antibody according to (42) as an active 
ingredient. 

(52) An agent for treating a cardiovascular disease, com 
prising the antibody according to (42) as an active ingredi 
ent. 

(53) An agent for preventing a cardiovascular disease, 
comprising the antibody according to (42) as an active 
ingredient. 

(54) An agent for diagnosing an autoimmune disease, 
comprising the antibody according to (43) as an active 
ingredient. 

(55) An agent for treating an autoimmune disease, com 
prising the antibody according to (43) as an active ingredi 
ent. 

(56) An agent for preventing an autoimmune disease, 
comprising the antibody according to (43) as an active 
ingredient. 

(57) An agent for diagnosing a viral or bacterial infection, 
comprising the antibody according to (44) as an active 
ingredient. 

(58) An agent for treating a viral or bacterial infection, 
comprising the antibody according to (44) as an active 
ingredient. 

(5 9) An agent for preventing a viral or bacterial infection, 
comprising the antibody according to (44) as an active 
ingredients 

(60) An agent for diagnosing various diseases, comprising 
the peptide or protein according to (26) or (27) as an active 
ingredient. 

Examples of the various diseases according to the present 
invention include a cancer, an allergic disease, an in?am 
matory disease, a cardiovascular disease, an autoimmune 
disease, a viral or bacterial infection and the like. 
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(61) An agent for treating various diseases, comprising 

the peptide or protein according to (60) as an active ingre 
dient. 

(62) An agent for preventing various diseases, comprising 
the peptide or protein according to (60) as an active ingre 
dient. 

Based on the binding form of immunologically functional 
molecules, the sugar chain is roughly classi?ed into tWo 
kinds, namely a sugar chain Which binds to asparagine 
(called N-glycoside-linked sugar chain) and a sugar chain 
Which binds to serine, threonine and the like (called O-gly 
coside-linked sugar chain). 
The N-glycoside-linked sugar chain according to the 

present invention has various structures (Biochemical 
Experimentation Method 23iMethodfor Studying Glyco 
protein Sugar Chains (Gakkai Shuppan Center), edited by 
Reiko Takahashi (1989)), but each case has the folloWing 
common basic core structure. 

Manotl \gMan?l 
Manotl/ 

In the above structure, the sugar chain terminal Which 
binds to asparagine is called a reducing terminal, and the 
opposite side is called a non-reducing terminal. The fucose 
may be bound to N-acetylglucosamine of the reducing 
terminal by, for example, an 0.1,3 bond, an (x1,6 bond or the 
like. 

Examples of the N-glycoside-linked sugar chains include 
a high mannose type, in Which only mannose binds to the 
non-reducing terminal of the core structure; a complex type, 
in Which the non-reducing terminal side of the core structure 
has one or more branches of galactose-N-acetylglucosamine 

(hereinafter referred to as “Gal-GlcNAc”) and the non 
reducing terminal side of Gal-GlcNAc further has a structure 
such as a sialic acid, bisecting N-acetylglucosamine or the 
like; a hybrid type, in Which the non-reducing terminal side 
of the core structure has both branches of the high mannose 
N-glycoside-linked sugar chain and complex N-glycoside 
linked sugar chain; and the like. 
An immunologically functional molecule is a molecule 

Which is originally derived from the living body and is 
involved in various immune responses. Speci?cally, it 
includes antibodies, proteins, peptides and the like. 
An antibody is a protein Which is produced in vivo by an 

immune response as a result of the stimulation by a foreign 
antigen and has an activity to speci?cally bind to the antigen. 
Examples of the antibody include an antibody secreted by a 
hybridoma cell prepared from spleen cells of an immunized 
animal after immunization of the animal With an antigen, as 
Well as an antibody prepared by gene recombination tech 
niques, namely an antibody obtained by introducing an 
antibody encoding gene-inserted antibody expression vector 
into a host cell. Examples include an antibody produced by 
a hybridoma, a humanized antibody, a human antibody and 
the like. 
A hybridoma is a cell Which produces a monoclonal 

antibody having a desired antigen speci?city and is obtained 
by cell fusion of a B cell prepared by immunizing a mammal 
other than human With an antigen, With a myeloma cell 
derived from a mouse or the like. 

Humanized antibodies includes a human chimeric anti 
body, a human complementarity determining region (here 
inafter referred to as “CDR”)-grafted antibody and the like. 
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A human chimeric antibody is an antibody comprising an 
antibody heavy chain variable region (hereinafter referred 
also to as “HV” or “VH”, Wherein the heavy chain is an H 
chain and the variable region is a V region) and an antibody 
light chain variable region (hereinafter referred to also as 
“LV” or “VL”, Wherein the light chain is an L chain) derived 
from an animal other than human, a heavy chain constant 
region (hereinafter referred to also as “CH”, Wherein the 
constant region is a C region) of a human antibody and a 
light chain constant region (hereinafter referred to also as 
“CL”) of a human antibody. Animals other than human may 
be any of mouse, rat, hamster, rabbit and the like, so long as 
a hybridoma can be prepared from the same. 

The human chimeric antibody can be produced by obtain 
ing cDNAs encoding VH and VL from a hybridoma Which 
produces a monoclonal antibody, inserting each of the 
cDNAs into an expression vector for a host cell having a 
gene encoding human antibody CH and human antibody CL 
to construct a human chimeric antibody expression vector, 
and then introducing the vector into a host cell to express the 
antibody. 
Any CH of the human chimeric antibody may be used, so 

long as it belongs to a human immunoglobulin (hereinafter 
referred to as “hlg”), but those of the hlgG class are 
preferred and any of subclasses belonging to the hlgG class, 
such as hlgGl, hlgG2, hlgG3 and hlgG4, can be used. 
Moreover, any CL of the human chimeric antibody may be 
used, so long as it belongs to hlg, and those ofK class or 7» 
class can be used. 
A human CDR-grafted antibody is an antibody in Which 

amino acid sequences of CDRs of the VH and VL of an 
antibody derived from an animal other than human are 
grafted to appropriate positions of the VH and VL of a 
human antibody. 

The human CDR-grafted antibody can be produced by 
constructing cDNAs encoding V regions in Which CDR 
sequences of the VH and VL of an antibody derived from an 
animal other than human are grafted to CDR sequences of 
the VH and VL of a human antibody, inserting each of the 
cDNAs into an expression vector for a host cell having a 
gene encoding the CH of a human antibody and the CL of 
a human antibody to construct a human CDR-grafted anti 
body expression vector, and introducing the expression 
vector into a host cell to express the human CDR-grafted 
antibody. 

The CH of the human CDR-grafted antibody may be any 
region Which belongs to hlg, but those of the hlgG class are 
preferred. Any of subclasses belonging to the hlgG class 
such as hlgGl, hlgG2, hlgG3, hlgG4 and the like can be 
used. Also, the CL of the human CDR-grafted antibody may 
be any region Which belongs to hlg, and those of K class or 
7» class can be used. 
A human antibody is originally meant to be an antibody 

naturally existing in the human body, but it also includes 
antibodies obtained from a human antibody phage library 
and a human antibody-producing transgenic animal or a 
human antibody-producing transgenic plant, Which are pre 
pared based on recent advances in genetic engineering, cell 
engineering and developmental engineering techniques. 

The antibody existing in the human body can be obtained, 
for example, by isolating a human peripheral blood lym 
phocyte, immortaliZing it by its infection With EB virus or 
the like, folloWed by cloning, culturing a lymphocyte 
capable of producing the antibody, and purifying the anti 
body from the culture mixture. 

The human antibody phage library is a library in Which an 
antibody fragment, such as Fab, a single chain antibody or 
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the like, is expressed on the phage surface by inserting an 
antibody gene prepared from human B cell into a phage 
gene. A phage expressing an antibody fragment having the 
desired antigen binding activity can be recovered from this 
library, using its activity to bind to an antigen-immobilized 
substrate as the marker. The antibody fragment can be 
converted further into a human antibody molecule compris 
ing tWo full H chains and tWo full L chains by genetic 
engineering techniques. 
A human antibody-producing transgenic non-human ani 

mal is an animal in Which a human antibody-encoding gene 
is integrated into cells. Speci?cally, a human antibody 
producing transgenic animal can be prepared by introducing 
a human antibody-encoding gene into a mouse ES cell, 
transplanting the ES cell into an early stage embryo of 
another mouse, and developing an animal. The human 
antibody may be prepared and accumulated in a culture 
mixture of the human antibody-producing transgenic animal 
by obtaining a human antibody-producing hybridoma 
according to a hybridoma preparation method usually car 
ried out in mammals other than human and then culturing the 
hybridoma. 
An activity of antibodies of the present invention includes 

ADCC activity. 
ADCC activity as used herein refers to an activity to 

injury a tumor cell or the like by activating an effector cell 
via the binding of the Fc region of an antibody to an Fc 
receptor existing on the surface of an effector cell such as a 
killer cell, a natural killer cell, an activated macrophage or 
the like (Monoclonal Antibodies: Principles and Applica 
Zions, Wiley-Liss, Inc., Chapter 2.1 (1995)). 
Any protein and peptide can be used, so long as they can 

activate various immune response. Examples include inter 
feron molecules, such as interleukin-2 (IL-2) (Science, 193, 
1007 (1976)) and interleukin-12 (IL-12) (J. Leuc. Biol., 55, 
280 (1994)); colony-stimulating factors, such as granulocyte 
colony-stimulating factor (G-CSF) (J. Biol. Chem, 258, 
9017 (1983)), macrophage colony-stimulating factor 
(M-CSF) (J. Exp. Neal, 173, 269 (1992)) and granulocyte 
macrophage colony-stimulating factor (MG-CSF) (J. Biol. 
Chem, 252, 1998 (1977)); groWth factors, such as erythro 
poietin (EPO) (J. Biol. Chem, 252, 5558 (1977)) and 
thrombopoietin (TPO) (Nature, 369, 533 (1994)); and the 
like. 
The activities of protein and peptide of the present inven 

tion are activities of various immunocompetent cells includ 
ing lymphocytes (T cell, B cell and the like) and macroph 
age, or various immune response reactions, When the sugar 
chain-containing protein and peptide are administered into 
the living body. 
The promotion of activities of protein and peptide of the 

present invention includes activation of NK cell and T cell 
by IL-2 and IL-12, promotion activities of erythrocyte 
production by EPO and the like Which are further increased. 

1. Method for AnalyZing Sugar Chain of lmmunologically 
Functional Molecule 

(1) Compositional Analysis of Neutral Sugar and Amino 
sugar 
As described above, the sugar chain of IgG comprises a 

neutral sugar, such as galactose, mannose, fucose or the like, 
an aminosugar, such as N-acetylglucosamine or the like, and 
an acidic sugar, such as sialic acid or the like. 

Regarding compositional analysis of the sugar chain of an 
antibody, the compositional ratio can be analyZed by releas 
ing neutral sugars or amino sugars by acid hydrolysis of the 
sugar chain. 
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