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ABSTRACT

The present invention provides pharmaceutical compositions comprising
second-generation molecules that are superior than TOCILIZUMAB, by altering the amino acid
sequences of the variable and constant regions of TOCILIZUMAB, which is a humanized
anti-IL-6 receptor IgG1 antibody, to enhance the antigen-neutralizing ability and increase the
pharmacokinetics, so that the therapeutic effect is exerted with a less frequency of administration,

and the immunogenicity, safety and physicochemical properties (stability and homogeneity) are

compositions.

The present inventors have successtully generated second-generation molecules that are
superior to TOCILIZUMARB by appropriately combining amino acid sequence alterations in the

CDR domains, variable regions, and constant regions.
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DESCRIPTION

IMPROVED ANTI-IL-6 RECEPTOR ANTIBODY

Technical Field

The present invention relates to pharmaceutical compositions comprising an anti-1L-6

receptor antibody as an active ingredient, methods for producing the compositions, and such.
Background Art

Antibodies are drawing attention as pharmaceuticals as they are highly stable in plasma
and have few adverse effects. Among them, a number of 1gG-type antibody pharmaceuticals
are available on the market and many antibody pharmaceuticals are currently under development
(Non-Patent Documents | and 2). IL-6 1s a cytokine involved in various autoimmune diseases,
inflammatory diseases, malignant tumors, and so on (Non-Patent Document 3).
TOCILIZUMAB, a humanized anti-IL-6 receptor IgG1 antibody, specifically binds to the 1L.-6
receptor. It is thought that TOCILIZUMARB can be used as a therapeutic agent for
IL-6-associated diseases such as rheumatoid arthritis, since it neutralizes the biological activity
of 1L.-6 (Patent Documents 1 to 3, and Non-Patent Document 4). TOCILIZUMARB has been
approved as a therapeutic agent for Castleman’s disease and rheumatoid arthritis 1n Japan
(Non-Patent Document 3).

Humanized antibodies such as TOCILIZUMARB are first-generation antibody
pharmaceuticals. Second-generation antibody pharmaceuticals are currently being developed
by improving the efficacy, convenience, and cost of first-generation antibody pharmaceuticals.
Various technologies that are applicable to second-generation antibody pharmaceuticals are
being developed. Technologies for enhancing effector function, antigen-binding ability,
pharmacokinetics, and stability, as well as technologies for reducing the risk of immunogenicity
have been reported. As methods for enhancing drug efficacy or reducing dosage, technologies
that enhance antibody-dependent cell-mediated cytotoxic activity (ADCC activity) or
complement-dependent cytotoxic activity (CDC activity) through amino acid substitution in the
Fc region of an IgG antibody have been reported (Non-Patent Document 6).  Furthermore,
affinity maturation has been reported as a technology for enhancing antigen-binding ability or
antigen-neutralizing ability (Non-Patent Document 7).  This technology enables one to enhance
antigen-binding activity by introducing amino acid mutations into the complementarity
determining (CDR) region of a variable region or such. The enhancement of antigen-binding
ability improves in vitro biological activity or reduces dosage, and furthermore improves 7 vivo
efficacy (Non-Patent Document 8).  Currently, clinical trials are being conducted to assess

Motavizumab (produced by affinity maturation), which is expected to have a superior efficacy
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than Palivizumab, a first-generation anti-RSV antibody pharmaceutical (Non-Patent Document
9). An anti-IL-6 receptor antibody with an affinity of about 0.05 nM (i.e., greater affinity than
that of TOCILIZUMARB) has been reported (Patent Document 4). However, there is no report
describing a human, humanized, or chimeric antibody having an affinity greater than 0.05 nM.

A problem encountered with current antibody pharmaceuticals is the high production
cost associated with the administration of extremely large quantities of protein. For example,
the dosage of TOCILIZUMAB, a humanized anti-IL-6 receptor IgG1 antibody, has been
estimated to be about 8 mg/kg/month by intravenous injection (Non-Patent Document 4). Its
preferred form of administration is subcutaneous formulation in chronic autoimmune diseases.
In general, it 1s necessary that subcutaneous formulations are high-concentration formulations.
From the perspective of stability or such, the limit for IgG-type antibody formulations is
generally about 100 mg/ml (Non-Patent Document 10). Low-cost, convenient
second-generation antibody pharmaceuticals that can be administered subcutaneously in longer
intervals can be provided by increasing the half-life of an antibody in the plasma to prolong its
therapeutic effect and thereby reduce the amount of protein administered, and by conferring the
antibody with high stability.

FcRn 1s closely involved in antibody pharmacokinetics.  With regard to differences in
the plasma half-life of antibody isotypes, IgG1 and Ig(G2 are known to have superior plasma
half-life than IgG3 and IgG4 (Non-Patent Document 11). As a method for further improving
the plasma half-life of IgG1 and [gG2 antibodies which have superior plasma half-lives,
substitution of amino acids in the constant region which enhances the binding to FCRn has been
reported (Non-Patent Documents 12 and 13). From the viewpoint of immunogenicity, further
improvement of the plasma half-life is performed by substituting amino acids preferably in the
variable region rather than in the constant region (Patent Document 5). However, there 1s no
report to date on the improvement of the plasma half-life of IL-6 receptor antibodies through
alteration of the variable region.

Another important problem encountered in the development of biopharmaceuticals is
immunogenicity. In general, the immunogenicity of mouse antibodies is reduced by antibody
humanization. It is assumed that immunogenicity risk can be further reduced by using a
germline framework sequence as a template in antibody humanization (Non-Patent document 14).
However, even Adalimumab, a fully human anti-TNF antibody, showed high-frequency (13% to
17%) immunogenicity, and the therapeutic effect was found to be reduced in patients who

showed immunogenicity (Non-Patent documents 15 and 16). T-cell epitopes may be present
even in the CDR of human antibodies, and these T-cell epitopes in CDR are a possible cause of

immunogenicity. In silico and in vitro methods for predicting T-cell epitopes have been
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reported (Non-Patent documents 17 and 18). It is assumed that immunogenicity risk can be
reduced by removing T-cell epitopes predicted using such methods (Non-Patent document 19).

TOCILIZUMAB, a humanized anti-IL-6 receptor IgG1 antibody, is an IgG1 antibody
obtained by humanizing mouse antibody PM1. CDR grafting is carried out using human NEW
and REI sequences as template framework for H and L chains, respectively; however, five
mouse sequence amino acids are retained in the framework as essential amino acids for
maintaining the activity (Non-Patent Document 20). There is no previous report that fully
humanizes the remaining mouse sequence in the framework of the humanized antibody
TOCILIZUMAB without reducing the activity. Furthermore, the CDR sequence of
TOCILIZUMAB is a mouse sequence, and thus, like Adalimumab, it may have T-cell epitopes
in the CDR, which may have a potential immunogenicity risk. In clinical trials of
TOCILIZUMABRB, anti-TOCILIZUMARB antibodies were not detected at the effective dose of 8
mg/kg, but they were observed at the doses of 2 mg/kg and 4 mg/kg (Patent Document 6).

These suggest that there 1s still room for improvement for the immunogenicity of
TOCILIZUMAB. However, there has been no report on reducing the immunogenicity risk of
TOCILIZUMAB by amino acid substitution.

The 1sotype of TOCILIZUMARB is [gGl. The isotype difference refers to difference in
the constant region sequence. Since the constant region sequence is assumed to have strong
influence on the effector function, pharmacokinetics, physical properties, and so on, selection of
the constant region sequence is very important for the development of antibody pharmaceuticals
(Non-Patent Document 11). In recent years, the safety of antibody pharmaceuticals has become
of great importance. Interaction between the antibody Fc portion and Fcy receptor (effector
function) may have caused serious adverse effects in phase-I clinical trials of TGN1412
(Non-Patent Document 21).  For antibody pharmaceuticals designed to neutralize the biological
activity of an antigen, the binding to Fcy receptor, which is important for effector functions such
as ADCC, is unnecessary. The binding to Fcy receptor may even be unfavorable from the
viewpoint of adverse effects. A method for reducing the binding to Fcy receptor is to alter the
1sotype of an IgG antibody from IgG1 to 1gG2 or [gG4 (Non-Patent Document 22). 1gG2 1s

more favorable than IgG4 from the viewpoint of pharmacokinetics and Fcy receptor I binding
(Non-Patent Document 11). TOCILIZUMAB is an IL-6 receptor-neutralizing antibody, and its

isotype is IgG1. Thus, in view of the potential adverse effects, IgG2 may be a preferred isotype
since effector functions such as ADCC are not needed.

Meanwhile, when developing antibody pharmaceuticals, physicochemical properties of
the proteins, in particular, homogeneity and stability are very crucial. It has been reported that
for the IgG2 isotype, there is significant heterogeneity derived from the disulfide bonds 1n the

hinge region (Non-Patent Document 23). It is not easy and would be more costly to
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manutacture them as pharmaceutical in large-scale while maintaining the objective
substances/related substances related heterogeneity derived from disulfide bonds between
productions. Thus, single substances are desirable as much as possible. Furthermore, for
heterogeneity of the H-chain C-terminal sequences of an antibody, deletion of C-terminal amino
acid lysine residue, and amidation of the C-terminal carboxyl group due to deletion of both of the
two C-terminal amino acids, glycine and lysine, have been reported (Non-Patent Document 24).
In developing 1gG2 isotype antibodies as pharmaceuticals, it is preferable to reduce such
heterogeneity and maintain high stability. To produce convenient, stable, high-concentration,
subcutaneously-administered formulations, it is preferable that not only the stability is high, but
also the plasma half-life is superior to that of IgG1 which is the isotype of TOCILIZUMAB.
However, there 1s no previous report on constant region sequences for antibodies with the
IgG2-1sotype constant region that have reduced heterogeneity, high stability, and superior plasma
half-life than antibodies with the IgG1 isotype constant region.

Prior art documents related to the present invention are shown below:
[ Prior Art Documents]
| Patent Documents]
| Patent Document 1] WO 92/19759
|Patent Document 2] WO 96/11020
[Patent Document 3] WO 96/12503
[Patent Document 4] WO 2007/143168
[Patent Document 5] WO 2007/114319
|Patent Document 6] WO 2004/096273
[Non-Patent Documents]
| Non-Patent Document 1] Janice M Reichert, Clark J Rosensweig, Laura B Faden & Matthew C
Dewitz, Monoclonal antibody successes in the clinic, Nature Biotechnology 23, 1073 - 1078
(2005).
| Non-Patent Document 2] Pavlou AK, Belsey MI., The therapeutic antibodies market to 2008.,
Eur J Pharm Biopharm. 2005 Apr; 59(3):389-96.
|[Non-Patent Document 3] Nishimoto N, Kishimoto T., Interleukin 6: from bench to bedside., Nat
Clin Pract Rheumatol. 2006 Nov; 2(11):619-26.
[Non-Patent Document 4] Maini RN, Taylor PC, Szechinski J, Pavelka K, Broll J, Balint G,
Emery P, Raemen F, Petersen J, Smolen J, Thomson D, Kishimoto T; CHARISMA Study
Group., Double-blind randomized controlled clinical trial of the interleukin-6 receptor antagonist,
Tocilizumab, in European patients with rheumatoid arthritis who had an incomplete response to
methotrexate., Arthritis Rheum. 2006 Sep; 54(9):2817-29.
[Non-Patent Document 5] Nishimoto N, Kanakura Y, Aozasa K, Johkoh T, Nakamura M,
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Nakano S, Nakano N, lkeda Y, Sasaki T, Nishioka K, Hara M, Taguchi H, Kimura Y, Kato Y,
Asaoku H, Kumagai S, Kodama F, Nakahara H, Hagihara K, Yoshizaki K, Kishimoto T.
Humanized anti-interleukin-6 receptor antibody treatment of multicentric Castleman disease.
Blood. 2005 Oct 15; 106(8):2627-32.

|[Non-Patent Document 6] Kim SJ, Park Y, Hong HJ., Antibody enginecring for the development
of therapeutic antibodies., Mol Cells. 2005 Aug 31; 20(1):17-29. Review.

[Non-Patent Document 7] Rothe A, Hosse RJ, Power BE. Ribosome display for improved
biotherapeutic molecules. Expert Opin Biol Ther. 2006 Feb; 6(2):177-87.

[Non-Patent Document 8] Rajpal A, Beyaz N, Haber L, Cappuccilli G, Yee H, Bhatt RR,
Takeuchi T, Lerner RA, Crea R., A general method for greatly improving the affinity of
antibodies by using combinatorial libraries., Proc Natl Acad Sci U S A. 2005 Jun 14;
102(24):8466-71. Epub 2005 Jun 6.

[Non-Patent Document 9] Wu H, Pfarr DS, Johnson S, Brewah YA, Woods RM, Patel NK,
White WI, Young JF, Kiener PA. Development of Motavizumab, an Ultra-potent Antibody for
the Prevention of Respiratory Syncytial Virus Infection in the Upper and Lower Respiratory
Tract. J Mol Biol. 2007, 368, 652-665.

| Non-Patent Document 10] Shire SJ, Shahrokh Z, Liu J. Challenges in the development of high
protein concentration formulations. J Pharm Sci. 2004 Jun; 93(6):1390-402.

[Non-patent Document 11] Salfeld JG. Isotype selection in antibody engineering.Nat Biotechnol.
2007 Dec; 25(12):1369-72.

[Non-Patent Document 12] Hinton PR, Xiong JM, Johlfs MG, Tang MT, Keller S, Tsurushita N.,
An engineered human IgG1 antibody with longer serum half-life., J Immunol. 2006 Jan 1;
176(1):346-56. |

[Non-Patent Document 13] Ghetie V, Popov S, Borvak J, Radu C, Matesoi D, Medesan C, Ober
RJ, Ward ES., Increasing the serum persistence of an IgG fragment by random mutagenesis., Nat
Biotechnol. 1997 Jul; 15(7):637-40.

[Non-Patent Document 14] Hwang WY, Almagro JC, Buss TN, Tan P, Foote J. Use of human
germline genes in a CDR homology-based approach to antibody humanization.Methods. 2005
May; 36(1):35-42.

[Non-Patent Document 15] Bartelds GM, Wijbrandts CA, Nurmohamed MT, Stapel S, Lems WF,
Aarden L, Dijkmans BA, Tak P, Wolbink GJ. Clinical response to adalimumab: The relationship
with anti-adalimumab antibodies and serum adalimumab concentrations in rheumatoid arthritis.
Ann Rheum Dis. 2007 Mar 9; [Epub ahead of print]

[Non-Patent Document 16] Bender NK, Heilig CE, Droll B, Wohlgemuth J, Armbruster FP,
Heilig B. Immunogenicity, efficacy and adverse events of adalimumab in RA patients.
Rheumatol Int. 2007 Jan; 27(3):269-74.
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[Non-Patent Document 17] Van Walle I, Gansemans Y, Parren PW, Stas P, Lasters I.
Immunogenicity screening in protein drug development.Expert Opin Biol Ther. 2007 Mar;
7(3):405-18.

[Non-Patent Document 18] Jones TD, Phillips WJ, Smith BJ, Bamford CA, Nayee PD, Baglin
TP, Gaston JS, Baker MP. Identification and removal of a promiscuous CD4+ T cell epitope
from the C1 domain of factor VIII. ] Thromb Haemost. 2005 May; 3(5):991-1000.

[Non-Patent Document 19} Chirino AJ, Ary ML, Marshall SA. Minimizing the immunogenicity
of protein therapeutics. Drug Discov Today. 2004 Jan 135; 9(2):82-90.

[Non-Patent Document 20] Sato K, Tsuchiya M, Saldanha J, Koishihara Y, Ohsugi Y, Kishimoto
T, Bendig MM. Reshaping a human antibody to inhibit the interleukin 6-dependent tumor cell
growth. Cancer Res. 1993 Feb 15; 53(4):851-6.

[Non-Patent Document 21] Strand V, Kimberly R, Isaacs JD. Biologic therapies in
rheumatology: lessons learned future directions. Nat Rev Drug Discov. 2007 Jan; 6(1):75-92.
[Non-Patent Document 22] Gessner JE, Heiken H, Tamm A, Schmidt RE. The IgG Fc receptor

family. Ann Hematol. 1998 Jun; 76(6):231-48.

[Non-Patent Document 23] Dillon TM, Ricci MS, Vezina C, Flynn GC, Liu YD, Rehder DS,
Plant M, Henkle B, Li Y, Deechongkit S, Varnum B, Wypych J, Balland A, Bondarenko PV.
Structural and functional characterization of disulfide isoforms of the human IgG2 subclass. J

Biol Chem. 2008 Jun 6; 283(23):16206-15.
[Non-Patent Document 24] Johnson KA, Paisley-Flango K, Tangarone BS, Porter TJ, Rouse JC.

Cation exchange-HPLC and mass spectrometry reveal C-terminal amidation of an IgG1 heavy
chain. Anal Biochem. 2007 Jan 1; 360(1):75-83.

Disclosure of the Invention

[Problems to be Solved by the Invention]

The present invention was achieved in view of the above circumstances. An objective
of the present invention is to provide pharmaceutical compositions that comprise
second-generation molecules that are superior than the humanized anti-1L-6 receptor IgG1
antibody TOCILIZUMAB, by altering the amino acid sequences of the variable and constant
regions of TOCILIZUMAB to enhance the antigen-neutralizing ability and improve
pharmacokinetics, such that prolonged therapeutic effect is exerted with a less frequency of
administration, and immunogenicity, safety, and physicochemical properties (stability and
homogeneity) are improved (hereinbelow, these pharmaceutical compositions may also be

referred to as the “agents” or the “formulations”). Another objective is to provide methods for

producing such pharmaceutical compositions.
[Means for Solving the Problems]
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The present inventors conducted dedicated studies to generate second-generation
molecules that are superior than the first-generation humanized anti-IL-6 receptor IgG1 antibody
TOCILIZUMAB, by altering the amino acid sequences of the variable and constant regions of
TOCILIZUMARB to enhance the efficacy and improve the pharmacokinetics, so that prolonged
therapeutic effect is exerted with a lower frequency of administration, and immunogenicity,
safety, and physicochemical properties (stability and homogeneity) are improved. As a result,
the present inventors discovered multiple CDR mutations in the variable regions of
TOCILIZUMARB that improve the binding ability (affinity) to the antigen. The present
inventors thus successtully improved the affinity significantly using a combination of such
mutations. The present inventors also succeeded in improving pharmacokinetics by introducing
modifications that lower the isoelectric point of the variable region sequence. The present
inventors also succeeded in improving pharmacokinetics by making the binding to the 1L-6
receptor antigen to be pH-dependent, so that a single antibody molecule can neutralize the
antigen multiple times. Furthermore, the present inventors successfully reduced the risk of
immunogenicity by fully humanizing the mouse-derived sequences that remain in the framework
of TOCILIZUMAB and reducing the number of T-cell epitope peptides in the variable regions
predicted in silico. Furthermore, the present inventors also successfully discovered novel
constant region sequences for the constant region of TOCILIZUMARB, that reduce the binding to
the Fcy receptor as compared to IgG1 to improve safety, improve the pharmacokinetics as
compared to IgG1, and reduce the heterogeneity due to the disulfide bonds in the hinge region of
[gG2 and the heterogeneity due to the H chain C-terminus without decreasing stability. The
present inventors successfully produced second-generation molecules that are superior than
TOCILIZUMAB by appropriately combining these amino acid sequence alterations in the CDR,
variable regions, and constant regions.

The present invention relates to pharmaceutical compositions comprising a humanized
anti-1L-6 receptor IgG antibody having superior antigen (IL.-6 receptor)-binding ability, superior
pharmacokinetics, superior safety and physical properties (stability and homogeneity), and
further reduced immunogenicity risk, by altering the amino acid sequences of variable and
constant regions of the humanized anti-IL-6 receptor IgG1 antibody TOCILIZUMAB; and
methods for producing such pharmaceutical compositions. More specifically, the present
invention provides:

[1] a polypeptide of any one of:

(a) a polypeptide that comprises CDR1 comprising the sequence of SEQ ID NO: 1 (CDR1 of
VH4-M73), CDR2 comprising the sequence of SEQ ID NO: 2 (CDR2 of VH4-M73), and CDR3
comprising the sequence of SEQ ID NO: 3 (CDR3 of VH4-M73);
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(b) a polypeptide that comprises CDR1 comprising the sequence of SEQ ID NO: 4 (CDR1 of
VH3-M73), CDR2 comprising the sequence of SEQ ID NO: 5 (CDR2 of VH3-M73), and CDR3
comprising the sequence of SEQ ID NO: 6 (CDR3 of VH3-M73);

(¢) a polypeptide that comprises CDR1 comprising the sequence of SEQ ID NO: 7 (CDR1 of
VHS5-M83), CDR2 comprising the sequence of SEQ ID NO: 8 (CDR2 of VH5-M83), and CDR3
comprising the sequence of SEQ ID NO: 9 (CDR3 of VH5-M83);

(d) a polypeptide that comprises CDR1 comprising the sequence of SEQ ID NO: 10 (CDR1 of
VL1), CDR2 comprising the sequence of SEQ ID NO: 11 (CDR2 of VL1), and CDR3
comprising the sequence of SEQ ID NO: 12 (CDR3 of VL1);

(e) a polypeptide that comprises CDR1 comprising the sequence of SEQ ID NO: 13 (CDR1 of
VL3), CDR2 comprising the sequence of SEQ ID NO: 14 (CDR2 of VL3), and CDR3
comprising the sequence of SEQ ID NO: 15 (CDR3 of VL3); and

(1) a polypeptide that comprises CDR1 comprising the sequence of SEQ ID NO: 16 (CDR1 of
VL5), CDR2 comprising the sequence of SEQ ID NO: 17 (CDR2 of VLS5), and CDR3
comprising the sequence of SEQ ID NO: 18 (CDR3 of VL5);

[2] an antibody of any one of:

(a) an antibody which comprises a heavy chain variable region that comprises CDR 1
comprising the sequence of SEQ ID NO: 1 (CDR1 of VH4-M73), CDR2 comprising the
sequence of SEQ ID NO: 2 (CDR2 of VH4-M73), and CDR3 comprising the sequence of SEQ
ID NO: 3 (CDR3 of VH4-M73), and a hight chain variable region that comprises CDR
comprising the sequence of SEQ ID NO: 10 (CDRI1 of VL1), CDR2 comprising the sequence of
SEQ ID NO: 11 (CDR2 of VL1), and CDR3 comprising the sequence of SEQ ID NO: 12 (CDR3
of VL1);

(b) an antibody which comprises a heavy chain variable region that comprises CDR 1
comprising the sequence of SEQ ID NO: 4 (CDR1 of VH3-M73), CDR2 comprising the
sequence of SEQ ID NO: § (CDR2 of VH3-M73), and CDR3 comprising the sequence of SEQ
ID NO: 6 (CDR3 of VH3-M73), and a light chain variable region that comprises CDR1
comprising the sequence of SEQ ID NO: 13 (CDRI1 of VL3), CDR2 comprising the sequence of
SEQ ID NO: 14 (CDR2 of VL3), and CDR3 comprising the sequence of SEQ ID NO: 15 (CDR3
of VL3); and

(¢) an antibody which comprises a heavy chain variable region that comprises CDRI1
comprising the sequence of SEQ ID NO: 7 (CDRI1 of VH5-M83), CDR2 comprising the
sequence of SEQ ID NO: 8 (CDR2 of VH5-M83), and CDR3 comprising the sequence of SEQ
ID NO: 9 (CDR3 of VH5-M83), and a light chain variable region that comprises CDR1
comprising the sequence of SEQ ID NO: 16 (CDRI1 of VLS5), CDR2 comprising the sequence of
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SEQ ID NO: 17 (CDR2 of VLS5), and CDR3 comprising the sequence of SEQ ID NO: 18 (CDR3
of VL35);
[3] a variable region of any one of:

(a) a heavy chain variable region comprising the sequence of SEQ ID NO: 19 (variable region
of VH4-M73);

(b) a heavy chain variable region comprising the sequence of SEQ ID NO: 20 (variable region
of VH3-M73);

(¢) a heavy chain variable region comprising the sequence of SEQ ID NO: 21 (variable region
of VH5-M83);

(d) a light chain variable region comprising the sequence of SEQ ID NO: 22 (variable region
of VL1);

(e) a light chain variable region comprising the sequence of SEQ ID NO: 23 (variable region
of VL3); and

(f) a light chain variable region comprising the sequence of SEQ ID NO: 24 (variable region
of VLS);

[4] an antibody of any one of:

(a) an antibody that comprises a heavy chain variable region comprising the sequence of SEQ
ID NO: 19 (variable region of VH4-M73) and a light chain variable region comprising the
sequence of SEQ ID NO: 22 (vanable region of VL1);

(b) an antibody that comprises a heavy chain variable region comprising the sequence of SEQ
ID NO: 20 (variable region of VH3-M73) and a light chain variable region comprising the
sequence of SEQ ID NO: 23 (variable region of VL3); and

(¢) an antibody that comprises a heavy chain variable region comprising the sequence of SEQ
ID NO: 21 (variable region of VH5-M83) and a light chain variable region comprising the
sequence of SEQ ID NO: 24 (variable region of VLJ);

[5] a heavy chain or light chain of any one of;

(a) a heavy chain comprising the sequence of SEQ ID NO: 25 (VH4-M73);

(b) a heavy chain comprising the sequence of SEQ ID NO: 26 (VH3-M73);

(¢) a heavy chain comprising the sequence of SEQ ID NO: 27 (VH5-M83);

(d) a light chain comprising the sequence of SEQ ID NO: 28 (VL1);

(e) a light chain comprising the sequence of SEQ ID NO: 29 (VL3); and

(f) a light chain comprising the sequence of SEQ ID NO: 30 (VL5);

[6] an antibody of any one of:

(a) an antibody that comprises a heavy chain comprising the sequence of SEQ ID NO: 25

(VH4-M73) and a light chain comprising the sequence of SEQ ID NO: 28 (VL1);
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(b) an antibody that comprises a heavy chain comprising the sequence of SEQ ID NO: 26
(VH3-M73) and a light chain comprising the sequence of SEQ ID NO: 29 (VL3); and

(¢) an antibody that comprises a heavy chain comprising the sequence of SEQ ID NO: 27
(VHS5-M83) and a light chain comprising the sequence of SEQ ID NO: 30 (VL3);
[ 7] a gene encoding the polypeptide of any one of [1] to [6];
|8] a vector carrying the gene of [7];
[9] a host cell carrying the vector of [8];
[10] 2 method for producing the polypeptide of any one of [1] to [6] by culturing the host cell of
[9]; and
[11] a pharmaceutical composition comprising the polypeptide of any one of [1] to [6] or a
polypeptide produced by the method of [10].
[Effects of the Invention]

The humanized anti-IL-6 receptor IgG antibodies obtained according to the present

Invention have enhanced efficacy and improved pharmacokinetics; thus, they can exert a

prolonged therapeutic effect with a less administration frequency.

Brief Description of the Drawings

Fig. 1 1s a listing of mutation sites that improve the aftinity of TOCILIZUMARB for the
IL-6 receptor. The HCDR2 sequence of TOCILIZUMARB 1s shown in SEQ ID NO: 81; the
HCDR2 sequence after mutation (upper ling) 1s shown in SEQ ID NO: 82; the HCDR2 sequence
after mutation (lower line) is shown in SEQ ID NO: 83; the HCDR3 sequence of
TOCILIZUMAB is showh in SEQ ID NO: 84; the HCDR3 sequence after mutation (upper line)
1s shown in SEQ ID NO: 85; the HCDR3 sequence after mutation (lower line) 1s shown in SEQ
[D NO: 86; the LCDR1 sequence of TOCILIZUMARB 1s shown in SEQ ID NO: 87; the LCDRI
sequence after mutation (upper line) is shown in SEQ ID NO: 88; the LCDR1 sequence after
mutation (lower line) is shown in SEQ ID NO: 89; the LCDR3 sequence of TOCILIZUMARB 1s
shown in SEQ 1D NO: 90; the LCDR3 sequence after mutation (upper line) 1s shown in SEQ ID

NO: 91; and the LCDR3 sequence after mutation (lower line) is shown in SEQ ID NO: 92.
Fig. 2 is a graph showing the neutralizing activities of TOCILIZUMARB and RDC-23 in

BakF/gp130.

Fig. 3 is a listing of mutation sites that can reduce the isoelectric point of variable region
without significantly reducing the binding of TOCILIZUMAB to the IL-6 receptor. Asterisk In
the drawing represents a site that has no influence on the isoelectric point but which was mutated
for conversion into a human sequence. The HFR1 sequence of TOCILIZUMARB is shown in
SEQ ID NO: 93; the HFR 1 sequence after mutation is shown in SEQ ID NO: 94; the HCDRI1
sequence of TOCILIZUMAB is shown in SEQ ID NO: 95; the HCDR1 sequence after mutation
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1S shown 1n SEQ ID NO: 96; the HFR2 sequence of TOCILIZUMAB is shown in SEQ ID NO:
97, the HFR2 sequence after mutation is shown in SEQ ID NO: 98; the HCDR2 sequence of
TOCILIZUMARB is shown in SEQ ID NO: 81; the HCDR2 sequence after mutation is shown in
SEQ ID NO: 99; the HFR4 sequence of TOCILIZUMAB is shown in SEQ ID NO: 100; the
HFR4 sequence after mutation is shown in SEQ ID NO: 101; the LFR1 sequence of
TOCILIZUMAB is shown in SEQ ID NO: 102; the LFR1 sequence after mutation is shown in
SEQ ID NO: 103; the LCDR1 sequence of TOCILIZUMAB is shown in SEQ ID NO: 87; the
LCDRI1 sequence after mutation is shown in SEQ ID NO: 104; the LFR2 sequence of
TOCILIZUMAB is shown in SEQ ID NO: 105; the LFR2 sequence after mutation is shown in
SEQ ID NO: 106; the LCDR2 sequence of TOCILIZUMAB is shown in SEQ ID NO: 107; the
LCDRZ2 sequences after mutation are shown in SEQ ID NOs: 108 and 109; the LFR3 sequence
of TOCILIZUMAB is shown in SEQ ID NO: 110; the LFR3 sequence after mutation is shown in
SEQ ID NO: 111; the LFR4 sequence of TOCILIZUMAB is shown in SEQ ID NO: 112; and the
LLFR4 sequence after mutation is shown in SEQ ID NO: 113.

F1g. 4 1s a graph showing the neutralizing activities of TOCILIZUMAB and H53/L28 in
Bak/gp130.

Fig. 5 i1s a graph showing the time courses of plasma concentration for TOCILIZUMARB
and H53/L28 in mice after intravenous administration.

Fig. 6 1s a graph showing the time courses of plasma concentration for TOCILIZUMAB
and H53/L28 in mice after subcutaneous administration.

Fig. 7 is a schematic illustration showing that an IgG molecule can bind again to another
antigen by dissociating from a membrane-type antigen in the endosome.

Fig. 8 is a listing of mutation sites that can confer pH dependency to the binding of
TOCILIZUMAB to the IL-6 receptor (binding at pH 7.4 and dissociation at pH 5.8). The
HFR1 sequence of TOCILIZUMARB is shown in SEQ ID NO: 93; the HFR1 sequence after
mutation is shown in SEQ ID NO: 114; the HCDR sequence of TOCILIZUMAB is shown in
SEQ ID NO: 95; the HCDR1 sequence after mutation is shown in SEQ ID NO: 115; the LCDRI1
sequence of TOCILIZUMARB is shown in SEQ ID NO: 87; the LCDR1 sequence after mutation
1s shown in SEQ ID NO: 116; the LCDR2 sequence of TOCILIZUMARB is shown in SEQ ID
NO: 107; and the LCDR2 sequence after mutation is shown in SEQ ID NO: 117.

Fig. 9 1s a graph showing the neutralizing activities of TOCILIZUMAB and H3pl/L.73
in BaF/gp130.

Fig. 10 1s a graph showing the time courses of plasma concentration for

TOCILIZUMAB and H3pl/L73 in cynomolgus monkeys after intravenous administration.



10

13

20

235

30

35

CA 02763039 2011-12-22

12

Fig. 11 is a graph showing the time courses of plasma concentration for
TOCILIZUMAB and H3pl/L73 in human IL-6 receptor transgenic mice after intravenous
administration.

Fig. 12 is a diagram showing the result of assessment of the C-terminus-derived
heterogeneity of TOCILIZUMAB, TOCILIZUMABAK, and TOCILIZUMABAGK by cation
exchange chromatography.

Fig. 13 is a diagram showing the result of assessment of the disulfide bond-derived
heterogeneity of TOCILIZUMAB-IgG1, TOCILIZUMAB-IgG2,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>