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HEAVY-CHAIN VARIABLE REGION OF ANTI-DOG IGE MONOCLONAL ANTIBODY

(57) Problem to be Solved: The present invention is
intended to provide a polynucleotide encoding the light-
chain variable region and the heavy-chain variable region
of an anti-dog IgE antibody; and an anti-dog IgE antibody
containing these variable regions.

Solution: The present invention is DNA encoding a
heavy-chain variable region consisting of the amino acid

sequence represented by SEQ ID NO: 2 or 6 and DNA
encoding a light-chain variable region consisting of the
amino acid sequence represented by SEQ ID NO: 4 or
8, and an anti-dog IgE monoclonal antibody which binds
to dog IgE, containing these variable regions or a func-
tional fragment thereof which binds to dog IgE.
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Description

Technical Field

[0001] The present invention relates to a heavy-chain variable region or a light-chain variable region of an antibody
specifically binding to dog IgE and polynucleotides encoding these regions. The present invention further relates to a
monoclonal antibody containing the heavy-chain variable region and the light-chain variable region.

Background Art

[0002] IgE is responsible for allergy, particularly type I allergy. In recent years, allergic diseases have increased in
dogs raised as pet animals, like humans.
[0003] Probable methods for treating type I allergy include the use of a compound which binds to IgE in serum and
suppressing the binding of IgE to mast cells, and examples thereof suggested include the use of an antibody which
binds to the Fc region of IgE (see Patent Literature 1).

Citation List

Patent Literature

[0004] Patent Literature 1: JP Patent Publication (Kokai) No. 2006-151880

Summary of Invention

Technical Problem

[0005] An object of the present invention is to provide a heavy-chain variable region or a light-chain variable region
of an anti-dog IgE antibody and polynucleotides encoding these regions. Another object of the present invention is to
provide an anti-dog IgE antibody containing these variable regions.

Solution to Problem

[0006] The present inventors have conducted intensive studies on a method for preparing a dog IgE monoclonal
antibody, and obtained a hybridoma producing a monoclonal antibody recognizing and binding to dog IgE. In addition,
the inventors have cloned DNA encoding a heavy-chain variable region of an anti-dog IgE antibody and DNA encoding
a light-chain variable region thereof from the hybridoma. Then, the inventors have succeeded in linking the cloned DNA
encoding a heavy-chain variable region and the cloned DNA encoding a light-chain variable region to DNA encoding a
heavy-chain constant region and DNA encoding a light-chain constant region, respectively, inserting the resultant into
a vector, transforming a host cell or a host insect therewith, and producing a recombinant anti-dog IgE antibody, thereby
accomplishing the present invention.
[0007] Thus, the present invention is as follows.

[1] An anti-dog IgE monoclonal antibody which binds to dog IgE, comprising a heavy-chain variable region consisting
of the amino acid sequence represented by SEQ ID NO: 2 and a light-chain variable region consisting of the amino
acid sequence represented by SEQ ID NO: 4, or a functional fragment thereof which binds to dog IgE.
[2] An anti-dog IgE monoclonal antibody which binds to dog IgE, comprising a heavy-chain variable region consisting
of the amino acid sequence represented by SEQ ID NO: 6 and a light-chain variable region consisting of the amino
acid sequence represented by SEQ ID NO: 8, or a functional fragment thereof which binds to dog IgE.
[3] The anti-dog IgE monoclonal antibody which binds to dog IgE or a functional fragment thereof which binds to
dog IgE according to [1] or [2], wherein the class of the antibody is IgG, IgA, IgE, or IgM.
[4] The anti-dog IgE monoclonal antibody which binds to dog IgE or a functional fragment thereof which binds to
dog IgE according to [3], wherein the subclass of the antibody is IgG1, IgG2, IgG3, or IgG4.
[5] The anti-dog IgE monoclonal antibody which binds to dog IgE or a functional fragment thereof which binds to
dog IgE according to any one of [1] to [4], wherein the functional fragment is a peptide fragment selected from the
group consisting of Fab, Fab’, F(ab’)2, disulfide-stabilized Fv (dsFv), dimerized V region (diabody), single chain Fv
(scFv), and CDR.
[6] A polypeptide which is a heavy-chain variable region of an anti-dog IgE antibody, consisting of the amino acid
sequence represented by SEQ ID NO: 2 or 6.
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[7] A polypeptide which is a light-chain variable region of an anti-dog IgE antibody, consisting of the amino acid
sequence represented by SEQ ID NO: 4 or 8.
[8] A polynucleotide encoding a heavy-chain variable region of an anti-dog IgE antibody, consisting of the DNA
sequence represented by SEQ ID NO: 1 or 5.
[9] A polynucleotide encoding a light-chain variable region of an anti-dog IgE antibody, consisting of the DNA
sequence represented by SEQ ID NO: 3 or 7.
[10] A vector comprising the polynucleotide according to [8], the polynucleotide according to [9], or the polynucleotide
according to [8], and the polynucleotide according to [9].
[11] A cell comprising the vector according to [10].
[12] A silkworm comprising the vector according to [10].
[13] A method for producing an anti-dog IgE antibody, comprising: linking DNA encoding a heavy-chain variable
region of an anti-dog IgE antibody, consisting of the DNA sequence represented by SEQ ID NO: 1 to DNA encoding
a heavy-chain constant region of the antibody; linking DNA encoding a light-chain variable region of an anti-dog IgE
antibody, consisting of the DNA sequence represented by SEQ ID NO: 3 to DNA encoding a light-chain constant
region of the antibody; inserting the resultant DNA constructs into an expression vector, transforming a host cell or
a host animal with the vector, and producing an antibody using the host cell or the host animal.
[14] A method for producing an anti-dog IgE antibody, comprising: linking DNA encoding a heavy-chain variable
region of an anti-dog IgE antibody, consisting of the DNA sequence represented by SEQ ID NO: 5 to DNA encoding
a heavy-chain constant region of the antibody; linking DNA encoding a light-chain variable region of an anti-dog IgE
antibody, consisting of the DNA sequence represented by SEQ ID NO: 7 to DNA encoding a light-chain constant
region of the antibody; inserting the resultant DNA constructs into an expression vector, transforming a host cell or
a host animal with the vector, and producing an antibody using the host cell or the host animal.
[15] The method according to [14], wherein the DNA encoding a heavy-chain constant region of the antibody consists
of the DNA sequence represented by SEQ ID NO: 9 and the DNA encoding a light-chain constant region of the
antibody consists of the DNA sequence represented by SEQ ID NO: 11.
[16] The method for producing an anti-dog IgE antibody according to [13] or [14], wherein the host animal is a silkworm.
[17] A reagent for detecting a dog allergic disease, comprising the anti-dog IgE monoclonal antibody which binds
to dog IgE or a functional fragment thereof which binds to dog IgE according to any one of [1] to [5].
[18] A method for detecting a dog allergic disease, comprising measuring IgE antibody in the blood, serum, or plasma
collected from a dog using the anti-dog IgE monoclonal antibody which binds to dog IgE or a functional fragment
thereof which binds to dog IgE according to any one of [1] to [5].
[19] A reagent for detecting a dog allergic disease, comprising the polypeptide according to [6] or [7].
[20] A method for detecting a dog allergic disease, comprising measuring IgE antibody in the blood, serum, or plasma
collected from a dog using the polypeptide according to [6] or [7].

[0008] The present specification encompasses the contents of the specification and/or drawings of Japanese Patent
Application No. 2013-057015 on which the priority of the present application is based.

Advantageous Effects of Invention

[0009] The monoclonal antibody comprising a heavy-chain variable region and a light-chain variable region of an anti-
dog IgE antibody according to the present invention can bind with high affinity to dog IgE and can be suitably used, for
example, for treating a dog allergic disease. The polynucleotide encoding the heavy-chain variable region and the
polynucleotide encoding light-chain variable region according to the present invention can be used to efficiently and
repeatedly prepare an anti-dog IgE monoclonal antibody.

Brief Description of Drawings

[0010]

[Figure 1] Figure 1 is a diagram showing the schematic of cloning of the heavy-chain and light-chain variable regions
of monoclonal antibodies (mouse-derived H5 and rat-derived X1).
[Figure 2] Figure 2 is a series of diagrams showing the schematic of linkage of heavy chain H5_VR and heavy chain
X1_VR to the rat IgG2b constant region.
[Figure 3] Figure 3 is a series of diagrams showing the schematic of linkage of light chain H5_VR and light chain
X1_VR to the rat Ig κ constant region (CR).
[Figure 4] Figure 4 is a diagram showing a structure of an antibody produced using FreeStyle 293F cells.
[Figure 5] Figure 5 is a photograph showing the results of Western blot analysis of antibody production using an
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anti-HisTag antibody for the antibody produced using FreeStyle 293F cells.
[Figure 6] Figure 6 is a photograph showing the results of concentration (expression level) prediction by dot blot
using an anti-HisTag antibody for the antibody produced using FreeStyle 293F cells.
[Figure 7] Figure 7 is a photograph showing the results of confirmation of the reactivity of a produced antibody to
dog, mouse, and human IgE proteins by dot blot for the antibody produced using FreeStyle 293F cells.
[Figure 8] Figure 8 is a diagram showing a structure of BM030 vector used for the expression of a recombinant type
anti-dog IgE antibody in a silkworm.
[Figure 9] Figure 9 is a pair of diagrams showing structures of DNAs used for cloning a recombinant type anti-dog
IgE antibody into pBM030 vector.
[Figure 10] Figure 10 is a pair of photographs showing the expression level of a recombinant type anti-dog IgE
antibody in the BmN cell supernatant and the silkworm body fluid.
[Figure 11] Figure 11 is a pair of photographs showing the results of Western blot analysis of the amount of antibodies
contained in the silkworm body fluid for H5ratCR-His and X1ratCR-His.
[Figure 12] Figure 12 is a drawing showing the results of ELISA measurement of a recombinant type anti-dog IgE
antibody in a BmN cell supernatant and a silkworm body fluid.
[Figure 13] Figure 13 is a graph showing the reactivity of an anti-IgE antibody expressed in the silkworm body fluid
to dog IgE.
[Figure 14] Figure 14 is a photograph showing the results of silver staining of an anti-dog IgE recombinant antibody
purified from the silkworm body fluid.
[Figure 15] Figure 15 is a graph showing the results of the reactivity test of an anti-dog IgE recombinant antibody
purified from a silkworm body fluid by an ELISA method.
[Figure 16] Figure 16 is a photograph showing the results of silver staining of an anti-dog IgE recombinant antibody
purified from a silkworm body fluid.
[Figure 17-1] Figure 17-1 is a graph showing the results of the reactivity test of an anti-dog IgE recombinant antibody
purified from a silkworm body fluid by an ELISA method, and shows the results of examining the silkworm body
fluid, the HisTag eluate, and the ion-exchanged antibody (dilution 5-fold to 50-fold).
[Figure 17-2] Figure 17-2 is a graph showing the results of the reactivity test of an anti-dog IgE recombinant antibody
purified from a silkworm body fluid by an ELISA method, and shows the results of examining a ion-exchanged
purified product by further proceeding with the dilution (20- to 1,000-fold dilution).
[Figure 18] Figure 18 is a graph showing the influence of freezing and thawing on the reactivity of an anti-dog IgE
recombinant antibody.
[Figure 19] Figure 19 is a list showing the sequences of primers.

Description of Embodiments

[0011] The present invention will be described below in detail.
[0012] The present invention is a heavy-chain variable region or a light-chain variable region of an anti-dog IgE antibody
which specifically binds to animal IgE, and polynucleotides encoding the variable regions. In addition, the present invention
is an anti-dog IgE monoclonal antibody comprising the heavy-chain variable region and the light-chain variable region,
which specifically binds to animal IgE. The anti-dog IgE antibody of the present invention can recognize and bind to dog
IgE and the IgE of other mammals such as mice. The antibody of the present invention encompasses 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 specifically binds to the antigen. Examples of the functional fragment include Fab, F(ab’)2, Fv,
Fab/c having one Fab and complete Fc, and single-chain Fv (scFv) in which an H chain or an L chain is linked through
a suitable linker. The polynucleotide encompasses DNA and RNA.
[0013] The nucleotide sequence of DNA encoding the heavy-chain variable region of the anti-dog IgE antibody of the
present invention consists of the sequence represented by SEQ ID NO: 1 or 5, and the amino acid sequence of the
heavy-chain variable region consists of the sequence represented by SEQ ID NO: 2 or 6. The amino acid sequence
represented by SEQ ID NO: 2 is encoded by the nucleotide sequence represented by SEQ ID NO: 1, and the amino
acid sequence represented by SEQ ID NO: 6 is encoded by the nucleotide sequence represented by SEQ ID NO: 5.
The heavy-chain variable regions represented by SEQ ID NOS: 1 and 2 are derived from a mouse anti-dog IgE monoclonal
antibody, and the heavy-chain variable regions represented by SEQ ID NOS: 5 and 6 are derived from a rat anti-dog
IgE monoclonal antibody. The nucleotide sequence of DNA encoding the light-chain variable region of the anti-dog IgE
antibody of the present invention consists of the sequence represented by SEQ ID NO: 3 or 7, and the amino acid
sequence of the light-chain variable region consists of the sequence represented by SEQ ID NO: 4 or 8. The amino acid
sequence represented by SEQ ID NO: 4 is encoded by the nucleotide sequence represented by SEQ ID NO: 3, and the
amino acid sequence represented by SEQ ID NO: 8 is encoded by the nucleotide sequence represented by SEQ ID
NO: 7. The light-chain variable regions represented by SEQ ID NOS: 3 and 4 are derived from a mouse anti-dog IgE
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monoclonal antibody, and the light-chain variable regions represented by SEQ ID NOS: 7 and 8 are derived from a rat
anti-dog IgE monoclonal antibody. In other words, the heavy-chain variable region of the present invention is a polypeptide
consisting of the amino acid sequence represented by SEQ ID NO: 2 or 6, and the light-chain variable region of the
present invention is a polypeptide consisting of the amino acid sequence represented by SEQ ID NO: 4 or 8.
[0014] The anti-dog IgE antibody of the present invention is an antibody comprising the above heavy-chain variable
region or an antibody comprising the above light-chain variable region. Preferably, it is an antibody comprising both of
the heavy-chain variable region and the light-chain variable region or a functional fragment thereof. The anti-dog IgE
antibody of the present invention is, for example, an antibody comprising a heavy-chain variable region consisting of
the amino acid sequence represented by SEQ ID NO: 2 and a light-chain variable region consisting of the amino acid
sequence represented by SEQ ID NO: 4, or an antibody comprising a heavy-chain variable region consisting of the
amino acid sequence represented by SEQ ID NO: 6 and a light-chain variable region consisting of the amino acid
sequence represented by SEQ ID NO: 8.
[0015] The heavy-chain variable region and the light-chain variable region according to the present invention are
polypeptides contained in the antigen recognition site of an antibody recognizing and binding to dog IgE or a fragment
of the antibody.
[0016] The heavy-chain variable region or the light-chain variable region of the anti-dog IgE antibody which specifically
binds to animal IgE according to the present invention can be obtained by using dog IgE as an immunogen, acquiring
an anti-IgE antibody-producing hybridoma by a well-known method using mouse or rat cells, isolating DNA encoding a
heavy-chain variable region or DNA encoding a light-chain variable region from the hybridoma, and expressing the DNA.
[0017] The anti-dog IgE monoclonal antibody which specifically binds to animal IgE, comprising the heavy-chain
variable region and the light-chain variable region is composed of the heavy-chain variable region and the heavy-chain
constant region and the light-chain variable region and the light-chain constant region. The heavy-chain constant region
is composed of 3 domains, i.e., CH1, CH2, and CH3. The heavy-chain constant region may be the constant region of
IgG1, IgG2, IgG3, IgG4, IgA, IgM, or IgD; however, the most preferred is the constant region of IgG1 or IgG4. The light-
chain constant region is composed of one domain, i.e., CL. The light-chain constant region is a κ or λ constant region.
[0018] The DNA encoding an antibody can be obtained as DNA encoding a heavy chain and DNA encoding a light
chain by linking DNA encoding a heavy-chain variable region to DNA encoding a heavy-chain constant region and further
linking DNA encoding a light-chain variable region to DNA encoding a light-chain constant region. The organism species
from which the variable region is derived may be different from the animal species from which the constant region is
derived; the anti-dog IgE 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, although the heavy-chain variable region encoded by the DNA represented by SEQ ID NO: 1 and the light-
chain variable region encoded by the DNA represented by SEQ ID NO: 3 are mouse-derived, these DNAs can be linked
to DNAs encoding the constant regions of a rat-derived antibody to prepare a chimeric antibody containing the mouse-
derived variable regions and the rat-derived constant regions. Examples of the constant region of the rat-derived antibody
include the heavy-chain constant region of IgG2b antibody, consisting of the amino acid sequence represented by SEQ
ID NO: 10 and the light-chain constant region of an Ig κ chain, consisting of the amino acid sequence represented by
SEQ ID NO: 12. The DNA nucleotide sequence encoding the amino acid sequence represented by SEQ ID NO: 10 is
represented by SEQ ID NO: 9, and the DNA nucleotide sequence encoding the amino acid sequence represented by
SEQ ID NO: 12 is represented by SEQ ID NO: 11.
[0019] The anti-dog IgE antibody further encompasses a chimeric antibody having the constant region of a human
antibody.
[0020] The antibody of the present invention is, for example, a heterotetrameric protein which comprises a heavy chain
in which the heavy-chain variable region consisting of the amino acid sequence represented by SEQ ID NO: 2 is linked
to the heavy-chain constant region consisting of the amino acid sequence represented by SEQ ID NO: 10 and a light
chain in which the light-chain variable region consisting of the amino acid sequence represented by SEQ ID NO: 4 is
linked to the light-chain constant region consisting of the amino acid sequence represented by SEQ ID NO: 12, and is
composed of 2 heavy chains and 2 light chains. The antibody of the present invention is also, for example, a heterote-
trameric protein which comprises a heavy chain in which the heavy-chain variable region consisting of the amino acid
sequence represented by SEQ ID NO: 6 is linked to the heavy-chain constant region consisting of the amino acid
sequence represented by SEQ ID NO: 10 and a light chain in which the light-chain variable region consisting of the
amino acid sequence represented by SEQ ID NO: 8 is linked to the light-chain constant region consisting of the amino
acid sequence represented by SEQ ID NO: 12, and is composed of 2 heavy chains and 2 light chains. The nucleotide
sequence of the heavy-chain variable region of mouse H5 monoclonal antibody linked to the rat IgG2b constant region
is shown in SEQ ID NO: 13, and the nucleotide sequence of the heavy-chain variable region of a rat X1 monoclonal
antibody linked to the rat IgG2b constant region is shown in SEQ ID NO: 15. The nucleotide sequence of the light-chain
variable region of the mouse H5 monoclonal antibody linked to the rat Ig κ constant region is shown in SEQ ID NO: 14,
and the nucleotide sequence of the light-chain variable region of the rat X1 monoclonal antibody linked to the rat Ig κ
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constant region is shown in SEQ ID NO: 16. The sequences represented by SEQ ID NOS: 13 to 16 each comprise a
sequence encoding a His-tag consisting of 6 histidine (His) residues 3’ thereto.
[0021] The heavy-chain variable region includes not only the heavy-chain variable region consisting of the amino acid
sequence represented by SEQ ID NO: 2 or 6 but also a heavy-chain variable region consisting of a protein having the
activity of the heavy-chain variable region of the antibody, consisting of an amino acid sequence in which 1 or several,
e.g., 1 to 10, preferably 1 to 5, more preferably 1 or 2, still more preferably 1, amino acids are deleted, substituted, or
added in the amino acid sequence. The light-chain variable region includes not only the light-chain variable region
consisting of the amino acid sequence represented by SEQ ID NO: 4 or 8 but also a light-chain variable region consisting
of a protein having the activity of the light-chain variable region of the antibody, consisting of an amino acid sequence
in which 1 or several, e.g., 1 to 10, preferably 1 to 5, more preferably 1 or 2, still more preferably 1, amino acids are
deleted, substituted, or added in the amino acid sequence. The heavy-chain constant region includes not only the heavy-
chain variable region consisting of the amino acid sequence represented by SEQ ID NO: 10 but also a heavy-chain
constant region consisting of a protein having the activity of the heavy-chain constant region of the antibody, consisting
of an amino acid sequence in which 1 or several, e.g., 1 to 10, preferably 1 to 5, more preferably 1 or 2, still more
preferably 1, amino acids are deleted, substituted, or added in the amino acid sequence. The light-chain constant region
includes not only the light-chain variable region consisting of the amino acid sequence represented by SEQ ID NO: 12
but also a light-chain constant region consisting of a protein having the activity of the light-chain constant region of the
antibody, consisting of an amino acid sequence in which 1 or several, e.g., 1 to 10, preferably 1 to 5, more preferably 1
or 2, still more preferably 1, amino acids are deleted, substituted, or added in the amino acid sequence.
[0022] Examples of the amino acid sequence in which 1 or several amino acids are deleted, substituted, or added in
the amino acid sequence of SEQ ID NO: 2, 6, 4, 8, 10, or 12 include an amino acid sequence having at least 85% or
more sequence identity with the amino acid sequence of SEQ ID NO: 2, 6, 4, 8, 10, or 12, preferably 90% or more, more
preferably 95% or more, particularly preferably 97% or more, when calculated, for example, using BLAST (Basic Local
Alignment Search Tool at the National Center for Biological Information) (e.g., default, or initial parameters).
[0023] The protein having an amino acid sequence in which 1 or several amino acids are deleted, substituted, or
added in the amino acid sequence of SEQ ID NO: 2, 6, 4, 8, 10, or 12 is substantially identical to the protein having the
amino acid sequence of SEQ ID NO: 2, 6, 4, 8, 10, or 12.
[0024] The DNA encoding the heavy-chain variable region, the light-chain variable region, the heavy-chain constant
region, or the light-chain constant region of the antibody of the present invention also includes DNA encoding a protein
having the activity of the heavy-chain variable region, the light-chain variable region, the heavy-chain constant region,
or the light-chain constant region of the antibody, having at least 85% or more sequence identity with the nucleotide
sequence consisting of the sequence represented by SEQ ID NO: 1, 3, 5, 7, 9, or 11, preferably 90% or more, more
preferably 95% or more, particularly preferably 97% or more, when calculated, for example, using BLAST (Basic Local
Alignment Search Tool at the National Center for Biological Information) (e.g., default, or initial parameter).
[0025] The DNA encoding the heavy-chain variable region, the light-chain variable region, the heavy-chain constant
region, or the light-chain constant region of the antibody according to the present invention also includes DNA encoding
a protein having the activity of the heavy-chain variable region, the light-chain variable region, the heavy-chain constant
region, or the light-chain constant region of the antibody, capable of being hybridized to DNA consisting of a sequence
complementary to DNA consisting of the sequence represented by SEQ ID NO: 1, 3, 5, 7, 9, or 11 under the following
stringent conditions. Specifically, the conditions refer to conditions enabling identification by performing hybridization at
68°C in the presence of 0.7 to 1.0 M NaCl using a DNA-immobilized filter, followed by washing at 68°C using an SSC
solution with a 0.1 to 2 times higher concentration (an SSC solution with a 1 time concentration consists of 150 mM
NaCl and 15 mM sodium citrate). Alternatively, the DNA is DNA capable of forming a hybrid by transferring the DNA to
a nitrocellulose membrane by a Southern blotting method for immobilization, followed by reaction at 42°C overnight in
a hybridization buffer solution [50% formamide, 4 3 SSC, 50 mM HEPES (pH 7.0), 10 3 Denhardt’s solution, 100 mg/ml
salmon sperm DNA]
[0026] The heavy-chain variable region or the light-chain variable region of the present invention can be produced in
cells by inserting DNA encoding the heavy-chain variable region or DNA encoding the light-chain variable region into
an expression vector, transforming a host cell for expression with the vector, and culturing the host cell.
[0027] The anti-dog IgE monoclonal antibody of the present invention can be produced by inserting DNA encoding
the heavy chain and DNA encoding the light chain into an expression vector, transforming a host cell with the vector,
and culturing the host cell. Here, the DNA encoding the heavy chain and the DNA encoding the light chain may be
inserted into the same vector, followed by transforming a host cell with the vector, or the DNA encoding the heavy chain
and the DNA encoding the light chain may be inserted into separate vectors, followed by transforming a host cell with
the 2 vectors. Here, the DNAs encoding the heavy-chain variable region and the light-chain variable region may be
inserted into a vector into which DNAs encoding the heavy-chain constant region and the light-chain constant region of
a particular isotype are inserted in advance. The vector may contain DNA encoding a signal peptide for promoting the
secretion of an antibody from a host cell, where the DNA encoding the signal peptide is linked in-frame to the DNA
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encoding the antibody. After the production of the antibody, the signal peptide can be removed to provide the antibody
as a mature protein.
[0028] Here, the DNA encoding the heavy-chain variable region, the DNA encoding the light-chain variable region,
the DNA in which the DNA encoding the heavy-chain variable region is linked to the DNA encoding the heavy-chain
constant region, or the DNA in which the DNA encoding the light-chain variable region is linked to the DNA encoding
the light-chain constant region may be functionally linked to elements such as a promotor, an enhancer, and a polya-
denylation signal. "Functionally linked" as used here refers to that these elements are linked thereto so that they can
fulfill their functions.
[0029] The promotor and the enhancer used may be a promotor and an enhancer derived from cytomegalovirus (CMV),
simian virus 40 (SV40), or adenovirus.
[0030] The vector for inserting a gene according to the present invention is not particularly limited provided that it can
be replicated in a host, such as bacteria, yeast, or animal cells; examples thereof include plasmids and phages. The
vector used for constructing the expression vector may be a well-known one. Examples thereof include Flexi (R) vector
(Promega Corporation), pUC19, pTV118 N (Takara Shuzo Co., Ltd.), pUEX2 (Amersham plc), pGEX-4T, pKK233-2
(Pharmacia Corporation), and pMAM-neo (Clontech Laboratories, Inc.). When the variable region or the antibody is
produced using a silkworm, pBM030, pBM034, or the like as a silkworm cloning vector may be used.
[0031] The expression vector can be introduced into a host cell by a well-known method to transform the host cell.
Examples of the method include an electroporation method, a calcium phosphate precipitation method, and a DEAE-
dextran transfection method.
[0032] The host cell may be prokaryotic cells, such as Escherichia coli or Bacillus subtilis, as well as eukaryotic cells,
such as yeast or animal cells; however, eukaryotic cells are preferably used. Examples of the yeast include Saccharo-
myces cerevisiae, and examples of the animal cells include 293 cells as a human fetal kidney cell line, Chinese hamster
ovary (CHO) cells, Sf 21 cells, Sf 9 cells, and TN5 cells as cells of a lepidopteran insect, such as silkworm, simian COS
cells, and mouse fibroblasts. The variable region or the antibody of the present invention can also be produced using a
silkworm body. The production using a silkworm body can be carried out by a well-known method.
[0033] The expressed or produced antibody may be purified using separation and purification methods used for com-
mon proteins. For example, the antibody can be separated and purified by properly selecting and combining chroma-
tography, such as affinity chromatography, filter, ultrafiltration, salting-out, and dialysis (Antibodies A Laboratory Manual.
Ed Harlow, David Lane, Cold Spring Harbor Laboratory, 1988). The anti-dog IgE antibody can also be produced in an
affinity-tagged state and then purified by affinity chromatography using the affinity tag. Examples of the affinity tag
sequence include a polyhistidine sequence consisting of 2 to 12, preferably 4 or more, more preferably 4 to 7, still more
preferably 5 or 6 histidine residues. Here, the synthetic protein can be purified using nickel chelate column chromatography
using nickel as a ligand. It can also be purified by affinity chromatography using a column on which an antibody to the
polyhistidine is immobilized as a ligand. In addition, HAT-tag, HN-tag, or the like consisting of a histidine-containing
sequence can also be used. Further, other affinity tags include, for example, V5-tag, Xpress-tag, AU1-tag, T7-tag, VSV-
G-tag, DDDDK-tag, S-tag, CruzTag09, CruzTag22, CruzTag41, Glu-Glu-tag, Ha.11-tag, and KT3-tag. The present in-
vention encompasses anti-dog IgE antibodies to which these tags bind.
[0034] The anti-dog IgE antibody which specifically binds to animal IgE and a functional fragment thereof which binds
to dog IgE according to the present invention recognize and bind to dog IgE. The antibody comprising the heavy-chain
variable region consisting of the amino acid sequence represented by SEQ ID NO: 6 and the light-chain variable region
consisting of the amino acid sequence represented by SEQ ID NO: 8 and a functional fragment thereof which binds to
dog IgE recognize and bind to dog IgE and mouse IgE.
[0035] The anti-dog IgE antibody or a functional fragment thereof which binds to dog IgE according to the present
invention can be used as an agent for treating an allergic disease in dogs and other animals. The allergic disease is an
IgE-mediated type I allergic disease, and examples of the IgE-mediated allergic disease include atopic dermatitis, pol-
linosis, food allergy, allergic rhinitis, asthma, allergic conjunctivitis, mite allergic disease, urticaria, anaphylactic shock,
and PIE (pulmomary infiltration with eosinophilia) syndrome. The anti-IgE antibody which specifically binds to animal
IgE can prevent or treat an IgE-mediated allergic disease in the animal by preventing IgE from binding to mast cells or
basophils.
[0036] The anti-dog IgE antibody or a functional fragment thereof which binds to dog IgE according to the present
invention can also be used as a DNA vaccine for preventing or treating an allergic disease.
[0037] The prevention or treatment agent of the present invention may be in the form of sterile, aqueous or nonaqueous
solutions, suspensions, or emulsions. In addition, the agent may contain a pharmaceutically acceptable diluent, such
as salt, buffer, or adjuvant, an auxiliary agent, a carrier, and the like. The prevention or treatment agent can be administered
through routes, such as oral, nasal, transmucosal, intramuscular or subcutaneous, intranasal, intratracheal, dermal,
transdermal, and intradermal routes.
[0038] The dose of the prevention or treatment agent of the present invention can vary depending on the animal
species receiving administration; however, the dose is a few tens of ng to a few mg per administration. The agent may
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be administered in single dose, or may be administered on several occasions at 2-day to 8-week intervals.
[0039] In addition, the anti-dog IgE antibody of the present invention can be used for detecting an allergic disease in
dogs and the like. The present invention encompasses a detection reagent for detecting an allergic disease, comprising
the anti-dog IgE antibody of the present invention, or the heavy-chain variable region or the light-chain variable region
thereof. For example, an allergic disease can be detected by collecting a blood, serum, or plasma sample from a dog
and detecting IgE antibody in the sample.
[0040] The antibody comprising the heavy-chain variable region consisting of the amino acid sequence represented
by SEQ ID NO: 6 derived from rat X1 antibody and the light-chain variable region consisting of the amino acid sequence
represented by SEQ ID NO: 8 binds to not only dog IgE but also mouse IgE. Thus, in taking preclinical data on a treatment
agent for dogs, the immune reaction in dogs can be known by examining the immune reaction in mice using the antibody,
enabling the development of a treatment agent for dogs without using dogs as test subjects.

Examples

[0041] The present invention is described below in detail, based on Examples. However, the present invention is not
intended to be limited by these Examples.

[Example 1] Preparation of Recombinant-type Anti-dog IgE Antibody (H5 (CCH3-5), X1)

[0042]
1. Cloning of Heavy-chain/Light-chain Variable Region of Monoclonal Antibody (Mouse-derived H5 and Rat-derived X1)

1) Total RNAs were extracted from hybridoma cells secreting H5 (CCH3-5) and X1 monoclonal antibodies as anti-
dog IgE monoclonal antibodies (H5 cell RNA: 115 ng/mL, X1 cell RNA: 225 ng/mL).
2) 5’-RACE-Ready cDNAs were synthesized using SMARTer(TM) RACE cDNA Amplification Kit (Cat. No. 634293)
from Clontech Laboratories, Inc. As templates, H5 monoclonal antibody-producing hybridoma RNA and X1 mono-
clonal antibody-producing hybridoma RNA were used in amounts of 316 ng and 618 ng, respectively; reaction was
carried out as prescribed in the manual. After synthesis, the resultants were each diluted by adding 100 mL of TE,
and preserved at -30°C.
3) It is known that the H5 monoclonal antibody is an antibody molecule consisting of a combination of mouse IgG1
and κ with the X1 monoclonal antibody being an antibody molecule consisting of a combination of rat IgG2b and κ;
thus, a reverse primer specific for each constant region (hereinafter, abbreviated as CR) was designed. Using this
and Universal Primer (contained in the kit, hereinafter abbreviated as UPM) for a consensus sequence present at
the 5’ terminal of 5’-RACE-Ready cDNA, PCR reaction was carried out to increase the variable region (hereinafter,
abbreviated as VR).
Figure 1 shows the schematic of a method for cloning the heavy-chain and light-chain variable regions of monoclonal
antibodies (mouse-derived H5 and rat-derived X1).
The following primers were used.
UPM
Long 5’-CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT-3’ (SEQ ID NO: 17)
Short 5’-CTAATACGACTCACTATAGGGC-3’ (SEQ ID NO: 18)
D2: Cgamma1 (common to IgG1 and 2b in mice and rats)
5’-AGGGAAATARCCCTTGACCAG-3’ (SEQ ID NO: 19)
D2: CkapPa1 (IGKC1 and 2 in mice and rats contains only an internal 1-2 nucleotide mismatch)
5’-GCACCTCCAGATGTTAACTG-3’ (SEQ ID NO: 20)
4) Expected sizes of PCR products were electrophoretically obtained for both of the H5 monoclonal antibody and
the X1 monoclonal antibody; thus, each cDNA fragment was excised and purified using Wizard SV Gel and PCR
Clean-up System (#A9282) from Promega Corporation.
5) The purified fragments were each cloned into pTA2 vector using Target Clone(TM)-Plus- (No. TAK-201) from
Toyobo Co., Ltd.
6) The fragments cloned in 5) were each subjected to sequence analysis, and the resultant sequence was searched
using IMGT/V-QUEST (http://www.imgt.org/IMGT_vquest) from IMGT (Immuno Gene Tics). The results are shown
in Table 1. H5_HVR denotes the heavy-chain variable region of mouse-derived H5 monoclonal antibody; H5_KVR,
the light-chain (κ chain) variable region of mouse-derived H5 monoclonal antibody; X1_HVR, the heavy-chain variable
region of rat-derived X1 monoclonal antibody; and X1_KVR, the light-chain (κ chain) variable region of rat-derived
X1 monoclonal antibody. The nucleotide sequence for the heavy-chain variable region of mouse-derived H5 mon-
oclonal antibody is shown in SEQ ID NO: 1, and the amino acid sequence thereof is shown in SEQ ID NO: 2. The
nucleotide sequence for the light-chain (κ chain) variable region of mouse-derived H5 monoclonal antibody is shown
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in SEQ ID NO: 3, and the amino acid sequence thereof is shown in SEQ ID NO: 4. The nucleotide sequence for the
heavy-chain variable region of rat-derived X1 monoclonal antibody is shown in SEQ ID NO: 5, and the amino acid
sequence thereof is shown in SEQ ID NO: 6. In addition, the nucleotide sequence for the light-chain (κ chain) variable
region of rat-derived X1 monoclonal antibody is shown in SEQ ID NO: 7, and the amino acid sequence thereof is
shown in SEQ ID NO: 8.

2. Linkage of Each of Heavy-chain H5_VR (Variable Region) and Heavy-chain X1_VR (Variable Region) to Rat IgG2b
Constant Region (Hereinafter, Abbreviated as CR)
Figure 2 shows the schematic of a method for linking each of heavy-chain H5_VR and heavy-chain X1_VR to the rat
IgG2b constant region.

1) Using the above-described 5’-RACE-Ready cDNA synthesized from X1 monoclonal antibody RNA as a template,
CR of the X1 heavy chain was amplified such that the CR overlapped with the CR portion contained in VR region
cloning. Primers were designed with reference to the rat CR sequence, which is known (The sequence of the primers
is shown in Figure 19. The amplified cDNA fragment was purified as described above, cloned in pTA2 vector, and
then subjected to sequence analysis to confirm that the sequence is the known rat IgG 2b sequence (X1 HCR clone)
(Figure 2A).
2) cDNA fragments were amplified from an X1 VR clone and an X1 CR clone using primers 3 and 4 and primers 1
and 5, respectively, followed by purification; a mixture thereof was further subjected to PCR reaction using primers
3 and 5 as templates to provide a full-length rat X1 IHC fragment (Figure 2B).
3) For cloning into an expression vector and expression confirmation analysis, a fragment obtained by adding the
SgfI site 5’ to the IHC fragment and His Tag 3’ thereto was amplified using primers 6 and 7 (Figure 2C).
4) From a H5 VR clone, a H5 HVR cDNA fragment in which a rat CR sequence is added to the VR region using
primers 8 and 9 was obtained. A rat IgG2b CR fragment was also obtained from the full-length X1 IHC fragment
obtained in 2) using primers 10 and 5 (Figure 2D).
5) A mixture of the mouse H5 HVR cDNA fragment and the rat IgG2b CR cDNA fragment obtained in 4) was used
as a template to subject a recombinant IHC fragment of mouse H5 HVR-rat IgG2b CR to PCR amplification using
primers 8 and 5 (Figure 2E).
6) A fragment obtained by adding the SgfI site 5’ to the fragment and His Tag 3’ thereto was amplified using primers
11 and 7 as in 3) (Figure 2F).
7) As a vector into which the fragment is to be incorporated, pF4A CMV Flexi Vector (Promega Corporation, #C8481)
was digested with SgfI/PmeI and purified (the resultant vector enables the insertion of the PCR fragment into the
SgfI/blunt end, and TOYOBO KOD Plus-ver. 2 (#KOD-211, no addition of -A) was used for a series of PCR reactions,
enabling the insertion into the SgfI/blunt end).
8) The cDNA fragments obtained in 3) and 6) were each digested with sgfI enzyme, ligated to the vector provided
in 7), and transformed into One Shot Max Efficiency DH10B T1 Phage Resistant Competent Cell (Life Technologys,
#12331-013).
9) A clone positive in colony PCR was screened, and after plasmid purification, sequence confirmation was carried
out by sequence analysis. The nucleotide sequence for the heavy-chain variable region of the mouse H5 monoclonal
antibody linked to the rat IgG2b constant region is shown in SEQ ID NO: 13, and the nucleotide sequence for the
heavy-chain variable region of the rat X1 monoclonal antibody linked to the rat IgG2b constant region is shown in
SEQ ID NO: 15. The nucleotide sequence for the rat IgG2b constant region is shown in SEQ ID NO: 9, and the
amino acid sequence thereof is shown in SEQ ID NO: 10.

3. Linkage of Each of Light-chain H5_VR (Variable Region) and Light-chain X1_VR (Variable Region) to Rat Ig κ Constant
Region (CR)
Figure 3 shows the schematic of a method for linking each of Light-chain H5_VR and Light-chain X1_VR to the rat Ig κ
constant region (CR).

[Table 1]
Species Clone Functionality (Functionality) V-GENE and Allele

Mouse IGH_H5(H5_HVR) Productive Musmus IGHV1S135*01
Mouse IGK_H5(H5_KVR) Productive Musmus IGKV1-110*01

Rat IGH_X1(X1_HVR) Productive IGHV8S11*01
Rat IGK_X1(X1_KVR) Productive IGKV1S14*01
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1) The 5’-RACE-Ready cDNA synthesized from X1 RNA was used as a template like the heavy-chain to subject
the X1 light-chain CR cDNA fragment to PCR amplification using primers 12 and 13, and the cDNA fragment was
purified, cloned into pTA2 vector, and subjected to sequence analysis as in 2. above to confirm that the sequence
is the known rat Ig κ sequence (X1 KCR clone) (Figure 3A).
2) From H5 KVR clone and X1 KVR clone, H5 KVR cDNA and 1 KVR cDNA fragments in each of which the rat KCR
sequence was added to the VR region were obtained using primers 14 and 15 and primers 16 and 17, respectively.
From the X1 KCR clone obtained in 1), a rat IgK CR fragment was obtained using primers 18 and 19 (Figure 3B).
3) The H5 KVR cDNA and X1 KVR cDNA fragments obtained in 2) were each mixed with a rat IgK CR cDNA
fragment, and these mixtures were used as templates to perform PCR reaction using primers 14 and 19 and primers
16 and 19 to amplify a recombinant IKC of mouse H5 KVR-rat IgK CR and a full-length rat X1 IKC (Figure 3C).
4) Like the heavy chain, the sgf I site and His Tag were added 5’ and 3’, respectively to mouse H5 recombinant IKC
and a full-length rat X1 IKC using primers 20 and 21 and primers 22 and 21 (Figure 3D).
5) Hereinafter, like the heavy chain, SgfI digestion, ligation, transformation, and sequence analysis were carried out
to provide the clones. The nucleotide sequence for the light-chain variable region of the mouse H5 monoclonal
antibody linked to the rat Ig κ constant region is shown in SEQ ID NO: 14, and the nucleotide sequence for the light-
chain variable region of the rat X1 monoclonal antibody linked to the rat Ig κ constant region is shown in SEQ ID
NO: 16. The nucleotide sequence for the rat Ig κ constant region is shown in SEQ ID NO: 11, and the amino acid
sequence thereof is shown in SEQ ID NO: 12.

4. Expression and analysis in FreeStyle 293F Cell
1) Plasmids for the mouse H5_HVR-rat IgG2b_CR, the mouse H5_KVR-rat IgKCR, the rat X1_IHC, and the rat X1_IKC
were each purified and adjusted to 1 mg/mL.
2) Using FreeStyle 293 Expression System (Life Technologies), the recombinant H5 monoclonal antibody and X1 mon-
oclonal antibody were each expressed and secreted in 3 mL of the culture system, and 2 days after transfection, the
culture supernatant was recovered. The samples used are shown in Table 2. In Table 2, H5_ratCR as a sample name
indicates the variable region of the mouse H5 monoclonal antibody linked to the constant region of the rat antibody;
H5_HC as a plasmid name indicates the heavy-chain variable region of the mouse H5 monoclonal antibody linked to
the rat IgG2b constant region; and H5_KC indicates the light-chain variable region of the mouse H5 monoclonal antibody
linked to the rat Ig κ constant region. X1_ratCR as a sample name indicates the variable region of the rat X1 monoclonal
antibody linked to the constant region of the rat antibody, and X1_HC as a plasmid name indicates the heavy-chain
variable region of the rat X1 monoclonal antibody linked to the rat IgG2b constant region, and X1_KC indicates the light-
chain variable region of the rat X1 monoclonal antibody linked to the rat Ig κ constant region. The antibody represented
by H5_ratCR is an antibody having the variable region of the mouse H5 monoclonal antibody and the constant region
of the rat antibody, and the antibody represented by X1_ratCR is an antibody having the variable region of the rat X1
monoclonal antibody and the constant region of the rat antibody.

3) The secreted antibody was subjected to characterization. The characterization was performed for concentration
prediction by Western blot analysis using an anti-HisTag antibody and dot-blotting using the anti-HisTag antibody and
on reactivity to dog, mouse and human IgE proteins using dot-blotting.
[0043] The structure of the produced antibody is shown in Figure 4 (the circle indicates sugar modification).
[0044] The results of Western blot analysis of antibody production using an anti-HisTag antibody are shown in Figure
5. The results of concentration (expression level) prediction by dot-blotting using an anti-HisTag antibody are shown in
Figure 6. The results of confirmation of reactivity of the produced antibody to dog, mouse and human IgE proteins using
dot-blotting are shown in Figure 7. The left panel in Figure 7 shows the results of amplifying the signal. The amount of
the antibody produced was lower for the antibody having the variable region of H5 than for the antibody having the
variable region of X1, and 0.04 mg/mL for the antibody having the variable region of H5 and 0.2 mg/mL for the antibody
having the variable region of X1 when converted using the control protein as an index. However, reactivity to dog IgE
antigen was observed only for the antibody having the variable region of H5.

[Table 2]

Sample Name Plasmid Name Vector Tag Transfection (1 mg/mL Plasmid)
H5_ratCR H5_HC pF4A His 1.6mL

H5_KC pF4A His 1.4mL
X1_ratCR X1_HC pF4A His 1.6mL

X1_KC pF4A His 1.4mL



EP 2 977 387 A1

11

5

10

15

20

25

30

35

40

45

50

55

[Example 2] Expression of Recombinant-type Dog IgE Antibody (H5 (CCH3-5), X1) in Silkworm

[0045]

1. Cloning of Recombinant-type Anti-dog IgE Antibody into pBM030 Vector

1) For expression in a silkworm, the recombinant-type anti-dog IgE antibody was cloned into pBM030 vector.
In order to introduce each of H5 HVR-rat IgG2b CR, X1 HVR-rat IgG2b CR, H5 KVR-rat IgK CR, and X1 KVR-
rat IgK CR between the EcoRI and XbaI recognition sites of the vector, the DNA fragments were each amplified
using primers containing the recognition sequence for EcoRI or XbaI (combination of 23/24, 25/24, 26/24, or
27/24), excised with EcoRI and XbaI, phoresed on an agarose gel, and purified using Wizard SV Gel and PCR
Clean-up System (#A9282) from Promega Corporation, and used for ligation (Figure 9A). Takara PrimeSTAR
with a low mutation introduction rate was used for PCR reaction. Since the pBM030 vector is as large as 11 kb
or more, TaKaRa DNA Ligation Kit LONG (#6024) was used for ligation reaction, and host Escherichia coli
HST08 Premium effective on long-chain plasmid DNA was used for transformation. The structure of the pBM030
vector used is shown in Figure 8.
2) Assuming a case where the expression and secretion of each recombinant antibody in a silkworm was poor,
a recombinant antibody expression vector containing DNA coding a signal peptide of polyhedron was prepared.
Using a signal peptide DNA-containing pBM030 vector (Signal) prepared by Nippon Zenyaku Co., Ltd. as the
vector, the DNA fragment of the recombinant antibody from which its signal peptide was excluded was amplified
between EcoRI and XbaI by PCR (primers: a combination of 28/24, 29/24, 30/24, or 31/24) for cloning (Figure 9B).

Figure 9 shows the structure of DNAs used for cloning recombinant-type anti-dog IgE antibodies into the pBM030
vector.
2. Comparison of Expression Level of Recombinant-type Anti-dog IgE antibody in BmN Cell Supernatant and Silk-
worm Body Fluid and Evaluation of Antibody Activity

1) To examine the expression level of recombinant-type anti-dog IgE H5ratCR-His antibody, a silkworm body
fluid and culture supernatants of FreeStyle 293F cells and BmN cells diluted to suitable amounts were subjected
to separation by SDS-PAGE, and the anti-dog IgE H5ratCR-His recombinant antibody was subjected to Western
blot analysis using an anti-6x His (HRP) antibody to perform the rough quantitation of the antibody. To facilitate
quantitation, phoresis in a reduced state was also carried out for the silkworm body fluid; however, since the
FreeStyle cell culture supernatant is stingy and the BmN cell culture supernatant could not be detected for the
band of H-chain due to contaminants, the quantitative comparison of the antibody in these solutions was per-
formed using the intensity of the signal of the native-type antibody in a non-reduced state. The native-type
having 2 H and K chains will have 4 His tags. The H5ratCR-His antibody found in the silkworm body fluid and
the BmN cell supernatant has excessively expressed K-chains; however, the rough amount of the antibody is
about 20 mg/ml for the silkworm body fluid, about 0.1 mg/ml for the BmN cell supernatant, and about 0.02 mg/ml
for the FreeStyle supernatant, as an antibody concentration. The results of measuring the antibody expression
level are shown in Figure 10.
The results of similarly analyzing the amount of the antibody contained in the silkworm body fluid for H5ratCR-
His and X1ratCR-His by Western blotting are shown in Figure 11. As shown in Figure 11, H5ratCR-His and
X1ratCR-His were expressed in a comparable level. Expression could not be confirmed in the BmN cell culture
supernatant for H5ratCR-His and X1ratCR-His with the signal peptides of polyhedrin.
2) To evaluate the recombinant antibody activity against dog IgE, suitable amounts of the silkworm body fluid
and the FreeStyle 293F cell and BmN cell culture supernatants serially diluted were used to perform an ELISA
experiment for H5ratCR-His and X1ratCR-His against dog IgE. As control, another ELISA experiment was
simultaneously performed using a goat anti-dog IgE antibody from Bethyl Laboratories, Inc., serially diluted.
The results are shown in Figure 12. As shown in Figure 12, with H5ratCR-His, comparable color development
was observed at 2,000-fold dilution for the silkworm body fluid, at 2-fold dilution for the FreeStyle culture super-
natant, and at 20-fold dilution for the BmN cell supernatant. X1ratCR-His was observed to result in color devel-
opment only for the silkworm body fluid at 2-fold dilution and was 100 times or more weaker in activity than
H5ratCR-His. The recombinant antibody was analyzed using anti-6X His (HRP) with the anti-dog IgE antibody
activity analyzed using anti-goat IgG (HRP), not enabling direct comparison; however, H5ratCR-His in the
silkworm body fluid diluted 200-fold, and the anti-dog IgE antibody at a concentration of 0.1 ng/mL resulted in
comparable color development, and both of them had a concentration of 0.1 ng/mL.
3) To confirm the reactivity of the anti-IgE antibody expressed in the silkworm body fluid to dog IgE, an ELISA
experiment was carried out using a plate on which dog IgE from Bethyl Laboratories, Inc., serially diluted from
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50 ng/well (50 mL) to 24 pg/well was immobilized. The results are shown in Figure 13. As shown in Figure 13,
H5ratCR-His exhibited reactivity depending on the antigen level; however, X1ratCR-His had a high background
value in a well containing no antigen. Nonspecific adsorption due to the influence of contaminating protein was
probably present for a sample of the silkworm body fluid at 2-fold dilution; however, in any case, the affinity of
X1ratCR-His to dog IgE was lower than that of H5ratCR-His.

[Example 3] Purification of Anti-dog IgE Recombinant Antibody (H5_ratFc-HisTag) from Silkworm Body Fluid (1)

(1) Purification of Anti-dog IgE Recombinant Antibody Using HisTag and Ion-Exchange Column

[0046] As a pilot test for recombinant antibody purification, HisTag purification by batch adsorption of TALON resin
was carried out using 1 ml of the silkworm body fluid. The silkworm body fluid was used by 10-fold dilution with PBS
because of having high viscosity and reacted with 50 ml (column volume) of TALON resin. Washing was carried out 3
times with a 10 column volume (500 ml) of PBST, and elution was carried out 8 times using PBST containing 4 column
volume (200 ml) of 250 mM imidazole.
[0047] The elution fraction (about 1.6 ml) was pooled, and when the recovery rate was estimated by Western blotting,
nearly 80% of the input was recovered. When purity was confirmed by silver staining, the antibody and contaminating
proteins having lower molecular weights than that were confirmed. The contaminating proteins were confirmed at the
same places by electrophoresis under reduced conditions and thus were probably not degradation products but con-
taminants derived from the silkworm body fluid as a material.
[0048] First, to remove these contaminating proteins, purification using Protein G agarose was studied. However, as
the Fc region of the anti-dog IgE recombinant antibody, that of rat IgG2b was used, and thus its binding property to
Protein G was not so high. Protein G has a high binding property to rat IgG2b compared to Protein A. However, as a
result, the recombinant antibody remaining in an unbound fraction was abundantly observed, and the recovery rate of
the antibody was roughly 25% of the HisTag purified product. Purification using Protein G was probably not suited to
practical use in terms of the recovery rate, and there was also concern that the purification adversely affected the antibody
activity because of using an acid for its elution.
[0049] From the above, the HisTag-purified recombinant antibody was further subjected to purification using an ion-
exchange column to examine an improvement in purity. A HiTrap CM sepharose (1 ml) column was used for purification.
Roughly 1 ml of the elution fraction obtained by HisTag purification was added to the ion-exchange column. Elution was
carried out with a concentration gradient from 100 mM to 1 M NaCl using 100 mM Na-PO4 buffer (pH 6.0). Using
absorption at 280 nm as an index, a fraction containing protein was identified, and purity was confirmed by electrophoresis
and silver staining. The protein solution obtained was also pooled (about 2.5 ml). In addition, it was concentrated 10-
fold (250 ml) by utilizing HisTag, and purity was confirmed by silver staining.
[0050] The results are shown in Figure 14. Figure 14 shows the results of subjecting the silkworm body fluid diluted
1,000-fold (1 ml), the HisTag-purified product (1.2 ml), the ion-exchange purified product (2 ml), and the HisTag recon-
centration fraction (2 ml) to electrophoresis under non-reduced and reduced conditions, followed by silver staining. In
Figure 14, the arrow indicates the recombinant antibody, and * indicates its heavy chain and light chain. As shown in
Figure 14, in the concentrated sample, contaminating proteins were slightly observed in the low molecular region of
around 30 kDa; however, the sample could be purified to an extent almost comparable to the antibody from Bethyl
Laboratories, Inc., phoresed as a control. When the protein content was quantitated by Western blotting, roughly 25 mg
of the antibody was recovered after ion-exchange column purification from 1 ml of the silkworm body fluid (about 30 mg
of protein). From this, it is estimated that purification using the remaining total amount (about 45 ml) of the silkworm
body fluid supplied by Nippon Zenyaku Co., Ltd. enables the recovery of the antibody on the order of 1 mg.

(2) Activity Evaluation of Purified Anti-dog IgE Recombinant Antibody

[0051] The reactivity of the purified recombinant antibody to dog IgE was examined. A 10-fold and 20-fold diluted
sample before addition to an ion-exchange column and a 2- to 20-fold serially diluted (4.8 to 0.48 mg/ml) elution fraction
from the ion-exchange column were each added in an amount of 100 ml to 50 ng of dog IgE (Bethyl Laboratories, Inc.)
or BSA bound to an ELISA plate. As a control, an anti-dog IgE antibody from Bethyl Laboratories, Inc. was added to 0.5
to 0.01 mg/ml. Detection was carried out by 1,000-fold diluting anti-rat IgG-HRP or anti-goat IgG-HRP antibody with
PBST/casein and using TMBZ as a substrate. To confirm non-specific reaction by the secondary antibody, a sample
containing no primary antibody was also analyzed. The results are shown in Figure 15. Figure 15 shows the results of
confirming reactivity with the recombinant antibody after adding 50 ng of dog IgE or BSA as an antigen to an ELISA
plate for immobilization. As shown in Figure 15, the specific binding of the recombinant antibody to dog IgE was confirmed.
The ion-exchange purified recombinant antibody was on the order of roughly 1/3 in activity in the ELISA compared to
the antibody from Bethyl Laboratories, Inc. although the secondary antibody was different. When the diluted silkworm
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body fluid was used, the activity in the ELISA was also on the order of 1/3 compared to that for the antibody from Bethyl
Laboratories, Inc.; thus, it is probable that the risk of activity loss during purification process remains minimal. It was
also confirmed that no non-specific binding of the secondary antibody was observed.

Conclusion

[0052] The combination of purifications with HisTag and ion-exchange column enabled the purification of the anti-dog
IgE recombinant antibody (H5_ratFc-HisTag) to an extent comparable to that of the commercial antibody. From 1 ml of
the silkworm body fluid, on the order of 25 mg of the antibody purified to high purity was recovered as a final product.
[0053] The antibody was also estimated to be on the order of 1/3 in activity compared to that for the antibody from
Bethyl Laboratories, Inc.

[Example 4] Purification of Anti-dog IgE Recombinant Antibody (H5_ratFc-HisTag) from Silkworm Body Fluid (2)

(1) Purification of Anti-dog IgE Recombinant Antibody Using HisTag and Ion-Exchange Column

[0054] A large amount of the anti-dog IgE recombinant antibody from the silkworm body fluid was prepared in reference
to the method by which the purification of the antibody was studied in the pilot test. The silkworm body fluid diluted 10-
fold (about 500 ml) was reacted with 2.5 ml of TALON resin by batch adsorption and then poured into a polypropylene
column to recover the resin. The recovered resin was washed 3 times with PBST (20 ml), and elution was performed
10 times with 4 ml of PBST containing 250 mM imidazole. The recovered protein was subjected to SDS-PAGE, and the
band thereof was confirmed by silver staining; as a result, the majority was eluted at the first elution (Fr. 1) as in the above.
[0055] Fr. 1 in which the majority of the recombinant antibody was recovered was subjected to Western blotting, and
its concentration was estimated based on the signal intensity of a control protein; as a result, the concentration was
estimated to be on the order of roughly 200 mg/ml and the amount recovered was estimated to be about 800 mg per 4 ml.
[0056] The protein (Fr. 1) obtained by HisTag purification was further purified by ion-exchange chromatography using
a CM-sepharose column. Purification was carried out by connecting HiTrap CM sepharose (1 ml: General Electric
Company) to an AKTA prime chromatography system. Since the addition of a sample to the column was performed
using a 2-ml sample loop, 1.8 ml as about half of the amount of Fr. 1 was used for one purification, and the purification
was carried out 2 times. The remaining about 400 mL was subjected to chilled storage for subsequent evaluation. As
buffer, 100 mM Na-PO4 buffer (pH 6.0) was used, and elution was carried out with a concentration gradient from 100
mM to 1 M NaCl. Electrophoresis was performed using absorption at 280 nm as an index, and purity was confirmed by
silver staining.
[0057] The results are shown in Figure 16. Figure 16 shows the results of subjecting the silkworm body fluid diluted
2,000-fold (1.5 ml), the HisTag-purified product (1.5 ml), and the ion-exchange purified product (3 ml) to electrophoresis
under non-reduced and reduced conditions, followed by silver staining. In Figure 16, the arrow indicates the recombinant
antibody, and * indicates its heavy chain and light chain. In the concentrated sample, contaminating proteins were slightly
observed in the low molecular region of around 30 kDa; however, the recombinant antibody could be purified to a purity
comparable to that obtained in the pilot test (Figure 16). SDS-PAGE was performed, followed by estimating the concen-
tration by Western blotting based on the signal intensity of the control protein; as a result, the concentration was estimated
to be roughly 80 mg/ml, and on the order of 560 mg was recovered as a whole (about 7 ml).

(2) Binding Evaluation of Purified Anti-dog IgE Recombinant Antibody by ELISA Assay

[0058] 50 ng of Dog IgE (Bethyl Laboratories, Inc.) or BSA was added to an ELISA plate and bound thereto at 4°C
overnight. After removing the supernatant, washing was carried out one time with 200 mL of PBST, and 200 ml of PBST
containing 13 casein (Vector laboratories, Inc.) was added, followed by blocking at 37°C for 1 hour. The resultant was
washed 3 times with 200 ml of PBST, followed by adding 100 ml of the silkworm body fluid (diluted 50-fold or 100-fold),
the HisTag purified product (diluted 10-fold or 20-fold), or the ion-exchange purified product (diluted 5-fold, 10-fold, 20-
fold, or 50-fold). As a control, the anti-dog IgE antibody from Bethyl Laboratories, Inc. was adjusted to 0.5 mg to 10 ng/ml
and added in an amount of 100 ml. After reaction at 37°C for 90 minutes, the resultant was washed 3 times with 200 ml
of PBST, followed by 1,000-fold diluting an HRP-labeled anti-rat or anti-goat secondary antibody and adding 100 ml
thereof. After reaction at 37°C for 90 minutes, the resultant was washed 3 times with 200 ml of PBST, followed by adding
100 ml of a citrate buffer solution using TMBZ as a substrate. After reaction at room temperature for 10 to 15 minutes,
50 ml of 2N sulfuric acid was added to stop the reaction. A SpectraMax M2 plate reader from Molecluar Devices, LLC.
was used for measuring absorption at 450 nm.
[0059] The results are shown in Figures 17-1 and 17-2. Figure 17-1 shows the results of examining the silkworm body
fluid, the HisTag eluate, and the ion-exchanged product (5- to 50-fold dilution). The reaction with TMBZ was conducted
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for 15 minutes. Figure 17-2 shows the results of studying the ion-exchanged purified product by further proceeding with
dilution (20- to 1,000-fold dilution). The reaction with TMBZ was conducted for 10 minutes. The prepared recombinant
antibody exhibited a high binding activity even at 50-fold dilution. Thus, as a result of performing ELISA assay by further
proceeding with dilution, a significant signal was confirmed even at 1,000-fold dilution. As a result of ELISA assay using
a comparable amount of protein from the HisTag purified product and the ion-exchanged sample, no difference was
observed in the absorption value at 450 nm; thus, activity loss during the purification process probably minimally occurred.

(3) Study on Storage Method

[0060] Effects of the freezing and thawing of the antibody solution on reactivity with the antigen were studied. The
antibody solution was frozen in a small amount at -80°C overnight, thawed on the following day, diluted 20 times or 50
times, and subjected to ELISA assay using 50 ng of dog IgE or BSA. As a control, the antibody solution stored at 4°C
was used. Detection was carried out using an HRP-labeled rat IgG secondary antibody and TMBZ as a substrate. Two
sets of ELISA assays were performed for each dilution, and reaction with TMBZ was conducted for 10 minutes. The
results are shown in Figure 18. Figure 18 shows the average value of the 2 sets of experiments. As shown in Figure 18,
the reactivity of the antibody subjected one time to freezing and thawing exhibited no significant reduction compared to
that of the antibody subjected to chilled storage.

Conclusion

[0061] As a result of performing purification using HisTag and ion-exchange column from about 50 ml of the silkworm
body fluid, 7 ml of a 80 mg/ml antibody solution was finally prepared, and about 560 mg of the recombinant antibody
could be obtained. The binding activity of the purified antibody to dog IgE was evaluated by ELISA assay; as a result,
a significant signal was confirmed even when the antibody diluted about 1,000-fold was used. As a result of examining
the reactivity of the antibody subjected to freezing and thawing to the antigen, freezing and thawing did not greatly
damage the binding activity.

Industrial Applicability

[0062] The use of the DNAs encoding the heavy-chain variable region and the light-chain variable region of the anti-
dog IgE antibody according to the present invention enables the preparation of an anti-dog IgE antibody as a complete
antibody. The resultant anti-dog IgE antibody can be used, for example, for treating an allergic disease in dogs.

Sequence Listing Free Text

[0063]

All publications, patents, and patent applications cited in the present specification are intended to be incorporated herein
by reference in their entirety.

SEQ ID NOS: 13 to 16 Synthesis

SEQ ID NOS: 17 to 51 Primers
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Claims

1. An anti-dog IgE monoclonal antibody which binds to dog IgE, comprising a heavy-chain variable region consisting
of the amino acid sequence represented by SEQ ID NO: 2 and a light-chain variable region consisting of the amino
acid sequence represented by SEQ ID NO: 4, or a functional fragment thereof which binds to dog IgE.

2. An anti-dog IgE monoclonal antibody which binds to dog IgE, comprising a heavy-chain variable region consisting
of the amino acid sequence represented by SEQ ID NO: 6 and a light-chain variable region consisting of the amino
acid sequence represented by SEQ ID NO: 8, or a functional fragment thereof which binds to dog IgE.

3. The anti-dog IgE monoclonal antibody which binds to dog IgE or a functional fragment thereof which binds to dog
IgE according to claim 1 or 2, wherein the class of the antibody is IgG, IgA, IgE, or IgM.

4. The anti-dog IgE monoclonal antibody which binds to dog IgE or a functional fragment thereof which binds to dog
IgE according to claim 3, wherein the subclass of the antibody is IgG1, IgG2, IgG3, or IgG4.

5. The anti-dog IgE monoclonal antibody which binds to dog IgE or a functional fragment thereof which binds to dog
IgE according to any one of claims 1 to 4, wherein the functional fragment is a peptide fragment selected from the
group consisting of Fab, Fab’, F(ab’)2, disulfide-stabilized Fv (dsFv), dimerized V region (diabody), single chain Fv
(scFv), and CDR.

6. A polypeptide which is a heavy-chain variable region of an anti-dog IgE antibody, consisting of the amino acid
sequence represented by SEQ ID NO: 2 or 6.

7.  A polypeptide which is a light-chain variable region of an anti-dog IgE antibody, consisting of the amino acid sequence
represented by SEQ ID NO: 4 or 8.

8. A polynucleotide encoding a heavy-chain variable region of an anti-dog IgE antibody, consisting of the DNA sequence
represented by SEQ ID NO: 1 or 5.

9. A polynucleotide encoding a light-chain variable region of an anti-dog IgE antibody, consisting of the DNA sequence
represented by SEQ ID NO: 3 or 7.

10. A vector comprising the polynucleotide according to claim 8, the polynucleotide according to claim 9 or the polynu-
cleotide according to claim 8, and the polynucleotide according to claim 9.

11. A cell comprising the vector according to claim 10.

12. A silkworm comprising the vector according to claim 10.

13. A method for producing an anti-dog IgE antibody, comprising: linking DNA encoding a heavy-chain variable region
of an anti-dog IgE antibody, consisting of the DNA sequence represented by SEQ ID NO: 1 to DNA encoding a
heavy-chain constant region of the antibody; linking DNA encoding a light-chain variable region of an anti-dog IgE
antibody, consisting of the DNA sequence represented by SEQ ID NO: 3 to DNA encoding a light-chain constant
region of the antibody; inserting the resultant DNA constructs into an expression vector, transforming a host cell or
a host animal with the vector, and producing an antibody using the host cell or the host animal.

14. A method for producing an anti-dog IgE antibody, comprising: linking DNA encoding a heavy-chain variable region
of an anti-dog IgE antibody, consisting of the DNA sequence represented by SEQ ID NO: 5 to DNA encoding a
heavy-chain constant region of the antibody; linking DNA encoding a light-chain variable region of an anti-dog IgE
antibody, consisting of the DNA sequence represented by SEQ ID NO: 7 to DNA encoding a light-chain constant
region of the antibody; inserting the resultant DNA constructs into an expression vector, transforming a host cell or
a host animal with the vector, and producing an antibody using the host cell or the host animal.

15. The method according to claim 14, wherein the DNA encoding a heavy-chain constant region of the antibody consists
of the DNA sequence represented by SEQ ID NO: 9 and the DNA encoding a light-chain constant region of the
antibody consists of the DNA sequence represented by SEQ ID NO: 11.
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16. The method for producing an anti-dog IgE antibody according to claim 13 or 14, wherein the host animal is a silkworm.

17. A reagent for detecting a dog allergic disease, comprising the anti-dog IgE monoclonal antibody which binds to dog
IgE or a functional fragment thereof which binds to dog IgE according to any one of claims 1 to 5.

18. A method for detecting a dog allergic disease, comprising measuring IgE antibody in the blood, serum, or plasma
collected from a dog using the anti-dog IgE monoclonal antibody which binds to dog IgE or a functional fragment
thereof which binds to dog IgE according to any one of claims 1 to 5.

19. A reagent for detecting a dog allergic disease, comprising the polypeptide according to claim 6 or 7.

20. A method for detecting a dog allergic disease, comprising measuring IgE antibody in the blood, serum, or plasma
collected from a dog using the polypeptide according to claim 6 or 7.
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