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Description

Technical Field

[0001] The present invention relates to a human anti-human IL-18 antibody and an antibody fragment thereof according
to the claims which binds to human interleukin-18 (hereinafter, referred to as "human IL-18") and inhibits its biological
activity. The antibody and the antibody fragment are useful as a medicament.

Background Art

[0002] In 1989, interleukin-18 (IL-18) was regarded as interferon-γ (IFN-γ)-inducing factor (IGIF). Now, it is known that
IL-18 is a proinflammatory cytokine having various functions in addition to the ability to induce interferon-γ. IL-18 has
functions such as activation of NF-κB, expression of Fas ligand, induction of both CC and CXC chemokines, and increase
in the production of competent human immunodeficiency virus. Since IL-18 has the ability to induce interferon-y production
in T cells and macrophages, it plays an important role in Th1-type immune response and participates both in congenital
immunity and in acquired immunity. IL-18 is related to the IL-1 family both in terms of structures and in terms of functions.
Reviews regarding the structure, functions, and biological activity of IL-18 have been made (e.g., Non Patent Literatures
1 to 5). Patent Literature 6 relates to a human-derived human anti-human IL-18 antibody. Patent Literature 7 relates to
antibodies that bind IL-18 and their use for inhibiting IL-18 activity in human subjects suffering from a disorder in which
IL-18 activity is detrimental.
[0003] Intracellular pro-IL-18 is treated in a proteolytic manner by caspase 1 in endotoxin-stimulated cells (Non Patent
Literatures 6 and 7) as well as by caspases 4, 5, and 6 in Fas-L or bacterial DNA-stimulated cells (Non Patent Literature
8) to become a 18 kDa active form. Pro-IL-18 is also activated in a proteolytic manner by other proteases including mast
cell-derived chymase (Non Patent Literature 9), neutrophil proteinase 3 (Non Patent Literature 10), caspase 3 (Non
Patent Literature 11), and elastase and cathepsin (Non Patent Literature 12), which are serine proteases. IL-18 in both
humans and mice lacks a leader sequence, and the mechanism underlying mature IL-18 release from cells has not yet
been elucidated sufficiently.
[0004] The biological activity of IL-18 is mediated by the binding of IL-18 to heterodimer IL-18 receptor (IL-18R)
consisting of two subunits: α-subunit (one member of the IL-1R family also called IL-1R-related protein-1 or IL-1Rrp1)
and β-subunit (also called IL-18R accessory protein, IL-18AP, or AcPL). The IL-18R α-subunit binds directly to IL-18,
but cannot induce signal transduction. The IL-18R β-subunit does not bind to IL-18 in itself, but forms a high-affinity
receptor (KD = approximately 0.3 nM) necessary for signal transduction, in collaboration with the α-subunit (Non Patent
Literature 13). The IL-18 signal transduction mediated by the IL-18R αβ complex is similar to that of the IL-1R and toll-
like receptor (TLR) system. The IL-18R signal transduction employs signal transduction molecules such as MyD88,
IRAK, and TRAF6 to cause responses as in the case of IL-1, for example, activation of NIK, IκB kinase, NF-κB, JNK,
and p38MAP kinase. It has been confirmed using IL-18Rα subunit (Non Patent Literature 14) and MyD88 (Non Patent
Literature 15) or IRAK (Non Patent Literature 16) knockout variants that IL-18Rα and the signal transduction molecules,
respectively, are necessary for the biological activity exhibition of IL-18.
[0005] Interstitial pneumonia (Non Patent Literature 17), adult-onset Still’s disease (Non Patent Literature 18), chronic
obstructive pulmonary disease (Non Patent Literature 19), metabolic bone disease (Patent Literature 1), multiple sclerosis
(Non Patent Literature 20), diabetes mellitus (Non Patent Literature 20), ischemic kidney damage (Non Patent Literature
21), and the like have previously been reported as diseases with the overexpression of IL-18. Also, the overexpression
of IL-18 is responsible for so-called Th1 diseases such as atopic dermatitis (Non Patent Literature 22) and serious organ
damages in the liver and the intestine (Non Patent Literature 23).
[0006] In addition to these diseases, the involvement of IL-18 in the pathological conditions of bronchial asthma induced
by Th1 cells and other various diseases has been pointed out.
[0007] The control of production or activity of IL-18 is very important as a therapy for such IL-18-dependent diseases
or as a therapy for diseases whose onset is induced or which are exacerbated due to the excessive production of IL-18.
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Summary of Invention

Problems to be Solved by the Invention

[0010] It is known that a protein that binds to IL-18, called IL-18-binding protein (IL-18BP), is present in human bodies.
IL-18BP binds to IL-18, thereby inhibiting the binding between IL-18 and IL-18 receptor and regulating the activity (Non
Patent Literature 24). In the case of human IL-18BP, four isoforms (IL-18BPa, IL-18BPb, IL-18BPc, and IL-18BPd)
obtained by the splicing of mRNA are present (Non Patent Literature 25). Of them, one having the highest affinity for IL-
18 is IL-18BPa, and its neutralizing ability (IC50) is reportedly on the order of 0.4 nM. IL-18BP also has the feature that
it does not bind to precursor IL-18, which lacks activity, but binds to mature-form (active-form) IL-18. The IL-18BP
concentrations in blood of healthy humans are reportedly 0.5 to 0.7 ng/mL, and IL-18BP inhibits the activity of a trace
amount of mature-form IL-18 present in blood.
[0011] From these, it is proposed that IL-18BP, which is originally present in vivo, also safe as a therapeutic drug, and
has a definite working mechanism for IL-18, is used as a therapeutic agent for the diseases mentioned above. However,
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IL-18BP has been susceptible to improvement in, for example, the need of frequent administration for maintaining the
efficacy, because the half-life in blood is as short as 34 to 40 hours (Non Patent Literature 26).
[0012] Hence, if a specific monoclonal antibody that neutralizes the biological activity of IL-18 under a mechanism
closer to that in vivo can be developed, it is expected to become a safer and more effective therapeutic approach for
diseases in which IL-18 is involved, i.e., diseases associated with change in the expression level of IL-18.
[0013] Against this backdrop, although a plurality of IL-18 activity inhibitors have been obtained so far, it has been
shown that they do not bind to the same site as a site of IL-18 to which IL-18BP binds (IL-18BP recognition region), and
do not have an inhibitory mechanism similar to that of IL-18BP (Patent Literatures 2 and 3). This means that, in screening
for IL-18 inhibitors, it is difficult to expose IL-18BP recognition region present in IL-18 and maintain it, and consequently
means that the obtainment of IL-18 activity inhibitors based on an inhibitory mechanism similar to that of IL-18BP is very
difficult.
[0014] In light of the problems mentioned above, the present invention has achieved the production of a longer acting
IL-18 activity inhibitor than IL-18BP by using an antibody molecule that has an inhibitory mechanism similar to that of
the in vivo natural IL-18 activity inhibitor IL-18BP (i.e., binds to the same site as the IL-18BP recognition region), is safer,
and has a longer half-life in blood.

Means for Solving the Problems

[0015] The present inventors have conducted diligent studies in light of the problems mentioned above and conse-
quently completed the present invention. A target protein (in this case, IL-18) usually used in antibody screening (panning)
from a phage display library is typically immobilized directly onto an ELISA plate. In contrast to this, the present inventors
have variously studied conditions for panning, such as panning in liquid-phase methods and solid-phase methods that
control the orientation or conformation of IL-18 via various existing anti-IL-18 antibodies.
[0016] As a result, the present inventors have succeeded in exposing the IL-18BP recognition region and displaying
IL-18 that maintains the exposed state.
[0017] The present inventors have also succeeded in obtaining a single-chain variable fragment (scFv) of a desired
complete human anti-human IL-18 antibody from a phage display library expressing genes encoding variable regions
(VH and VL) of an immunoglobulin H chain and L chain prepared from the peripheral blood B lymphocytes of a healthy
person.
[0018] The present inventors have further found that this antibody fragment and an antibody prepared on the basis of
the fragment inhibit the biological activity of human IL-18.
[0019] The present invention is defined in the claims.

Effects of the Invention

[0020] The human anti-IL-18 antibody and the antibody fragment according to the claims have the following features
and as such, are useful as safer and more efficient IL-18 antagonists:

(1) having the same working mechanism as in IL-18BP, which is an organism-derived natural IL-18 antagonist;
and
(2) being able to be administered at a lower concentration because IC50 in the inhibition of IFN-γ production is low,
as compared with previously reported antagonists (IL-18BP and antibodies).

Brief Description of Drawings

[0021]

Figure 1 is a graph showing results of a binding activity test on an anti-human IL-18 antibody.
Figure 2 is a graph showing results of IL-18 receptor binding assay by ELISA.
Each of Figures 3 (a) and 3(b) is a graph showing results of IL-18 receptor binding assay using KG-1 cells.
Figure 4 is a graph showing results of a neutralization test using recombinant IL-18.
Figure 5 is a graph showing results of epitope analysis on an anti-human IL-18 antibody by competitive ELISA.
Figure 6 is a graph showing results of IL-18 receptor binding assay in the presence of an anti-human IL-18 antibody
and IL-18BP.
Figure 7 is a graph showing results of epitope analysis on an anti-IL-18 antibody using a K53A variant of IL-18.
Figure 8 is a graph showing results of analysis on the reactivity of an anti-human IL-18 antibody with a complex of
IL-18 and IL-18BP.
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Embodiments for Carrying Out the Invention

[0022] Specific aspects of the present invention will be described below.

(1) Antibody and fragment thereof

[0023] The present inventors have conducted studies on a human anti-human IL-18 antibody against human interleukin-
18 (IL-18). As a result, it has been revealed that a human-derived single-chain variable fragment (scFv) obtained by a
phage display method and an antibody derived from the fragment inhibit signal transduction and IFN-γ production induced
by human IL-18. Further, the amino acid sequences of complementarity determining regions (CDRs) and H chain and
L chain variable regions in this single-chain variable fragment (scFv) and the nucleotide sequences of genes encoding
them have been identified (SEQ ID NOs: 1 and 2). As a result of analyzing an epitope for a human IL-18 antibody, it has
also been revealed that the epitope is a region comprising lysine at the position 53 of human IL-18.
[0024] Described herein is a human anti-human IL-18 antibody which reacts with human IL-18 and does not react with
a K53A variant of human IL-18.
[0025] Here, the phrase "human anti-human IL-18 antibody reacts with human IL-18" means that the human anti-
human IL-18 antibody binds to human IL-18. More specifically, it means that the ability of the human anti-human IL-18
antibody to bind to human IL-18 is significantly higher than the ability of a negative control antibody to bind to human
IL-18. An antibody for which it is evident that human IL-18 is not an antigen can be used as the negative control antibody,
and, for example, a human anti-HBs antibody can be used. The ability of the negative control antibody or the human
anti-human IL-18 antibody to bind to human IL-18 can be measured by a usual method such as ELISA.
[0026] Also, the phrase "human anti-human IL-18 antibody does not react with a K53A variant of human IL-18" means
that the ability of the human anti-human IL-18 antibody to bind to a K53A variant of human IL-18 is significantly lower
than the ability of the human anti-human IL-18 antibody to bind to human IL-18. The ability of the human anti-human IL-
18 antibody to bind to human IL-18 or the K53A variant of human IL-18 can be measured by a usual method such as ELISA.
[0027] Hereinafter, the meanings of the terms "react" and "not react" are the same as those mentioned above.
[0028] The human anti-human IL-18 antibody may be a recombinant. The recombinant means a molecule produced
by a genetic engineering approach. The human anti-human IL-18 antibody may be freeze-dried. Alternatively, the human
anti-human IL-18 antibody may be in the form of a composition mixed with a pharmaceutically acceptable carrier.
[0029] The human anti-human IL-18 antibody is an antibody which reacts with human IL-18 and does not react with
a complex of human IL-18 and human IL-18BP.
[0030] The human anti-human IL-18 antibody according to the claims is an antibody in which
complementarity determining region (CDR)1 of an H chain consists of the amino acid sequence of SEQ ID NO: 7,
CDR2 of the H chain consists of the amino acid sequence of SEQ ID NO: 8,
CDR3 of the H chain consists of the amino acid sequence of SEQ ID NO: 9,
CDR1 of an L chain consists of the amino acid sequence of SEQ ID NO: 10,
CDR2 of the L chain consists of the amino acid sequence of SEQ ID NO: 11, and
CDR3 of the L chain consists of the amino acid sequence of SEQ ID NO: 12, wherein
the antibody reacts with human IL-18 and does not react with a complex of human IL-18 and human IL-18BP.
[0031] The human anti-human IL-18 antibody is an antibody in which an H chain variable region consists of an amino
acid sequence of SEQ ID NO: 3 and an L chain variable region consists of an amino acid sequence of SEQ ID NO: 4, or
an H chain variable region consists of an amino acid sequence of SEQ ID NO: 5 and an L chain variable region consists
of an amino acid sequence of SEQ ID NO: 6., wherein
the antibody reacts with human IL-18 and does not react with a complex of human IL-18 and human IL-18BP.
[0032] Also described herein is an H chain variable region fragment, wherein the H chain variable region fragment is
an antibody fragment consisting of an amino acid sequence of SEQ ID NO: 3 or 5 or an amino acid sequence in which
one or several amino acids in the amino acid sequence of SEQ ID NO: 3 or 5 are deleted, substituted, or added, wherein
the antibody fragment reacts with human IL-18 and does not react with a K53A variant of human IL-18 or a complex of
human IL-18 and human IL-18BP.
[0033] The H chain variable region fragment exhibits the reactivity mentioned above alone or in combination with an
arbitrary L chain variable region fragment.
[0034] The combination of the H chain variable region fragment with an L chain variable region fragment includes the
preparation of the H chain variable region fragment and the L chain variable region fragment into a structure such as a
full-length antibody, a single-chain variable fragment (scFv), Fab, Fab’, F(ab)’2, scAb, or scFvFc.
[0035] The L chain variable region fragment may be an antibody fragment consisting of an amino acid sequence of
SEQ ID NO: 4 or 6 or an amino acid sequence in which one or several amino acids in the amino acid sequence of SEQ
ID NO: 4 or 6 are deleted, substituted, or added, wherein the antibody fragment reacts with human IL-18 and does not
react with a K53A variant of human IL-18 or a complex of human IL-18 and human IL-18BP.
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[0036] The L chain variable region fragment exhibits the reactivity mentioned above alone or in combination with an
arbitrary H chain variable region fragment.
[0037] Also described herein is a single-chain variable fragment (scFv) of the human anti-human IL-18 antibody in
which the following H chain variable region fragment and L chain variable region fragment are linked:

H chain variable region fragment:

an H chain variable region fragment consisting of
CDR1 consisting of the amino acid sequence of SEQ ID NO: 7 or an amino acid sequence in which one or
several amino acids in the amino acid sequence of SEQ ID NO: 7 are deleted, substituted, or added,
CDR2 consisting of the amino acid sequence of SEQ ID NO: 8 or an amino acid sequence in which one or
several amino acids in the amino acid sequence of SEQ ID NO: 8 are deleted, substituted, or added, and
CDR3 consisting of the amino acid sequence of SEQ ID NO: 9 or an amino acid sequence in which one or
several amino acids in the amino acid sequence of SEQ ID NO: 9 are deleted, substituted, or added, or
an H chain variable region fragment consisting of an amino acid sequence of SEQ ID NO: 3 or 5 or an amino
acid sequence in which one or several amino acids in the amino acid sequence of SEQ ID NO: 3 or 5 are
deleted, substituted, or added; and

L chain variable region fragment:

an L chain variable region fragment consisting of
CDR1 consisting of the amino acid sequence of SEQ ID NO: 10 or an amino acid sequence in which one or
several amino acids in the amino acid sequence of SEQ ID NO: 10 are deleted, substituted, or added,
CDR2 consisting of the amino acid sequence of SEQ ID NO: 11 or an amino acid sequence in which one or
several amino acids in the amino acid sequence of SEQ ID NO: 11 are deleted, substituted, or added, and
CDR3 consisting of the amino acid sequence of SEQ ID NO: 12 or an amino acid sequence in which one or
several amino acids in the amino acid sequence of SEQ ID NO: 12 are deleted, substituted, or added, or
an L chain variable region fragment consisting of an amino acid sequence of SEQ ID NO: 4 or 6 or an amino
acid sequence in which one or several amino acids in the amino acid sequence of SEQ ID NO: 4 or 6 are
deleted, substituted, or added.

[0038] Also described herein is a human anti-human IL-18 antibody in which a constant region of a human-derived
antibody is linked to the following H chain variable region fragment and/or L chain variable region fragment:

H chain variable region fragment:

an H chain variable region fragment consisting of
CDR1 consisting of the amino acid sequence of SEQ ID NO: 7 or an amino acid sequence in which one or
several amino acids in the amino acid sequence of SEQ ID NO: 7 are deleted, substituted, or added,
CDR2 consisting of the amino acid sequence of SEQ ID NO: 8 or an amino acid sequence in which one or
several amino acids in the amino acid sequence of SEQ ID NO: 8 are deleted, substituted, or added, and
CDR3 consisting of the amino acid sequence of SEQ ID NO: 9 or an amino acid sequence in which one or
several amino acids in the amino acid sequence of SEQ ID NO: 9 are deleted, substituted, or added, or
an H chain variable region fragment consisting of an amino acid sequence of SEQ ID NO: 3 or 5 or an amino
acid sequence in which one or several amino acids in the amino acid sequence of SEQ ID NO: 3 or 5 are
deleted, substituted, or added; and

L chain variable region fragment:

an L chain variable region fragment consisting of
CDR1 consisting of the amino acid sequence of SEQ ID NO: 10 or an amino acid sequence in which one or
several amino acids in the amino acid sequence of SEQ ID NO: 10 are deleted, substituted, or added,
CDR2 consisting of the amino acid sequence of SEQ ID NO: 11 or an amino acid sequence in which one or
several amino acids in the amino acid sequence of SEQ ID NO: 11 are deleted, substituted, or added, and
CDR3 consisting of the amino acid sequence of SEQ ID NO: 12 or an amino acid sequence in which one or
several amino acids in the amino acid sequence of SEQ ID NO: 12 are deleted, substituted, or added, or
an L chain variable region fragment consisting of an amino acid sequence of SEQ ID NO: 4 or 6 or an amino
acid sequence in which one or several amino acids in the amino acid sequence of SEQ ID NO: 4 or 6 are
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deleted, substituted, or added.

[0039] The antibody described herein or the fragment thereof includes antibodies and fragments thereof shown in the
following (i) to (vii):

(i) A VH chain fragment (H chain variable region fragment) comprising polypeptides consisting of the amino acid
sequences shown in SEQ ID NOs: 7 to 9, or polypeptides which consist of amino acid sequences in which one or
several amino acids in the amino acid sequences shown in SEQ ID NOs: 7 to 9 are substituted, deleted, inserted,
and/or added, and serve as complementarity determining regions of an H chain against human IL-18.
The phrase "serving as complementarity determining regions of an H chain against human IL-18" means exhibiting
reactivity with human IL-18 alone or in combination with an arbitrary L chain variable region fragment.
The amino acid sequence of a VH chain is shown in SEQ ID NOs: 3 and 5. The amino acid sequences of comple-
mentarity determining regions (CDR1 to CDR3) in this VH chain are shown in SEQ ID NOs: 7 to 9. Specifically, the
amino acid sequence of the positions 31 to 35 in the amino acid sequence of a VH chain shown in any of SEQ ID
NOs: 3 and 5 corresponds to CDR1 (SEQ ID NO: 7), the amino acid sequence of the positions 50 to 66 therein
corresponds to CDR2 (SEQ ID NO: 8), and the amino acid sequence of the positions 99 to 109 therein corresponds
to CDR3 (SEQ ID NO: 9).
(ii) A VH chain fragment (H chain variable region fragment) consisting of a polypeptide consisting of an amino acid
sequence shown in SEQ ID NO: 3 or 5, or a polypeptide which consists of an amino acid sequence in which one
or several amino acids in the amino acid sequence shown in SEQ ID NO: 3 or 5 are substituted, deleted, inserted,
and/or added, and serves as an H chain variable region against human IL-18.
(iii) A VL chain fragment (L chain variable region fragment) comprising polypeptides consisting of the amino acid
sequences shown in SEQ ID NOs: 10 to 12, or polypeptides which consist of amino acid sequences in which one
or several amino acids in the amino acid sequences shown in SEQ ID NOs: 10 to 12 are substituted, deleted,
inserted, and/or added, and serve as complementarity determining regions of an L chain against human IL-18.
The phrase "serving as complementarity determining regions of an L chain against human IL-18" means exhibiting
reactivity with human IL-18 alone or in combination with an arbitrary H chain variable region fragment.
SEQ ID NOs: 4 and 6 show the amino acid sequence of a VL chain. SEQ ID NOs: 10 to 12 show the amino acid
sequences of complementarity determining regions (CDR1 to CDR3) in this VL chain. Specifically, the amino acid
sequence of the positions 23 to 36 in the amino acid sequence of a VL chain shown in any of SEQ ID NOs: 4 and
6 5 corresponds to CDR1 (SEQ ID NO: 10), the amino acid sequence of the positions 52 to 58 therein corresponds
to CDR2 (SEQ ID NO: 11), and the amino acid sequence of the positions 91 to 101 therein corresponds to CDR3
(SEQ ID NO: 12).
(iv) A VL chain fragment (L chain variable region fragment) consisting of a polypeptide consisting of an amino acid
sequence shown in SEQ ID NO: 4 or 6, or a polypeptide which consists of an amino acid sequence in which one
or several amino acids in the amino acid sequence shown in SEQ ID NO: 4 or 6 are substituted, deleted, inserted,
and/or added, and serves as an L chain variable region against human IL-18.
(v) A single-chain variable fragment (scFv) prepared by linking the VH chain of above (i) or (ii) and the VL chain of
above (iii) or (iv).
(vi) A human-derived antibody prepared by linking a human-derived constant region to the VH chain of above (i) or
(ii) and/or the VL chain of above (iii) or (iv), or a fragment thereof.
(vii) A human anti-human IL-18 antibody whose epitope is a region comprising lysine at the position 53 of human IL-18.

[0040] In the case of linking the VH chain and the VL chain in above (v) and (vi), they are usually linked by an appropriate
peptide linker or the like. For example, an arbitrary single-chain peptide consisting of 10 to 25 amino acid residues is
used as this peptide linker. Specific examples of the peptide linker include (GGGGS)3.
[0041] The antibody prepared by linking a human-derived constant region to the VH chain and/or the VL chain, or the
fragment thereof, described in above (vi) may be a complete antibody (full-length antibody), Fab, Fab’, F(ab’)2, or scAb
or scFvFc having at least a partial Fc moiety. The scAb is one in which a partial domain (C domain) of a constant region
of an L chain or an H chain is bound with scFv, and the scFvFc is one in which CH1 and CH2 of an H chain are bound
with scFv.
[0042] Furthermore, the antibody of the present embodiment may be any class of IgA, IgD, IgE, IgG, and IgM. In other
words, it may be a monomer or may be a multimer such as a dimer, a trimer, a tetramer, or a pentamer.
[0043] Here, the phrase "one or several amino acids are substituted, deleted, inserted, and/or added" means that the
number of amino acids to an extent that can be substituted, deleted, inserted, and/or added by a heretofore known
variant protein preparation method such as site-directed mutagenesis are substituted, deleted, inserted, and/or added.
Thus, for example, the polypeptides of the "amino acid sequences in which one or several amino acids in the amino
acid sequences shown in SEQ ID NOs: 7 to 9 are substituted, deleted, inserted, and/or added" are variant peptides of
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the polypeptides of the "amino acid sequences shown in SEQ ID NOs: 7 to 9", and the "variation" described here mainly
means a variation artificially introduced by a heretofore known variant protein preparation method.
[0044] For example, the "amino acid sequence in which one or several amino acids in the amino acid sequence of
SEQ ID NO: 7 are deleted, substituted, or added" may be an amino acid sequence having 85% or higher, 90% or higher,
or 95% or higher homology to the amino acid sequence of SEQ ID NO: 7. The same holds true for amino acid sequences
other than SEQ ID NO: 7.
[0045] Since CDRs are regions recognizing the antigen, human IL-18 is recognized by the complementarity determining
regions (CDRs) of the antibody according to the present embodiment or the fragment thereof. Thus, an antibody or a
fragment having at least the CDRs mentioned above can specifically recognize human IL-18. That is, the VH chain and
the VL chain mentioned above may be amino acid sequences comprising at least CDRs of the VH chain and the VL
chain, wherein the other regions are a human-derived VH chain and VL chain. By this, the specificity for human IL-18
is retained. However, CDRs are specifically constructed by the primary structures and higher order structures of variable
regions of an H chain and an L chain. Therefore, in the case of constituting a human anti-IL-18 antibody comprising at
least CDRs of the VH chain and the VL chain, wherein the other regions are a human-derived VH chain and VL chain,
it is preferable to prepare it as an antibody having the specificity for human IL-18. For example, it is preferable to prepare
the antibody having the specificity for human IL-18 by maintaining the higher order structures of at least CDRs.
[0046] As shown in Examples mentioned later, as a result of conducting detailed analysis on the scFv mentioned
above, the following findings were gained as to effects and properties thereof:

specifically binding to human IL-18 and monkey IL-18, and
inhibiting signal transduction and IFN-γ production induced by human IL-18 and monkey IL-18.

[0047] Moreover, the antibody of the present embodiment or the fragment thereof may comprise an additional polypep-
tide. Examples of the case where such a polypeptide is added include the case where the antibody of the present
embodiment or the fragment thereof is epitope-tagged with His, Myc, Flag, or the like. Specifically, examples of the
additional polypeptide include His, Myc, and Flag.
[0048] Furthermore, the antibody of the present embodiment and the fragment thereof may be bound with a modifier
in order to improve stability and antibody titer. Specifically, the antibody of the present embodiment and the fragment
thereof may be a modified antibody. Examples of this modifier include sugar chains and polymers. In the case of
performing modification with a sugar chain, there is the possibility that the sugar chain has certain biological activity. In
the case of performing modification with a simple polymer such as polyethylene glycol (PEG), the polymer itself does
not exhibit biological activity. There is further the possibility that, by the PEGylation, absorption in the liver is suppressed
or stability in blood is improved. In short, a simple polymer such as PEG is preferable as the modifier.
[0049] In the case of use as a therapeutic drug, the modification of the antibody and the fragment thereof according
to the claims with the modifier is performed in a range in which a human does not cause immune response. In the case
of use as a detection apparatus, a diagnostic kit, or the like, there is no particular limitation. Also, in the case that the
antibody or the fragment thereof according to the claims is to be administered to a human, it is preferable to perform the
modification in a range that maintains the higher order structures of CDRs recognizing the antigen.
[0050] Since the antibody of the present embodiment and the fragment thereof have a human-derived amino acid
sequence, the possibility that an anti-antibody that inhibits the activity of the antibody is formed is very low. In addition,
the antibody of the present embodiment and the fragment thereof have the effect of binding strongly to human IL-18,
thereby inhibiting the biological activity such as IFN-γ production, and are therefore expected to inhibit various immune
responses evoked by human IL-18. Accordingly, the antibody of the present embodiment and the fragment thereof may
be used for the treatment of a disease mentioned later in which human IL-18 is involved directly or indirectly.

(2) Gene

[0051] A gene encoding the antibody or the fragment thereof according to claim 1 or 2 is included in an embodiment
of the present invention. Genes consisting of the nucleotide sequences shown in SEQ ID NOs: 1 and 2, genes consisting
of nucleotide sequences having 85% or higher, 90% or higher, or 95% or higher homology to the nucleotide sequences
shown in SEQ ID NOs: 1 and 2, genes encoding the amino acid sequences shown in SEQ ID NOs: 3 to 6, genes having
these genes as open reading frame (ORF) regions, and altered genes in which a portion of the nucleotide sequences
of these genes has been altered, etc., are described herein.
[0052] The gene mentioned above is a recombinant gene obtained from a phage display library and is not naturally
present. Also, the gene may be cDNA.
[0053] The gene encodes the antibody of the preceding embodiment or the fragment thereof and can therefore be
introduced into an appropriate host (e.g., a bacterium or a yeast) to express the antibody of the preceding embodiment
or the fragment thereof.
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[0054] Furthermore, the "gene" may comprise sequences such as a sequence of an untranslated region (UTR) and
a vector sequence (including an expression vector sequence), in addition to the sequence encoding the antibody or the
fragment thereof described in above "(1) Antibody and fragment thereof". For example, genes consisting of the nucleotide
sequences shown in SEQ ID NOs: 1 and 2 or genes encoding the amino acid sequences shown in SEQ ID NOs: 3 to
6 are ligated with vector sequences, which can then be amplified in an appropriate host, thereby amplifying the gene of
the present embodiment as desired. Also, a partial sequence of the gene of the present embodiment may be used as
a probe. Moreover, as mentioned later, the gene of the present embodiment may be used as a gene therapeutic agent
for a disease in which human IL-18 is involved.

(3) Methods for obtaining and producing antibody and fragment thereof

[0055] The antibody and the fragment thereof described in above "(1) Antibody and fragment thereof" can be obtained,
as shown in Examples mentioned later, for example, by using a so-called phage display method (e.g., MRC, UC, CAT,
Medlmmune, XOMA, Dyax, or Morphosys) and a screening method in a state where an IL-18BP recognition region
present on the IL-18 molecule is exposed and maintained.
[0056] Therefore, described herein is a method for preparing the antibody or the fragment thereof described in above
"(1) Antibody and fragment thereof", comprising binding IL-18 to a support in the form of beads via a linker and then
reacting the support with a phage display library under conditions that expose and maintain an IL-18BP recognition
region of the IL-18.
[0057] Alternatively, the antibody and the fragment thereof described in above "(1) Antibody and fragment thereof"
can be produced by allowing a host to express the gene described in above "(2) Gene". The methods for obtaining and
producing the antibody and the fragment thereof are not limited thereto.
[0058] More specifically, mRNAs are extracted from the peripheral blood B lymphocytes of a healthy person and
amplified by RT-PCR using primer pairs defining both ends of VH chains and VL chains of immunoglobulin genes to
obtain V region populations of H chains and L chains having diverse sequences. Next, a DNA encoding a peptide linker
moiety is further amplified in combination with a primer pair defining it such that both ends thereof are linked to an H
chain and an L chain, respectively, to prepare diverse scFv DNA populations by random combinations of the V regions
of H chains and L chains. The obtained scFv DNAs are incorporated into phagemid vectors to prepare an scFv display
phage library. The quality and diversity of this library are very important factors for obtaining an effective antibody.
[0059] Although human IL-18, which is a target protein, is usually immobilized as the first choice onto a plastic plate,
the human IL-18 is biotinylated using a biotinylating reagent comprising a linker of a proper length in order to expose
and maintain an IL-18BP recognition region present on the IL-18 molecule. The length of the linker is, for example, 3 to
100 angstrom, for example, 5 to 50 angstrom, or, for example, 10 to 30 angstrom.
[0060] Next, this library is reacted in a liquid phase with biotinylated human IL-18 bound with streptavidin magnetic
beads, and unreacted scFv display phages are removed by washing, followed by the elution of an scFv phage clone
bound with human IL-18 using an acid. scFv DNA is prepared from the separated phage clone, and this is incorporated
into an expression vector. A host transformed with the expression vector is cultured according to a conventional method
to obtain only the scFv protein of interest.
[0061] SEQ ID NOs: 1 and 2 are the nucleotide sequences of cDNAs encoding the single-chain variable regions
(scFvs) against human IL-18 obtained by the phage display antibody method. Also, SEQ ID NOs: 3 and 5 are the amino
acid sequences of VH chains of the obtained anti-human IL-18 antibodies, and SEQ ID NOs: 4 and 6 are the amino acid
sequences of VL chains of the obtained anti-human IL-18 antibodies.
[0062] The gene encoding scFv can be expressed in, for example, Escherichia coli. In the case of Escherichia coli, it
can be expressed by functionally linking a useful promoter conventionally used, a signal sequence for antibody secretion,
and the like to the gene encoding scFv to be expressed. Examples of the promoter include lacZ promoter and araB
promoter. In the case of expression in the periplasm of Escherichia coli, it is preferable to use pelB signal sequence
(Non Patent Literature 27) as the signal sequence for secretion of scFv. The signal sequence of g3 protein of M13 phage
can also be used for secretion into a culture supernatant.
[0063] The scFv expressed as described above can be separated from the inside or outside of the host cells and
homogeneously purified. The scFv expressed in the present embodiment can be easily purified in a short time by affinity
chromatography using a nickel column, because a His tag sequence is added to its C terminus. In addition, it is also
possible to purify the scFv by combining usual separation and purification methods used for proteins. The antibody can
be separated and purified by combining, for example, ultrafiltration, salting out, and column chromatography such as
gel filtration/ion exchange/hydrophobic chromatography. It has been revealed that the scFv protein (polypeptide) thus
obtained has binding activity against human IL-18 as shown in Examples mentioned later.
[0064] A method such as ELISA or BIAcore is used as a method for measuring the antigen binding activity of the
antibody according to the present embodiment or the fragment thereof against human IL-18. In the case of using, for
example, ELISA, a sample containing the anti-IL-18 antibody or the antibody fragment of interest, for example, a culture



EP 2 924 117 B1

11

5

10

15

20

25

30

35

40

45

50

55

supernatant of Escherichia coli or a purified antibody, is added to a human IL-18-immobilized 96-well plate. Next, a
secondary antibody labeled with an enzyme such as alkaline phosphatase is added thereto, and the plate is incubated
and washed. Then, a chromogenic substrate para-nitrophenyl phosphate is added thereto, and the absorbance can be
measured, thereby evaluating the antigen binding activity.

(4) Recombinant expression vector and transformant

[0065] A recombinant expression vector comprising the gene described in above "(2) Gene", i.e., the gene encoding
the antibody or the fragment thereof described in above "(1) Antibody and fragment thereof", is included in an embodiment
of the present invention. Examples thereof include recombinant expression vectors in which cDNAs of genes consisting
of the nucleotide sequences shown in SEQ ID NOs: 1 and 2 or genes encoding the amino acid sequences shown in
SEQ ID NOs: 3 to 6 are inserted. A plasmid, a phage, or a cosmid, or the like can be used in the preparation of the
recombinant expression vector, though not particularly limited thereto.
[0066] As mentioned above, the recombinant expression vector comprises the gene of the preceding embodiment.
The specific type of the vector is not particularly limited, and a vector that permits expression in host cells can be
appropriately selected. Specifically, a promoter sequence is appropriately selected according to the type of the host
cells in order to securely express the gene, and one in which this and the gene according to the preceding embodiment
are incorporated in various plasmids can be used as an expression vector.
[0067] Various markers may be used in order to confirm whether or not the gene of the preceding embodiment is
introduced in host cells and further whether or not the gene of the preceding embodiment is securely expressed in host
cells. For example, a gene deleted in host cells is used as a marker, and a plasmid or the like comprising this marker
and the gene of the preceding embodiment is introduced as an expression vector into host cells. By this, the introduction
of the gene of the preceding embodiment can be confirmed from the expression of the marker gene. Alternatively, the
antibody according to the preceding embodiment or the fragment thereof may be expressed as a fusion protein, and the
antibody according to the preceding embodiment or the fragment thereof may be expressed, for example, as a GFP
fusion protein by using Aequorea victoria-derived green fluorescent protein GFP as a marker.
[0068] The host cells are not particularly limited, and various conventionally known cells can be preferably used.
Specifically, examples of the host cells in the case of the gene encoding the full-length antibody, described in above "(2)
Gene" include animal cells including human- or mouse-derived cells as well as oocytes of Caenorhabditis elegans and
Xenopas laevis, cultured cells of various mammals (rats, rabbits, pigs, monkeys, etc.), and cultured cells of insects such
as Drosophila melanogaster and Bombyx mori, and examples of the host cells in the case of the gene encoding the
antibody fragment include bacteria such as Escherichia coli and yeasts (Saccharomyces cerevisiae and Schizosaccha-
romyces pombe), though not particularly limited thereto.
[0069] The method for introducing the expression vector into the host cells, i.e., the transformation method, is not
particularly limited, and a conventionally known method such as an electroporation method, a calcium phosphate method,
a liposome method, or a DEAE dextran method can be preferably used.
[0070] The transformant of the present embodiment is a transformant in which the gene described in above "(2) Gene",
i.e., the gene encoding the antibody or the fragment thereof described in above "(1) Antibody and fragment thereof", is
introduced. Here, the phrase "gene is introduced" means that the gene is expressibly introduced in intended cells (host
cells) by a heretofore known genetic engineering approach (gene manipulation technique). [0082] It is also possible to
produce the antibody or the fragment thereof described in above "(1) Antibody and fragment thereof" with the transformant
described herein prepared by using the recombinant expression vector of the present embodiment.

(5) Described herein are methods for using the antibody and fragment thereof

(5-1) Detection apparatus for human IL-18, carrier for purification, detection reagent, diagnostic kit for disease, and 
diagnosis method

[0071] The antibody or the fragment thereof, or the modified antibody according to any of claims 1 to 3 binds specifically
and strongly to human IL-18 and as such, may be used in a detection apparatus for human IL-18, a carrier for purification,
a detection reagent, a diagnostic kit for a disease, or the like mentioned later.
[0072] The detection apparatus described herein can be used for the purpose of, for example, detecting human IL-18
contained in a sample such as blood or urine. The detection apparatus for human IL-18 can be used in the detection,
measurement, or the like of IL-18 under various conditions.
[0073] The carrier for purification described herein can be prepared by binding the antibody, etc., by a general method
to a carrier usually used in chromatography. The carrier for purification can be used in the purification of human IL-18
by immunoaffinity chromatography. This purification method comprises the steps of: contacting the antibody or the
fragment thereof according to the claims with a mixture of human IL-18 and other substances to adsorb the human IL-
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18 onto the antibody or the fragment thereof; and desorbing and collecting the adsorbed human IL-18 from the antibody
or the fragment thereof.
[0074] According to the human IL-18 detection reagent described herein, human IL-18 in a test sample can be analyzed
rapidly and accurately in a qualitative or quantitative manner by label immunoassay such as radioimmunoassay, enzyme
immunoassay, or fluorescent immunoassay. In this label immunoassay, the antibody or the fragment thereof is labeled
with, for example, a radioactive substance, an enzyme, and/or a fluorescent material and used. Since the antibody and
the fragment thereof specifically react with human IL-18 to cause immune response, the immune response can be
measured with the labeling material as an index, thereby precisely detecting a very trace amount of human IL-18 in the
test sample. The label immunoassay, compared with bioassay, has the features that: it can analyze a large number of
test samples at once; the time and labor required for the analysis are merely small; and the analysis is highly precise.
[0075] The diagnostic kit for a disease described herein comprises the human IL-18 detection reagent. The diagnostic
kit can be used for measuring a human IL-18 level in a test sample and diagnosing a disease associated with change
in the expression level of IL-18. The diagnostic kit may comprise a human IL-18 standard serving as a human IL-18
concentration index, in addition to the detection reagent.
[0076] The diagnosis method described herein comprises measuring a human IL-18 level in a test sample (blood, a
body fluid, a tissue, etc.) using the diagnostic kit and diagnosing a disease on the basis of the measurement results.
The "disease" is a disease associated with change in the expression level of IL-18, and hyper-IL-18-naemia in a human
mentioned later is included. Moreover, examples of the "disease" include allergy, inflammation, and chronic immune
disorder and more specifically include interstitial pneumonia, adult-onset Still’s disease, chronic obstructive pulmonary
disease, metabolic bone disease, multiple sclerosis, diabetes mellitus, atopic dermatitis, airway inflammation, airway
hyperresponsiveness (AHR), asthma, and serious organ damages in the liver, the kidney, and the intestine.
[0077] The detection method with the detection apparatus for human IL-18 described herein is useful in process control
in producing human IL-18 and the quality control of products. Also, the diagnostic kit and the diagnosis method for a
disease described herein are very useful for performing the diagnosis of various sensitive diseases, the evaluation of
treatment of various diseases, the pathological control of diseases, etc., by using the levels of human IL-18 in tissues
and body fluids as an index.
[0078] In general, an antibody used for diagnosis is prepared by immunizing a non-human animal such as a mouse,
a rabbit, or a goat. However, in the immune system of an animal, lymphocytes producing antibodies binding to molecules
constituting the body of the self are eliminated or deactivated. In short, an antibody for which a portion very similar
between human IL-18 and animal IL-18 is an antigenic determinant is not included in an anti-human IL-18 antibody
prepared by immunizing the animal.
[0079] In contrast to this, the antibody described herein is an antibody screened for from a phage library comprising
a phage displaying a human anti-human IL-18 antibody. The mechanism that eliminates or deactivates antibodies, as
in the animal, is not present in this phage. Hence, an anti-IL-18 antibody exhibiting binding specificity for an antigenic
determinant common in IL-18 of humans and other animals, which cannot be prepared in animal immunity, is included
in the antibody described herein. Provided that such an antibody is used in the detection apparatus and the diagnostic
kit described herein, an IL-18-associated disease can be diagnosed not only in humans but also various animal disease
models including monkeys.

(5-2) Human IL-18 activity inhibitor, binding inhibitor, IFN-γ production inhibitor, and gene therapeutic agent

[0080] The antibody or the fragment thereof described in "(1) Antibody and fragment thereof" binds to human IL-18
while inhibiting the binding to human IL-18 receptor, also inhibiting signal transduction mediated by this receptor, and
further inhibiting IFN-γ production induced by human IL-18. Thus, the antibody, in other words, is a human IL-18 antagonist.
Furthermore, this human IL-18 antagonist can be used as a human IL-18 activity inhibitor.
[0081] Specifically, human IL-18 activity inhibitors containing antagonists of the following (I) to (IV) as active ingredients
are described herein:

(I) the antibody described in above "(1) Antibody and fragment thereof",
(II) the fragment of the antibody described in above "(1) Antibody and fragment thereof",
(III) a modified antibody of the antibody or the fragment thereof described in above "(1) Antibody and fragment
thereof", and
(IV) a low-molecular compound molecularly designed on the basis of an antigenic determinant on human IL-18
recognized by the antibody, the fragment of the antibody, or the modified antibody described in above (I) to (III).

[0082] Here, the "human IL-18 activity inhibitor" inhibits the activity of human IL-18 and may be one antagonistically
inhibiting the binding to human IL-18 receptor or one inhibiting human IL-18 signal transduction by binding to the complex
with IL-18 receptor.
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[0083] Human IL-18 binding inhibitors containing the antagonists of above (I) to (IV) as active ingredients, wherein
the inhibitors inhibit the binding between human IL-18 and human IL-18 receptor are also described herein. The "human
IL-18 binding inhibitor" may be one antagonistically inhibiting the binding to human IL-18 receptor.
[0084] IFN-γ production inhibitors containing the antagonists of above (I) to (IV) as active ingredients are further
described herein. The "IFN-γ production inhibitor" may be one inhibiting IFN-γ production.
[0085] Moreover, the gene described in above "(2) Gene" may be used as a gene therapeutic agent for a disease in
which human IL-18 is involved. Therefore, gene therapeutic agents comprising the gene described in above "(2) Gene"
are described herein. This gene therapeutic agent may be designed such that the antibody of the preceding embodiment
or the fragment thereof is expressed in vivo after ingestion, thereby forming the antibody of the preceding embodiment
or the fragment thereof in vivo after the ingestion of the therapeutic agent and imparting thereto effects similar to those
of the inhibitors mentioned above.

(5-3) Therapeutic agent for disease

[0086] The antibody or the fragment thereof described in above "(1) Antibody and fragment thereof" has variable
regions of a human-derived anti-human IL-18 antibody and strongly reacts with human IL-18 to exhibit an inhibitory
effect on the binding between IL-18 and IL-18 receptor. It further inhibits various immune responses (inhibits IFN-γ
production) evoked by IL-18. Therefore, the human IL-18 activity inhibitor, the human IL-18 binding inhibitor, the IFN-γ
production inhibitor, or the gene therapeutic agent may be used as a therapeutic agent for a disease in which human
IL-18 is involved (IL-18-associated disease).
[0087] The antibody described in above "(1) Antibody and fragment thereof" is a human-derived human anti-human
IL-18 recognizing human IL-18. Specifically, the amino acid sequence of this antibody, unlike conventional chimeric
antibodies and humanized antibodies, is wholly derived from a human. Thus, there is no risk of formation of an antibody
(anti-antibody) blocking the effects of the antibody of the preceding embodiment. Hence, this antibody can sustain effects
while maintaining high safety, even if repeated administration or long-term administration is performed.
[0088] A therapeutic agent for use as a medicament (hereinafter, also referred to as a "disease therapeutic agent")
comprising the antibody or fragment according to the claims is included in an embodiment of the present invention.
Hyper-IL-18-naemia in a human is described herein. The hyper-IL-18-naemia in a human is various diseases caused
chiefly by an active form of human IL-18 excessively produced by some stimulation derived from the inside or outside
of cells. Moreover, examples of the disease include allergy, inflammation, and chronic immune disorder and more
specifically include interstitial pneumonia, adult-onset Still’s disease, chronic obstructive pulmonary disease, metabolic
bone disease, multiple sclerosis, diabetes mellitus, atopic dermatitis, airway inflammation, airway hyperresponsiveness
(AHR), asthma, and serious organ damages in the liver, the kidney, and the intestine.
[0089] Since it is only necessary that the disease therapeutic agent of the present embodiment exert its effects in vivo,
the disease therapeutic agent of the present embodiment may be one in which the antibody or fragment is in a prodrug
form. Specifically, it may be modified so as to become an active metabolite in vivo.
[0090] Alternatively, the therapeutic agent for use according to the claims may be in a composition comprising phar-
maceutically acceptable additives such as one or more types of excipients, one or more types of binders, one or more
types of disintegrants, one or more types of lubricants, and one or more types of buffers.
[0091] Since the antibody according to the claims inhibits signal transduction and IFN-γ production induced by IL-18
stimulation as mentioned above, an antigenic determinant on IL-18 that exhibits the binding specificity between the
antibody having such characteristics and human IL-18 can be elucidated, thereby enabling application to the development
of a disease therapeutic agent which is a low-molecular compound. This antigenic determinant is called epitope. This
epitope may be a primary amino acid sequence itself and may be a conformation constructed in a folded manner of a
peptide chain. In either case, for example, a similar compound (mimic molecule) of the epitope can be designed by a
"molecular template design method using monoclonal antibodies" proposed by Fukumoto et al. (Non Patent Literature
28). Here, the "low-molecular compound" refers to, for example, a compound having a molecular weight smaller than
10000, for example, a molecular weight smaller than 3000, generally used as a small molecule drug, not a compound
having a relatively large molecular weight (molecular weight: 10000 or larger) such as a peptide or an antibody. A smaller
molecular weight of the low-molecular compound is more preferable.
[0092] In the case of developing a peptide or a lower-molecular-weight compound as the low-molecular compound,
it can be designed by a so-called in silico process of performing molecular design by focusing on the molecular structure
of this mimic molecule. By thus performing the molecular design in silico, a low-molecular compound that may serve as
a therapeutic drug can be selected as a lead compound inexpensively and rapidly.
[0093] Specifically, for example, in Examples mentioned later, CDRs of a human anti-human IL-18 scFv antibody are
shown in SEQ ID NOs: 7 to 9 and 10 to 12. In general, CDRs in an antibody are regions (sites) recognizing the antigen.
Specifically, CDRs serve as active centers of the antibody. In short, the scFv shown in Examples specifically recognizes
human IL-18 through CDRs.
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[0094] Thus, provided that a low-molecular compound is designed so as to be substantially identical (preferably,
completely identical) to the higher order structures of these CDRs, the low-molecular compound can be used as a small
molecule drug. In other words, the low-molecular compound is designed to be closer to the conformations of the CDRs.
Although the method of the in silico process is not particularly limited, the design can be made on a computer on the
basis of functional groups carried by CDRs and the higher order structures of CDRs by, for example, SBDD (structure
based drug design) or CADD (computer-aided drug design).
[0095] The low-molecular compound thus designed has high stability, as compared with proteins (peptides) such as
antibodies. Therefore, this low-molecular compound can be used as an easy-to-handle drug.

(5-4) Example of application of disease therapeutic agent - 1

[0096] Hereinafter, examples of the application of the disease therapeutic agent will be shown.
[0097] Interstitial pneumonia is a generic name for 200 or more diseases with the inflammation of the interstitium of
the lung (including the pulmonary alveolar septum in the narrow sense and the interlobular septum, the neighborhood
of the chest lining, etc., in the broad sense), among diseases in which bilateral diffuse shadows are observed on chest
X-ray images. Of them, many interstitial pneumonia cases of unknown causes are present. In order to elucidate the role
of IL-18 in vivo, the group of the Kurume University has administered IL-2 to mice and observed change derived from
the administration of IL-18 in an activated state of lymphocytes (Non Patent Literature 29). As a result, it has been found
that interstitial pneumonia is evoked by the administration of IL-18, and found that IL-18 is deeply involved in the patho-
genesis of interstitial pneumonia. The group has further considered that the onset of interstitial pneumonia is prevented
by suppressing the onset of excessive action of IL-18, and conducted studies by using IL-18 receptor (IL-18Rα) knockout
mice in order to verify this hypothesis. As a result, it has been confirmed that the onset of interstitial pneumonia is
prevented by suppressing the action of IL-18.
[0098] Meanwhile, in Example 6 mentioned later, it has been confirmed using human cells KG-1 that the anti-IL-18
antibody obtained by the present inventors has the ability to suppress the onset of action of IL-18.
[0099] As mentioned above, IL-18 stimulates lymphocytes in collaboration with IL-2, thereby causing serious interstitial
pneumonia. Thus, for example, the disease therapeutic agent mentioned above may be used in the treatment of interstitial
pneumonia.

(5-5) Example of application of disease therapeutic agent - 2

[0100] Adult-onset Still’s disease is a systemic inflammatory disease that manifests high fever, polyarticular pain, and
eruption as chief signs. Although much still remains unknown about a cause of the disease, it has been reported from
Canada that HLAB17, B18, B35, and DR2 are linked as genetic factors. Recently, the possibility has been pointed out
that the polymorphisms of genes of cytokines such as IL-18 become risks for the onset. Cases having the onset after
infection by a virus such as human parvovirus, rubella virus, EB virus, echovirus, cytomegalovirus, influenza, parainflu-
enza, coxsackievirus, herpes virus, hepatitis B virus, or hepatitis C virus or a bacterium such as Mycoplasma, Chlamydia,
Yersinia, or Brucella have previously been reported as environmental factors. Thus, the theory of induction by infection
in which the infection by a virus or a bacterium seems to be a factor inducing Still’s disease has also been proposed. It
is also known that cytokines play an important role in the onset and the pathogenesis. In Still’s disease patients, IL-1,
IL-6, IL-8, IFN-γ, TNF-α, M-CSF, and IL-18 are overexpressed. Among them, remarkably increased IL-18 has been
found, suggesting that IL-18 is a cause of Still’s disease. Thus, it is expected that the onset of Still’s disease is prevented
by suppressing the onset of action of IL-18.
[0101] In Example 6 mentioned later, it has been confirmed using human cells KG-1 that the anti-IL-18 antibody
obtained by the present inventors has the ability to suppress the onset of action of IL-18. Thus, for example, the disease
therapeutic agent mentioned above may be used for adult-onset Still’s disease or the like.

(5-6) Example of application of disease therapeutic agent - 3

[0102] IL-18 is produced not only from cells of the immune system such as dendritic cells and macrophages but also
from various cells of none-immune systems including dermal keratinocytes, intestinal epithelial cells, and respiratory
epithelial cells.
[0103] Also, IL-18 induces the production of IFN-γ from various cells of the immune system or non-immune systems
in the presence of IL-12. On the other hand, IL-18 induces the production of Th2 cytokines (cytokines produced from
helper T2 cells) such as IL-4 and IL-13 from NKT cells, T cells, and NK cells in the absence of IL-12 to induce IgE
production in an antigen-nonspecific manner.
[0104] Moreover, IL-18 not only potentiates the production of IFN-γ belonging to Th1 cytokines by stimulating antigen-
stimulated Th1 cells but also induces the production of IL-9 and IL-13 belonging to Th2 cytokines and further IL-8, which
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is a typical chemokine.
[0105] Furthermore, IL-18 can be transnasally administered together with OVA (IL-18 and OVA are administered) to
mice to which OVA-specific Th1-type memory T cells are transferred, thereby inducing Th1-type bronchial asthma
characterized by strong infiltrates of neutrophils, lymphocytes, macrophages, and eosinophils into the alveolus and the
interstitium and airway hyperresponsiveness.
[0106] Furthermore, IL-18 directly stimulates mast cells and basophils in an antigen/IgE-independent manner. As a
result, it induces the production of various cytokines and chemical transmitters to induce a natural type of atopy (IL-18-
dependent inflammation).
[0107] As shown in Examples mentioned later, the anti-IL-18 antibody obtained by the present inventors inhibited the
activity of IL-18 in various in vitro systems. Particularly, this antibody has the function of inhibiting the production of IFN-
γ, which is a Th1 cytokine.
[0108] As described above, IL-18 is an important for allergic inflammations such as bronchial asthma and a natural
type of atopic dermatitis, and the human IL-18 antagonists (of above (I) to (IV)) mentioned above may be used as
therapeutic drugs therefor.
[0109] The antibody according to the preceding embodiment and the fragment thereof are a human anti-human IL-18
antibody and a fragment thereof which inhibit the binding to human IL-18 receptor. Thus, they may be used as therapeutic
drugs (treatment methods) or preventive agents (prevention methods) for various inflammatory diseases caused by
human IL-18.
[0110] The present invention also provides, for example, an important approach for developing a small molecule drug
(chemically synthetic drug) inhibiting IL-18 activity by designing a low-molecular compound on the basis of the higher
order structures of CDRs of an scFv antibody.
[0111] As mentioned above, the human anti-human IL-18 antibody of the preceding embodiment inhibits the binding
to IL-18 receptor. Thus, this antibody is effective for the treatment and prevention of various diseases caused by IL-18,
in addition to those described above.
[0112] The present inventors have succeeded in isolating scFv specifically binding to IL-18 from a phage display library
displaying human single-chain variable fragments (scFvs). This single-chain variable fragment can also specifically
inhibit the binding to IL-18 receptor.

Examples

[0113] Hereinafter, the present invention will be described in detail with reference to Examples. The present invention
is not intended to be limited by the description of Examples below.

(Example 1) Biotinylation of cytokine

[0114] Cytokines human IL-18 (MBL Medical & Biological Laboratories, Co., Ltd.), monkey IL-18 (Thermo Fisher
Scientific K.K.), rat IL-18 (Acris Antibodies GmbH), mouse IL-18 (MBL Medical & Biological Laboratories, Co., Ltd.),
human IL-1β (Funakoshi Corp.), and human IL-33 (MBL Medical & Biological Laboratories, Co., Ltd.) were biotinylated
using Biotin-PEAC5-maleimide (Dojindo Laboratories) or Biotin-AC5 Sulfo-OSu (Dojindo Laboratory). The buffers of the
cytokines after the biotinylation treatment were replaced with PBS (Sigma-Aldrich Corp.) by dialysis.

(Example 2) Isolation of anti-human IL-18 antibody

[0115] An scFv phage display library prepared by using human VH and VL cDNAs from mRNAs derived from human
B cells (e.g., tonsil or spleen) was screened to isolate antibodies against human IL-18. The antibody library used was
an excellent one comprising 1011 or more diverse antibody molecules.
[0116] The biotinylated human IL-18 was bound to Biomag Binding Streptavidin (Polysciences, Inc.) by using standard
procedures to obtain scFv phages specifically binding to human IL-18 (Non Patent Literature 30). The clones of the
obtained scFv phages were designated as "4A6D" and "4A6S". The binding activity of the obtained scFv phages was
evaluated by the following method:

(Example 3) Binding activity test on anti-IL-18 antibody

[0117] The binding activity of the obtained scFv phages, scFv, and IgG prepared by a standard method (conventional
method) was evaluated by ELISA. The biotinylated human IL-18 or the biotinylated mouse IL-18 was diluted to 1 mg/mL
with PBS (Sigma-Aldrich Corp.), added at 100 mL/well to Streptavidin plates (Nunc), and incubated at room temperature
for 2 hours to immobilize the IL-18. After the immobilization, the plates were washed with PBST, and each obtained
scFv phage, scFv, or IgG was added at 100 mL/well to the plates and incubated at 37°C. After 1 hour, the plates were
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washed with PBST, and a detection antibody anti-M13/HRP (GE Healthcare Japan Corp.), anti-His tag/HRP (Bethyl
Laboratories, Inc.), anti-V5 tag/HRP (Bethyl Laboratories, Inc.), anti-mouse IgG/HRP (Invitrogen Corp.), or anti-hFc/HRP
(Cosmo Bio Co., Ltd., The binding site) was added at 100 mL/well to the plates and incubated at 37°C. After 1 hour, the
plates were washed with PBST, and TMB (Sigma-Aldrich Corp.) was added at 100 mL/well to the plates to develop color.
After 30 minutes, the reaction was terminated with 2 N sulfuric acid, and the color values (O.D. 450 nm/650 nm) were
measured using a microplate reader (Molecular Devices, Inc.).
[0118] The binding activity of the IgG molecule-type 4A6D against human IL-18 and the binding activity of the IgG
molecule-type 4A6S against human IL-18 are shown in Figure 1. 4A6D and 4A6S significantly had binding activity against
human IL-18, as compared with a negative control antibody (human anti-HBs antibody).

(Example 4) Sequence analysis of anti-IL-18 antibody

[0119] The nucleotide sequences of the obtained anti-IL-18 antibodies were confirmed. The DNA nucleotide sequences
of VH chain and VL chain genes of the isolated scFv genes were determined by using Big Dye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems).
[0120] The nucleotide sequences and amino acid sequences of 4A6D and 4A6S are shown in SEQ ID NOs: 1 and 2.
[0121] The amino acid sequences of the VH chain and VL chain of 4A6D are shown in SEQ ID NOs: 3 and 4 of Table
1, and the amino acid sequences of the VH chain and VL chain of 4A6S are shown in SEQ ID NOs: 5 and 6. Sites
differing between the amino acid sequences of 4A6D and 4A6S are underlined.

[0122] The amino acid sequences of CDRs (complementarity determining regions) important for the binding activity
of 4A6D and 4A6S are shown in SEQ ID NOs: 7 to 12 of Table 2.

[Table 1]

Clone name Region Amino acid sequence SEQ ID NO

4A6D VH SEQ ID NO 3

VL SEQ ID NO 4

4A6S VH SEQ ID NO 5

VL SEQ ID NO 6

[Table 2]

Region Amino acid sequence SEQ ID NO

VH CDR1 EYAMS SEQ ID NO 7

CDR2 GISTGGGGTYYADSVEG SEQ ID NO 8

CDR3 PWLSGSRSGDF SEQ ID NO 9

VL CDR1 TGTSSDVGGYNYVS SEQ ID NO 10

CDR2 EVSHRPS SEQ ID NO 11

CDR3 SSFTSSSSLYV SEQ ID NO 12
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(Example 5) IL-18 receptor binding assay

(5-1) IL-18 receptor binding assay by ELISA

[0123] In order to evaluate the functions of the anti-human IL-18 antibody, an IL-18 receptor binding assay system
was constructed.
[0124] IL-18Rβ-hFc (R&D Systems, Inc.) was added at 100 mL/well at a concentration of 1 mg/mL to Covalink plates
(Nunc) and incubated at room temperature for 1 hour and then incubated overnight at 4°C. On the next day, the plates
were washed with PBS (phosphate buffered saline) and blocked with 1% BSA (bovine serum albumin)-PBS. Human IL-
18 (MBL Medical & Biological Laboratories, Co., Ltd.) was prepared at a concentration of 0.5 mg/mL with 1% BSA-PBS,
and IL-18Rα-hFc-His (R&D Systems, Inc.) was prepared at a concentration of 2 mg/mL with 1% BSA-PBS. Both of the
solutions were mixed (50 mL each). The obtained anti-IL-18 antibody was further added to the IL-18/IL-18Rα-hFc-His
mixed solution. This mixed solution was added to the IL-18Rβ-hFc-immobilized Covalink plates and incubated at 37°C
for 1 hour. After 1 hour, the plates were washed with PBST (phosphate buffered saline-Tween 20), and a detection
antibody anti-His tag/HRP (Bethyl Laboratories, Inc.) was added at 100 mL/well to the plates and incubated at 37°C.
After 1 hour, the plates were washed with PBST, and TMB (Sigma-Aldrich Corp.) was added at 100 mL/well to the plates
to develop color. After 30 minutes, the reaction was terminated with 2 N sulfuric acid, and the color values (O.D. 450
nm/650 nm) were measured using a microplate reader (Molecular Devices, Inc.).
[0125] The inhibitory activity of 4A6D against the binding between human IL-18 and IL-18 receptor is shown in Figure
2. 4A6D significantly inhibited the binding between human IL-18 and IL-18 receptor, as compared with a negative control
antibody (human anti-HBs antibody).

(5-2) IL-18 receptor binding assay using KG-1 cell

[0126] In order to confirm the ability of the obtained anti-IL-18 antibody to inhibit the binding to native IL-18 receptor,
an IL-18 receptor binding assay system was constructed by using KG-1 cells (ATCC #CCL-246).
[0127] Human IL-18 (MBL Medical & Biological Laboratories, Co., Ltd.) was diluted to 100 ng/mL with 1% BSA-PBS-
0.05% NaN3-2% rabbit serum, mixed with the obtained anti-IL-18 antibody, and incubated at room temperature for 60
minutes. Then, the human IL-18/anti-IL-18 antibody mixed solution was added to KG-1 cells (1 3 105 cells) cultured by
a standard technique (e.g., a medium in which an RPMI1640 medium was supplemented with 10% bovine serum, 2 mM
L-glutamine, 50 U/mL penicillin, and 50 mg/mL streptomycin), and reacted on ice. After 30 minutes, the supernatant was
removed by centrifugation (1200 rpm, 3 min, 4°C), and a biotinylated anti-IL-18 antibody 125-2H (MBL Medical & Biological
Laboratories, Co., Ltd.) not inhibiting the binding between IL-18 and IL-18 receptor was added thereto and reacted on
ice. After 30 minutes, the supernatant was removed by centrifugation (1200 rpm, 3 min, 4°C), and streptavidin-PE (BD
Becton, Dickinson and Company) was added thereto and reacted on ice for 30 minutes. After the reaction, the supernatant
was removed by centrifugation (1200 rpm, 3 min, 4°C), and the KG-1 cells were floated with 1% BSA-PBS-0.05% NaN3-
2% rabbit serum. The fluorescence intensity in the reacted KG-1 cells was measured using FACScan (BD Becton,
Dickinson and Company).
[0128] The inhibitory activity of the IgG molecule-type 4A6D against the binding between human IL-18 and native IL-
18 receptor is shown in Figures 3(a) and 3(b). The IgG molecule-type 4A6D significantly inhibited the binding between
human IL-18 and IL-18 receptor, as compared with a negative control antibody (human anti-HBs antibody).

(Example 6) Neutralization test on anti-IL-18 antibody

(6-1) Neutralization test using recombinant IL-18

[0129] In order to test the neutralizing activity of each anti-human IL-18 antibody, a neutralization test confirmed in
the art as a test for monitoring IL-18 activity was conducted.
[0130] Briefly speaking, the neutralization test employs KG-1 cells (ATCC #CCL-246) cultured by a standard technique
(e.g., a medium in which an RPMI1640 medium was supplemented with 10% bovine serum, 2 mM L-glutamine, 50 U/mL
penicillin, and 50 mg/mL streptomycin). In order to conduct the neutralization test, the KG-1 cells were inoculated at 3
3 105 cells/mL and cultured (37°C, 5% CO2) for 4 days. After 4 days, the KG-1 cells were prepared at 3 3 106 cells/mL,
and recombinant IL-18 and the obtained anti-IL-18 antibody were added thereto at final concentrations of 4 ng/mL,
followed by culture for 24 hours (37°C, 5% CO2). After 24 hours, the culture supernatant was recovered, and the amount
of IFN-γ produced was detected with a commercially available IFN-γ quantitative ELISA kit (Invitrogen Corp.) according
to the instruction of the manufacturer.
[0131] As a result, as shown in Figure 4, the IgG molecule-type 4A6D and 4A6S inhibited IFN-γ production from the
KG-1 cells. Results of further calculating IC50 of 4A6D and 4A6S are shown in Table 3. The IC50 values of 4A6D and
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4A6S were 0.007 nM and 0.013 nM, respectively. This demonstrated that 4A6D and 4A6S are far superior in neutralizing
ability to previously reported IL-18 inhibitors.

(6-2) Neutralization test using human cell-derived natural IL-18

[0132] KG-1 cells (ATCC #CCL-246) and THP-1 cells (ATCC #TIB-202) cultured by a standard technique (e.g., a
medium in which an RPMI1640 medium was supplemented with 10% bovine serum, 2 mM L-glutamine, 50 U/mL penicillin,
and 50 mg/mL streptomycin) were used. In order to conduct the neutralization test, the KG-1 cells were inoculated at 3
3 105 cells/mL and cultured (37°C, 5% CO2) for 4 days. Also, the THP-1 cells were inoculated at 3 3 105 cells/mL and
cultured (37°C, 5% CO2) for 2 days. After the culture, the KG-1 cells and the THP-1 cells were prepared at 6 3 106

cells/mL and 1 3 106 cells/mL, respectively, and mixed in equal amounts. LPS (lipopolysaccharide, Sigma-Aldrich Corp.)
and the obtained anti-IL-18 antibody were added thereto at final concentrations of 1 mg/mL, followed by culture for 24
hours (37°C, 5% CO2). After 24 hours, the culture supernatant was recovered, and the amount of IFN-γ produced was
detected with a commercially available IFN-γ quantitative ELISA kit (Invitrogen Corp.) according to the instruction of the
manufacturer.
[0133] The results are shown in Table 4. IFN-γ was not produced even by adding LPS to the THP-1 cells and the KG-
1 cells alone, whereas IFN-γ was produced only when all of THP-1, KG-1, and LPS were present. Furthermore, IFN-γ
production was inhibited by adding 4A6D and 4A6S. These results demonstrated that natural IL-18 is produced by using
two types of human cells, and as a result, the assay system for producing IFN-γ is constructed. Also, these results
demonstrated that the IgG molecule-type 4A6D and 4A6S inhibit human cell-derived natural IL-18.

(6-3) Neutralization test using chymase cleavage-type IL-18

[0134] Chymase cleavage-type IL-18 was prepared according to the previous report (Non Patent Literature 9).
[0135] Briefly speaking, a precursor proIL-18 was expressed with Escherichia coli as a host and purified. Chymase
(Funakoshi Corp.) was added at 10 U to the prepared proIL-18 (100 mg/mL) and incubated at 37°C for 80 minutes. This

[Table 3]

Clone name Neutralizing ability (IC50, nM)

4A6D 0.007

4A6S 0.013

ABT-325 *1 0.2

2C10*2 0.1

IL-18BP *3 0.4

H18.108 *4 5

*1: described in Patent Literature 2. *2: described in Patent Literature 3 or 4. *3: described in Non Patent Literature
31. *4: described in Patent Literature 5 and Non Patent Literature 32.

[Table 4]

THP-1 KG-1 LPS Antibody Amount of IFN-γ produced (pg/mL)

+ - - - 9

- + - - 9

+ + - - 28

+ + + - 144

+ - + - 22

- + + - 15

+ + + 4A6D 33

+ + + 4A6S 36

+ + + Negative control 134
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was used as chymase cleavage-type IL-18.
[0136] On the other hand, KG-1 cells were inoculated at 3 3 105 cells/mL and cultured (37°C, 5% CO2) for 4 days.
After 4 days, the KG-1 cells were prepared at 3 3 106 cell/mL. The chymase cleavage-type IL-18 was added at a 1/20
volume of the reaction system, and the obtained anti-IL-18 antibody was further added thereto, followed by culture for
24 hours (37°C, 5% CO2). After 24 hours, the culture supernatant was recovered, and the amount of IFN-γ produced
was detected with a commercially available IFN-γ quantitative ELISA kit (Invitrogen Corp.) according to the instruction
of the manufacturer.
[0137] The results are shown in Table 5. IFN-γ production was inhibited by adding the IgG molecule-type 4A6D and
4A6S. This result demonstrated that 4A6D and 4A6S inhibit chymase-cleavage type active-form IL-18.

(Example 7) Epitope analysis (competitive ELISA)

[0138] Epitope analysis on the obtained anti-IL-18 antibody was conducted by competitive ELISA.
[0139] The biotinylated human IL-18 was diluted to 1 mg/mL with PBS (Sigma-Aldrich Corp.), added at 100 mL/well to
Streptavidin plates (Nunc), and incubated at room temperature for 2 hours to immobilize the human IL-18. After the
immobilization, the plates were washed with PBST, and anti-mouse α9 scFv-mFc (negative control) or 4A6D scFv-mFc
was added at 100 mL/well to the plates and incubated at 37°C. After 1 hour, human IL-18BPa-hFc (R&D Systems, Inc.)
was prepared at 30 ng/mL with 1% BSA-PBS, added at 100 mL/well to the plates, and incubated at 37°C. After 1 hour,
the plates were washed with PBST, and a detection antibody anti-hFc/HRP (Cosmo Bio Co., Ltd., The binding site) was
added at 100 mL/well to the plates and incubated at 37°C. After 1 hour, the plates were washed with PBST, and TMB
(Sigma-Aldrich Corp.) was added at 100 mL/well to the plates to develop color. After 30 minutes, the reaction was
terminated with 2 N sulfuric acid, and the color values (O.D. 450 nm/650 nm) were measured using a microplate reader
(Molecular Devices, Inc.).
[0140] The results of the epitope analysis on the anti-human IL-18 antibody are shown in Figure 5. 4A6D was found
to compete with human IL-18BPa-hFc. This means that 4A6D and human IL-18BPa recognize the same epitope and
4A6D has an inhibition manner similar to that in vivo.

(Example 8) IL-18 receptor binding assay in presence of anti-human IL-18 antibody and IL-18BP

[0141] On the basis of above "IL-18 receptor binding assay using KG-1 cell", human IL-18BPa-Fc (R&D Systems,
Inc.) was added at the same time with the obtained anti-IL-18 antibody to test whether their effects were synergistic.
[0142] The results are shown in Figure 6. The IgG molecule-type 4A6D and human IL-18BPa each alone inhibited the
binding of IL-18 to the KG-1 cells by tens of %, whereas the coexistence thereof exhibited a higher inhibitory effect than
that by the addition of each alone.

(Example 9) Cross-reactivity test

[0143] The biotinylated human IL-18 (MBL Medical & Biological Laboratories, Co., Ltd.), the biotinylated monkey IL-
18 (Thermo Fisher Scientific K.K.), the biotinylated rat IL-18 (Acris Antibodies GmbH), the biotinylated mouse IL-18 (MBL
Medical & Biological Laboratories, Co., Ltd.), the biotinylated human IL-1β (Funakoshi Corp.), and the biotinylated human
IL-33 (MBL Medical & Biological Laboratories, Co., Ltd.) described in above "Biotinylation of cytokine" were each diluted
to 1 mg/mL with PBS (Sigma-Aldrich Corp.), added at 100 mL/well to Streptavidin plates (Nunc), and incubated at room
temperature for 2 hours to immobilize these various cytokines. After the immobilization, the plates were washed with
PBST, and each obtained antibody was added at 100 mL/well to the plates and incubated at 37°C. After 1 hour, the
plates were washed with PBST, and a detection antibody anti-mouse IgG/HRP (Invitrogen Corp.) or anti-hFc/HRP

[Table 5]

proIL-18 chymase Antibody Amount of IFN-γ produced (pg/mL)

+ + - 91

+ - - 18

- + - 22

+ + 4A6D 22

+ + 4A6S 26

+ + Negative control 109
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(Cosmo Bio Co., Ltd., The binding site) was added at 100 mL/well to the plates and incubated at 37°C. After 1 hour, the
plates were washed with PBST, and TMB (Sigma-Aldrich Corp.) was added at 100 mL/well to the plates to develop color.
After 30 minutes, the reaction was terminated with 2 N sulfuric acid, and the color values (O.D. 450 nm/650 nm) were
measured using a microplate reader (Molecular Devices, Inc.).
[0144] The results are shown in Table 6. The obtained anti-human IL-18 antibodies 4A6D and 4A6S exhibited binding
activity against human and monkey IL-18, but did not exhibit binding activity against rat and mouse IL-18. On the other
hand, the obtained anti-IL-18 antibodies lacked binding activity against IL-1β and IL-33, which were other members of
the IL-1 family.

(Example 10) Epitope analysis (reactivity analysis using Ala substitution variant)

[0145] Wild-type human IL-18 or a K53A variant of human IL-18 were expressed as a GST fusion protein containing
a factor Xa cleavage site as a linker, with Escherichia coli as a host, and bound to a glutathione cellulose 4B (GE
Healthcare Japan Corp.) column. Then, the wild-type human IL-18 or the K53A variant of human IL-18 was eluted by
adding factor Xa. The factor Xa contained in the eluate was removed by using Xarrest agarose (Novagen). This eluate
was used as the wild-type human IL-18 or the K53A variant of human IL-18.
[0146] Next, these human IL-18 proteins were biotinylated, then each diluted to 1 mg/mL with PBS (Sigma-Aldrich
Corp.), added at 100 mL/well to Streptavidin plates (Nunc), and incubated at room temperature for 2 hours to immobilize
them. After the immobilization, the plates were washed with PBST, and human IL-18BPa-hFc (R&D Systems, Inc.) or
the IgG molecule-type 4A6D was prepared at 1 mg/mL with 1% BSA-PBS, added at 100 mL/well to the plates, and
incubated at 37°C. After 1 hour, the plates were washed with PBST, and a detection antibody anti-hFc/HRP (Cosmo
Bio Co., Ltd., The binding site) was added at 100 mL/well to the plates and incubated at 37°C. After 1 hour, the plates
were washed with PBST, and TMB (Sigma-Aldrich Corp.) was added at 100 mL/well to the plates to develop color. After
30 minutes, the reaction was terminated with 1 M sulfuric acid, and the color values (O.D. 450 nm/650 nm) were measured
using a microplate reader (Molecular Devices, Inc.).
[0147] The results of ELISA are shown in Figure 7. As with human IL-18BPa-hFc, 4A6D has reduced reactivity with
the K53A variant of human IL-18 compared with the wild-type human IL-18. This means that lysine, which is an amino
acid residue at the position 53 of human IL-18, is important as an epitope for 4A6D, and indicates that human IL-18BPa
also recognizes this region. Specifically, it was shown that 4A6D recognizes, as an epitope, the same region as the
recognition site of human IL-18BPa.

(Example 11) Analysis on reactivity with complex of IL-18 and IL-18BP

[0148] The reactivity of the anti-IL-18 antibody obtained by ELISA with a complex of IL-18 and IL-18BP was evaluated.
[0149] The biotinylated human IL-18 was diluted to 1 mg/mL with PBS (Sigma-Aldrich Corp.), added at 100 mL/well to
Streptavidin plates (Nunc), and incubated at room temperature for 1 hour to immobilize the human IL-18. The plates
were washed with PBST, and human IL-18BPa-hFc (R&D Systems, Inc.) diluted to 10 mg/mL with 1% BSA-PBS was
added at 100 mL/well to the plates and incubated at 37°C for 1 hour to form a complex of IL-18 and IL-18BP. The plates
were washed with PBST, and 4A6D scFv-mFc was added at 100 mL/well to the plates and incubated at 37°C. After 1
hour, the plates were washed with PBST, and a detection antibody anti-mouse IgG/HRP (Invitrogen Corp.) was added
at 100 mL/well to the plates and incubated at 37°C. After 1 hour, the plates were washed with PBST, and TMB (Sigma-
Aldrich Corp.) was added at 100 mL/well to the plates to develop color. After 30 minutes, the reaction was terminated
with 1 M sulfuric acid, and the color values (O.D. 450 nm/650 nm) were measured using a microplate reader (Molecular
Devices, Inc.).
[0150] The results of the analysis on the reactivity with the complex of IL-18 and IL-18BP are shown in Figure 8. 4A6D
bound to IL-18, but did not react with the complex of IL-18 and IL-18BP.

[Table 6]

Anti-IL-18 antibody clone name
Various cytokines

Human IL-18 Monkey IL-18 Rat IL-18 Mouse IL-18 Human IL-1β Human IL-33

4A6D + + - - - -

4A6S + + - - - -
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Industrial Applicability

[0151] The antibody of the present invention against human IL-18 and the fragment thereof are applicable to a disease
in which human IL-18 is involved directly or indirectly.

SEQUENCE LISTING

[0152]

<110> THE CHEMO-SERO-THERAPEUTIC RESEARCH INSTITUTE

<120> Novel human anti IL-18 antibody

<130> 13-0505-00

<150> JP 2012-254893
<151> 2012-11-21

<160> 12

<170> PatentIn version 3.5

<210> 1
<211> 747
<212> DNA
<213> Artificial Sequence

<220>
<223> Artificial Sequence

<220>
<221> CDS
<222> (1)..(747)

<400> 1
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<210> 2
<211> 747
<212> DNA
<213> Artificial Sequence

<220>
<223> Artificial Sequence

<220>
<221> CDS
<222> (1)..(747)

<400> 2
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<210> 3
<211> 120
<212> PRT
<213> Artificial Sequence

<220>
<223> Artificial Sequence

<400> 3
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<210> 4
<211> 111
<212> PRT
<213> Artificial Sequence

<220>
<223> Artificial Sequence

<400> 4
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<210> 5
<211> 120
<212> PRT
<213> Artificial Sequence

<220>
<223> Artificial Sequence

<400> 5

<210> 6
<211> 111
<212> PRT
<213> Artificial Sequence

<220>
<223> Artificial Sequence

<400> 6
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<210> 7
<211> 5
<212> PRT
<213> Artificial Sequence

<220>
<223> Artificial Sequence

<400> 7

<210> 8
<211> 17
<212> PRT
<213> Artificial Sequence

<220>
<223> Artificial Sequence

<400> 8

<210> 9
<211> 11
<212> PRT
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<213> Artificial Sequence

<220>
<223> Artificial Sequence

<400> 9

<210> 10
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> Artificial Sequence

<400> 10

<210> 11
<211> 7
<212> PRT
<213> Artificial Sequence

<220>
<223> Artificial Sequence

<400> 11

<210> 12
<211> 11
<212> PRT
<213> Artificial Sequence

<220>
<223> Artificial Sequence

<400> 12

Claims

1. A human anti-human IL-18 antibody or a fragment thereof, wherein the fragment is scFv, Fab, Fab’, F(ab’)2, scAb,
or scFvFc, wherein the antibody or fragment thereof reacts with human IL-18 and does not react with a complex of
human IL-18 and human IL-18-binding protein (human IL-18BP) and wherein:

an H chain variable region consists of an amino acid sequence of SEQ ID NO: 3 and an L chain variable region
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consists of an amino acid sequence of SEQ ID NO: 4, or
an H chain variable region consists of an amino acid sequence of SEQ ID NO: 5 and an L chain variable region
consists of an amino acid sequence of SEQ ID NO: 6.

2. An H chain variable region fragment of a human anti-human IL-18 antibody, the H chain variable region fragment
consisting of an amino acid sequence of SEQ ID NO: 3 or 5.

3. The antibody or the fragment according to claim 1 or 2, wherein a modifier is bound to the antibody or the fragment.

4. A gene encoding the antibody or the fragment according to claim 1 or 2, optionally wherein the gene encodes an
amino acid sequence of any of a) SEQ ID NOs: 3 or 5, b) SEQ ID NOs: 3 and 4, c) SEQ ID NOs: 5 and 6 as an
open reading frame region.

5. A recombinant expression vector comprising the gene according to claim 4.

6. A host cell in which the gene according to claim 4 is introduced.

7. A method for producing the antibody or the fragment according to claim 1 or 2, comprising allowing a host cell to
express the gene according to claim 4.

8. A therapeutic agent comprising the antibody or the fragment according to any one of claims 1 to 3 for use as a
medicament.

9. The therapeutic agent according to claim 8, for use in treating a disease selected from the group consisting of
interstitial pneumonia, adult-onset Still’s disease, chronic obstructive pulmonary disease, metabolic bone disease,
multiple sclerosis, diabetes mellitus, atopic dermatitis, airway inflammation, airway hyperresponsiveness (AHR),
asthma, and serious organ damages in the liver, the kidney, and the intestine.

Patentansprüche

1. Humaner anti-humaner IL-18-Antikörper oder ein Fragment davon, wobei das Fragment scFv, Fab, Fab’, F(ab’)2,
scAb oder scFvFc ist, wobei der Antikörper oder das Fragment davon mit humanem IL-18 reagiert und nicht mit
einem Komplex aus humanem IL-18 und humanem IL-18-Bindeprotein (humanem IL-18BP) reagiert und wobei:

eine variable Region der H-Kette aus einer Aminosäure-Sequenz von SEQ ID Nr.: 3 besteht und eine variable
Region der L-Kette aus einer Aminosäure-Sequenz von SEQ ID Nr.: 4 besteht oder
eine variable Region der H-Kette aus einer Aminosäure-Sequenz von SEQ ID Nr.: 5 besteht und eine variable
Region der L-Kette aus einer Aminosäure-Sequenz von SEQ ID Nr.: 6 besteht.

2. Fragment einer variablen Region der H-Kette eines humanen anti-humanen IL-18 Antikörpers, wobei das Fragment
einer variablen Region der H-Kette aus einer Aminosäure-Sequenz von SEQ ID Nr.: 3 oder 5 besteht.

3. Antikörper oder Fragment nach Anspruch 1 oder 2, wobei ein Modifikator an den Antikörper oder das Fragment
gebunden ist.

4. Gen, das für den Antikörper oder das Fragment nach Anspruch 1 oder 2 kodiert, gegebenenfalls wobei das Gen
für eine Aminosäure-Sequenz einer beliebigen von a) SEQ ID Nrn: 3 oder 5, b) SEQ ID Nrn: 3 und 4, c) SEQ ID
Nrn: 5 und 6 als eine offene Leserahmenregion kodiert.

5. Rekombinanter Expressionsvektor, umfassend das Gen nach Anspruch 4.

6. Wirtszelle, in die das Gen nach Anspruch 4 eingeführt ist.

7. Verfahren zur Herstellung des Antikörpers oder des Fragments nach Anspruch 1 oder 2, umfassend Ermöglichen
einer Wirtszelle das Gen nach Anspruch 4 zu exprimieren.

8. Therapeutikum, umfassend den Antikörper oder das Fragment nach einem der Ansprüche 1 bis 3 zur Verwendung
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als ein Medikament.

9. Therapeutikum nach Anspruch 8, zur Verwendung bei der Behandlung einer Krankheit ausgewählt aus der Gruppe
bestehend aus interstitieller Pneumonie, Morbus Still des Erwachsenen, chronisch obstruktiver Lungenerkrankung,
metabolischer Knochenerkrankung, multipler Sklerose, Diabetes mellitus, atopischer Dermatitis, Atemwegsentzün-
dung, Atemwegsüberempfindlichkeit (AHR), Asthma und schwere Organschäden in der Leber, der Niere und dem
Darm.

Revendications

1. Anticorps humain anti-IL-18 humaine ou fragment de celui-ci, dans lequel le fragment est scFv, Fab, Fab’, F(ab’)2,
scAb ou scFvFc, où l’anticorps ou un fragment de celui-ci réagit avec l’IL-18 humaine et ne réagit pas avec un
complexe d’IL-18 humaine et de protéine de liaison à l’IL-18 humaine (IL-18BP humaine) et dans lequel :

une région variable de chaîne H consiste en une séquence d’acides aminés de la SEQ ID NO : 3 et une région
variable de chaîne L consiste en une séquence d’acides aminés de la SEQ ID NO : 4, ou
une région variable de chaîne H consiste en une séquence d’acides aminés de la SEQ ID NO : 5 et une région
variable de chaîne L consiste en une séquence d’acides aminés de la SEQ ID NO : 6.

2. Fragment de région variable de chaîne H d’un anticorps humain anti-IL-18 humaine, le fragment de région variable
de chaîne H consistant en une séquence d’acides aminés de la SEQ ID NO : 3 ou 5.

3. Anticorps ou fragment selon la revendication 1 ou 2, dans lequel un modificateur est lié à l’anticorps ou au fragment.

4. Gène codant pour l’anticorps ou le fragment selon la revendication 1 ou 2, facultativement où le gène code pour
une séquence d’acides aminés de l’une a) de la SEQ ID NO : 3 ou 5, b) des SEQ ID NO : 3 et 4, c) des SEQ ID
NO : 5 et 6 en tant que région de cadre ouvert de lecture.

5. Vecteur d’expression recombinant comprenant le gène selon la revendication 4.

6. Cellule hôte dans laquelle le gène selon la revendication 4 est introduit.

7. Procédé de production de l’anticorps ou du fragment selon la revendication 1 ou 2, comprenant l’étape consistant
à permettre à une cellule hôte d’exprimer le gène selon la revendication 4.

8. Agent thérapeutique comprenant l’anticorps ou le fragment selon l’une quelconque des revendications 1 à 3, pour
utilisation en tant que médicament.

9. Agent thérapeutique selon la revendication 8, pour utilisation dans le traitement d’une maladie choisie dans le groupe
consistant en la pneumonie interstitielle, la maladie de Still de l’adulte, la bronchopneumopathie chronique obstruc-
tive, la maladie métabolique des os, la sclérose en plaques, le diabète sucré, la dermite atopique, une inflammation
des voies respiratoires, une hyper-réactivité bronchique (AHR), l’asthme, et des lésions graves des organes dans
le foie, le rein et l’intestin.
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