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(57) Provided are an anti-canine TARC antibody for
use in the treatment and diagnosis of canine atopic der-
matitis, and a method for treating or diagnosing canine
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gion consisting of the amino acid sequence shown in
SEQ ID NO: 2 and a light chain variable region consisting
of the amino acid sequence shown in SEQ ID NO: 4, or
a functional fragment thereof binding to canine TARC.
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Description

Technical Field

[0001] The present invention relates to an anti-canine TARC antibody for use in the treatment and diagnosis of canine
atopic dermatitis, and a method of using the same.

Background Art

[0002] Atopic dermatitis is a disease which often has a predisposing factor of atopy and repeats chronic eczematous
skin lesions over a long period of time. In addition, with regard to hematological findings, atopic dermatitis has abnor-
malities such as an increase in the eosinophil count in peripheral blood and the high serum IgE value. Immunological
abnormality and non-immunological abnormality have been reported as main factors for atopic dermatitis. In recent
years, atopic dermatitis has increased not only in humans, but also in pet animals such as dogs, and thus, it has been
desired to establish a method for detecting or treating such atopic dermatitis.
[0003] Chemokine is a substance associated with atopic dermatitis. There have been reports regarding macrophage-
derived chemokine (see Patent Literature 1 and Patent Literature 2). The term "chemokine" is a general name for
cytokines having a molecular weight of approximately 8 to 14 kDa and exhibiting chemotactic activity on leucocytes. As
a mediator that is in charge of liaison between inflammatory cells, the chemokine plays a central role for the development
and progression of various inflammations. The chemokine is broadly divided into four types of chemokines, namely, C,
CC, CXC and CX3C, based on a structural difference in four cysteine sequences. Such chemokines each have receptors,
and the receptors are also broadly divided into a C chemokine receptor (XCR) for C chemokine, a CC chemokine receptor
(CCR) for CC chemokine, a CXC chemokine receptor (CXCR) for CXC chemokine, and a CX3C chemokine receptor
(CX3CR) for CX3C chemokine. It has been considered that, as a result of the interaction of chemokine with its receptor,
cells having a receptor corresponding to each chemokine migrate, and play an important role for formation and/or
maintenance of a pathologic condition. It has been considered that, among these chemokines, TARC (Thymus Activation-
Regulated Chemokine) binding to a CC chemokine receptor 4 (CCR4) that is expressed specifically to the helper T cell
Th2 is particularly highly associated with atopic dermatitis. For example, it has been reported that CD4-positive T cells
that infiltrate into the affected area of atopic dermatitis patients are positive for CCR4, and also that CCR4-positive
memory T cells in peripheral blood are significantly increased in atopic dermatitis patients, in comparison to healthy
subjects. Moreover, it has also been reported that the CCR4-positive cell count in peripheral blood is correlated with the
eosinophil count, the IgE value, and clinical severity. Furthermore, it has also been reported that the blood TARC value
is high and generation of TARC in the affected area is promoted in human atopic dermatitis patients (see Patent Literature
3 and Patent Literature 4).
[0004] These reports suggest that TARC would become a disease marker for atopic dermatitis, and that TARC can
be a therapeutic target of atopic dermatitis. On the other hand, there are also reports regarding the expression of TARC
in a healthy area. Hence, the usefulness of TARC has not yet been sufficiently studied.
[0005] Further, the previous reports have been related to studies conducted regarding atopic dermatitis model mice
and humans. However, the atopic dermatitis developing mechanism is not always the same among animal species, and
thus, it has been desired to establish a diagnostic method and a therapeutic method, which are specific to dogs.
[0006] Regarding canine TARC, Maeda et al. (see Non Patent Literature 1) have determined the amino acid sequence
and the DNA sequence of mRNA. However, an anti canine TARC antibody suitable for detection of atopic dermatitis
has not been obtained. On the other hand, the anti-TARC antibodies of other species such as humans have been
commercially available, but these commercially available antibodies have been problematic in that they do not react
with canine TARC. In addition, it has been pointed out that such commercially available anti-TARC antibodies are
problematic in that the affinity with TARC is insufficient, and that a clear staining image cannot be obtained particularly
upon the immunostaining of cellular tissues.

Citation List

Patent Literature

[0007]

Patent Literature 1: JP Patent Publication (Kohyo) No. 2001-520002 A
Patent Literature 2: JP Patent Publication (Kohyo) No. 10-507646 A (1998)
Patent Literature 3: EP1221618A1
Patent Literature 4: International Publication WO 02/53758
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Non Patent Literature

[0008]

Non Patent Literature 1: J. Vet. Med. Sci. 63(9): 1035-1038, 2001
Non Patent Literature 2: J. Invest. Dermatol. 115(4): 640-646, 2000
Non Patent Literature 3: Uchida et al.; International Immunology. 14(12): 1431-1438, 2002

Summary of Invention

Technical Problem

[0009] It is an object of the present invention to provide an anti-canine TARC antibody for use in the treatment and
diagnosis of canine atopic dermatitis, and a method for treating or diagnosing canine atopic dermatitis using the same.

Solution to Problem

[0010] The present inventors have considered that TARC would also be associated with canine atopic dermatitis.
Thus, the inventors have produced an anti-canine TARC monoclonal antibody, using recombinant canine TARC that
had been produced based on the previously known canine TARC gene sequence. Thereafter, the inventors have selected
an anti-canine TARC monoclonal antibody capable of detecting canine TARC with high sensitivity and high specificity
from a plurality of clones, and have then determined the sequence of the variable region of the monoclonal antibody,
thereby completing the present invention.
[0011] Specifically, the present invention is as follows.

[1] An anti-canine TARC monoclonal antibody binding to canine TARC, comprising a heavy chain variable region
consisting of the amino acid sequence shown in SEQ ID NO: 2 and a light chain variable region consisting of the
amino acid sequence shown in SEQ ID NO: 4, or a functional fragment thereof binding to canine TARC.
[2] An anti-canine TARC monoclonal antibody binding to canine TARC, comprising a heavy chain variable region
consisting of an amino acid sequence having a sequence identity of 90% or more with the amino acid sequence
shown in SEQ ID NO: 2 and having a binding activity to canine TARC, and a light chain variable region consisting
of an amino acid sequence having a sequence identity of 90% or more with the amino acid sequence shown in SEQ
ID NO: 4 and having a binding activity to canine TARC, or a functional fragment thereof binding to canine TARC.
[3] An anti-canine TARC monoclonal antibody binding to canine TARC, comprising a heavy chain variable region
encoded by DNA consisting of the nucleotide sequence shown in SEQ ID NO: 1 and a light chain variable region
encoded by DNA consisting of the nucleotide sequence shown in SEQ ID NO: 3, or a functional fragment thereof
binding to canine TARC.
[4] An anti-canine TARC monoclonal antibody binding to canine TARC, comprising a heavy chain variable region
having a binding activity to canine TARC, which is encoded by a nucleotide sequence having a sequence identity
of 90% or more with the nucleotide sequence shown in SEQ ID NO: 1, and a light chain variable region having a
binding activity to canine TARC, which is encoded by a nucleotide sequence having a sequence identity of 90% or
more with the nucleotide sequence shown in SEQ ID NO: 3, or a functional fragment thereof binding to canine TARC.
[5] The anti-canine TARC monoclonal antibody according to any one of the above [1] to [4], or a functional fragment
thereof binding to canine TARC, wherein the heavy chain constant region and the light chain constant region are
the constant regions of a canine IgG antibody.
[6] The anti-canine TARC monoclonal antibody binding to canine TARC according to any one of the above [1] to
[5], or a functional fragment thereof binding to canine TARC, wherein the functional fragment is a peptide fragment
selected from the group consisting of Fab, Fab’, F(ab’)2, a disulfide bond Fv (dsFv), a dimerized V region (diabody),
a single chain Fv (scFv), and CDR.
[7] A polypeptide that is the heavy chain variable region of an anti-canine TARC monoclonal antibody, the polypeptide
consisting of the amino acid sequence shown in SEQ ID NO: 2.
[8] A polypeptide that is the light chain variable region of an anti-canine TARC monoclonal antibody, the polypeptide
consisting of the amino acid sequence shown in SEQ ID NO: 4.
[9] A polynucleotide encoding the heavy chain variable region of an anti-canine TARC monoclonal antibody, the
polynucleotide consisting of the DNA sequence shown in SEQ ID NO: 1.
[10] A polynucleotide encoding the light chain variable region of an anti-canine TARC monoclonal antibody, the
polynucleotide consisting of the DNA sequence shown in SEQ ID NO: 3.
[11] A vector comprising the polynucleotide according to the above [9], or the polynucleotide according to the above
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[10], or the polynucleotide according to the above [9] and the polynucleotide according to the above [10].
[12] A cell comprising the vector according to the above [11].
[13] A method for producing an anti-canine TARC monoclonal antibody, which comprises: linking DNA encoding
the heavy chain variable region of an anti-canine TARC monoclonal antibody, consisting of the DNA sequence
shown in SEQ ID NO: 1, with DNA encoding the heavy chain constant region of the antibody; linking DNA encoding
the light chain variable region of an anti-canine TARC monoclonal antibody, consisting of the DNA sequence shown
in SEQ ID NO: 3, with DNA encoding the light chain constant region of the antibody; inserting the obtained DNA
construct into an expression vector; and transforming a host cell or a host animal with the vector, to produce the
antibody from the host cell or the host animal.
[14] An immunoassay for measuring canine TARC by using the anti-canine TARC monoclonal antibody binding to
canine TARC according to any one of the above [1] to [6], or a functional fragment thereof binding to canine TARC.
[15] The immunoassay according to the above [14], which is ELISA.
[16] A detection reagent for canine atopic dermatitis, comprising the anti-canine TARC monoclonal antibody binding
to canine TARC according to any one of the above [1] to [6], or a functional fragment thereof binding to canine TARC.
[17] A method for detecting canine atopic dermatitis, which comprises measuring TARC in blood, serum or plasma
collected from a canine, by using the anti-canine TARC monoclonal antibody binding to canine TARC according to
any one of the above [1] to [6], or a functional fragment thereof binding to canine TARC.
[18] An anti-canine TARC monoclonal antibody binding to canine TARC, comprising a heavy chain variable region
and a light chain variable region described in any one of the following (i) to (iv), or a functional fragment thereof
binding to canine TARC:

(i) a heavy chain variable region consisting of the amino acid sequence shown in SEQ ID NO: 19, and a light
chain variable region consisting of the amino acid sequence shown in SEQ ID NO: 21;
(ii) a heavy chain variable region consisting of the amino acid sequence shown in SEQ ID NO: 23, and a light
chain variable region consisting of the amino acid sequence shown in SEQ ID NO: 25;
(iii) a heavy chain variable region consisting of the amino acid sequence shown in SEQ ID NO: 27, and a light
chain variable region consisting of the amino acid sequence shown in SEQ ID NO: 29; and
(iv) a heavy chain variable region consisting of the amino acid sequence shown in SEQ ID NO: 31, and a light
chain variable region consisting of the amino acid sequence shown in SEQ ID NO: 33.

[19] An anti-canine TARC monoclonal antibody binding to canine TARC, comprising a heavy chain variable region
and a light chain variable region described in any one of the following (i) to (iv), or a functional fragment thereof
binding to canine TARC:

(i) a heavy chain variable region consisting of an amino acid sequence having a sequence identity of 90% or
more with the amino acid sequence shown in SEQ ID NO: 19 and having a binding activity to canine TARC,
and a light chain variable region consisting of an amino acid sequence having a sequence identity of 90% or
more with the amino acid sequence shown in SEQ ID NO: 21 and having a binding activity to canine TARC;
(ii) a heavy chain variable region consisting of an amino acid sequence having a sequence identity of 90% or
more with the amino acid sequence shown in SEQ ID NO: 23 and having a binding activity to canine TARC,
and a light chain variable region consisting of an amino acid sequence having a sequence identity of 90% or
more with the amino acid sequence shown in SEQ ID NO: 25 and having a binding activity to canine TARC;
(iii) a heavy chain variable region consisting of an amino acid sequence having a sequence identity of 90% or
more with the amino acid sequence shown in SEQ ID NO: 27 and having a binding activity to canine TARC,
and a light chain variable region consisting of an amino acid sequence having a sequence identity of 90% or
more with the amino acid sequence shown in SEQ ID NO: 29 and having a binding activity to canine TARC; and
(iv) a heavy chain variable region consisting of an amino acid sequence having a sequence identity of 90% or
more with the amino acid sequence shown in SEQ ID NO: 31 and having a binding activity to canine TARC,
and a light chain variable region consisting of an amino acid sequence having a sequence identity of 90% or
more with the amino acid sequence shown in SEQ ID NO: 33 and having a binding activity to canine TARC.

[20] An anti-canine TARC monoclonal antibody binding to canine TARC, comprising a heavy chain variable region
and a light chain variable region described in any one of the following (i) to (iv), or a functional fragment thereof
binding to canine TARC:

(i) a heavy chain variable region encoded by DNA consisting of the nucleotide sequence shown in SEQ ID NO:
18, and a light chain variable region encoded by DNA consisting of the nucleotide sequence shown in SEQ ID
NO: 20;
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(ii) a heavy chain variable region encoded by DNA consisting of the nucleotide sequence shown in SEQ ID NO:
22, and a light chain variable region encoded by DNA consisting of the nucleotide sequence shown in SEQ ID
NO: 24;
(iii) a heavy chain variable region encoded by DNA consisting of the nucleotide sequence shown in SEQ ID
NO: 26, and a light chain variable region encoded by DNA consisting of the nucleotide sequence shown in SEQ
ID NO: 28; and
(iv) a heavy chain variable region encoded by DNA consisting of the nucleotide sequence shown in SEQ ID
NO: 30, and a light chain variable region encoded by DNA consisting of the nucleotide sequence shown in SEQ
ID NO: 32.

[21] An anti-canine TARC monoclonal antibody binding to canine TARC, comprising a heavy chain variable region
and a light chain variable region described in any one of the following (i) to (iv), or a functional fragment thereof
binding to canine TARC:

(i) a heavy chain variable region having a binding activity to canine TARC, which is encoded by a nucleotide
sequence having a sequence identity of 90% or more with the nucleotide sequence shown in SEQ ID NO: 18,
and a light chain variable region having a binding activity to canine TARC, which is encoded by a nucleotide
sequence having a sequence identity of 90% or more with the nucleotide sequence shown in SEQ ID NO: 20;
(ii) a heavy chain variable region having a binding activity to canine TARC, which is encoded by a nucleotide
sequence having a sequence identity of 90% or more with the nucleotide sequence shown in SEQ ID NO: 22,
and a light chain variable region having a binding activity to canine TARC, which is encoded by a nucleotide
sequence having a sequence identity of 90% or more with the nucleotide sequence shown in SEQ ID NO: 24;
(iii) a heavy chain variable region having a binding activity to canine TARC, which is encoded by a nucleotide
sequence having a sequence identity of 90% or more with the nucleotide sequence shown in SEQ ID NO: 26,
and a light chain variable region having a binding activity to canine TARC, which is encoded by a nucleotide
sequence having a sequence identity of 90% or more with the nucleotide sequence shown in SEQ ID NO: 28; and
(iv) a heavy chain variable region having a binding activity to canine TARC, which is encoded by a nucleotide
sequence having a sequence identity of 90% or more with the nucleotide sequence shown in SEQ ID NO: 30,
and a light chain variable region having a binding activity to canine TARC, which is encoded by a nucleotide
sequence having a sequence identity of 90% or more with the nucleotide sequence shown in SEQ ID NO: 32.

[22] The anti-canine TARC monoclonal antibody according to any one of the above [18] to [21], or a functional
fragment thereof binding to canine TARC, wherein the heavy chain constant region and the light chain constant
region are the constant regions of a canine IgG antibody.
[23] The anti-canine TARC monoclonal antibody binding to canine TARC according to any one of the above [18] to
[22], or a functional fragment thereof binding to canine TARC, wherein the functional fragment is a peptide fragment
selected from the group consisting of Fab, Fab’, F(ab’)2, a disulfide bond Fv (dsFv), a dimerized V region (diabody),
a single chain Fv (scFv), and CDR.
[24] A polypeptide that is the heavy chain variable region of an anti-canine TARC monoclonal antibody, the polypep-
tide consisting of the amino acid sequence shown in SEQ ID NO: 19, 23, 27 or 31.
[25] A polypeptide that is the light chain variable region of an anti-canine TARC monoclonal antibody, the polypeptide
consisting of the amino acid sequence shown in SEQ ID NO: 21, 25, 29 or 33.
[26] A polynucleotide encoding the heavy chain variable region of an anti-canine TARC monoclonal antibody, the
polynucleotide consisting of the DNA sequence shown in SEQ ID NO: 18, 22, 26 or 30.
[27] A polynucleotide encoding the light chain variable region of an anti-canine TARC monoclonal antibody, the
polynucleotide consisting of the DNA sequence shown in SEQ ID NO: 20, 24, 28 or 32.
[28] A vector comprising the polynucleotide according to the above [24], or the polynucleotide according to the above
[25], or the polynucleotide according to the above [26] and the polynucleotide according to the above [27].
[29] A cell comprising the vector according to the above [28].
[30] A method for producing an anti-canine TARC monoclonal antibody, which comprises: performing the linking of
any one of the following (i) to (iv):

(i) linking DNA encoding the heavy chain variable region of an anti-canine TARC monoclonal antibody, consisting
of the DNA sequence shown in SEQ ID NO: 18, with DNA encoding the heavy chain constant region of the
antibody, and linking DNA encoding the light chain variable region of an anti-canine TARC monoclonal antibody,
consisting of the DNA sequence shown in SEQ ID NO: 20, with DNA encoding the light chain constant region
of the antibody,
(ii) linking DNA encoding the heavy chain variable region of an anti-canine TARC monoclonal antibody, consisting



EP 3 363 814 A1

6

5

10

15

20

25

30

35

40

45

50

55

of the DNA sequence shown in SEQ ID NO: 22, with DNA encoding the heavy chain constant region of the
antibody, and linking DNA encoding the light chain variable region of an anti-canine TARC monoclonal antibody,
consisting of the DNA sequence shown in SEQ ID NO: 24, with DNA encoding the light chain constant region
of the antibody,
(iii) linking DNA encoding the heavy chain variable region of an anti-canine TARC monoclonal antibody, con-
sisting of the DNA sequence shown in SEQ ID NO: 26, with DNA encoding the heavy chain constant region of
the antibody, and linking DNA encoding the light chain variable region of an anti-canine TARC monoclonal
antibody, consisting of the DNA sequence shown in SEQ ID NO: 28, with DNA encoding the light chain constant
region of the antibody, or
(iv) linking DNA encoding the heavy chain variable region of an anti-canine TARC monoclonal antibody, con-
sisting of the DNA sequence shown in SEQ ID NO: 30, with DNA encoding the heavy chain constant region of
the antibody, and linking DNA encoding the light chain variable region of an anti-canine TARC monoclonal
antibody, consisting of the DNA sequence shown in SEQ ID NO: 32, with DNA encoding the light chain constant
region of the antibody; and

inserting the obtained DNA construct into an expression vector; and transforming a host cell or a host animal with
the vector, to produce the antibody from the host cell or the host animal.
[31] An immunoassay for measuring canine TARC by using the anti-canine TARC monoclonal antibody binding to
canine TARC according to any one of the above [18] to [23], or a functional fragment thereof binding to canine TARC.
[32] The immunoassay according to the above [31], which is ELISA.
[33] A detection reagent for canine atopic dermatitis, comprising the anti-canine TARC monoclonal antibody binding
to canine TARC according to any one of the above [18] to [23], or a functional fragment thereof binding to canine TARC.
[34] A method for detecting canine atopic dermatitis, which comprises measuring TARC in blood, serum or plasma
collected from a canine, by using the anti-canine TARC monoclonal antibody binding to canine TARC according to
any one of the above [18] to [23], or a functional fragment thereof binding to canine TARC.

[0012] The present description includes part or all of the contents as disclosed in Japanese
[0013] Patent Application No. 2015-203123, which is a priority document of the present application.

Advantageous Effects of Invention

[0014] The canine TARC monoclonal antibody of the present invention solves the problem that a commercially available
TARC monoclonal antibody does not react with canine TARC. Moreover, since the reactivity obtained when the con-
centration of canine TARC is changed linearly relates to the concentration, canine TARC can be measured using the
present canine TARC monoclonal antibody with higher sensitivity and higher specificity than in the case of using the
conventionally known TARC antibody. Accordingly, by using the antibody of the present invention, highly sensitive ELISA
can be constructed, and a means that is effective for the diagnosis of canine atopic dermatitis can be provided. Further-
more, the anti-canine TARC monoclonal antibody of the present invention is also effective for the treatment of canine
atopic dermatitis.

Brief Description of Drawings

[0015]

[Figure 1] Figure 1 is a view showing the reactivity of an anti-canine TARC monoclonal antibody with canine TARC.
[Figure 2] Figure 2 is a view showing the reactivity obtained when the concentration of a TARC protein is changed
using a CT-1 antibody.
[Figure 3] Figure 3 is a view showing the results obtained by measuring canine TARC contained in the serum of
healthy canine subjects and canine subjects affected with atopic dermatitis, using a CT-1 antibody.
[Figure 4] Figure 4 is a view showing the sequences of primers used in the production of recombinant anti-canine
TARC monoclonal antibodies.
[Figure 5] Figure 5 is a view showing the results obtained by confirming the reactivity of a recombinant anti-canine
TARC monoclonal antibody by Western blotting.

Description of Embodiments

[0016] Hereinafter, the present invention will be described in detail.
[0017] The present invention relates to an anti-canine TARC monoclonal antibody specifically binding to canine TARC,
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wherein the anti-canine TARC monoclonal antibody comprises the heavy chain variable region and the light chain (κ
chain) variable region of a monoclonal antibody CT-1 specifically binding to canine TARC.
[0018] In addition, the present invention includes a polypeptide that is the heavy chain variable region or the light chain
(κ chain) variable region of the above-described CT-1 antibody, and a polynucleotide encoding those variable regions.
[0019] Moreover, the present invention relates to an anti-canine TARC monoclonal antibody specifically binding to
canine TARC, wherein the anti-canine TARC monoclonal antibody comprises the heavy chain variable region and the
light chain (κ chain) variable region of a monoclonal antibody R1, R5, R7 or CT-3 specifically binding to canine TARC.
[0020] Furthermore, the present invention includes a polypeptide that is the heavy chain variable region or the light
chain (κ chain) variable region of the above-described antibody R1, R5, R7 or CT-3, and a polynucleotide encoding
those variable regions.
[0021] The antibody of the present invention includes a functional fragment of the antibody, or a modified product
thereof. For example, the functional fragment of the antibody is a fragment of the antibody, which is capable of specifically
binding to an antigen. Examples of the functional fragment include Fab, F(ab’)2, Fv, Fab/c having one Fab and complete
Fc, a single chain Fv (scFv) in which the Fv of an H chain is ligated with that of an L chain with a suitable linker, and
CDR. The polynucleotide includes both DNA and RNA.
[0022] The nucleotide sequence of DNA encoding the heavy chain variable region of a CT-1 antibody consists of the
nucleotide sequence shown in SEQ ID NO: 1, and the amino acid sequence of the heavy chain variable region consists
of the amino acid sequence shown in SEQ ID NO: 2. In addition, the nucleotide sequence of DNA encoding the light
chain variable region of a CT-1 antibody consists of the nucleotide sequence shown in SEQ ID NO: 3, and the amino
acid sequence of the light chain variable region consists of the amino acid sequence shown in SEQ ID NO: 4.
[0023] The nucleotide sequence of DNA encoding the heavy chain variable region of an R1 antibody consists of the
nucleotide sequence shown in SEQ ID NO: 18, and the amino acid sequence of the heavy chain variable region consists
of the amino acid sequence shown in SEQ ID NO: 19. In addition, the nucleotide sequence of DNA encoding the light
chain variable region of an R1 antibody consists of the nucleotide sequence shown in SEQ ID NO: 20, and the amino
acid sequence of the light chain variable region consists of the amino acid sequence shown in SEQ ID NO: 21.
[0024] The nucleotide sequence of DNA encoding the heavy chain variable region of an R5 antibody consists of the
nucleotide sequence shown in SEQ ID NO: 22, and the amino acid sequence of the heavy chain variable region consists
of the amino acid sequence shown in SEQ ID NO: 23. In addition, the nucleotide sequence of DNA encoding the light
chain variable region of an R5 antibody consists of the nucleotide sequence shown in SEQ ID NO: 24, and the amino
acid sequence of the light chain variable region consists of the amino acid sequence shown in SEQ ID NO: 25.
[0025] The nucleotide sequence of DNA encoding the heavy chain variable region of an R7 antibody consists of the
nucleotide sequence shown in SEQ ID NO: 26, and the amino acid sequence of the heavy chain variable region consists
of the amino acid sequence shown in SEQ ID NO: 27. In addition, the nucleotide sequence of DNA encoding the light
chain variable region of an R7 antibody consists of the nucleotide sequence shown in SEQ ID NO: 28, and the amino
acid sequence of the light chain variable region consists of the amino acid sequence shown in SEQ ID NO: 29.
[0026] The nucleotide sequence of DNA encoding the heavy chain variable region of a CT-3 antibody consists of the
nucleotide sequence shown in SEQ ID NO: 30, and the amino acid sequence of the heavy chain variable region consists
of the amino acid sequence shown in SEQ ID NO: 31. In addition, the nucleotide sequence of DNA encoding the light
chain variable region of a CT-3 antibody consists of the nucleotide sequence shown in SEQ ID NO: 32, and the amino
acid sequence of the light chain variable region consists of the amino acid sequence shown in SEQ ID NO: 33.
[0027] The heavy chain variable region does not only include a heavy chain variable region consisting of the amino
acid sequence shown in SEQ ID NO: 2, 19, 23, 27 or 31, but it also includes a heavy chain variable region, which consists
of an amino acid sequence comprising a deletion, substitution or addition of one or several, for example, 1 to 10, preferably
1 to 5, more preferably 1 or 2, and further preferably one amino acid, with respect to the aforementioned amino acid
sequence, and which consists of a protein having the activity of the heavy chain variable region of the antibody, namely,
a binding activity to canine TARC. The light chain variable region does not only include a light chain variable region
consisting of the amino acid sequence shown in SEQ ID NO: 4, 21, 25, 29 or 33, but it also includes a light chain variable
region, which consists of an amino acid sequence comprising a deletion, substitution or addition of one or several, for
example, 1 to 10, preferably 1 to 5, more preferably 1 or 2, and further preferably one amino acid, with respect to the
aforementioned amino acid sequence, and which consists of a protein having the activity of the light chain variable region
of the antibody, namely, a binding activity to canine TARC.
[0028] The amino acid sequence comprising a deletion, substitution or addition of one or several amino acids, with
respect to the amino acid sequence shown in SEQ ID NO: 2, 19, 23, 27 or 31, or 4, 21, 25, 29 or 33, can be an amino
acid sequence having a sequence identity of at least 85% or more, preferably 90% or more, more preferably 95% or
more, and particularly preferably 97% or more, with the amino acid sequence shown in SEQ ID NO: 2, 19, 23, 27 or 31,
or 4, 21, 25, 29 or 33, when the sequence identity is calculated using BLAST (Basic Local Alignment Search Tool at the
National Center for Biological Information), etc. (for example, default parameters, namely, initial parameters).
[0029] The protein having an amino acid sequence comprising a deletion, substitution or addition of one or several
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amino acids with respect to the amino acid sequence shown in SEQ ID NO: 2, 19, 23, 27 or 31, or 4, 21, 25, 29 or 33,
is substantially identical to a protein having the amino acid sequence shown in SEQ ID NO: 2 or 4.
[0030] Moreover, DNA consisting of a nucleotide sequence having a sequence identity of at least 85% or more,
preferably 90% or more, more preferably 95% or more, and particularly preferably 97% or more, with the aforementioned
nucleotide sequence shown in SEQ ID NO: 1, 18, 22, 26 or 30, or 3, 20, 24, 28 or 32, when the sequence identity is
calculated using BLAST (Basic Local Alignment Search Tool at the National Center for Biological Information), etc. (for
example, default parameters, namely, initial parameters), and encoding a protein having the activity of the heavy chain
variable region or light chain variable region of the antibody, namely, a binding activity to canine TARC, is also included
in the DNA encoding the heavy chain variable region or light chain variable region of the antibody of the present invention.
[0031] Furthermore, DNA being capable of hybridizing under stringent conditions with DNA consisting of a sequence
complementary to the aforementioned DNA consisting of the nucleotide sequence shown in SEQ ID NO: 1, 18, 22, 26
or 30, or 3, 20, 24, 28 or 32, and encoding a protein having the activity of the heavy chain variable region or light chain
variable region of the antibody, namely, a binding activity to canine TARC, is also included in the DNA encoding the
heavy chain variable region or light chain variable region of the antibody of the present invention. That is to say, the
conditions used herein mean conditions under which hybridization is carried out using a DNA-immobilized filter at 68°C
in the presence of 0.7 to 1.0 M NaCl, and washing is then carried out using 0.1 to 2 x SSC solution (wherein 1 x SSC
solution consists of 150mM NaCl and 15mM sodium citrate) at 68°C for identification. Otherwise, this is DNA capable
of forming a hybrid by transcribing the DNA on a nitrocellulose membrane according to a Southern blotting method,
fixing it thereon, and then reacting it in a hybridization solution [50% formamide, 4 x SSC, 50mM HEPES (pH7.0), 10 x
Denhardt’ s solution, and 100 mg/ml salmon sperm DNA] at 42°C overnight.
[0032] The heavy chain variable region or light chain variable region of the anti-canine TARC monoclonal antibody
specifically binding to canine TARC of the present invention can be obtained by obtaining anti-canine TARC antibody-
producing hybridomas according to a known method using canine TARC as an immunogen and also using mouse or
rat cells, then isolating DNA encoding the heavy chain variable region or DNA encoding the light chain variable region
from the hybridomas, and then allowing the DNA to express.
[0033] The canine TARC used as an immunogen can be produced, for example, by preparing a recombinant vector
based on the nucleotide sequence determined by Maeda et al. (J. Vet. Med. Sci. 63(9): 1035-1038, 2001), and then
allowing recombinant canine TARC to express using the recombinant vector.
[0034] Moreover, the anti-canine TARC monoclonal antibody comprising the above-described heavy chain variable
region and light chain variable region, which specifically binds to canine TARC, is constituted with the aforementioned
heavy chain variable region and heavy chain constant region and the aforementioned light chain variable region and
light chain constant region. The heavy chain constant region is constituted with three domains, CH1, CH2 and CH3. The
heavy chain constant region may be an IgG1, IgG2, IgG3, IgG4, IgA, IgE, IgM or IgD constant region, and it is most
preferably an IgG1 or IgG4 constant region. The light chain constant region is constituted with a single domain CL. The
light chain constant region is a κ or λ constant region.
[0035] DNA encoding the antibody is obtained by linking DNA encoding the heavy chain variable region with DNA
encoding the heavy chain constant region, and further linking DNA encoding the light chain variable region with DNA
encoding the light chain constant region, so that the DNA encoding the antibody can be obtained as DNA encoding a
heavy chain and DNA encoding a light chain. The organism species from which the variable region is derived may be
different from the organism species from which the constant region is derived. The anti-canine TARC antibody of the
present invention includes a chimeric antibody, in which the organism species from which the variable region is derived
is different from the organism species from which the constant region is derived. For example, the heavy chain variable
region encoded by DNA shown in SEQ ID NO: 1, 18, 22, 26 or 30 and the light chain variable region encoded by DNA
shown in SEQ ID NO: 3, 20, 24, 28 or 32 are derived from a mouse. This variable region is linked with DNA encoding
the constant region of an antibody derived from a dog, so as to produce a chimeric antibody comprising a mouse-derived
variable region and a dog-derived constant region.
[0036] The heavy chain variable region or light chain variable region of the present invention can be produced by
inserting DNA encoding a heavy chain variable region or DNA encoding a light chain variable region into an expression
vector, transforming host cells for expression with the vector, and then culturing the host cells to allow the cells to generate
the heavy chain variable region or the light chain variable region.
[0037] The anti-canine TARC monoclonal antibody of the present invention can be produced by inserting the afore-
mentioned DNA encoding a heavy chain and DNA encoding a light chain into an expression vector, transforming host
cells with the vector, and then culturing the host cells, so as to allow the cells to generate the present anti-canine TARC
monoclonal antibody. At this time, the aforementioned DNA encoding a heavy chain and DNA encoding a light chain
may be inserted into the same expression vector, and the host cells may be then transformed with the vector. Otherwise,
the DNA encoding a heavy chain and DNA encoding a light chain may be inserted into different expression vectors, and
the host cells may be then transformed with the two vectors. At this time, DNAs encoding the heavy chain variable region
and the light chain variable region may be inserted into a vector, into which DNAs encoding a heavy chain constant
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region and a light chain constant region bearing a specific isotype have previously been inserted. Moreover, the vector
may comprise DNA encoding a signal peptide that promotes the secretion of an antibody from the host cells. In this
case, the DNA encoding a signal peptide is linked in-flame with the DNA encoding the antibody. After generation of the
antibody, the signal peptide is removed, so that the antibody can be obtained as a mature protein.
[0038] At this time, the DNA encoding the heavy chain variable region, the DNA encoding the light chain variable
region, DNA obtained by linking the DNA encoding the heavy chain variable region with the DNA encoding the heavy
chain constant region, and DNA obtained by linking the DNA encoding the light chain variable region with the DNA
encoding the light chain constant region may be operably linked to elements such as a promoter, an enhancer, and a
polyadenylation signal. The phrase "operably linked" is used herein to mean that the DNA is linked to elements, so that
the elements can play their own functions.
[0039] As such promoters and an enhancers, promoters and enhancers derived from Cytomegalovirus (CMV), simian
virus 40(SV40), and adenovirus can be used.
[0040] The vector used for insertion of the gene of the present invention is not particularly limited, as long as it can
replicate in a host such as animal cells, bacteria or yeast. Examples of the vector include a plasmid and a phage. As a
vector used for the construction of an expression vector, a known vector can be used. Examples of such a vector include
Flexi (registered trademark) vector (Promega), pUC19, pTV118 N (manufactured by Takara Shuzo Co., Ltd.), pUEX2
(manufactured by Amersham), pGEX-4T, pKK233-2 (manufactured by Pharmacia), and pMAM-neo (manufactured by
Clontech).
[0041] The expression vector can be introduced into host cells according to a known method, so that the host cells
can be transformed. Examples of the gene transfer method include an electroporation method, a calcium phosphate
precipitation method, and a DEAE-dextran transfection method.
[0042] As host cells, both prokaryotic cells such as Escherichia coli or Bacillus subtilis, and eukaryotic cells such as
yeast or animal cells can be used. Among these, eukaryotic cells are preferably used. Examples of the animal cells
include HEK293 cells as a human embryonic kidney cell line, Chinese hamster ovary (CHO) cells, Sf 21 cells, Sf 9 cells
or TN5 cells, which are lepidopterous insect cells such as silk worm, monkey COS cells, and mouse fibroblasts. An
example of the yeast is Saccharomyces cerevisiae. Moreover, the variable region or antibody of the present invention
can also be produced using animal bodies such as silk worm bodies. Production of the present variable region or antibody
using silk worm bodies can be carried out according to a known method.
[0043] The expressed and produced antibody may be purified by separation and purification methods used for ordinary
proteins. For example, the antibody can be separated and purified by appropriately selecting and combining affinity
chromatography, other chromatography, filter, ultrafiltration, salting out, dialysis, and the like (Antibodies A Laboratory
Manual. Ed Harlow, David Lane, Cold Spring Harbor Laboratory, 1988). Moreover, an anti-canine TARC antibody is
produced in a state in which an affinity tag is attached to the antibody, and the produced antibody is then subjected to
affinity chromatography utilizing the affinity tag, so that the antibody can be purified. An example of such an affinity tag
sequence is a polyhistidine sequence consisting of, for example, 2 to 12, preferably 4 or more, more preferably 4 to 7,
and further preferably 5 or 6 histidines. In this case, by utilizing nickel chelate column chromatography in which nickel
is used as a ligand, a synthetic protein can be purified. Furthermore, such an antibody can also be purified by affinity
chromatography using a column on which an antibody against polyhistidine is immobilized as a ligand. What is more,
an HAT tag, a HN tag or the like, consisting of a sequence containing histidine, can also be used. Further, other affinity
tags include a V5 tag, an Xpress tag, an AU1 tag, a T7 tag, a VSV-G tag, a DDDDK tag, an S tag, Cruz Tag 09, Cruz
Tag 22, Cruz Tag 41, a Glu-Glu tag, an Ha.11 tag, and a KT3 tag. The present invention also includes an anti-canine
TARC antibody, to which these tags bind.
[0044] The canine TARC monoclonal antibody of the present invention can be used for both the detection of canine
atopic dermatitis and the treatment of canine atopic dermatitis. When the present canine TARC monoclonal antibody is
used as a therapeutic agent, it is desired to use the canine TARC monoclonal antibody, which does not provoke an
immune response when it is administered into the body of a dog. Examples of such an antibody include a chimeric
antibody comprising the constant region of a dog as a constant region of the antibody, and a caninized antibody in which
all variable regions other than constant regions and hypervariable regions are replaced with canine sequences.
[0045] The anti-canine TARC monoclonal antibody of the present invention can be used for the diagnosis of canine
atopic dermatitis. Specifically, the anti-canine TARC monoclonal antibody of the present invention is used to immuno-
logically detect TARC in a canine biological sample, so as to detect atopic dermatitis. Canine TARC can be detected
according to immunoassays known to a person skilled in the art, such as an immunoblotting method, enzyme immu-
noassays (EIA and ELISA), a radioimmunoassay (RIA), a fluorescent antibody technique, a method of utilizing an
agglutination reaction, or an immunochromatography. The term "canine biological sample" is used herein to mean body
fluids or tissues, such as serum, plasma, urine, spinal fluid, or lesional tissues.
[0046] For example, in the enzyme immunoassay (EIA), an anti-canine TARC monoclonal antibody is immobilized on
a carrier such as a microplate, resin beads or magnetic beads by physical adsorption or a chemical bond. The amount
of the anti-canine TARC monoclonal antibody immobilized is not particularly limited. When the carrier is a microplate,
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the immobilized amount of the antibody is desirably several ng to several tens of mg per well. Immobilization can be
carried out by dissolving an antibody to be immobilized in a suitable buffer and then allowing the buffer to come into
contact with a carrier. For example, when microtiter wells are used, an antibody solution that has been adjusted to a
suitable concentration is dispensed into wells of a microtiter plate and then leaving the wells for a certain period of time,
so that the antibody can be immobilized on each well. After immobilization of the antibody, in order to prevent non-
specific binding during the assay, blocking is preferably carried out using a blocking solution comprising bovine serum
albumin, human serum albumin, rabbit serum albumin, or ovalbumin. Subsequently, the immobilized carrier is allowed
to react with a sample, the obtained mixture is then washed, and the reaction mixture is then allowed to react with a
labeled anti-canine TARC antibody. Labeling can be carried out using an enzyme such as β-D-galactosidase, peroxidase,
alkaline phosphatase or glucose oxidase. For example, in the ELISA (Enzyme-Linked ImmunoSorbent Assay), the
antibody is immobilized on a microtiter plate having a large number of wells (e.g., 96 wells), and an antigen-antibody
reaction is then carried out in each well, so that a large amount of antibody can be measured in a single operation.
Moreover, it is also possible to significantly reduce the amounts of an antibody and a sample used. Furthermore, it
becomes also possible to use an automatic measuring device such as a full automatic EIA measuring device.
[0047] In canine subjects which are affected with atopic dermatitis, the blood TARC level increases. Canine TARC in
a biological sample collected from such a canine subject is measured in vitro, and if the TARC level in the biological
sample significantly increases, in comparison to the TARC level in a healthy dog, it can be diagnosed that the canine
subject is affected with atopic dermatitis. Further, by measuring TARC in a biological sample collected from a canine
subject, the risk of being affected with atopic dermatitis can be evaluated. When TARC in a biological sample collected
from a canine subject is measured in vitro and the TARC level significantly increases in comparison to a healthy dog, it
can be evaluated that the canine subject has a high risk of being affected with atopic dermatitis. That is to say, by
measuring TARC in biological samples from canine subjects, it becomes possible to screen for canine subjects having
a high risk of being affected with atopic dermatitis and to perform appropriate procedures on the subjects.
[0048] At this time, the TARC level in blood collected from a healthy dog has previously been measured, and a cutoff
value is determined from the measured value, so that a canine subject can be diagnosed by comparing the TARC level
in the biological sample of the canine subject with the cutoff value.
[0049] It is also an object of the present invention to provide a kit capable of detecting canine TARC in a canine
biological sample, and this kit comprises at least an anti-canine TARC monoclonal antibody. When this kit is based on
an enzyme immunoassay, it may comprise an antibody-immobilized carrier, or an antibody may have previously bound
to a carrier. In addition, the kit may comprise, as appropriate, a blocking solution, a reaction solution, a reaction termination
solution, a reagent for treating a sample, and the like.
[0050] The anti-TARC monoclonal antibody of the present invention can also be used to treat canine atopic dermatitis.
[0051] The administration form of a preparation comprising the antibody of the present invention is not particularly
limited, and the preparation can be administered by oral, parenteral, transmucosal (e.g., sublingual or intraoral admin-
istration), local, transdermal, rectal, or inhalation (e.g., nasal or pulmonary inhalation) administration, etc. Examples of
the parenteral administration include intravenous, subcutaneous, and intramuscular injections. The local or transdermal
preparation is used in the form of powders, an emulsion, a suspension, spray, cream ointment, lotion, paste, etc., or is
also used in the form of a medicinal ointment, patch or film. Furthermore, it may also be possible to allow a shampoo
or a conditioner to comprise the antibody of the present invention. The amount of the antibody of the present invention
necessary for the treatment is different depending on the properties of a pathologic condition to be treated, and the age
and condition of a subject. The amount of the present antibody can be finally determined by a veterinarian in charge.
For instance, in the case of a local application form such as ointment, the preparation comprises the present antibody,
for example, in a concentration of 0.1% to 99%, and the antibody may be administered to a subject at a dose of 0.05 to
2 mg per day. The predetermined dose may be administered once, or may also be administered at suitable intervals by
divisional administration of two, three, four, or more times per day.
[0052] The present invention includes a therapeutic agent for canine atopic dermatitis, comprising, as an active ingre-
dient, an anti-canine TARC monoclonal antibody, and further, a method for treating canine atopic dermatitis, comprising
administering the anti-canine TARC monoclonal antibody to a dog. Moreover, a therapeutic agent molecularly targeting
canine TARC is also included in the scope of the present invention.

Examples

[0053] The present invention will be described in the following Examples. However, these examples are not intended
to limit the scope of the present invention.

Example 1 Production of recombinant canine TARC protein used as antigen, using Escherichia coli

[0054] Plasmid DNA comprising a full-length protein translation region of canine TARC, which had been reported by
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Maeda et al. (J. Vet. Med. Sci. 63(9): 1035-1038, 2001) in a study paper, was used as a template, and a DNA fragment
encoding a canine TARC protein was prepared according to a PCR method. The DNA fragment was linked with an
Escherichia coli expression vector pGEX4T-1 (Amersham Bioscience). Escherichia coli were transformed with the ex-
pression vector, and Escherichia coli clones comprising a canine TARC gene were then selected. Thereafter, plasmid
DNA was purified. The Escherichia coli BL21 strain (TaKaRa) was transformed with the thus obtained plasmid DNA.
The transformed Escherichia coli was cultured in an LB medium (supplemented with 50 mg/mL ampicillin), and 100 mM
IPTG was then added to the culture medium to induce expression. Thereafter the Escherichia coli were further cultured
at 37°C for 3 hours. Subsequently, the culture medium was transferred into a centrifuge tube, and was then centrifuged
at 4°C at 6,000 rpm for 10 minutes, so as to collect cells.
[0055] The supernatant was removed, and the precipitate was then suspended in a sonification buffer that had been
cooled on ice (50 mM Tris-HCl, 50 mM NaCl, 1 mM EDTA, and 1 mM DTT; pH 8.0). The suspension was subjected to
an ultrasonic treatment to disrupt Escherichia coli. Cooled 10% Triton X-100 was added to the reaction solution to a final
concentration of 1%, and the obtained mixture was then centrifuged at 4°C at 18,000 rpm for 30 minutes. The supernatant
was subjected to an FPLC Pharmacia FPLC System, in which a Glutathione Sepharose 4B column (Amersham Bio-
science) and a gel filtration column Superrose12HR10/30 (Amersham Bioscience) were used, so that a canine TARC
protein to be used as an antigen was purified.

Example 2 Production and selection of hybridomas

[0056] The purified canine TARC obtained in Example 1 was dissolved in purified water to a concentration of 100
mg/100 mL, and the obtained solution was then administered into the abdominal cavity of a BALB/c mouse every two
weeks for immunization. In the first and second immunizations, an emulsion comprising canine TARC and the equal
volume of a Freund’s complete adjuvant was administered. On the 3rd day after the final immunization, the spleen was
excised, B lymphocytes were then separated, and the B lymphocytes were then fused with mouse myeloma cells
according to the method of Koehler and Milstein et al. (Koehler, G., et al. Nature vol. 256, 495-497, 1975). Thereafter,
the cells were cultured in a HAT medium, so as to select fused cells.
[0057] Subsequently, from the selected cells, hybridomas generating an anti-canine TARC antibody having high spe-
cificity were selected and obtained by a combination of solid-phase ELISA and Western blotting after the reduction
treatment.
[0058] Specifically, a culture medium of hybridomas was directly reacted with a solid-phase antigen (canine TARC),
and thereafter, hybridomas, which exhibited positive in ordinary solid-phase ELISA for confirming reactivity and also
exhibited positive in Western blotting after the reduction treatment, were selected.
[0059] 100 ml of the purified canine TARC (10 mg/ml 0.1 M NaHCO3) obtained in Example 1 was added to a 96-well
immunoplate (Nunc), and it was then immobilized at room temperature overnight. After completion of the immobilization
of the canine TARC, each well was blocked with 100 mL of 1% BSA-PBS at 37°C for 1 hour. The well was washed with
PBS supplemented with 0.05% Tween 20 (a washing buffer) three times, and 50 ml each of the culture medium of
hybridomas was added to the well, on which canine TARC had been immobilized, followed by performing incubation at
37°C for 1 hour. After completion of the reaction for 1 hour, each well was washed with a washing buffer 5 times. In
order to detect a canine TARC-binding antibody (mouse IgG), a peroxidase (POD)-labeled goat anti-mouse IgG (γ)
polyclonal antibody (Zymet) was 2000 times diluted with 1% BSA-PBS, and 50 mL of the diluted solution was then added
to each well of a 96-well immunoplate, and the obtained mixture was then reacted at 37°C for 1 hour. Thereafter, each
well was washed with a washing buffer 5 times, and 50 mL of enzyme substrate solution (ABTS solution) was then added
to each well, followed by performing a reaction at 37°C for 10 minutes. The enzyme reaction was terminated by adding
50 mL of 0.32% sodium fluoride solution to each well. The absorbance at 414 nm of each well was measured using an
immunoreader (BioRad). Solid-phase ELISA was performed on individual hybridomas to select them. Cloning was
performed on the obtained hybridomas three times, so that 8 hybridoma clones were established.

Example 3 Examination of anti-canine TARC monoclonal antibody CT-1

[0060] Among the 8 hybridoma clones, monoclonal antibodies generated from CT-1, CT-2, CT-F and CT-G (which
are referred to as a CT-1 antibody, a CT-2 antibody, a CT-F antibody, and a CT-G antibody, respectively) were examined
by ELISA, in terms of the reactivity of these antibodies with canine TARC.
[0061] The above-described monoclonal antibodies were each immobilized on wells of a microplate, which had been
blocked using Block Ace at 37°C for 1.5 hours. Thereafter, the recombinant canine TARC protein produced in Example
1 was added thereto and was then reacted therewith at 37°C for 1.5 hours, so that the protein was allowed to bind to
the antibody. The plate was washed, and a rabbit anti-canine TARC polyclonal antibody was added as a primary antibody
to the plate. The obtained mixture was reacted at 37°C for 1.5 hours. Thereafter, the plate was further washed, and
HRP-labeled anti-rabbit IgG was added as a secondary antibody to the plate. The obtained mixture was reacted at 37°C
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for 1.5 hours. A substrate was added, and the color development in each well was then measured.
[0062] Figure 1 shows the reactivity of each monoclonal antibody. Figure 1 shows both the results obtained in the
case of adding TARC and the results obtained in the case of not adding TARC.
[0063] The results shown in Figure 1 demonstrate that the reactivity of the CT-F antibody and the CT-G antibody is
high. However, the linearity obtained when the concentration of the added TARC protein was changed was more excellent
in the CT-1 antibody than the aforementioned antibodies. Figure 2 shows reactivity obtained when the concentration of
the TARC protein was changed using the CT-1 antibody. As shown in Figure 2, R2 = 0.9968, and the linearity was favorable.

Example 4 Measurement of TARC protein in serum of canine subjects, using CT-1 antibody

[0064] Blood was collected from each of 9 healthy dogs, 9 dogs affected with atopic dermatitis, and 9 dogs artificially
sensitized with allergen, and thereafter, the concentration of a TARC protein in the serum was measured. Sensitization
was carried out by mixing Derf2 allergen with aluminum hydroxide gel, and then subcutaneously administering the
obtained mixture to the dogs 2 or 3 times. Thereafter, the establishment of sensitization was confirmed based on an
increase in anti-derf2 IgE in the serum.
[0065] The results are shown in Figure 3. The results of Figure 3 demonstrate that canine atopic dermatitis can be
detected with high sensitivity, when the CT-1 antibody is used.

Example 5 Determination of nucleotide sequence of variable region of CT-1 antibody

[0066] DNA encoding the variable region of a CT-1 antibody was isolated from hybridomas generating the CT-1
antibody, and the nucleotide sequence thereof was then determined.
[0067] Specifically, total RNA was prepared from hybridomas, and using the total RNA as a template, and also using
SMARTer (trademark) RACE cDNA Amplification Kit (TaKaRa Code Z4923N) and primers specific to a rat antibody
(IgG) H chain (heavy chain) constant region, an RT reaction was carried out. Using the obtained cDNA as a template,
and also using primers specific to the H chain constant region, a RACE PCR reaction was carried out. The obtained
PCR product was purified, and was then cloned into a plasmid vector. Thereafter, 48 clones, which were randomly
picked up, were subjected to a nucleotide sequence analysis. Likewise, using total RNA prepared from hybridomas as
a template, the analysis was carried out also on the L chain (light chain).
[0068] The following primers were used.

H-RT1: TCCAKAGTTCCA (SEQ ID NO: 5)
H-PCR-NA: GGGAARTARCCCTTGACCAGGCA (SEQ ID NO: 6)
H-PCR-N2: GGGAARTAGCCTTTGACAAGGCA (SEQ ID NO: 7)
L-RT1: GCTGTCCTGATC (SEQ ID NO: 8)
L-PCR: CACTGCCATCAATCTTCCACTTGACA (SEQ ID NO: 9)

[0069] The H-PCR-N1 primer was mixed with the H-PCR-N2 primer at a ratio of 1 : 1, and the obtained mixture was
used as an H-PCR primer.
[0070] The nucleotide sequence of the heavy chain variable region is shown in SEQ ID NO: 1, and the nucleotide
sequence of the light chain (κ chain) variable region is shown in SEQ ID NO: 3. In addition, the amino acid sequence
of the heavy chain variable region is shown in SEQ ID NO: 2, and the amino acid sequence of the κ chain variable region
is shown in SEQ ID NO: 4.

Example 6 Production of recombinant CT-1 monoclonal antibody

[0071] A gene having a NotI enzyme site added to the 3’-terminal side of a canine immunoglobulin H chain constant
region was amplified using primers (1 (SEQ ID NO: 10) and 2 (SEQ ID NO: 11)) (Figure 4), employing KOD-Plus (Toyobo
Co., Ltd.), in accordance with protocols included with the product (IgG-C). Similarly, a gene having a MluI gene added
to the 3’-terminal side of a canine immunoglobulin L chain constant region was amplified using primers (3 (SEQ ID NO:
12) and 4 (SEQ ID NO: 13)) (Figure 4) (IgG-kappa).
[0072] By the same method as described above, the H chain V region of the CT-1 monoclonal antibody was amplified
using primers (5 (SEQ ID NO: 14) and 6 (SEQ ID NO: 15)) (Figure 4) (CT1-mouse VH), so that it had a SalI enzyme
site at the 5’-terminus thereof and a sequence partially overlapped with the sequence on the 5’-terminal side of IgG-C
at the 3’-terminus thereof. A mixture of this CT1-mouse VH and the aforementioned IgG-C was used as a template, and
overlap PCR was carried out using primers (2 (SEQ ID NO: 11) and 5 (SEQ ID NO: 14)) (Figure 4), so that the mouse
immunoglobulin H chain variable region was allowed to bind to the canine immunoglobulin H chain constant region,
thereby obtaining a chimeric gene encoding the H chain of the CT-1 monoclonal antibody (CT1-mouse VH-canine CH).
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[0073] Likewise, the L chain V region of the CT-1 monoclonal antibody was amplified using primers (7 (SEQ ID NO:
16) and 8 (SEQ ID NO: 17)) (Figure 4) (CT1-mouse VL), so that it had a XhoI enzyme site at the 5’-terminus thereof
and a sequence partially overlapped with the sequence at the 5’-terminus of IgG-kappa on the 3’-terminal side thereof.
A mixture of this CT1-mouse VL and the aforementioned IgG-kappa was used as a template, and overlap PCR was
carried out using primers (4 and 7) (Figure 4), so that the mouse immunoglobulin L chain variable region was allowed
to bind to the canine immunoglobulin L chain constant region, thereby obtaining a chimeric gene encoding the L chain
of the CT-1 monoclonal antibody (CT1-mouse VL-canine CL).
[0074] The CT1-mouse VH-canine CH gene and the CT1-mouse VL-canine CL gene were each subcloned into pIRES
Vector (Clontech) by utilizing the restriction enzyme sequence added to each gene, so as to produce a chimeric antibody
expression plasmid pIRES-chimeric CT-1. This pIRES-chimeric CT-1 was introduced into HEK293 cells, using Lipo-
fectamine 200 (Invitrogen), and a chimeric anti-CT-1 monoclonal antibody was then obtained from the culture supernatant.
The results are shown in Figure 5. Figure 5(2) shows a recombinant chimeric CT-1 antibody.

Example 7 Production of anti-canine TARC antibodies, R1 antibody, R5 antibody, R7 antibody and CT-3 antibody

[0075] An R1 antibody, an R5 antibody, an R7 antibody and a CT-3 antibody were obtained by the same method as
applied in the case of the CT-3 antibody, and were then sequenced.
[0076] The nucleotide sequence of DNA encoding the heavy chain variable region of an R1 antibody consists of the
nucleotide sequence shown in SEQ ID NO: 18, and the amino acid sequence of the heavy chain variable region consists
of the amino acid sequence shown in SEQ ID NO: 19. In addition, the nucleotide sequence of DNA encoding the light
chain variable region of an R1 antibody consists of the nucleotide sequence shown in SEQ ID NO: 20, and the amino
acid sequence of the light chain variable region consists of the amino acid sequence shown in SEQ ID NO: 21.
[0077] The nucleotide sequence of DNA encoding the heavy chain variable region of an R5 antibody consists of the
nucleotide sequence shown in SEQ ID NO: 22, and the amino acid sequence of the heavy chain variable region consists
of the amino acid sequence shown in SEQ ID NO: 23. In addition, the nucleotide sequence of DNA encoding the light
chain variable region of an R5 antibody consists of the nucleotide sequence shown in SEQ ID NO: 24, and the amino
acid sequence of the light chain variable region consists of the amino acid sequence shown in SEQ ID NO: 25.
[0078] The nucleotide sequence of DNA encoding the heavy chain variable region of an R7 antibody consists of the
nucleotide sequence shown in SEQ ID NO: 26, and the amino acid sequence of the heavy chain variable region consists
of the amino acid sequence shown in SEQ ID NO: 27. In addition, the nucleotide sequence of DNA encoding the light
chain variable region of an R7 antibody consists of the nucleotide sequence shown in SEQ ID NO: 28, and the amino
acid sequence of the light chain variable region consists of the amino acid sequence shown in SEQ ID NO: 29.
[0079] The nucleotide sequence of DNA encoding the heavy chain variable region of a CT-3 antibody consists of the
nucleotide sequence shown in SEQ ID NO: 30, and the amino acid sequence of the heavy chain variable region consists
of the amino acid sequence shown in SEQ ID NO: 31. In addition, the nucleotide sequence of DNA encoding the light
chain variable region of a CT-3 antibody consists of the nucleotide sequence shown in SEQ ID NO: 32, and the amino
acid sequence of the light chain variable region consists of the amino acid sequence shown in SEQ ID NO: 33.

Industrial Applicability

[0080] The anti-canine TARC antibody of the present invention can be used in the diagnosis and treatment of canine
atopic dermatitis.
[0081] All publications, patents and patent applications cited in the present description are incorporated herein by
reference in their entirety.

Sequence Listing Free Text

[0082] SEQ ID NOS: 5 to 17 Primers
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Claims

1. An anti-canine TARC monoclonal antibody binding to canine TARC, comprising a heavy chain variable region
consisting of the amino acid sequence shown in SEQ ID NO: 2 and a light chain variable region consisting of the
amino acid sequence shown in SEQ ID NO: 4, or a functional fragment thereof binding to canine TARC.

2. An anti-canine TARC monoclonal antibody binding to canine TARC, comprising a heavy chain variable region
consisting of an amino acid sequence having a sequence identity of 90% or more with the amino acid sequence
shown in SEQ ID NO: 2 and having a binding activity to canine TARC, and a light chain variable region consisting
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of an amino acid sequence having a sequence identity of 90% or more with the amino acid sequence shown in SEQ
ID NO: 4 and having a binding activity to canine TARC, or a functional fragment thereof binding to canine TARC.

3. An anti-canine TARC monoclonal antibody binding to canine TARC, comprising a heavy chain variable region
encoded by DNA consisting of the nucleotide sequence shown in SEQ ID NO: 1 and a light chain variable region
encoded by DNA consisting of the nucleotide sequence shown in SEQ ID NO: 3, or a functional fragment thereof
binding to canine TARC.

4. An anti-canine TARC monoclonal antibody binding to canine TARC, comprising a heavy chain variable region having
a binding activity to canine TARC, which is encoded by a nucleotide sequence having a sequence identity of 90%
or more with the nucleotide sequence shown in SEQ ID NO: 1, and a light chain variable region having a binding
activity to canine TARC, which is encoded by a nucleotide sequence having a sequence identity of 90% or more
with the nucleotide sequence shown in SEQ ID NO: 3, or a functional fragment thereof binding to canine TARC.

5. The anti-canine TARC monoclonal antibody according to any one of claims 1 to 4, or a functional fragment thereof
binding to canine TARC, wherein the heavy chain constant region and the light chain constant region are the constant
regions of a canine IgG antibody.

6. The anti-canine TARC monoclonal antibody binding to canine TARC according to any one of claims 1 to 5, or a
functional fragment thereof binding to canine TARC, wherein the functional fragment is a peptide fragment selected
from the group consisting of Fab, Fab’, F(ab’)2, a disulfide bond Fv (dsFv), a dimerized V region (diabody), a single
chain Fv (scFv), and CDR.

7. A polypeptide that is the heavy chain variable region of an anti-canine TARC monoclonal antibody, the polypeptide
consisting of the amino acid sequence shown in SEQ ID NO: 2.

8. A polypeptide that is the light chain variable region of an anti-canine TARC monoclonal antibody, the polypeptide
consisting of the amino acid sequence shown in SEQ ID NO: 4.

9. A polynucleotide encoding the heavy chain variable region of an anti-canine TARC monoclonal antibody, the poly-
nucleotide consisting of the DNA sequence shown in SEQ ID NO: 1.

10. A polynucleotide encoding the light chain variable region of an anti-canine TARC monoclonal antibody, the polynu-
cleotide consisting of the DNA sequence shown in SEQ ID NO: 3.

11. A vector comprising the polynucleotide according to claim 9, or the polynucleotide according to claim 10, or the
polynucleotide according to claim 9 and the polynucleotide according to claim 10.

12. A cell comprising the vector according to claim 11.

13. A method for producing an anti-canine TARC monoclonal antibody, which comprises: linking DNA encoding the
heavy chain variable region of an anti-canine TARC monoclonal antibody, consisting of the DNA sequence shown
in SEQ ID NO: 1, with DNA encoding the heavy chain constant region of the antibody; linking DNA encoding the
light chain variable region of an anti-canine TARC monoclonal antibody, consisting of the DNA sequence shown in
SEQ ID NO: 3, with DNA encoding the light chain constant region of the antibody; inserting the obtained DNA
construct into an expression vector; and transforming a host cell or a host animal with the vector, to produce the
antibody from the host cell or the host animal.

14. An immunoassay for measuring canine TARC by using the anti-canine TARC monoclonal antibody binding to canine
TARC according to any one of claims 1 to 6, or a functional fragment thereof binding to canine TARC.

15. The immunoassay according to claim 14, which is ELISA.

16. A detection reagent for canine atopic dermatitis, comprising the anti-canine TARC monoclonal antibody binding to
canine TARC according to any one of claims 1 to 6, or a functional fragment thereof binding to canine TARC.

17. A method for detecting canine atopic dermatitis, which comprises measuring TARC in blood, serum or plasma
collected from a canine, by using the anti-canine TARC monoclonal antibody binding to canine TARC according to
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any one of claims 1 to 6, or a functional fragment thereof binding to canine TARC.

18.  An anti-canine TARC monoclonal antibody binding to canine TARC, comprising a heavy chain variable region and
a light chain variable region described in any one of the following (i) to (iv), or a functional fragment thereof binding
to canine TARC:

(i) a heavy chain variable region consisting of the amino acid sequence shown in SEQ ID NO: 19, and a light
chain variable region consisting of the amino acid sequence shown in SEQ ID NO: 21;
(ii) a heavy chain variable region consisting of the amino acid sequence shown in SEQ ID NO: 23, and a light
chain variable region consisting of the amino acid sequence shown in SEQ ID NO: 25;
(iii) a heavy chain variable region consisting of the amino acid sequence shown in SEQ ID NO: 27, and a light
chain variable region consisting of the amino acid sequence shown in SEQ ID NO: 29; and
(iv) a heavy chain variable region consisting of the amino acid sequence shown in SEQ ID NO: 31, and a light
chain variable region consisting of the amino acid sequence shown in SEQ ID NO: 33.

19. An anti-canine TARC monoclonal antibody binding to canine TARC, comprising a heavy chain variable region and
a light chain variable region described in any one of the following (i) to (iv), or a functional fragment thereof binding
to canine TARC:

(i) a heavy chain variable region consisting of an amino acid sequence having a sequence identity of 90% or
more with the amino acid sequence shown in SEQ ID NO: 19 and having a binding activity to canine TARC,
and a light chain variable region consisting of an amino acid sequence having a sequence identity of 90% or
more with the amino acid sequence shown in SEQ ID NO: 21 and having a binding activity to canine TARC;
(ii) a heavy chain variable region consisting of an amino acid sequence having a sequence identity of 90% or
more with the amino acid sequence shown in SEQ ID NO: 23 and having a binding activity to canine TARC,
and a light chain variable region consisting of an amino acid sequence having a sequence identity of 90% or
more with the amino acid sequence shown in SEQ ID NO: 25 and having a binding activity to canine TARC;
(iii) a heavy chain variable region consisting of an amino acid sequence having a sequence identity of 90% or
more with the amino acid sequence shown in SEQ ID NO: 27 and having a binding activity to canine TARC,
and a light chain variable region consisting of an amino acid sequence having a sequence identity of 90% or
more with the amino acid sequence shown in SEQ ID NO: 29 and having a binding activity to canine TARC; and
(iv) a heavy chain variable region consisting of an amino acid sequence having a sequence identity of 90% or
more with the amino acid sequence shown in SEQ ID NO: 31 and having a binding activity to canine TARC,
and a light chain variable region consisting of an amino acid sequence having a sequence identity of 90% or
more with the amino acid sequence shown in SEQ ID NO: 33 and having a binding activity to canine TARC.

20. An anti-canine TARC monoclonal antibody binding to canine TARC, comprising a heavy chain variable region and
a light chain variable region described in any one of the following (i) to (iv), or a functional fragment thereof binding
to canine TARC:

(i) a heavy chain variable region encoded by DNA consisting of the nucleotide sequence shown in SEQ ID NO:
18, and a light chain variable region encoded by DNA consisting of the nucleotide sequence shown in SEQ ID
NO: 20;
(ii) a heavy chain variable region encoded by DNA consisting of the nucleotide sequence shown in SEQ ID NO:
22, and a light chain variable region encoded by DNA consisting of the nucleotide sequence shown in SEQ ID
NO: 24;
(iii) a heavy chain variable region encoded by DNA consisting of the nucleotide sequence shown in SEQ ID
NO: 26, and a light chain variable region encoded by DNA consisting of the nucleotide sequence shown in SEQ
ID NO: 28; and
(iv) a heavy chain variable region encoded by DNA consisting of the nucleotide sequence shown in SEQ ID
NO: 30, and a light chain variable region encoded by DNA consisting of the nucleotide sequence shown in SEQ
ID NO: 32.

21.  An anti-canine TARC monoclonal antibody binding to canine TARC, comprising a heavy chain variable region and
a light chain variable region described in any one of the following (i) to (iv), or a functional fragment thereof binding
to canine TARC:

(i) a heavy chain variable region having a binding activity to canine TARC, which is encoded by a nucleotide
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sequence having a sequence identity of 90% or more with the nucleotide sequence shown in SEQ ID NO: 18,
and a light chain variable region having a binding activity to canine TARC, which is encoded by a nucleotide
sequence having a sequence identity of 90% or more with the nucleotide sequence shown in SEQ ID NO: 20;
(ii) a heavy chain variable region having a binding activity to canine TARC, which is encoded by a nucleotide
sequence having a sequence identity of 90% or more with the nucleotide sequence shown in SEQ ID NO: 22,
and a light chain variable region having a binding activity to canine TARC, which is encoded by a nucleotide
sequence having a sequence identity of 90% or more with the nucleotide sequence shown in SEQ ID NO: 24;
(iii) a heavy chain variable region having a binding activity to canine TARC, which is encoded by a nucleotide
sequence having a sequence identity of 90% or more with the nucleotide sequence shown in SEQ ID NO: 26,
and a light chain variable region having a binding activity to canine TARC, which is encoded by a nucleotide
sequence having a sequence identity of 90% or more with the nucleotide sequence shown in SEQ ID NO: 28; and
(iv) a heavy chain variable region having a binding activity to canine TARC, which is encoded by a nucleotide
sequence having a sequence identity of 90% or more with the nucleotide sequence shown in SEQ ID NO: 30,
and a light chain variable region having a binding activity to canine TARC, which is encoded by a nucleotide
sequence having a sequence identity of 90% or more with the nucleotide sequence shown in SEQ ID NO: 32.

22. The anti-canine TARC monoclonal antibody according to any one of claims 18 to 21, or a functional fragment thereof
binding to canine TARC, wherein the heavy chain constant region and the light chain constant region are the constant
regions of a canine IgG antibody.

23. The anti-canine TARC monoclonal antibody binding to canine TARC according to any one of claims 18 to 22, or a
functional fragment thereof binding to canine TARC, wherein the functional fragment is a peptide fragment selected
from the group consisting of Fab, Fab’, F(ab’)2, a disulfide bond Fv (dsFv), a dimerized V region (diabody), a single
chain Fv (scFv), and CDR.

24. A polypeptide that is the heavy chain variable region of an anti-canine TARC monoclonal antibody, the polypeptide
consisting of the amino acid sequence shown in SEQ ID NO: 19, 23, 27 or 31.

25. A polypeptide that is the light chain variable region of an anti-canine TARC monoclonal antibody, the polypeptide
consisting of the amino acid sequence shown in SEQ ID NO: 21, 25, 29 or 33.

26. A polynucleotide encoding the heavy chain variable region of an anti-canine TARC monoclonal antibody, the poly-
nucleotide consisting of the DNA sequence shown in SEQ ID NO: 18, 22, 26 or 30.

27. A polynucleotide encoding the light chain variable region of an anti-canine TARC monoclonal antibody, the polynu-
cleotide consisting of the DNA sequence shown in SEQ ID NO: 20, 24, 28 or 32.

28. A vector comprising the polynucleotide according to claim 24, or the polynucleotide according to claim 25, or the
polynucleotide according to claim 26 and the polynucleotide according to claim 27.

29.  A cell comprising the vector according to claim 28.

30. A method for producing an anti-canine TARC monoclonal antibody, which comprises: performing the linking of any
one of the following (i) to (iv):

(i) linking DNA encoding the heavy chain variable region of an anti-canine TARC monoclonal antibody, consisting
of the DNA sequence shown in SEQ ID NO: 18, with DNA encoding the heavy chain constant region of the
antibody, and linking DNA encoding the light chain variable region of an anti-canine TARC monoclonal antibody,
consisting of the DNA sequence shown in SEQ ID NO: 20, with DNA encoding the light chain constant region
of the antibody,
(ii) linking DNA encoding the heavy chain variable region of an anti-canine TARC monoclonal antibody, consisting
of the DNA sequence shown in SEQ ID NO: 22, with DNA encoding the heavy chain constant region of the
antibody, and linking DNA encoding the light chain variable region of an anti-canine TARC monoclonal antibody,
consisting of the DNA sequence shown in SEQ ID NO: 24, with DNA encoding the light chain constant region
of the antibody,
(iii) linking DNA encoding the heavy chain variable region of an anti-canine TARC monoclonal antibody, con-
sisting of the DNA sequence shown in SEQ ID NO: 26, with DNA encoding the heavy chain constant region of
the antibody, and linking DNA encoding the light chain variable region of an anti-canine TARC monoclonal
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antibody, consisting of the DNA sequence shown in SEQ ID NO: 28, with DNA encoding the light chain constant
region of the antibody, or
(iv) linking DNA encoding the heavy chain variable region of an anti-canine TARC monoclonal antibody, con-
sisting of the DNA sequence shown in SEQ ID NO: 30, with DNA encoding the heavy chain constant region of
the antibody, and linking DNA encoding the light chain variable region of an anti-canine TARC monoclonal
antibody, consisting of the DNA sequence shown in SEQ ID NO: 32, with DNA encoding the light chain constant
region of the antibody; and

inserting the obtained DNA construct into an expression vector; and transforming a host cell or a host animal with
the vector, to produce the antibody from the host cell or the host animal.

31. An immunoassay for measuring canine TARC by using the anti-canine TARC monoclonal antibody binding to canine
TARC according to any one of claims 18 to 23, or a functional fragment thereof binding to canine TARC.

32. The immunoassay according to claim 31, which is ELISA.

33. A detection reagent for canine atopic dermatitis, comprising the anti-canine TARC monoclonal antibody binding to
canine TARC according to any one of claims 18 to 23, or a functional fragment thereof binding to canine TARC.

34. A method for detecting canine atopic dermatitis, which comprises measuring TARC in blood, serum or plasma
collected from a canine, by using the anti-canine TARC monoclonal antibody binding to canine TARC according to
any one of claims 18 to 23, or a functional fragment thereof binding to canine TARC.
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