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METHOD OF TESTING FOR BRONCHIAL
ASTHMA

This Application claims priority under 35 U.S.C. § 119 to
Japanese Patent Application Ser. No. 2001-239857, filed on
Aug. 7, 2001.

FIELD OF THE INVENTION

The present invention relates to a method of testing for
bronchial asthmatic attack.

BACKGROUND OF THE INVENTION

Bronchial asthma is considered to be a multifactorial
disease. In other words, bronchial asthma is caused by the
interaction of many different genes, each of which is influ-
enced by various environmental factors. Thus, it has been
extremely difficult to identify a specific gene which causes
bronchial asthma.

Currently, bronchial asthma is categorized as a chronic
inflammatory disease of the respiratory tract. It has been
pointed out that allergic reactions at the respiratory tract
mucosa and bronchial smooth muscle is closely involved in
pathologic formation of bronchial asthma. Therefore, under-
standing the condition of allergic reactions in these tissues is
an important issue in diagnosis of bronchial asthma. In
addition, control of allergic reactions is an issue in treatment
of bronchial asthma.

On the other hand, the expression of mutated or defective
genes, or overexpression or reduction of the expression of
specific gene is thought to be involved in allergic diseases.
To elucidate the role of gene expression in diseases, it is
necessary to understand how a gene is involved in triggering
disease onset and how expression of the gene is altered by
external stimulants such as drugs.

Incidentally, atopic diathesis that is accompanied by
hyperproduction of IgE antibodies is seen in many bronchial
asthma patients. Many causes are considered for bronchial
asthma, but there is no doubt that atopic diathesis is a cause
of hypersensitivity in many patients. It has been predicted
that the mechanism of respiratory tract occlusion in asth-
matic attack is contraction of the bronchial smooth muscle,
or edema and respiratory tract endocrine enhancement of the
respiratory tract mucosa. I-type allergic reaction in the
respiratory tract due to exposure to pathogenic allergen has
an important role in such changes in the respiratory tract.

In recent years, IL.-4 and IL-13 have been suggested to
have important roles in the onset of bronchial asthma.
Therefore, for example, in the respiratory tract epithelial
cells and bronchial smooth muscles, genes that change their
expression level due to I[.-4 and IL-13 are thought to be
related to bronchial asthma. However, based on such con-
cept. there have been no reports on isolation of genes that
specifically change their expression level due to IL-4 and
IL-13.

In recent diagnosis of allergic diseases, history taking, and
confirmation of the patient’s family history and own anam-
nesis are important factors in general. In addition, for
diagnosis of allergy based on more objective information, a
test method using patient’s blood sample and method for
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,
lymphocyte stimulating test, or the like. Presence of an
allergen-specific IgE is a proof for the allergic reaction to
that allergen. However, in some patients, allergen-specific
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IgE may not necessarily be detected. Furthermore, the assay
principle of IgE requires performing tests for all of the
allergens necessary for diagnosis. Leukocyte histamine
release test and lymphocyte stimulating test are the methods
for observing the immune system reaction toward a specific
allergen in vitro. These methods are complicate in operation.

On the other hand, another method is also known, wherein
the immune response observed when a patient is actually
contacted with an allergen is used for diagnosing an allergy
(latter method). Such a test includes the prick test, scratch
test, patch test, intradermal reaction, or induction test.
Indeed these tests allow the direct diagnosis of patient’s
allergic reaction but they can be said to be highly invasive
tests wherein patients are actually exposed to allergen.

In addition, regardless of the allergen types, test methods
for proving the involvement of allergic reaction are also
attempted. For example, a high serum IgE titer may indicate
the occurrence of allergic reaction in the patient. The serum
IgE titer is information corresponding to the total amount of
allergen-specific IgE. Though it is easy to determine the total
amount of IgE regardless of the type of allergen, IgE titer
may be reduced in some patients with a non-atopic bron-
chitis or the like.

Therefore, a marker (indicator) for an allergic disease that
is not only less risky to patients but also capable of readily
providing information necessary for diagnosis would be
useful.

Particularly, bronchial asthmatic attack due to allergic
reaction markedly inhibits patient’s respiration, and, in
severe cases, it may bring about death due to respiratory
insufliciency. Therefore, prompt identification of the cause,
and appropriate treatment must be given to patients affected
with bronchial asthmatic attack. However, there are no
reports on genes found to have a relation to bronchial
asthmatic attack.

Regardless of the presence or absence of an attack, there
are many reports on attempts to isolate genes relating to
patients with allergic diseases. Genes that can be isolated by
such an approach can be said to be genes relating to allergic
diathesis. In contrast, genes relating to the attack can be
expected to be useful as an indicator for diagnosis of the
attack and for treatment of attacks needing greatly urgent
clinical treatment.

SUMMARY OF THE INVENTION

An objective of the present invention is to provide an
indicator enabling the test for bronchial asthmatic attack, in
particular. Another objective of the invention is to provide a
method of testing for bronchial asthmatic attack based on the
indicator.

Deep involvement of 11.-4 and I[.-13 in allergic reaction
has been suggested by several reports. For example, in an
1L-4 knockout mouse (Yssel, H and Groux, H: Int. Arch.
Allergy Immunol., 121; 10-18, 2000) and in a STAT6
knockout mouse (Akimoto, T. et al.: J. Exp. Med., 187,
1537-1542, 1998), respiratory tract hypersensitivity disap-
pears. In a mouse model, IL-13 is involved in forming
asthma-like pathology regardless of IgE production and Th2
type (Wills-Karp, M. et al.: Science, 282, 2258-2261, 1998,
Grunig, G. et al.: Science, 282, 2261-2263, 1998; Zhu, 7. et
al.: J. Clin. Invest., 103, 779788, 1999).

Additionally, IL-4 receptors and IL-13 receptors are
highly expressed in human respiratory tract epithelial cells
and bronchial smooth muscles (Heinzmann, A. et al.: Hum.
Mol. Genet., 9: 549-559, 2000). Accordingly, these tissues
are thought to be target cells of IL-4 and IL.-13. On the other
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hand, SNP present in 11.-4 receptor a and 1L.-13 were shown

to be one of the genetic causes of allergic diseases (Mitsu-

yasu, H., et al.: Nature Genet., 19, 119-120, 1998; Mitsu-
yasu, H., et al.: J. Immunol., 162: 12271231, 1999; Kruse,

S., et al.: Immnol., 96, 365-371, 1999; Heinzmann, A. et al.:

Hum. Mol. Genet., 9: 549-559, 2000). Furthermore, inhi-

bition of 1L-4 or 1L.-13 function by soluble 1L-4 receptor c.

was shown to be effective as treatment for bronchial asthma
(Borish, L. C. et al.: Am. J. Respir. Crit. Care Med., 160:
912-922, 1999).
According to the above, a strong relationship to allergic
reactions, mainly respiratory symptoms in particular, has
been suggested for 1L-4 and 1L-13. That is, genes constitut-
ing signal transduction pathway due to 1L-4 and 1L-13 may
be genes that are closely related to allergic reactions.
Based on such line of thought, the inventors thought that,
if genes indicating changes in expression levels were
searched for when human bronchial epithelial cells were
treated with 1L-4 and 11-13, genes relating to allergic
reactions could be isolated. There is a report that attempted,
using a similar approach, to isolate genes whose expression
level changed by 1L.-4 and 1L.-13 treatment (Wang et al.,
Immunology 2000, Seattle, May 12-16, 2000). However,
since in known searching methods, the number of lots of
cells used for analysis is small, and the range of changes in
expression levels are not clear, specificity towards stimula-
tion from 11.-4 and 11.-13 cannot be expected.
Therefore, to isolate genes that respond with higher
specificity towards 1L.-4 and 11.-13 stimulation, the inventors
increased the number of lots of cells that become the object
of analysis, and furthermore, selected those in which the
change in expression level reached twice as much or more.
Next, in the respiratory tract epithelial cells stimulated with
1L-4 and 11.-13, significant elevation of expression level of
genes selected this way was confirmed.
Next, to confirm the relationship of selected genes to
bronchial asthma, levels of each gene in the serum of
bronchial asthma patients under various conditions were
measured. As a result, specific genes were found to show
significantly high values in the serum of bronchial asthma
patients who have had attacks. Based on such findings as
mentioned above, the inventors elucidated the existence of
SCCAl and SCCA2 genes having close relationship to
bronchial asthmatic attacks.
Based on the above findings, the inventors found that tests
for bronchial asthmatic attacks become possible by using
these genes and proteins encoded by these genes as indica-
tors, and completed this invention.
That is, this invention relates to a testing method
described below, and its reagents.
(1) A method of testing for bronchial asthmatic attack using
SCCA1 and/or SCCA?2 as an indicator gene, said method
comprising the steps of:
(a) measuring the expression level of the indicator gene in
a biological sample from a subject, and

(b) comparing the expression level measured in (a) with
that in a biological sample from a living body not
affected by bronchial asthma.

(2) The method of (1), wherein the biological sample is
blood.

(3) The method of (1), wherein the expression level of the
gene is measured by PCR of the ¢cDNA for the gene.
(4) The method of (1), wherein the expression level of the
gene is measured by detecting a protein encoded by the

gene.

(5) A reagent for testing for bronchial asthmatic attack, said
reagent comprising an oligonucleotide that is at least 15
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4

nucleotides long and that has a nucleotide sequence

complementary to a polynucleotide having a nucleotide

sequence of the SCCAl and/or SCCA2 gene or to a

complementary strand thereof.

(6) A reagent for testing for bronchial asthmatic attack, said
reagent comprising an antibody recognizing a peptide
having an amino acid sequence of SCCA1 and/or SCCA2
protein.

Incidentally, the existence of both SCCA1 and SCCA2
genes have been elucidated. Both SCCAL and SCCAZ2 have
been reported as genes encoding squamous cell carcinoma
antigens, and are 45 kD genes belonging to the OVA family.
They show 98% homology in the nucleotide sequences in
the exon and show 92% homology at the amino acid level.
The differences in the two nucleotide sequences can be
discerned by PCR, and such. 1n the genome, both genes are
mapped in 18q21.3 (Schneider, S. S. et al., Proc. Natl. Acad.
Sci. USA, 92, 3147-3151, 1995). SCCAL and SCCA2 have
so far indicated the following utility.

SCCAT; squamous cell carcinoma antigen 1 (cysteine pro-
tease inhibitor):
used as a diagnosis marker for squamous cell carcinoma

(DE4139418-A).

SCCA2; squamous cell carcinoma antigen 2 (serine protease
inhibitor):
besides diagnosis marker, it is applied to the regulation of

cell growth and apoptosis, or its agonist is applied to the

treatment of cancer or psoriasis (W09714425-A1).

Furthermore, it has been elucidated that, in response to
1L-4 and 11-13, expression of both genes is enhanced in the
respiratory tract epithelial cells (Wang et al., Immunology
2000, Seattle, May 12-16, 2000). However, it has been
unknown that the blood level of the protein encoded by these
genes is significantly elevated with bronchial asthmatic
attack.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G.1 is a set of graphs indicating the result of measuring
the expression level (copy/5 ng RNA) of SCCA1 gene in
cultivated bronchial epithelial cells stimulated with 1L-4 and
1L-13, or with other cytokines. The top left is a graph
indicating changes in expression level with time, 0, 6, 12,
24, and 48 hours after treatment. The numbers on the
abscissa show the cultivation time. The top right is a graph
indicating the change in expression level 24 hours after
treatment with other cytokines. The bottom left is a graph
indicating the expression level in each lot 24 hours after 11.-4
and 1L.-13 stimulation. The bottom right is a graph indicating
the changes in expression level 0, 24, 48, 72, and 96 hours
after treating BEAS-2B cells with 1L-4 and 11.-13 stimula-
tion. From left to right, each of the columns indicates actual
measurement (raw data), p-actin scale factor (f-actin), and
GAPDH scale factor (GAPDH).

F1G. 2 is a set of graphs indicating the result of measuring
the expression level of SCCA2 gene in cultivated bronchial
epithelial cells simulated with 1L-4 and 11.-13, or with other
cytokines. Each graph indicates analogous content to that of
each graph in FIG. 1.

F1G. 3 is a graph indicating the measured value of serum
SCCA in bronchial asthma patients and in non-asthma
patients.

F1G. 4 is a graph indicating the measured value of serum
SCCA in the same asthma patient during attack and during
absence of an attack.
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DETAILED DESCRIPTION OF THE
INVENTION

In this invention, bronchial asthmatic attack refers to a
condition where respiratory tract stenosis occurs due to
allergic reactions in the respiratory tract. More specifically,
bronchial asthmatic attack is caused by contraction of the
respiratory tract smooth muscles and by mucus in the
bronchus and bronchiolar air cavity. Such changes in the
respiratory tract are thought to be induced by smooth muscle
contraction effect and vasostimulant effect of histamine,
leukotriene, or prostaglandin, and such.

The method of testing for bronchial asthmatic attack of
this invention includes the steps of measuring the expression
level of SCCA1 and/or SCCA2 genes in a biological sample
from a subject, and comparing the measured value with that
for a living body not affected by bronchial asthma. As a
result of comparing the two, when expression is enhanced
compared to the living body not affected by bronchial
asthma, the subject is judged to be in a condition of being
affected with bronchial asthmatic attack. 1n this invention, a
living body not affected by bronchial asthma includes
healthy subjects and living body that is not exactly healthy
but that has condition clearly diagnosed not as bronchial
asthma.

In this invention, SCCA1 and SCCA2 genes together,
which can be indicators of bronchial asthmatic attack, are
referred to as indicator genes. In this invention, SCCA1 and
SCCA2 include not only human’s but also homologues of
other species. Therefore, indicator genes in species other
than humans, unless otherwise stated, refer to homologues
of SCCA1 and SCCA2 genes intrinsic to those species, or
either one of exogenous SCCA1 gene or SCCA2 gene that
has been transformed into that individual.

1n the blood of patients affected with bronchial asthmatic
attack, the measured value of the indicator protein of this
invention showed a significant increase. Therefore, testing
of bronchial asthmatic attack can be performed using the
expression level of indicator genes as an indicator.

In this invention, the expression level of indicator genes
includes transcription of these genes to mRNA, and trans-
lation into proteins. Therefore, the method of testing for
bronchial asthmatic attack of this invention is performed
based on the expressivity of mRNA corresponding to the
aforementioned genes, or on the comparison of expression
level of proteins encoded by the aforementioned genes.

Usually, to compare the expression levels, a standard
value is set based on, for example, the expression level of the
aforementioned indicator genes in healthy subjects. Based
on this standard value, the range of 2 S. D. for example, is
set as the permitted limit. The technique of setting standard
values and permitted limits based on the measured value of
indicator genes is well known. 1f the expression level of
indicator genes in a subject is higher than the permitted
limit, that subject is predicted to be affected with bronchial
asthmatic attack. Additionally, if the expression level is
within the permitted limit, or exceeds the permitted limit, the
possibility of having had a bronchial asthmatic attack is
predicted to be low.

Measurement of the expression level of an indicator gene
in a test for bronchial asthmatic attack in the present
invention can be performed according to the known gene
analytical method. More specifically, for example, a hybrid-
ization technique with a nucleic acid as a probe that hybrid-
izes to this gene, a gene amplification technique with a DNA
hybridizing to the gene of this invention as a primer, or the
like can be utilized.
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The probe or primer used in the test of the present
invention can be designed based on the nucleotide sequence
of the indicator gene. The nucleotide sequence of the indi-
cator gene is known. Genbank accession No. corresponding
to the nucleotide sequence of each indicator gene is shown
in Examples.

Genes of higher animals are generally accompanied by
polymorphism in a high frequency. There exist many mol-
ecules that produce isoforms comprising different amino
acid sequences from each other during the splicing process.
Any genes associated with allergy which have 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 polymor-
phism and isoform.

As a primer or probe can be used a polynucleotide
comprising the nucleotide sequence of the indicator gene or
at least 15 nucleotides that are complementary to the
complementary strand thereof. Herein, the term “comple-
mentary strand” means one strand of a double stranded DNA
composed of A:T (U for RNA) and G:C base pairs to the
other strand. In addition, “complementary” 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 degree of
homology between nucleotide sequences can be determined
by the algorithm, BLAST, etc.

Such polynucleotides are useful as the probe to detect an
indicator gene, or as the primer to amplify the indicator
gene. When used as a primer, those polynucleotides com-
prises usually 15 bp~100 bp, preferably 15 bp~35 bp of
nucleotides. When used as a probe, DNAs comprising the
whole sequence of the indicator gene (or a complementary
strand thereof), or a partial sequence thereof that contains at
least 15-bp nucleotides. When used as a primer, the 3' region
thereof must be complementary to the indicator gene, while
the 5' region can be linked to a restriction enzyme-recogni-
tion sequence or tag.

“Polynucleotides” in the present invention may be either
DNA or RNA. These polynucleotides may be either syn-
thetic or naturally-occurring. Also, DNA used as a probe for
hybridization is usually labeled. Examples of labeling meth-
ods are those as described below. Herein, the term “oligo-
nucleotide” means a polynucleotide with relatively low
degree of polymerization. Oligonucleotides are included in
polynucleotides. The labeling methods are as follows:

nick translation labeling using DNA polymerase 1;

end labeling using polynucleotide kinase;

fill-in end labeling using Klenow fragment (Berger, S L,
Kimmel, A R. (1987) Guide to Molecular Cloning Tech-
niques, Method in Enzymology, Academic Press; Hames, B
D, Higgins, S J (1985) Genes Probes: A Practical Approach.
IRL Press; Sambrook, I, Fritsch, E F, Maniatis, T. (1989)
Molecular Cloning: a Laboratory Manual, 2nd Edn. Cold
Spring Harbor Laboratory Press);

transcription labeling using RNA polymerase (Melton, D
A, Krieg, PA, Rebagkiati, M R, Maniatis, T, Zinn, K, Green,
M R. (1984) Nucleic Acid Res., 12, 7035-7056); and

non-isotopic labeling of DNA by incorporating modified
nucleotides (Kricka, L J. (1992) Nonisotopic DNA Probing
Techniques. Academic Press).

For testing for bronchial asthmatic attack using hybrid-
ization techniques, for example, Northern hybridization, dot
blot hybridization, or DNA microarray technique may be
used. Furthermore, gene amplification techniques, such as
RT-PCR method may be used. By using the PCR amplifi-



US 7,160,683 B2

7

cation monitoring method during the gene amplification step
in RT-PCR, one can achieve more quantitative analysis for
the gene expression of the present invention.

In the 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 with its 5'-3' exonuclease activity, the
two fluorescent dyes become distant from each other and the
fluorescence becomes to be detected. The fluorescence is
detected in real time. By simultaneously measuring a stan-
dard sample in which the copy number of the target is
known, it is possible to determine the copy number of the
target in the subject sample with 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, AB1 PRISM7700 (PE Biosystems) may be
used.

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

Antibodies that bind to the indicator protein used in the
detection may be produced by techniques known to those
skilled in the art. Antibodies used in the present invention
may be polyclonal or monoclonal antibodies (Milstein, C. et
al., 1983, Nature 305 (5934): 537-40). For example, poly-
clonal antibody against an indicator protein may be pro-
duced by collecting the blood from mammals sensitized with
the antigen, and separating the serum from this blood using
known methods. As a polyclonal antibody, the serum con-
taining polyclonal antibody as such may be used. As the
occasion demands, a fraction containing polyclonal antibody
can be further isolated from this serum. Also, monoclonal
antibody may be obtained by isolating immune cells from
mammals sensitized wlth the antigen, fusing these cells with
myeloma cells, and such, cloning hybridomas thus obtained,
and collecting the antibody as a monoclonal antibody from
the culture of the hybridomas.

For detecting an indicator protein, these antibodies may
be appropriately labeled. Alternatively, instead of labeling
the antibody, a substance that specifically binds to the
antibody, for example, protein A or protein G, may be
labeled to arrange an indirect detection of indicator protein.
More specifically, one example of an indirect detection
method is ELISA.

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 it into an appropriate
host cell to produce a transformant, culturing the transfor-
mant to express the recombinant protein, and purifying the
expressed recombinant protein from the culture or the cul-
ture supernatant. Alternatively, amino acid sequences
encoded by these genes, or oligopeptides comprising por-
tions of the amino acid sequence encoded by the full-length
¢DNA are chemically synthesized to be used as the antigen.

In the method of testing for bronchial asthmatic attack
based on this invention, the indicator genes that become the
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object of expression level and activity measurements are
SCCA1 and/or SCCA2. SCCA1 and SCCA2 have very
similar structures, and it is difficult to differentiate the two
immunologically. For example, a kit to measure SCCA
proteins immunologically is commercially available; how-
ever, the measured value of SCCA obtained using this kit is
the sum of SCCA1 and SCCA2 values. That is, at present,
measurements differentiating the two are not possible with
the commercially available kit.

However, the expression level of both of the indicator
genes of this invention were found to rise accompanying
bronchial asthmatic attack. Therefore, bronchial asthmatic
attack can be tested by measuring the overall expression
level of these indicator genes.

Incidentally, monoclonal antibodies capable of differen-
tiating the two have been reported, therefore, it is possible to
selectively measure the two by immunological techniques
(Clin Chim Acta 2000 295 107-127).

Furthermore, in this invention, bronchial asthmatic attack
can be tested not only by the expression level of indicator
genes, but also by using the activity of indicator proteins in
biological samples as an indicator. The activity of indicator
proteins refers to biological activity equipped in each pro-
tein. Detection of activity of the aforementioned indicator
proteins can be performed based on known methods. Meth-
ods for measuring the activity of SCCA1 and SCCA2 are
well known.

First, in the case of SCCAL, its activity can be measured
as cysteine protease inhibitor activity of cathepsin-K, L, or
S (Biochemistry 1998 37 5258-5266). On the other hand,
SCCA2 has serine protease inhibitor activity of cathepsin-G
and chymase. Therefore, the activity of SCCA2 can be
measured as inhibitor activity (J.B.C. 1997 272 1849-1855).
Specifically, activity of these indicator proteins can be found
out by adding SCCA1 or SCCA2 with substrates of various
proteases, and by using enzyme activity suppression as an
indicator.

In the testing method of this invention, normally, biologi-
cal sample collected from a subject is used as sample. Blood
sample is preferred as the biological sample. As blood
samples, whole blood, or plasma and serum obtained from
whole blood may be used. Additionally, as biological
samples of this invention, expectoration, nasal mucous
secretion, bronchoalveolar lavage fluid, pulmonary abrasion
cells, and such may be used besides blood. Collection
methods for these biological samples are well known.

When the biological sample is cells of respiratory tract
epithelial cells and such, samples for immunological mea-
surements of the aforementioned proteins can be made by
preparing a lysate. Otherwise, samples for measuring mRNA
corresponding to the aforementioned genes can be made by
extracting mRNA from this lysate. For extraction of lysate
and mRNA of the biological sample, it is useful to utilize a
commercially available kit. Otherwise, biological samples in
the liquid form such as blood, nasal mucous secretion, and
bronchoalveolar lavage fluid can be made into samples for
measurement of proteins and genes by diluting with buffer
and such, as necessary.

The measured value of expression level of indicator genes
in cells can be corrected by known methods. As a result of
correction, change in gene expression level in cells can be
compared. Based on the measured value of expression level
of genes that are expressed in the respiratory tract epithelial
cells and do not show large fluctuations in their expression
level regardless of the condition of the cell (housekeeping
genes), correction of the measured value is performed by
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correcting the measured value of expression level of the
genes that are to be used as indicators in this invention.

Furthermore, the present invention provides a reagent for
the testing method of this invention. That is, this invention
relates to a reagent for testing for bronchial asthma, said
reagent comprising an oligonucleotide that comprises a
nucleotide sequence complementary to a polynucleotide
containing the nucleotide sequence of the indicator gene or
to the complementary strand thereof and that comprises at
least 15 nucleotide. Alternatively, this invention relates to a
reagent for testing for bronchial asthma, said reagent com-
prising an antibody that recognizes a peptide containing the
amino acid sequence of the indicator protein. Oligonucle-
otides and antibodies composing the reagent of this inven-
tion may be appropriately labeled, or immobilized onto a
suitable carrier according to the assay format. Further, the
reagent of this invention may be combined with, as well as
the oligonucleotides or antibodies as described above, addi-
tional elements necessary for the test or storage to form a kit.
Additional elements that can be used for constituting a kit
are shown below. These elements may be previously mixed
as necessary, or added with preservatives and antiseptics:

buffer for diluting reagents and biological samples;

positive standard sample;

negative standard sample;

substrate for measuring labels;

reaction vessel; and

manual describing the assay protocol.

Tests of bronchial asthmatic attack in this invention
include, for example, the following tests. Even for patients
who, while indicating bronchial asthmatic symptoms, can-
not be judged to have allergic diseases by general testing,
one can easily judge, by performing the test based on this
invention, that the patients are in a condition where bron-
chial asthmatic attack due to allergic reactions occurs.

More specifically, elevation of indicator gene expression
in patients indicating asthmatic attack indicates high prob-
ability that the cause of that symptom is an allergic disease.
Among bronchial asthmatic attacks, there are those caused
by allergic reactions and others that are not. The treatment
methods for the two are completely different, therefore, to
diagnose by which cause the bronchial asthmatic symptoms
are being manifested is an extremely important step in
treatment. The testing method of this invention provides
extremely important information in identifying the cause of
bronchial asthma.

Otherwise, this invention enables testing to judge whether
the bronchial asthmatic attack is improving or not. The
indicator proteins of this invention showed significant eleva-
tion of the measured value in the blood of patients affected
with bronchial asthmatic attack. In addition, the indicator
genes of this invention are genes that increase their expres-
sion in respiratory tract epithelial cells stimulated with IL-4
or IL-13. Respiratory tract epithelial tissues are tissues that
show remarkable lesions in bronchial asthma. Therefore,
proteins that are expression products of genes with fluctu-
ating expression in respiratory tract epithelial cells stimu-
lated with IL-4 or 1L.-13, which are cytokines that strongly
induce allergic reactions, and those in which their measured
value fluctuates in the blood are useful for judgment of
therapeutic effect. More specifically, elevation of the mea-
sured value of indicator proteins in patients diagnosed with
bronchial asthmatic attack indicates strong possibility that
the attack is aggravated.

Tests of this invention include tests for predicting the
possibility that bronchial asthmatic attack may occur in a
relatively short time after testing, or for finding out, after
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recovery from a respiratory disorder, whether the cause of
that respiratory disorder was due to bronchial asthma. Pre-
diction of the attack is important in securing safety for the
subjects. Additionally, finding out the cause of respiratory
disorders experienced previously by the subject becomes an
important information in determining a therapeutic course
for a patient.

This invention elucidated genes whose expression
increases during bronchial asthmatic attack. Furthermore,
SCCA1 and SCCA2 genes in which their relation to bron-
chial asthma has been found in this invention are genes that
increase their expression level by 10- to 20-fold or more in
multiple lots of cells by stimulation from either 1L-4 or
1L-13, which are allergy related cytokines, and are genes that
are closely related to allergies. There is a strong possibility
that genes having such characteristics are the essential cause
of allergic symptoms in bronchial asthmatic attack. There-
fore, the indicator genes provided by this invention become
a useful indicator to know reliably whether the bronchial
asthmatic attack was caused by allergic symptoms. By
enabling reliable diagnosis of bronchial asthmatic attack
caused by allergies, accurate treatment can be selected at an
early stage.

1L-4 and IL-13 are important factors that enhance allergic
reactions. Therefore, genes whose expression increases
accompanying stimulation by these factors may accomplish
important roles in pathologic formation of allergic symp-
toms. Furthermore, indicator proteins provided by this
invention all showed clear elevation of their measured
values in the blood of patients affected with bronchial
asthmatic attack. Studies focusing on changes of gene
expression level accompanying IL-4 or IL-13 stimulation
are not novel. However, any genes provided by this inven-
tion are genes observed to show elevation of concentration
in the blood of patients affected with bronchial asthmatic
attack. Therefore, in contrast to known allergy related genes
obtained by a similar approach, the indicator genes of this
invention can be thought to be genes accomplishing impor-
tant roles in bronchial asthmatic attack. These findings
elucidated by the inventors provide evidence that the exist-
ence of indicator genes of this invention is indispensable to
bronchial asthmatic attack.

The expression level of indicator genes provided by this
invention can be easily known, regardless of the type of
allergen. Therefore, the pathology of an allergic reaction can
be understood overall.

Additionally, the method of testing for allergies of this
invention has low invasiveness towards patients since analy-
sis of expression level can be carried out using a biological
sample as the sample. Furthermore, regarding gene expres-
sion analysis, highly sensitive measurements are possible
using small amounts of samples. Year after year, high
throughput methods and decrease in cost are progressing in
gene analysis technology. Therefore, in the near future, the
method of testing for allergies of this invention is expected
to become an important bed-side diagnostic method. In this
sense, diagnostic value of these pathology related genes is
high.

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

The present invention will be explained in detail below
with reference to examples, but it is not to be construed as
being limited thereto.
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EXAMPLE 1

Selection of Candidate Genes Using DNA
Microarray

1. Cultivation of Normal Human Bronchial Epithelial Cells,
and IL-4 or IL-13 Stimulation

Three lots of normal human bronchial epithelial cells
available from Clonetics were purchased (8F1756, 871548,
8F1805). Cells (5x10°) contained in one vial were divided
into three equal parts (1.67x10°/75 cm? flask) for no stimu-
lation, IL-4 stimulation, and IL-13 stimulation, and these
were cultivated for approximately 8 to 10 days in SABM
media (Clonetics) with medium exchange. During this pro-
cedure, BPE (bovine pituitary extract), hydrocortisone,
hEGF, epinephrine, transferrin, insulin, retinoic acid, BSA-
FAF, triiodothyronine, GA-1000 (gentamicin/amphotericin-
B) were added to the media according to the attached
protocol.

Before cytokine stimulation, the cells were washed with
PBS, and then placed into SABM without added factors.
1L-4 (10 ng/mL) and IL-13 (50 ng/mL) (both from Pepro-
tech) were added thereto, and this was cultivated for 24
hours. Observation of changes with passage of time (0, 6, 12,
24, and 48 hours) was carried out in a similar manner.

2. Other Cytokine Stimulation of Normal Human Bronchial
Epithelial Cells

Using cells from lot 8F1548, cultivation was performed
similarly to that of 1. In place of 1L-4 and IL-13, 50 ng/mL
of TNFa, IL-1p, IL-5, IL-6, and IL.-9 (all from Peprotech)
were added and cultivated for 24 hours.

3. Preparation of RNA for GeneChip

Respiratory tract epithelial cells treated as mentioned
above were dissolved in Isogen (Nippon Gene; Wako Pure
Chemicals), and from this solution, RNA was separated
according to a protocol attached to Isogen. After addition of
chloroform, this was agitated, then centrifuged, and its
aqueous layer was collected. Next, isopropanol was added,
this was agitated, and then centrifuged to collect the pre-
cipitated total RNA.

4. cDNA Syathesis for GeneChip

Single stranded ¢cDNA was prepared from 5 pg of total
RNA, which was prepared from cells of lot 8F1756, by
reverse transcription using Superscript 11 Reverse Tran-
scriptase (Life Technologies) following the method of
Expression Analysis Technical Manual by Affymetrix, and
by using T7-(dT),, (Amersham Pharmacia) as a primer. The
T7-(dT),, primer comprises a nucleotide sequence in which
d(T),, is added to a T7 promoter nucleotide sequence, as
shown below. T7-(dT),, primer (SEQ ID NO: 1) 5-GGC-
CAGTGAATTGTAATACGACTCACTAT-
AGGGAGGCGG-(dT),,-3'

Next, according to Expression Analysis Technical
Manual, DNA ligase, DNA polymerase 1, and RNase H were
added to synthesize double stranded cDNA. After phenol-
chloroform extraction of ¢cDNA, this was passed through
Phase Lock Gels, and was purified by ethanol precipitation.

Furthermore, using BioArray High Yield RNA Transcrip-
tion Labeling Kit, biotin-labeled cRNA was synthesized.
Using RNeasy Spin column (QIAGEN), cRNA was purified
and then fragmented by treatment with heat.

To a hybridization cocktail, 12.5 pg of this cRNA was
added according to Expression Analysis Technical Manual.
This was placed into an array and was hybridized for 16
hours at 45° C.
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After the array was washed, streptavidin phycoerythrin
was added for staining. After washing, a mixed antibody
solution of normal goat IgG and biotinylated goat IgG was
added to the array. Furthermore, in order to enhance fluo-
rescence intensity, streptavidin phycoerythrin was added
again for staining. After washing, this was set into a scanner
and was analyzed by a GeneChip software.

5. GeneChip Analysis
Data analysis was performed using Suite, which is a

GeneChip analysis software. Average Intensity (1) and

Background Average (2) were investigated by Absolute

Analysis, and 3 average values obtained for no stimulation,

IL-4 stimulation, and 11.-13 stimulation by subtracting (2)

from (1) were used as scale factors for comparison analysis.

First, absolute analysis was performed to analyze one chip
data. Positives and negatives were determined by comparing
the fluorescence intensity of perfect match and mismatch of
a probe set. Judgment into three categories of Absolute
Calls, which are P (present), A (absent), and M (marginal),
were made by values of Pos Fraction, Log Avg, and Pos/
Neg.

Pos Fraction; ratio of positive pairs.

Log Avg; average of the log of fluorescence intensity ratio
between probe cells of perfect match and mismatch.

Pos/Neg; ratio of the number of positive pairs and negative
pairs.

Additionally, Average Difference (Avg Diff), which is the
average value of the difference in fluorescence intensities
between probe cells of perfect match and mismatch, was
calculated for each gene.

Next, Comparison Analysis was performed on two sets of
data. Comparisons were made between no stimulation and
IL-4 stimulation, or between no stimulation and IL-13
stimulation, and differences in expression levels were
ranked as follows. Judgment into 5 categories of difference
calls, which are I, D, MI, MD, and NC, were made from
values of Inc/Dec, Inc Ratio, Dpos-Dneg Ratio, and Log Avg
Ratio Change.

Inc: Number of probe pairs that corresponded to IL-4
stimulation or IL-13 stimulation and no stimulation and
that were judged to show increased expression levels for
IL-4 stimulation or IL-13 stimulation.

Dec: Number of pairs judged to show decreased expression
levels for IL-4 stimulation or IL-13 stimulation.

Inc/Dec: Ratio of the number of pairs judged to be Inc and
number of pairs judged to be Dec.

Inc Ratio: Number of pairs judged to be Inc/number of pairs
actually used.

Dpos/Dneg Ratio: Ratio between the number of Neg Change
subtracted from that of Pos Change, and the number of
pairs actually used.

Pos Change: Difference between the number of positive
pairs in Absolute Analysis of 1L-4 simulation or IL-13
stimulation, and the number of positive pairs in Absolute
Analysis of no stimulation.

Neg Change: Difference between the number of negative
pairs in Absolute Analysis of 1L-4 simulation or IL.-13
stimulation, and the number of negative pairs in Absolute
Analysis of no stimulation.

Log Avg Ratio Change: Difference between Log Avg in
Absolute Analysis of IL-4 stimulation or IL-13 stimula-
tion and no stimulation.

Increased: 1,

Decreased: D,

Marginally Increased: MI,

Marginally Decreased: MD, and
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No Change: NC

Additionally, S66896 and U19557 (both are GenBank
Acc. No.) were selected as genes whose expression was
enhanced due to 1L.-4 simulation or 11-13 stimulation by
values of Fold Change, which is a ratio of Avg Diff in
Absolute Analysis of no stimulation with 1L.-4 simulation or
no stimulation with 1L-13 stimulation. S66896 probe corre-
sponds to SCCA1 gene, and U19557 to SCCA2. Table 1
shows the value of Fold Change of S66896 and U19557 in

respiratory tract epithelial cells by lot number.
TABLE 1
Probe Gene name 81756 811548 81805
114
S66896 SCCAL 22.5 11.1 14.5
U19557 SCCA2 217 25.6 194
IL-13
66896 SCCA1 174 14.1 7.1
U19557 SCCA2 15.6 28.8 187

As evident from Table 1, SCCA1 and SCCA2 are genes
that show 10- to 20-fold or greater expression level due to
stimulation by either 11.-4 or 1L-13, which are allergy related
cytokines, and are closely related to allergies. Furthermore,
changes in the expression levels of these genes were com-
monly seen in different lots.

EXAMPLE 2

Confirmation of Expression Level of Candidate
Genes

To quantitatively confirm the expression level of SCCA1
and SCCA2 genes selected in Example 1, cultivated respi-
ratory tract epithelial cells (Clonetics) were used to further
perform quantitative PCR by AB1 7700. Three lots, 8F1756,
8F1548, and 8F1805, were used for the cultivated cells.
Primer and TagMan probe used for measurements by ABI
7700 were designed by Primer Express (PE Biosystems)
based on sequence information of each gene. The 5'-end of
TagMan probe is labeled with FAM (6-carboxy-fluorescein)
and the 3'-end is labeled with TAMRA (6-carboxy-N,N,N',
N'-tetramethylrhodamine). Nucleotide sequences of oligo-
nucleotides used for forward primer (F), reverse primer (R),
and TagMan probe (TP) of each gene are as shown below.
Genbank Accession No. corresponding to the nucleotide
sequence of each indicator gene is shown in parenthesis
following the name.

SCCAl (s66896)

F: agccgcggtctegtge (SEQ ID NO:2)
R: ggcagctgcagettetg (SEQ ID NO:3)
TP: aaggcctttgtggaggttacagaggaggga (SEQ ID NO:4)
SCCA2 (ul9557)

F: agccacggtctectcag (SEQ ID NO:5)
R: gcagctgcagcttcca (SEQ ID NO:6)
TP: aaggcctttgtggaggtcactgaggaggga (SEQ ID NO:7)

Total RNA extracted by the aforementioned method was
treated with DNase (Nippon Gene). Then, cDNA, which was
reverse transcribed using random hexamer (GIBCO BRL) as
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primer, was used as a template. For a standard curve to
calculate the number of copies, a plasmid clone containing
a nucleotide sequence region that is amplified by both
primers was prepared for each of the genes, and this was
diluted stepwise to be used as template for carrying out the
reaction. The composition of reaction solution for monitor-
ing PCR amplification is shown in Table 2.

TABLE 2

Composition of reaction in ABI-PRISM 7700 (Amount per well)

Sterilized distilled 23.75 (uL)
water

10x TagMan buffer A 5
25 mM MgCl, 7
dATP (10 mM) 1.0
dCTP (10 mM) 1.0
dGTP (10 mM) 1.0
dUTP (20 mM) 1.0
Forward Primer (10 pM) 1.0
Reverse Primer (10 uM) 1.0
TaqMan probe (2.0 pM) 2.5
AmpliTaq Gold (5 U/uL) 0.25
AmpFErase UNG (1 U/uL) 0.5
Template solution 5
Total 50

Additionally, to correct the differences of cDNA concen-
tration in the sample, similar quantitative analysis was
performed for f-actin gene and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) gene as internal standards for
correction. By correcting based on the number of copies of
these genes, the number of copies of the genes of interest
was calculated.

Primers and probes for measuring f-actin or GAPDH
were those packaged with TagMan {3-actin Control Reagents
(PE Biosystems). The nucleotide sequences are as shown
below. The B-actin-corrected expression levels (copy/S ng
RNA) for each of the genes are shown in FIGS. 1 and 2.

Furthermore, the results of averaging fold change values
from three lots when f-actin correction was performed and

the unstimulated value was taken to be 1, are shown in Table
3.

TABLE 3

Name of gene IL-4 stimulation IL-13 stimulation

SCCA1 30.3 £ 18.7 253 +10.3
SCCA2 559 £23.0 56.6 £16.1
f-actin forward primer (SEQ ID NO:8)

TCA CCC ACA CTG TGC CCA TCT ACG A

p-actin reverse primer (SEQ ID NO:9)
CAG CGG AAC CGC TCA TTG CCA ATG G

p-actin TagMan probe (SEQ ID NO:10)
(FAM)ATGCCC-T (TAMRA ) -CCCCCATGCCATCCTGCGTp-
3

GAPDH forward primer
GAAGGTGAAGGTCGGAGT

(SEQ ID WO:1l)

GAPDH reverse primer
GAAGATGGTGATGGGATTTC

(SEQ ID WO:12)

GAPDH TagMan probe (SEQ ID NO:13)
(FAM) CAAGCTTCCCGTTCTCAGCC (TAMRA)-3"
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FAM: 6-carboxy-fluorescein
TAMPA: 6-carboxy-N,N,N',N'-tetramethylrhodamine

As a result of quantitative PCR, the expression levels of
both SCCA1 and SCCA2 genes in the respiratory tract
epithelial cells, where both genes were selected in Example
1, were elevated by several tenfolds or more in three
different respiratory tract epithelial cells due to 11.-4 or 1L.-13
stimulation. Based on these results, elevation of expression
levels of these indicator genes in response to 11.-4 and 1L.-13
could be predicted in respiratory tract epithelial cells.

The indicator genes of this invention show common
behavior among different lots of bronchial epithelial cells by
11.-4 and 1L.-13 stimulation known to have close relationship
to allergic reactions. Therefore, the indicator genes of this
invention can be thought to be important genes regulating
the progress of allergic reactions.

EXAMPLE 3
Analysis of Blood SCCA

To further confirm the relation of SCCA1 and SCCA2
genes, which were found to be related to allergic reactions
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in Examples 1 and 2, to bronchial asthmatic attack, blood
levels of proteins encoded by these genes were measured in
living bodies under various conditions.

Serum was separated from blood of bronchial asthma
patients and non-asthma patients, or from the same bron-
chial asthma patient during attack and during absence of the
attack. Using an SCCA measurement kit (IMx, Dainabot),
blood level of SCCA protein containing both SCCA1 and
SCCA2 was measured. SCCA measurement kit uses anti-
bodies that react against both SCCA1 and SCCAZ2, therefore
a total of these indicator proteins can be measured.

As a result, when bronchial asthma patients and non-
asthma patients were compared, the blood SCCA level was
significantly elevated in bronchial asthma patients (F1G. 3).
Comparing the blood SCCA level in the same asthma patient
during attack and during absence of an attack, the level was
significantly elevated during attack (F1G. 4).

From these results, SCCA1 and SCCA2 were found to be
genes related to allergies, and simultaneously, it was found
that their blood levels significantly elevate during bronchial
asthmatic attack compared to a healthy person or compared
to a bronchial asthma patient during absence of the attack.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 13
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 63

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :

OTHER INFORMATION: Synthetic

<400> SEQUENCE: 1

ggccagtgaa ttgtaatacg actcactata gggaggcggt tttttttttt tttttttttt

ttt

<210>
<211>
<212>
<213>
<220>
<223>»

SEQ ID NO 2

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Seguence
FEATURE :

OTHER INFORMATION: Synthetic

<400> SEQUENCE: 2

agcecgeggte tegtge

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

SEQ ID NO 3

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Seguence
FEATURE :

OTHER INFORMATION: Synthetic

<400> SEQUENCE: 3

ggcagctgca gcttctg

<210> SEQ ID NO 4

60

63

16

17
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-continued

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

<400>

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic

FEATURE:

NAME/KEY: misc binding

LOCATION: (1)..(1)

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

NAME/KEY: misc binding

LOCATION: (30)..(30)

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

SEQUENCE: 4

aaggecttty tggaggttac agaggaggga 30

<210>
<211>
<212>
<213>
«220>
<223>

<400>

SEQ ID NO 5

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 5

agccacggte tctcag 16

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

<400>

SEQ ID NO 6

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 6

gcagctgcag cttcca 16

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

<400>

SEQ ID NO 7

LENGTH: 30

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: (30)..(30)

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

SEQUENCE: 7

aaggcctttg tggaggtcac tgaggaggga 30

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

<400>

SEQ ID NO 8

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 8

tcacccacac tgtgcccatc tacga 25

<210>
<211>

SEQ ID NO 9
LENGTH: 25
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-continued

20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 9

cagcggaacce gctcattgec aatgg 25

<210> SEQ ID NO 10

<211> LENGTH: 26

<212> TYPE: DNA

<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 (6-carboxy-fluorescein)

<220> FEATURE:

<221> NAME/KEY: misc_binding

<222> LOCATION: (7)..(7)

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

<400> SEQUENCE: 10

atgececctece ccatgecate ctgegt 26

<210> SEQ ID NO 11

<211> LENGTH: 18

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 11

gaaggtgaag gtcggagt 18

<210> SEQ ID NO 12

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 12

gaagatggtg atgggatttc 20

<210> SEQ ID NO 13

<211> LENGTH: 20

<212> TYPE: DNA

<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 (6-carboxy-fluorescein)

<220> FEATURE:

<221> NAME/KEY: misc_binding

<222> LOCATION: (20)..(20)

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

<400> SEQUENCE: 13

caagcttece gttctcagec 20
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What is claimed is:
1. A method of testing for bronchial asthmatic attack, said
method comprising the steps of:
a) measuring the expression level of an indicator gene in
a biological sample from a human subject having a
symptom of a bronchial asthmatic attack, wherein said
indicator gene is SCCAI1, and
b) comparing the expression level measured in step a),
with that in a biological sample from a human living
body not affected by bronchial asthma, wherein a
higher level of SCCAL in the biological sample from
the subject indicates that the subject is having a bron-
chial asthma attack.
2. The method of claim 1, wherein the biological sample
is blood.
3. The method of claim 1, wherein the expression level of
the gene is measured by PCR of the cDNA for the gene.
4. The method of claim 1, wherein the expression level of
the gene is measured by detecting a protein encoded by the
gene.
5. A method of testing for bronchial asthmatic attack, said
method comprising the steps of:
a) measuring the expression level of an indicator gene in
a biological sample from a human subject having a
symptom of a bronchial asthmatic attack, wherein said
indicator gene is SCCA2, and
b) comparing the expression level measured in step a),
with that in a biological sample from a human living
body not affected by bronchial asthma, wherein a
higher level of SCCA2 in the biological sample from
the subject indicates that the subject is having a bron-
chial asthma attack.

15
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6. The method of claim 5, wherein the biological sample
is blood.

7. The method of claim 5, wherein the expression level of
the gene is measured by PCR of the cDNA for the gene.

8. The method of claim 5, wherein the expression level of
the gene is measured by detecting a protein encoded by the
gene.

9. A method of testing for bronchial asthmatic attack, said
method comprising the steps of:

a) measuring the expression level of indicator genes in a
biological sample from a human subject having a
symptom of a bronchial asthmatic attack, wherein said
indicator genes are SCCA1 and SCCA2, and

b) comparing the expression level measured in step a),
with that in a biological sample from a human living
body not affected by bronchial asthma, wherein a
higher level of SCCA1 and SCCA2, in the biological
sample from the subject indicates that the subject is
having a bronchial asthma attack.

10. The method of claim 9, wherein the biological sample

is blood.

11. The method of claim 9, wherein the expression level

of the genes is measured by PCR of the cDNA for the genes.

12. The method of claim 9, wherein the expression level

of the genes is measured by detecting a protein encoded by
the genes.



RE(EFR)AGE)

HAT R E(ZFRR)AGE)

FRI& B A

EHA

AN

BEG®F)

B AIL-458IL- 13BN E E R |, FE S NP RIEAKRRER
SCCA1FISCCA2EHFHEN T BMEXERRS, I, EHT HESS
EEm A ENXEERNREFYWHIBEKENAS. REARET —
MR SERWRRENSE , ZHEEAXEEREEYERTHR

BIKFAER R,

TREEERN 5 E
US7160683 K (2E)R
US10/214793 iR

GENOX#f3E , INC.

EBRRF

OHTANI NORIKO
MATSUI KEIKO
YOSHIDA NEI
SUGITA YUJI
HAMASAKI YUHEI
IZUHARA KENJI

OHTANI, NORIKO
MATSUI, KEIKO
YOSHIDA, NEI
SUGITA, YUJI
HAMASAKI, YUHEI
IZUHARA, KENJI

C12Q1/00 C12Q1/68 GO1N33/53 GO1N33/68

C12Q1/6883 GO1N33/6893 G01N2800/122 C12Q2600/158
SAUNDERS , DAVID

2001239857 2001-08-07 JP

US20030099979A1

Espacenet USPTO

Wandata ||

2007-01-09

2002-08-07

patsnap

g sig| | < =,
=} o E PN
- l!? e
s sy,
i Mol
e1r-vz-za &,:«%9
oy, Ty
L s
a“r\\ <
ovz-za Sex e
= T Caoe
E B 8 8 & B 8 8 B 8 58 8 N
............. ST
= €1N-vz-€8
| = [—
,,,,,,,
,,,,,,,,,
3
,,,,,,
.
L L
£ x
Eg gl § § = e
izg £23 b=
g E B g g g -
§ 8 E g


https://share-analytics.zhihuiya.com/view/348d2f6d-5bb7-451a-93ad-793ff0b645da
https://worldwide.espacenet.com/patent/search/family/019070552/publication/US7160683B2?q=US7160683B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=7160683.PN.&OS=PN/7160683&RS=PN/7160683

