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(54) METHOD OF EXAMINING ALLERGIC DISEASES

(57) The present inventors collected blood samples
from multiple normal healthy subjects and allergic dis-
ease patients, and conducted differential display analy-
sis to search for genes with different expression levels
among them. As a result, the present inventors suc-
ceeded in isolating genes whose expression levels were

increased in the patient group. The present inventors
discovered that these genes can be utilized in testing
for allergic disease, and screening for compounds that
serve as candidate therapeutic agents for allergic dis-
ease.
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Description

Technical Field

[0001] The present invention relates to genes associated with allergic disease, a method of testing for allergic disease
and methods of screening for compounds that serves as candidate therapeutic agents against allergic disease using
the expression of the genes as an index.

Backqround Art

[0002] Allergic diseases such as atopic dermatitis are considered to be multifactorial diseases. These diseases are
caused by the interaction of many different genes, whose expressions are influenced by several various environmental
factors. Thus, determination of specific genes causing a specific disease has been extremely difficult for allergic dis-
eases.
[0003] Additionally, expression of mutated or defective genes, or overexpression or reduced expression of specific
genes is thought to be involved in allergic diseases. To elucidate the role of gene expression in diseases, it is necessary
to understand how a gene is involved in triggering disease onset and how the expression of the gene is altered by
external stimulants such as drugs.
[0004] Recent developments in gene expression analysis techniques have enabled analysis and comparison of gene
expression of many clinical samples. Among these methods, the differential display (DD) method is useful. The differ-
ential display method was originally developed by Liang and Pardee in 1992 (Science, 1992, 257: 967-971). According
to this method, different samples of several tens or more can be screened at one time to detect genes whose expression
are different among the samples. Important information to reveal the causative gene of a disease is expected by ex-
amining genes with mutations or genes whose expression changes depending on time and environment. Such genes
include those whose expression is influenced by environmental factors.
[0005] In recent diagnosis of allergic diseases, generally, history taking, and confirmation of family history and an-
amnesis of the patient are important factors. Further, methods of diagnosing allergy based on more objective informa-
tion include a method wherein patient's blood sample are tested and method of observing patient's immune response
to allergen. Examples of the former method are the allergen-specific IgE measurement, leukocyte histamine release
test, lymphocyte stimulating test, and so on. The presence of allergen-specific IgE verifies the allergic reaction against
the allergen. However, allergen-specific IgE is not always detected in every patient. Furthermore, the principle of IgE
assay requires performing tests for all of the allergens necessary for diagnosis. Alternatively, the leukocyte histamine
release test and lymphocyte stimulating test are methods for observing the reaction of the immune system toward a
specific allergen in vitro. These methods require complicated operation.
[0006] Alternatively, another method wherein the immune response observed in a patient actually contacted with an
allergen is utilized in diagnosing allergy is also known (latter method). Such tests include the prick test, scratch test,
patch test, intradermal reaction, and induction test. These test methods allow direct diagnosis of patient's allergic
reaction, but are invasive tests wherein patients are actually exposed to allergen.
[0007] In addition, regardless of the allergen types, methods to testify the involvement of allergic reaction are also
attempted. For example, a high serum IgE titer indicates the occurrence of allergic reaction in a patient. The serum
IgE titer is the information corresponding to the total amount of allergen-specific IgE. Though it is easy to determine
the total amount of IgE regardless of the type of allergen, IgE titer may be reduced in some patients with non-atopic
bronchitis and such.
[0008] The number of eosinophils and ECP (eosinophil cationic protein) value are items for diagnosing delayed-type
reaction following Type I allergy and allergic inflammatory reaction. The number of eosinophils is considered to reflect
the advance of allergic symptoms. ECP, a protein contained in eosinophil granules, is also strongly activated in relation
to seizures of asthma patients. Even though these diagnostic items reflect allergy symptoms, the scope thereof usable
as the diagnostic barometer is limited.
[0009] Therefore, diagnostic indicators, regardless of the type of allergen, useful in comprehending pathological
conditions of allergic disease patients and for determining the treatment regimen for the disease have been intensely
desired in the art. Furthermore, markers for allergic disease that are less harmful to patients and easily provide infor-
mation required for diagnosis will be of great use.

Disclosure of the Invention

[0010] An objective of the present invention is to provide genes associated with allergic disease. Another objective
of the invention is to provide a method of testing for allergic disease and a method of screening for compounds that
serve as candidate therapeutic agents for allergic disease using the expression of the genes of the present invention
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as an index.
[0011] Based on a previously established technique, the "Fluorescent differential display method (Fluorescent DD
method)" (T. Ito et al. 1994, FEBS Lett. 351: 231-236), the present inventors developed a new DD system wherein T-
cell RNA samples prepared from multiple human blood samples can be analyzed. The present inventors applied the
DD system to the isolation of genes whose expression level is altered in an allergic disease-specific manner. Specifi-
cally, first, the present inventors measured IgE titers against mite antigen in multiple subjects including normal healthy
individuals and patients with allergic diseases (bronchial asthma and atopic dermatitis). The results revealed signifi-
cantly higher IgE titer scores in the allergic disease patient group (hereinafter abbreviated as "patient group" in some
cases) than the normal healthy group, confirming the patient group being allergic to mite antigen.
[0012] Then, the present inventors divided multiple subjects into normal healthy group and allergic disease patient
group, collected T-cells from blood samples of the subjects, and screened genes whose expression level differ between
the two groups using the DD system. As a result, the present inventors succeeded in isolating four genes, "B1001,"
"B1072," "B1151", and "B1466", that showed significantly higher expression levels in the patient group. No involvement
of these genes in allergic diseases has been known. Furthermore, the present inventors discovered that allergic disease
can be tested and compounds serving as candidate therapeutic agents for allergic disease can be screened using the
expression level of these genes as an index, and accomplished the present invention.
[0013] Specifically, the present invention relates to genes that show high expression levels in subjects having allergic
diathesis, as well as a method of testing for allergic disease and methods of screening for compounds serving as
candidate therapeutic agents for allergic disease using the expression level of these genes as an index. More specif-
ically, the present invention relates to a method of testing for allergic disease, a kit for performing the method, and
methods of screening for therapeutic agents for allergic disease as follows:

[1] a method of testing for allergic disease, wherein the method comprises the steps of:

a) measuring the expression level of a gene comprising the nucleotide sequence of any one of SEQ ID NOs:
1, 3, 5, and 6 in T-cells of a subject; and
b) comparing the expression level of said gene with that in T-cells of a normal healthy subject;

[2] the method of [1], wherein the allergic disease is atopic dermatitis;
[3] the method of [1], wherein the gene expression level is measured by PCR of cDNA;
[4] the method of [1] wherein the gene expression level is measured by detecting a protein encoded by said gene;
[5] a reagent for testing for allergic disease comprising a polynucleotide with a chain length of at least 15 nucleotides
and that hybridizes with the nucleotide sequence of any one of SEQ ID NOs: 1, 3, 5, and 6, or a complementary
sequence thereto;
[6] a reagent for testing for allergic disease comprising an antibody that recognizes a polypeptide comprising the
amino acid sequence of SEQ ID NO: 2 or 4;
[7] a method of screening for compounds serving as candidate therapeutic agents for allergic disease, wherein
the method comprises the steps of:

(1) contacting a candidate compound with a cell that expresses a polynucleotide selected from the group of:

(a) a polynucleotide comprising a coding region of the nucleotide sequence of any one of SEQ ID NOs:
1, 3, 5, and 6;
(b) a polynucleotide encoding a protein comprising the amino acid sequence of SEQ ID NO: 2 or 4;
(c) a polynucleotide encoding a protein comprising the amino acid sequence of SEQ ID NO: 2 or 4 wherein
one or more amino acids are substituted, deleted, inserted and/or added, and the expression level of the
protein is increased in accordance with allergic disease; and
(d) a polynucleotide hybridizing under stringent conditions to a DNA consisting of the nucleotide sequence
of any one of SEQ ID NOs: 1, 3, 5, and 6, wherein the polynucleotide encodes a protein whose expression
level increases in accordance with allergic disease;

(2) measuring the expression level of the polynucleotide of any one of (a) to (d); and
(3) selecting the compound that reduces the expression level of said polynucleotide compared to a control;

[8] the method of [7], wherein the cell is a T-cell;
[9] a kit for screening for compounds serving as candidate therapeutic agents for allergic disease, which comprises
a polynucleotide having a chain length of at least 15 nucleotides that hybridizes to the nucleotide sequence of any
one of SEQ ID NOs: 1, 3, 5, and 6 or a sequence complementary thereto, and a cell that expresses a gene
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comprising the nucleotide sequence of any one of SEQ ID NOs: 1, 3, 5, and 6;
[10] a kit for screening for compounds serving as candidate therapeutic agents for allergic disease, which comprises
an antibody that recognizes a peptide comprising the amino acid sequence of either SEQ ID NO: 2 or 4, and a cell
that expresses a gene comprising the nucleotide sequence of either SEQ ID NO: 1 or 3;
[11] an allergic disease animal model consisting of a non-human transgenic vertebrate with an increased expres-
sion level in T-cells of the polynucleotide selected from the group of:

(a) a polynucleotide comprising the coding region of the nucleotide sequence of any one of SEQ ID NOs: 1,
3, 5, and 6;
(b) a polynucleotide encoding a protein comprising the amino acid sequence of either SEQ ID NO: 2 or 4;
(c) a polynucleotide encoding a protein comprising the amino acid sequence of either SEQ ID NO: 2 or 4,
wherein one or more amino acids are substituted, deleted, inserted and/or added, and the expression level of
the protein is increased in accordance with allergic disease; and
(d) a polynucleotide hybridizing under stringent conditions to a DNA consisting of a nucleotide sequence of
any one of SEQ ID NOs: 1, 3, 5, and 6 , wherein the polynucleotide encodes a protein whose expression level
is increased in accordance with allergic disease;

[12] a method of screening for compounds serving as candidate therapeutic agents for allergic disease, wherein
the method comprises the steps of:

(1) administering a candidate compound to the animal model of [11] ;
(2) measuring the expression level of the polynucleotide of any one of (a) to (d) of [11] in T-cells; and
(3) selecting the compound that reduces the expression level of said polynucleotide compared to a control;

[13] a method of screening for compounds serving as candidate therapeutic agents for allergic disease, wherein
the method comprises the steps of:

(1) contacting a candidate compound with a cell transfected with a vector containing a transcriptional regulatory
region of a gene comprising the nucleotide sequence of any one of SEQ ID NOs: 1, 3, 5, and 6, and a reporter
gene that is expressed under the control of the transcriptional regulatory region;
(2) measuring the activity of said reporter gene; and
(3) selecting the compound that reduces said activity compared to a control;

[14] a therapeutic agent for allergic disease containing a compound that can be obtained by the screening method
of any one of claims 7, 12, and 13 as the principal ingredient;
[15] a therapeutic agent for allergic disease containing an antisense DNA of the nucleotide sequence of any one
of SEQ ID NOs: 1, 3, 5, and 6, or a portion thereof as the principal ingredient; and
[16] a therapeutic agent for allergic disease containing an antibody that recognizes a peptide comprising the amino
acid sequence of either SEQ ID NO: 2 or 4 as the principal ingredient.

[0014] The present invention also relates to a method of treating allergic disease comprising any of the steps of:

(a) administering a compound that can be obtained by the screening method of (7), (12) or (13);
(b) administering an antisense DNA of the nucleotide sequence of any one of SEQ ID NOs: 1, 3, 5, and 6, or a
portion thereof; and
(c) administering an antibody that recognizes a peptide comprising the amino acid sequence of either SEQ ID NO:
2 or 4.

[0015] Furthermore, the present invention relates to the use, in producing a therapeutic agent for allergic disease,
of any one of compounds selected from the group of:

(a) a compound that can be obtained by the screening method of (7), (12), or (13);
(b) an antisense DNA for a DNA of the nucleotide sequence of any one of SEQ ID NOs: 1, 3, 5, and 6, or a portion
thereof; and
(c) an antibody that recognizes a peptide comprising the amino acid sequence of either SEQ ID NO: 2 or 4.

[0016] The present invention relates to a method of testing for allergic disease using the expression levels of "B1001",
"B1072", "B1151", and "B1466" in T-cells as an index. All of these genes show altered expression levels between
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normal healthy group and allergic disease patient group. As described below, the "B1001," "B1072," "B1151", and
"B1466" genes of the present invention have been already reported as the SOUL gene (GenBank accession#:
AF117616), hsp40 gene (GenBank accession#: D49547), VACM-1 gene (GenBank accession#: X81882), and BRI
gene (GenBank accession#: AF152462), respectively. However, the involvement of any of the SOUL gene, hsp40
gene, VACM-1 gene, or BRI gene in allergic disease haven't been reported so far. For the first time, the present inventors
have revealed the involvement of these genes in allergic disease.
[0017] The genes according to the present invention comprise the nucleotide sequences of SEQ ID NOs listed below,
respectively, and amino acid sequences encoded by these nucleotide sequences are those represented by the following
SEQ ID NOs:

[0018] The sequences of "B1001" and "B1466" are full-length cDNA sequences. Both sequences of "B1072" and
"B1151" are partial sequences of full-length cDNAs. The full-length cDNAs containing these partial nucleotide sequenc-
es can be obtained by screening T-cell cDNA library using probes that comprise the nucleotide sequence of either
SEQ ID NO: 5 and 6. Furthermore, based on the nucleotide sequences of the obtained cDNAs, amino acid sequences
encoded by these cDNAs can be deduced. In addition, since the nucleotide sequences of "B1072" and "B1151" are
identical to the sequence information previously registered in DNA database, based on the corresponding sequence
information, it is also possible to obtain the full-length nucleotide sequences of these cDNAs as well as putative amino
acid sequences.
[0019] In the present invention, the term "allergic disease" is a general term for diseases in which allergic reaction
is involved. More specifically, to consider a disease to be allergic, an allergen must be identified, a strong correlation
between the exposure to the allergen and the onset of the pathological change must be demonstrated, and the path-
ological change must be proven to have an immunological mechanism. Herein, an immunological mechanism means
that immune response by the T-cells are induced by the stimulation of the allergen . Examples of allergens include
mite antigen, pollen antigen, etc. Representative allergic diseases include bronchial asthma, allergic rhinitis, atopic
dermatitis, pollen allergy, insect allergy, and such Allergic diathesis is a genetic factor that is inherited from allergic
parents to their children. Familial allergic diseases are also called atopic diseases, and the causative factor that is
inherited is the atopic diathesis.
[0020] The genes of the present invention, "B1001," "B1072," "131151", and "B1466", showed statistically significant
high expression levels in the patient group according to the comparison between the normal healthy subject group and
allergic disease patient group. Therefore, it is possible to test for allergic disease using the expression level of "B1001,"
"B1072," "B1151," or "B1466" as an index.
[0021] Tests for allergic disease of the present invention include, for example, those as described below. A test for
judging whether an allergic disease-like symptom is caused by allergic reaction can be mentioned. More specifically,
allergic disease-like symptoms are exemplified by dermatitis (itching, flare); rhinitis (nasal congestion, running nose,
sneeze); asthma (stridor, dyspnea); etc. Although these symptoms are also observed in xeroderma, cold syndrome
(cold in the nose), bronchitis, and such, it is possible to judge whether these symptoms are caused by allergic reaction
or not according to the test method of the present invention. In addition, the method of testing for allergic disease of
the present invention includes a test to judge whether a subject has allergic diathesis or not.
[0022] Herein, the expression levels of the genes "B1001", "B1072", "B1151", and "B1466" include the transcription
of the genes to mRNAs as well as the translation into proteins. Therefore, a method for testing for allergic disease
according to the present invention is performed by comparing the expression intensity of mRNA corresponding to the
gene, or the expression level of a protein encoded by the gene.
[0023] Measurement of the expression levels of the genes "B1001", "B1072", "B1151", and "B1466" in a test for
allergic disease of the present invention may be conducted according to known gene analytical methods. More spe-
cifically, for example, a hybridization technique with a nucleic acid that hybridizes to respective genes as a probe, a
gene amplification technique with a DNA hybridizing to the gene of this invention as a primer, or such can be utilized.
[0024] Polynucleotides having a chain length of at least 15 nucleotides and that specifically hybridize to a gene of
the present invention are used as probes and primers in the test of the present invention. Herein, the term "specifically
hybridize" means that, under normal hybridization conditions, preferably under stringent hybridization conditions, no
significant cross hybridization occur with DNA and/or RNA encoding other genes. A stringent condition can be provided,

Nucleotide sequence Amino acid sequence

"B1001" SEQ ID NO: 1 SEQ ID NO: 2
"B1466" SEQ ID NO: 3 SEQ ID NO: 4
"B1072" SEQ ID NO: 5 (partial sequence)
"B1151" SEQ ID NO: 6 (partial sequence)
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for example, by hybridizing a probe to a transfer membrane at 68°C in Express Hybridization Solution (Clontech), and
finally, washing in 0.1x SSC, 0.05% SDS at 50°C.
[0025] A "polynucleotide" of the present invention may be either DNA or RNA. The polynucleotides may be either
synthetic or naturally-occurring. A DNA used as a probe for hybridization is usually labeled. Examples of labeling
methods include:

· nick translation labeling using DNA polymerase I;
· end labeling using polynucleotide kinase;
· fill-in end labeling using Klenow fragment (Berger SL, Kimmel AR (1987) Guide to Molecular Cloning Techniques,
Method in Enzymology, Academic Press; Hames BD, Higgins SJ (1985) Genes Probes: A Practical Approach. IRL
Press; Sambrook J, Fritsch EF, Maniatis T. (1989) Molecular Cloning: a Laboratory Manual, 2nd Ed. Cold Spring
Harbor Laboratory Press) ;
· transcription labeling using RNA polymerase (Melton DA, Krieg PA, Rebagkiati MR, Maniatis T, Zinn K, Green
MR. (1984) Nucleic Acids Res., 12, 7035-7056); and
·non-isotopic labeling of DNA by incorporating modified nucleotides (Kricka LJ. (1992) Nonisotopic DNA Probing
Techniques. Academic Press).

[0026] The test for allergic disease using hybridization techniques may be conducted utilizing, for example, Northern
hybridization, dot blot hybridization, or DNA microarray technique. Furthermore, gene amplification techniques, such
as RT-PCR method may be used. The use of the PCR amplification monitoring method during the gene amplification
step in RT-PCR enables a more quantitative analysis of the gene expression of the present invention.
[0027] In the PCR gene amplification monitoring method, probes that are dual-labeled at both ends with different
fluorescent dyes whose fluorescences quench each other is hybridized to the detection target (DNA or reverse transcript
of RNA). With the progress of PCR, the 5'-3' exonuclease activity of Taq polymerase degrades the probe to separate
the two fluorescent dyes from each other, and their fluorescence can be detected. The fluorescence is detected at real
time. By simultaneously conducting a measurement using a standard sample with a known copy number, it is possible
to determine the copy number of the target in the subject sample at the cycle number where PCR amplification is linear
(Holland, P. M. et al., 1991, Proc. Natl. Acad. Sci. USA 88: 7276-7280; Livak, K. J. et al., 1995, PCR Methods and
Applications 4(6): 357-362; Heid, C. A. et al., 1996, Genome Research 6: 986-994; Gibson, E. M. U. et al., 1996,
Genome Research 6: 995-1001). For the PCR amplification monitoring method, for example, ABI PRISM7700 (PE
Biosystems) may be used.
[0028] The method for testing for allergic disease of the present invention can be also carried out by detecting a
protein encoded by the gene "B1001", "B1072", "B1151", or "131466". For such test methods , for example, the Western
blotting method, the immunoprecipitation method, the ELISA method, and such that utilize antibodies binding to a
protein encoded by these genes may be employed.
[0029] Antibodies that bind to "B1001", "B1072", "B1151", or "B1466" proteins used in the detection may be produced
by techniques known to those skilled in the art. Antibodies used in the present invention may be polyclonal or mono-
clonal antibodies (Milstein, C. et al., 1983, Nature 305 (5934) : 537-40). For example, polyclonal antibody against a
protein of the present invention may be produced by collecting blood from mammals sensitized with an antigen, and
separating the serum from this blood using known methods. As a polyclonal antibody, the serum containing polyclonal
antibody may be used. According to needs, a fraction containing polyclonal antibody can be further isolated from this
serum. Alternatively, a monoclonal antibody can be obtained by isolating immune cells from mammals sensitized with
an antigen; fusing these cells with myeloma cells, and such; cloning hybridomas thus obtained; and collecting the
antibody as the monoclonal antibody.
[0030] To detect "B1001", "B1072", "B1151", and "B1466" proteins, these antibodies may be appropriately labeled.
Alternatively, instead of labeling the antibody, a substance that specifically binds to antibodies, for example, protein A
or protein G, may be labeled to arrange an indirect detection of the proteins. More specifically, one example of an
indirect detection method is ELISA.
[0031] A protein or partial peptides thereof that is used as an antigen may be obtained, for example, by inserting a
gene or portion thereof into an expression vector, introducing it into an appropriate host cell to produce a transformant,
culturing the transformant to express the recombinant protein, and purifying the expressed recombinant protein from
the culture or the culture supernatant. Alternatively, oligonucleotides consisting of the amino acid sequences encoded
by these genes (SEQ ID NOs: 2, and 4), or partial amino acid sequences of the amino acid sequence encoded by the
full-length cDNA that can be obtained based on SEQ ID NOs: 5 and 6 are chemically synthesized to be used as the
antigen.
[0032] T-cells from subjects are used as the test sample in the present invention. T-cells can be prepared from
peripheral blood by known methods. Specifically, for example, heparinized collected blood is fractionated by centrifu-
gation to isolate lymphocytes. The separated lymphocytes may be directly used as the sample for the test for allergic
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disease of the present invention. Direct analysis of not a purified T-cell fraction but the lymphocyte fraction as a test
sample enables a convenient bed-side test. Alternatively, T-cells may be isolated by fractionating CD3-positive cells
from separated lymphocytes using CD3 microbeads labeling, followed by separation using a cell sorter, and such.
Lysate prepared by disintegrating the separated T-cells may serve as a sample for the immunological assay of the
above-described protein. Alternatively, mRNA extracted from this lysate may be used as a sample for measuring mRNA
corresponding to the gene. Preparation of T-cell lysate and mRNA extraction may be conveniently carried out using
commercially available kits.
[0033] Alternatively, in the case where the protein to be detected is a secretory protein, comparison of the expression
level of a gene encoding the protein is accomplished by measuring the amount of the target protein contained in body
fluid sample, such as blood and serum, in a subject.
[0034] When the expression level of a gene of the present invention is higher in a subject compared with that in
normal healthy individuals as a result of testing for allergic disease according to the present invention, the subject may
be determined to suffer allergic disease. Alternatively, in the test for an allergic diathesis, the subject may be judged
to have allergic diathesis.
[0035] Furthermore, the present invention relates to an allergic disease animal model comprising a non-human trans-
genic animal with an increased expression level in T-cells of a polynucleotide selected from the group of:

(a) a polynucleotide comprising a coding region of the nucleotide sequence of any one of SEQ ID NOs: 1, 3, 5, and 6;
(b) a polynucleotide encoding a protein comprising the amino acid sequence of SEQ ID NO: 2 or 4;
(c) a polynucleotide encoding a protein comprising the amino acid sequence of SEQ ID NO: 2 or 4 wherein one
or more amino acids are substituted, deleted, inserted and/or added, and the expression level of the protein is
increased in accordance with allergic disease; and
(d) a polynucleotide hybridizing under stringent conditions to a DNA consisting of the nucleotide sequence of any
one of SEQ ID NOs: 1, 3, 5, and 6, wherein the polynucleotide encodes a protein whose expression level increases
in accordance with allergic disease.

[0036] According to the present invention, the expression levels of the genes "B1001," "B1072," "B1151" and "B1466"
were revealed to be elevated in T-cells in accordance with allergic disease. Therefore, an animal wherein the expression
levels in T-cells of these genes or genes functionally equivalent thereto are artificially increased can be used as an
allergic disease animal model. Herein, the term "functionally equivalent gene" refers to any one of the polynucleotides
(a) to (d) described above. Typical examples of the functionally equivalent genes include those having different nucle-
otide sequences generated by polymorphism, splicing isoforms, and such. Counterparts of the "B1001," "B1072,"
"B1151" and "B1466" genes can be obtained by PCR cloning and hybridization screening based on the nucleotide
sequence information disclosed in the present invention. In the case where the expression level of the obtained coun-
terpart of each gene increases in accordance with allergic disease, the gene is confirmed to be a functionally equivalent
gene. Animal models of the present invention can be obtained, for example, by known methods as follows.
[0037] More specifically, a transgenic animal can be obtained by a method wherein the gene and ovum are mixed
and treated with calcium phosphate; a method wherein the gene is introduced directly into the nucleus of oocyte in
pronuclei with a micropipette under a phase contrast microscope (the microinjection method, US Patent No. 4873191);
or a method wherein embryonic stem cells (ES cells) are used. Furthermore, methods have been developed wherein
ovum is infected with a gene-inserted retrovirus vector; the sperm vector method wherein a gene is transduced into
ovum via sperm; and such. The sperm vector method is a gene recombination technique for introducing a foreign gene
by fertilizing ovum with sperm after incorporating a foreign gene into the sperm by adhesion, electroporation method,
etc. (M. Lavitranoet, et al., Cell, 57, 717, 1989).
[0038] Transgenic animals of the present invention are useful in not only screening for drugs for treating or preventing
allergic diseases as described below but also are useful for elucidating mechanisms of allergic diseases, as well as
testing the safety of the screened compounds.
[0039] Furthermore, the present invention relates to a method of screening for compounds serving as candidate
therapeutic agents for allergic disease. Herein, the expression level of genes, "B1001" gene, "B1072" gene, "B1151"
gene, and "B1466" gene, are significantly increased in human suffering from allergic disease. Therefore, therapeutic
agents for allergic disease may be obtained by selecting compounds reducing the expression level of these genes. A
compound that reduces the expression level of a gene of the present invention has an inhibitory effect on any step
including transcription of the gene, translation of the gene, or activity expression of a protein.
[0040] A method of screening for compounds serving as candidate therapeutic agents for allergic disease of the
present invention can be carried out either in vivo or in vitro. For in vivo screening, an allergic disease animal model
comprising a non-human transgenic animal wherein a gene of any one of the above-described (a) to (d) is highly
expressed in T-cells can be used. The screening can be carried out, for example, following the steps of:
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(1) administering a test compound to an allergic disease animal model, a non-human transgenic animal wherein
the expression in T-cells of a polynucleotide of any one of the above-described (a) to (d) is increased;
(2) measuring the expression level of the polynucleotide of any of the above-described (a) to (d) in the T-cells of
allergic disease animal model; and
(3) selecting the compound that reduces the expression level of the polynucleotide compared to a control.

[0041] For in vitro screening, for example, a method wherein a candidate compound is contacted with cells expressing
a gene of any one of the above-descried (a) to (d) , and selecting the compound that reduces the expression level of
the gene can be mentioned. The screening can be carried out, for example, following the steps of:

(1) contacting a candidate compound with cells that express a polynucleotide of any one of the above-described
(a) to (d) ;
(2) measuring the expression level of the polynucleotide of any one of the above-described (a) to (d); and
(3) selecting the compound that reduces the expression level of the polynucleotide compared to a control.

[0042] According to the present invention, cells expressing a polynucleotide of any one of the above-described (a)
to (d) can be obtained by inserting the polynucleotide into an appropriate expression vector, and transfecting the vector
into a suitable host cell. Any vectors and host cells may be used, so long as they express a gene of this invention.
Examples of host cells in the host-vector system include Escherichia coli, yeast, insect cells, animal cells, etc., and
vectors for respective host cells can be appropriately selected.
[0043] Vectors may be transfected into the host by biological methods, physical methods, chemical methods, and
so on. Examples of the biological methods include methods using virus vectors; methods using specific receptors; and
the cell-fusion method (HVJ (Sendai virus) method, the polyethylene glycol (PEG) method, the electric cell fusion
method, and microcell fusion method (chromosome transfer)). Examples of the physical methods include the microin-
jection method, the electroporation method, and the method using gene particle gun. The chemical methods are ex-
emplified by the calcium phosphate precipitation method, the liposome method, the DEAE-dextran method, the proto-
plast method, the erythrocyte ghost method, the erythrocyte membrane ghost method, and the microcapsule method.
[0044] Screening for compounds that serve as candidate therapeutic agents for allergic disease of the present in-
vention can be also carried out using T-cell lines. Examples of T-cell lines include Molt-4 cell and Jurkat cell. According
to this screening method, first a candidate compound is added to the T-cell line. Then, the expression level of a poly-
nucleotide of any one of the above-described (a) to (d) is measured in the T-cell line to select the compound that
reduces the expression level of the polynucleotide.
[0045] According to the screening method of this invention, the expression levels of any one of the polynucleotides
of the above-described (a) to (d) can be compared not only by detecting the expression levels of proteins encoded by
these genes but also by detecting corresponding mRNAs. To compare the expression levels using mRNA, the process
for preparing mRNA sample as described above is carried out in place of the process for preparing protein samples.
Detection of mRNA and protein can be performed by known methods as described above.
[0046] Candidate test compounds used in such screening include, besides compound preparations synthesized by
existing chemical methods, such as steroid derivatives, and compound preparations synthesized by combinatorial
chemistry; mixtures of multiple compounds, such as extracts from animal or plant tissues, and microbial cultures;
preparations purified thereof; and so on.
[0047] Furthermore, based on the disclosure of this invention, the transcriptional regulatory region of a gene of the
present invention can be obtained to construct a reporter assay system. The term "reporter assay system" refers to
an assay system for screening for a transcriptional regulatory factor that acts on the transcriptional regulatory region
using the expression level of a reporter gene localized downstream of the transcriptional regulatory region as an index.
[0048] A transcriptional regulatory region is exemplified by promoter, enhancer, as well as CAAT box, TATA box, and
such, that are usually found in the promoter region. As a reporter gene, the CAT (chloramphenicol acetyltransferase)
gene, the luciferase gene, growth hormone genes, and such can be utilized.
[0049] A transcriptional regulatory region of a gene of the present invention can be obtained as follows. Specifically,
first, based on the nucleotide sequence of a cDNA disclosed in this invention, a human genomic DNA library, such as
BAC library and YAC library, is screened by a method using PCR or hybridization to obtain a genomic DNA clone
containing the sequence of the cDNA. Based on the sequence of the resulting genomic DNA, the transcriptional reg-
ulatory region of a cDNA disclosed in this invention is predicted and obtained. The obtained transcriptional regulatory
region is cloned so as to be localized upstream of a reporter gene to prepare a reporter construct. The resulting reporter
construct is introduced into a cultured cell strain to prepare a transformant for screening. By contacting the transformant
with a candidate compound, the compound that controls the expression of the reporter gene can be screened.
[0050] The polynucleotide, antibody, cell strain, or animal model necessary for the various screening methods ac-
cording to this invention can be previously combined as a kit. A substrate compound used for the detection of a label,
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medium and vessel for cell culturing, positive and negative standard samples, further a direction of the kit may be also
packaged in these kits.
[0051] A compound selected by the screening of the present invention is useful as a therapeutic agent for allergic
disease. Alternatively, an antisense DNA that suppresses the expression of a gene comprising the nucleotide sequence
of any one of SEQ ID NOs: 1, 3, 5, and 6 is also useful as a therapeutic agent for allergic disease. Furthermore, an
antibody that recognizes a protein encoded by the nucleotide sequence of any one of SEQ ID NOs: 1, 3, 5, and 6 is
useful as a therapeutic agent for allergic disease.
[0052] Genes comprising the nucleotide sequence of any one of SEQ ID NOs: 1, 3, 5, and 6 are genes whose
expression level is elevated in T-cells of patients with allergic disease. Therefore, suppression of the expression of
these genes or suppression of the function of proteins encoded by these genes is expected to have therapeutic effect
on allergic disease.
[0053] A therapeutic agent for allergic disease of the present invention can be formulated by including a compound
selected by the screening methods as the effective ingredient, and mixing with a physiologically acceptable carrier,
excipient, diluent, and such. Aiming at the amelioration of allergic symptoms , the therapeutic agent for allergic disease
of this invention can be administered orally or parenterally.
[0054] Oral drugs can take any dosage forms selected from the group of granule, powder, tablet, capsule, solution,
emulsion, suspension, and so on. Injections can include subcutaneous injection, intramuscular injection, intraperitoneal
injection, and so on.
[0055] Furthermore, for administering a compound that is composed of protein, a therapeutic effect can be achieved
by introducing a gene encoding the protein into the living body using gene therapeutic techniques. The techniques for
treating disease by introducing a gene encoding a therapeutically effective protein into the living body and expressing
it therein are known in the art.
[0056] Alternatively, an antisense DNA can be incorporated downstream of an appropriate promoter sequence to be
administered as an antisense RNA expression vector. When this expression vector is introduced into T cells of an
allergic disease patient, the therapeutic effect on allergic disease is achieved by the reduction of the expression level
of the gene through the expression of the corresponding antisense gene. For introducing the expression vector into T
cells, methods performed either in vivo or ex vivo are known.
[0057] Although the dosage may vary depending on the age, sex, body weight, and symptoms of a patient; treatment
effects; method for administration; treatment duration; type of active ingredient contained in the drug composition; and
such, a range of 0.1 to 500 mg, preferably 0.5 to 20 mg per dose for an adult can be administered. However, the dose
changes according to various conditions, and thus in some case a more smaller amount than that mentioned above
is sufficient whereas an amount above the above-mentioned range is required in other cases.
[0058] All the literatures for the prior arts cited in the present specification are herein incorporated by reference.

Brief Description of the Drawings

[0059]

Fig. 1 shows the distribution of the "B1001" expression level among subjects divided into normal healthy group
and patient group (patients with asthma and patients with atopic dermatitis).
Fig. 2 shows the distribution of the "B1072" expression level among subjects divided into normal healthy group
and patient group (patients with asthma and patients with atopic dermatitis).
Fig. 3 shows the distribution of the "B1151" expression level among subjects divided into normal healthy group
and patient group (patients with asthma and patients with atopic dermatitis).
Fig. 4 shows the distribution of the "B1466" expression level among subjects divided into normal healthy group
and patient group (patients with asthma and patients with atopic dermatitis).
Fig. 5 shows the distribution of the "B1072" expression level among subjects divided into three groups, i.e., normal
healthy group, asthma patient group, and atopic dermatitis patient group.
Fig. 6 shows the distribution of the "B1151" expression level among subjects divided into three groups, i.e., normal
healthy group, asthma patient group, and atopic dermatitis patient group.
Fig. 7 depicts gel electrophoretograms showing the results of Northern hybridization of the "B1001" gene of the
present invention. The left panel shows the results on various immune-associated tissues, and the right panel
shows those on cancer cell lines. Each lane represents respective tissue or cell line as follows:

Left gel: (I) spleen, (II) lymph node, (III) thymus, (IV) peripheral blood leukocyte, (V) bone marrow, and (VI)
fetal liver.
Right gel: (I) promyelocytic leukemia HL-60, (II) HeLa cell S3, (III) chronic myelocytic leukemia K-562, (IV)
lymphoblastic leukemia MOLT-4, (V) Burkitt's lymphoma Raji, (VI) colorectal adenocarcinoma SW480, (VII)
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lung carcinoma A549, and (VIII) melanoma G361.

Fig. 8 depicts gel electrophoretograms showing the results of Northern hybridization of the "B1466" gene of the
present invention. The left panel shows the results on various immune-related tissues, and the right panel shows
those on cancer cell lines. Each lane represents respective tissue or cell line as follows:

Left gel: (I) spleen, (II) lymph node, (III) thymus, (IV) peripheral blood leukocyte, (V) bone marrow, and (VI)
fetal liver.
Right gel: (I) promyelocytic leukemia HL-60, (II) HeLa cell S3, (III) chronic myelocytic leukemia K-562, (IV)
lymphoblastic leukemia MOLT-4, (V) Burkitt's lymphoma Raji, (VI) colorectal adenocarcinoma SW480, (VII)
lung carcinoma A549, and (VIII) melanoma G361.

Best Mode for Carrying out the Invention

[0060] The present invention will be explained in more detail below with reference to examples, but is not to be
construed as being limited thereto.

[Example 1] Collection of blood samples from patients and normal healthy subjects

[0061] To isolate genes that show different expression in an allergic disease-specific manner, blood samples were
collected from patients and normal healthy volunteers selected after analysis of their symptoms. The blood samples
were collected as a group of normal healthy subjects and patients with a very mild case of allergy, a group of patients
with bronchial asthma, and a group of patients with atopic dermatitis from 12, 23 and 24 people, respectively. The
amount of mite-antigen-specific IgE was measured using a part of the blood samples.
[0062] The specific IgE measurement was conducted according to the CAP radioallergosorbent test (CAP RAST)
method, a modified RAST method, that uses a paper disk as a solid phase. Serum from Pharmacia, which has a
standard antibody titer, was used as the standard to determine IgE antibody titers in respective samples. The obtained
values were scored.
[0063] Scores of mite-specific IgE antibody titers of each subject are shown in the column under the title of "mite-
specific IgE antibody score" of Table 1. As shown in the table, the scores in the group of normal healthy subjects and
patients of very mild case of allergy were "0" except for one patient of a very mild case. On the other hand, the patient
group showed high scores, indicating that patients in this group are allergic toward the mite antigen.

Table 1

Subject No. Disease Mite antigen specific IgE score B1072 B1151 B1001 B1466

01 Very mild 0 . . 506 9,828

02 Very mild 0 9,053 . 1,221 8,409

03 Very mild 5 13,425 . 573 6,433

04 Very mild 0 21,118 1,794 1,004 7,297

05 Very mild 0 7,607 1,089 2,927 11,922

06 Very mild 0 14,149 1,088 700 13,662

07 Normal 0 7,608 417 1,633 12,399

08 Normal 0 10,115 839 2,777 5,263

09 Normal 0 8,036 544 2,467 13,317

10 Normal 0 7,644 876 1,884 10,882

11 Normal 0 7,044 795 1,506 13,683

12 Normal 0 . . 679 6,455

13 Asthma 5 20,213 . 977 5,645

14 Asthma 5 10,530 1,239 518 5,619

15 Asthma 4 . . . .
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Table 1 (continued)

Subject No. Disease Mite antigen specific IgE score B1072 B1151 B1001 B1466

16 Asthma 5 19,467 1,585 1,034 6,979

17 Asthma 5 11,254 1,454 3,973 14,409

18 Asthma 5 10,573 1,580 1,040 8,376

19 Asthma 6 10,571 557 1,066 7,991

20 Asthma 6 9,016 960 1,469 10,597

21 Asthma 4 9,495 982 4,799 18,518

22 Asthma 5 7,016 762 1,633 9,604

23 Asthma 5 12,140 788 1,855 16,034

24 Asthma 6 18,495 2,587 1,247 7,711

25 Asthma 5 9,533 1,031 1,854 14,225

26 Asthma 6 5,515 646 1,740 12,451

27 Asthma 5 17,331 2,973 1,068 6,173

28 Asthma 6 13,357 2,270 1,105 11,213

29 Asthma 6 . . . .

30 Asthma 6 8,901 1,506 1,164 15,518

31 Asthma 4 . . . .

32 Asthma 4 6,450 1,177 2,078 18,213

34 Asthma 4 25,285 3,999 2,471 14,427

35 Asthma 6 13,276 2,511 2,634 13,531

36 Asthma 5 15,689 2,025 1,744 16,219

37 Dermatitis 3 18,283 3,316 4,123 20,577

38 Dermatitis 4 . . 877 6,327

39 Dermatitis 5 44,227 3,801 1,822 14,085

40 Dermatitis 4 30,564 4,311 1,977 10,640

41 Dermatitis 6 10,556 2,512 5,712 23,206

42 Dermatitis 6 14,357 1,991 1,722 12,038

43 Dermatitis 6 45,884 2,024 1,111 9,891

44 Dermatitis 5 16,621 1,572 1,935 11,647

45 Dermatitis 6 16,000 1,703 1,007 11,792

46 Dermatitis 6 6,553 1,082 6,303 30,759

47 Dermatitis 5 8,333 2,121 5,000 22,896

48 Dermatitis 3 47,906 12,291 1,605 8,878

49 Dermatitis 6 10,917 2,003 776 7,675

50 Dermatitis 6 . . 936 14,514

51 Dermatitis 6 . . 2,744 15,965

52 Dermatitis 6 . . 2,600 12,241

53 Dermatitis 5 14,593 1,974 1,675 10,802

54 Dermatitis 6 14,841 2,291 843 11,785
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[Example 2] Preparation of lymphocyte fractions from blood samples

[0064] T-cells were prepared from 10 ml blood sample as follows. First, 1 ml heparin (purchased from Novo Co.,
etc.) was thoroughly spread over the 10 ml-syringe wall surface, and then 10 ml blood sample including a final con-
centration of 50 units/ml heparin was collected. For blood collection, two 22G needles for each person were prepared.
After removing the needle from the syringe, the blood sample was transferred to a 50-ml centrifuge tube (polypropyl-
ene). The tube was centrifuged at 1500 rpm for 5 min at room temperature and then 1.1 ml was taken from as close
to the surface as possible. After further 15000 rpm centrifugation for 5 min at 4°C, 1 ml of the supernatant was collected
as plasma. An equal amount (9 ml) of 0.9% NaCl containing 3% dextran (Nacalai) was added to the remaining sample.
This mixture was inverted gently several times, and then was left standing for 30 min at room temperature. PRP (platelet
rich plasma) was transferred to a new 15 ml centrifuge tube and centrifuged at 1200 rpm (equivalent to 150x g for the
Tomy centrifuge) for 5 min at room temperature. After the centrifugation, platelets were present in the supernatant.
Precipitated cells were resuspended in 5 ml Ca and Mg-free HBSS (GIBCO, etc.). The cell suspension was layered
on the top of a 5 ml Ficoll Paque (Pharmacia) -containing Falcon tube (2006 or 2059, polypropylene) with a capillary
pipette. After centrifuging the tube at 1200 rpm for 5 min, it was further centrifuged at 1500 rpm (equivalent to 400x g
for the Tomy centrifuge) for 30 min at room temperature. As a result, granulocytes and erythrocytes were precipitated,
and lymphocytes, monocytes, and platelets were included in the middle layer, with the Ficoll layer between the precip-
itate and the middle layer.
[0065] The middle layer was collected using a Pasteur pipette. Two to three volumes of bovine serum albumin (BSA)
/phosphate buffered saline (PBS) (0.5% BSA, 2 mM EDTA in PBS, pH 7.2, degassed just before use) were added
thereto, and the mixture was centrifuged at 1200 rpm for 5 min at 4°C. The precipitate was collected and washed twice
with BSA/PBS solution. After the second wash, cells were resuspended in 5 ml BSA/PBS, and a portion of the super-
natant was diluted two-fold with trypan blue to count the cell number. Total cell numbers were about 1x 107, and the
suspension was used as lymphocyte fraction.

[Example 3] T-cell separation from lymphocyte fraction

[0066] The lymphocyte fraction obtained in Example 2 was centrifuged at 1200 rpm for 5 min at 4°C, and the pre-
cipitate was resuspended in BSA/PBS at 108 cells/100 µl. The volume was approximately 20 µl. The cell suspension
was transferred to an Eppendorf tube (1.5 ml), and then CD3 microbead solution was added thereto. This sample was
allowed to stand at 4 to 10°C for 30 min (not on ice) and was further treated using magnetic cell sorter (MACS, Miltenyi
Biotech Inc.) by the following procedure.
[0067] An MS+/RS+ column was set on Mini MACS or Vario MACS separation unit (without needles) . 500 µl of BSA/
PBS was gently applied onto the column, and the buffer was run off. Then CD3 microbead-labeled cells were applied
onto the column. The column was washed three times with 500 µl BSA/PBS (B-cell fraction) . The column was detached
from the separation unit and set onto a tube to collect the eluate. 1 ml of BSA/PBS was applied onto the column, and
CD3-positive cells were eluted rapidly using a plunger attached to the column. The eluate was used as T-cell fraction.
[0068] The obtained T-cell fraction was centrifuged at 1200 rpm at 4°C for 5 min. The precipitate was washed twice
with BSA/PBS. After the second wash, the cells were resuspended in 1 ml BSA/PBS, and a portion of the suspension
was diluted two-fold with trypan blue to count the cell number. Total cell numbers were approximately 4x 106.

[Example 4] Total RNA preparation from T-cells

[0069] Total RNA was prepared from T-cells using RNeasy Mini (Qiagen) basically following the manufacturers' in-
struction. All manipulations were carried out at room temperature, wearing gloves. Four-fold volume of ethanol was

Table 1 (continued)

Subject No. Disease Mite antigen specific IgE score B1072 B1151 B1001 B1466

55 Dermatitis 4 11,774 1,675 762 9,816

56 Dermatitis 6 . . . .

57 Dermatitis 5 15,004 1,972 . .

58 Dermatitis 5 11,810 2,472 1,406 7,604

59 Dermatitis 5 11,377 1,661 1,425 7,497

60 Dermatitis 6 11,415 1,693 1,670 7,320
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added to the wash buffer RPE. To the lysis buffer RLT, 10 µl/ml of 2-mercaptoethanol was added.
[0070] The cell suspension was centrifuged at 1000 to 1200 rpm for 5 min, and the supernatant was removed by
aspiration. The precipitate was resuspended in 350 µl lysis buffer RLT (containing 2-mercaptoethanol). At this step,
the cell lysate in the lysis buffer RLT could be stored at -70°C. The frozen stored cell lysate was thawen by incubation
at 37°C for 10 to 15 min, and, if insoluble matter was observed, was centrifuged for 3 min at maximum speed to collect
the supernatant alone. The lysate was homogenized by syringe with a 20G Cathelin needle, and then 350 µl lysate
was applied onto QIA shredder with a Pipetman, and centrifuged at 1500 rpm for 2 min to collect the eluate. 350 µl of
70% ethanol was added thereto and mixed well by pipetting. An RNeasy spin column was fixed to the attached 2-ml
tube, and the lysate mixture was applied onto the column. The column was centrifuged at 8000x g (11500 rpm) for 1
min, and the flow through was discarded. Then 700 µl wash buffer RW1 was applied onto the column, and the column
was left standing capped for 5 min. The column was centrifuged at 11500 rpm for 15 seconds, and the flow through
was discarded. The column was attached to a new 2-ml tube, 500 µl wash buffer RW1 was applied onto the column,
centrifuged at 11500 rpm for 15 min, and the flow through was discarded. 500 µl wash buffer RPE was applied onto
the column, and centrifuged at full speed for 2 min. The column was attached to a new tube (1.5 ml), 30 µl of DEPC
treated water was applied thereto, and the capped column was allowed to stand for 10 min. The column was centrifuged
at 11500 rpm for 10 min to obtain total RNA. The concentration of the RNA was measured. If the amount was low, the
column was set again onto a new 1.5-ml tube, and 30 µl of DEPC treated water was applied thereto. Then the column
was left standing capped for 10 min, and centrifuged at 11500 rpm for 10 min to obtain total RNA.

[Example 5] DNase treatment of total RNA

[0071] In order to remove DNA from the total RNA prepared from the T-cells, DNase treatment was performed. The
treatment was conducted in a reaction mixture containing 2 units of DNase (Nippon Gene) and 50 units of RNase
inhibitor (Pharmacia) in 100 µl of 1x DNase buffer (Nippon Gene) . After incubating this mixture at 37°C for 15 min, an
equal volume of PCI (phenol: chloroform: isoamyl alcohol = 25:24:1) was added thereto, and the tube was vortexed.
The tube was centrifuged at 12000 rpm at room temperature for 10 min, and the upper phase (aqueous phase) was
transferred to a new 1.5-ml tube . One tenth volume of 3 M sodium acetate (pH 5.2) and 2.5 volumes of 100% ethanol
with 1 µl of Ethachinmate were added thereto, and the mixture was inverted several times. After allowing the tube to
stand at -20°C for 15 min, it was centrifuged at 12000 rpm for 15 min at 4°C. The supernatant was removed, and 70%
ethanol was added to the precipitate. After tapping the tube until the precipitate was detached from the tube, the
supernatant was completely removed. The precipitate was dried for 3 min and dissolved in 10 to 20 µl DDW (DNase
and RNase free). The concentration was measured, and the sample was stored at -80°C until use.

[Example 6] Differential Display (DD) analysis using total RNA prepared from T-cells

[0072] Fluorescent Differential Display (abbreviated to DD) analysis using total RNA prepared from T-cells was car-
ried out according to the literature (T. Ito et al., 1994, FEBS Lett. 351: 231-236). The total RNA prepared from the T-
cells was reverse transcribed to obtain cDNA. In the first DD-PCR reaction, 0.2 µg each of total RNA was used for
three types of anchor primers to synthesize cDNAs. In the second DD-PCR reaction, 0.4 µg each of total RNA was
used for the synthesis of cDNAs using three types of anchor primers, respectively. In both cases, the cDNAs were
diluted to a final concentration equivalent to 0.4 ng/µl RNA and used for further experiments . The DD-PCR reaction
was carried out using an amount of cDNA equivalent to 1 ng RNA per reaction. The reaction mixture composition was
as shown in Table 2.

[0073] The PCR reaction was carried out at following condition: 1 cycle of "95°C for 3 min, 40°C for 5 min, and 72°C

Table 2

cDNA (equivalent to 0.4 ng/µl RNA) 2.5 µl
Arbitrary primer (2 µM) 2.5 µl
10x AmpliTaq PCR buffer 1.0 µl
2.5 mM dNTP 0.8 µl
50 µM anchor primer (GT15A, GT15C, or GT15G) 0.1 µl
Gene Taq (5 U/µl) 0.05 µl
AmpliTaq (5 U/µl) 0.05 µl
dH2O 3.0 µl

Total volume 10.0 µl
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for 5 min"; subsequently 30 cycles of "94°C for 15 sec, 40°C for 2 min, and 72°C for 1 min"; after these cycles, 72°C
for 5 min; and then continuously 4°C.
[0074] Reactions were conducted using 287 primer pairs: i.e., anchor primers GT15A (SEQ ID NO: 7), GT15C (SEQ
ID NO: 8), and GT15G (SEQ ID NO: 9) were used in combination with arbitrary primers AG 1 to AG 110, AG 111 to
AG 199, and AG 200 to AG 287, respectively. As for the arbitrary primers, oligomers having 10 nucleotides with a GC
content of 50% were designed and synthesized.
[0075] For gel electrophoresis, a 6% denaturing polyacrylamide gel was prepared, and 2.5 µl sample from the PCR
was applied and run under 40 W for 210 min. After electrophoresis, the gel was scanned by Hitachi fluorescence
imaging analyzer FMBIO II, and the gel image was obtained by detecting fluorescence.

[Example 7] Amplification of the bands obtained by DD analysis and sequence determination thereof

[0076] A large number of arbitrary primers were used to carry out DD analysis twice. Bands that showed a different
expression level between the patient and normal healthy groups were selected, and reproducible bands from two
experiments were excised from the gels. Four reproducible bands, "B1001," "B1072," "B1151," and "B1466" were
further analyzed.

(a) "B1001"

[0077] Band "B1001" was found by a DD analysis using anchor primer GT15A (SEQ ID NO: 7) and arbitrary primer
AG0090 (GGCTTTCGAT/SEQ ID NO: 10).
[0078] To determine the nucleotide sequence of "B1001," the gel containing the band "B1001" was excised, and
DNA was eluted from the gel in a TE solution by heating at 60°C for 10 min. Using the DNA dissolved in this TE solution
as a template, PCR was conducted with the same condition as the original DD-PCR, and a DNA fragment of approx-
imately 210 bp was amplified. In this PCR, GT15A and AG0090 were used as the anchor primer and arbitrary primer,
respectively. The amplified DNA fragment was cloned into plasmid vector pGEM-TEasy (Promega) to obtain plasmid
p1001-01 harboring the DNA fragment of about 210 bp. The nucleotide sequence of the DNA fragment was determined
using the plasmid DNA according to a conventional method.
[0079] According to a database search for homology with the gene sequences revealed that the amino acid sequence
encoded by the "B1001" gene is identical to that of the SOUL gene (GenBank accession #: AF117611). However, the
function of the SOUL gene hasn't been reported so far.

(b) B1072

[0080] Band "131072" was found by a DD analysis using anchor primer GT15A (SEQ ID NO: 7) and arbitrary primer
AG0096 (CAGGAGTACT/SEQ ID NO: 11).
[0081] To determine the nucleotide sequence of "B1072," the gel containing the band "B1072" was excised, and
DNA was eluted from the gel in a TE solution by heating at 60°C for 10 min. Using the DNA dissolved in this TE solution
as a template, PCR was conducted with the same condition as the original DD-PCR, and a DNA fragment of approx-
imately 310 bp was amplified. In this PCR, GT15A and AG0096 were used as the anchor primer and arbitrary primer,
respectively. The amplified DNA fragment was cloned into plasmid vector pGEM-TEasy (Promega) to obtain plasmid
p1072-01 harboring the DNA fragment of about 310 bp. The nucleotide sequence of the DNA fragment was determined
using the plasmid DNA according to conventional method. The nucleotide sequence is set forth in SEQ ID NO: 5.
[0082] According to a database search for homology with the gene sequences revealed "B1072" to be identical to
the 3'-noncoding region sequence of the heat-shock protein 40 (hsp40) gene (GenBank accession# D49547). However,
no function of hsp40 related to immunity or allergic disease has been reported so far.

(c) B1151

[0083] Band "B1151" was found by a DD analysis using anchor primer GT15A (SEQ ID NO: 7) and arbitrary primer
AG0103 (TGACCTGAGT/SEQ ID NO: 12).
[0084] To determine the nucleotide sequence of "B1151," the gel containing the band "B1151" was excised, and DNA
was eluted from the gel in a TE solution by heating at 60°C for 10 min. Using the DNA dissolved in this TE solution as
a template, PCR was conducted with the same condition as the original DD-PCR, and a DNA fragment of approximately
245 bp was amplified. In this PCR, GT15A and AG0103 were used as the anchor primer and arbitrary primer, respec-
tively. The amplified DNA fragment was cloned into plasmid vector pGEM-TEasy (Promega) to obtain plasmid p1151-03
harboring the DNA fragment of about 245 bp. The nucleotide sequence of the DNA fragment was determined using
the plasmid DNA according to conventional method. The nucleotide sequence is set forth in SEQ ID NO: 6.
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[0085] According to a database search for homology with the gene sequences revealed the "B1151" to be identical
with the 3'-noncoding region sequence of the vasopressin-activated calcium-mobilizing receptor like protein (VACM-
1) gene (GenBank accession# X81882). However, no function of the VACM-1 gene related to immunity or allergic
disease has been reported so far.

(d) B1466

[0086] Band "131466" was found by a DD analysis using anchor primer GT15A (SEQ ID NO: 7) and arbitrary primer
AG0043 (TAGTGAAGCC/SEQ ID NO: 13).
[0087] To determine the nucleotide sequence of "B1466," the gel containing the band "B1466" was excised, and
DNA was eluted from the gel in a TE solution by heating at 60°C for 10 min. Using the DNA dissolved in this TE solution
as a template, PCR was conducted with the same condition as the original DD-PCR, and a DNA fragment of approx-
imately 310 bp was amplified. In this PCR, GT15A and AG0043 were used as the anchor primer and arbitrary primer,
respectively. The amplified DNA fragment was cloned into plasmid vector pGEM-TEasy (Promega) to obtain plasmid
p1466-02 harboring the DNA fragment of about 250 bp. The nucleotide sequence of the DNA fragment was determined
using the plasmid DNA according to conventional method.
[0088] According to a database search for homology with the gene sequences revealed the "B1466" to be identical
with the CDS+3'-UTR region sequence of the BRI gene (Ruben, V. et al., Nature 399 : 776-781, 1999; GenBank ac-
cession# AF152462). Furthermore, the "B1466" was identical to the sequence disclosed in international patent appli-
cations (W098/33913, W098/42783).
[0089] However, these international patent applications (W098/33913, W098/42783) describing a sequence identical
to B1466, fail to disclose actual data indicating the relation of the gene to immunity or allergic disease. Likewise, the
realtion of the BRI gene to immunity or allergic disease hasn't been reported so far.

[Example 8] Quantification of expression level using ABI-7700

[0090] A part of the previously prepared whole RNA samples derived from T-cells were used for the quantification
of gene expression levels by TaqMan method using ABI-PRISM 7700. This TaqMan method enables quantification of
PCR-amplified DNA strands in real-time using fluorescence dyes. No quantification was carried out with whole RNA
samples which was used up in the DD examination.
[0091] Primer sets prepared based on the nucleotide sequences of the DD bands determined in Example 7, or primer
sets prepared based on elongation sequences that were determined in Example 10 and Example 11 based on the DD
band nucleotide sequences were used.
[0092] TaqMan probe 1466 was labeled with fluorescer FAM (6-carboxyfluorescein) and TAMRA (6-carboxy-tetram-
ethyl-rhodamine) at the 5'-end and 3'-end, respectively. Nucleotide sequences of the used primer sets and TaqMan
probes are shown below.

(a) B1001

[0093]

(b) B1072

[0094]
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(c) B1151

[0095]

(d) B1466

[0096]

[0097] cDNAs that were used as templates were prepared by reverse transcription from total RNAs using poly-T (12
to 18 mer) as primers. To make a standard curve for the calculation of copy numbers, a plasmid clone containing the
nucleotide sequence that is amplified by the respective primer set was prepared for each gene, and serial dilutions
thereof were utilized as templates for the reaction. The reaction mixture composition for monitoring PCR amplification
is shown in Table 3.

[0098] In order to correct the difference of cDNA concentrations between the samples, the same quantitative analysis
was carried out for β-actin gene, and its copy number was used to correct the copy number of the target genes.
[0099] Using the obtained data (Table 1), statistical analysis of significant variance in the gene expression level
among each group was conducted by the non-parametric technique. The Wilcoxon test was used to compare two
groups, i.e., normal healthy group (including normal healthy subjects and patients of a very mild case of allergy) and
patient group (including asthma patients and atopic dermatitis patients. Subjects were also divided into three groups,
the normal healthy group, asthma patient group and atopic dermatitis patient group; and the comparison between two
groups among them was conducted by the Tukey's multiple comparison test. The tests were carried out using SAS
Preclinical Package Version 4.0 of The SAS SYSTEM (SAS Institute, Inc.). Variance P values of the respective target
genes in the Wilcoxon test and Tukey's multiple comparison test are shown in Table 4.

Table 3

Reaction mixture composition for ABI-PRISM 7700 (amount per well)

Sterile distilled water 25.66 (µl)
10x TaqMan buffer A 5
25 mM MgCl2 7
dATP (10 mM) 1.2
dCTP (10 mM) 1.2
dGTP (10 mM) 1.2
dUTP (10 mM) 1.2
Forward Primer (100 µM) 0.15
Reverse Primer (100 µM) 0.15
TaqMan Probe (6.7 µM) 1.49
AmpliTaq Gold (5 U/µl) 0.25
AmpErase UNG (1 U/µl) 0.5
Template solution 5

Total volume 50
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[0100] Distributions of expression levels of "B1001," "B1072," "B1151" and "B1466" wherein the subjects are divided
into the normal healthy group and patient group (including both asthma patients and atopic dermatitis patients) are
shown in figures 1, 2, 3, and 4, respectively. Distributions of expression levels of "B1072" and "B1151" wherein the
subjects are divided into three groups (normal healthy group, asthma patient group, and atopic dermatitis patient group)
are shown in figures 5 and 6, respectively. Analysis results of each gene are described below.

(a) B1001

[0101] Expression level of each group is separately shown in Table 5. High level expression was observed in subjects
of the patient group. A significant difference in the expression level of "B1001" was observed between the normal
healthy group and patient group. Specifically, "B1001" expression was significantly higher in the patient group than the
normal healthy group (p = 0.020). The median and mean (±SD) of the expression level (copy/ng RNA) in the normal
healthy group were 1364 and 1490±866, respectively; and 1651 and 1988±1382, respectively, in the patient group.

(b) B1072

[0102] Expression level of each group is separately shown in Table 5. High level expression was observed in the
patient group, particularly in patients with atopic dermatitis. A significant difference in the expression level of "B1072"
was found between the normal healthy group and patient group. Specifically, "B1072" expression was significantly
higher in the patient group than in the normal healthy group (p = 0.044). The median and mean (±SD) of the expression
level (copy/ng RNA) in the normal healthy group were 8545 and 10580±4468, respectively; and 12140 and
15772±10185, respectively, in the patient group.
[0103] The patient group was divided into asthma group and atopic dermatitis group. As a result of Tukey's multiple
comparison test on three groups comprising the normal healthy group as well as the patient groups, the expression of
"B1072" was revealed to be significantly higher in the atopic dermatitis group than the normal healthy group (p = 0.031).

(c) B1151

[0104] Expression level of each group is separately shown in Table 5. High level expression of the B1151 gene was
observed in the patient group, particularly in patients with atopic dermatitis. A significant difference in the expression
level of "B1151" was found between the normal healthy group and patient group. Specifically, "B1151" expression was
significantly higher in the patient group than in the normal healthy group (p = 0.0014). The median and mean (±SD)
of the expression level (copy/ng RNA) in the normal healthy group were 857 and 930±421, respectively; and 1838 and
2187±1908, respectively, in the patient group.
[0105] According to the result of the Tukey's multiple comparison test, the expression level of "B1151" was revealed
to be significantly higher in the atopic dermatitis patient group than in the normal healthy group (p = 0.0005); and
significantly higher in the atopic dermatitis patient group than the asthma patient group (p = 0.032).

(d) B1466

[0106] Expression level of each group is separately shown in Table 5. Patients with increased expression level of
the B1466 gene could be observed in the patient group. A significant difference in the expression level of "B1466" was
found between the normal healthy group and patient group. Specifically, "B1466" expression was significantly higher
in the patient group than in the normal healthy group (p = 0.011). The median and mean (±SD) of the expression level
(copy/ng RNA) in the normal healthy group were 10355 and 9962±3101, respectively; and 11716 and 12414+5335,
respectively, in the patient group.

Table 4

Test Group comparison B1072 B1151 B1001 B1466

Wilcoxon normal healthy group : patient group 0.0446 0.0014 0.0205 0.0112

Tukey's multiple comparison normal healthy group : atopic dermatitis
group

0.031 0.0005 - -

asthma group : atopic dermatitis group - 0.032 - -



EP 1 260 816 A1

5

10

15

20

25

30

35

40

45

50

55

18

[Example 9] Measurement of mRNA length of "B1001" and "B1466" by Northern hybridization

[0107] For the measurement, Human Immune System MTN Blot II and Human Cancer Cell Line MTN blot (Clontech)
were employed, which are membranes transferred with mRNAs prepared from various immune-associated tissues
and cancer cell lines, respectively. Using primer sets corresponding to the nucleotide sequence of each gene, PCR
amplification was conducted with peripheral blood cDNA library as a template, and the obtained amplified DNA frag-
ments were purified with PCR Product Purification Kit (QIAGEN). The purified DNA fragments were labeled with 32P
using Random Primer Labeling Kit (TAKARA) to use them as probes. Using Express Hybridization Solution (CLON-
TECH), Northern hybridization and membrane washing were carried out according to the attached manual. The washed
membrane was exposed to an imaging plate to obtain an image using Molecular Imager System (BIO-RAD). Meas-
urement results of respective genes are demonstrated below.

(a) B1001

[0108] The gel electrophoretogram is shown in Fig. 7. Expression of mRNA of approximately 1.0 kb was observed
in the tissues and cell lines used in the measurement.

(b) B1466

[0109] The gel electrophoretogram is shown in Fig. 8. Expressions of mRNAs of approximately 2.1 kb and 1.3 kb
were observed in the tissues and cell lines used for the measurement. Strong expression of B1466 gene was observed
in the immune-associated tissues, particularly in tissues such as spleen, lymph node, and peripheral blood leukocytes,
and in cancer cell lines, such as HeLa cell S3, lymphoblastic leukemia MOLT-4, colorectal adenocarcinoma SW480,
and lung carcinoma A549. Thus, these results indicated that "B1466" has a function associated with immunity.

[Example 10] Cloning and nucleotide sequence analysis of "B1466"

[0110] Using AutoAssembler (PE Applied Biosystems), ESTs that were determined to be homologous to "B1466"
were clustered (assembled) to obtain sequence A of 1667 bp (SEQ ID NO: 26). Primers were designed based on this
sequence A, and PCR was conducted using peripheral blood cDNA library as a template which resulted in the ampli-
fication of a PCR product of the predetermined size. Furthermore, this PCR product was sequenced using ABI377 (PE
Applied Biosystems) to reveal the sequence to be identical to that of sequence A.
[0111] Then, using a pair of primers designed to correspond to a sequence within the sequence of sequence A (i.
e., primers 1466-009 (5'-GCCAAGAAGGACGAGCCCAAGAG-3': SEQ ID NO: 27) and 1466-006 (5'-AAAGGGT-
GGGGTTATGCTGTGAT-3': SEQ ID NO: 28)) PCR was conducted to identify the target cDNA clone from Rapid-Screen

Table 5

Gene Function Normal group Patient group Asthma patient group Atopic dermatitis
patient group

B1072 Mean 10580 15772 12705 19001

Standard deviation 4468 10185 5195 13002

Median 8545 12140 10913 14593

B1151 Mean 930 2187 1612 2761

Standard deviation 421 1908 909 2441

Median 857 1838 1454 2003

B1001 Mean 1490 1988 1773 2183

Standard deviation 866 1382 1047 1628

Median 1364 1651 1551 1673

B1466 Mean 9962 12414 11673 13089

Standard deviation 3101 5335 4235 6191

Median 10355 11716 11832 11716
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cDNA Library Panel (LPS-1001: human Spleen/OriGene Technologies, Inc.). The obtained clone harbored a sequence
of 1647 bp that extended about 200 bp upstream of sequence A (sequence B, SEQ ID NO: 29). From sequence A and
sequence B, the sequence of "B1466" of 1868 bp was obtained. The determined sequence of the "B1466" is set forth
as sequence C (SEQ ID NO: 3), and the amino acid sequence (266 a. a.) of a protein encoded by sequence C is shown
as sequence D (SEQ ID NO: 4).

[Example 11] Cloning and nucleotide sequence analysis of "B1001"

[0112] Using the information of ESTs and genomic sequence that were determined to be homologous to "B1001"
(GenBank accession#: AL031003), sequence E comprising 1015 bp (SEQ ID NO: 1) was obtained. Primer 1001-006
(5'-ATGGCCGAGCCGCTCCAGCCAGAC-3', SEQ ID NO: 30) and primer 1001-007 (5'-TGTTTACAGACTACTGTC-
CTCTGT-3', SEQ ID NO: 31) were designed based on this sequence. Using this set of primers, PCR was conducted
using peripheral blood T-cell cDNA library as a template which resulted in the amplification of a PCR product of the
desired size. Furthermore, using ABI377 (PE Applide Biosystems), this PCR product was sequenced to reveal the
PCR product to have an identical sequence with that of sequence E. Additionally, the amino acid sequence (205 a.a.)
encoded by sequence E is shown as sequence F (SEQ ID NO: 2)
[0113] As described in the examples herein, for the first time, four genes of the present invention, "B1001," "B1072,"
"B1151," and "B1466", were demonstrated to have functions associated with immunity or allergic disease. These genes
are extremely useful for testing for allergic diseases and screening for compounds serving as candidate therapeutic
agents for allergic diseases using the expression level thereof as an index in the assay.

Industrial Applicability

[0114] The present invention provides genes with different expression levels between normal healthy subjects and
allergic disease patients. Using the expression of the genes of the present invention as an index, allergic diseases can
be tested and compounds serving as therapeutic agent candidates can be screened for the disease.
[0115] Expression levels of allergic disease-associated genes provided by the present invention can be easily de-
tected regardless of the types of allergens. Therefore, pathological conditions of allergic diseases can be comprehen-
sively understood.
[0116] In addition, using peripheral blood leukocytes as a specimen, the expression level of genes can be analyzed
in a much less invasive manner to patients according to the method for testing for allergic disease of the present
invention. Furthermore, according to the gene expression analysis method of the present invention, in contrast to
protein measurements such as ECP, highly sensitive measurement with a trace sample can be accomplished. Gene
analysis technique trends toward high-throughput and lower prices. Therefore, the test method according to the present
invention is expected to become an important bedside diagnostic method in the near future. In this sense, these genes
associated with pathological conditions are highly valuable in diagnosis.
[0117] Furthermore, the screening methods of the present invention are performed using, as an index, the genes
whose expression are commonly observed among allergic disease patients. Therefore, compounds that can be de-
tected according to these screening methods are expected to be useful in controlling a wide range of allergic patho-
logical conditions.
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Claims

1. A method of testing for allergic disease, wherein the method comprises the steps of:

a) measuring the expression level of a gene comprising the nucleotide sequence of any one of SEQ ID NOs:
1, 3, 5, and 6 in T-cells of a subject; and
b) comparing the expression level of said gene with that in T-cells of a normal healthy subject.

2. The method of claim 1, wherein the allergic disease is atopic dermatitis.

3. The method of claim 1, wherein the gene expression level is measured by PCR of cDNA.

4. The method of claim 1, wherein the gene expression level is measured by detecting a protein encoded by said gene.
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5. A reagent for testing for allergic disease comprising a polynucleotide with a chain length of at least 15 nucleotides
and that hybridizes with the nucleotide sequence of any one of SEQ ID NOs: 1, 3, 5, and 6, or a complementary
sequence thereto.

6. A reagent for testing for allergic disease comprising an antibody that recognizes a polypeptide comprising the
amino acid sequence of SEQ ID NO: 2 or 4.

7. A method of screening for compounds serving as candidate therapeutic agents for allergic disease, wherein the
method comprises the steps of:

(1) contacting a candidate compound with a cell that expresses a polynucleotide selected from the group of:

(a) a polynucleotide comprising a coding region of the nucleotide sequence of any one of SEQ ID NOs:
1, 3, 5, and 6;
(b) a polynucleotide encoding a protein comprising the amino acid sequence of SEQ ID NO: 2 or 4;
(c) a polynucleotide encoding a protein comprising the amino acid sequence of SEQ ID NO: 2 or 4 wherein
one or more amino acids are substituted, deleted, inserted and/or added, and the expression level of the
protein is increased in accordance with allergic disease; and
(d) a polynucleotide hybridizing under stringent conditions to a DNA consisting of the nucleotide sequence
of any one of SEQ ID NOs: 1, 3, 5, and 6, wherein the polynucleotide encodes a protein whose expression
level increases in accordance with allergic disease;

(2) measuring the expression level of the polynucleotide of any one of (a) to (d); and
(3) selecting the compound that reduces the expression level of said polynucleotide compared to a control.

8. The method of claim 7, wherein the cell is a T-cell.

9. A kit for screening for compounds serving as candidate therapeutic agents for allergic disease, which comprises
a polynucleotide having a chain length of at least 15 nucleotides that hybridizes to the nucleotide sequence of any
one of SEQ ID NOs: 1, 3, 5, and 6 or a sequence complementary thereto, and a cell that expresses a gene
comprising the nucleotide sequence of any one of SEQ ID NOs: 1, 3, 5, and 6.

10. A kit for screening for compounds serving as candidate therapeutic agents for allergic disease, which comprises
an antibody that recognizes a peptide comprising the amino acid sequence of either SEQ ID NO: 2 or 4, and a cell
that expresses a gene comprising the nucleotide sequence of either SEQ ID NO: 1 or 3.

11. An allergic disease animal model consisting of a non-human transgenic vertebrate with an increased expression
level in T-cells of the polynucleotide selected from the group of:

(a) a polynucleotide comprising the coding region of the nucleotide sequence of any one of SEQ ID NOs: 1,
3, 5, and 6;
(b) a polynucleotide encoding a protein comprising the amino acid sequence of either SEQ ID NO: 2 or 4;
(c) a polynucleotide encoding a protein comprising the amino acid sequence of either SEQ ID NO: 2 or 4,
wherein one or more amino acids are substituted, deleted, inserted and/or added, and the expression level of
the protein is increased in accordance with allergic disease; and
(d) a polynucleotide hybridizing under stringent conditions to a DNA consisting of a nucleotide sequence of
any one of SEQ ID NOs: 1, 3, 5, and 6 , wherein the polynucleotide encodes a protein whose expression level
is increased in accordance with allergic disease.

12. A method of screening for compounds serving as candidate therapeutic agents for allergic disease, wherein the
method comprises the steps of:

(1) administering a candidate compound to the animal model of claim 11;
(2) measuring the expression level of the polynucleotide of any one of (a) to (d) of claim 11 in T-cells; and
(3) selecting the compound that reduces the expression level of said polynucleotide compared to a control.

13. A method of screening for compounds serving as candidate therapeutic agents for allergic disease, wherein the
method comprises the steps of:
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(1) contacting a candidate compound with a cell transfected with a vector containing a transcriptional regulatory
region of a gene comprising the nucleotide sequence of any one of SEQ ID NOs: 1, 3, 5, and 6, and a reporter
gene that is expressed under the control of the transcriptional regulatory region;
(2) measuring the activity of said reporter gene; and
(3) selecting the compound that reduces said activity compared to a control.

14. A therapeutic agent for allergic disease containing a compound that can be obtained by the screening method of
any one of claims 7, 12, and 13 as the principal ingredient.

15. A therapeutic agent for allergic disease containing an antisense DNA of the nucleotide sequence of any one of
SEQ ID NOs: 1, 3, 5, and 6, or a portion thereof as the principal ingredient.

16. A therapeutic agent for allergic disease containing an antibody that recognizes a peptide comprising the amino
acid sequence of either SEQ ID NO: 2 or 4 as the principal ingredient.
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