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(57) ABSTRACT 

The present invention discloses a reshaped human antibody 
against human IL-8 comprising: 

(A) L chains each comprising: 

(1) a human L chain C region; and, 

(2) an L chain V region comprising a human L chain 
FR, and an L chain CDR of mouse monoclonal 
antibody against human IL-8; and, 

(B) H chains each comprising: 

(1) a human H chain C region; and, 

(2) an H chain V region comprising a human H chain 
FR, and an H chain CDR of mouse monoclonal 
antibody against human IL-8. 

Since the majority of this reshaped human antibody origi 
nates in human antibody and the CDR has loW antigenicity, 
the reshaped human antibody of the present invention has 
loW antigenicity to humans, and can therefore be expected to 
be useful in medical treatment. 
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RESHAPED HUMAN ANTIBODY TO HUMAN 
INTERLEUKIN-8 

TECHNICAL FIELD 

[0001] The present invention relates to the complementa 
rity determining regions (CDRs) and the variable regions (V 
regions) of mouse monoclonal antibody against human 
interleukin-8 (IL-8), to human/mouse chimeric antibody 
against human IL-8, as Well as to a reshaped human antibody 
Wherein the complementarity determining regions of the 
human light chain (L chain) variable region and the human 
heavy chain (H chain) variable region are substituted With 
the CDR of mouse monoclonal antibody against human 
IL-8. Moreover, the present invention provides DNAs that 
code for the above-mentioned antibody and its portions. The 
present invention also relates to a vector that contains the 
above-mentioned DNA, and more particularly, to an expres 
sion vector and a host transformed With said vector. More 
over, the present invention provides a process for producing 
reshaped human antibody against human IL-8 as Well as a 
process for producing a chimeric antibody against human 
IL-8. 

BACKGROUND ART 

[0002] Interleukin-8 (IL-8) Was discovered in the culture 
supernatant of monocytes stimulated With lipopolysaccha 
ride (LPS), and is a chemokine knoWn also as monocyte 
derived neutrophil chemotactic factor (MDNCF) or neutro 
phil activating protein-1 (NAP-1). IL-8 is produced by 
various cells, acts on polymorphonuclear leukocytes and 
lymphocytes, and possesses activity that causes chemotaxis 
along its concentration gradient. In addition, not only does 
it induce chemotaxis in neutrophils, but it also activates 
neutrophilic functions such as degranulation, the release of 
superoxide, and the promotion of adhesion to endothelial 
cells. 

[0003] In in?ammatory diseases, and more speci?cally in 
respiratory diseases such as pulmonary cystic ?brosis, idio 
pathic pulmonary ?brosis, adult respiratory distress syn 
drome, sarcoidosis and empyema, as Well as in skin diseases 
such as psoriasis, and in chronic rheumatoid arthritis, 
Crohn’s disease and ulcerative colitis, leukocyte in?ltration 
is observed pathologically at the in?amed site of these 
diseases. In addition, IL-8 is detected in test samples from 
patients With these diseases, suggesting that IL-8 may play 
a central role in in?ammation. (McElvaney, N. G. et al., J. 
Clin. Invest., 90, 1296-1301, 1992; Lynch III, JP. et al.,Am. 
Rev. Respir. Dis., 145, 1433-1439, 1992; Donnelly, S. C. et 
al., Lancet, 341, 643-647, 1993; Car, B. D. et al., Am. J. 
Respir. Crit. Care Med., 149, 655-659, 1994; Antony, V. B. 
et al., J. Immunol., 151, 7216-7223, 1993; Takematsu, H. et 
al., Arch. Dermatol., 129, 74-80, 1993; Brennan, F. M. et al., 
Eur. J. Immunol., 20, 2141-2144, 1990; IZZO, R. S. et al., 
Scand. J. Gastroenterol., 28, 296-300, 1993; IZZO, R. S. et 
al., Am. J. Gastroenterol., 87, 1447-1452, 1992). 

[0004] Subsequence to immuniZing mice With human IL-8 
as antigen, Ko, Y-C. et al. prepared the mouse monoclonal 
antibody WS-4 that binds to human IL-8 and inhibits the 
binding of human IL-8 to neutrophils as a result of that 
binding, namely that neutraliZes the biological activity pos 
sessed by human IL-8. It has been clearly shoWn that the 
isotypes of mouse monoclonal antibody WS-4 consist of a 
K-type L chain and a Cyl-type H chain (J. Immunol. Meth 
ods, 149; 227-235, 1992). 
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[0005] KnoWn examples of antibodies against human IL-8 
other than WS-4 include A.5.12.14 (Boylan, A. M. et al., J. 
Clin. Invest., 89, 1257-1267, 1992), the anti-Pep-1 antibody 
and anti-Pep-3 antibody disclosed in International Patent 
Application No. W092-04372, and DM/ C7 (Mulligan, M. S. 
et al., J. Immunol., 150, 5585-5595, 1993). 

[0006] It Was also found by administration of the mouse 
monoclonal antibody WS-4 into experimental models using 
rabbits that neutrophil in?ltration is inhibited in pulmonary 
ischemic and reperfusion injury (Sekido, N. et al., Nature, 
365, 654-657, 1993), LPS-induced dermatitis (Harada, A. et 
al., Internatl. Immunol., 5, 681-690, 1993) and LPS- or 
interleukin-1 (IL-1)-induced arthritis (Akahoshi, T. et al., 
Lymphokine Cytokine Res., 13, 113-116, 1994). 

[0007] A homologue of human IL-8 exists in rabbits, and 
is referred to as rabbit IL-8. Since it has been clearly shoWn 
that the mouse monoclonal antibody WS-4 cross-reacts With 
rabbit IL-8, and that the antibody inhibits binding of rabbit 
IL-8 to rabbit neutrophils (Harada, A. et al., Internatl. 
Immunol., 5, 681-690, 1993), these ?ndings suggest that 
anti-human IL-8 antibody Would be useful as a therapeutic 
agent for the treatment of in?ammatory diseases in humans. 

[0008] Monoclonal antibodies originating in mammals 
other than humans exhibit a high degree of immunogenicity 
(also referred to as antigenicity) in humans. For this reason, 
even if mouse antibody is administered to humans, as a 
result of its being metaboliZed as a foreign substance, the 
half life of mouse antibody in humans is relatively short, 
thus preventing its anticipated effects from being adequately 
demonstrated. Moreover, human anti-mouse antibody that is 
produced in response to administered mouse antibody 
causes an immune response that is both uncomfortable and 
dangerous for the patient, examples of Which include serum 
sickness or other allergic response. For this reason, mouse 
antibody cannot be administered frequently to humans. 

[0009] In order to resolve these problems, a process for 
producing a humaniZed antibody Was developed. Mouse 
antibody can be humaniZed by tWo methods. The simpler 
method involves producing a chimeric antibody in Which the 
variable region (V region) is derived from the original 
mouse monoclonal antibody, and the constant region (C 
region) is derived from a suitable human antibody. Since the 
resulting chimeric antibody contains the variable region of 
the mouse antibody in its complete form, it has identical 
speci?city to the original mouse antibody, and can be 
expected to bind to antigen. 

[0010] Moreover, in the chimeric antibody, since the pro 
portion of protein sequences derived from an animal other 
than human is substantially reduced in comparison to the 
original mouse antibody, it is predicted to have less immu 
nogenicity in comparison to the original mouse antibody. 
Although the chimeric antibody binds Well to antigen and 
has loW immunogenicity, there is still the possibility of an 
immune response to the mouse variable region occurring, 
hoWever (LoBuglio, A.F. et al., Proc. Natl. Acad. Sci. USA, 
86, 4220-4224, 1989). 
[0011] Although the second method for humaniZing 
mouse antibody is more complexed, the latent immunoge 
nicity of the mouse antibody is reduced considerably. In this 
method, only the complementarity determining region 
(CDR) is grafted from the variable region of mouse antibody 
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onto the human variable region to create a reshaped human 
variable region. HoWever, in order to approximate more 
closely the structure of the CDR of the reshaped human 
variable region to the structure of the original mouse anti 
body, there are cases in Which it may be necessary to graft 
a portion of the protein sequence of the framework region 
(FR) supporting the CDR from the variable region of the 
mouse antibody to the human variable region. 

[0012] Next, these reshaped human variable regions are 
linked to the human constant region. Those portions derived 
from non-human protein sequences consist only of the CDR 
and a very slight portion of the FR in the humaniZed 
antibody. CDR is composed of hyper-variable protein 
sequences, and these do not exhibit species speci?city. For 
this reason, the reshaped human antibody that contains the 
mouse CDRs ought not to have immunogenicity stronger 
than that of a natural human antibody containing human 
CDRs. 

[0013] Additional details regarding reshaped human anti 
bodies can be found by referring to Riechmann, L. et al., 
Nature, 332, 323-327, 1988; Verhoeyen, M. et al., Science, 
239, 1534-1536, 1988; Kettleborough, C. A. et al., Protein 
Eng., 4, 773-783, 1991; Maeda, H. et al., Hum. Antibodies 
Hybridomas, 2, 124-134, 1991; Gorman, S. D. et al., Proc. 
Natl. Acad. Sci. USA, 88, 4181-4185, 1991; Tempest, P. R. 
et al., Bio/Technology, 9, 266-271, 1991; C0, M. S. et al., 
Proc. Natl. Acad. Sci. USA, 88, 2869-2873, 1991; Carter, P. 
et al., Proc. Natl. Acad. Sci. USA, 89, 4285-4289, 1992; C0, 
M. S. et al., J. Immunol., 148, 1149-1154, 1992; and, Sato, 
K. et al., Cancer Res., 53, 851-856, 1993. 

DISCLOSURE OF THE INVENTION 

[0014] As stated above, although reshaped human anti 
bodies are predicted to be useful for the purpose of therapy, 
there are no knoWn reshaped human antibodies against 
human IL-8. Moreover, there are no standard processes that 
can be applied universally to an arbitrary antibody. for 
producing reshaped human antibody. Thus, various contriv 
ances are necessary to create a reshaped human antibody 
that exhibits suf?cient binding activity and/or neutraliZing 
activity With respect to a speci?c antigen (for example, Sato, 
K. et al., Cancer Res., 53, 851-856, 1993). The present 
invention provides an antibody against human IL-8 having 
a loW degree of immunogenicity. 

[0015] The present invention provides a reshaped human 
antibody against human IL-8. The present invention also 
provides a human/mouse chimeric antibody that is useful in 
the production process of said reshaped human antibody. 
Moreover, the present invention also provides a fragment of 
reshaped human antibody. In addition, the present invention 
provides an expression system for producing chimeric anti 
body and reshaped human antibody and fragments thereof. 
Moreover, the present invention also provides a process for 
producing chimeric antibody against human IL-8 and frag 
ments thereof, as Well as a process for producing reshaped 
human antibody against human IL-8 and fragments thereof. 

[0016] More speci?cally, the present invention provides: 

[0017] (1) an L chain V region of mouse monoclonal 
antibody against human IL-8; and, 

[0018] (2) an H chain V region of mouse monoclonal 
antibody against human IL-8. 
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[0019] Moreover, the present invention provides: 

[0020] (1) an L chain comprising a human L chain C 
region, and an L chain V region of mouse mono 
clonal antibody against human IL-8; and, 

[0021] (2) an H chain comprising a human H chain C 
region, and an H chain V region of mouse mono 
clonal antibody against human IL-8. 

[0022] Moreover, the present invention also provides chi 
meric antibody against human IL-8 comprising: 

[0023] (1) L chains each comprising a human L chain 
C region, and an L chain V region of mouse mono 
clonal antibody against human IL-8; and, 

[0024] (2) H chains each comprising a human H 
chain C region, and an H chain V region of mouse 
monoclonal antibody against human IL-8. 

[0025] Moreover, the present invention provides: 

[0026] (1) an L chain V region of mouse monoclonal 
antibody WS-4 against human IL-8; and, 

[0027] (2) an H chain V region of mouse monoclonal 
antibody WS-4 against human IL-8. 

[0028] Moreover, the present invention also provides: 

[0029] (1) an L chain comprising a human L chain C 
region, and an L chain V region of mouse mono 
clonal antibody WS-4 against human IL-8; and, 

[0030] (2) an H chain comprising a human H chain C 
region, and an H chain V region of mouse mono 
clonal antibody WS-4 against human IL-8. 

[0031] In addition, the present invention provides chi 
meric antibody against human IL-8 comprising: 

[0032] (1) L chains each comprising a human L chain 
C region, and an L chain V region of mouse mono 
clonal antibody WS-4 against human IL-8; and, 

[0033] (2) H chains each comprising a human H 
chain C region, and an H chain V region of mouse 
monoclonal antibody WS-4 against human IL-8. 

[0034] Moreover, the present invention provides: 

[0035] (1) CDR of an L chain V region of monoclonal 
antibody against human IL-8; and, 

[0036] (2) CDR of an H chain V region of mono 
clonal antibody against human IL-8. 

[0037] Moreover, the present invention also provides: 

[0038] (1) CDR of an L chain V region of mouse 
monoclonal antibody against human IL-8; and, 

[0039] (2) CDR of an H chain V region of mouse 
monoclonal antibody against human IL-8. 

[0040] Moreover, the present invention also provides a 
reshaped human L chain V region of an antibody against 
human IL-8 comprising: 

[0041] (1) frameWork regions (FRs) of a human L 
chain V region; and, 

[0042] (2) CDRs of an L chain V region of mouse 
monoclonal antibody against human IL-8; 



US 2002/0082396 A1 

[0043] as Well as a reshaped human H chain V region 
of antibody against human IL-8 comprising: 

[0044] (1) PRs of a human H chain V region; and, 

[0045] (2) CDRs of an H chain V region of mouse 
monoclonal antibody against human IL-8. 

[0046] Moreover, the present invention provides a 
reshaped human L chain of antibody against human IL-8 
comprising: 

[0047] (1) a human L chain C region; and, 

[0048] (2) an L chain V region comprising human L 
chain PRs and L chain CDRs of mouse monoclonal 
antibody against human IL-8; 

[0049] as Well as a reshaped human H chain of 
antibody against human IL-8 comprising: 

[0050] (1) a human H chain C region; and, 

[0051] (2) an H chain V region comprising human 
H chain PRs and H chain CDRs of mouse mono 
clonal antibody against human IL-8. 

[0052] In addition, the present invention also provides 
reshaped human antibody against human IL-8 comprising: 

c ams eac com r1s1n : [0053] (A) L h ' h p ' ' g 

[0054] (1) a human L chain C region; and, 

[0055] (2) an L chain V region comprising PRs of 
a human L chain, and CDRs of an L chain of 
mouse monoclonal antibody against human IL-8; 
as Well as 

[0056] (B) H chains each comprising: 

[0057] (1) a human H chain C region; and, 

[0058] (2) an H chain V region comprising PRs of 
a human H chain, and CDRs of an H chain of 
mouse monoclonal antibody against human IL-8. 

[0059] More speci?cally, the present invention provides: 

[0060] (1) CDRs of an L chain V region of mouse 
monoclonal antibody WS-4 against human IL-8 hav 
ing the folloWing sequences or a portion thereof: 

[0061] CDR1: Arg Ala Ser Glu Ile Ile Tyr Ser Tyr 
Leu Ala 

[0062] CDR2: Asn Ala Lys Thr Leu Ala Asp 

[0063] CDR3: Gln His His Phe Gly Phe Pro Arg 
Thr as Well as 

[0064] (2) CDRs of an H chain V region of mouse 
monoclonal antibody WS-4 against human IL-8 hav 
ing the folloWing sequences or a portion thereof: 

[0065] CDR1: Asp Tyr Tyr Leu Ser 

[0066] CDR2: Leu Ile Arg Asn Lys Ala Asn Gly 
Tyr Thr Arg Glu Tyr Ser Ala Ser Val Lys Gly 

[0067] CDR3: Glu Asn Tyr Arg Tyr Asp Val Glu 
Leu Ala Tyr 

[0068] Moreover, the present invention provides a 
reshaped human L chain V region of antibody against human 
IL-8 comprising: 
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[0069] (1) framework regions (PRs) of a human L 
chain V region; and, 

[0070] (2) CDRs of an L chain V region of mouse 
monoclonal antibody WS-4 against human IL-8; as 
Well as 

[0071] a reshaped human H chain V region of anti 
body against human IL-8 comprising: 

[0072] (1) PRs of a human H chain V region; and, 

[0073] (2) CDRs of an H chain V region of mono 
clonal antibody WS-4 against human IL-8. 

[0074] Moreover, the present invention provides a 
reshaped human L chain of antibody against human IL-8 
comprising: 

[0075] (1) a human L chain C region; and, 

[0076] (2) an L chain V region comprising PRs of a 
human L chain, and CDRs of an L chain of mouse 
monoclonal antibody WS-4 against human IL-8; as 
Well as 

[0077] a reshaped human H chain of antibody against 
human IL-8 comprising: 

[0078] (1) a human H chain C region; and, 

[0079] (2) an H chain V region comprising PRs of 
a human H chain, and CDRs of an H chain of 
monoclonal antibody WS-4 against human IL-8. 

[0080] In addition, the present invention also provides a 
reshaped human antibody against human IL-8 comprising: 

0081 A L chains each com risin : [ p g 

[0082] (1) a human L chain C region; and, 

[0083] (2) an L chain V region comprising PRs of 
a human L chain and CDRs of an L chain of mouse 
monoclonal antibody WS-4 against human IL-8; 
and 

0084 B H chains each com risin : [ p g 

[0085] (1) a human H chain C region; and, 

[0086] (2) an H chain V region comprising PRs of 
a human H chain and CDRs of an H chain of 
mouse monoclonal antibody WS-4 against human 
IL-8. 

[0087] Examples of the above-mentioned PRs of a human 
L chain include those having the folloWing amino acid 
sequences or a portion thereof: 

[0088] PR1: Asp Ile Gln Met Thr Gln Ser Pro Ser Ser 
Leu Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys 

[0089] PR2: Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro 
Lys Leu Leu Ile Tyr 

[0090] PR3: Gly Val Pro Ser Arg Phe Ser Gly Ser Gly 
Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu Gln 
Pro Glu Asp Ile Ala Thr Tyr Tyr Cys 

[0091] PR4: Phe Gly Gln Gly Thr Lys Val Glu Ile Lys 
or, 

[0092] PR1: Asp Ile Gln Met Thr Gln Ser Pro Ser Ser 
Leu Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys 
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[0093] PR2: Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro 
Lys Leu Leu Ile Tyr 

[0094] PR3: Gly Val Pro Ser Arg Phe Ser Gly Ser Gly 
Ser Gly Thr Asp Tyr Thr Phe Thr Ile Ser Ser Leu Gln 
Pro Glu Asp Ile Ala Thr Tyr Tyr Cys 

[0095] PR4: Phe Gly Gln Gly Thr Lys Val Glu Ile Lys 

[0096] Examples of the above-mentioned PRs of a human 
H chain include those having the following amino acid 
sequences or a portion thereof: 

[0097] PR1: Glu Val Gln Leu Leu Glu Ser Gly Gly 
Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser 
Cys Ala Ala Ser Gly Phe Thr Phe Ser 

[0098] PR2: Trp Val Arg Gln Ala Gln Gly Lys Gly 
Leu Glu Leu Val Gly 

[0099] PR3: Arg Leu Thr Ile Ser Arg Glu Asp Ser Lys 
Asn Thr Leu Tyr Leu Gln Met Ser Ser Leu Lys Thr 
Glu Asp Leu Ala Val Tyr Tyr Cys Ala Arg 

[0100] PR4: Trp Gly Gln Gly Thr Leu Val Thr Val Ser 
Ser; 

[0101] PR1: Glu Val Gln Leu Leu Glu Ser Gly Gly 
Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser 
Cys Ala Ala Ser Gly Phe Thr Phe Ser 

[0102] PR2: Trp Val Arg Gln Ala Gln Gly Lys Gly 
Leu Glu Trp Val Gly 

[0103] PR3: Arg Leu Thr Ile Ser Arg Glu Asp Ser Lys 
Asn Thr Leu Tyr Leu Gln Met Ser Ser Leu Lys Thr 
Glu Asp Leu Ala Val Tyr Tyr Cys Ala Arg 

[0104] PR4: Trp Gly Gln Gly Thr Leu Val Thr Val Ser 
Ser; 

[0105] PR1: Glu Val Gln Leu Leu Glu Ser Gly Gly 
Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser 
Cys Ala Ala Ser Gly Phe Thr Phe Ser 

[0106] PR2: Trp Val Arg Gln Ala Pro Gly Lys Gly 
Leu Glu Leu Val Gly 

[0107] PR3: Arg Leu Thr Ile Ser Arg Glu Asp Ser Lys 
Asn Thr Leu Tyr Leu Gln Met Ser Ser Leu Lys Thr 
Glu Asp Leu Ala Val Tyr Tyr Cys Ala Arg 

[0108] PR4: Trp Gly Gln Gly Thr Leu Val Thr Val Ser 
Ser; 

[0109] PR1: Glu Val Gln Leu Leu Glu Ser Gly Gly 
Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser 
Cys Ala Ala Ser Gly Phe Thr Phe Ser 

[0110] PR2: Trp Val Arg Gln Ala Pro Gly Lys Gly 
Leu Glu Trp Val Gly 

[0111] PR3: Arg Leu Thr Ile Ser Arg Glu Asp Ser Lys 
Asn Thr Leu Tyr Leu Gln Met Ser Ser Leu Lys Thr 
Glu Asp Leu Ala Val Tyr Tyr Cys Ala Arg 

[0112] PR4: Trp Gly Gln Gly Thr Leu Val Thr Val Ser 
Ser; 

[0113] PR1: Glu Val Gln Leu Leu Glu Ser Gly Gly 
Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser 
Cys Ala Ala Ser Gly Phe Thr Phe Ser 

[0114] PR2: Trp Val Arg Gln Pro Pro Gly Lys Gly 
Leu Glu Trp Val Gly 
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[0115] PR3: Arg Leu Thr Ile Ser Arg Glu Asp Ser Lys 
Asn Thr Leu Tyr Leu Gln Met Ser Ser Leu Lys Thr 
Glu Asp Leu Ala Val Tyr Tyr Cys Ala Arg 

[0116] PR4: Trp Gly Gln Gly Thr Leu Val Thr Val Ser 
Ser; 

[0117] PR1: Glu Val Gln Leu Leu Glu Ser Gly Gly 
Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser 
Cys Ala Ala Ser Gly Phe Thr Phe Ser 

[0118] PR2: Trp Val Arg Gln Ala Pro Gly Lys Ala Leu 
Glu Trp Val Gly 

[0119] PR3:Arg Leu Thr Ile Ser Arg Glu Asp Ser Lys 
Asn Thr Leu Tyr Leu Gln Met Ser Ser Leu Lys Thr 
Glu Asp Leu Ala Val Tyr Tyr Cys Ala Arg 

[0120] PR4: Trp Gly Gln Gly Thr Leu Val Thr Val Ser 
Ser; 

[0121] PR1: Glu Val Gln Leu Leu Glu Ser Gly Gly 
Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser 
Cys Ala Ala Ser Gly Phe Thr Phe Ser 

[0122] PR2: Trp Val Arg Gln Ala Pro Gly Lys Gly 
Leu Glu Trp Val Gly 

[0123] PR3: Arg Phe Thr Ile Ser Arg Glu Asp Ser Lys 
Asn Thr Leu Tyr Leu Gln Met Ser Ser Leu Lys Thr 
Glu Asp Leu Ala Val Tyr Tyr Cys Ala Arg 

[0124] PR4: Trp Gly Gln Gly Thr Leu Val Thr Val Ser 
Ser; or, 

[0125] PR1: Glu Val Gln Leu Leu Glu Ser Gly Gly 
Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser 
Cys Ala Ala Ser Gly Phe Thr Phe Ser 

[0126] PR2: Trp Val Arg Gln Ala Gln Gly Lys Gly 
Leu Glu Trp Val Gly 

[0127] PR3: Arg Phe Thr Ile Ser Arg Glu Asp Ser Lys 
Asn Thr Leu Tyr Leu Gln Met Ser Ser Leu Lys Thr 
Glu Asp Leu Ala Val Tyr Tyr Cys Ala Arg 

[0128] PR4: Trp Gly Gln Gly Thr Leu Val Thr Val Ser 
Ser 

[0129] In addition, the present invention also relates to 
DNA that codes for polypeptide that comprises the above 
mentioned various antibodies, and their fragments. The 
present invention also relates to a vector that contains the 
above-mentioned DNA, an example of Which is an expres 
sion vector. Moreover, the present invention provides a host 
that is transformed by the above-mentioned vector. 

[0130] Moreover, the present invention also provides a 
process for producing chimeric antibody against human 
IL-8, and its fragments, as Well as a process for producing 
reshaped human antibody against human IL-8, and its frag 
ments. 

BRIEF DESCRIPTION OP THE DRAWINGS 

[0131] FIG. 1 indicates the expression vectors HEP-VL 
gK and HEP-VH-gyl, containing the human elongation fac 
tor-lot (HEP-10.) promoter/enhancer, Which are useful for 
expression of the L chain and H chain, respectively, of the 
antibody of the present invention. 

[0132] FIG. 2 is a graph indicating the results of ELISA 
for con?rmation of the binding ability to human IL-8 of the 
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chimeric WS-4 antibody (chL/chH) of the present invention 
secreted into the culture medium of COS cells. 

[0133] FIG. 3 is a diagram of the construction of DNA 
that codes for the amino acid sequences of each of the ?rst 
version “a” (RVHa) of the H chain V region of reshaped 
human WS-4 antibody of the present invention (A), and the 
?rst version “a” (RVLa) of the L chain V region of reshaped 
human WS-4 antibody 

[0134] FIG. 4 is a graph indicating the results of ELISA 
for comparing the binding ability to human IL-8 of the L 
chain V region (RVLa) and the H chain V region (RVHa) of 
the reshaped human WS-4 antibody of the present invention 
in combination With, respectively, the H chain V region of 
chimeric WS-4 antibody (chH) and the L chain V region of 
chimeric WS-4 antibody (chL) expressed in COS cells, With 
that of the chimeric WS-4 antibody (chL/chH) of the present 
invention secreted into the culture medium of COS cells. 

[0135] FIG. 5 is a graph indicating the results of ELISA 
for comparing the binding ability against human IL-8 of 8 
types of reshaped human WS-4 antibody containing the 
RVLa of the present invention (RVLa/RVHa, RVLa/RVHb, 
RVLa/RVHc, RVLa/RVHd, RVLa/RVHe, RVLa/RVHf, 
RVLa/RVHg and RVLa/RVHh) secreted into the culture 
medium of COS cells, With that of the chimeric WS-4 
antibody (chL/chH) of the present invention secreted into 
the culture medium of COS cells. 

[0136] FIG. 6 is a graph indicating the results of ELISA 
for comparing the binding ability to human IL-8 of 8 types 
of reshaped human WS-4 antibody containing the second 
version RVLb of the present invention (RVLb/RVHa, RVLb/ 
RVHb, RVLb/RVHc, RVLb/RVHd, RVLb/RVHe, RVLb/ 
RVHf, RVLb/RVHg and RVLb/RVHh) produced in the 
culture supernatant of COS cells, With that of the chimeric 
WS-4 antibody (chL/chH) of the present invention secreted 
into the culture medium of COS cells. 

[0137] FIG. 7 is a graph indicating the results of ELISA 
for comparing the binding abilities to human IL-8 of the 
puri?ed reshaped human WS-4 antibodies RVLa/RVHg and 
RVLb/RVHg of the present invention and the puri?ed chi 
meric WS-4 antibody (chL/chH) of the present invention. 

[0138] FIG. 8 is a graph indicating the results of ligand 
receptor binding inhibition assays for comparison of the 
ability to inhibit binding of IL-8 to the IL-8 receptor, of the 
puri?ed reshaped human antibodies RVLa/RVHg and 
RVLb/RVHg of the present invention, With that of the mouse 
WS-4 antibody and the chimeric WS-4 antibody (chL/chH) 
of the present invention. 

SPECIFIC MODE FOR CARRYING OUT THE 
INVENTION 

[0139] Cloning of DNA Coding for Mouse V Region 

[0140] In order to clone a gene that codes for the V region 
of mouse monoclonal antibody against human IL-8, it is 
necessary to prepare a hybridoma that produces mouse 
monoclonal antibody against human IL-8 for the acquisition 
of such a gene. After the extraction of mRNA from the 
hybridoma, the mRNA is converted into single-stranded 
cDNA according to knoWn methods, folloWed by ampli? 
cation of the target DNA using the polymerase chain reac 
tion (PCR) to obtain the gene. An example of a source of this 
gene is the hybridoma WS-4, Which produces mouse mono 
clonal antibody against human IL-8, produced by K0, Y.C. 
et al. The process for preparing this hybridoma is described 
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in J. Immunol. Methods, 149, 227-235, 1992, and is 
described later as Reference Example 1. 

[0141] (1) Extraction of Total RNA 

[042] In order to clone the target DNA that codes for the 
V region of mouse monoclonal antibody against human 
IL-8, total RNA can be obtained by disrupting the hybri 
doma cells by guanidine thiocyanate treatment and perform 
ing cesium chloride density gradient centrifugation (Chirg 
Win, J.M. et al., Biochemistry, 18, 5294-5299, 1979). 
Furthermore, other methods that are used during the cloning 
of genes, such as that in Which detergent treatment and 
phenol treatment are performed in the presence of a ribo 
nuclease (RNase) inhibitor such as vanadium complex 
(Berger, S.L. et al., Biochemistry, 18, 5143-5149, 1979), can 
also be used. 

[0143] (2) cDNA Synthesis 

[0144] Next, single-stranded cDNA complementary to 
mRNA can be obtained by treating the total RNA With 
reverse transcriptase using oligo(dT), an oligonucleotide 
complementary to the poly (A) tail located at the 3‘ end of 
mRNA, as primer, and the mRNA contained in the total 
RNA obtained in the above manner as template (Larrick, J. 
W. et al., Bio/Technology, 7, 934-938, 1989). In addition, a 
random primer may also be used at the same time. Further 
more, in the case that it is desired ?rst to isolate mRNA, this 
may be done by applying the total RNA to a column of 
oligo(dT)-cellulose, to Which the poly(A) tail of mRNA 
binds. 

[0145] (3) Ampli?cation of DNA Coding for V Region by 
Polymerase Chain Reaction 

[0146] Next, cDNA that codes for the above-mentioned V 
region is speci?cally ampli?ed using the polymerase chain 
reaction (PCR). In order to amplify the kappa (K) type L 
chain V region of mouse monoclonal antibody, the 11 types 
of oligonucleotide primers shoWn in SEQ ID Nos: 1 to 11 
(Mouse Kappa Variable; MKV) and the oligonucleotide 
primer shoWn in SEQ ID No: 12 (Mouse Kappa Constant; 
MKC) are used as the 5‘ terminal primer and the 3‘ terminal 
primer, respectively. The above-mentioned MKV primers 
hybridiZe to the DNA sequence that codes for the mouse 
kappa-type L chain leader sequence, While the above-men 
tioned MKC primer hybridiZes to the DNA sequence that 
codes for the mouse kappa-type L chain C region. 

[0147] In order to amplify the H chain V region of mouse 
monoclonal antibody, the 12 types of oligonucleotide prim 
ers shoWn in SEQ ID Nos: 13 to 24 (Mouse Heavy Variable; 
MHV) and the oligonucleotide primer shoWn in SEQ ID No: 
25 (Mouse Heavy Constant; MHC) are used as the 5‘ 
terminal primer and the 3‘ terminal primer, respectively. The 
above-mentioned MHV primers hybridiZe to the DNA 
sequence that codes for the mouse H chain leader sequence, 
While the above-mentioned MHC primer hybridiZes to the 
DNA sequence that codes for the mouse H chain C region. 

[0148] Furthermore, all 5‘ terminal primers (MKV and 
MHV) contain the sequence GTCGAC that provides a SalI 
restriction enZyme cleavage site near the 3‘ terminus, While 
both 3‘-terminal primers (MKC and MHC) contain the 
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nucleotide sequence CCCGGG that provides an XmaI 
restriction enzyme cleavage site near the 5‘ terminus. These 
restriction enZyme cleavage sites are used for the subcloning 
of target DNA fragments that code for both V regions into 
the respective cloning vectors. In the case that these restric 
tion enZyme cleavage sites are also present in the target 
DNA sequence that codes for both V regions, other restric 
tion enZyme cleavage sites should be used for subcloning 
into the respective cloning vectors. 

[0149] (4) Isolation of DNA Coding for V Region 

[0150] Next, in order to obtain the DNA fragment that 
codes for the target V region of mouse monoclonal antibody, 
the PCR ampli?cation products are separated and puri?ed on 
a loW melting-point agarose gel or by a column [PCR 
Product Puri?cation kit (QIAGEN PCR Puri?cation Spin 
Kit: QIAGEN); DNA puri?cation kit (GENECLEAN II, 
BIO101). A DNA fragment is obtained that codes for the 
target V region of mouse monoclonal antibody by enZyme 
treatment of the puri?ed ampli?cation product With the 
restriction enZymes SalI and XmaI. 

[0151] Further, by cleaving a suitable cloning vector, like 
plasmid pUC19, With the same restriction enZymes, SalI and 
XmaI, and enZymatically linking the above-mentioned DNA 
fragment to this pUC19, a plasmid is obtained Which con 
tains a DNA fragment that codes for the target V region of 
mouse monoclonal antibody. Determination of the sequence 
of the cloned DNA can be performed in accordance With any 
routine method, an example of Which is the use of an 
automated DNA sequencer (Applied Biosystems). Cloning 
and sequence determination of the target DNA are described 
in detail in Examples 1 and 2. 

[0152] Complementarity Determining Regions (CDRs) 
[0153] The present invention also provides hyper-V region 
or complementarity determining region (CDR) of the V 
region of mouse monoclonal antibody against human IL-8. 
V regions of both the L chain and H chain of the antibody 
form an antigen binding site. These regions on the L chain 
and the H chain have a similar basic structure. The V regions 
of both chains contain four frameWork regions for Which the 
sequence is relatively conserved, and these four frameWork 
regions are linked by three hyper-V regions or CDR (Kabat, 
EA. et al, “Sequences of Proteins of Immunological Inter 
est”, US Dept. Health and Human Services, 1991). 

[0154] The majority of the portions of the above-men 
tioned four frameWork regions (FR) have a [3-sheet structure, 
and the three CDRs form loops. The CDRs may form a 
portion of the [3 sheet structure in some cases. The three 
CDRs are maintained at extremely close positions three 
dimensionally by the FRs, and contribute to formation of the 
antigen binding site together With three paired CDRs. The 
present invention provides CDRs that are useful as compo 
nents of humaniZed antibody, as Well as the DNA that codes 
for them. These CDRs can be determined from the experi 
mental rules of Kabat, EA. et al. “Sequences of Proteins of 
Immunological Interest”, by comparing V region sequences 
With knoWn amino acid sequences of the V region, a detailed 
explanation of Which is provided in Embodiment 3. 

[0155] Preparation of Chimeric Antibody 

[0156] Prior to designing a reshaped human V region of 
antibody against human IL-8, it is necessary to con?rm 
Whether the CDRs used actually form an antigen-binding 
region. Chimeric antibody Was prepared for this purpose. In 
order to prepare chimeric antibody, it is necessary to con 
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struct DNA that codes for the L chain and the H chain of 
chimeric antibody. The basic method for constructing both 
DNA involves linking the respective DNA sequences of the 
mouse leader sequence observed in PCR-cloned DNA and 
the mouse V region sequence to a DNA sequence that codes 
for human C region already present in a mammalian cell 
expression vector. 

[0157] The above-mentioned human antibody C regions 
can be any human L chain C region and any human H chain 
C region, and With respect to the L chain, examples include 
human L chain CK or C)», While With respect to the H chain 
if IgG, examples include Cyl, Cy2, Cy3 or Cy4 (Ellison, J. 
et al., DNA, 1, 11-18 (1981), Takahashi, N. et al., Cell, 29, 
671-679 (1982), KraWinkel, U. et al., EMBO J., 1, 403-407 
(1982)), or other isotypes. 

[0158] TWo types of expression vectors are prepared for 
production of chimeric antibody, namely, an expression 
vector that contains DNA that codes for mouse L chain V 
region and human L chain C region under the control of an 
enhancer/promoter expression control region, and an expres 
sion vector that contains DNA that codes for mouse H chain 
V region and human H chain C region under the control of 
an enhancer/promoter type of expression control region. 
Next, host cells such as mammalian cells are simultaneously 
transformed by both of these expression vectors, and the 
transformed cells are cultured either in vitro or in vivo to 
produce chimeric antigen (e.g. W091-16928). 

[0159] Alternatively, DNA that codes for mouse L chain V 
region and human L chain C region and DNA that codes for 
mouse H chain V region and human H chain C region can 
be introduced into a single expression vector, host cells are 
transformed using said vector, and are then cultured either in 
vitro or in vivo to produce chimeric antibody. 

[0160] The production of chimeric antibody from mono 
clonal antibody WS-4 is described in Embodiment 4. 

[0161] cDNA that codes for mouse WS-4 K-type L chain 
leader sequence and the V region is cloned using PCR, and 
linked to an expression vector that contains human genome 
DNA that codes for the human L chain CK region. Similarly, 
cDNA that codes for the H chain leader sequence and V 
region of mouse WS-4 antibody is cloned using PCR and 
linked to an expression vector that contains human genome 
DNA that codes for human Cyl region. 

[0162] More speci?cally, suitable nucleotide sequences 
are introduced at the 5‘ and 3‘ termini of cDNAs that code 
for the V regions of mouse WS-4 antibody using specially 
designed PCR primers so that (1) they can be easily inserted 
into the expression vector, and (2) they function suitably in 
said expression vector (for example, transcription ef?ciency 
is improved by introducing a KoZak sequence in the present 
invention). 
[0163] Next, DNA that codes for the V region of mouse 
WS-4 antibody obtained by ampli?cation by PCR using 
these primers is introduced into HEF expression vector (see 
FIG. 1) that already contains the desired human C region. 
These vectors are suitable for transient or stable expression 
of antibody genetically engineered in various mammalian 
cell systems. 

[0164] When the antigen-binding activity of the chimeric 
WS-4 antibody prepared in this manner Was tested, the 
chimeric WS-4 antibody demonstrated binding activity to 
human IL-8 (see FIG. 2). Thus, it Was concluded that the 
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correct mouse V region had been cloned, and the correct 
sequence had been determined. 

[0165] Design of Reshaped Human WS-4 Antibody 

[0166] In order to prepare a reshaped human antibody in 
Which the CDRs of mouse monoclonal antibody are grafted 
onto human antibody, it is desirable that there be a high 
degree of homology betWeen the amino acid sequences of 
the FRs of the mouse monoclonal antibody having the CDRs 
to be grafted, and the amino acid sequences of the FRs of the 
human monoclonal antibody into Which the CDRs are to be 
grafted. 

[0167] For this purpose, the human V regions to serve as 
the basis for designing the V regions of the reshaped human 
WS-4 antibody can be selected by comparing the amino acid 
sequences of the FRs of the mouse monoclonal antibody 
With the amino acid sequence of the FR of the human 
antibodies. More speci?cally, the V regions of the L and H 
chains of mouse WS-4 antibody Were compared With all 
knoWn human V regions found in the database of the 
National Biomedical Research Foundation (NBRF) using 
the genetic analytical softWare, GENETEX (SoftWare 
Development Co., Ltd.). 
[0168] In a comparison With knoWn human L chain V 
regions, the L chain V region of mouse WS-4 antibody Was 
found to resemble most closely that of human antibody 
HAU (Watanabe, S. et al., Hoppe-Seyler’s Z. Physiol. 
Chem., 351, 1291-1295, 1970), having homology of 69.2%. 
On the other hand, in a comparison With knoWn human 
antibody H chain V regions, the H chain V region of WS-4 
antibody Was found to resemble most closely that of human 
antibody VDH26 (BuluWela, L. et al., EMBO J ., 7, 2003 
2010, 1988), having homology of 71.4%. 

[0169] In general, homology of the amino acid sequences 
of mouse V regions to the amino acid sequences of human 
V regions is less than the homology to amino acid sequences 
of mouse V regions. This indicates that the V region of 
mouse WS-4 antibody does not completely resemble the 
human V region, and at the same time, indicates that 
humaniZation of mouse WS-4 V region is the best Way to 
solve the problem of immunogenicity in human patients. 

[0170] The V region of mouse WS-4 antibody Was further 
compared With the consensus sequence of human V region 
subgroup de?ned by Kabat, E. A. et al., (1991), Sequences 
of Proteins of Immunological Interest, Fifth Edition, US. 
Department of Health and Human Services, US. Govern 
ment Printing Office, to compare betWeen V region FR. 
Those results are shoWn in Table 1. 

TABLE 1 

Homology (%) Between FR of Mouse WS-4 V Region 
and FR of the Consensus Sequence of the Human V Regions of 

Various Subgroups 

HSGI HSGII HSGIII HSGIV 

A. FR in L Chain V Region 

64.4 51.3 57.3 57.5 
B. FR in H Chain V Region 

46.9 40.9 62.3 

[0171] The FRs of the L chain V region of mouse WS-4 
antibody most closely resembled the consensus sequence of 
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FR of the human L chain V region subgroup I (HSGI), 
having homology of 64.4%. On the other hand, the FRs of 
the H chain V region of mouse WS-4 antibody most closely 
resembled the consensus sequence of human H chain V 
region subgroup III (HSGIII), having homology of 62.3%. 

[0172] These results support the results obtained from the 
comparison With knoWn human antibodies, the L chain V 
region of human antibody HAU belonging to human L chain 
V region subgroup I, and the H chain V region of human 
antibody VDH26 belonging to human H chain V region 
subgroup III. In order to design the L chain V region of 
reshaped human WS-4 antibody, it is probably best to use a 
human L chain V region belonging to subgroup I (HSGI), 
While in order to design the H chain V region of reshaped 
human WS-4 antibody,. it is probably best to use the H chain 
V region of a human antibody belonging to subgroup III 

(HSGIII). 
[0173] In a comparison With the L chain V region of 
knoWn human antibodies, the L chain V region of mouse 
antibody WS-4 most closely resembled the L chain V region 
of human antibody REI, a member of subgroup I of human 
L chain V region. Thus, the FR of REI Were used in 
designing the L chain V region of reshaped human WS-4 
antibody. Within these human FR based on REI, there are 
differences in ?ve amino acids (at positions 39, 71, 104, 105 
and 107; see Table 2) in comparison With the human REI 
documented in the original literature (Palm, W. et al., 
Hoppe-Seyler’s Z. Physiol. Chem., 356, 167-191, 1975; and, 
Epp, 0. et al., Biochemistry, 14, 4943-4952, 1975). 

[0174] The amino acid numbers shoWn in the table are 
based on the experience of Kabat, E. A. et al. (1991). The 
changes in the tWo amino acids at positions 39 and 71 Were 
same changes caused by the amino acids present in the FR 
of the L chain V region of rat CAMPATH-1H antibody 
(Riechmann, et al., 1988). According to Kabat, et al. (1991), 
the changes in the other three amino acids in FR4 (positions 
104, 105 and 107) are based on the J region from other 
human KL chains, and do not deviate from humans. 

[0175] TWo versions of the L chain V region of reshaped 
human WS-4 antibody Were designed. In the ?rst version 
RVLa, FR Was identical to the FR based on REI present in 
reshaped human CAMPATH-1H antibody (Riechmann, et 
al., 1988), While the CDR Was identical to the CDR in the 
L chain V region of mouse WS-4 antibody. The second 
version, RVLb, Was based on RVLa, and differed only by 
one amino acid at position 71 in human FR3. As de?ned by 
Chothia, C. et al., J. Mol. Biol., 196, 901-917, 1987, residue 
71 is a portion of the canonical structure of the CDR1 of the 
L chain V region. 

[0176] Amino acid at this position is predicted to directly 
affect the structure of the CDR1 loop of the L chain V region, 
and for this reason, it considered to have a signi?cant 
effecton antigen binding. In RVLb of the L chain V region 
of reshaped human WS-4 antibody, the phenylalanine at 
position 71 is changed to tyrosine. Table 2 shoWs the 
respective amino acid sequences of the L chain V region of 
mouse WS-4 antibody, the FR of the modi?ed REI for use 
in reshaped human CAMPATH-1H antibody (Riechmann, et 
al., 1988) and the tWo versions of the L chain V region of 
reshaped human WS-4 antibody. 
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TABLE 2 
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Design of L Chain V Region of Reshaped Human WS-4 

1 2 3 4 
12345678901234567890123 4567890 1234 567890123456789 

WS-4L DIQMTQSPASLSASVGETVTITC RASEIIYSYLA WYQQKQGKSPQLLVY 
REI DIQMTQSPSSLSASVGDRVTH‘C WYQQEPGKAPKLLIY 
RVLa DIQMTQSPSSLSASVGDRVTH‘C RASEIIYSYLA WYQQKPGKAPKLLIY 
RVLb - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

FR1 CDR1 FR2 
5 6 7 8 9 

0123456 78901234567890123456789012345678 901234567 
WS-4L NAKTLAD GVSSRFSGSGSGTQFSLRISSLQPEDFGSYYC QHHFGFPRT 
REI GVPSRFSGSGSGTDFTFI‘ISSLQPEDIATYYC 
RVLa NAKTLAD GVPSRFSGSGSGTDFTFI‘ISSLQPEDIATYYC QHHFGFPRT 
RVLb - - - - - - - - - - - - - - - - - - - --Y - - - - - - - - - - - - - - - - - - - - - - - - - 

CDR2 FR3 CDR3 
1 0 

89 0 1 23 45 6 7 
WS-4L FGGGTKLELK 

REI FGQGTKEIK 
RVLa FGQGTKVEIK 
RVLb -------- - 

FR4 

Note : 

FR of REI is found in reshaped human CAMPATH-1H antibody (Riechmann, et al., 1988). The ?ve underlined amino acids in 
the FR of REI are amino acids that differ from the amino acid sequence of human REI. Amino acids are designated using the 
single letter code. Amino acid numbers are in accordance With the de?nition of Kabat et al. 

[0177] The FR in the H chain V region of mouse WS-4 
antibody most closely resemble the human H chain V region 
belonging to subgroup III (Table 1). 

[0178] 
regions, the H chain V region of mouse WS-4 antibody most 

In a comparison With knoWn human H chain V 

closely resembled the H chain V region of human antibody 
VDH26, a member of subgroup III of the human H chain V 

region, from FR1 to FR3 (BuluWela, L. et al., EMBO J., 7, 
2003-2010, 1988). With respect to FR4, since the FR4 
sequence of VDH26 Was not reported, it Was decided to use 

the amino acid sequence of FR4 of human antibody 4B4 
belonging to subgroup III (Sam, I. et al., J. Immunol., 142, 
883-887, 1989). These human H chain V regions Were used 

as the basis for designing the H chain V region of reshaped 
human WS-4 antibody. 

[0179] Eight versions of the H chain V region of reshaped 
human WS-4 antibody Were designed. In all eight versions, 
human FR1, FR2 and FR3 Were based on FR1, FR2 and FR3 
of human antibody VDH26, While FR4 Was based on FR4 of 
human antibody 4B4. Mouse CDR Was identical to the CDR 
of the H chain V region of mouse WS-4 antibody. 

[0180] Tables 3 and 4 shoW the respective amino acid 
sequences of the H chain V region of mouse WS-4 antibody, 
the template FR1 through FR3 of human antibody VDH26, 
FR4 of human antibody 4B4, and the 8 versions of the H 
chain V region of reshaped human WS-4 antibody. 

TABLE 3 

Design of H Chain V Region of 
Reshaped Human WS-4 Antibody 

(FolloWed by Table 4) 

1 2 3 
123456789012345678901234567890 12345 

WS-4H EVKLVESGGGLIQPGDSLRLSCVTSGFTFS DYYLS 
VDH26 EVQLLESGGGLVQPGGSLRLSCAASGFTFS 
RVHa ~ h EVQLLESGGGLVQPGGSLRLSCAASGFTFS DYYLS 

FR1 CDR1 
4 5 6 

67890123456789 012ABC3456789012345 
WS-4H WVRQPPGKALEWVG LIRNKANGYTREYSASVKG 
VDH26 WVRQAQGKGLELVG 
RVHa WVRQAQGKGLELVG LIRNKANGYTREYSASVKG 

RVHb RVHc - 

RVHd -----P-----W-- - 

RVHe ----PP-----W-- - 

RVHf -----P--A--W-- - 

RVHg -----P-----W- 
RVHh --------- --W-- ----------------- - 
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[0181] 

TABLE 4 

Design of H Chain V Region of Reshaped Human WS-4 
(Following on Table 3) 

7 8 9 1O 

67890123456789012ABC3456789)1234 56789OA8C12 
WS-4H RFTISRDDSQSILYLQMNTLRGEDSATYYCAR ENYRYDVELAY 
VDH26 RLTISREDSKNTLYLQMSSLKTEDLAV Y YCAR 
RVHa RLTISREDSKNTLYLQMSSLKTEDLAV Y YCAR ENYRYDVELAY 

RVHd 
RVHe 

RVHh --------- - 

CDR3 

345 6 78 9O 1 23 

FF 4 

Note : 

RVHa-h indicates RVHa, RVHb, RVHc, RVHd, RVHe, RVHf, RVHg and RVHh. 
Amino acids are designated using the single letter code. Amino acid numbers are in 
accordance With the de?nition of Kabat et al. 

[0182] Preparation of DNA Coding for V Region of 
Reshaped Human WS-4 Antibody 

[0183] Preparation of the V region of reshaped human 
WS-4 antibody is described in detail in Example 5. 

[0184] DNAs that code for the respective ?rst versions of 
the L chain and H chain V regions of reshaped human WS-4 
antibody Were synthesized. It Was then con?rmed that the 
entire DNA sequence of version “a” of the L chain and H 
chain V regions of reshaped human WS-4 antibody codes for 
the correct amino acid sequence by sequence determination. 
The sequence of version “a” of the L chain V region of 
reshaped human WS-4 antibody is shoWn in SEQ ID NO: 
62, While the sequence of version “a” of the H chain V 
region of reshaped human WS-4 antibody is shoWn in SEQ 
ID NO: 38. 

[0185] DNAs that code for other versions of V region of 
reshaped human WS-4 antibody Were prepared using a slight 
variation of the publicly disclosed PCR-mutation induction 
method (Kammann, M. et al., Nucleic Acids Res., 17, 5404, 
1989) With the ?rst version “a” as the template. As previ 
ously described in relation to the design of the V region of 
the reshaped human WS-4 antibody, DNA that codes for one 
additional version of the L chain V region of reshaped 
human WS-4 antibody (version “b”), as Well as DNA that 
code for seven additional versions of the H chain V region 
of reshaped human WS-4 antibody (versions “b”, “c”, “d”, 
“e”, “f”, “g” and “h”) Were prepared. 

[0186] These additional versions contained slight changes 
in a series of amino acid sequences from the ?rst version, 
and these changes in the amino acid sequences Were 
achieved by making slight changes in the DNA sequence 
using PCR mutation induction. APCR primer Was designed 
that introduces the required change in the DNA sequence. 
After a series of PCR reactions, the PCR product Was cloned 
followed by sequence determination to con?rm that the 

changes in the DNA sequence had occurred as designed. The 
sequence of version “b” of the L chain V region of reshaped 
human WS-4 antibody is shoWn in SEQ ID NO: 65, While 
the sequences of versions “b”, “c”, “d”, “e”, “f”, “g” and “h” 
of the H chain V region of reshaped human WS-4 antibody 
are shoWn in SEQ ID Nos: 41, 44, 45, 48, 51, 54 and 55, 
respectively. 
[0187] After con?rming the DNA sequences of various 
versions of the V region of reshaped human WS-4 antibody 
by sequence determination, the DNAs that code for the V 
region of reshaped human WS-4 antibody Were subcloned to 
mammalian cell expression vectors that already contain 
DNA that codes for the human C region. Namely, DNA that 
codes for the V chain L region of reshaped human WS-4 
antibody Was linked to a DNA sequence that codes for 
human L chain C region, While DNA that codes for the H 
chain V region of reshaped human WS-4 antibody Was 
linked to a DNA sequence that codes for the human Cyl 
region. 
[0188] Next, all combinations of version “a” or “b” of the 
reshaped human L chain V region, and versions “a” through 
“h” of the H chain V region Were tested for binding to human 
IL-8. As a result, as is shoWn in FIG. 7, both reshaped 
human antibodies containing L chain version “a” or “b”, and 
H chain version “g” (RVLa/RVHg and RVLb/RVHg) dem 
onstrated the ability to bind to human IL-8 to the same extent 
as chimeric WS-4 antibody. 

[0189] Any expression system, including eukaryotic cells 
such as animal cells or established mammalian cells, fugus 
cells, yeast cells and procaryotic cells such as bacterial cells 
(e.g. Escherichia coli) can be used for producing the chi 
meric antibody or reshaped human antibody against human 
IL-8 of the present invention. Preferably, hoWever, the 
chimeric antibody or reshaped antibody of the present 
invention is expressed in mammalian cells, such as COS 
cells or CHO cells. In these cases, a useful, commonly used 
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promoter can be used to express in mammalian cells. For 
example, it is preferable to use the human cytomegalovirus 
immediate early (HCMV) promoter. Examples of expression 
vectors that contain HCMV promoter include HCMV-VH 
HCy1 and HCMV-VL-HCK, as Well as those derived from 
pSV2neo (International Patent Application Publication No. 
W092-19759) are also included. 

[0190] In addition, examples of other promoters of genetic 
expression in mammalian cells that can be used in the 
present invention that should be used include virus promot 
ers such as retrovirus, polioma virus, adenovirus and simian 
virus 40 (SV40), as Well as promoters originating in mam 
malian cells such as human polypeptide chain elongation 
factor-1ot(HEF-1ot). For example, in the case of using SV40 
promoter, expression can be performed by folloWing the 
method of Mulligan, R. C. et al. (Nature, 277, 108-114, 
1979) or in the case of using HEP-10. promoter, expression 
can be performed by folloWing the method of MiZushima, S. 
et al. (Nucleic Acids Res., 18, 5322, 1990). 

[0191] Another speci?c example of a useful promoter for 
the present invention is HEP-10. promoter. HEF-VH-gyl 
and HEF-VL-gK (FIG. 1) are contained in an expression 
vector containing this promoter. DNA sequences originating 
in polyoma virus, adenovirus, SV40 or bovine papilloma 
virus (BPV) and so forth can be used as repricator points. 
Moreover, in order to amplify the number of genetic copies 
in the host cells, aminoglucoside-3‘-phosphotransferase, 
neo-resistant gene, thymidine kinase (TK) gene, E. coli 
xanthin-guanine phosphoribosyl-transferase (XGPRT) gene 
or dihydrofolate reductase (dhfr) can be used as selection 
markers. 

[0192] In summary, the present invention ?rst provides an 
L chain V region and H chain V region of mouse monoclonal 
antibody against human IL-8, as Well as DNA that codes for 
said L chain V region and DNA that codes for said H chain 
V region. These are useful in the preparation of human/ 
mouse chimeric antibody and reshaped human antibody to 
human IL-8. An example of monoclonal antibody is WS-4. 
The L chain V region has the amino acid sequence shoWn in, 
for example, SEQ ID NO: 26, While the H chain V region 
has the amino acid sequence shoWn, for example, in SEQ ID 
NO: 27. These amino acid sequences are coded for by 
nucleotide sequences shoWn, for example, in SEQ ID Nos: 
26 and 27, respectively. 

[0193] The chimeric antibody against human IL-8 of the 
present invention comprises: 

[0194] (1) a human L chain C region and mouse L 
chain V region; and, 

[0195] (2) a human H chain C region and mouse H 
chain V region. 

[0196] The mouse L chain V region, mouse H chain V 
region and DNAs that code for these are as previously 
described. The above-mentioned human L chain C region 
can be any human L chain C region, examples of Which 
include the human CK and C)» regions. The above-men 
tioned human H chain C region can be any human H chain 
C region, examples of Which include the human Cy1, Cy2, 
Cy3 or Cy4 region (Ellison, J. et al., DNA, 1, 11-18 (1981), 
Takahashi, N. et al., Cell, 29, 671-679 (1982), and 
KraWinkel, U. et al., EMBO J., 1, 403-407 (1982)). 
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[0197] TWo types of expression vectors are prepared for 
producing chimeric antibody. Namely, an expression vector 
that contains DNA that codes for the mouse L chain V region 
and human L chain C region under the control of an 
enhancer/promoter type of expression control region, and an 
expression vector that contains DNA that codes for the 
mouse H chain V region and human H chain C region under 
the control of an enhancer/promoter type of expression 
control region. Next, host cells in the manner of mammalian 
cells are simultaneously transformed With these expression 
vectors, and the transformed cells are cultured either in vitro 
or in vivo to produce chimeric antibody. 

[0198] Alternatively, DNA that codes. for mouse L chain 
V region and human L chain C region and DNA that codes 
for mouse H chain V region and human H chain C region can 
be introduced into a single expression vector, host cells are 
transformed using said vector, and those transformed cells 
are then cultured either in vitro or in vivo to produce 
chimeric antibody. 

[0199] The reshaped human WS-4 antibody of the present 
invention comprises: 

[0200] (A) L chains each comprising: 
[0201] (1) a human L chain C region; and, 
[0202] (2) an L chain V region comprising a 
human L chain FRs, and an L chain CDRs of 
mouse monoclonal antibody WS-4 against human 
IL-8, as Well as 

[0203] (B) H chains each comprising: 
[0204] (1) a human H chain C region; and, 
[0205] (2) an H chain V region comprising a 
human H chain FRs, and H chain CDRs of mouse 
monoclonal antibody WS-4 against human IL-8. 

[0206] In a preferable mode of the present invention, the 
above-mentioned L chain CDR is Within the amino acid 
sequence shoWn in SEQ ID NO: 26, With the extents of said 
amino acid sequence being de?ned in Table 5; the above 
mentioned H chain CDR is Within the amino acid sequence 
shoWn in SEQ ID NO: 27, With the extents of said amino 
acid sequence being de?ned in Table 5; the above-mentioned 
human L chain ER is derived from REI; the above-men 
tioned human H chain FR1, FR2 and FR3 are derived from 
VDH26, and FR4 is derived from 4B4; the above-mentioned 
human L chain C region is the human CK region; and, the 
above-mentioned human H chain C region is the human Cy1 
region. In addition, the above-mentioned human H chain C 
region may be the human Cy4 region, or a radioisotope may 
be bound instead of the above-mentioned human L chain C 
region and/or human H chain C region. 

[0207] It is preferable to substitute a portion of the amino 
acid sequence of the above-mentioned human FR to prepare 
reshaped human antibody that has sufficient activity With 
respect to a speci?c antigen. 

[0208] In a preferable mode of the present invention, the 
L chain V region has the amino acid sequence shoWn as 
RVLa or RVLb in Table 2, While the H chain V region has 
the amino acid sequence shoWn as RVHa, RVHb, RVHc, 
RVHd, RVHe, RVHf, RVHg or RVHh in Tables 3 and 4. 
Moreover, the amino acid at position 41 in the H chain V 
region FR2 should be proline, the amino acid at said position 
47 should be tryptophan, and/or the amino acid at position 
67 of said FR3 should be phenylalanine, and those having 
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the amino acid sequences shown as RVHb, RVHd, RVHe, 
RVHf, RVHg or RVHh are more preferable. That in Which 
RVHg is present as the H chain V region is the most 
preferable. 

[0209] TWo types of expression vectors are prepared for 
production of reshaped antibody. Namely, an expression 
vector that contains DNA that codes for the previously 
de?ned reshaped human L chain under control by an 
enhancer/promoter type of expression control region, as Well 
as another expression vector that contains DNA that codes 
for the previously de?ned reshaped human H chain under 
control by an enhancer/promoter type of expression control 
region, are prepared. Next, host cells such as mammalian 
cells are simultaneously transformed by these expression 
vectors, and the transformed cells are cultured either in vitro 
or in vivo to produce reshaped human antibody. 

[0210] Alternatively, DNA that codes for reshaped human 
L chain and DNA that codes for reshaped human H chain are 
introduced into a single expression vector, host cells are 
transformed using said vector, and those transformed cells 
are then cultured either in vitro or in vivo to produce the 
target reshaped human antibody. 

[0211] The chimeric antibody or reshaped human antibody 
produced in this manner can be isolated and puri?ed in 
accordance With routine methods such as protein A affinity 
chromatography, ion exchange chromatography or gel ?l 
tration. 

[0212] The chimeric L chain or reshaped human L chain of 
the present invention can be used to prepare complete 
antibody by combining With an H chain. Similarly, the 
chimeric H chain or reshaped human H chain of the present 
invention can be used to prepare complete antibody by 
combining With an L chain. 

[0213] The mouse L chain V region, reshaped human L 
chain V region, mouse H chain V region and reshaped 
human H chain V region are inherently regions that bind to 
antigen in the form of human IL-8. They are considered to 
be useful as pharmaceuticals, diagnostic drugs and so forth 
either alone or in the form of fused protein With other 
proteins. 

[0214] In addition, the L chain V region CDR and H chain 
V region CDR of the present invention are also inherently 
portions that bind to antigen in the form of human IL-8. 
These are considered to be useful as pharmaceuticals, diag 
nostic drugs and so forth either alone or in the form of fused 
protein With other proteins. 

[0215] The DNA that codes for mouse L chain V region of 
the present invention is useful for preparing DNA that codes 
for chimeric L chain, or DNA that codes for reshaped human 
L chain. Similarly, the DNA that codes for mouse H chain V 
region is useful for preparing DNA that codes for chimeric 
H chain or DNA that codes for reshaped human H chain. In 
addition, the DNA that codes for the L chain V region CDR 
of the present invention is useful for preparing DNA that 
codes for reshaped human L chain V region, or DNA that 
codes for reshaped human L chain. 

[0216] Similarly, the DNA that codes for the H chain V 
region CDR of the present invention is useful for preparing 
DNA that codes for reshaped human H chain V region, and 
DNA that codes for reshaped human H chain. Moreover, 
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reshaped human antibody F(ab‘)2, Fab or Fv, or single chain 
Fv that couples both Fv of the H chain and L chain, can be 
produced in a suitable host and used for the purposes 
described above (see, for example, Bird, RB et al., 
TIBTECH, 9, 132-137, 1991). 
[0217] Single chain Fv is composed by linking the H chain 
V region and L chain V region of reshaped human antibody 
to human IL-8. In this single chain Fv, the H chain V region 
and L chain V region are linked by a linker, and preferably 
a peptide linker (Huston, J.S. et al., Proc. Natl. Acad. Sci. 
USA, 85, 5879-5883, 1988). 
[0218] The H chain V region and L chain V region of this 
single chain Fv may be either of the above-mentioned H 
chain and L chain V regions of reshaped human antibody. 
Speci?c examples of these include the H chain V regions 
composed of the amino acid sequences described in SEQ ID 
NOs: 38, 41, 44, 45, 48, 51 and 54, and single chain Fv 
containing an L chain V region composed of the amino acid 
sequences described in SEQ ID NO: 62 or 65 (see W088 
01649). 
[0219] These V regions are preferably linked by a peptide 
linker. Examples of peptide linkers that are used include any 
arbitrary single chain peptide composed of, for example 
12-19 residues (see W088-09344). 

[0220] DNA that codes for single chain Fv is obtained by 
using DNA that codes for the H chain or H chain V region 
and DNA that codes for the L chain or L chain V region of 
the above-mentioned reshaped human antibody as template, 
amplifying the portion of DNA that codes for those amino 
acid sequences that are desired using a primer pair that 
de?nes both ends by PCR, and amplifying by combining a 
primer pair that de?nes DNA that codes for a polypeptide 
linker along With both its ends so as to respectively link the 
H and L chains. 

[0221] In addition, once the DNA that code for single 
chain Fv are prepared, an expression vector that contains 
them along With a host that is transformed by said expression 
vector can be obtained in accordance With routine methods. 
In addition, single chain Fv can be obtained in accordance 
With routine methods by using that host. 

[0222] In comparison With antibody molecules, single 
chain Fv exhibit better permeability into tissue, and are 
expected to be used in imaging by labelling With a radio 
isotope, and as a therapeutic agent having similar functions 
to reshaped human antibody. 

[0223] ELISA (EnZyme-linked immunosorbent assay), 
EIA (EnZyme immunoassay), RIA (radioimmunoassay) or 
?uorescent antibody techniques can be used to con?rm the 
binding activity of the chimeric antibody, reshaped human 
antibody and its F(ab‘)2, Fab, Fv or single chain Fv against 
IL-8 of the present invention. For example, in the case of 
using enZyme immunoassay With chimeric antibody and 
reshaped human antibody, human IL-8 is added to a plate 
coated With anti-human IL-8 polyclonal antibody, a culture 
supernatant or puri?ed sample of cells that produce chimeric 
antibody or reshaped human antibody against human IL-8 is 
added, and a suitable secondary antibody is added that is 
labeled With an enZyme such as alkaline phosphatase. After 
incubating and Washing the plate, an enZyme substrate such 
as p-nitrophenylphosphate is added folloWed by measure 
ment of absorbance to evaluate the antigen binding activity. 


























































































