DESCRIPTION

BIOCASSAY METHOD FOR ANTIBODY AGAINST THYROID-STIMULATING
HORMONE RECEPTOR, MEASUREMENT KIT FOR THE ANTIBODY, AND
NOVEL GENETICALLY MODIFIED CELL FOR USE IN THE BIOASSAY

METHOD OR THE MEASUREMENT KIT

Technical Field

[0001]

The present invention relates to a cell expressing a
thyroid stimulating hormone receptor (TSHR), a cAMP
dependent calcium channel and a calcium sensitive protein,
a composition comprising the cell, use of the composition
for the diagnosis of thyroid disease, and a method for

diagnosing thyroid disease using the composition, etc.

Background Art
[0002]

A thyroid stimulating hormone (TSH) produced by the
pituitary gland binds to a thyroid stimulating hormone
receptor (TSHR) present in the thyroid gland to promote
the secretion of a thyroid hormone. Since the thyroid
hormone is a hormone that enhances systemic metabolism,
abnormal increase or abnormal decrease in the action of
this hormone variously affects the mind and body, causing
thyroid disease. For example, regarding Graves' disease,

a thyroid stimulating antibody (TSAb) is produced in the



body, and this antibody, instead of TSH, overstimulates
TSHR so that the functions of the thyroid gland are
increased and symptoms such as enlargement of the thyroid
gland, exophthalmos and tachycardia appear. On the other
hand, among hypothyroidisms, there are some diseases in
which a thyroid stimulation blocking antibody (TSBAb) is
produced so that the functions of the thyroid gland are
decreased and symptoms such as a weight gain, depression,
and general fatigue appear.

So far, the assay of these autoantibodies (TSAb and
TSBAb) contained in blood has been used for the diagnosis
of Graves' disease énd hypothyroidism.

The representative examples of a method for
measuring the autocantibodies have been reported as

follows:

a radioreceptor assay method (TBII method) using a
radioisotope~labeled TSH or a monoclonal antibody against
TSHR, in which said radiocisotope-labeled TSH or said
monoclonal antibody against TSHR competitively inhibits
the binding of the autoantibody in a patient’s serum to
TSHR so that an amount of the bound autocantibody can be
measured; and

a bicassay method (TSAb method) for measuring an
amount of TSAb, in which porcine thyroid gland cells oxr
the like are treated with an antibody that binds to TSHR
and the amount of TSAb is determined by measuring an

increase in the concentration of cAMP in the thyroid



gland cells using radioisotope-labeled cAMP (Non Patent
Literatures 1 and 2).

Non Patent Literature 1: Methods in Enzymology, 74,

405-420 (1981)

Non Patent Literature 2: J Clin Endocrinol Metab.

1986 May; 62 (5): 855-62

Summary of Invention
Technical Problem to be solved
[0003]

An object of the present invention is to provide a
composition for measurement of TSAb and/or TSBAb and a
composition for diagnosis of thyroid disease, etc., which
can be manipulated more conveniently than conventional
methods without a use of a radioisotope that requires
special techniques or equipment. Moreover, a further
object of the present invention 1is to provide a method

for diagnosing thyroid disease using the composition, etc.

Solution to Problem
[0004]

The present inventor used a calcium sensitive
protein to measure the amount of calcium ion entry into a
cell stimulated by cAMP which is formed by the binding of
a thyroid stimulating antibody (TSAb) to a thyroid
stimulating hormone receptor (T3HR). As a result, the

present inventor has successfully measured the amount of



TSAb without using a radiocisotope. Furthermore, the
present inventor has also successfully measured the
amount of a thyroid stimulation blocking antibody (TSBADb)
using similar principles, and consequently completed the
present invention.

[0005]

Specifically, the present invention relates to a
cell expressing a thyroid stimulating hormone receptor
(TSHR), a cAMP dependent calcium channel and a calcium .
sensitive protein, and a composition and a kit comprising
the cell.

Moreover, the present invention relates to a
composition and a kit for measuring the amount of a
thyroid stimulating antibody and/or the amount of a
thyroid stimulation blocking antibody in a biological
sample, a composition and a kit for diagnosing thyroid
disease, a composition and a kit for determining a human
having a high risk of developing thyroid disease, or a
composition and a kit for determining therapeutic effect
on human under treatment of thyroidqdisease, comprising a
cell expressing TSHR, a cAMP dependent calcium channel
and a calcium sensitive protein.

Furthermore, the present invention relates to a
method for diagnosing thyroid disease, a method for
determining a human having a high risk of developing
thyroid disease, or a method for determining the

effectiveness of treatment of thyroid disease, comprising



the following steps (1), (2), and (3) or (1'), (2), and
(3):

(1) preparing a mixture containing a cell expressing a
thyroid stimulating hormone receptor (TSHR), a cAMP
dependent calcium channel and a calcium sensitive protein,
a luminescent substrate for the calcium sensitive protein,
a Ca’*-free medium or a Ca%/Mg”Pfree medium, TSH and a
sample derived from the blood of a test subject; or

(1') preparing a mixture containing a cell expressing a
thyroid stimulating hormone receptor (TSHR), a cAMP
dependent calcium channel and a calcium sensitive protein,
a luminescent substrate for the calcium sensitive protein,
a Ca®'-free medium or a Ca?"'/Mg?'-free medium and a sample
derived from the blood of a test subiject;

(2) adding a Ca®*-containing solution to the mixture
prepared in (1) or (1'"); and

(3) measuring the luminescence of the calcium sensitive
protein emitted from the cell.

Furthermore, the present invention also relates to a
method for diagnosing hypothyroidism, a method for
determining a human having a high risk of developing
hypothyroidism, or a method for determining the
effectiveness of treatment of hypothyroidism, comprising
the following steps (1) to (3):

(1) preparing a mixture containing a cell expressing a
thyroid stimulating hormone receptor (TSHR), a cAMP

dependent calcium channel and a calcium sensitive protein,



a luminescent substrate for the calcium sensitive protein,
a Ca’’-containing medium, TSH and a sample derived from
the blood of a test subject;

(2) adding a forskolin-containing solution to the mixture
prepared in (1); and

(3) measuring the luminescence of the calcium sensitive

protein emitted from the cell.

Advantageous Effects of Invention
[0006]

The present invention eliminates the need of
complicated procedures accompanied with use of
radioisotopes. Thus, the measurement of the amount of a
thyroid stimulating antibody (TSAb)} and the amount of a
thyroid stimulation blocking antibody (TSBAb) contained
in a biological sample and the diagnosis of thyroid

disease can be achieved by simple and safe procedures.

Brief Description of Drawings

[0007]

[Figure 1] Figure 1 shows that luminescence emitted from
CHO cells expressing human TSHR, modified CNG channel and
modified aequorin is dependent on a concentration of
bovine TSH (bTSH).

[Figure 2] Figure 2 shows an amount of luminescence

emitted from the CHO cells expressing human TSHR,



modified CNG channel and modified aequorin, in the
presence of a low dose of DLTSH.

[Figure 3] Figure 3 shows effects of a concentration of a
luminescent substrate for the aequorin and the incubation
time on an amount of luminescence emitted from the CHO
cells expressing human TSHR, modified CNG channel and
modified aequorin.

[Figure 4] Figure 4 shows effects of an amount of
introduced TSHR expression plasmid on an amount of
luminescence emitted from the CHO cells expressing human
TSHR, modified CNG channel and modified aequorin.

[Figure 5] Figure 5 shows a relationship between a
concentration of CHO cells expressing human TSHR,
modified CNG channel and modified aequorin, and an amount
of luminescence from the célls.

[Figure 6] Figure 6 shows a relationship between a
concentration of CHO cells expressing human TSHR,
modified CNG channel and modified aequorin, and an amount
of luminescence from the cells, where the amount of
luminescence 1is indicated as a relative value which is
calculated on the assumption that a relative value for
each blank is 1.

[Figure 7] Figure 7 shows effects of a concentration of
added CaCl,; on an amount of luminescence emitted from the

CHO cells expressing human TSHR, modified CNG channel and

modified aequorin.



[Figure 8] Figure 8 shows that a kit according to the
present invention is capable of quantifying a thyroid
stimulating antibody (TSADb).

[Figure 9] Figure 9 shows that a kit according to the
present invention is capable of detecting a thyroid
stimulation blocking antibody (TSBAb).

[Figure 10] Figure 10 shows that a kit according to the
present invention utilizes cell desensitization to be
capable of detecting a thyroid stimulation blocking
antibody (TSBADb)

[Figure 11] Figure 11 shows that a kit according to the
present invention is capable of detecting a thyroid
stimulating antibody (TSAb) with higher sensitivity
compared to a conventional product (thyroid stimulating
autoantibody kit; TSAb kit "YAMASA" (R)).

[Figure 121 Figure 12 shows the time course of an amount
of luminescence emitted from the CHO cells expressing
human TSHR, modified CNG channel and modified aegquorin.
[Figure 13] Figure 13 shows a concentration dependence of
a blocking antibody.

[Figure 14] Figure 14 shows that addition of forskolin
solution allows a blocking antibody to be detected in a
dose-dependent manner.

[Figure 15] Figure 15 shows change in an amount of
luminescence depending on incubation time with a

stimulating antibody (TSAD).



[Figure 16] Figure 16 shows change in an amount of
luminescence depending on incubation time with a blocking
antibody (TSBADb).

[Figure 17] Figure 17 shows change in an amount of
luminescence induced by addition of forskolin depending
on incubation time with a blocking antibody (TSBAb).
[Figure 18] Figure 18 shows a plasmid pmCNGoZ2.

[Figure 19] Figure 19 shows a plasmid pcDNA mt sAEQ.
[Figure 20] Figure 20 shows a histogram of the TSAb
values of 48 normal individuals measured by means of a
kit according to the present invention.

[Figure 21] Figure 21 shows distribution of TSAb values
in serum samples derived from various thyroid diseases
measured by means of a kit according to the present

invention.

Description of Embodiments
[0008]

The present invention provides a cell expressing a
thyroid stimulating hormone receptor (TSHR), a cAMP
dependent calcium channel and a calcium sensitive protein,
and a composition comprising the cell.

[0009]

The thyroid stimulating hormone receptor (TSHR) can
be any receptor to which a thyroid stimulating hormone
(TSH) binds, and includes receptors that activate

adenylate cyclase to increase cBMP. The origin of TSHR



is not particularly limited as long as it is a mammal.
The origin can be, for example, a human, a mouse, bovine,
a rat or a pig. Moreover, TSHR may have one or several
amino acids modified (added, substituted, deleted, etc.)
appropriately in the amino acid sequence, or TSHR may be
a protein that consists of an amino acid seqguence having
70% or more, 80% or more, 85% or more, 90% or more, 95%
or more, 98% or more, or 29% or more homology to the
amino acid sequence of natural TSHR; binds to TSH; and
has the function of increasing cAMP through activation of
adenylate cyclase.

TSHR can be a protein having the amino acid seguence
represented by SEQ ID NO: 1. Furthermore, TSHR can be a
protein that consists of an amino acid sequence having
70% or more, 80% or more, 85% or more) 90% or more, 95%
or more, 98% or more, or 99% or more homology to the
amino acid sequence represented by SEQ ID NO: 1; binds to
TSH; and has the function of increasing cAMP through
activation of adenylate cyclase.

Alternatively, TSHR can be a chimeric protein of
TSHR with a receptor analocgous to TSHR, for example, a
corpus luteum hormone receptor, a follicle stimulating
hormone receptor or a human chorionic gonadotropin
receptor. These chimeric proteins may be prepared by
substituting a portion other than amino acid residues 8-
89 or 8-165 in TSHR with an appropriate portion of the

corpus luteum hormone receptor, the follicle stimulating



hormone receptor or the human chorionic gonadotropin
receptor. For example, for preparing the TSHR-corpus
luteum hormone receptor chimeric protein, amino acid
residues 90-165 in TSHR may be substituted with the
segment Mc2 of an LH-CG receptor, and amino acid residues
261-370 in the TSHR may further be substituted with the
segment Mc4 of the LH-CG receptdr.

As used herein, TSH is not particularly limited as
long as it is derived from a mammal. TSH can be derived
from, for example, a human, a mouse, bovine, a rat, or a
pig. TSH may have one or several amino acids modified
{added, substituted, deleted, etc.) appropriately in the
amino acid sequence, or may be a protein that consists of
an amino acid sequence having 70% or more, 80% or more,
85% or more, 90% or more, 95% or more, 98% or more, Or
99% or more homology to the amino acid sequence of
natural TSH; binds to TSHR; and has the function of
increasing cAMP through activation of adenylate cyclase.
[0010]

The cAMP dependent calcium channel is a channel that
changes the amount of calcium ion entry into a cell in
response to change in the concentration of cAMP, and
includes channels that increase the amount of calcium ion
entry into a cell in response to increase in the
concentration of cAMP. Examples of the cAMP dependent
calcium channel include a CNG (cyclic nucleotide gated

ion channel) calcium channel. Optionally, the cAMP



dependent calcium channel may have one or several amino
acids modified (added, substituted, deleted, etc.) in the
amino acid sequence and may be modified (including
substituted, added, and deleted) such that it exhibits,
for example, higher sensitivity to cAMP than cGMP. The

CNG calcium channel can be a protein that consists of an

o

amino acid seguence having 70% or more, 80% or more, 85
or more, 90% or more, 95% or more, 98% or more, or 99% or
more homology to the amino acid sequence of the natural
CNG calcium channel and increases the amount of calcium
ion entry into a cell in response to increase in the
concentration of cAMP. Examples of the modification
include the substitution of the 460th cysteine in a mouse
CNG calcium channel with tryptophan, the substitution of
the 583rd glutamic acid in a mouse CNG calcium channel
with methionine, the substitution of the 537th threonine
in a bovine CNG calcium channel with serine, methionine,
valine, or alanine, and combinations therecf. These
substitutions exemplified above are not limited to the
animal species in which the substitutions are found
respectively, and are also applicable to amino acid
substitution at corresponding sites in other animal
species. For example, threonine in a mouse CNG calcium
channel corresponding to the 537th threonine in the
bovine CNG calcium channel can be substituted with serine,

methionine, wvaline, or alanine. Such substitution can be

performed at one or more position(s). For example, the



substitution of the 460th cysteine in the mouse CNG
calcium channel with tryptophan is performed, and the
substitution of the 583rd‘glutamic acid with methionine
can also be performed.

The CNG calcium channel can consist of an a-subunit
and/or a PB-subunit. It may be of any constitution, for
example, consisting of at least one subunit selected from
the group consisting of an o2 subunit, an o3 subunit, an
a4 subunit, and a Plb subunit. Furthermore, the subunit
may be modified as described above.

The origin of the CNG calcium channel is not
particularly limited as long as it is a mammal. The
origin can be, for example, a human, a mouse, bovine, a
rat or a pig. The CNG calcium channel can be a protein
having the amino acid sequence represented by SEQ ID NO:
2. Furthermore, the CNG calcium channel can be a protein
that consists of an amino acid sequence having 70% or
more, 80% or more, 85% or more, 90% or more, 95% or more,
98% or more, or 99% or more homology to the aminc acid
sequence represented by SEQ ID NO: 2 and increases the
amount of calcium ion entry into a cell in response to
increase in the concentration of cAMP.

[0011]

The calcium sensitive protein includes proteins

whose structure is changed in response to calcium, and

includes proteins that emit luminescence in response to



calcium and proteins that function as a so-called calcium
sensor.

Examples of the calcium sensitive protein include
aequorin, cameleon (Invitrogen Corp.), Casel2 (Evrogen),
clytin, obelin, mitrocomin, mineopsin, berovin, a protein
comprising two GFPs differing in color, bound to calcium
sensitive calmodulin and a partial sequence of myosin
light chain kinase binding thereto, a calcium sensitive
protein comprising calmodulin bound to between the 144th
and 146th residues in the amino acid sequence of GFP, and
a protein of probe No. G3-85 or Al-2 described in
Japanese Patent Laid-Open No. 2002-153279, and
apoproteins thereof, if any, (e.g., apoaequorin).

The amino acid seguence of the calcium sensitive
protein may be modified (added, substituted, deleted,
etc.) appreopriately according to the purpose or may be
modified to increase the amount of luminescence and/or to
improve an SN ratio. The modification includes the
addition, substitution, and deletion of one or several
amino acids in the amino acid sequence. The caicium
sensitive protein includes proteins that consist of an
amino acid sequence having 70% or more, 80% or more, 85%
or more, 90% or more, 95% or more, 98% or more, or 99% or
more homology to the amino acid sequence of the natural
calcium sensitive protein and emit luminescence in
response to calcium. For example, the calcium sensitive

protein may be modified such that its gene is optimized



for human codon usage and it has a mitochondrial
targeting signal.

The calcium sensitive protein can be a protein
having the amino acid sequence represented by SEQ ID NO:
3. Furthermore, the calcium sensitive protein can be a
protein that consists of an amino acid sequence having
70% or more, 80% or more, 85% or more, 90% or more, 95%
or more, 98% or more, or 99% or more homology to the
amino acid sequence represented by SEQ ID NO: 3 and emits
luminescence in response to calcium.

[0012]

The cell expressing a thyroid stimulating hormone
receptor (TSHR), a cAMP dependent calcium channel and a
calcium sensitive protein according to the present
invention transiently or stably expresses each of the
thyroid stimulating hormone receptor (TSHR), the cAMP
dependent calcium channel and the calcium sensitive
protein. The cell is not particularly limited and can be
a cell line such as a CHO cell, a HEKZ93 cell, or a 3T3
cell. For example, the cell expressing a thyroid
stimulating hormone receptor (TSHR), a cAMP dependent
calcium channel and a calcium sensitive protein according
to the present invention can be a CHO cell stably
expressing each protein, wherein TSHR has the amino acid
sequence represented by SEQ ID NO: 1, the cAMP dependent
calcium channel is a modified CNG calcium channel having

the amino acid sequence represented by SEQ ID NO: 2 and



the calcium sensitive protein is modified apocaequorin
having the amino acid sequence represented by SEQ ID NO:
3. Furthermore, the cell expressing a thyroid
stimulating hormone receptor (TSHR), a cAMP dependent
calcium channel and a calcium sensitive protein according
to the present invention can be, for example, a CHO cell
stably expressing TSHR, the cAMP dependent calcium
channel and the calcium sensitive protein, each of which
is a protein that consists of an amino acid sequence
having 70% or more, 80% or more, 85% or more, 90% or more,
95% or more, 98% or more, or 99% or more homology to the
amino acid sequence of any one of SEQ ID NOs: 1-3 and
maintains the functions of the thyroid stimulating
hormone receptor (TSHR), the cAMP dependent calcium
channel or the calcium sensitive protein.

Moreover, a cell naturally expressing one or more
protein(s) selected from the group consisting of the
thyroid stimulating hormone receptor (TSHR), the cAMP
dependent calcium channel and the calcium sensitive
protein may be used. In this case, the cell expressing a
thyroid stimulating hormone receptor (TSHR), a cAMP
dependent calcium channel and a calcium sensitive protein
according to the present invention can also be prepared
by forcing the cell to transiently or stably express the
protein(s) that are not expressed in the cell. Examples
of such cell include a thyroid gland-derived cell

endogenously expressing the TSHR (e.g., FRTL-5 or Nthy-



ori 3-1) that is forced to transiently or stably express
each of the cAMP dependent calcium channel and the
calcium sensitive protein and an olfactory tissue-derived
cell endogenously expressing the CNG calcium channel that
is forced to transiently or stably express each of the
TSHR and the calcium sensitive protein.

[0013]

The cell expressing a thyroid stimulating hormone
receptor (TSHR), a cAMP dependent calcium channel and a
calcium sensitive protein according to the present
invention can be cryopreserved. The cryopreservation can
be performed at an appropriate temperature, for example,
-20°C or -80°C, in a cell cryopreservation solution. The
cell cryopreservation solution is not limited and
includes CELLBANKER (R) (Nippon Zenvaku Kogyce Co., Ltd.),
BAMBANKER (R) (Lymphotec Inc.), Cellvation (R) (CELOX
LABORATORIES, Inc.), CryoStor (R) (BIOLIFE SOLUTIONS
Ltd.), etc. Cells can be cryopreserved in a large number
of the same lot so that a cell-derived measurement error
among compositions or kits is drastically reduced. As a
result, the reproducibility of measurement results can be
improved. Moreover, the cell expressing a thyroid
stimulating hormone receptor (TSHR), a cAMP dependent
calcium channel and a calcium sensitive protein according
to the present invention maintains sensitivity sufficient
for detecting a thyroid stimulating antibody (TSAb) and a

thyroid stimulation blocking antibody (TSBAb) present in



human blood, even after being cryopreserved and thawed
using a warm bath or the like. Moreover, after thawing,
the cell is merely transferred into an appropriate
container and cultured for approximately 2 hours, and the
state of the cell is not deteriorated by a reagent added

for detecting TSAb and TSBAb, or by human blood-derived

components.
[0014]

A composition comprising the cell expressing a
thyroid stimulating hormone receptor (TSHR), a cAMP
dependent calcium channel and a calcium sensitive‘protein
according to the present invention (e.g., an agueous
solution comprising the cell expressing a thyroid
stimulating hormone receptor (TSHR), a cAMP dependent
calcium channel and a calcium sensitive protein according
to the present invention) can be used for assaying the
amount of a thyroid stimulating antibody and/or the
amount of a thyroid stimulation blocking antibody, for
diagnosing thyroid disease, for determining a human
having a high risk of developing thyroid disease, and/or
for determining therapeutic effect on a human under
treatment of thyroid disease.

As used herein, the thyroid disease includes
hyperthyroidism and hypothyroidism. The hyperthyroidism
includes Graves' disease, and the hypothyroidism includes
Hashimoto's disease. As used herein, the Hashimoto's

disease includes hypothyroidism that is TSBAb-positive in



blood, atrophic thyroiditis free from goiter, atrophic
thyroiditis caused by TSBAb and myxedema.

The cell expressing a thyroid stimulating hormone
receptor (TSHR), a cAMP dependent calcium channel and a
calcium sensitive protein is as described above.

The thyroid stimulating antibody (TSAb) is an
antibody capable of acting as a TSHR agonist and can be
found in the blood of a Graves' disease patient.

The thyroid stimulation blocking antibody (TSBADb) is
an antibody capable of binding to TSHR and acting as a
TSHR antagonist and includes, for example, antibodies
that competitively inhibit the binding of TSH to TSHR.
The thyroid stimulation blocking antibody (TSBAb) can be
found in the blood of a hypothyroidism patient, for
example, in the blood of a Hashimoto's disease patient.
[0015]

The thyroid stimulating antibody (TSAb) or the
thyroid stimulation blocking antibody (TSBAb) present in
a bioclogical sample can be measured by use of the
following mechanism of action:

(1) When thyroid stimulating antibody (TSAb) 1is present
in biclogical sample

TSAb increases cAMP through the action on TSHR of
the cell according to the present invention. As a result,
the CNG calcium channel is activated so that calcium
entry into the cell is increased. Thus, the calcium

sensitive protein emits luminescence. This means that



- 20 -

the presence of TSAb in the sample is represented by the
luminescence of the calcium sensitive protein as an
output.
(2) When thyroid stimulation blocking antibody (TSBAb) is
present in biclogical sample
(a) Method using competitive inhibition against TSH

Upon addition together with TSH, TSBAb competitively
inhibits the binding of the TSH to TSHR. As a result,
the action of TSH is inhibited to prevent increase in the
concentration of c¢AMP and thereby also prevent CNG
calcium channel-mediated increase in calcium entry. Thus,
the luminescence of the calcium sensitive protein is
reduced. This means that the presence of TSBAb in the
sample 1s represented by the suppression of luminescence
of the calcium sensitive protein as an output.
(b)‘Method using desensitization of CNG calcium channel

Upon addition together with TSH, TSBAbL competitively
inhibits the binding of the TSH to TSHR. As a result,
the action of TSH is inhibited to prevent increase in the
concentration of cAMP. In this case, if TSBAb is absent,
the concentration of cAMP is increased by the action of
TSH to activate the CNG calcium channel. However, after
the given time, the CNG calcium channel is desensitized
and thus, does not respond to newly added forskolin (or
agent increasing the concentration of cAMP). Accordingly,
if TSBAb 1s absent in the sample, calcium entry into the

cell does not occur. This means that the absence of



TSBAb is represented by the suppression of luminescence
of the calcium sensitive protein as an output:. On the
other hand, 1f TSBAb is present in the sample, the CNG
calcium channel i1s not desensitized. Thus, the
luminescence of the calcium sensitive protein is not
reduced.

[0016]

In one embodiment of the present invention, use of
the composition according to the present invention based
on the mechanism of action described above can detect a
thyroid stimulating antibody and/or a thyroid stimulation
blocking antibody in a biological sample; can compare the
concentrations of a thyroid stimulating antibody and/or a
thyroid stimulation blocking antibody between two
biological samples; or can measure the relative amounts
of a thyroid stimulating antibody and/or & thyroid
stimulation blocking antibody in two biological samples.
Furthermore, use of the composition according to the
present invention can also measure the concentrations of
a thyroid stimulating antibody and/or a thyroid
stimulation blocking antibody in a biological sample.

As used herein, the biological sample includes
organism-derived samples such as blood and a sample
prepared from blood and includes, for example, human
blood, a sample prepared from human blood, canine blood,
a sample prepared from canine blood, feline blood, and a

sample prepared from feline blood.



[0017]

| Using the composition according to the present
invention, one can measure a thyroid stimulating antibody
and/or a thyroid stimulation blockiﬁg antibody in human
blood. Thus, a test subject can be diagnosed as having
thyroid disease or not.

When the mechanism of action described above in (1)
is used, Graves' disease can be diagnosed using the
composition according to the present invention. For
example, Graves' disease can be diagnosed by measuring
the amount of luminescence of the calcium sensitive
protein emitted from the cell treated with a blood sample
of a test subject and the amount of luminescence of the
calcium sensitive protein emitted from the cell treated
with the same amount of a blood sample (standard) of a
normal individual as that of the blood sample of the test
subiject. In this case, when the amount of luminescence
emitted from the cell treated with the blood sample of
the test subject is higher than that emitted from the
cell treated with the blood sample (standard) of the
normal individual, the serum concentration of a thyroid
stimulating antibody (TSAb) of the test subject can be
determined to be higher than that of the normal
individual. Thus, the test subject can be diagnosed as
Graves' disease.

Moreover, the respective amounts of luminescence

(integrated values) emitted from the cells treated with



blood samples of a large population of normal individuals,
for example, 50 to 100 normal individuals, are measured
in advance, and a mean thereof and standard deviation
(SD) may be calculated. When the amount of luminescence
emitted from the cell treated with a blood sample of a
test subject is higher than the mean + nSD (e.g., n = 1,
2, 3, 4, or 5) of the amounts of luminescence {(integrated
values) emitted from the cells treated with the blood
samples of the normal individual population, the serum
concentration of a thyroid stimulating antibody of the
test subject can be determined to be higher than that of
the normal individuals. Thus, the test subject can be
diagnosed as Graves' disease.

In the present specificaticn and claims, a value
obtained from the "sample derived from the blood of a
normal individual™ can be, for example, a measured value
of a blood sample (standard) of a normal individual or a
value obtained in advance from measured values of a
normal individual population, unless otherwise specified.
[0018]

Alternatively, the amount of luminescence
(integrated wvalue) emitted from the cell treated with a
blood sample of a test subject / the amount of
luminescence (integrated value) emitted from the cell
treated with a blood sample of a normal individual x 100
(%) may be calculated (hereinafter, this calculated value

is defined as a calculated value A). The respective



amounts of luminescence (integrated values) emitted from
the cells treated with respective blood samples of a
large population of normal individuals and a large
population of untreated Graves' disease patients (e.qg.,
50 to 100 individuals per population) are measured in
advance, and a cutoff value may be set such that a true
positive rate of Graves' disease and/or a true negative
rate (i.e., being a normal individual) are, for example,
80% or more, 90% or more, 92% or more, 94% or more, 96%
or more, or 98% or more, respectively. When the
calculated value A is higher than the cutoff value, the
test subject can be diagnosed as Graves' disease. The
~cutoff value can be set appropriately depending on the
properties of a target population, such as age and sex
and can be set to, for example, 120%, 130%, 140%, 150%,
160%, 170%, 180%, 190%, or 200%.

Furthermore, an antibody (TSAb) standard (e.g.,
NIBSC 90/672 or 65/122) is also used, and its
concentration may be serially diluted to prepare a
calibration curve. With reference to the calibration
curve, the actual serum concentration of an antibody
(TSAb) is calculated from the measured amount of
luminescence of the calcium sensitive protein emitted
from the cell treated with a blood sample of a test
subject. This concentration can be compared with the

previously measured serum concentration of an antibody

(TSAb) in each of a large population of normal



individuals and a large population of untreated Graves'
disease patients (e.g., 50 to 100 individuals per
population), or known data reported in a document or the
like to diagnose the test subject as being Graves'
disease or not. For example, when the concentration is
higher than the mean + nSD (e.g., n =1, 2, 3, 4, or 5)
of the serum concentrations of (TSAb) of the normal
individual population, the test subject can be diagnosed
as Graves' disease.

For the measurement of the amount of luminescence,
it is preferred to measure the integrated value for the
given time. For example, the integrated value can be
measured for 5 seconds, 10 seconds, 15 seconds, 20
seconds, 30 seconds, 40 seconds, 50 seconds, or 1 minute.
[0019]

Moreover, when the mechanism of action described
above in (2) (a) is utilized, hypothyroidism (including
Hashimoto's disease) can be diagnosed using the
composition according to the present invention. For
example, hypothyroidism can be diagnosed by measuring the
amount of TSH-induced luminescence of the calcium
sensitive protein in the cell treated with a blood sample
of a test subject and the amount of TSH-induced
luminescence of the calcium sensitive protein in the cell
treated with the same amount of a blood sample (standard)
of a normal individual as that of the blood sample of the

test subject. In this case, when the amount of



luminescence emitted from the cell treated with the blood
sample of the test subject is lower than that emitted
from the cell treated with the blood sample (standard) of
the normal individual, the serum concentration of a
thyroid stimulation blocking antibody (TSBAb) of the test
subject can be determined to be higher than that of the
normal individual. Thus, the test subject can be
diagnosed as hypothyroidism.

Moreover, the respective amounts of TSH-induced
luminescence (integrated values) of the calcium sensitive
proteins in the cells treated with blood samples of a
large population of normal individuals, for example, 50
to 100 normal individuals, are measured in advance, and a
mean thereof and standard deviation (SD} may be
calculated. When the amount of TSH-induced luminescence
from the cell treated with a blood sample of a test
subject is lower than the mean - nSD (e.g., n =1, 2, 3,
4, or 5) of the amounts of TSH-induced luminescence
(integrated values) from the cells treated with the blood
samples of the normal individual population, the serum
concentration of a thyroid stimulation blocking antibody
(TSBAb) in the test subject can be determined to be
higher than that in the normal individuals. Thus, the
test subject can be diagnosed as hypothyroidism.

Alternatively, the amount of luminescence
(integrated value) emitted from the cell treated with a

blood sample of a test subject / the amount of



luminescence (integrated value) emitted from the cell
treated with a blood sample of a normal individual x 100
(%) may be calculated (hereinafter, this calculated value
is defined as a calculated value B). The respective
amounts of luminescence (integrated wvalues) attributed to
‘respective blood samples of a large population of normal
individuals and a large population of untreated
hypothyroidism patients (e.g., 50 to 100 individuals per
population) are measured in advance, and a cutoff wvalue
is set such that a true positive rate of hypothyroidism
and/or a true negative rate (i.e., being a normal
individual) are, for example, 80% or more, 90% or more,
82% or more, 94% or more, 96% or more, or 98% or more,
respectively. When the calculated value B is lower than
the cutoff value, the test subject can also be diagnosed
as hypothyroidism. The cutoff value can be set
appropriately depending on the properties of a target
population, such as age and sex and can be set to, for
example, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90%.
[0020]

Furthermore, an antibody (TSBAb) standard having a
known concentration is also used, and its concentration
may be serially diluted to prepare a calibration curve.
With reference to the calibration curve, the actual serum
concentration of an antibody (TSBAb) is calculated from
the measured amount of TSH-induced luminescence of the

calcium sensitive protein in the cell treated with a



blood sample of a test subject. This concentration can
be compared with the previously measured serum
concentration of an antibody (TSBAb) in each of a large
population of normal individuals and a large population
of untreated hypothyroidism patients (e.g., 50 to 100
individuals per population), or known data reported in a
document or the like to diagnose the test subject as
hypothyroidism or not. For example, when the
concentration is higher than the mean + nSD (e.g., n = 1,
2, 3, 4, or 5) of the serum concentrations of (TSBAb) of
the normal individual population, the test subject can be
diagnosed as hypothyroidism.

For the measurement of the amount of luminescence,
it is preferred to measure the integrated value for the
given time. For example, the integrated value can be
measured for 5 seconds, 10 seconds, 15 seconds, 20
seconds, 30 seconds, 40 seconds, 50 seconds, or 1 minute.

Moreover, when the mechanism of action described
above in (2) (b) is utilized, hypothyroidism (including
Hashimoto's disease) can be diagnosed using the
composition according to the present invention. For
example, hypothyroidism can be diagnosed by measuring the
amount of forskolin-induced luminescence of the calcium
sensitive protein in the cell treated with a blood sample
of a test subject and the amount of forskolin-induced
luminescence of the calcium sensitive protein in the cell

treated with the same amount of a blood sample (standard)
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of a normal individual as that of the blood sample of the

test subject. In this case, when the amount of

luminescence emitted from the cell treated with the blood

sample of the test subject is higher than that emitted

from the cell treated with the blood sample (standard) of

the normal individual, the serum concentration of a

thyroid stimulation blocking antibody (TSBAb) of the test

subject can be determined to be higher than that of the
normal individual. Thus, the test subject can be
diagnosed as hypothyroidism.

Moreover, the respective amounts of forskolin-
induced luminescence (integrated values) of the calcium

sensitive proteins in the cells treated with blood

samples of a large population of normal individuals, for

example, 50 to 100 normal individuals, are measured in
advance, and a mean thereof and standard deviation (SD)

may be calculated. When the amount of forskolin-induced

luminescence from the cell treated with a blood sample of

a test subject is higher than the mean + nSD (e.g., n =
2, 3, 4, or 5) of the amounts of forskolin-induced
luminescence (integrated values) from the cells treated
with the blood samples of the normal individual

population, the serum concentration of a thyroid

1,

stimulation blocking antibody (TSBAb) of the test subject

can be determined to be higher than that of the normal
individuals. Thus, the test subject can also be

diagnosed as hypothyroidism.
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[0021]

Alternatively, the amount of luminescence
(integrated value) emitted from the cell treated with a
blood sample of a test subject / the amount of
luminescence (integrated value) emitted from the cell
treated with a blood sample Qf a normal individual x 100
(%) may be calculated (hereinafter, this calculated value
is defined as a calculated value C). The respective
amounts of luminescence (integrated values) attributed to
respective blood samples of a large populaticon of normal
individuals and a large population of untreated
hypothyroidism patients (e.g., 50 to 100 individuals per
population) are measured in advance, and a cutoff value
is set such that a true positive rate of hypothyroidism
and/or a true negative rate (i.e., being a normal
individual) are, for example, 80% or more, 90% or more,
92% or more, 94% or more, 96% or more, or 98% or more,
respectively. When the calculated value C is higher than
the cutcoff value, the test subject can also be diagnosed
as hypothyroidism. The cutoff value can be set
appropriately depending on the properties of a target
population, such as age and sex and can be set to, for
example, 150%, 200%, 300%, 400%, 500%, 600%, 700%, 800%,
or 900%.

Furthermore, an antibody (TSBAb) standard having a
known concentration is also used, and its concentration

may be serially diluted to prepare a calibration curve.
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The actual serum concentration of an antibody (TSBAb) is
calculated from the measured forskolin-induced
luminescence of the calcium sensitive protein in the cell
treated with a blood sample of a test subject. This
concentration can be compared with the previously
measured serum concentratibn of an antibody (TSBAb) in
each of a large population of normal individuals and a
large population of untreated hypothyroidism patients
(e.g., 50 to 100 individuals per population), or known
data reported in a document or the like to diagnose the
test subject as hypothyroidism or not. For example, when
the concentration is higher than the mean + nSD (e.g., n
=1, 2, 3, 4, or 5) of the serum concentrations of
(TSBAb) of the normal individual population, the test
subject can be diagnosed as hypbthyroidism.

For the measurement of the amount of luminescence,
it is preferred to measure the integrated value for the
given time. For example, the integrated value can be
measured for 5 seconds, 10 seconds, 15 seconds, 20
seconds, 30 seconds, 40 seconds, 50 seconds, or 1 minute.
[0022]

Moreover, a human having a high risk of developing
thyroid disease, for example, a human having a high risk
of developing Graves' disease or hypothyroidism, can be
determined using the composition according to the present

invention.



For example, when the serum concentration of a
thyroid stimulating antibody measured using the
composition according to the present invention in medical
examination is lower than the numeric value of a Graves'
disease patient and higher than the numeric value of a
normal individual, this person can be determined as a
human having a high risk of developing Graves' disease.
When the serum concentration of a thyroid stimulation
blocking antibody is lower than the numeric value of
hypothyroidism and higher than the numeric value of a
normal individual, this person can be determined as a
human having a high risk of developing hypothyroidism.
Moreover, when the serum concentration of a thyroid
stimulating antibody measured using the composition
according to the present invention in medical examination
is gradually increased over time, this person can be
determined as a human having a high risk of developing
Graves' disease. When the serum concentration of a
thyroid stimulation blocking antibody is gradually
increased over time, this person can be determined as a
human having a high risk of developing hypothyroidism.
[0023]

Furthermore, the effectiveness of treatment for a
human under treatment of thyroid disease, for example, a
human with Graves' disease or hypothyroidism under
treatment thereocf, can also be determined using the

composition according to the present invention.



For example, the concentration of a thyroid
stimulating antibody or a thyroid stimulation blocking
antibody of blood samples collected from the same
individual both before and after treatment, and time-
dependent change in the concentration can be measured
using the composition according to the present invention
to determine the presence or absence of effectiveness of
the treatment. When the serum concentration of the
thyroid stimulating antibody measured using the
composition according to the present invention is lower
after treatment than before treatment, the treatment of
Graves' disease can be determined as being effective.
When the serum concentration of the thyroid stimulation
blocking antibody measured using the composition
according to the present invention is lower before
treatment than after treatment, the treatment of
hypothyroidism can be determined as‘being effective.
[0024]

The present invention provides a kit that comprises
a composition comprising the cell expressing a thyroid
stimulating hormone receptor (TSHR), a cAMP dependent
calcium channel and a calcium sensitive protein according
to the present invention and can further comprise at
least one selected from the group consisting of a medium
for cell culture, a detection solution, a luminescent
substrate for the calcium sensitive protein or an aqueous

solution thereof, an antibody separation solution, a



plate for cell culture or a test tube, TSH or an agueous
solution thereof, an anti-~TSH antibody and a normal human
IgG control serum. For example, each substance
constituting the kit and the composition are individually
packaged, and these packages can be placed together in
one container such as a box to prepare a kit.

The cell expressing a thyroid stimulating hormone
receptor (TSHR), a cAMP dependent calcium channel and a
calcium sensitive protein according to the present
invention can be prepared appropriately and is prepared,
for example, at a concentration of 3 X 10* cells/ml to 3
x 10° cells/ml. The cell according to the present
invention may be prepared, for example, by suspending it
at a concentration of 3 x 10° cells/ml in an aqueous
solution. When a 96-well plate is used és a plate for
cell culture, the cell can be plated at a concentration
of, for example, 3 X 10° cells to 3 x 10° cells per well
of the 96-well plate.

The medium for cell culture is not limited as long
as it can maintain the cell according to the present
invention. The medium for cell culture can be Ca®’’-free
or Ca?*/Mg*'-free.

The detection solution can contain CaCl,, trypan
blue, a cation that is capable of causing aequorin
luminescence and can be substituted for calcium (e.g., a
cadmium ion or a strontium ion), a magnesium ion, a zinc

ion, a sulfuric acid ion and/or a carbonic acid ion. The



concentrations of CaCl, and trypan blue can be adjusted
appropriately by those skilled in the art. For example,
the concentration of CaCl, is 9 to 18 mM, and the
concentration of trypan blue is 0.001 to 0.010%. The
detection solution is, for example, an aqueous solution
containing 9 mM CaCl, and 0.002% trypan blue. The final
concentration of CaCl, when the amount of luminescence of
the calcium sensitive protein i1s measured can be set to 3
to 6 mM. Further, the detection solution can contain a
cation that can be substituted for calcium, a magnesium
ion, a zinc ion, a sulfuric acid ion and/or a carbonic
acid ion, for example, by dissolving the cation that can
be substituted for calcium, the magnesium ion, the zinc
ion, the sulfuric acid ion and/or the carbonic acid ion
in the detection solution.

The luminescent substrate for the calcium sensitive
protein includes coelenterazine or a coelenterazine
derivative that serves as a luminescent substrate for
aequorin. The coelenterazine derivative includes ViviRen
(R), (Promega Corp.). The concentration of ViviRen can
be set appropriately and is, for example, 0.6 to 30 mM.
The aqueous solution of the luminescent substrate for the
calcium sensitive protein is, for example, an agueous
solution of 4 mM ViviRen (Promega Corp.). The final
concentration of ViviRen when the amount of luminescence

of the calcium sensitive protein is measured can be set

to 0.24 to 12 uM.



The antibody separation solution is not limited as
long as a thyroid stimulating antibody and a thyroid
stimulation blocking antibody can be collected from a
blood sample. The antibody separation solution can
contain 10 to 30% PEG6000. The antibody separation
solution can be, for example, an agqueous solution
containing 30% PEG6000.

Examples of the plate for cell culture include those
allowing measurement of the amount of luminescence using
a luminometer, for example, a 9%6-well plate allowing cell
culture.

The test tube is not particularly limited and can be
selected appropriately by those skilled in the art. For
example, a test tube suitable for an apparatus for
measuring luminescence emitted from ﬁhe calcium sensitive
protein can be used.

TSH is not limited as long as it can be used as a
TSHR agonist. TSH may be used as a positive control.

TSH can be, but not limited to, bovine TSH. TSH can be
prepared appropriately by those skilled in the art and
may be adjusted to 0.01 to 100 mU/ml. For example,
bovine TSH is prepared as 1 mU/ml aqueous solution. The
final concentration of bovine TSH when the amount of
luminescence of the calcium sensitive protein is measured
can be set to 0.6 pu/ml to 6 mU/ml. The final
concentration of bovine TSH when the amount of

luminescence of the calcium sensitive protein is measured



is, for example, 100 pU/ml. Moreover, TSAb may be used
instead of or in addition to TSH. TSAb can be a
monoclonal antibody or a polyclonal antibody.

The normal human IgG control serum may be used as a
negative control and can be prepared appropriately by
those skilled in the art.

[0025]

The anti~TSH antibody may be a polyclonal antibody
or may be a monoclonal antibody. The anti-TSH antibody
can be an antibody derived from an appropriate mammal and
includes a mouse anti-TSH antibody, a rat anti-TSH
antibody, a rabbit anti-TSH antibody and a goat anti-TSH
antibody. The anti-TSH antibody may be modified
appropriately by those skilled in the art. Moreover, TSH
that serves as an antigen is also appropriately selected.
TSH that serves as an antigen includes human TSH, mouse
TSH, rat TSH, rabbit TSH, feline TSH and canine TSH.
Examples of the anti-TSH antibody used in the kit of the
present invention include a goat anti-human TSH
polyclonal antibody. The concentration of the anti-TSH
antibody can be set appropriately by those skilled in the
art. For example, the concentration of an anti-TSH
antibody solution packaged in the kit may be set to 0.01
pug/ml to 100 pg/ml. The final concentration of the anti-
TSH monoclonal antibody when the amount of luminescence

of the calcium sensitive protein is measured can be, for

example, 0.05 to 5.48 pg/ml.



Among hypothyroidism patients, there is a patient
whose amount of TSH in blood is a high wvalue. In this
case, the calcium sensitive protein in the cell emits
luminescence due to the TSH. Thus, this patient may be
diagnosed as Graves' disease though he or she is a
hypothyroidism patient. However, a blood sample derived
from the hypothyroidism patient having a high amount of
TSH is added together with the anti-TSH antibody to the
cell according to the present invention to neutralize the
TSH derived from the patient. Thus, the incorrect
diagnosis of the patient as Graves' disease can be
avolided. Moreover, the amount of luminescence emitted
from the calcium sensitive protein can be compared
between the case where the anti-TSH antibody is added
together with the patient-derived blood sample to the
cell of the present invention and the case where the
patient-derived blood sample is added to the cell of the
present invention without the addition of the anti-TSH
antibody, and thereby information about the amount of TSH
of the blood of the patient can be obtained. A physician
can more correctly diagnose thyroid disease by combining
the information with clinical symptoms of the patient.
[0026]

Moreover, the kit of the present invention further
contains the serum of a thyroid disease patient, for
example, the sera of a Graves' disease patient and/or a

hypothyroidism patient. Such a serum can be used as a



control or a standard for concentration calculation in
the diagnosis of thyroid disease, in the assessment of a
risk of developing the disease, or in the assessment of
the effectiveness of treatment of the disease.

[0027]

Furthermore, the kit of the present invention may
contain a substance activating adenylate cyclase, for
example, forskoclin. The presence or absence of a thyroid
stimulation blocking antibody in a sample derived from
the blood of a test subject can be determined by adding
the sample together with TSH to the cell, culturing the
cell for the given time, and then adding forskolin
thereto. Moreover, the concentration of a thyroid
stimulation blocking antibody of the sample can also be
measured. As a result, hypothyroidism (e.g., Hashimoto's
disease) can be diagnosed, a human having a risk of
developing hypothyroidism (e.g., Hashimoto's disease) can
be determined, or therapeutic effect on a patient that
has undergone the treatment of hypothyroidism (e.qg.,
Hashimocto's disease) can be determined.

[0028]

The composition or the kit according to the present
invention is also useful for diagnostic aid that helps a
physician to diagnose Graves' disease and/or
hypothyroidism in view of clinical symptoms of the
patient and/or other examination results. For example,

the measurement of the amount of a thyroid stimulating



antibody (TSAb) in a blood sample of a patient exhibiting
hyperthyroidism using the composition or the kit
according to the present invention can be useful for the
differential diagnosis between Graves' disease and
destructive hyperthyroidism (e.g., painless thyroiditis
or subacute thyroiditis).

[0029]

The present invention also provides a method for
diagnosing Graves' disease, comprising the following
steps (A) to (C):

(A) preparing a mixture containing a cell expressing a
thyroid stimulating hormone receptor (TSHR), a cAMP
dependent calcium channel and a calcium sensitive protein,
a luminescent substrate for the calcium sensitive protein,
a Ca’*-free medium and a sample derived from the blood of
a test subject;

(B) adding a Ca”Fcontaining solution to the mixture
prepared in {(A); and

(C) measuring the luminescence of the calcium sensitive
protein emitted from the cell.

The Ca’’-free medium used in the step (A) of the
method can be selected appropriately by those skilled in
the art and can be a Ca?*/Mg?'-free medium.

The Ca?'-containing solution used in the step (B) of
the method can be selected appropriately by those skilled
in the art and can be, for example, a CaCl, solution.

The Ca%Fcontaining solution may further contain a cation



that can be substituted for calcium (e.g., a cadmium ion
or a strontium ion), a magnesium ion, a zinc ion, a
sulfuric acid ion and/or a carbonic acid ion.

The mixture prepared in the step (A) of the method
may further contain an anti-TSH antibody. The containing
anti-TSH antibody in the mixture prepared in the step (A)
of the method can avoid a hypothyroidism patient whose
amount of TSH in blood is a high value from being
incorrectly diagnosed as Graves' disease.

The order of addition of the substances described in
the step (A) of the method can be set appropriately by
those skilled in the art.

The present invention provides, for example, a
method for diagnosing Graves' disease, comprising the
following steps:

(1) culturing a cell expressing a thyroid stimulating
hormone receptor (TSHR), a cAMP dependent calcium channel
and a calcium sensitive protein, in a Ca’’-free medium
supplemented with a luminescent substrate for the calcium
sensitive protein;

(2) adding a sample derived from the blood of a test
subject to the cultured cell, which is further cultured;
and

(3) adding a CaCl,; sclution to the cultured cell, and
measuring the luminescence of the calcium sensitive

protein emitted from the cell.



In the method, the cell may be cryopreserved. In
this case, the cell can be thawed by mild operation such
as a warm bath. The thawed cell may be cultured in a
Ca’"/Mg*"-free medium supplemented with a luminescent
substrate for the calcium sensitive protein. The
luminescent substrate for the calcium sensiti&e protein
includes coelenterazine and ViviRen (R).

The Ca®'-free medium is not limited as long as the
cell can be maintained. For example, 130 mM NaCl, 5 mM
KCl, 20 mM HEPES, 1 mM MgCl,, 4.8 mM NaHCO;, 5% PEG600O0,
pH 7.4 are used. Moreover, the Ca’*-free medium can be a
Ca®t/Mg?*~free medium. The cell can be seeded at an
appropriate concentration into an appropriate container
and is seeded, for example, at a concentration of 3 to 30
x 10% cells/ml and 90 ul/well into a 96-well plate
compatible with a luminometer. The incubation time in
the step (1) can be any time as long as it is equal to or
longer than 2 hours. The incubation time can be set to
2-8 hours and is, for example, 3 hours. 1In general, for
recovering from damage caused by subculture and
increasing the amount of luminescence of the calcium
sensitive protein such as aequorin, .cells are usually
cultured for approximately 12-24 hours after seeding the
cells. In the present invention, it has been confirmed
that even 1f the cells are cultured for approximately 2
hours, cell death caused by additives is not induced and

the calcium sensitive protein exhibits strong



luminescence. It has been confirmed that even
approximately 2 hours after the cell seeding, strong
luminescence from the calcium sensitive protein can be
detected, for example, by employing aequorin as the
calcium sensitive protein, optimizing its DNA sequence
for human codon, and introducing a mitochondrial
targeting signal, and further employing ViviRen (R} as
the luminescent substrate for the calcium sensitive
protein.

The blood-derived sample added in the step (2) is
prepared by adding an aqueous PEG solution to the blood
of a test subject or the like and collecting a
precipitated fraction. For example, 30% PEG6000 is used
as the aqueous PEG solution. Moreover, in some cases, a
sample derived from the blood of a Graves' disease
patient as a positive control and/or a blood sample
derived from a normal individual as a negative control
can also be used and each added’to the cell in the step
(2), respectively. The incubation time in the step (2)
is not limited and can be set to 30-60 minutes, for
example, 30 minutes. As a result, cAMP is accumulated in
the cell. Thus, more stable, strong luminescence than
that in the absence of culture after sample addition can
be measured immediately after addition of the CaCl;
solution.

As long as the incubation times in the steps (2) and

(3) are within approximately 4 hours in total, it is not



required to perform sterile culture because of the short
time.

In the step (2), an anti-TSH antibody may be further
addéd to the cultured cell. The anti-TSH antibody may be
a polyclonal antibody or may be a monoclonal antibody.
The anti-TSH antibody can be an antibody derived from an
appropriate mammal and includes a mouse anti-TSH antibody,
a rat anti-TSH antibody, a rabbit anti-TSH antibody and a
goat anti-TSH antibody. The anti-TSH antibody may be
modified appropriately by those skilled in the art.
Moreover, TSH that serves as an antigen is also
appropriately selected. TSH that serves as an antigen
includes human TSH, mouse TSH, rat TSH, rabbit TSH,
feline TSH and canine TSH. Examples of the anti-TSH
antibody used in the method o¢f the present invention
include a goat anti-human TSH polyclonal antibody.

The CaCl,~containing solution used in the step (3)
may further contain a cation that can be substituted for
calcium (e.g., a cadmium ion or a strontium ion), a
magnesium ion, a zinc ion, a sulfuric acid ion and/or a
carbonic acid ion. The concentrations of Ca%} the cation
that can be substituted for calcium, the magnesium ion,
the zinc ion, the sulfuric acid ion and the carbonic acid
ion that may be contained in the CaCl,; solution can be
set appropriately by those skilled in the art such that
the cell can be maintained and the calcium sensitive

protein such as aequorin appropriately emits luminescence.



In the step (3), the luminescence is emitted by the
calcium sensitive protein such as aequorin immediately
after addition of the CaCl, solution and can be measured
by a method which is well known by those skilled in the
art. For example, a luminometer capable of automatically
and continuously performing stirring and measurement
(PerkinElmer Inc., ARVO-3x) is used, and the amount of
luminescence can be measured by integrating luminescence
values for 15-30 seconds after stirring. The apparatus
that can be used in the measurement of the amount of
luminescence can be selected appropriately by those
skilled in the art.

[0030]

As a result of carrying out the method, when the
amount of luminescence of the calcium sensitive protein
(e.g., aequorin) emitted from the cell treated with the
sample derived from the blood of a test subject is higher
than that emitted from the cell treated with a sample
derived from the blood of a normal individual, the test
subject can be diagnosed as Graves' disease. Moreover,
the serum concentration of an antibody can be determined
and compared with a standard antibody concentration of a
Graves' disease patient and/or a normal individual to
diagnose the test subject as Graves' disease or not.

[0031]

For example, the amount of luminescence emitted from

the cell treated with a blood sample of a test subject
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and the amount of luminescence emitted from the cell
treated with the same amount of a blood sample (standard)
of a normal individual as that of the blood sample of the
test subjecf are measured. When the amount of
luminescence emitted from the cell treated with the blood
sample of the test subject is higher than that emitted
from the cell treated with the blood sample (standard) of
a normal individual, the serum concentration of a thyroid
stimulating antibody (TSAb) of the test subject can be
determined to be higher than that of the normal
individual. Thus, the test subject can be diagnosed as
Graves' disease.

Moreover, the respective amounts of luminescence
(integrated values) from the cells treated with blood
samples of a large population of normal individuals, for
example, 50 to 100 normal individuals, are measured in
advance, and a mean thereof and standard deviation (SD)
may be calculated. When the amount of luminescence
emitted from the cell treated with a blood sample of a
test subject is higher than the mean + nSD (e.g., n =1,
2, 3, 4, or 5} of the amounts of luminescence (integrated
values) emitted from the cells treated with the blood
samﬁles of the normal individual population, the serum
concentration of a thyroid stimulating antibody of the
test subject can be determined to be higher than that of
the normal individuals. Thus, the test subject can be

diagnosed as Graves' disease.



[0032]

Furthermore, the amount of luminescence (integrated
value) emitted from the cell treated with a blood sample
of a test subject / the amount of luminescence
(integrated value) emitted from the cell treated with a
blood sample of a normal individual x 100 (%) may be
calculated (this calculated value is defined as a
calculated value D). The respective amounts of
luminescence (integrated values) émitted from the cells
treated with respective blood samples of a large
population of normal individuals and a large population
of untreated Graves' disease patients (e.g., 50 to 100
individuals per population) are measured in advance, and
a cutoff value is set such that a true positive rate of
Graves' disease and/or a true negative rate (i.e., being
a normal individual) are each, for example, 80% or more,

90% or more, 92% or more, 94% or more, 96% or more, Or

\O

98% or more. When the calculated value D is higher than
the cutoff value, the test subject can also be diagnosed
as Graves' disease. The cutoff value can be set
appropriately depending on the properties of a target
population, such as age and sex and can be set to, for
example, 120%, 130%, 140%, 150%, 160%, 170%, 180%, 190%,
or 200%.

Furthermore, an antibody (TSAb) standard (e.g.,
NIBSC 90/672 or 65/122) 1is also used, and its

concentration may be serially diluted to prepare a



calibration curve. With reference to the calibration
curve, the actual serum concentration of an antibody
(TSAb) is calculated from the measured amount of
luminescence of the calcium sensitive protein in the cell
treated with a blood sample of a test subject. This
concentration can be compared with the previously
measured serum concentration of an antibody (TSAb) of
each of a large population of normal individuals and a
large population of untreated Graves' disease patients
(e.g., 50 to 100 individuals per population), or known
data reported in a document or the like to diagnose the
test subject as Graves' disease or not. For example,
when the concentration is higher than the mean + nSD
(e.g., n=1, 2, 3, 4, or 5) of the serum concentrations
of‘(TSAb) of the normal individual population, the test
subject can also be diagnosed as Graves' disease.

[0033]

Moreover, as a result of carrying out the method,
when the amount of luminescence of the calcium sensitive
protein (e.g., aequorin) emitted from the cell treated
with the sample derived from the blood of a test subject
is higher than that emitted from the cell treated with a
sample derived from the blood of a normal individual and
is lower than that emitted from the cell treated with a
sample derived from the blood of a Graves' disease
patient, the test subject can be determined as a human

having a high risk of developing Graves' disease.



Alternatively, the serum concentration of an antibody can
be determined and compared with a standard antibody
concentration of a Graves' disease patient and/or a
normal individual to diagnose the test subject as a human
having a high risk of developing Graves' disease or not.
Furthermore, in the step (2), samples taken before
and after the treatment of the same Graves' disease
patient are added as the sample derived from the blood of
a test subject. The amount of luminescence of the
calcium sensitive protein (e.g., aegquorin) emitted from
the cell can be compared between the samples to determine
the effectiveness of the treatment. As a result of the
 test, when the amount of luminescence of the calcium
sensitive protein such as aeguorin is lower in the sample
taken after the treatment than in the sample taken before

the treatment, the treatment can be determined as being

effective.
[0034]

The present invention alsc provides a method for
diagnosing hypothyroidism, comprising the following steps
(A) to (C):

(A) preparing a mixture containing a cell expresSing a
thyroid stimulating hormone receptor (TSHR), a cAMP
dependent calcium channel and a calcium sensitive protein,
a luminescent substrate for the calcium sensitive protein,

a Ca*'-free medium, TSH or a stimulating TSAb monoclonal



antibody and a sample derived from the blood of a test
subject;

(B) adding a Ca®'-containing solution to the mixture
prepared in (A); and

(C) quantifying the luminescence of the calcium sensitive
protein emitted from the cell.

The Ca’’-free medium used in the step (A) of the
method can be selected appropriately by those skilled in
the art and can be a Ca%/Mg%?free medium.

The Ca%Fcontaining solution used in the step (B} of
the method can be selected appropriately by those skilled
in the art and can be, for example, a CaCl, solution.
Moreover, the Ca%Fcontaining solution may’further
contain a cation that can be substituted for calcium
(e.g., a cadmium ion or a strontium ion), a magnesium ion,
a zinc ion, a sulfuric acid ion, and/or a carbonic acid
ion.

The order of addition of the substances described in
the step (A) of the method can be set appropriately by
those skilled in the art.

The present invention provides, for example, a
method for diagnosing hypothyroidism (e.g., Hashimoto's
disease), comprising the following steps:

(1) culturing a cell expressing a thyroid stimulating
hormone receptor (TSHR), a cAMP dependent calcium channel

and a calcium sensitive protein, in a Ca®*~free medium



supplemented with a luminescent substrate for the calcium
sensitive protein;

(2) adding a sample derived from the blcod of a test
subject together with TSH to the cultured cell, which is
further cultured; and

(3) adding a CaCl, solution to the cultured cell, and
measuring the luminescence of the calcium sensitive
protein emitted from the cell.

The steps (1)-(3) can be carried out appropriately
by those skilled in the art with reference to the method
for diagnosing Graves' disease described above.

In some cases, in the step (2), a sample derived
from the blood of a normal individual as a negative
control and/or a sample derived from the blood of a
hypothyroidism patient as a positive control can be used,
and each of them can be added toc the cell, respectively.
Moreover, the incubation time in the step (2) is not
limited and can be set to 30-120 minutes, for example, 30
minutes. Furthermore, in the step (2), TSH can be bovine
TSH. In some cases, TSAb can be added instead of or in
addition to TSH. TSAb can be a monoclonal antibody.
[0035]

As a result of carrying out the method, when the
amount of luminescence of the calcium sensitive protein
(e.g., aequorin) emitted from the cell treated with the
sample derived from the blood of a test subject is lower

than that emitted from the cell treated with a sample



derived from the blood of a normal individual, the test
subject can be diagnosed as hypothyroidism. Moreover,

" the serum concentration of an antibody can be determined
and compared with a standard antibody concentration of a
hypothyfoidism patient and/or a normal individual to
diagnose the test subject as hypothyroidism or not.

For example, the amount of luminescence emitted from
the cell treated with a blood sample of a test subject
and the amount of luminescence emitted from the cell
treated with the same amount of a blood sample (standard)
of a normal individual as that of the blood sample of the
test subject are measured. When the amount of
luminescence emitted from the cell treated with the blood
sample of a test subject is lower than that emitted from
the cell treated with the‘blood sample (standard) of a
normal individual, the serum concentration of a thyroid
stimulation blocking antibody (TSBAb) of the test subject
can be determined to be higher than that of the normal
individual. Thus, the test subject can be diagnosed as
hypothyroidism.

Moreover, the respective amounts of TSH-induced
luminescence (integrated values) of the calcium sensitive
proteins in the cells treated with blood samples of a
population of a large number of normal individuals, for
example, 50 to 100 normal individuals, are measured in
advance, and a mean thereof and standard deviation (SD)

may be calculated. When the amount of TSH-induced



luminescence from the cell treated with a blood sample of
a test subject is lower than the mean - nSD (e.g., n = 1,
2, 3, 4, or B5) of the amounts of TSH~induced luminescence
(integrated values) from the cells treated with the blood
samples of the normal individual population, the serum
concentration of a thyroid stimulation blocking antibody
(TSBAb) of the test subject can be determined to be
higher than that of the normal individuals. Thus, the
test subject can also be diagnosed as hypothyroidism.
[0036]

Furthermore, the amount of luminescence (integrated
value) in the cell treated with a blood sample of a test
subject / the amount of luminescence (integrated value)
from the cell treated with a blood sample of a normal
individual x 100 (%) may be calculated (hereinafter, this
calculated value is defined as a calculated value E).

The respective amounts of luminescence (integrated
values) attributed to respective blood samples of a large
population of normal individuals and a large population
of untreated hypothyroidism patients (e.g., 50 to 100
individuals per population) are measured in advance, and
a cutoff wvalue is set such that a true positive rate of
hypothyroidism and/or a true negative rate (i.e., being a
normal individual) are each, for example, 80% or more,

90% or more, 92% or more, 94% or more, 96% or more, oOr

o

98

oe

or more., When the calculated value E is lower than

the cutoff value, the test subject can alsoc be diagnosed



as hypothyroidism. The cutoff value can be set
appropriately depending on the properties of a target
population, such as age and sex and can be set to, for
example, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90%.
Furthermore, an antibody (TSBAb) standard having a
known concentration is also used, and its concentration
may be serially diluted to prepare a calibration curve.
With reference to the calibration curve, the actual serum
concentration of an antibody (TSBAb) is calculated from
the measured amount of luminescence emitted from the cell
treated with a blood sample of a test subject. This
concentration can be compared with the previously
measured serum concentration of an antibody (TSRADb) of
each of a large population of normal individuals and a
large population of untreated hypothyroidism patients
(e.g., 50 to 100 individuals per population), or known
data reported in a document or the like to diagnose the
test subject as hypothyroidism or not. For example, when
the concentration is higher than the mean + nSD (e.g., n
=1, 2, 3, 4, or 5) of the serum concentrations of
(TSBAb) in the normal individual population, the test
subject can also be diagnosed as hypothyroidism.
Moreover, as a result of carrying out the method,
when the amount of luminescence of the calcium sensitive
protein (e.g., aequorin) emitted from the cell treated
with the sample derived from the blood of a test subject

is lower than that emitted from the cell treated with a



sample derived from the blood of a normal individual and
is higher than that emitted from the cell treated with a
sample derived from the blood of a hypothyroidism patient,
the test subject can be determined as a human having a
high risk of developing hypothyroidism. Alternatively,
the serum concentration of an antibody can be determined
and compared with a standard antibody concentration in a
hypothyroidism patient and/or a normal individual to
determine the test subject as a human having a high risk
of developing hypothyroidism or not.

Furthermore, in the step (2), samples taken before
and after the treatment of the same hypothyroidism
patient are added as the sample derived from the blood of
a test subject. The amount of luminescence of the
calcium sensitive protein (e.g., aequorinj emitted from
the cell can be compared between the samples to determine
the effectiveness of the treatment. As a result of the
test, when the amount of luminescence of the calcium
sensitive protein such as aequorin is higher in sample
taken after the treatment than in the sample taken before
the treatment, the treatment can be determined as being
effective.

[0037]

The present invention further provides a method for
diagnosing hypothyroidism, comprising the following steps

{A) to (C):



(A) preparing a mixture containing a cell according to
any of claims 1 to 10, a luminescent substrate for the
calcium sensitive protein, a Ca®*-containing medium, TSH
or a stimulating TSAb monoclonal antibody and a sample
derived from the blood of a test subject;

(B) adding forskolin to the mixture prepared in (A); and
(C) gquantifying the luminescence of the calcium sensitive
protein emitted from the cell.

The Ca?'-containing medium used in the step (A) of
the method can be selected appropriately by those skilled
in the art and can be, for example, a medium containing
CaCl,. Moreover, the Ca%Fcontaining medium may further
contain a cation that can be substituted for calcium
fe.g., a cadmium ion or a strontium ion), a magnesium ion,
a zinc ion, a sulfuric acid ion, and/or a carbonic acid
ion. The concentrations of Ca”} the cation that can be
substituted for calcium, the magnesium ion, the zinc ion,
the sulfuric acid ion and the carbonic acid ion that may
be contained in the Ca®’-containing medium can be set
appropriately by those skilled in the art such that the
cell can be maintained and the calcium sensitive protein
such as aequorin appropriately emits luminescence.

The order of addition of substances described in the
step (A) of the method can be set appropriately by those

skilled in the art.
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The present invention provides, for example, a
method for diagnosing hypothyroidism (e.g., Hashimoto's
disease), comprising the following steps:

(1) culturing a cell expressing a thyroid stimulating
hormone receptor (TSHR), a cAMP dependent calcium channel
and a calcium sensitive protein, in a Ca”Fcontaining
medium treated with a luminescent substrate for the
calcium sensitive protein;

(2) adding a sample derived from the blood of a test
subject together with TSH to the cultured cell, which is
further cultured; and

(3) adding forskolin to the cultured cell, and measuring
the luminescence of the calcium sensitive protein emitted
from the cell.

The steps (1)-(3) can be carried out appropriately
by those skilled in the art with reference to the method
for diagnosing Graves' disease described above.

In some cases, in the step (2), a sample derived
from the blood of a normal individual as a negative
control and/or a sample derived from the blood of a
hypothyroidism patient as a positive control can be used
and each of them can be added to the cell, respectively.
Moreover, the incubation time in the step (2) is not
limited and can be set to 10-120 minutes, for example, 10
minutes. Furthermore, in the step (2), TSH can be bovine
TSH. In some cases, TSAb can be added instead of or in

addition to TSH. TSAb can be a monoclonal antibody.
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In the step (3), the concentration of forskolin can
be set appropriately by those skilled in the art.
[0038]

As a result of carrying out the method, when the
amount of luminescence of the calcium sensitive protein
(e.g., aequorin) emitted from the cell treated with the
sample derived from the blood of a test subject is higher
than that emitted from the cell treated with a sample
derived from the blood of a normal individual, the test
subject can be diagnosed as hypothyroidism. Moreover,
the serum concentration of an antibody can be determined
and compared with a standard antibody concentration in a
hypothyroidism patient and/or a normal individual to
diagnose the test subject as hypothyroidism or not.

For example, the amount of luminescence emitted from
the cell treated with a blood sample of a test subject
and the amount of luminescence emitted from the cell
treated with the same amount of a blood sample (standard)
of a normal individual as that of the blocod sample of the
test subject are measured. When the amount of
luminescence emitted from the cell treated with the blood
sample of a test subject is higher than that emitted from
the cell treated with the blood sample (standard) of a
normal individual, the serum concentration of a thyroid
stimulation blocking antibody (TSBAb) of the test subject

can be determined to be higher than that of the normal



individual. Thus, the test subject can be diagnosed as
hypothyroidism.

Moreover, the respective amounts of luminescence
(integrated values) from the cells treated with blood
sanmples of a population of a large number of normal
individuals, for example, 50 to 100 normal individuals,
are measured in advance, and a mean thereof and standard
deviation (SD) may be calculated. When the amount of
luminescence emitted from the cell treated with a blood
sample of a test subject is higher than the mean + nSD
(e.g., n =1, 2, 3, 4, or 5) of the amounts of
luminescence (integrated values) emitted from the cells
treated with the blood samples of the normal individual
population, the serum concentration of a thyroid
stimulation blocking antibody (TSBAb) of the test subject
can be determined to be higher than that of the normal
individuals. Thus, the test subject can also be
diagnosed as hypothyroidism.

[0039]

Furthermore, the amount of luminescence (integrated
value) emitted from the cell tréated with a blood sample
of a test subject / the amount of luminescence
{integrated value) emitted from the cell treated with a
blood sample of a normal individual x 100 (%) may be
calculated (hereinafter, this calculated value is defined
as a calculated value F). The respective amounts of

luminescence (integrated values) attributed to respective



blood samples of a large population of normal individuals
and a large population of untreated hypothyroidism
patients (e.g., 50 to 100 individuals per population) are
measured in advance, and a cutoff wvalue is set such that
a true positive rate of hypothyroidism and/or a true
negative rate (i.e., being a normal individual) are each,
for example, 80% or more, 90% or more, 92% or more, 94%
or more, 96% or more, or 98% or more. When the
calculated value F is higher than the cutoff value, the
test subject can also be diagnosed as hypothyroidism.

The cutoff value can be set appropriétely depending on
the properties of a target population, such as age and
sex and can be set to, for example, 150%, 200%, 300%,
400%, 500%, 600%, 700%, 800%, or 900%.

Furthermore, an antibody (TSBAb) standard having a
known concentration is also used, and its concentration
may be serially diluted to prepare a calibration curve.
With reference to the calibration curve, the actual serum
concentration of an antibody (TSBAb) is calculated from
the measured amount of luminescence emitted from the cell
treated with a blood sample of a test subject. This
concentration can be compared with the previously
measured serum concentration of an antibody (TSBAb) of
each of a large population of normal individuals and a
large population of untreated hypothyroidism patients
(e.g., 50 to 100 individuals per population), or known

data reported in a document or the like to diagnose the



test subject as hypothyroidism or not. For example, when
the concentration is higher than the mean + nSD (e.g., n
=1, 2, 3, 4, or 5) of the serum concentrations of
(TSBAb) of the normal individual population, the test
subject can also be diagnosed as hypothyroidism.

[0040]

Moreover, as a result of carrying out the method,
when the amount of luminescence of the calcium sensitive
protein (e.g., aequorin) emitted from the cell treated
with the sample derived from the blood of a test subject
is higher than that emitted from the cell treated with a
sample derived from the blood of a normal individual and
is lower than that emitted from the cell treated with a
sample derived from the blood of a hypothyroidism patient,
the test subject can be determined as a human having a
high risk of developing hypothyroidism. Alternatively,
the serum concentration of an antibody can be determined
and compared with a standard antibody concentration of a
hypothyroidism patient and/or a normal individual to
determine the test subiject as a human having a high risk
of developing hypothyroidism or not.

Furthermore, in the step (2), samples taken before
and after the treatment of the same hypothyroidism
patient are added as the sample derived from the blood of
a test subject. The amount of luminescence of the
calcium sensitive protein (e.g., aequorin) emitted from

the cell can be compared between the samples to determine



the effectiveness of the treatment. As a result of the
test, when the amount of luminescence of the calcium
sensitive protein such as aequorin is lower in the sample
taken after treatment than in the sample taken before the
treatment, the treatment can be determined as being
effective.

[0041]

Hereinafter, the present invention will be further
described with reference to Examples. However, the

present invention is not limited to them.

Examples

[0042]

1. Details on method for constructing frozen cell

The c¢cDNA sequence of a human thyroid stimulating
hormone receptor (Genbank No. NM 000369) (SEQ ID NO: 5)
was amplified by the PCR method from a human thyroid
gland-derived cDNA library and cloned into pUCl8. The
hTSHR c¢DNA cloned in pUCl8 was cleaved with BamHI and
recloned into a pZeoSV2 vector (Invitrogen Corp.) to
prepare pZeoSV2Z hTSHR.

v The cDNA sequence of a cyclic nucleotide dependent
calcium channel (Genbank No. BC048775) (SEQ ID NO: 4) was
amplified by the PCR method from a mouse olfactory
epithelial cell-derived c¢DNA library and cloned into a
1984-bp expression vector (pCMVSPORT, Invitrogen Corp.)

to prepare pmCNGa2 (Figure 18). Furthermore, for



enhancing cAMP selectivity and sensitivity thereto, a
construct pmCNGOo2MW expressing a modified cyclic
nucleotide dependent calcium channel (SEQ ID NO: 6) in
which 460th cysteine (C) i1s substituted with tryptophan
(W) and the 583rd glutamic acid (E) is substituted with
methionine (M) was prepared by the point-mutation PCR
method. Moreover, a synthetic apoaeguorin c¢DNA sequence
(676 bp) (SEQ ID NO: 7) that was optimized for human
codon usage by the oligo DNA elongation method, and that
has a mitochondrial targeting signal was treated with
restriction enzymes Kpnl and Nhel and cloned into
pcDNA3.1 (Invitrogen Corp.) treated with KpnI and Nhel to
prepare an apoaequorin expression vector pcDNA mt sAEQ
(Figure 19).

CHO cells were seeded at a cell concentration of
1.0x10° cells/ml into a 10-cm? Petri dish. On the next
day, the cells were transfected with 1 pg of pZeoSV2
hTSHR, 2 ug of pmCNGo2MW, and 2 pg of pcDNA mt sAEQ per
Petri dish using FuGENEG (TM) (Roche Applied Science).
On the next day, the cells were dissociated from the
Petri dish by the addition of 400 uL of a Versene
solution (EDTA) to the Petri dish and suspended in a
DMEM/F12 medium containing 10 mL of 5% c¢FCS. The
obtained suspension was centrifuged at 1000 rpm for 5
minutes. Then, the pellet was dissolved at a

concentration of 2-5 x 10° cells/mL in 1 mL of CELLBANKER

and stored at ~-80°C.



[0043]

2. Concentration dependent curve and lowest detection

sensitivity of bovine TSH (bTSH) obtained using frozen

cell

I ml (3 x 10° cells/ml) of the frozen cells prepared
in 1 was thawed in a warm bath and suspended in 10 mL of
a sample buffer (130 mM NaCl, 5 mM KC1, 20 mM HEPES, 1 mM
MgCl,, 4.8 mM NaHCO;, 5% PEG6000, pH 7.4). After
centrifugation at 1000 rpm for 5 minutes, 10 mL of a
sample buffer was added to the obtained precipitate, and
7.5 puL of 4 mM ViviRen (Promega Corp.) was added thereto.
The mixture was seeded at a concentration of 90 pL/well
into a 96-well plate. After culture at 37°C for 3 hours
in a CO, atmosphere, bTSH serially diluted with PBS was
added thereto (n = 6) at a concentration of 10 uL/well,
and the cells were cultured for 30 minutes. Then, 3 mM
CaCl, solution was added thereto at a concentration of 50
pL/well, and the amount of luminescence was measured
using a luminometer (PerkinElmer Inc., ARVO-Sx;
hereinafter, the same model was used in Examples). A
PTSH concentration dependent curve is shown in Figure 1.
[0044]

As shown in Figure 2 (magnified view of the low
concentration range), the minimum detectable quantity for
bTSH was 0.16 pnU/mL so that the detected value was able
to be significantly discriminated from the value which is

calculated by blank value + 3SD. Moreover, since



aequorin performs luminescent reaction, a high signal to
blank ratio (S/N ratio) (i.e., a 100 uU/mL of bTSH, S/N
ratio of approximately 45 times (9000000/200000)) was
obtained by the methdd of the present invention.

[0045]

As shown in Figure 2 (magnified view of the low
concentration range), the minimum detectable quantity for
bTSH was 0.16 uU/mL so that the detected value was able
to be significantly discriminated from the value which is
calculated by blank value + 3SD. Thus, the sensitivity
was an order of magnitude higher than that of the
existing kit available from YAMASA CORP: minimum
detectable gquantity for bTSH, 1 uU/mL (Atsuo Nagata, et
al.: CLINICAL ENDOCRINOLOGY, 41: 1023, 1983).

Moreover, since aequorin performs luminescent
reaction, the high signal to blank ratio (S/N ratio),
(i.e., a 100 pU/mL of bTSH, S/N ratio of approximately 45
times (9000000/200000)), obtained by the method of the
present invention was far superior to that of the YAMASA
kit (100 pU/mL of bTSH, SN = 7).

[0046]

3. Study on reproducibility

A human Graves' disease patient-derived TSAb
standard: MRC Research standard B 1966 Long-acting
Thyroid Stimulator (NIBSC: National Institute for
Biological Standards and Control, code 65/122) was

diluted with a normal individual serum to prepare H (1.88



mU LAST/ml), M (1.25 mU LAST/ml), and L (0.94 mU LAST/ml)
control samples. 150 pL of 30% PEG6000 was added to 50
wL of each prepared control serum, and the mixtures were
stirred and then left standing at 4°C for 5 minutes.
After centrifugation at 3000 rpm at 4°C for 20 minutes,
the obtained precipitates were separately dissolved in
400 pL of a sample buffer to prepare sample solutions. 1
ml (3 x 10° cells/ml) of the frozen cells prepared in 1
was thawed in a warm bath and suspended in 10 mL of a
sample buffer. After centrifugation at 1000 rpm for 5
minutes, 10 mL of a sample buffer was added to the
obtained precipitate, and 7.5 pL of 4 mM ViviRen was
added thereto. The mixture was seeded at a concentration
of 80 uL/well into a 96-well plate. After culture at
37°C for 3 hours in a CO, atmosphere, the prepared
samples were separately added thereto (n = 2) at a
concentration of 20 uL/well, and the cells were cultured
for 30 minutes. Then, 9 mM CaCl; solution was added
thereto at a concentration of 50 pL/well, and the amount
of luminescence was measured using a luminometer.
Comparison was made in the case where each six of the L,
M, and H samples were simultanecusly purified and assayed
(within-run reproducibility), the case where the 1L, W,
and H samples were independently purified and assayed at
different 10 days (between-run reproducibility), and the
case where the L, M, and H samples of different

production lots were purified and assayed on the same day



{lot—to—lot‘reproducibility). In addition to the assay
samples, H (576 TSAb%), M (342 TSAb%), and L (197 TSAbS%)
separately scored using the YAMASA kit were added to the
plate, and a calibration curve was drawn. A value
determined from the obtained regression line was defined
as a sample concentration (TSAb% based on the YAMASA kit)

(YAMASA TSAb% = Value of sample/Value of normal

individual serum x 100 (%)).

[Table 1]
Within-run Between-run Lot~-to~lot
reproducibility | reproducibility | reproducibility
n 6 10 3

L M H L M H L M H

Maximum | 242 387 587 248 333 583 180 343 543
value

Minimum | 186 293 471 188 280 470 171 307 492
value

Mean 217 364 525 202 309 51 183 322 512
SD 20 37 40 18 15 36 11 19 27
CV (%) 9 10 8 9 5 7 ) 6 5

The method of the present invention was confirmed to
produce high reproducibility because the'assay system had
high sensitivity and a high S/N ratio. Moreover, 5-6% CV
demonstrated that the method of the present invention had
high lot-to-lot reproducibility. The assay system with
little difference between different lots could be
constructed using the CHO cells and the optimized
transfection conditions.

The CV value of the reproducibility of the existing
TSAb kit available from YAMASA CORP. has been reported to

be 10-15%, demonstrating high reproducibility of the

method of the present invention.



Moreover, since the existing kit is produced by
freezing porcine tissue-derived thyroid gland cells, its
problem is that lot-to-lot variation is large due to
individual difference among pigs from which the tissue is
derived (lot-~to-lot CV: 10-19 %). By contrast, the
method of the present invention was confirmed to have
high reproducibility even among different lots.

[0047]

4, Study on incubation time after addition of substrate

(ViviRen) for aequorin luminescence

1 ml (3 x 10° cells/ml) of the frozen cells prepared
in 1 was thawed in a warm bath and suspended in 10 mL of
a sample buffer. After centrifugation at 1000 rpm for 5
minutes, 10 mL of a sample buffer was added to the
obtained precipitate, and 7.5 pL of 4 mM ViviRen was
added thereto. After the addition, 30 minutes, or 1, 2,
3, 4, 5, 6, 7, or 8 hours, the mixture was seeded at a
concentration of 90 uL/well into a 96-well plate. DTSH
serially diluted with PBS was added thereto at a
concentration of 10 uL/well, and the cells were cultured
for 30 minutes. Then, 9 mM CaCl, solution was added
thereto at a concentration of 50 uL/well, and the amount
of luminescence was measured using a luminometer.

It was demonstrated that the amount of luminescence
reached a plateau at 2 hours after ViviRen addition (see
Figure 3).

[0048]



5. Study on amount of receptor plasmid used in

transfection

10 mL of CHO cells having a concentration of 1 x 10°
cells/mL was seeded into a 10-cm® Petri dish and cultured
for 1 day. Then, 3 ug of pcDNA mt sAEQ, 1 ug of
pmCNGaZMW, and 0 to 1 ug of pZeoSVZ TSHR plasmid were
mixed and further mixed with 600 pL of DMEM/F12 and 18 puL
of FuGENE6 (Roche Applied Science), and transfection was
performed. After further overnight culture, the medium
was removed, and the cells were washed with 10 mL of PBS.
Then, 800 uL of Versene was added thereto, and the cells
were cultured at 37°C for 5 minutes and then suspended in
10 mL of DMEM/Fl12 cFCS. After centrifugation at 1000 rpm
for 5 minutes, the precipitate was dissolved in 10 mL of
DMEM/F12 cFCS, and 6.5 pL of 4 mM ViviRen was added
thereto. After culture at 37°C for 3 hours, the medium
was replaced by PBS, and the culture solution was seeded
at a concentration of 90 uL/well to a 96-well plate. 30
minutes after addition of a concentration series of bTSH,
3 mM CaCl, solution was added theretc at a concentration
of 50 pL/well, and the amount of luminescence was
measured using a luminometer.

It was demonstrated that the receptor plasmid in an
amount of 1 ug/plate in transfection was required for
obtaining the optimum amount of luminescence (see Figure
4y .

[0049]



6. Optimization of cell concentration

I ml (3 x 10° cells/ml) of the frozen cells prepared
in 1 was thawed in a warm bath and suspended in 10 mL of
a sample buffer. After centrifugation at 1000 rpm for 5
minutes, 10 mL of a sample buffer was added to the
obtained precipitate. A cell series whose cell
concentration was adjusted to concentrations 3 X 107
cells/mL to 3 x 10° cells/mL was prepared. 7.5 ulL of 4
mM ViviRen was added thereto, and the mixture was seeded
at a concentration of 90 uL/well into a 96-well plate.
After culture at 37°C for 3 hours in a CO, atmosphere,
bTSH serially diluted with PBS was added thereto at a
concentration of 10 uL/well, and the cells were cultured
for 30 minutes. Then, 9 mM CaCl,; solution was added
thereto at a concentration of 50 pL/well, and the amount
of luminescence was measured using a luminometer.

As shown in Figures 5 and 6, the amount of
luminescence was increased in a cell concentration
dependent manner. It was demonstrated that 3 x 10°
cells/mL was the optimum concentration, based on the
relative value where each blank value was defined as 1.

[0050]

7. Study on concentration of added CaCl, detection

solution
1 ml (3 x 10° cells/ml) of the frozen cells prepared
in 1 was thawed in a warm bath and suspended in 10 mL of

a sample buffer. After centrifugation at 1000 rpm for 5



minutes, 10 mL of a sample buffer was added to the
obtained precipitate, and 7.5 uL of 4 mM ViviRen was
added thereto. The mixture was seeded at a concentration
of 90 uL/well into a 96-well plate. After culture at
37°C for 3 hours in a CO, atmosphere, bTSH serially
diluted with PBS was added thereto at a concentration of
10 pL/well, and the cells were cultured for 30 minutes.
Then, a CaCl, detection solution (final concentrations: O
to 30 mM) was added thereto at a concentration of 50
uL/well, and the amount of luminescence was measured
using a luminometer.

It was demonstrated that the optimum CalCl;
concentrations were 3 to 6 mM at which ailow value at
background (0) and the high amount of luminescence in the
sample Were obtained (see Figure 7).

[0051]

8. Study on dilution linearity using stimulating antibody

control serum

1 ml (3 x 10° cells/ml) of the frozen cells prepared
in 1 was thawed in a warm bath and suspended in 10 mL of
a sample buffer. After centrifugation at 1000 rpm for 5
minutes, 10 mL of a sample buffef was added to the
obtained precipitate, and 7.5 pL of 4 mM ViviRen was
added thereto. The mixture was seeded at a concentration
of 80 uL/well into a 96-well plate. The cells were

cultured at 37°C for 3 hours in a CO; atmosphere. 1IgG

fractions of a positive control serum series (adhering to



Roche NIBSC 90/672; 40 IU/mL, 13 IU/mL, 8 IU/mL, and 4
TU/mL) purified and diluted with 30% PEG6000 were
separately diluted 1/2, 1/4, 1/8, 1/16, or 1/32-fold with
a sample buffer, and each soluticn was added thereto at a
concentration of 20 uL/well. After culture for 30
minutes, 9 mM CaCl, solution was added thereto at a
concentration of 50 puL/well, and the amount of
luminescence was measured using a lumi?ometer.

As shown in Figure 8, it was confirmed that the
amount of luminescence was increased with linearity.

[0052]

9. Study on method for detecting thyroid stimulation

blocking antibody (TSBADb)

1 ml (3 x 10% cells/ml) of the frozen cells prepared
in 1 was thaWed in a warm bath and suspended in 10 mL of
a sample buffer. After centrifugation at 1000 rpm for 5
minutes, 10 mL of a sample buffer was added to the
obtained precipitate, and 7.5 ML of 4 mM ViviRen was
added thereto. The mixture was seeded at a concentration
of 90 uL/well into a 96-well plate. After culture at
37°C for 3 hours in a CO, atmosphere, a hypothyroidism
patient-derived thyroid stimulation blocking antibody
(TSBAb) fraction and a normal individual serum-derived
IgG fraction purified with 30% PEG6000 were separately
added thereto at a concentration of 10 pL/well. At the
same time, bTSH (final concentrations: 100 pU to 2.5

uu/mlL) was further added thereto at a concentration of 10
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uL/well. After culture for 30 minutes, 9 mM CaCl,
solution was added thereto at a concentration of 50
WL/well, and the amount of luminescence was measured
using a luminometer.

It was demonstrated that 90% or more luminescence
was inhibited in the hypothyroidism patient-derived
antibody fraction in the presence of 2.5 to 10 uU/mL bTSH
(see Figure 9). Approximately 50% inhibition was seen in
the presence of 100 uU/mL bTSH, demonstrating competitive
inhibition according to the concentration of competing
bPTSH (see Figure 9).

When the blocking antibody is detected, reduction in
signal in the pfesence of bTSH is generally observed.
Conventional methods are known to have the disadvantage
that the S/N ratio is as low as 5 to 10-fold and a
measurement range becomes narrow due to the low S/N ratio.
By contrast, the method of the present invention has a
wide measurement range such that the S/N ratio in the
presence or absence of bTSH is 50-fold. Thus, the
blocking antibody can be detected with high sensitivity.

[0053]

10. Study on method for detecting thyroid stimulation

blocking antibody (TSBAb) by cell desensitization

1 ml (3 x 10°% cells/ml) of the frozen cells prepared
in 1 was thawed in a warm bath and suspended in 10 mL of
a sample buffer. After centrifugation at 1000 rpm for 5

minutes, 10 mL of a DMEM/F12 cFCS medium containing



calcium was added to the obtained precipitate, and 7.5 uL
of 4 mM ViviRen was added thereto. The mixture was
seeded at a concentration of 90 uL/well into a 96-well
plate. After culture at 37°C for 3 hours in a CO,
atmosphere, a hypothyroidism patient-derived thyroid
stimulation blocking antibody (TSBAb) fraction and a
normal individual serum-derived IgG fraction purified
with 30% PEG6000 were separately added thereto at a
concentration of 10 uL/well. At the same time, bTSH
(final concentrations: 100 pU to 2.5 pU/mL) was further
added at a concentration of 10 pL/well. After culture
for 30 minutes, 10™* M forskolin solution was added
thereto at a concentration of 50 uL/well, and the amount
of luminescence was measured using a luminometer.

In Figure 10, no difference between the blocking
antibody and normal individual samples was seen due to
insufficient desensitization in the presence of bTSH with
concentrations of 5 uU or lower.r However, in the
presence of 100 puU bTSH, the amount of luminescence was
decreased in the normal individual serum, and the
increased amount of luminescence was observed in the
presence of the blocking antibody, demonstrating that
according to the method of the present invention, the
presence or absence of the blocking antibody can be
detected using desensitization.

[0054]



[Mechanism of luminescence in the presence or absence of
blocking antibody according to the method of the present
invention]

Under this condition, calcium 1s present in a medium
at the time of bTSH addition to cells; thus luminescent
reaction occurs immediately after bTSH addition in the
absence of the blocking antibody as seen in normal
individual sera. By contrast, in the presence of the
blocking antibody (TSBAb), TSBAb inhibits the action of
bTSH, so that luminescent reaction does not occur. In
this state, upon subsequent addition of forskolin, which
activates adenylate cyclase, cAMP is formed to cause
luminescence without the mediation of a TSH receptor.
However, in the absence of TSRAb, the cells are already
desensitized by luminescent réaction that has occurred
once via adenylate cyclase activated by bTSH. Thus,
luminescence does not occur even by the further addition
of forskolin as the second stimulus. By contrast, in the
presence of TSBAb, the blocking antibody prevents bTSH
from activating adenylate cyclase. Thus, upon subsequent
addition of forskolin, cAMP is formed to cause
luminescent reaction.

[0055]

[Discussion]

Conventional methods for detecting a blocking
antibody are indicated by % inhibition with respect to a

normal individual. However, the problem of indication



using % inhibition is a lack of quantitative reliability
in a high concentration range of 90% or more.

The method of the present invention using cell
desensitization action and forskolin can be indicated by
increase in the amount of luminescence with respect to a
normal individual. Thus, the upper limit is not defined,
and the presence or absence of the blocking antibody can
be detected with linearity even in a high concentration
range.

(0056]

11. Sensitivity comparison with existing kit using

stimulating antibody standard

1 ml (3 x 10° cells/ml) of the frozen cells prepared
in 1 was thawed in a warm bath and suspended in 10 mL of
a sample buffer. After centrifugation at 1000 rpm for 5
minutes, 10 mL of a sample buffer was added to the
obtained precipitate, and 7.5 puL of 4 mM ViviRen was
added thereto. The mixture was seeded at a concentration
of 90 pL/well into a 96-well plate. MRC Research
standard B 1966 (NIBSC 65/122) was diluted with a normal
Aindividual serum to prepare a concentration series. 150
wL of 30% PEG6000 was added to 50 uL of each control
sample in the prepared series, and the mixtures were
stirred and then left standing at 4°C for 5 minutes.
After centrifugation at 3000 rpm at 4°C for 20 minutes,
the obtained precipitates were separately dissolved in 50

uL of a sample buffer to prepare sample solutions. After



culture at 37°C for 3 hours in a CO; atmosphere, the
sample solutions were separately added thereto at a
concentration of 10 uL/well, and the cells were cultu:éd
for 30 minutés. 9 mM CaCl, detection soclution was added
thereto at a concentration of 50 uL/well, and the amount
of luminescence was measured using a luminometer.

Values separately measured using the existing YAMASA
kit using the porcine thyroid gland are also shown. The
existing YAMASA kit resulted in 200 TSAb% at 0.94 mU
LAST/mL and failed to detect concentrations below the
sensitivity threshold. By contrast, the method of the
present invention was confirmed to be able to detect the
stimulating antibody with 2018 TSAb% at 0.94 mU LAST/mL
and with 242 TSAb% even at 0.06 mU LAST/mL and to be able
to detect the stimulating antibody with great sensitivity
which is about 16 times higher than that of the existing
kit ‘(see Figure 11).

[0057]

12. Study on time-dependent change in luminescence using

kit using frozen cell

1 ml (3 x 10° cells/ml) of the frozen cells prepared
in 1 was thawed in a warm bath and suspended in 10 mL of
a sanple buffer (130 mM NaCl, 5 mM KC1l, 20 mM HEPES, 1 mM
MgCl,, 4.8 mM NaHCO;, 5% PEG6000, pH 7.4). After
centrifugation at 1000 rpm for 5 minutes, 10 mL of a
sample buffer was added to the obtained precipitate, and

7.5 puL of 4 mM ViviRen (Promega Corp.) was added thereto.
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The mixture was seeded at a concentration of 90 uL/well
into a 96-well plate. After culture at 37°C for 3 hours
in a CO, atmosphere, H (high value), M (median value),
and L (low value) samples purified with 30% PEG6000 were
separately added thereto (n = 6) at a concentration of 10
uL/well. After culture for 30 minutes, 9 mM CaCl,
solution was added thereto at a concentration of 50
uL/well and stirred for 3 seconds. Then, the amount of
luminescence was measured over times for 13 seconds using
a luminometer. As a result, as shown in Figure 12,
relatively stable luminescence was observed as soon as
the CaCl, solution was added.

[0058]

13. Study on quantitative reliability of thyroid

stimulation blocking antibody (TSBADb)

(1) Method for detecting thyroid stimulation blocking
antibody (TSBAb) using competitive inhibition against
bTSH

1 ml (3 x 10° cells/ml) of the frozen cells prepared
in 1 was thawed in a warm bath and suspended in 10 mL of
a sample buffer (130 mM NaCl, 5 mM KC1l, 20 mM HEPES, 1 mM
MgClz, 4.8 mM NaHCOs3, 5% PEG6000, pH 7.4). After
centrifugation at 1000 rpm for 5 minutes, 10 mL of a
sample buffer was added to the obtained precipitate, and
7.5 pL of 4 mM ViviRen (Promega Corp.) was added thereto.
After culture at 37°C for 3 hours in a CO, atmosphere, 90

pL of the cell solution was mixed with 10 puL of each
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sample in a dilution series of a hypothyroidism patient-
derived blocking antibody purified with 30% PEG6000, and
cultured for 30 minutes. Then, 9 mM CaCl, solution was
added thereto at a concentration of 50 uL/well, and the
amount of luminescence was measured using a luminometer.

As shown in Figure 13, the thyroid stimulation
blocking antibody (TSBAb) was quantitatively detected
using this frozen cell.
(2) Concentration dependence of method for detecting
thyroid stimulation blocking antibody (TSBAb) using cell
desensitization

1 ml (3 x 10° cells/ml) of the frozen cells prepared
in 1 was thawed in a warm bath and suspended in 10 mL of
a sample buffer (3 mM CaCl2, 130 mM NaCl, 5 mM KCl, 20 mM
HEPES, 1 mM MgCl,, 4.8 mM NaHCO;, 5% PEG6000, pH 7.45.
After centrifugation at 1000 rpm for 5 minutes, 10 mL of
a sample buffer was added to the obtained precipitate,
and 7.5 uL of 4 mM ViviRen (Promega Corp.) was added
thereto. The mixture was seeded at a concentration of 90
uL/well into a 96-well plate. Each sample in a dilution
series of a hypothyroidism patient-derived blocking
antibody purified with 30% PEG6000 was added thereto at a
concentration of 10 upL/well, and further, a bTSH solution
(final concentration: 100 puL/mL) was added thereto at a
concentration of 10 uL/well. After culture at 37°C for

30 minutes in a CO; atmosphere, 107" M forskolin solution

was added thereto at a concentration of 50 uL/well, and



the amount of luminescence was measured using a
luminometerx.

As shown in Figure 14, the thyroid stimulation
blocking antibody (TSBRAb) was detected in a concentration
dependent manner using this frozen cell.

[0059]

14. Study on duration of action (incubation time) of

thyroid stimulating antibody (TSAb) or thyroid

stimulation blocking antibody (TSBAb)

(1) Method for detecting stimulating antibody (TSAb)

1 ml (3 x 10° cells/ml) of the frozen cells prepared
in 1 was thawed in a warm bath and suspended in 10 mL of
a sample buffer (130 mM NaCl, 5 mM KC1l, 20 mM HEPES, 1 mM
MgCl,, 4.8 mM NaHCO,, 5%‘PEG6000, pH 7.4). After
centrifugation at 1000 rpm for 5 minutes, 10 mL of a
sample buffer was added to the obtained precipitate, and
7.5 uL of 4 mM ViviRen (Promega Corp.) was added thereto.
The mixture was seeded at a concentration of 90 uL/well
into a 96-well plate. High value (H), median value (M),
low value (L), and normal individual (N) serum samples
purified with 30% PEG6000 were separately added thereto
at a concentration of 10 puL/well. After culture for 30
minutes to 1.5 hours, 9 mM CalCl, solution was added
thereto at a concentration of 50 uL/well, and the amount
of luminescence was measured using a luminometer.

As shown in Figure 15, the amount of luminescence

reached a plateau after 30-minute to l-hour duration of



action of the stimulating antibody (TSAb) on the cell
according to the present invention.
(2) Study on duration of action in method for detecting
thyroid stimulation blocking antibody (TSBAb) using
competitive inhibition against bTSH

1 ml (3 x 10° cells/ml) of the frozen cells prepared
in 1 was thawed in a warm bath and suspended in 10 mL of
a sample buffer (130 mM NaCl, 5 mM KC1, 20 mM HEPES, 1 mM
MgCl,, 4.8 mM NaHCO;, 5% PEG6000, pH 7.4). After
centrifugation at 1000 rpm for 5 minutes, 10 mL of a
sample buffer was added to the obtained precipitate, and
7.5 uL of 4 mM ViviRen (Promega Corp.) was added thereto.

The mixture was seeded at a concentration of 90 pL/well

into a 9%96-well plate, and the cells were cultured for 3
hours. A hypothyroidism patient-derived serum sample and
a normal individual serum sample purified with 30%
PEG6000 were separately added thereto at a concentration
of 10 uL/well, and further, a bTSH solution (final
concentration: 10 puU/mL) was added thereto at a
concentration of 10 uL/well. After culture for 10
minutes to 2 hours, 9 mM CaCl, solution was added thereto
at a concentration of 50 puL/well, and the amount of
luminescence was measured using a luminometer.

As shown in Figure 16, the amount of luminescence
reached a plateau after 30-minute duration of action of
bTSH (competing with the blocking antibody (TSBAb)) on

the cell according to the present invention.



(3) Method for detecting thyroid stimulation blocking
antibody (TSBAb) using cell desensitization

1 ml (3 x 10° cells/ml) of the frozen cells prepared
in 1 was thawed in a warm bath and suspended in 10 mL of
a CO; independent medium (Cat No. 18045, Invitrogen
Corp.). After centrifugation at 1000 rpm for 5 minutes,
10 mL of a CO; independent medium was added to the
obtained precipitate, and 7.5 pL of 4 mM ViviRen (Promega
Corp.) was added thereto. The mixture was seeded at a
concentration of 90 uL/well into a 96-well plate, and the
cells were cultured for 3 hours. A hypothyroidism
patient-derived serum sample and a normal individual
serum sample purified with 30% PEG6000 were separately
added thereto at a concentration of 10 pL/well, and
further, a bTSH solution (final concentration: 100 pnU/mL)

was added thereto at a concentration of 10 uL/well.

After culture for 10 minutes to 2 hours, 10-4 M forskolin
solution was added thereto at a concentration of 50
uL/well, and the amount of luminescence was measured
using a luminometer.

As shown in Figure 17, the amount of luminescence
reached a plateau after 10-minute duration of action of
bTSH (competing with the blocking antibody (TSBAb)) on
the cell according to the present invention.

[0060]

15. Assay using various thyroid disease patient samples




The frozen cells prepared in 1‘and a diagnostic kit
for Graves' disease provided by the present invention
containing a medium for cell culture, a cell washing
solution, ViviRen, a calcium solution, a goat anti-hTSH
antibody, a control serum and a 96-well plate described
below were used to study serum TSAb activity in various
thyroid disease patient groups. Specifically, the sera
of 198 untreated Graves' disease patients, 18
hypothyroidism patients, 48 normal individuals, 2
Plummer's disease cases, 6 postpartum thyroiditis cases,
22 painless thyroiditis cases and 22 subacute thyroiditis
cases, all of which were clinically and definitely
diagnosed, were used (see Table 2Z). 150 upuL of 30%
PEG6000 was added to 50 pL of the serum of each patient,
and the mixtures were stirred and then left standing at
4°C for 5 minutes. After centrifugation at 3000 rpm at
4°C for 20 minutes, the obtained precipitates were
separately dissolved in 400 pL of a medium for cell
culture (5% PEG6000, CO; independent medium (calcium
chloride, D-calcium pantothenate, L-glutamine, phenol
red-free, Invitrogen Corp.)) to prepare sample solutions.
The sample solutions were separately added (n = 25 at a
concentration of 10 uL/well to a 96-well plate. 1 ml (3
x 10° cells/ml) of the frozen cells was thawed in a warm
bath and suspended in 10 mL of a cell washing solution
(CO, independent medium). After centrifugation at 1000

rpm for 5 minutes, 12 mL of a medium for cell culture was



added to the obtained precipitate to prepare a cell
solution. 7.5 puL of 4 mM ViviRen was added to the cell
solution, and the mixture was seeded at a concentration
of 90 uL/well into a 96-well plate. After culture for 4
hours, 3 mM calcium solution was added thereto at a
concentration of 100 pL/well, and the amount of
luminescence was measured using a luminometer. Among
hypothyroidism patients, there is a patient having a high
hTSH value in serum. Thus, for neutralizing the action
of hTSH, 1.2 uL of a goat anti-hTSH polyclonal antibody
(Meridian Life Science, Inc.) was added to the medium for
cell culture, and assay was performed under this
condition. A measured value in each patient was
calculated based on a one-point calibration curve
obtained by defining, as 1800, the measured value of a
control serum containing NIBSC 65/122 diluted (1.874 mU
LAST/mL) with a normal individual serum. Moreover, the
sera of the same patients as above were assayed using the
existing kit (TSAb kit, YAMASA CORP.) according to the
instruction included in the kit.

A TSAb cutoff value was set from the serum TSADb
values of normal individuals. The freqgquency distribution
of serum TSAb values of 48 normal individuals 1s shown in
Figure 20. The mean of the values in the normal
individuals was 124 + 34, showing normal distribution.

The cutoff value was set to mean + 3SD = 180.



The TSAb value of each thyroid disease is shown in
Figure 21. 195 out of 198 untreated Graves' disease
cases showed positive (98%). 3 hypothyroidism cases
showed positive, and each one of painless thyroiditis
and postpartum thyroiditis cases showed positive. 1In
table 3, a true positive ratio of Graves' disease was
studied using 198 untreated Graves' disease patients in
the existing kit and the kit of the present invention.
The true positive ratio of the existing kit was 68%, and
that of the kit provided by the present invention was 98%,
demonstrating that the kit of the present invention was
far superior in Graves' disease detection sensitivity to

the existing kit.

[Table 2]
Existing kit Kit provided by the present
invention
Disease n True True
Positive | Negative | positive Positive | Negative | positive
ratio ratio
Untreated
Graves' 198 134 64 68 195 3 98
disease (GD)
Hypothyroidism 18 3 15 3 15
(Hypo)
Normal
individual 48 0 48 0 48
(Nomal)
Plummer's
disease (PL) 2 0 z 0 2
Postpartum
thyroiditis 6 o] 3 1 5
(PPT)
Painless
thyroiditis 22 0 22 1 21
(PT)
Subacute
thyroiditis 22 0 22 0 22
(SAT)
[Table 3]
Clinical-definite Clinical-definite
diagnosis diagnosis
Posit Negat Tot Posit Negat Tot
ive ive al ive ive al
EXiStin N t 1’)4 2 1’2"7 Klt P ult 10!2 E 200

He
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ive provide ive
g kit | Negat 64 115 | 179 | 4 BY Negat 3 113 | 116
(porcin ive the ive
e TSAb) : presen?
Total 198 118 316 | inventi Total 198 118 316
on
True True
positiv positiv 98
e ratio e ratio
True True
negativ negativ 96
e ratio e ratio
Concord Concord
ance ance 97
rate rate

Industrial Applicability

[0061]

The present invention can provide a method and a kit

for determining a TSH receptor antibody, which are easy

Thus, thyroid disease can be

to manipulate and are safe.
diagnosed.
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<
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The present application is based on and claims
priority of Japanese patent application No.2009-155183,
the entire contents of which are hereby incorporated by

reference.



Claims

[Claim 1]

A cell expressing a thyroid stimulating hormone
receptor (TSHR), a cAMP dependent calcium channel and a
calcium sensitive protein.

[Claim 2]

The cell according to claim 1, wherein the cAMP
dependent calcium channel is a modified CNG (cyclic
nucleotide~gated) calcium channel that exhibits higher
sensitivity to cAMP than cGMP.

[Claim 3]

The cell according to claim 2, wherein the modified
CNG calcium channel is a modified CNG calcium channel
that is a CNG calcium channel derived from a mouse
olfactory epithelial cell and comprises thé following
substitutions :the 460th cysteine is substituted with
tryptophan; and the 583rd glutamic acid is substituted
with methionine.

[Claim 4]

The cell according to any of c¢laims 1 to 3, wherein
the calcium sensitive protein is apoaequorin.
[Claim 5]

The cell according to claim 4, wherein the
apoaequorin is modified apoaequorin that is optimized for
human codon usage and has a mitochondrial targeting

signal.



[Claim 6]

The cell according to any of claims 1 to 5, wherein
the cell transiently or stably expresses each of the
thyroid stimulating hormone receptor (TSHR), the cAMP
dependent calcium channel and the calcium sensitive
protein.

[Claim 7]

The cell according to any of claims 1 to 6, wherein
the TSHR is TSHR having the amino acid sequence
represented by SEQ ID NO: 1, the cAMP dependent calcium
channel is a modified CNG calcium channel having the
amino acid sequence represented by SEQ ID NO: 2, and the
calcium sensitive protein is modified apocaequorin having
the amino acid sequence represented by SEQ ID NO: 3.
[Claim 8]

The cell according to any of claims 1 to 7, wherein
the cell is selected from the group cbnsisting of a CHO
cell, a HEK293 cell and a 3T3 cell.

[Claim 9]

The cell according to any of claims 1 to 5, wherein
the cell is a thyroid gland-derived cell endogenously
expressing the TSHR, the thyroid gland-derived cell being
selected from FRTL-5 and Nthy-ori 3-1, and forced to
transiently or stably express each of the cAMP dependent

calcium channel and the calcium sensitive protein.

[Claim 10]



The cell according to claim 1, wherein the cell is
an olfactory tissue-derived cell endogenously expressing
the CNG calcium channel, the olfactory tissue-derived
cell being forced to transiently or stably express each
of the TSHR and the calcium sensitive protein.

[Claim 11]

A kit for assaying the amount of a thyroid
stimulating antibody and/or the amount of a thyroid
stimulation blocking antibody in a biological sample,
comprising a cell according to any of claims 1 to 10.
[Claim 12]

A kit for diagnosing thyroid disease, comprising a
cell according to any of claims 1 to 10.

[Claim 13]

The kit according to claim 11 or 12, wherein the kit
is available for the assessment of a human having a high
risk of developing thyroid disease.

[Claim 14]

The kit according to claim 11 or 12, wherein the kit
is available for the assessment of therapeutic effect on
a human under treatment of thyroid disease.

[Claim 15]

The kit according to any of claims 12 to 14, wherein
the thyroid disease is hyperthyroidism or hypothyroidism.

[Claim 16]

The kit according to any of claims 11 to 15, wherein

the cell is cryopreserved.



[Claim 17]

The kit accérding to any of claims 11 to 15, further
comprising an anti-TSH antibody.
[Claim 18]

The kit according to any of claims 11 to 17, further
comprising a luminescent substrate for the calcium
sensitive protein.

[Claim 19]

The kit according to any of claims 11 to 18, further
comprising a normal human IgG control serum solution.
[Claim 20]

The kit according to any of claims 11 to 19, further
comprising TSH or a stimulating TSAb monoclonal antibody.
[Claim 21]

The kit according to claim 20, further comprising
forskolin.

[Claim 22]

The kit according to any of claims 11 to 21, wherein
the luminescent substrate for the calcium sensitive
protein is coelenterazine or a coelenterazine derivative.
[Claim 23]

The kit according to claim 22, wherein the
coelenterazine derivative is ViviRen (R).

[Claim 24]

The kit according to any of claims 11 to 23, wherein

the kit is a composition for diagnosing Graves' disease

and/or Hashimoto's disease.



[Claim 25]

A method for diagnosing Graves' disease, comprising
the following steps (1) to (3):

(1) preparing a mixture containing a cell according to
any of claims 1 to 10, a luminescent substrate for the
calcium sensitive protein, a Ca’*~free medium or a
Cam/Mg%Ffree medium, and a sample derived from the blood
of a test subject;

(2) adding a Ca®*-containing solution to the mixture
prepared in (1); and

(3) measuring the luminescence of the calcium sensitive
protein emitted from the cell.

[Claim 26]

The method according to claim 25, wherein the
mixture prepared in (1) further contains an anti-TSH
antibody.

[Claim 27]

A method for diagnosing hypbthyroidism, comprising
the following steps (1) to (3):

(1) preparing a mixture containing a cell according to
any of claims 1 to 10, a luminescent substrate for the
calcium sensitive protein, a Ca®**~free medium or a
Ca®*/Mg*'-free medium, TSH or a stimulating TSAb
monoclonal antibody, and a sample derived from the blood
of a test subject;

(2) adding a Cachontaining solution to the mixture

prepared in (1); and



(3} guantifying the luminescence of the calcium sensitive
protein emitted from the cell.
[Claim 28]

A method for diagnosing hypothyroidism, comprising
the following steps (1) to (3):

(1) preparing a mixture containing a cell according to
any of claims 1 to 10, a luminescent substrate for the
calcium sensitive protein, a Ca%Fcontaining medium, TSH
or a stimulating TSAb monoclonal antibody, and a sample
derived from the bloocd of a test subject;

(2} adding forskolin to the mixture prepared in (1); and
(3) quantifying the luminescence of the calcium sensitive
protein emitted from the cell.

[Claim 29]

The method for diagnosing Graves' disease according
to claim 25 or 26, wherein when the amount of
luminescence of the calcium sensitive protein emitted
from the cell treated with the sample derived from the
blood of a test subject is higher than that emitted from
the cell treated with a sample derived from the blocd of
a normal individual, the test subject is diagnosed as
Graves' disease or as having a high risk of developing
Graves' disease.

[Claim 30]

The method for diagnosing hypothyroidism according

to claim 27, wherein when the amount of luminescence of

the calcium sensitive protein emitted from the cell



treated with the sample derived from the blood of a test
subject is lower than that emitted from the cell treated
with a sample derived from the blood of a normal
individuai, the test subject is diagnosed as
hypothyroidism or as having a high risk of developing
hypothyroidism.
[Claim 31]

| The method for diagnosing hypothyroidism according
to claim 28, wherein when the amount of luminescence of
the calcium sensitive protein emitted from the cell
treated with the sample derived from the blood of a test
subject is higher than that emitted from the cell treated
with a sample derived from the blood of a normal
individual, the test subject is diagnosed as
hypothyroidism or as having a high risk of developing
hypothyroidism.
[Claim 32]

A method for determining the effectiveness of a
treatment of a Graves' disease patient, comprising the
following steps (1) to (3):

(1) preparing a mixture containing a cell according to
any of claims 1 to 10, a luminescent substrate for the
calcium sensitive protein, a Ca’’-free medium or a
Cca®*/Mg®*-free medium, and a sample derived from the blood

of the Graves' disease patient taken before or after the

treatment;



(2) adding a Ca*'-containing solution to the mixture
prepared in (1}; and

(3) quantifying the luminescence of the calcium sensitive
protein emitted from the cell, wherein

the effectiveness of the treatment is assessed by
comparing the respective amounts of luminescence emitted
from cultured cells treated with the samples derived from
the blood taken before or after the treatment.

[Claim 33]

The method according to claim 32, wherein the
mixture prepared in (1) further contains an anti-TSH
antibody.

[Claim 34]

A method for determining the effectiveness of a
treatment of a hypothyroidism patient, comprising the
following steps (1) to (3):

{1l) preparing a mixture containing a cell according to
any of claims 1 to 10, a luminescent substrate for the
calcium sensitive protein, a Ca’*~-free medium or a
Cca’"/Mg®*-free medium, TSH or a stimulating TSAb
monoclonal antibody, and a sample derived from the blood
of the hypothyroidism patient taken before or after the
treatment;

(2) adding a Ca®‘-containing solution to the mixture
prepared in (1); and

(3) guantifying the luminescence of the calcium sensitive

protein emitted from the cell, wherein



the effectiveness of the treatment is assessed by
comparing the respective amounts of luminescence emitted
from cultured cells treated with the samples derived from
the blood taken before or after the treatment.

[Claim 35]

A method for determining the effectiveness of a
treatment of a hypothyroidism patient, comprising the
following steps (1) to (3):

(1) preparing a mixture containing a cell according to
any of claims 1 to 10, a luminescent substrate for the
calcium sensitive protein, a Ca”Fcontaining medium, TSH
or a stimulating TSAb monoclonal antibody, and a sample
derived from the blood of the hypothyroidism patient
taken before or after the treatment;

(2) adding forskolin to the mixture prepared in (1); and
(3) guantifying the luminescence of the calcium sensitive
protein emitted from the cell, wherein

the effectiveness of the treatment is assessed by
comparing the respective amounts of luminescence emitted
from cultured cells treated with the samples derived from
the blood taken before or after the treatment.

[Claim 36]

The method according to any of claims 25 to 35,
wherein the cell is not cultured in a sterile environment.
[Claim 37]

The method according to any of claims 25 to 36,

wherein the luminescent substrate for the calcium



sensitive protein is coelenterazine or a coelenterazine
derivative.
[Claim 38]

The method according to claim 37, wherein the
coelenterazine derivative is ViviRen (R).
[Claim 39]

The method according to any of claims 27 to 28, 30
to 31, and 34 to 35, wherein the hypothyroidism is

Hashimoto's disease.



