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7) ABSTRACT

The SOCS3 gene has been identified as a gene whose
expression level in T cells of patients with an atopic disorder
is significantly higher than that of the normal healthy
subjects. The present inventors found that this gene can be
used in testing for allergic diseases and in screening for
therapeutic agents. The present invention enables screening
for compounds useful in the treatment of allergic diseases.
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METHOD OF TESTING FOR ALLERGIC DISEASE

FIELD OF THE INVENTION

[0001] The present invention relates to a method of testing
for an allergic disease.

BACKGROUND OF THE INVENTION

[0002] Allergic diseases are considered to be multifacto-
rial diseases. For example, bronchial asthma and atopic
dermatitis are caused by the interaction of many different
genes, each of which is influenced by various environmental
factors. Thus, it has been extremely difficult to identify a
specific gene which causes an allergic disease.

[0003] The 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 1S necessary to
understand how a gene is involved in disease onset and how
expression of the gene is altered by external stimulants such
as drugs.

[0004] Recently, history taking, and confirmation of the
patient’s family history and own anamnesis are important in
general for diagnosis of allergic diseases. In addition, for
allergy diagnosis based on more objective information, a
method of testing patient’s blood samples and a method of
observing patient’s immune response to allergen are also
performed. Examples of the former method are the allergen-
specific IgE measurement, leukocyte histamine release test,
and lymphocyte stimulating test. The presence of an aller-
gen-specific IgE is a proof for occurrence of the allergic
reaction to the allergen. However, in some patients, allergen-
specific IgE may not necessarily be detected. Furthermore,
the IgE assay principle requires performing tests for all of
the allergens necessary for diagnosis. The leukocyte hista-
mine release test and the lymphocyte stimulating test are the
methods for observing the immunesystem reaction toward a
specific allergen in vitro. These methods are complicated in
operation.

[0005] Another known method (latter method) is allergy
diagnosis based on the immune response observed at the
time when a patient is contacted with an allergen. Such a test
includes the prick test, scratch test, patch test, intradermal
reaction, and induction test. These tests allow the direct
diagnosis of patient’s allergic reaction while they can be said
to be highly invasive tests where patients are actually
exposed to allergens.

[0006] In addition, test methods for proving the occur-
rence of allergic reaction caused by any allergen are also
attempted. For example, a high serum IgE titer may indicate
the occurrence of allergic reaction in the patient. The serum
IgE titer corresponds to the total amount of allergen-specific
IgE. Though it is easy to determine the total amount of IgE
when any allergen is tested, the IgE titer may be reduced in
some patients with a non-atopic bronchitis or such.

[0007] Therefore, a marker (indicator) for an allergic
disease that is not only less invasive to patients but also
capable of readily providing information necessary for diag-
nosis would be useful. Since such markers are thought to be
profoundly involved in disease onset, they may be an
important target in the control of allergic symptoms as well
as in diagnosis.
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SUMMARY OF THE INVENTION

[0008] An objective of the present invention is to provide
an indicator gene for testing for an allergic disease, in
particular. Another objective of the invention is to provide a
method of testing for an allergic disease and a method of
screening for a therapeutic agent for an allergic disease, both
using the indicator gene.

[0009] The present inventors intensively studied to
achieve the above objectives. They considered that it is
possible to find new targets in the treatment of allergic
discases if genes whose expression levels were different
between allergic disease patients and healthy subjects were
isolated and the involvements of the genes in allergic
reactions were clarified.

[0010] Based on this idea, the present inventors sought
genes whose expression levels were different between atopic
dermatitis patients and healthy subjects. Further, peripheral
blood mononuclear cells were selected as biological samples
to compare the gene expression levels. Stimulations with
antigens in atopic disease patients are known to result in
secretion of IL-5, IL-6, and IL-10 from peripheral blood
mononuclear cells. The peripheral blood mononuclear cells
are closely associated with allergic reactions (Jenmalm M.
C. et al,, Pediatr. Allergy Immunol. 10: 168-177, 1999). In
other words, genes whose expression levels are different in
peripheral blood mononuclear cells should be closely asso-
ciated with allergic reactions. Further, peripheral blood
mononuclear cells are easily obtained and are thus yielded in
a large amount, thereby reducing false negative results. This
enables detection of low-level gene expression.

[0011] The present inventors thought it possible to isolate
an allergic reaction-associated gene by observing alterations
in the gene expression in such blood cells involved in an
immune response system. Based on such a concept, the
present inventors succeeded in isolating the following genes
whose expression levels alter in blood cells of peripheral
blood from patients with pollinosis, and filed patent appli-
cations:

[0012] Pollinosis-associated  gene 373 (WO
00/65046),

[0013] Pollinosis-associated  gene 419 (WO
00/65045),

[0014] Pollinosis-associated  gene 513 (WO
00/65049),

[0015] Pollinosis-associated  gene 581 (WO
00/65048),

[0016] Pollinosis-associated gene 795 (WO
00/65050),

[0017] Pollinosis-associated  gene 627 (WO
00/65051),

[0018] Pollinosis-associated  gene 441 (WO
00/73435),

[0019] Pollinosis-associated  gene 465 (WO
00/73439), and

[0020] Pollinosis-associated  gene 787 (WO

00/73440).
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[0021] Alternatively, the present inventors isolated B1153
that is a gene having a different expression level in periph-
eral blood T cells of patients with an allergic disease, as
compared with that of healthy subjects and filed a patent
application (WO 02/50269). B1153 has been isolated by a
differential display method using samples from healthy
subjects and allergic disease patients.

[0022] Further, the present inventors explored genes
whose expression levels are different in peripheral blood
mononuclear cells (hereinafter abbreviated as PBMC), par-
ticularly in T cells, from atopic dermatitis patients.

[0023] T cells determine immune response. Thus, it is
expected that genes whose expression level is high in T cells
from allergic diseases patients may play important roles.

[0024] Immune response and inflammatory response are
regulated by various cytokines including interleukins and
interferons. Cytokines function to activate their receptors,
and also the downstream “Janus tyrosine kinase (JAK)” and
“signal transducer and activator of transcription (STAT-
).”“Suppressor of cytokine signaling (SOCS)” is an essential
factor that negatively regulates the cytokine signal pathway.

[0025] To examine the role of molecules of the SOCS
family in atopic dermatitis, the present inventors measured
the levels of mRNA expression in peripheral blood T cells,
and revealed that the expression level of SOCS3 gene was
significantly higher in T cells of atopic dermatitis patients
than those of healthy subjects. Based on these findings, the
present inventors found that the SOCS3 gene can be used as
an index to test for allergic diseases or to screen for
therapeutic agents for allergic diseases and thus completed
the present invention. Specifically, the present invention
relates to the following methods of testing for allergy,
therapeutic agents for allergic diseases, methods of screen-
ing for such agents, allergic disease model animals, and kits
to carry out these methods.

[0026] (1) A method of testing for an allergic disease,
the method comprising the steps of:

[0027] (a) measuring the expression level of an
indicator gene in a biological sample from a test
subject;

[0028] (b) comparing the expression level with
that of the indicator gene in a biological sample
from a healthy subject; and

[0029] (c)judging the test subject as being affected
with an allergic disease when the expression level
of the indicator gene in a biological sample from
the test subject is found to be significantly
elevated, wherein the indicator gene is SOCS3
gene.

[0030] (2) The testing method according to (1),
wherein the allergic discase is atopic dermatitis.

[0031] (3) The testing method according to (1),
wherein the gene expression level is measured by
using cDNA PCR.

[0032] (4) The testing method according to (1),
wherein the gene expression level is measured by
detecting a protein encoded by the gene.
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[0033] (5) The testing method according to (1),
wherein the biological sample contains peripheral
blood T cells.

[0034] (6) A reagent for testing for an allergic dis-
ease, which comprises an oligonucleotide compris-
ing at least 15 nucleotides complementary to a
polynucleotide which contains a nucleotide sequence
of SOCS3 gene or the complementary strand thereof.

[0035] (7) A reagent for testing for an allergic dis-
ease, which comprises an antibody which recognizes
a peptide comprising an amino acid sequence
encoded by SOCS3 gene.

[0036] (8) A method for screening for a therapeutic
agent for an allergic disease, the method comprising
the steps of:

[0037] [1]contacting a candidate compound with a
cell expressing an indicator gene;

[0038] [2] measuring the expression level of the
indicator gene; and

[0039] [3] selecting a compound which decreases
the expression level of the indicator gene com-
pared to a control in which the candidate com-
pound has not been contacted,

[0040] wherein the indicator gene is the SOCS3 gene or a
gene functionally equivalent thereto.

[0041] (9) The method according to (8), wherein the
cell is T cell.

[0042] (10) A method of screening for a therapeutic
agent for an allergic disease, the method comprising
the steps of:

[0043] [1]administering a candidate compound to
a test animal;

[0044] [2] measuring the expression level of an
indicator gene in a biological sample from the test
animal; and

[0045] [3] selecting a compound which decreases
the expression level of the indicator gene com-
pared to a control in which the candidate com-
pound has not been administered,

[0046] wherein the indicator gene is SOCS3 gene or a
gene functionally equivalent thereto.

[0047] (11) A method of screening for a therapeutic
agent for an allergic disease, the method comprising
the steps of:

[0048] [1] contacting a candidate compound with
cells carrying a vector containing a transcriptional
control region of an indicator gene and a reporter
gene that is expressed under the control of the
transcriptional control region;

[0049] [2] measuring the activity of the reporter
gene; and
[0050] [3] selecting a compound which decreases

the expression level of the reporter gene compared
to a control in which the candidate compound has
not been contacted,
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[0051] wherein the indicator gene is SOCS3 gene or a
gene functionally equivalent thereto.

[0052] (12) A method of screening for a therapeutic
agent for an allergic disease, the method comprising
the steps of:

[0053] [1]contacting a candidate compound with a
protein encoded by an indicator gene;

[0054] [2] measuring the activity of the protein;
and
[0055] [3] selecting a compound which decreases

the activity of the protein compared to a control in
which the candidate compound has not been con-
tacted,

[0056] wherein the indicator gene is SOCS3 gene or a
gene functionally equivalent thereto.

[0057] (13) A therapeutic agent for an allergic dis-
ease, which comprises as an active ingredient a

compound obtainable by the screening method
according to any one of (8), (10), (11), and (12).

[0058] (14) A therapeutic agent for an allergic dis-
ease, which comprises as a main ingredient an anti-
sense DNA that contains a sequence complementary
to a sequence comprising at least 15 continuous
nucleotides of the sense strand sequence of an indi-
cator gene, wherein the indicator gene is SOCS3
gene or a gene functionally equivalent thereto.

[0059] (15) A therapeutic agent for an allergic dis-
ease, which comprises as a main ingredient an anti-
body which binds to a protein encoded by an indi-
cator gene, wherein the indicator gene is SOCS3
gene or a gene functionally equivalent thereto.

[0060] (16) An allergic disease model animal of
transgenic nonhuman vertebrate, in which the
expression level of an indicator gene has been
increased in T cells, wherein the indicator gene is
SOCS3 gene or a gene functionally equivalent
thereto.

[0061] (17) Akit for screening for a therapeutic agent
for an allergic disease, the kit comprising an oligo-
nucleotide comprising at least 15 nucleotides
complementary to a polynucleotide comprising the
nucleotide sequence of an indicator gene or the
complementary strand and cells expressing the indi-
cator gene, wherein the indicator gene is SOCS3
gene or a gene functionally equivalent thereto.

[0062] (18) Akit for screening for a therapeutic agent
for an allergic disease, the kit comprising an anti-
body which recognizes a peptide comprising an
amino acid sequence encoded by an indicator gene
and cells expressing the indicator gene, wherein the
indicator gene is SOCS3 gene or a gene functionally
equivalent thereto.

[0063] The present invention also relates to a method of
treating an allergic disease, which comprises the step of
administering a compound of any one of the following (A)
to (C). In addition, the present invention relates to the use of
a compound of any one of the following (A) to (C) for
producing a therapeutic agent for an allergic disease:
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[0064] (A) a compound obtainable by the screening
method according to any one of (8), (10), (11), and
(12) above;

[0065] (B) an antisense DNA having a sequence
complementary to a sequence comprising at least 15
continuous nucleotides of the sense strand sequence
of SOCS3 gene; and

[0066] (C) an antibody which binds to a protein
encoded by SOCS3 gene.

[0067] Further, the present invention relates to a method of
producing an allergic discase model animal, the method
comprising the step of increasing the expression level of
SOCS3 gene or a gene functionally equivalent thereto in T
cells in a nonhuman vertebrate. In addition, the present
invention relates to the use of a transgenic nonhuman
vertebrate, in which the expression level of SOCS3 gene or
a gene functionally equivalent thereto has been increased, as
an allergic disease model animal.

[0068] The structure of SOCS3 gene, which is to be used
as an indicator gene in the present invention, is known. The
indicator gene, SOCS3, in the present invention is reportedly
induced by an inflammatory cytokine such as IL.-6 or [FN-y,
or an anti-inflammatory cytokine such as IL-10, and to
negatively regulate the action of these cytokines (Yasukawa
H., Sasaki A. and Yoshimura, A. 2000. Negative regulation
of cytokine signaling pathway. Annu. Rev. Immunol. 18:
143-164.).

[0069] T cells that have been differentiated into Th2 cells
producing IL-4 and IL-5 are important in allergic reactions.
Kubo, who is one of the inventors, and his coresearchers
found that Th2 cells specifically expressed SOCS3. Further,
SOCS3 transgenic mice were created and observed for
functional differentiation of T cells. Differentiation into Thl
cells was markedly suppressed, while Th2 differentiation
was enhanced. A presumptive mechanism is that SOCS3
induced by IL-4 suppresses I[.-12 receptor-mediated signal
that enhances Th1 differentiation.

[0070] Indeed, differentiation of naive T cells into Thl
cells or Th2 cells is accompanied by predominant expression
of a particular SOCS molecule. Increased expression is
found for SOCS1 in Th1 ¢ells, and for SOCS3 in Th2 cells.
It is thought that I1.-4/STAT6 signaling is suppressed in Thl
cells, and 1L.-12/STAT4 signaling is suppressed in Th2 cells
(Egwuagu C E, Yu C R, Zhang M, Mahdi R M, Kim S J,
Gery 1., J Immunol Apr. 1, 2002; 168(7): 3181-7, Suppres-
sors of cytokine signaling proteins are differentially
expressed in Thl and Th2 cells: implications for Th cell
lineage commitment and maintenance).

[0071] Based on the above findings, it was considered that
one of causes for allergy onset is Th2 differentiation
enhanced by an increase in the expression level of SOCS3
in human peripheral blood T cells.

[0072] There are some patent publications relating to
SOCS3, which disclose only that SOCS3 suppresses cytok-
ine signal, which is its typical function; there is no data
indicating the role of SOCS3 in allergic diseases. Represen-
tative examples of these publications are as follows:

[0073] WO0200129178-A2, EP0877030A2 (SMITH-
KLINE BECKMAN CORPORATION)

[0074] EPO primary response gene 1 (EPRG1)
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[0075] These publications describe a gene isolated from a
human culture cell line that requires erythropoietin for its
proliferation, and the relationship between the gene and
many diseases associated with blood diseases. However,
there is no data supporting such relationship between the
gene and any of the diseases.

[0076] WO009923220-A1 (INCYTE PHERM INC))

[0077] Human suppressor of cytokine signaling
(HSCS-1)
[0078] This publication describes nucleotide sequence

information of the gene, and the relationship between the
gene and a wide variety of discases. However, there is no
data supporting such relationship between the gene and
particular diseases.

[0079] WO09820023-A1 (HALL INST MEDICAL
RES WALTER & ELIZA)

[0080] Suppressor of cytokine signaling protein
(S0CS)
0081] This publication describes cancers, injuries,
p ]

immune diseases, and hypertension. However, there is no
data supporting the relationship between the gene and such
diseases.

[0082] Further, expressions of mRNAs of CIS-1, SOCS1,
SOCS3, and SOCS5 were measured in peripheral blood T
cells of patients having atopic dermatitis. As a result, expres-
sion of SOCS3 was significantly high in a patient group, and
the high correlation of an expressed amount of SOCS3 with
a blood IgE value was also recognized (Naoko NAGATA,
Tadahiro OSHIDA, Yoichi SEKI, Yuji SUGITA, Hirohisa
SAITO, Masato KUBO, Proceedings of the Japanese Soci-
ety for Immunology Vol. 32, December 2002 ISSN0919-
1984 page 198, “High Expression of Suppressors of cytok-
ine signaling-3 (SOCS3) molecule in patients having
allergic diseases”). This finding was published by the
present inventors after filing of the patent application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0083] FIG. 1 is a graph showing the expression levels of
SOCS family genes (SOCS1, SOCS3, SOCS5, and CIS1) in
T cells of a normal healthy subject and patients with a light,
moderate, or severe atopic dermatitis. The ordinate repre-
sents the copy number of each SOCS mRNA per 1 ng RNA
of T cells, while the abscissa shows test samples. *: p<0.05,
**: p<0.01

[0084] FIG. 2 shows preparation of dermatitis model mice
and regimen of administration of a prednisolone ointment.

[0085] FIG. 3 shows a change in ear edema of dermatitis
model mice during sensitization with a mite antigen. The
upper panel shows the results obtained 14 days after sensi-
tization, and the lower panel shows the results obtained 28
days after sensitization. A vertical axis indicates an ear
edema rate (%), and a horizontal axis indicates a sensitiza-
tion term (weeks) (n=10, Mean+S.E.).

[0086] Ear edema rate (%)=(thickness of ear after
sensitization/thickness of ear before sensitization)x
100
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[0087] FIG. 4 shows the total IgE concentration in der-
matitis model mice (n=10, Mean+S.E.). A vertical axis
indicates the total IgE concentration (ng/mL) in blood, and
a horizontal axis indicates a sensitization term (weeks).
Respective columns correspond, from the left, to the results
of a non-sensitized control group, a sensitized control group,
and a prednisolone administered group.

[0088] FIG. 5 shows expression levels of mRNA of
SOCS3 in an auricle of NC/Nga mite antigen induced
dermatitis model mouse. A vertical axis indicates an expres-
sion level of mRNA (copy/ng RNA), and a horizontal axis
indicates days after initiation of mite antigen sensitization.
Respective columns correspond, from the left, to the results
of a non-sensitized control group, a sensitized control group,
and a prednisolone administered group.

DETAILED DESCRIPTION OF THE
INVENTION

[0089] Herein allergic discase is a general term for dis-
cases involving allergic reactions. More specifically, this
term is defined as a disease for which an allergen is
identified, a strong correlation between exposure to the
allergen and the onset of the pathological change is dem-
onstrated, and the pathological change has been proven to
have an immunological mechanism. Herein, an immuno-
logical mechanism means that leukocytes show an immune
response to allergen stimulation. Examples of allergens are
mite antigens, pollen antigens, etc.

[0090] Representative allergic diseases include bronchial
asthma, allergic rhinitis, atopic dermatitis, pollinosis, insect
allergy, etc. Allergic diathesis is a genetic factor that is
inherited from allergic parents to children. Familial allergic
discases are also called atopic diseases, and their inherited
causative factor is atopic diathesis. Among atopic diseases,
atopic dermatitis is a general term for diseases accompanied
with dermatitis symptoms.

[0091] As used herein, the term “SOCS3 gene” refers to
human SOCS3 gene identified in Examples and a gene
located in the same locus or a gene located in a homologous
locus in another organism. For example, in the present
invention, the SOCS3 gene includes an arbitrary allele in the
same locus as or homologous locus to that of the human
SOCS3 gene identified in Examples. Specifically, in the
present invention, the SOCS3 gene includes the human
SOCS3 gene identified in Examples, its polymorphic vari-
ants (including SNPs),mutants, splicing variants, and homo-
logues from other organisms. Since the expressional control
for these genes are presumed to be substantially identical or
similar to that of the human SOCS3 gene, tests for allergic
diseases according to the present invention can be carried
out by detecting their expression.

[0092] Specifically, in the present invention, the SOCS3
gene is substantially identical to an endogenous gene that
comprises the following nucleic acid. The endogenous gene
refers to an artificially unmodified gene contained in an
organism in nature, and a gene that comprises the same
nucleotide sequence is substantially identical to the endog-
enous gene. Further, herein, “gene” refers to a transcription
product or nucleic acid (e.g. DNA, RNA, etc.) encoding the
same.

[0093] (a) A nucleic acid that comprises a nucleotide

sequence selected from the nucleotide sequence of
SOCS3 gene.
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[0094] (b) A nucleic acid comprising a nucleotide
sequence of SOCS3 gene coding sequence, which
contains one or more nucleotide substitutions, dele-
tions, and/or insertions.

[0095] (c) A nucleic acid encoding at least 15 continu-
ous amino acids of the amino acid sequence of SOCS3
protein.

[0096] (d) A nucleic acid which encodes a protein
comprising the amino acid sequence of SOCS3 protein
containing one or more amino acid substitutions, dele-
tions, and/or insertions.

[0097] (¢) A nucleic acid which hybridizes under a
stringent condition to a nucleic acid containing at least
50 continuous nucleotides of SOCS3 gene but no
nucleotide sequence derived from any sequence other
than SOCS3 gene.

[0098] The nucleic acid according to (a) includes those
containing preferably at least 40, more preferably 60, 100,
200, 500, and 1,000 or more continuous nucleotides of the
nucleotide sequence of SOCS3 gene (more preferably its
coding region), and most preferably its whole length. Such
nucleic acids include polymorphic variants, mutants, and
splicing variants of the gene primarily within the same
species. Examples of the nucleic acid according to (a) are
those containing the nucleotide sequences of at least 30,
more preferably 35, 40, 45, and 50 or more continuous
nucleotides of the nucleotide sequence of SOCS3 gene.
Nucleotide sequence is preferably selected from the coding
region of SOCS3 gene, and any desirable numbers of
nucleotide sequences may be selected. In the case of select-
ing a plurality of nucleotide sequences, it is desirable to
select nucleic acids comprising the continuous nucleotide
sequences at 2 or more, preferably 3, 4, and 5 or more
different sites so that the nucleic acids do not overlap.

[0099] The nucleic acid according to (b) includes those
containing the nucleotide sequences of the coding region of
SOCS3 gene in which preferably 15% or less, more pref-
erably 10%, 8%; 5%, and 1% or less of the whole number
of its nucleotides are substituted, deleted, and/or inserted.
Such nucleic acids include counterpart genes of other close
relative species, polymorphic variants, mutants, and splicing
variants thereof. Such nucleic acids are those containing
nucleotide sequences having the sequence identity of pref-
erably 85% or more, more preferably 90%, 92%, 95%, and
99% or more to the coding region set forth in SEQ ID NO:
1.

[0100] Nucleic acid or amino acid sequence identity can
be determined using, for example, a BLAST program (Alts-
chul, S. F. et al., 1990, J. Mol. Biol. 215: 403-410). More
specifically, nucleotide sequence identity is determined
using the blastn program, while amino acid sequence iden-
tity using blastp program, and sequence identity search is
conducted, for example, using default parameters with all
filters containing Low complexity off at the BLAST website
of National Center for Biotechnology Information (NCBI)
(Altschul, S. F. et al. (1993) Nature Genet. 3: 266-272;
Madden, T. L. et al. (1996) Meth. Enzymol. 266: 131-141;
Altschul, S. F. et al. (1997) Nucleic Acids Res. 25: 3389-
3402; Zhang, J. & Madden, T. L. (1997) Genome Res. 7:
649-656). For example, using the blast2sequences program
(Tatiana, A. et al. (1999) FEMS Microbiol Lett. 174: 247-
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250) for comparing two sequences, the two sequences can be
aligned to determine the sequence identity. In this case, gaps
are similarly treated as mismatches to calculate the identity
value for the entire coding region of SOCS3 gene.

[0101] The nucleic acid according to (c) includes those
encoding preferably at least 20, more preferably 30, 50, 100,
300, and 500 or more continuous amino acids of the amino
acid sequence of SOCS3 protein, and most preferably its
whole length. Such nucleic acids include, similarly as in the
above-described (a), polymorphic variants, mutants, and
splicing variants of genes primarily within the same species
of organism. Furthermore, the nucleic acid according to (c)
includes those containing partial nucleotide sequences
encoding the amino acid sequence of at least 8, more
preferably 10, 15, 20, and 25 or more continuous amino
acids of the SOCS3 protein at 2 or more, preferably 3 or
more, more preferably 4 and 5 or more sites so that each
nucleic acids do not overlap.

[0102] The nucleic acid according to (d) includes those
encoding the amino acid sequence of SOCS3 protein in
which preferably 15% or less, more preferably 10%, 8%,
5%, and 1% or less of the whole number of its amino acid
residues are substituted, deleted, and/or inserted. These
nucleic acids may contain untranslated sequences. Such
nucleic acids include a counterpart gene of other close
relative species, polymorphic variants, mutants, and splicing
variants. Such nucleic acids are those encoding proteins
comprising amino acid sequences having the sequence iden-
tity of preferably 85% or more, more preferably 90%, 92%,
95%, and 99% or more to SOCS3 protein. Treating gaps
similarly as mismatches, the identity value relative to the
whole amino acid sequence of SOCS3 protein is calculated.
Amino acid sequence identity can be determined according
to the above-described method.

[0103] The nucleic acid according to (e) includes those
hybridizing to nucleic acids comprising preferably at least
80, more preferably 100, 120, and 200 or more continuous
nucleotides of SOCS3 gene (more preferably its coding
region), and substantially containing no other nucleotide
sequence than that of SOCS3 gene (more preferably its
coding region) under the stringent condition. Such nucleic
acids may be those hybridizing to probes that have been
prepared, for example, using the nucleic acid containing the
nucleotide, sequence of SOCS3 gene as a template, under
the stringent condition. Probes of 50 to several hundreds of
nucleotides long can be synthesized, for example, by the
DNA synthesis method, or by the random prime method,
nick translation method, and PCR method.

[0104] The stringent condition for the nucleic acid accord-
ing to (¢) is that hybridization is carried out in a hybridiza-
tion solution preferably containing NaCl in the range of
about 0.5 to about 0.9 M at 60° C., preferably at 62° C., more
preferably at 65° C., and then washing is performed at the
same temperature as for hybridization in 1xSSC, preferably
in 0.5xSSC, more preferably in 0.2xSSC, still more prefer-
ably in 0.1xSSC for 1 h. In this case, the temperature
conditions of hybridization and washing that greatly influ-
ence the stringency can be adjusted according to the melting
temperature (Tm) of the probe, which varies depending on
the ratio of constituent nucleotides of the probe to the base
pairs to which the probe hybridizes, the length of the probe,
and the composition (concentrations of salts and formamide)
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of a hybridization solution. Considering these conditions,
those skilled in the art can empirically set up the appropriate
condition to confer the equivalent stringency. As a hybrid-
ization solution, for example, 4xSSC, preferably
ExpressHyb™ Hybridization Solution (Clontech) or such,
may be used.

[0105] A method of testing for an allergic disease of the
present invention comprises the steps of measuring the
expression level of SOCS3 gene in a biological sample from
a test subject, and comparing the measured value to that of
the normal healthy subject. As a result of comparing both
values, when the expression level is enhanced compared to
that of the normal healthy subject, the test subject is judged
to be affected with an allergic disease. For the comparison of
expression levels, the standard value is usually set up based
on, for example, the expression level of the indicator gene in
the normal healthy subject. Based on this standard value, a
permissible range is set, for example, to be the standard
value+2 S.D. The method of setting up the standard value
and permissible range based on measured values of the
indicator gene is well-known in the art. When the expression
level of the indicator gene in a test subject is higher than the
permissible range, that subject is judged to be affected with
an allergic disease, while when the expression level is within
the permissible range, that subject is less likely to be affected
with the allergic disease. Herein, “indicator gene” means
SOCS3 gene that can serve as an indicator of allergic
diseases.

[0106] The indicator gene is not limited to SOCS3 gene
alone; it can be combined with other indicator genes for
allergic diseases. The testing accuracy can be increased by
measuring a combination of plural genes as the indicator
gene. Since patients with an allergic disease such as atopic
dermatitis form a heterogeneous population, a more accurate
diagnosis can be performed using a plurality of genes as the
indicator.

[0107] In this invention, expression levels of indicator
genes include levels of transcription of these genes to
mRNA and translation into proteins. Therefore, the method
of testing for an allergic disease of this invention is per-
formed comparing the strength of expression of mRNA
corresponding to the indicator genes, or the expression level
of proteins encoded by the indicator genes.

[0108] The expression level of the indicator genes in the
testing of allergic diseases of this invention can be measured
according to known genetic analysis methods. Specifically,
one can use, for example, a hybridization technique using
nucleic acids that hybridize to these genes as probes, or a
gene amplification technique using DNAs that hybridize to
the genes used in this invention as primers.

[0109] The probes or primers used for the testing of this
invention can be designed based on the nucleotide sequences
of the indicator genes. For example, the nucleotide sequence
of human SOCS3 gene is known as GenBank Acc. No.
AB006967. The nucleotide sequence of human SOCS3 gene
is shown in SEQ ID NO: 1, and the amino acid sequence
encoded by this nucleotide sequence is shown in SEQ ID
NO: 2.

[0110] In general, genes of higher animals are often
accompanied by polymorphism. Many molecules produce
isoforms comprising different amino acid sequences from
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each other during the splicing process. Any genes associated
with allergy and having a similar activity to that of the
indicator gene are included in the indicator gene of the
present invention, even though they carry mutation in the
nucleotide sequence due to polymorphism or isoform.

[0111] As a primer or probe, a polynucleotide comprising
the nucleotide sequence of the indicator gene or at least 15
nucleotides that are complementary to the complementary
strand of the polynucleotide, can be used. Herein, the term
“complementary strand” means one strand corresponding to
the other strand of a double stranded DNA composed of A:T
(U for RNA) and G:C base pairs. In addition, “complemen-
tary” means not only those completely complementary to a
region of at least 15 continuous nucleotides, but also having
a homology of at least 70%, preferably at least 80%, more
preferably 90%, and even more preferably 95% or higher.
The homology between nucleotide sequences can be deter-
mined by the algorithm, BLAST, etc.

[0112] Such polynucleotides are useful as a probe for
detecting the indicator gene, or as the primer to amplify the
indicator gene. When used as a primer, those polynucle-
otides comprises usually 15 bp to 100 bp, preferably 15 bp
to 35 bp of nucleotides. When used as a probe, DNAs
comprising the whole sequence of the indicator gene (or its
complementary strand), or its partial sequence that contains
at least 15-bp nucleotides. When used as a primer, its 3'
region must be complementary to the indicator gene, while
the 5' region can be linked to a restriction enzyme-recogni-
tion sequence or tag.

[0113] “Polynucleotides” used in the present invention
may be either DNA or RNA. These polynucleotides may be
either synthetic or naturally-occurring. Also, DNA used as a
probe for hybridization is usually labeled. Examples of
labeling methods are those as described below. Herein, the
term “oligonucleotide” means a polynucleotide with rela-
tively low degree of polymerization. Oligonucleotides are
included in polynucleotides. The labeling methods are as
follows:

[0114] nick translation labeling using DNA poly-
merase I;

[0115] end labeling using polynucleotide kinase;

[0116] fill-in end labeling using Klenow fragment

(Berger, S L, Kimmel, AR. (1987) Guide to Molecu-
lar Cloning Techniques, Method in Enzymology,
Academic Press; Hames, B D, Higgins, S J (1985)
Genes Probes: A Practical Approach. IRL Press;
Sambrook, J, Fritsch, E F, Maniatis, T. (1989)
Molecular Cloning: a Laboratory Manual, 2nd Edn.
Cold Spring Harbor Laboratory Press);

[0117] transcription labeling using RNApolymerase
(Melton, D A, Krieg, P A, Rebagkiati, M R, Mania-
tis, T, Zinn, K, Green, M R. (1984) Nucleic Acid
Res., 12, 7035-7056); and

[0118] non-isotopic labeling of DNA by incorporat-
ing modified nucleotides (Kricka, L J. (1992)
Nonisotopic DNA Probing Techniques. Academic
Press).

[0119] For testing for an allergic disease using hybridiza-
tion techniques, for example, Northern hybridization, dot
blot hybridization, or DNAmicroarray technique may be
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used. Furthermore, gene amplification techniques, such as
RT-PCR method may be used. By using the PCR amplifi-
cation monitoring method during the gene amplification step
in RT-PCR, one can achieve more precise quantitative
analysis for the gene expression of the present invention.

[0120] Inthe PCR gene amplification monitoring method,
the detection target (DNA or reverse transcript of RNA) is
hybridized to probes that are dual-labeled at both ends with
different fluorescent dyes whose fluorescences cancel each
other out. When the PCR proceeds and Taq polymerase
degrades the probe by its 5'-3' exonuclease activity, the two
fluorescent dyes become distant from each other and the
fluorescence can be detected. The fluorescence is detected in
real time. By simultaneously measuring a standard sample in
which the copy number of the target is known, it is possible
to determine the copy number of the target in a 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.

[0121] The method of testing for an allergic disease in the
present invention can also be carried out by detecting a
protein encoded by the indicator gene. Hereinafter, a protein
encoded by the indicator gene is referred to as the indicator
protein. For such test methods, for example, Western blot-
ting method, immunoprecipitation method, and ELISA
method may be employed using an antibody that binds to the
indicator protein.

[0122] Antibodies that bind to the indicator protein used in
the detection may be produced by techniques known to those
skilled in the art. The antibodies used in the present inven-
tion may be polyclonal or monoclonal (Milstein, C. et al.,
1983, Nature 305 (5934): 537-40). For example, polyclonal
antibodies against the indicator protein may be produced by
collecting blood from mammals sensitized with the antigen,
and separating serum from the blood using known methods.
As polyclonal antibodies, serum containing polyclonal anti-
bodies itself may be used. As the occasion demands, a
fraction containing polyclonal antibodies can be further
isolated from this serum. Also, monoclonal antibodies may
be obtained by isolating immune cells from mammals sen-
sitized with the antigen, fusing these cells with myeloma
cells, and such, cloning hybridomas thus obtained, and
collecting antibodies as monoclonal antibodies from the
culture of the hybridomas.

[0123] For detecting the indicator protein, these antibodies
may be appropriately labeled. Instead of labeling the anti-
bodies, a substance that specifically binds to the antibodies,
for example, protein A or protein G, may be labeled to
indirectly detect the indicator protein. One example of an
indirect detection method is ELISA.

[0124] Protein or its partial peptide used as an antigen may
be obtained, for example, by inserting the gene or its portion
into an expression vector, introducing the vector into an
appropriate host cell to produce a transformant, culturing the
transformant to express the recombinant protein, and puri-
fying the expressed recombinant protein from the culture or
the culture supernatant. Alternatively, amino acid sequences
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encoded by these genes, or oligopeptides comprising por-
tions of the amino acid sequence encoded by the full-length
c¢DNA are chemically synthesized to serve as the antigen.

[0125] Furthermore, in the present invention, a testing for
an allergic disease can be performed by detecting not only
the expression level of the indicator gene but also the
activity of the indicator protein in a biological sample as an
index. Activity of the indicator protein means a biological
activity intrinsic to each protein. The activity of the indicator
protein can be detected by known method.

[0126] Normally, in the testing method of this invention, a
biological sample from a subject is used as a test sample. A
biological sample such as peripheral blood T cells can be
used. The method for obtaining T cells from the peripheral
blood is well-known in the art. That is, PBMC can be
obtained by centrifuging diluted peripheral blood using
Ficoll. The testing method of the present invention can be
carried out by measuring the indicator gene or the indicator
protein in PBMC thus isolated as a sample. PBMC contains
lymphocytes and monocytes. As shown in Examples, among
these blood cells, the indicator gene is highly expressed in
T cells. Therefore, the presence of other cells than T cells
almost hardly affects the measurement result of the indicator
gene as well as the indicator protein. Alternatively, T cells
can be isolated by allowing them to be specifically adsorbed
by microbeads to which the anti-CD3 antibody has been
immobilized.

[0127] The intracellular mRNA of the indicator gene or
the indicator protein can be measured in disintegrated blood
cells. It is also possible to measure the indicator protein in
blood. For the preparation of T cell lysate and extraction of
mRNA, kits such as an RNeasy MiniT™ (Qiagen) and
ISOGEN™ (Nippon Gene) on the market may be conve-
niently used.

[0128] The measured value of expression level of the
indicator gene in T cells can be corrected by known meth-
ods. The changes in the gene expression level in cells can be
compared using the corrected values. The measured value of
the expression level of the genes that are to be used as
indicators in the present invention is corrected based on the
measured value of the expression level of the genes (house-
keeping genes) that are expressed in T cells and do not
largely fluctuate in their expression levels regardless of the
condition of the cell. Examples of such genes are p-actin
gene and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) gene.

[0129] The indicator gene used in the present invention is
expressed at a high levelin T cells from patients with atopic
dermatitis compared to that in normal healthy subjects.
Therefore, the testing for an allergic disease such as atopic
dermatitis can be performed using the expression level of
this indicator gene as a marker.

[0130] The testing for an allergic disease according to the
present invention includes, for example, those as described
below. Even a patient who cannot be judged as having an
allergic disease by the ordinary testing in spite of showing
symptoms of atopic dermatitis can be easily judged as an
allergic disease patient by the testing of this invention. More
specifically, the elevation of the indicator gene expression in
patients with symptoms suspect of an allergic disease indi-
cates that the symptoms would probably be those of an
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allergic disease. There are two types of dermatitis symp-
toms, one type being caused by an allergic reaction, but the
other type not. Since the treatment methods for these two
types are entirely different, diagnosis as to what is the cause
of the dermatitis symptom is a very important step in the
treatment. The testing method of this invention can provide
extremely important information for identifying the cause of
dermatitis.

[0131] In addition, the testing method enables to judge
whether allergic symptoms are getting ameliorated or not.
The expression level of the indicator gene of this invention
increases in T cells of patients with an allergic disease. T
cells are the cells playing a central role in immune response.
Therefore, a gene whose expression level is enhanced in T
cells that regulate immune response is useful as an indicator
for treatment effectiveness. More specifically, the increased
expression level of the indicator gene in patients diagnosed
as having an allergic disease indicates that the allergic
symptoms would be in progress.

[0132] The present invention also relates to the use of a
transgenic nonhuman animal, in which the expression level
of the indicator gene SOCS3 or a gene functionally equiva-
lent thereto is elevated in T cells, as an allergic disease
model animal. The allergic disease model animal is useful in
clarifying changes in vivo in allergy. Furthermore, the
allergic disease model animal of this invention is useful in
the assessment of therapeutic agents for an allergic disease.

[0133] The present invention demonstrated the elevated
expression level of the indicator gene in T cells. Therefore,
animals in which the expression level of SOCS3 gene or a
gene functionally equivalent thereto is artificially elevated in
T cells can be utilized as the allergic disease model animal.
Herein, transgenic animals refer to animals genetically
modified by insertion, substitution, and/or deletion of one or
more nucleotides in their genomic DNAs. This allergic
disease model animal is useful in clarifying changes in vivo
in allergy. Furthermore, the allergic disease model animal of
this invention is useful in assessing and screening for
therapeutic agents for an allergic disease. In this case, the
increased expression level in T cells includes the increased
expression level of the indicator gene in the whole blood
cells. That is, the expression level elevation of the indicator
gene includes that in not only T cells but also blood cells as
a whole or the whole body.

[0134] Genes functionally equivalent to the SOCS3 gene
used in the present invention refer to those encoding proteins
having the activity equivalent to that of the protein (indicator
protein) encoded by the indicator gene SOCS3. Such genes
include artificial variants of human SOCS3 gene or its
counterparts from other organisms. For example, in the case
of inserting a gene into an expression vector, deletion of
nucleotides corresponding to several amino acid residues at
the N- or C-terminus, and addition of nucleotides corre-
sponding to a tag peptide sequence or other amino acid
sequence derived from the expression vector are frequently
performed. The resulting proteins are different in the amino
acid sequence from the endogenous protein in natural cells,
but their activities are substantially equivalent to that of the
endogenous protein. Herein, genes encoding such proteins
are referred to as genes functionally equivalent to the
endogenous gene.

[0135] One example of the activities of the indicator
protein used in this invention is inhibition the Janus kinase
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(JAK). For example, a gene encoding the human SOCS3
protein in which one or more amino acids are deleted,
inserted, and/or substituted and which maintains the JAK
inhibition activity, can be used to prepare the transgenic
model animal of this invention. Such modified proteins
should have a homology of, for example, 90% or more,
preferably 95% or more and, still more preferably 99% or
more to the amino acid sequence of the human SOCS3
protein. Furthermore, genes which comprises nucleotide
sequences hybridizing to DNAs containing the nucleotide
sequence of SOCS3 gene under stringent conditions, and
encode proteins having the activity to inhibit JAK, can also
be used as genes functionally equivalent to SOCS3 gene.

[0136] Alternatively, genes encoding proteins having a
homology of, for example, 90% or more, preferably 95% or
more, and more preferably 99% or more to the amino acid
sequence of the human SOCS3 protein are included in the
genes functionally equivalent to SOCS3 gene. Genes which
can be amplified using oligonucleotides comprising the
nucleotide sequences set forth in SEQ ID NOs: 1 and 2 used
in Examples as the primers, and shows increased expression
in T cells, are also functionally equivalent genes.

[0137] The model animal of this invention can be used as
a model for an allergic disease, for example, in a method
comprising the steps of: (a) detecting a phenotype of the
model animal, and (b) correlating the difference of the
phenotype of said model animal from the corresponding
phenotype of a control animal, whose expression level of the
indicator gene in T cells is lower compared to that of said
model animal, with an allergic disease. Examples of the
control animals include non-transgenic animal having the
same genetic background as that of said model animal and
a transgenic animal in which an empty vector has been
introduced. The phenotype may be any desired phenotypes
including allergic symptoms such as dermatitis, rhinitis, and
asthma, or the activation of immunocytes or changes in gene
expression.

[0138] In the present invention, it is highly significant to
assess roles of the indicator gene SOCS3 and effects of drugs
targeting this gene using transgenic animals in which the
expression level of the indicator gene is elevated in T cells,
as the allergic disecase model animal. Furthermore, the
allergic disease model animals according to the present
invention are useful not only in screening for pharmaceutical
agents for the treatment or prophylaxis of an allergic disease
as described below but also in elucidating the mechanism of
allergic diseases, and, furthermore, testing the safety of
screened compounds. For example, if the allergic disease
model animals according to this invention either develop
clinical manifestations of atopic dermatitis or allergic
asthma, or show changes in measured values associated with
any allergic diseases, it is possible to construct a system for
screening for compounds that can cure the allergic condi-
tions.

[0139] Herein, the elevation of the expression level refers
to any of the states that: a target gene introduced as an
exogenous gene is allowed to be expressed; transcription of
a gene inherent in the host and/or its translation into protein
arefis increased; and, decomposition of the protein that is a
translation product is suppressed. The gene expression level
can be confirmed by, for example, quantitative PCR as
described in Examples. Furthermore, the expression level or
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activity of the translation product protein can be confirmed
by comparing it with that in a normal state.

[0140] A typical transgenic animal is an animal which has
been trasfected with a gene of interest and allowed to
express it. In another type of transgenic animals, for
example, the half-life of mMRNA may be extended by remov-
ing a sequence that renders RNA unstable, from the untrans-
lated region (UTR) of mRNA. Furthermore, in another type
of transgenic animals, a mutation is introduced into the
coding region of the indicator gene to increase its activity or
modify the amino acid sequence of the gene product protein
so as to be hardly decomposed. Examples of mutation in the
amino acid sequence are substitution, deletion, insertion, or
addition of amino acid residues. In addition, mutation in the
transcriptional regulatory region of the indicator gene also
enables to enhance the expression of the gene.

[0141] Methods for obtaining transgenic animals targeting
a specific gene are well-known in the art. That is, a trans-
genic animal can be obtained by a method where the gene
and ovum are mixed and treated with calcium phosphate; a
method where the gene is directly introduced into pronuclei
of oocyte under a phase contrast microscope using a
micropipette (microinjection method, U.S. Pat. No. 4,873,
191); a method where the gene is introduced into embryonic
stem cells (ES cells), etc. Furthermore, other methods
include a method where ovum is infected with a gene-
inserted retroviral vector and a sperm vector method where
a gene is introduced into ovum mediated by sperm. The
sperm vector method is a gene recombination technique for
introducing an exogenous gene and performed by allowing
an exogenous gene to adhere to a sperm or to be incorpo-
rated in a sperm by the electroporation method or such and
fertilizing ovum with the sperm (M. Lavitranoet, et al., Cell,
57,717, 1989).

[0142] Transgenic animals used as the allergic discase
model animal of the present invention can be produced using
all the vertebrates except for humans. More specifically,
transgenic animals in which various genes have been intro-
duced and their expression levels are modified are produced
using vertebrates such as mice, rats, rabbits, miniature pigs,
goats, sheep, monkeys, and cattle.

[0143] Furthermore, the present invention relates to a
method of screening for a therapeutic agent for an allergic
disease. In this invention, the expression level of the indi-
cator gene significantly increases in T cells of allergic
disease patients. Therefore, it is possible to obtain a thera-
peutic agent for an allergic disease by selecting a compound
capable of reducing the expression level of the gene. Com-
pounds that reduce the expression level of the gene inhibit
any steps of transcription or translation of the gene or
activity expression of a protein.

[0144] The method of screening for a therapeutic agent for
an allergic disease of this invention can be carried out either
in vivo or in vitro. This screening method can be carried out,
for example, according to the steps as described below. The
indicator gene in the screening method of this invention
includes, in addition to the SOCS3 gene, any genes func-
tionally equivalent thereto. The steps of the screening
method comprise:
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[0145] (1) administering a candidate compound to a
test animal;

[0146] (2) measuring the expression level of an indi-
cator gene in a biological sample from the test
animal; and

[0147] (3) sclecting a compound that reduces the
expression level of the indicator gene, compared to
a control in which the candidate compound has not
been administered.

[0148] As a test animal in the screening method of the
present invention, for example, an allergic disease model
animal may be used. Such a model animal is well-known in
the art. For example, as a model closely resembling human
atopic dermatitis, a spontaneous dermatitis model using
NC/Nga mouse has been reported. Administration of the
mite antigen (5 pg/ear) into the auricle of this mouse 8§ times
in total at 2 to 3 days intervals enables the induction of
symptoms that closely resemble human atopic dermatitis
after two weeks. The screening according to this invention
can be conducted by administering a candidate compound to
this system and monitoring changes in the expression level
of the indicator gene of this invention.

[0149] Thus, effects of the drug candidate compound on
the expression level of the indicator gene can be detected by
administering a drug candidate compound to a test animal,
and monitoring the action of the compound toward the
expression of the indicator gene in a biological sample from
the test animal. Changes in the expression level of the
indicator gene in biological samples from test animals can
be monitored by a method similar to above-described testing
method of this invention. Furthermore, based on the detec-
tion results, drug candidate compounds can be screened by
selecting compounds that reduce the expression level of the
indicator gene.

[0150] More specifically, the screening according to the
present invention can be carried out by comparing the
expression level of the indicator gene in a biological sample
collected from a test animal to that in a control in which the
candidate compound has not been administered. Examples
of the biological sample include whole blood, PBMC, and T
cells. Methods for collecting and preparing these biological
samples are known.

[0151] These screening methods enable selection of drugs
involved in the indicator gene expression in various ways.
More specifically, for example, drug candidate compounds
having the following actions can be found:

[0152] reduce the transcriptional activity of the indi-
cator gene,

[0153] reduce the translation level from the transcript
of the indicator gene;

[0154] inhibit the activity of translation product of
the indicator gene; and

[0155] reduce the stability of the transcript of the
indicator gene or accelerate its decomposition.

[0156] The above-described screening method of the
present invention also includes a method comprising the step
of stimulating test animals with an allergen before and/or
after the administration of a candidate compound. When the
allergen stimulation is performed prior to the administration
of a candidate compound, it is possible to detect the action
of a candidate compound that inhibits immune response
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occurring after the allergen stimulation. Compounds obtain-
able by this screening method are expected to have thera-
peutic effects on an allergic disease. When allergen stimu-
lation is conducted after the candidate compound
administration, it is possible to detect the activity of a
candidate compound that suppresses initiation of immune
response occurring by the allergen stimulation. Compounds
obtainable by this screening method are expected to have
prophylactic effects on an allergic disease. An allergen
usable in the screening method of this invention includes
allergenic substances known in the art. More specifically,
mite, house dust, plant pollen, proteins derived from diverse
foods, etc. are well-known in the art as the allergenic
substances. These allergens may be derived from the nature
or synthesized by a gene recombination technique and the
like method. Furthermore, allergens may be protein frag-
ments. Methods for preparing a purified allergen are also
well-known in the art.

[0157] Examples of in vitro screening include a method in
which cells expressing the indicator gene are contacted with
a candidate compound to select a compound that reduces the
expression level of the indicator gene. This screening may
be carried out, for example, according to the steps of:

[0158] (1) contacting a candidate compound with
cells expressing an indicator gene;

[0159] (2) measuring the expression level of the
indicator gene; and

[0160] (3) sclecting a compound that reduces the
expression level of the indicator gene, compared to
a control in which the candidate compound has not
been contacted.

[0161] In the present invention, cells expressing the indi-
cator gene can be obtained by inserting the indicator gene to
an appropriate expression vector, and introducing the vector
into a suitable host cell. Any vectors and host cells may be
used as long as they are able to express the gene of this
invention. Examples of host cells in the host-vector system
include Escherichia coli, yeast, insect cells, and animal
cells, and vectors usable for respective host cells can be
appropriately selected.

[0162] The vectors may be introduced into the host by a
biological method, physical method, chemical method, ete.
Examples of the biological method are a method using virus
vectors, a method using a specific receptor, cell-fusion
method (HVJ (Sendai virus) method, polyethylene glycol
(PEG) method, electric cell fusion method, microcell-medi-
ated chromosome transfer). Examples of the physical
method are a microinjection method, electroporation
method, and a method using the gene particle gun (gene
gun). Examples of the chemical method are a calcium
phosphate precipitation method, liposome method, DEAE-
dextran method, protoplast method, erythrocyte ghost
method, erythrocyte membrane ghost method, and micro-
capsule method.

[0163] As cells expressing the indicator gene, for example,
established T cell line Molt4 and human acute leukemia T
cell line Jurkat (ATCC Number TIB-152), are preferable for
the screening method of the present invention. These cells
are commercially available from ATCC.

[0164] In the screening method of this invention, first a
candidate compound is added to the cell strain. Then, the
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expression level of the indicator gene in the cell strain is
measured to select a compound that reduces the expression
level of the gene.

[0165] In the screening method of this invention, the
expression level of the indicator gene can be compared not
only based on the expression level of protein encoded by the
gene but also based on the corresponding mRNA detected.
For comparing the expression levels using mRNA, a mRNA
sample is prepared as described above in place of the
preparation of a protein sample. Detection of mRNA and
protein can be performed by known methods as described
above.

[0166] Furthermore, based on the disclosure of this inven-
tion, it is possible to obtain the transcriptional regulatory
region for the indicator gene of this invention and construct
a reporter assay system. Reporter assay system means a
system for screening for a transcriptional regulatory factor
that acts on the transcriptional regulatory region using the
expression level of a reporter gene located downstream of
the transcriptional regulatory region as an index.

[0167] That is, this invention relates to a method of
screening for a therapeutic agent for an allergic discase, the
method comprising the steps of:

[0168] (1) contacting a candidate compound with cells
transfected with a vector containing a transcription
regulatory region of an indicator gene and a reporter
gene that is expressed under the control of the tran-
scription regulatory region,

[0169] (2) measuring the activity of the reporter gene,
and
[0170] (3)selecting a compound that lowers the reporter

gene expression level, compared 1o a control in which
the candidate compound has not been contacted,

[0171] wherein the indicator gene is the SOCS3 gene or a
gene functionally equivalent thereto.

[0172] Examples of the transcription regulatory region are
promoters, enhancers, and furthermore, CAAT box and
TATA box, which are normally seen in the promoter region.
Examples of the reporter genes include chloramphenicol
acetyltransferase (CAT) gene, luciferase gene, and growth
hormone genes.

[0173] With respect to the transcriptional regulatory
region of the mouse and rat SOCS3 genes, it has been
reported that transcription is induced by growth hormone
and IL-6, and STAT-1/STAT-3 binding sequence as well as
characteristic cis element exist in the transcriptional regu-
latory region (Proc Natl Acad Sci USA Jun. 8, 1999; 96(12):
6964-9, Autoregulation of pituitary corticotroph SOCS-3
expression: characterization of the murine SOCS-3 pro-
moter. Auernhammer C J, Bousquet C, Melmed S.; Eur J
Biochem October 2000; 267(19): 5849-57, Regulation of
expression of the rat SOCS-3 gene in hepatocytes by growth
hormone, interleukin-6 and glucocorticoids mRNA analysis
and promoter characterization. Paul C, Seiliez I, Thissen J P,
Le Cam A.; J Biol Chem Jan. 18, 2002; 277(3): 2345-52,
Regulation of Socs gene expression by the proto-oncopro-
tein GFI-1B: two routes for STATS5 target gene induction by
erythropoietin. Jegalian A G, Wu H.). Similar experiments
may also be conducted in humans. That is, an assay system
for measuring the expression level of SOCS3 can be con-
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structed by linking a reporter gene such as luciferase and
CAT genes downstream of the transcriptional regulatory
region of SOCS3.

[0174] For example, the transcription regulatory region
used in the screening of this invention can be obtained as
follows. That is, first, a human genome DNA library such as
BAC library and YAC library is screened for the nucleotide
sequences of the indicator genes disclosed in this invention
by PCR or hybridization to obtain a genomic DNA clone
containing the cDNA sequence. Based on the obtained
genomic DNA sequence, the transcription regulatory region
of ¢cDNA disclosed in this invention is estimated, and the
transcription regulatory region is obtained. A reporter con-
struct is constructed by cloning the obtained transcription
regulatory region so that it is positioned upstream of the
reporter gene. The obtained reporter construct is used to
transfect a cultured cell strain to obtain a transformant for
screening. By contacting the candidate compounds with this
transformant, compounds that regulate the expression of
reporter genes can be screened.

[0175] Furthermore, cells containing a reporter gene
linked so as to function under the control of the transcrip-
tional regulatory region of the indicator gene may be cells of
so-called knockin animal. Knockin animal refers to a trans-
genic animal in which an exogenous gene has been inserted
into the protein coding region of the endogenous target gene.
Since this knocked-in exogenous gene is inserted down-
stream of the transcriptional regulatory region of the target
gene, it is expressed under a similar expression control to
that for the endogenous target gene. It is possible to carry out
the screening using the knockin animal or cells obtained
from it using the reporter gene as a knockin gene. A
screening method using a knockin animal comprises the
steps of: (a) administering a candidate compound to an
animal in which a reporter gene has been knocked-in to the
indicator gene site, (b) measuring the expression level of the
reporter gene, and (c) selecting a compound capable of
reducing the expression level of the reporter gene compared
to a control in which the candidate compound has not been
administered. For example, the expression level of the
reporter gene in leukocytes, more preferably in T cells of the
knockin animal to which a candidate compound is admin-
istered or not administered, are measured to select a com-
pound capable of reducing the expression level. Further-
more, a screening method using cells from the knockin
animal comprises the steps of: (a) contacting a candidate
compound with cells from an animal in which a reporter
gene has been knocked-in to the indicator gene site, (b)
measuring the expression level of the reporter gene, and (c)
selecting a compound capable of reducing the expression
level of the reporter gene compared to that in a control in
which the candidate compound has not been contacted. For
example, the expression level of the reporter gene in leu-
kocytes, more preferably in T cells obtained from a knockin
animal are measured in the presence or absence of a candi-
date compound to select a compound capable of reducing
the expression level. These screenings are included in the
screening method of the present invention. In the screening
using an individual animal in particular, it is preferable to
perform the screening using a knockin heterozygote in
which one allele is left intact so as to express the indicator
gene, while the reporter gene has been knocked in the other
allele, to avoid the complete deletion of the function intrinsic
to the indicator gene.
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[0176] As an SOCS3 expression inhibitor, for example, a
dominant negative mutant may be used. More specifically,
the SOCS3 gene having a point mutation in the N-terminal
kinase inhibitory region (KIR) has been well known to
function as a dominant negative mutant to inhibit the SOCS3
expression.

[0177] An in vitro screening method according to the
present invention can be performed based on the activity of
the indicator protein. That is, the present invention relates to
a method of screening for therapeutic agents for an allergic
disease, the method comprising the steps of:

[0178] (1) contacting a candidate compound with a
protein encoded by an indicator gene,

[0179] (2) measuring the activity of said protein, and

[0180] (3)selecting a compound capable of reducing
the activity of said protein compared to a control in
which said candidate compound has not been con-
tacted with said protein,

[0181] wherein the indicator gene is either SOCS3 or a
gene functionally equivalent thereto.

[0182] Herein, genes functionally equivalent to the indi-
cator gene include endogenous SOCS3 gene that has been
artificially modified as described above.

[0183] Such screening can be conducted, for example, by
allowing host cells to exogenously express the indicator
gene and measuring the activity of the indicator protein. In
this case, the indicator gene may be inserted into an expres-
sion vector, and the resulting recombinant vector is intro-
duced into appropriate hosts such as mammalian cells. The
vectors can be introduced into the host by, for example,
biological, physical, or chemical methods. Examples of the
biological method, are a method using viral vectors, a
method using a specific receptor, and cell fusion method (via
HVJ (Sendai virus), polyethylene glycol (PEG) method,
clectric cell fusion method, and microcell-mediated chro-
mosome transfer). Examples of the physical method are a
microinjection method, electroporation method, and a
method using the gene particle gun (gene gun). Examples of
the chemical method are a calcium phosphate precipitation
method, liposome method, DEAE-dextran method, proto-
plast method, red cell ghost method, red cell membrane
ghost method, and microcapsule method.

[0184] The indicator protein SOCS3 used in this invention
has been reported to negatively regulate the action of
anti-inflammatory cytokine such as IL-10 (Yasukawa, H.,
Sasaki, A. and Yoshimura, A. 2000. Negative regulation of
cytokine signaling pathway. Annu. Rev. Immunol. 18: 143-
164). In addition, SOCS3 has a function to induce the
differentiation of T cells into Th2.

[0185] Furthermore, SOCS3 has the activity to inhibit the
signaling from a receptor by binding to the receptor itself or
its downstream factor, Janus family of protein tyrosine
kinase protein (JAK). Therefore, the inhibition activity of
SOCS3 protein can be measured by using the binding of
SOCS3 to its receptor or the JAK protein as an indicator.
Furthermore, in the JAK and STAT systems, the SOCS3
activity can be measured using the kinase activity of a kinase
JAK or the transcription activity of a transcription factor
STAT as the indicator.
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[0186] For example, JAK2 and STAT4 act at the down-
stream of the IL-12 receptor that is important for the Thl
differentiation. SOCS3 binds to JAK2 to inhibit its kinase
activity (Sasaki, A., Yasukawa, H., Suzuki, A., Kamizono,
S., Syoda, T., Kinjyo, I., Sasaki, M., Johnston, J. A,
Yoshimura, A., Genes Cells 1999 Jun 4(6): 339-51, Cytok-
ine-inducible SH2 protein-3 (CIS3/SOCS3) inhibits Janus
tyrosine kinase by binding through the N-terminal kinase
inhibitory region as well as SH2 domain). Therefore, the
SOCS3 activity can be assessed by measuring the binding of
SOCS3 to JAK2 or the kinase activity of JAK2. Further-
more, inhibition of JAK?2 activity results in inhibition of the
transcription activity of STAT4. The transcription activity of
STAT4 can be easily measured in a reporter assay system
using the STAT4-responsive element as a promoter. Thus,
using the above-described method, the SOCS3 activity to
inhibit the signaling downstream of IL-12 can be measured.

[0187] With these activities as the indicators, it is possible
to screen for compounds having the activity to inhibit these
respective activities. Compounds thus obtained inhibit the
SOCS3 activity, leading to the regulation of allergic immune
response through the inhibition of the indicator protein
whose expression in T cells has been induced.

[0188] Candidate test compounds used in this screening
include compound preparations synthesized by existing
chemical methods such as steroid derivatives, compound
preparations synthesized by combinatorial chemistry, mix-
tures of multiple compounds such as extracts from animal or
plant tissues or microbial cultures, and their purified prepa-
rations, etc.

[0189] The polynucleotide, antibody, cell strain, or model
animal necessary for various screening methods according
to this invention can be previously combined into a kit. More
specifically, for example, a kit may be composed of a cell
expressing the indicator gene and a reagent to measure the
expression level of the indicator gene. The reagent for
measuring the expression level of the indicator gene
includes, for example, a polynucleotide containing the
nucleotide sequence of at least one indicator gene, or at least
15-nucleotide-long oligonucleotides containing a nucleotide
sequence complementary to the complementary strand of the
indicator gene sequence. Alternatively, the reagent may be
an antibody that recognizes a peptide containing the amino
acid sequence of at least one indicator protein. These kits
may also include a substrate compound used for the detec-
tion of the indicator, medium and vessels for cell culturing,
positive and negative standard samples, and furthermore, a
manual describing how to use the Kkit.

[0190] Compounds selected by the screening method of
the present invention are useful as a therapeutic agent for an
allergic disease. Alternatively, antisense DNA capable of
inhibiting the expression of the indicator gene in this inven-
tion is useful for this purpose. Such antisense DNAs are
those comprising sequences complementary to the
sequences containing preferably at least 20, more preferably
25, 30, 40, 50, and 100 or more continuous nucleotides of
the sense strand of the indicator gene of this invention. The
antisense region may be antisense to any region of tran-
scripts (any transcripts before and after the processing,
including the intermediary product) of the indicator gene.
One example of such region is that containing the translation
initiation codon. Furthermore, an antibody binding to the
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protein encoded by the indicator gene used in the present
invention is useful as a therapeutic agent for an allergic
discase. One preferable example of the antibody useful as a
therapeutic agent in this invention is the one binding to the
JAK-interacting domain of the protein. The therapeutic
agent foran allergic disease according to the present inven-
tion contains a compound selected by the screening method,
the antisense DNA, or the antibody as at least one main
ingredient, and can be prepared by mixing the ingredient
with a physiologically acceptable carrier, excipient, diluent,
or the like. The therapeutic agent for an allergic disease
according to this invention can be administered orally or
parenterally to ameliorate allergic symptoms.

[0191] For an oral drug, the dosage form can be selected
from among granules, powder, tablets, capsules, solution,
emulsion, suspension, etc. Examples of injections are sub-
cutaneous, intramuscular, and peritoneal injections.

[0192] Furthermore, in the case where a compound to be
administered comprises a protein, the therapeutic effect can
be achieved by introducing a gene encoding the protein into
the living body using a gene therapy technique. A technique
for treating a disease by introducing a gene encoding a
protein that has a therapeutic effect into the living body to
express the protein is well-known in the art.

[0193] Alternatively, an antisense RNA expression vector
containing the antisense DNA downstream of an appropriate
promoter sequence can be administered. When this expres-
sion vector is introduced into T cells of an allergic disease
patient, the therapeutic effect on allergic disease can be
achieved by reducing the expression level of the gene
through the expression of the corresponding antisense gene.
The expression vector can be introduced into T cells by
either known in vivo or ex vivo methods.

[0194] 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 the active ingredient contained in the pharmaceutical
composition, etc., the active ingredient can be usually
administered in the range of 0.1 mg to 500 mg, preferably
0.5 mg to 20 mg per dose for an adult. However, since the
dosage varies according to various conditions, an amount
less than the above-described dosage may be sufficient in
some cases, and the dosage exceeding the above-described
range may be required in other cases. Any prior art litera-
tures cited herein are incorporated by reference.

[0195] The present invention provided SOCS3 gene
whose expression level significantly increases in T cells of
atopic dermatitis patients. Using the indicator gene of this
invention, it became possible to test for an allergic disease
and screen for for a therapeutic agent for the disease.

[0196] Expression levels of the allergic disease-associated
gene provided by the present invention can be easily
detected regardless of the types of allergens. Therefore,
pathological conditions of allergic diseases can be compre-
hensively understood.

[0197] In addition, using peripheral blood mononuclear
cells as a sample, the expression level of the gene can be
analyzed in a much less invasive manner to patients accord-
ing to the method of testing for an allergic disease of the
present invention. Furthermore, the gene expression analysis
method of the present invention, in contrast to protein
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measurements such as ECP, enables highly sensitive mea-
surement with a trace sample. 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, the diagnostic value of the
gene associated with pathological conditions is high.

[0198] The present invention will be explained in more
detail below with reference to examples, but is not to be
construed as being limited thereto.

[0199] Any patents, patent applications, and publications
cited herein are incorporated by reference.

EXAMPLE 1

Collection of Blood Samples from Patients and
Normal Healthy Subjects

[0200] 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 from 10 normal healthy subjects, 7 patients
with light atopic dermatitis, 10 patients with moderate atopic
dermatitis, and 12 patients with severe atopic dermatitis.

EXAMPLE 2

Preparation of Lymphocyte Fractions from Blood
Samples

[0201] T-cells were prepared from a 10 ml blood sample
as follows. First, 1 ml of heparin (products of Novo or other
manufacturers) was thoroughly spread over the 10 ml-
syringe wall surface, and then 10 ml of a blood sample
containing a final concentration 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 cen-
trifuge tube (made of polypropylene). The tube was centri-
fuged at 1500 rpm for 5 min at room temperature and then
a 1.1 ml portion 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 allowed to
stand for 30 min at room temperature.

[0202] Platelet rich plasma (PRP) was transferred to a new
15 ml centrifuge tube and centrifuged at 1200 rpm (equiva-
lent to 150xg for 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 (GTBCO or other manufacturers).
The cell suspension was layered on the top of a 5 ml Ficoll
Paque (Pharmacia)-containing Falcon tube (2006 or 2059,
made of polypropylene) with a capillary pipette. Centrifu-
gation was performed at 1200 rpm for 5 min, and at 1500
rpm (equivalent to 400xg for Tomy centrifuge) for 30 min
at room temperature. As a result, granulocytes and erythro-
cytes were precipitated, and lymphocytes, monocytes, and
platelets were included in the middle layer, where the Ficoll
layer is interposed between the precipitate and the middle
layer.
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[0203] 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 of BSA/PBS, and a portion of the
supernatant was diluted two-fold with trypan blue to count
the cell number. The total cell number was about 1x10, and
the suspension was used as lymphocyte fraction.

EXAMPLE 3

T-Cell Separation from Lymphocyte Fraction

[0204] The lymphocyte fraction obtained in Example 2
was centrifuged at 1200 rpm for 5 min at 4° C., and the
precipitate was resuspended in BSA/PBS at 10 cells/100 zl.
The volume was approximately 20 ul. 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 then treated using a magnetic cell sorter (MACS,
Miltenyi Biotech Inc.) by the following procedure.

[0205] An MS*/RS* column was set on Mini MACS or
Vario MACS separation unit (without needles). BSA/PBS
(500 ul) was gently applied onto the column, and the buffer
was allowed to flow through the column. Then CD3 micro-
bead-labeled cells were applied onto the column. The col-
umn was washed three times with 500 ul BSA/PBS (B-cell
fraction). The column was detached from the separation unit
and set onto a tube to collect the eluate. BSA/PBS (1 ml) 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.

[0206] 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 of BSA/PBS, and a portion of the
suspension was diluted two-fold with trypan blue to count
the cell number. The total cell number was approximately
4x10°.

EXAMPLE 4

Total RNA Preparation from T-Cells

[0207] Total RNA was prepared from T-cells using RNe-
asy Mini (Qiagen) basically following the manufacturers’
instruction. All manipulations were carried out at room
temperature, with the manipulator wearing gloves. Four-fold
volume of ethanol was added to the wash buffer RPE. To the
lysis buffer RLT, 10 ul/ml of 2-mercaptoethanol was added.

[0208] 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 ul of lysis
buffer RLT (containing 2-mercaptoethanol). At this step, the
cell lysate in the lysis buffer RLT was preservable at =70° C.
The frozen stored cell lysate was thawn 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 ul of the lysate was
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applied onto QIA shredder with a Pipetman, and centrifuged
at 1500 rpm for 2 min to collect the eluate. A 350 ul portion
of 70% ecthanol was added thereto and mixed well by
pipetting.

[0209] 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 8000xg (11500 rpm)
for 1 min, and the flow through was discarded. Then 700 ul
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 ul of wash buffer RW1 was applied onto the
column, centrifuged at 11500 rpm for 15 seconds, and the
flow through was discarded. Wash buffer RPE (500 ul) was
applied onto the column, and centrifuged at a full speed for
2 min. The column was attached to a new tube (1.5 ml), 30
4l of DEPC treated water was applied thereonto, 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 ul of DEPC treated water was applied
thereonto. 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

[0210] 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 contain-
ing 2 units of DNase (Nippon Gene) and 50 units of RNase
inhibitor (Pharmacia) in 100 #1 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), then 2.5 volumes of 100% ethanol and 1 ul
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 ul of DDW (DNase and RNase
free) The concentration was measured, and the sample was
stored at -80° C. until use.

EXAMPLE 6

Quantification of Expression Amounts using
ABI-7700

[0211] A part of the total RNA samples prepared from T
cells were used for RT-PCR for quantifying the gene expres-
sion level by TagMan method with ABI-PRISM 7700. The
TagMan method is a system for real-time detection and
quantification of PCR-amplified DNA strands using fluores-
cence dyes.
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[0212] In this method, a primer set prepared based on each
SOCS gene nucleotide sequence was used (Table 1). Fur-
thermore, the TagMan probe was used after labeled with
6-carboxy-fluorescein (FAM) and 6-carboxy-N,N,N',N'-tet-
ramethylrhodamine (TAMRA) at 5'-end and 3'-end, respec-
tively. Nucleotide sequences of the used primer sets and
TagMan probe are shown below.

CIS1l primers

AF025947-f:

ACCTGCAGAAGATGCCAGAAG (SEQ ID NO: 3)
AF025947-r:

TCGGCATACTCAATGCGTACA (SEQ ID NO: 4)

CISl probe
AF025947p:
TGTTCACGCTGTCAGTGAAAACCACTCG (SEQ ID NO: 5)

S0CS1 primers

U88326-f:
AGACCCCTTCTCACCTCTTGAG (SEQ ID NO: €)
Ug8326-r:
AGAGGTAGGAGGTGCGAGTTCA (SEQ ID NO: 7)

SOCS1 probe
U88326p:
TCCCGCIGGTTGTTGTAGCAGCTTAACT (SEQ ID NO: §)

S0CS3 primers

AB006967-f:
CTTCAGCATCTCTGTCGGARGA (SEQ ID NO: 9)
AB006967-r:
ATCGTACTGGTCCAGGAACTCC (SEQ ID NO: 10)

S0GS3 probe
AB006967p:
AACGGCCACCTGGACTCCTATGAGAAAG (SEQ ID NO: 11)

80C85 primers

AF073958-f:
GGCAGAAGCAGCGTCAGATAT (SEQ ID NO: 12)
AF(073958-r:
TGTGTGTGGACTTTCCAAGCT (SEQ ID NO: 13)

S0CS5 probe
AF073958p:
TGGAGACAGCCATACCCATGTTAGCAGA

(SEQ ID NO: 14)
[0213] The composition of reaction solution for monitor-
ing PCR amplification is shown in Table 1. For the standard
copy number of each gene, plasmids described below were
used. Each plasmid has an insert to be amplified by the
above-described primers. Sizes of amplified fragments are
set forth in parentheses.

[0214] CIS1/pGEM-T easy (120 bp)
[0215] SOCS1/pCR2 (120 bp)

[0216] SOCS3/pGEM-T easy (102 bp)
[0217] SOCS5/pGEM-T easy (76 bp)

TABLE 1

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

Sterile distilled water 25.66 (ul)
10x TagMan buffer A 5

25 mM MgClL, 7

dATP (10 mM) 12
dCTP (10 mM) 12
dGTP (10 mM) 12
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TABLE 1-continued

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

dUTP (10 mM) 12
Forward Primer (100 zM) 0.15
Reverse Primer (100 yM) 0.15
TagMan Probe (6.7 #M) 1.49
AmpliTaq Gold (5 Ujul) 0.25
AmpErase UNG (1 U/ul) 0.5
Template solution 5
Total volume 50

[0218] The expression amounts of SOCS family genes are
shown in Table 2 and FIG. 1.
TABLE 2
No.  Pathology SOCS3 SOCSS S0CS1 CIs1
1 Healthy 145808 1601815  2329.491  3188.494
2 Healthy 3519105 1017.66  1406.479  2750.802
3 Healthy 968497 3172139 1844762  3096.75
4 Healthy 4957142 6287065 2062804  1227.037
5 Healthy 3809607 7035109  657.1982 2736.331
6  Healthy  500.85 627.0444 1513.615  3672.791
7 Healthy  481.6213 8105911  659.7459  3926.74
8  Healthy 1249.566 1308318 1749.39  6959.8
9 Healthy 1788941 1360944 2352998  6168.417
10 Healthy 7283886 1268932  853.7053 7641.104
11 Light  807.0501 3681823  719.6516 1976.83
12 Light 4145852 472873 649.9721  884.8137
13 Light 3195918  610.1423 1014.481  5270.148
14 Light ~ 312.6483  791.68 627.4481  3760.644
15 Light 370994  982.9265  631.1635 2547.374
16 Light  842.0954 1251164  1814.699  1835.22
17 Light 1035245 9744081 1124799  5343.038
18 Moderate 1555719 1207168  1602.552  3037.704
19 Moderate 4262.705  1870.288  1788.896  7820.949
20 Moderate 7835549  809.9576  702.009  1160.63
21 Moderate 2895489  1423.61 1538511  9594.791
22 Moderate 2418919 2964095  1865.82  7750.703
23 Moderate 3260805  713.1234  963.3022 1835.058
24 Moderate  787.6964  799.9439 1126562  4280.359
25  Moderate 3129147  983.0927  801.9961 3274.252
26 Moderate 2037.736  681.7354 1015533  4577.659
27 Moderate 4112386 1014482  1227.672  2573.053
28 Severe  586.8573 6107941  488.507  2457.098
29 Severe  1304.636  1061.391  879.1024 2663.894
30 Severe 384691  1503.684  1032.858  7322.066
31 Severe  1308.956 2727006  1299.147  6285.055
32 Severe  544.8535 3281689  338.7977 2238.208
33 Severe  408.0696  283.592  670.1861 2851.863
34 Severe  2886.85 195584  1327.421  9790.364
35 Severe  4092.8 4141079 638.445 3032142
36 Severe 2847757 1296949  799.8222  3102.048
37 Severe 9439513  1017.548  1443.823  2287.345
38 Severe 2826906  1278.804  2537.089  8966.379
39 Severe  496.8209 1137.852  1816.787  2102.247
[0219] As obvious from the above-described results,

among the SOCS family genes, only SOCS3 showed sig-
nificantly high expression levels in test samples from
patients. Furthermore, significant differences in the expres-
sion level were observed between the healthy and moderate
cases, between the healthy and severe cases, furthermore
between the light and moderate cases, and the light and
severe cases.
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EXAMPLE 7

Quantitation of mRNA of SOCS3 in Auricle of
NC/Nga Mite Antigen Induced Dermatitis Model
Mouse

[0220] As a model close to human atopic dermatitis, a
spontaneous dermatitis model in NC/Nga mice has been
reported. A change in an expression level of mRNA of
SOCS3 in this model animal was observed.

[0221] (1) Preparation of Mite Antigen-Induced Dermati-
tis Model Mouse using NC/Nga Mouse

[0222]

[0223] As a sensitizing substance for preparing dermatitis,
the mite extract-Dp (LSL, Lot No. 756112) was used. The
mite extract-Dp is a lyophilized powder extracted from an
imago of Dermatophagoides pteronyssinus (the family Pyro-
glyphidae). The mite extract-Dp was adjusted to the con-
centration of 5 mg/ml in water for injection (Otsuka Seiyaku
Kogyo, Lot No. 1F76N).

[0224] 2. Test Materials

[0225] 1In order to confirm the effect of existing drugs on
the prepared dermatitis model, a prednisolone ointment
0.5% (Taisho Pharm. Ind., Ltd., Lot No. P715, P317, PE15)
was used.

[0226] 3. Other Drugs

[0227] ISOGEN (Wako Pure Chemical Industries, Ltd.,
Lot No. 780011, 78001H, 80001I) was used for pre-treat-
ment for RNA extraction and diethyl ether (Wako Pure
Chemical Industries, Ltd., Lot No. DMK2137) was used as
an anesthetic.

[0228] [Animals Used]

[0229] For a test, 65 NC/Nga male mice, 5 weeks old
(Charles River Japan, Inc.) were purchased, and used at 6
weeks old. Mice were reared in a breeding room set at a
room temperature of 20 to 26° C. (found value 20.0 to 25.1°
C.), a humidity of 40 to 70% (found value 35.8 to 73.6%)
and a lighting time of 12 hours/day (7 to 19 o’clock), and
were allowed to freely take a solid feed F-2 (Funabashi
farm) and tap water. Mice were pre-reared for 6 days or
longer after the arrival, and mice having good general
conditions were used for a test.

[0230]

[0231] A test was performed using three groups (a non-
sensitized control group, a sensitized control group, and a
prednisolone administered group). Ten animals from each
group were dissected 14 and 28 days after initiation of mite
antigen administration.

[0232] [Test Method]
[0233] 1. Preparation of Dermatitis Model

[0234] Ten mice per group were used. Mite antigen (5
ug/uljsite) was intradermally administered to a sensitized
control group and a prednisolone administered group in left
and right auricles and two places of a back, hair of which had
been cut in advance, (total four places) at 3-day intervals
(total 5 times administration in the case of dissection 14 days
after initiation of mite antigen administration, total 9 times
administration in the case of dissection 28 days after initia-

1. Materials for Preparing Dermatitis Model

[Constitution of Test Groups]
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tion of mite antigen administration). Regimen for preparing
a dermatitis model in this Example is shown in FIG. 2.

[0235]

[0236] A prednisolone ointment was transdermally admin-
istered to animals of a prednisolone administered group
starting the 9th day after initiation of mite antigen admin-
istration. A dose of a prednisolone ointment was 30 mg per
each mite antigen administration site (30 mgx4 places, 120
mg/animal/time). Administration regimen is shown in FIG.

2. Administration of Prednisolone Ointment

[0237]

[0238] Thickness of left and right ears were measured
using a dial thickness gauge once a week for all groups
during the test term. Measurement regimen is shown in FIG.

2.

[0239] 4. Observation of Symptoms of Back Skin (Mite
Antigen Administration Site)

[0240] Symptoms of a mite antigen administration site
were observed once a week for all groups during the test
term. Observation was scored with reference to an assess-
ment standard of clinical symptoms of human atopic der-
matitis. Observation regimen is shown in FIG. 2.

3. Measurement of Ear Edema

[0241] Assessmentitems: (i) pruritus, (ii) flare/bleeding,
(i) edema, (iv) abrasion/tissue deficiency, (v) drying

[0242] Score: O=asymptomatic, 1=mild, 2=moderate,
3=severe

[0243] The respective items were scored, and a sum of
each score was regarded as a score of an individual.

[0244]

[0245] Animals for dissection 28 days after mite antigen
sensitization was bled before mite antigen administration,
and 14 days (bled from orbital vein) and 28 days (bled from
abdominal cava) after initiation of administration. The blood
samples were centrifuged, and serum was stored at —80° C.
The blood total IgE concentration in the stored serum was
measured using a mouse IgE measuring kit (Yamasa EIA,
Lot No. P102: Yamasa Corporation). Measurement regimen
is shown in FIG. 2.

[0246]

[0247] Animals were sacrificed (by exsanguination under
cther anesthesia) 14 days after initiation of mite antigen
administration, and mite antigen administration sites (left
and right auricles and two places of back skin), thymus,
spleen, and lymph node were removed. One piece each of
auricles and back skin, and thymus, spleen, and lymph node
were used for extracting RNA. After the remaining auricle
and skin (one piece each) were fixed with a 10% neutral
buffer formalin solution, a paraffin block was prepared
according to the conventional method, and subjected to
hematoxylin eosin staining, toluidine blue staining, and
congo red staining, and observed under an optical micro-
scope. Test regimen is shown in FIG. 2.

[0248]

[0249] One piece cach (about 1 square centimeter) of
auricles and back skin, and thymus, spleen, and lymph node
removed were placed into a 15-mL Falcon tube. Then, 5 mL
of ISOGEN was poured therein, and homogenized under

5. Measurement of Blood Total IgE Concentration

6. Pathohistological Test

7. Pre-Treatment before RNA Extraction
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ice-cooling using a homogenizer (NS-310E; Nichionirikaki-
kai seisakusho). After completion of homogenization, the
samples were immersed into liquid nitrogen and frozen. The
samples were stored at -80° C. until RNA extraction.

[0250] [Test Results]
[0251] 1. Measurement of Ear Edema
[0252] The results of measurement of a change in ear

edema of dermatitis model mice during mite antigen sensi-
tization are shown in FIG. 3. Both 14 days after mite antigen
administration (FIG. 3 upper) and 28 days after mite antigen
administration (FIG. 3 lower), no ear edema was perceived
in the non-sensitized control group. The sensitized control
group showed clear tylosis of an ear from one week after
mite antigen administration, and a high score value contin-
ued after two weeks later. The prednisolone administered
group showed clear tylosis of an ear from one week after
mite antigen administration, and an increase in ear edema
was inhibited from the second week.

[0253]

[0254] Both 14 days after mite antigen administration and
28 days after mite antigen administration, individuals having
the alleviated symptoms of dermatitis appeared from two
weeks after mite antigen administration.

[0255]

[0256] FIG. 4 shows the total IgE concentration. In the
sensitized control group and the prednisolone administered
group, to which blood mite antigen had been administered,
the blood total IgE concentration was increased from two
weeks after mite antigen administration.

2. Observation of Symptoms of Back Skin

3. Measurement of Blood Total IgE Concentration

[0257] 4. Pathohistological Test of Auricle Skin

[0258] Dissection 14 days after mite antigen administra-
tion

[0259] One out of 10 cases in the non-sensitized control

group showed tylosis of epidermis as well as inflammatory
cellular infiltration (mainly lymphocytes) and increase in
edema and connective tissues in dermis and subcutaneous
tissues, but these symptoms were all mild. No abnormal
observation was perceived in the remaining 9 out of 10
cases. The sensitized control group showed tylosis of epi-
dermis, as well as inflammatory cellular infiltration (neutro-
phils, cosinophils, histocytes, and lymphocytes, etc.)
increase in edema and connective tissues, and degranulation
of mast cells in dermis and subcutaneous tissues; a degree of
these symptoms were all mild to moderate. Six out of ten
cases also showed ulcer formation.

[0260] The prednisolone administered group presented
tylosis of epidermis, as well as inflammatory cellular infil-
tration (neutrophils, eosinophils, histocytes, and lympho-
cytes, etc.), increase in edema and connective tissue, and
degranulation of mast cells in dermis and subcutaneous
tissues; a degree of these symptoms were all mild to mod-
erate. Six out of ten cases also presented ulcer formation.

[0261] Dissection 28 Days after Mite Antigen Adminis-
tration
[0262] In the non-sensitized control group, no abnormal

observation was perceived in epidermis, dermis, and sub-
cutaneous tissues. The sensitized control group showed
tylosis of epidermis, and also inflammatory cellular infiltra-
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tion (neutrophils, eosinophils, histocytes, and lymphocytes,
etc.), increase in edema and connective tissues, degranula-
tion of mast cells and the like symptoms in dermis and
subcutaneous tissues; a degree of these symptoms were all
mild to moderate. Nine out of ten cases also presented ulcer
formation.

[0263] The prednisolone administered group presented
tylosis of epidermis, as well as inflammatory cellular infil-
tration (neutrophils, eosinophils, histocytes, and lympho-
cytes, ete.), increase in edema and connective tissues, and
degranulation of mast cells and the like symptoms in dermis
and subcutaneous tissues; these symptoms were all mild to
moderate and accompanied with ulcer formation.

[0264] 5. Pathohistological Test of Back Skin

[0265] Dissection 14 days after mite antigen administra-
tion

[0266] In the non-sensitized control group, no abnormal

observation was perceived. The sensitized control group
showed tylosis of epidermis, as well as inflammatory cel-
lular infiltration (neutrophils, eosinophils, histocytes, and
lymphocytes, etc.), increase in edema and connective tis-
sues, and degranulation of mast cells in dermis and subcu-
taneous tissues. Three out of ten cases also showed ulcer
formation.

[0267] The prednisolone administered group showed tylo-
sis of epidermis, as well as inflammatory cellular infiltration

Nov. 27, 2003

dissected 14 days and 28 days after mite antigen adminis-
tration were frozen with ISOGEN to serve as samples.

[0273] Synthesis of cDNA from Auricle Tissues

[0274] The ISOGEN-frozen samples were thawed on ice,
and homogenized with a 20G Cathelin injection needle
(Terumo Corp.). A 600 yL portion of 5 mL of the resulting
homogenate was taken into a 1.5-mL tube, and total RNA
was extracted according to the protocol for the ISOGEN
product. The extracted RNA was subjected to RNeasy
column (QUIAGEN) treatment according to the product
protocol. Then, DNase (RT grade, Nippon Gene Co., Ltd.)
treatment was performed according to the product protocol.
From 1 ug of the resulting total RNA, cDNA was synthe-
sized using Random primers (Invitrogen) and Super script [T
(GIBCO BRL) according to a product protocol, then treated
with RNase H.

[0275]

[0276] The same concentration of cDNAs of 10 animals
per each mouse test group were mixed. The mixed cDNA (5
ng) was subjected to quantitation of mouse SOCS3 mRNA
using ABI7700. The quantitated value was corrected using
the quantitated value of mouse f-actin as an internal stan-
dard. Nucleotide sequences of primers and probes used in
this quantitation experiment are shown below.

Quantitation of mRNA

Mouse SOCS3 (accession No. U88328)
Forward primer:5'-CTTTCTTATCCgCgACAgCTC-3"' (SEQ ID NO: 15)

Reverse primer:5'-CACTggATgCgTAGgTTCTTg-3"'

Probe:

(SEQ ID NO: 16)

5' -FAM-CACTggATGCgTAGgTTCTTg-TAMRA-3 " (SEQ ID NO: 17)

Mouse P-actin (accession No. X03672)

Forward primer:5'-ACTATTGGGAAGGAGCGGTTC-3' (SEQ ID NO: 18)
Reverse primer:5'-GGATGCCACAGGATTCCATACC-3' (SEQ ID NO: 19)
Probe: 5'-FAM-CCTGAGGCTCTTTTCCAGGGTTCCTTCT-TAMRA-3' (SEQ ID NO: 20)

(neutrophils, eosinophils, histocytes, and lymphocytes, etc.),
increase in edema and connective tissues, and degranulation
of mast cells and the like symptoms d in dermis and
subcutaneous tissues. In addition, ulcer formation was
accompanied in one out of ten cases.

[0268] Dissection 28 Days after Mite Antigen Adminis-
tration
[0269] In the non-sensitized control group, no abnormal

observation was perceived. The sensitized control group
showed the same degree of symptoms as those in the cases
obtained 14 days after mite antigen administration.

[0270] The prednisolone administered group showed the
same degree of symptoms as those in the cases obtained 14
days after mite antigen administration.

[0271] (2) Quantitation of SOCS3 mRNA in Auricles of
NC/Nga Mite Antigen-Induced Dermatitis Model Mice

[0272] SOCS3 mRNA in the NC/Nga model mice pre-
pared in the above (1) was quantitated. Auricles of mice

[0277] FIG. 5 shows the results of quantitation of SOCS3
mRNA expression in auricles of NC/Nga mite antigen-
induced dermatitis model mice. Auricles of NC/Nga mite
antigen-induced dermatitis model mice expressed SOCS3
mRNA at high levels in the sensitized control group and the
prednisolone administered group as compared with the
non-sensitized control group at both 14 days and 28 days
after initiation of mite antigen stimulation. Although pred-
nisolone coating did not clearly change the expression level,
the blood total IgE concentration in the prednisolone admin-
istered group was high similar to that in the sensitized group.
Furthermore, the pathohistological finding revealed that
prednisolone coating did not improve the mite antigen-
induced dermatitis symptoms, indicating that SOCS3
mRNA expression reflects dermatitis symptoms.

[0278] From the foregoing results, it can be considered
that significantly high SOCS3 mRNA expression in human
peripheral blood T cells in a dermatitis patient was also
confirmed in mice dermatitis models.
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<160>

<210>
<211>
<212>
<213>
<220>
<221>
<222>

<400>

NUMBER OF SEQ ID NOS: 20

SEQ ID NO

1

LENGTH: 678

TYPE: DNA
ORGANISM:
FEATURE :

NAME/KEY :
LOCATION:

SEQUENCE :

atg gtc acc cac
Met Val Thr His

1

gac ac

c agc ctg

Asp Thr Ser Leu

20

ctg gtg gtg aac
Leu Val val Asn

agc gc
Ser Al
50

35

a gtg acc
a Val Thr

gcc gge acc ttt

Ala Gl
65

y Thr Phe

acg ctc agec gtc
Thr Leu Ser Val

tgt gag ggg ggc

Cys Gl

u Gly Gly
100

cce gtg cce cge
Pro Val Pro Arg

ccg ce

115

c cct gga

Pro Pro Pro Gly

13

0

tcc gag gtg ccc

Ser Gl
145

u Val Pro

ccc aga aga gcc
Pro Arg Arg Ala

gtg ttg agc cgg
Val Leu Ser Arg

180

tgt cgg aag acc
Cys Arg Lys Thr

195

cag ctg ccg ggg
Gln Leu Pro Gly

21

0

ctt taa

Leu
225

Homo sapiens

CDSs

(1)..(678)

1

age
Ser

cge
Arg

gca
Ala

gge
Gly

ctg
Leu

aag
Lys
85

agce
Ser

tte
Phe

gcc
Ala

gag
Glu

tat
Tyr
165

cce
Pro

gtc
Val

cce
Pro

aag
Lys

ctc
Leu

gtg
Val

ggce
Gly

atc
Ile
70

acc
Thr

tte
Phe

gac
Asp

ccc
Pro

cag
Gln
150

tac

Tyr

ctc
Leu

aac
Asn

att
Ile

ttt
Phe

aag
Lys

cge
Arg

gag
Glu
55

cge
Arg

cag
Gln

tet
Ser

tge
Cys

tce
Ser
135

ccg
Pro

atc
Ile

tce
Ser

ggc
Gly

c9g
Arg
215

cece
Pro

acce
Thr

aag
Lys
40

gcg
Ala

gac
Asp

tet
Ser

ctg
Leu

gtg
Val
120

ttc
Phe

tect
Ser

tac
Tyr

tecc
Ser

cac
His
200

gag
Glu

gce
Ala

tte
Phe
25

ctg
Leu

aac
Asn

agc
Ser

999
Gly

cag
Gln
105

cte
Leu

cce
Pro

gcc
Ala

tcec
Ser

aac
Asn
185

ctg
Leu

ttc
Phe

gce
Ala
10

age
Ser

cag
Gln

ctg
Leu

teg
Ser

acc
Thr
90

agc
Ser

aag
Lys

tcg
Ser

cag
Gln

999
Gly
170

gtg
Val

gac
Asp

ctg
Leu

999
Gly

tece
Ser

gag
Glu

ctg
Leu

gac
Asp
75

aag
Lys

gat
Asp

ctg
Leu

cca
Pro

cca
Pro
155

ggc
Gly

gce
Ala

tcc
Ser

gac
Asp

SEQUENCE LISTING

atg
Met

aag
Lys

agce
Ser

cte
Leu
60

cag
Gln

aac
Asn

cce
Pro

gtg
val

cct
Pro
140

ctc
Leu

gag
Glu

act
Thr

tat
Tyr

cag
Gln
220

agc
Ser

agc
Ser

ggce
Gly
45

agt
Ser

cgc
Arg

ctg
Leu

cgg9
Arg

cac
His
125

act
Thr

cct
Pro

aag
Lys

ctt
Leu

gag
Glu
205

tac
Tyr

cge
Arg

gag
Glu
30

tte
Phe

gce
Ala

cac
His

cge
Arg

age
Ser
110

cac
His

gaa
Glu

999
Gly

atc
Ile

cag
Gln
190

aaa

Lys

gat
Asp

cce
Pro
15

tac
Tyr

tac
Tyr

gag
Glu

tte
Phe

atc
Ile
95

acg

Thr

tac
Tyr

cce
Pro

agt
Ser

cce
Pro
175

cat

gtc
Val

gce
Ala

ctg
Leu

cag
Gln

tgg
Trp

cce
Pro

tte
Phe
80

cag
Gln

cag
Gln

atg
Met

tce
Ser

cce
Pro
160

ctg
Leu

ctc
Leu

acc
Thr

ccg
Pro

48

96

144

192

240

288

336

384

432

480

528

576

624

672

678
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<210> SEQ ID NO 2

<211> LENGTH: 225

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Val Thr His Ser Lys Phe Pro Ala Ala Gly Met Ser Arg Pro
1 5 10 15

Asp Thr Ser Leu Arg Leu Lys Thr Phe Ser Ser Lys Ser Glu Tyr
20 25 30

Leu Val Val Asn Ala Val Arg Lys Leu Gln Glu Ser Gly Phe Tyr
35 40 45

Ser Ala Val Thr Gly Gly Glu Ala Asn Leu Leu Leu Ser Ala Glu
50 55 60

Ala Gly Thr Phe Leu Ile Arg Asp Ser Ser Asp Gln Arg His Phe

Thr Leu Ser Val Lys Thr Gln Ser Gly Thr Lys Asn Leu Arg Ile
85 90 95

Cys Glu Gly Gly Ser Phe Ser Leu Gln Ser Asp Pro Arg Ser Thr
100 105 110

Pro Val Pro Arg Phe Asp Cys Val Leu Lys Leu Val His His Tyr
115 120 125

Pro Pro Pro Gly Ala Pro Ser Phe Pro Ser Pro Pro Thr Glu Pro
130 135 140

Ser Glu Val Pro Glu Gln Pro Ser Ala Gln Pro Leu Pro Gly Ser
145 150 155

Pro Arg Arg Ala Tyr Tyr Ile Tyr Ser Gly Gly Glu Lys Ile Pro
165 170 175

Val Leu Ser Arg Pro Leu Ser Ser Asn Val Ala Thr Leu Gln His
180 185 190

Cys Arg Lys Thr Val Asn Gly His Leu Asp Ser Tyr Glu Lys Val
195 200 205

Gln Leu Pro Gly Pro Ile Arg Glu Phe Leu Asp Gln Tyr Asp Ala
210 215 220

Leu
225

<210> SEQ ID NO 3

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 3

acctgcagaa gatgccagaa g

<210> SEQ ID NO 4

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 4

tcggcatact caatgcgtac a

Leu

Gln

Trp

Pro

Phe

Gln

Gln

Met

Ser

Pro

160

Leu

Leu

Thr

Pro

21

21
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<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 5

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic

FEATURE:

NAME/XEY: misc_binding

LOCATION: (1)..(1)

OTHER INFORMATION: Label FAM (6-carboxy-fluorescein)
FEATURE:

NAME/KEY: misc_binding

LOCATION: (28)..(28)

OTHER INFORMATION: Label TAMRA (6-carboxy-N, N, N',
N'-tetramethylrhodamine)

SEQUENCE: 5

tgttcacgct gtcagtgaaa accacteg 28

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 6

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 6

agacccctte tcacctettg ag 22

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 7

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 7

agaggtagga ggtgcgagtt ca 22

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 8

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic

FEATURE:

NAME/KEY: misc_binding

LOCATION: (1)..(1)

OTHER INFORMATION: Label FAM (6-carboxy-fluorescein)
FEATURE:

NAME/KEY: misc_binding

LOCATION: (28)..(28)

OTHER INFORMATION: Label TAMRA (6-carboxy-N,N,N',
N'-tetramethylrhodamine)

SEQUENCE: 8

tccecectggt tgttgtagca gettaact 28

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 9

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 9
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cttcagcate tctgteggaa ga 22

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 10

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 10

atcgtactgg tccaggaact cc 22

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 11

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic

FEATURE:

NAME/KEY: misc_binding

LOCATION: (1)..(1)

OTHER INFORMATION: Label FAM (6-carboxy-fluorescein)
FEATURE:

NAME/KEY: misc_binding

LOCATION: (28)..(28)

OTHER INFORMATION: Label TAMRA (6-carboxy-N,N,N',
N'-tetramethylrhodamine)

SEQUENCE: 11

aacggccacc tggactccta tgagaaag 28

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 12

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 12

ggcagaagca gcgtcagata t 21

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 13

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 13

tgtgtgtgga ctttccaage t 21

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

SEQ ID NO 14

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic

FEATURE:

NAME/KEY: misc_binding

LOCATION: (1)..(1)

OTHER INFORMATION: Label FAM (6-carboxy-fluorescein)
FEATURE:

NAME/KEY: misc_binding

LOCATION: (28)..(28)

OTHER INFORMATION: Label TAMRA (6-carboxy-N,N,N',
N'tetramethylrhodamine)
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<400>

SEQUENCE: 14

tggagacagc catacccatg ttagcaga 28

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 15

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 15

ctttcttate cgcgacaget ¢ 21

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 16

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 16

cactggatgc gtaggttctt g 21

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 17

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic

FEATURE:

NAME/KEY: misc_binding

LOCATION: (1)..(1)

OTHER INFORMATION: Label FAM (6-carboxy-fluorescein)
FEATURE:

NAME/KEY: misc_binding

LOCATION: (21)..(21)

OTHER INFORMATION: Label TAMRA (6-carboxy-tetramethylrhodamine)

SEQUENCE: 17

cactggatgc gtaggttctt g 21

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 18

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 18

actattggca acgagcggtt c 21

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 19

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 19

ggatgccaca ggattccata cc 22

<210>
<211>
<212>

SEQ ID NO 20
LENGTH: 28
TYPE: DNA
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-continued

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<220> FEATURE:

<221> NAME/KEY: misc_binding

<222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: Label FAM (6é-carboxy-fluorescein)

<220> FEATURE:

<221> NAME/KEY: misc_binding

<222> LOCATION: (28)..(28)

<223> OTHER INFORMATION: Label TAMRA
(6-carboxy-N,N,N',N'tetramethylrhodamine)

<400> SEQUENCE: 20

cctgaggete ttttccagece tteettet

28

What is claimed is:
1. A method of testing for an allergic disease, the method
comprising the steps of:

(a) measuring the expression level of an indicator gene in
a biological sample from a test subject;

(b) comparing the expression level with that of the
indicator gene in a biological sample from a healthy
subject; and

(¢) judging the test subject as being affected with an
allergic disease when the expression level of the indi-
cator gene in a biological sample from the test subject
is found to be significantly elevated, wherein the indi-
cator gene is SOCS3 gene.

2. The testing method according to claim 1, wherein the

allergic disease is atopic dermatitis.

3. The testing method according to claim 1, wherein the
gene expression level is measured by using cDNA PCR.

4. The testing method according to claim 1, wherein the
gene expression level is measured by detecting a protein
encoded by the gene.

5. The testing method according to claim 1, wherein the
biological sample contains peripheral blood T cells.

6. A reagent for testing for an allergic disease, which
comprises an oligonucleotide comprising at least 15 nucle-
otides complementary to a polynucleotide which contains a
nucleotide sequence of SOCS3 gene or the complementary
strand thereof.

7. A reagent for testing for an allergic disease, which
comprises an antibody which recognizes a peptide compris-
ing an amino acid sequence encoded by SOCS3 gene.

8. A method for screening for a therapeutic agent for an
allergic disease, the method comprising the steps of:

[1] contacting a candidate compound with a cell express-
ing an indicator gene;

[2] measuring the expression level of the indicator gene;
and

[3] selecting a compound which decreases the expression
level of the indicator gene compared to a control in
which the candidate compound has not been contacted,

wherein the indicator gene is the SOCS3 gene or a gene
functionally equivalent thereto.
9. The method according to claim 8, wherein the cell is T
cell.

10. A method of screening for a therapeutic agent for an
allergic disease, the method comprising the steps of:

[1] administering a candidate compound to a test animal,

[2] measuring the expression level of an indicator gene in
a biological sample from the test animal; and

[3] selecting a compound which decreases the expression
level of the indicator gene compared to a control in
which the candidate compound has not been adminis-
tered,

wherein the indicator gene is SOCS3 gene or a gene
functionally equivalent thereto.
11. A method of screening for a therapeutic agent for an
allergic disease, the method comprising the steps of:

[1] contacting a candidate compound with cells carrying
a vector containing a transcriptional control region of
an indicator gene and a reporter gene that is expressed
under the control of the transcriptional control region;

[2] measuring the activity of the reporter gene; and

[3] selecting a compound which decreases the expression
level of the reporter gene compared to a control in
which the candidate compound has not been contacted,

wherein the indicator gene is SOCS3 gene or a gene
functionally equivalent thereto.
12. A method of screening for a therapeutic agent for an
allergic disease, the method comprising the steps of:

[1] contacting a candidate compound with a protein
encoded by an indicator gene;

[2] measuring the activity of the protein; and

[3] selecting a compound which decreases the activity of
the protein compared to a control in which the candi-
date compound has not been contacted,

wherein the indicator gene is SOCS3 gene or a gene

functionally equivalent thereto.

13. A therapeutic agent for an allergic disease, which
comprises as an active ingredient a compound obtainable by
the screening method according to any one of claims 8, 10,
11, and 12.

14. A therapeutic agent for an allergic disease, which
comprises as a main ingredient an antisense DNA that
contains a sequence complementary to a sequence compris-
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ing at least 15 continuous nucleotides of the sense strand
sequence of an indicator gene, wherein the indicator gene is
SOCS3 gene or a gene functionally equivalent thereto.

15. A therapeutic agent for an allergic disease, which
comprises as a main ingredient an antibody which binds to
a protein encoded by an indicator gene, wherein the indi-
cator gene is SOCS3 gene or a gene functionally equivalent
thereto.

16. An allergic disease model animal of transgenic non-
human vertebrate, in which the expression level of an
indicator gene has been increased in T cells, wherein the
indicator gene is SOCS3 gene or a gene functionally equiva-
lent thereto.

Nov. 27, 2003

17. A kit for screening for a therapeutic agent for an
allergic disease, the kit comprising an oligonucleotide com-
prising at least 15 nucleotides complementary to a poly-
nucleotide comprising the nucleotide sequence of an indi-
cator gene or the complementary strand and cells expressing
the indicator gene, wherein the indicator gene is SOCS3
gene or a gene functionally equivalent thereto.

18. A kit for screening for a therapeutic agent for an
allergic disease, the kit comprising an antibody which rec-
ognizes a peptide comprising an amino acid sequence
encoded by an indicator gene and cells expressing the
indicator gene, wherein the indicator gene is SOCS3 gene or
a gene functionally equivalent thereto.
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