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(54) NOVEL TEST METHOD FOR RHEUMATOID ARTHRITIS AND KIT FOR RHEUMATOID 
ARTHRITIS TEST

(57) Provided are: a novel test method for rheuma-
toid arthritis; and a kit for rheumatoid arthritis test, which
is used in the novel test method for rheumatoid arthritis.
A test method for rheumatoid arthritis according to the
present invention is characterized by comprising a step
for measuring the amount of talin in the plasma or serum

of an animal subject. This measurement is carried out,
for example, by an immunological method using an an-
tibody which binds to talin. A kit for rheumatoid arthritis
test according to the present invention is used for such
a test method and contains, for example, a solid-phase
carrier to which an antibody that binds to talin is affixed.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a test method for rheumatoid arthritis, and a kit for rheumatoid arthritis test,
which is used in such a test method.

BACKGROUND ART

[0002] Rheumatoid arthritis (RA) is a chronic inflammatory disease, in which the lesion occurs mainly in the synovial
membrane tissue of the joint, and the prevalence rate of the disease is about 1% of the population. In rheumatoid arthritis,
synovitis is found in the first stage, then cartilage or bone is gradually invaded, and the joint is destroyed and deformed
in the advanced stage. Furthermore, the consequence of the symptom includes various examples such as an example
in which arthritis undergoes remission and reoccurrence, repeatedly, then is completely cured, and an example in which
arthritis rapidly progresses.
[0003] Diagnosis of rheumatoid arthritis is carried out mainly based on symptoms. Recently, however, attention has
been paid to a diagnostic method using, as a marker, an autoantibody contained in the serum of a patient. As such an
autoantibody, a rheumatoid factor (an autoantibody with respect to the deformed IgG), an anti-cyclic citrullinated peptide
antibody (an anti-CCP antibody), and the like, are known (see Non-Patent  Literature 1).
[0004] However, in previous reports, the sensitivity of the rheumatoid factor is 75 to 80%, the specificity thereof is 50
to 70%, and the sensitivity of the anti- CCP antibody is 50 to 75%, and the specificity is 85 to 95%, which are not
necessarily satisfactory (see Non- Patent Literatures 2 and 3) . 

Non-Patent Literature 1: Martinus A. M. et al., Arthritis Res. Ther., 4: 87-93, 2002
Non-Patent Literature 2: Avouac J. et al., Ann. Rheum. Dis. 65: 845-851, 2006
Non-Patent Literature 3: van Venrooij WJ. et al. Ann. N.Y. Acad. Sci. 1143: 268-285, 2008

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0005] The present invention aims to provide a test method for rheumatoid arthritis and a kit for rheumatoid arthritis
test by searching novel markers that have not been previously known and being based on the found novel markers in
the searching.

Means for Solving the Problems

[0006] In patients with rheumatoid arthritis, it is known that the peripheral blood lymphocyte is activated, so that cell
adhesion with respect to the blood vessel endothelial cell is increased and at the same time, the lymphocyte migration
is also increased, resulting in the infiltration of the lymphocyte to the outside of the blood vessel to cause various
inflammations. In searching novel markers, the present inventor has focused on talin that is a high-molecular-weight
cytoskeletal protein expressed in a concentrated manner mainly in regions in which the cell and the substrate are brought
into contact with each other, in particular, in a cell adhesion region in the lymphocyte.
[0007] Talin is a protein formed of an N-terminal region having a molecular weight of 47 kDa and including an FERM
region, and a C-terminal region having a molecular weight of 190 kDa and including one bundle of α-helix. The FERM
region is classified into three sub-regions, that is, an F1 domain, an F2 domain, and an F3 domain, sequentially from
the N-terminal side. In a living body, it is known that polypeptide in the N-terminal region, which is cleaved by Calpain,
the F3 domain among them binds to an integrin β sub-unit increases signaling of the integrin from the inside of the cell
to the outside of the cell, and thus the cell adhesion and cell migration are increased.
[0008] The present inventor has investigated the presence of talin in the plasma or the serum of a patient with rheumatoid
arthritis. As a result, surprisingly, it is found that in a patient with rheumatoid arthritis, talin is dominantly present in the
plasma or the serum. Furthermore, it is found that the amount of talin is significantly reduced when rheumatoid arthritis
reaches a low disease activity or remission with the therapeutic agent for rheumatoid arthritis.
[0009] The present invention has been made based on such  findings, and the present invention specifically includes
the followings.

(1) A test method for rheumatoid arthritis, the method including a step of measuring an amount of talin in plasma
or serum of an animal subject.
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(2) The test method for rheumatoid arthritis descried in the above (1), further including a step of obtaining plasma
or serum from blood collected from the animal subject.
(3) The test method for rheumatoid arthritis descried in the above (1) or (2), wherein the amount of talin in the plasma
or the serum is measured by using an antibody which binds to talin.
(4) The test method for rheumatoid arthritis descried in any of the above (1) to (3), wherein the animal subject is a
human subject.
(5) The test method for rheumatoid arthritis descried in any of the above (1) to (4), wherein the method is carried
out for determining a diagnosis of rheumatoid arthritis or a treatment effect of a therapeutic agent for rheumatoid
arthritis.
(6) A kit for rheumatoid arthritis test used for the test method for rheumatoid arthritis descried in any of the above
(1) to (5).
(7) The kit for rheumatoid arthritis test descried in the above (6), including a solid-phase carrier to which an antibody
that binds to talin is affixed.

Effects of the Invention

[0010] The present invention can provide a novel test method for rheumatoid arthritis and a kit for rheumatoid arthritis
test to be used for such a test method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1 is a graph showing an ROC curve of a diagnosis of rheumatoid arthritis (Example 1) by the Sandwich ELISA
method using an H-18 antibody and an H-300 antibody.
Fig. 2 is a graph showing an ROC curve of a diagnosis of rheumatoid arthritis (Example 2) by the Sandwich ELISA
method using an H-18 antibody and an M54246M antibody.
Fig. 3 is a graph showing an ROC curve of a diagnosis of rheumatoid arthritis (Comparative Example 1) using an
anti-CCP antibody.

PREFERRED MODE FOR CARRYING OUT THE INVENTION

Test Method for Rheumatoid Arthritis

[0012] A test method for rheumatoid arthritis according to the present invention includes a step of measuring an amount
of talin in the plasma or the serum of an animal subject. This test method may further include a step of obtaining the
plasma or the serum from the blood collected from an animal subject.
[0013] The animal subject is not particularly limited as long as it can contract rheumatoid arthritis, and it can be selected
depending upon purposes. Examples thereof include a human, a rat, a mouse, a dog, a cow, a cat, a rabbit, and a guinea
pig, and preferable example is a human.
[0014] Furthermore, a method for obtaining the plasma or the serum is not particularly limited, it is possible to employ
conventional methods, for example, a method for separating the plasma or the serum, which are obtained as specimen
for clinical laboratory examination, from the blood. For example, the plasma can be obtained by taking the blood into an
EDTA tube, a heparin tube, or the like, and the centrifuging thereof. Furthermore, the serum can be obtained by taking
the blood into a test tube, and the centrifuging thereof.
[0015] With the test method for rheumatoid arthritis according to the present invention, an amount of talin in the thus
obtained plasma or serum is measured. Herein, the "amount of talin" denotes an amount of protein of the talin. When
talin has plurality of isoforms, any one of them may be measured. For example, in the case of human, two isoforms, that
is, talin 1 and talin 2 are present. The mRNA sequence and the amino acid sequence of the talin 1 are shown in SEQ
ID NOs: 1 and 2. Furthermore, the mRNA sequence and the amino acid sequence of the talin 2 are shown in SEQ ID
NOs: 3 and 4.
[0016] The amount of talin in the plasma or the serum of an animal subject can be measured by an immunochemical
method by using an antibody which binds to talin.
[0017] The antibody which binds to talin may be a polyclonal antibody or may be a monoclonal antibody, and, in some
case, fragments of the antibody, for example, Fab’, Fab, F(ab’)2 can be used. These antibodies can be prepared by
conventionally  known methods.
[0018] Examples of commercial products include an H-18 antibody (Santa Cruz Biotechnology Inc.), an H-300 antibody
(Santa Cruz Biotechnology Inc.), a TA205 antibody (Abcam Inc.), and an M54246M antibody (Bio-design Co., Ltd.).
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[0019] The amount of talin can be measured by employing well-known methods such as an enzyme immunoassay
(EIA), a chemiluminescent immunoassay, a radioimmunoassay (RIA), a fluoro immunoassay, and a latex agglutination
assay. Specific examples include a competitive assay using an antibody and label antigen, a Sandwich EIA method
using combination of two types of antibodies, i.e., a monoclonal antibody or a polyclonal antibody (or a monoclonal
antibody and a polyclonal antibody) whose recognition sites with respect to an antigen are different, and a latex agglu-
tination assay using latex particles to which an antibody is affixed.
[0020] In these measurement methods, if necessary, an antigen or an antibody can be affixed to a solid-phase carrier.
Examples of the solid-phase carrier include synthetic resin such as polystyrene, polyethylene, polypropylene, polyvinyl
chloride, polyester, polyacrylic acid ester, nylon, polyacetal and fluorocarbon resin, polysaccharides such as cellulose
and agarose, glass, metal, and the like. This solid-phase carrier can be formed in various shapes including a micro-plate
shape, a spherical shape, a fibrous shape, a rod shape, a board shape, a container shape, a cell, a test tube, and the like.
[0021] In the above-mentioned immunochemical method, antibodies  or antigens which are labeled may be used if
necessary. Examples of such labels include radioisotope (124I, 14C, and 3H), fluorescence materials (fluorescein isothi-
ocyanate, and the like), and the like, in addition to enzymes (peroxidase, alkaline phosphatase, and the like), luminescent
material (acridinium ester, isoluminol, luciferin, and the like). Besides, methods using combination of a biotin label and
streptavidin can be employed.
[0022] As mentioned above, by measuring and quantifying the amount of talin in the plasma or the serum of an animal
subject, it is possible to diagnose easily whether or not the subject has contracted rheumatoid arthritis. That is to say,
when the amount of talin in the plasma or the serum is larger than a predetermined threshold, it can be determined that
the subject has contracted rheumatoid arthritis. The predetermined threshold can be set, for example, based on a mean
value and the like in the plasma or the serum in a control animal that has not contracted rheumatoid arthritis.
[0023] Furthermore, by measuring and quantifying the amount of talin before and after a therapeutic agent for rheu-
matoid arthritis is administered, a therapeutic effect by the therapeutic agent can be determined in a simple and easy
manner. That is to say, when the amount of talin after the therapeutic agent for rheumatoid arthritis is administered is
significantly lowered from the amount of talin before the administration, it can be determined that the therapeutic agent
is effective.
[0024] Herein, the therapeutic agent for rheumatoid arthritis can include all the conventionally known therapeutic
agents and all of therapeutic agents that will be developed in the future. Examples of the conventionally known therapeutic
agent for rheumatoid arthritis include biological preparations, nonsteroidal anti- inflammatory agents (anti- inflammatory
analgesic agents), steroid drugs, immunosuppressive agents, and the like.
[0025] Examples of the biological preparations include chimeric anti- TNF- α antibody preparations, soluble TNF
receptors, complete human anti- TNF- α antibody preparations, anti- IL- 6- receptor antibody preparations, and the like.
The nonsteroidal anti- inflammatory agents include prostaglandin production suppressing agents. They can reduce pain
or swelling in the joint, but it is said that it is difficult to suppress the progress of the disease itself and suppress the
destruction of the bone and the joint. The steroid drug has excellent anti- inflammation effect, so that it is used as specific
medicine for rheumatoid arthritis. However, adverse effects thereof pose problems. The immunosuppressive agent
reduces immunopathy of a rheumatoid arthritis patient, thereby suppressing the inflammation of rheumatoid arthritis,
and is used for the purpose of introducing remission induction. Since this may be able to inhibit the progress of rheumatoid
arthritis, this agent is also called disease modification anti- rheumatism drug. This is also called a slow acting anti-
rheumatism drug because it takes a long time to exhibit an effect.
[0026] As mentioned above, there are various types of the therapeutic agents for rheumatoid arthritis, but the test
method according to the present invention is also useful for determining the level of the effect of the therapeutic agent,
and selecting the most effective therapeutic agent.

Kit for Rheumatoid Arthritis Test

[0027] A kit for rheumatoid arthritis test according to the present invention is provided for the use in a test method for
rheumatoid arthritis according to the present invention. This diagnosis kit includes, for example, a solid-phase carrier to
which an antibody that binds to talin is affixed. Furthermore, it may include a labeled secondary antibody, a coloring
substrate, or the like.

EXAMPLES

[0028] Hereinafter, the present invention is described in detail with reference to Examples, but the present invention
is not construed as being limited to the following description. Note here that in the following Examples 1 and 2, and
Comparative Example 1, subjects include 17 patients with rheumatoid arthritis (RA patients), 14 controls (8 patients with
osteoarthritis, 1 patient with systemic lupus erythematodes, 1 patient with diabetes, and 4 healthy subjects) . Furthermore,
in the following Example 3, subjects are 5 RA patients.
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Example 1

[0029] Blood of each subject is collected into an EDTA tube, and is centrifuged at 2500 rpm at room temperature for
10 min so as to obtain the plasma.
[0030] An amount of talin in the plasma was measured by a Sandwich ELISA method.
[0031] Firstly, an H- 18 antibody (Santa Cruz Biotechnology Inc.) recognizing the N- terminal of talin was diluted with
a phosphate buffer solution (PBS) so that the concentration became 1 mg/mL, and added to a 96- well micro- plate at
100 mL/ well, which was incubated at 4°C overnight, followed by washing with 200 mL/ well of washing solution three
times. Next, the plasma from each subject was added to the 96- well micro- plate at 100 mL/ well, which was incubated
at 25°C for one hour, followed by washing with 200 mL/ well of washing solution three times. Next, an H- 300 antibody
(Santa Cruz Biotechnology Inc.) as a primary antibody recognizing the N- terminal of talin was diluted with PBS so that
the concentration became 2 mg/mL, and added to the 96- well micro- plate at 100 mL/ well, which was incubated at 25°C
for one hour, followed by washing with 200 mL/ well of washing solution three times. Next, an HRP- labeled anti- goat
IgG antibody (KPL) as a secondary antibody was diluted with PBS so that the concentration became 2 mg/mL, and
added to the 96- well micro- plate at 100 mL/ well, which was incubated at 25°C for one hour, followed by washing with
200 mL/ well of washing solution three times.
[0032] Next, a substrate was added to a 96- well micro- plate at 100 mL/ well, which was incubated at 25°C for 15 min,
and then,  an OD value at wavelength of 630 nm was measured by using a microplate reader.
[0033] An ROC curve in Example 1 is shown in Fig. 1. As a result of the ROC analysis, an area below the ROC curve
(AUC) in Fig. 1 was 0.954. Furthermore, whether being positive or negative based on the cut-off value of OD = 0.20 is
shown in Table 1.

[0034] From the results, diagnosis of rheumatoid arthritis by the Sandwich ELISA method using the H-18 antibody
and the H-300 antibody showed that the sensitivity was 14/17 x 100 = 82.4% and the specificity was 14/14 x 100 = 100%.

Example 2

[0035] The amount of talin in the plasma was measured by the Sandwich ELISA method by the same method as in
Example 1 except that an M54246M antibody (Bio-design Co., Ltd.) recognizing the C-terminal of talin was used as a
primary antibody.
[0036] An ROC curve in Example 2 is shown in Fig. 2. As a result of the ROC analysis, an area below the ROC curve
(AUC) in Fig. 2 was 0.819. Furthermore, whether being positive or negative based on the cut-off value of OD = 0.05 is
shown in Table 2.

[0037] From the results, diagnosis of rheumatoid arthritis by the Sandwich ELISA method using the H-18 antibody
and the M54246M antibody showed that the sensitivity was 15/17 x 100 = 88.2% and the specificity was 11/14 x 100 =
78.6%.

Comparative Example 1

[0038] Blood from each subject was collected into a blood collecting tube for serum, and it was centrifuged at 2,500

[Table 1]

RA patient Control Total

H-300 antibody
Positive 14 0 14

Negative 3 14 17

Total 17 14 31

[Table 2]

RA patient Control Total

M54246M antibody
Positive 15 3 18

Negative 2 11 13

Total 17 14 31
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rpm at room temperature for 10 min, and thus the serum was obtained. An anti-CCP antibody titer in the serum was
measured by using a commercially available kit (MESACUP CCP manufactured by Medical & Biological laboratories
Co., Ltd (MBL)) .
[0039] An ROC curve in Comparative Example 1 is shown in Fig. 3. As a result of the ROC analysis, an area below
the ROC curve (AUC) in Fig. 3 was 0.838. Furthermore, whether being positive or negative based on the cut-off value
of antibody titer = 6.60 is shown in Table 3.

[0040] From the results, diagnosis of rheumatoid arthritis by  using the anti-CCP antibody showed that the sensitivity
was 11/17 x 100 = 64.7% and the specificity was 13/14 x 100 = 92.9%.
[0041] As is shown from the above-mentioned results, talin was dominantly present in the blood from a RA patient.
Therefore, by measuring the amount of talin in the blood, it is possible to examine whether or not a subject contracted
rheumatoid arthritis in a simple and easy manner. Moreover, the test method was more excellent in the sensitivity as
compared with the existing method using anti-CCP antibody.

Example 3

[0042] A therapeutic effect of the therapeutic agent for rheumatoid arthritis for 5 RA patients was confirmed by meas-
uring the amount of talin. The amount of talin was measured by measuring the OD value by the Sandwich ELISA method
by using an H-18 antibody and an H-300 antibody as in Example 1. Furthermore, an amount of CRP and am amount of
MMP-3 were measured by the same method as in usual clinical examination. Furthermore, the score of DAS (Disease
Activity Score) 28 recommended by European League Against Rheumatism (EULAR) was calculated. The score of
DAS28 of not less than 5.1 is determined to be high disease activity, the score of not less than 3.2 and less than 5.1 is
determined to be middle disease activity, and the score of less than 3.2 is determined to be low disease activity. The
results are shown in Table 4.

[Table 3]

RA patient Control Total

Anti-CCP antibody
Positive 11 1 12

Negative 6 13 19

Total 17 14 31

[Table 4]

Case 1: Male (ADA remarkable 
effective example)

Before (MTX treatment) After (MTX + ADA treatment)

Talin (0D value) 0. 068 0. 139

CRP (mg/dL) 1. 74 0. 08

MMP-3 (mg/mL) 60. 6 57. 4

DAS28 5. 43 2. 62

Case 2: Female (SASP no effective 
example)

Before (non-treatment) After (SASP treatment)

Talin (0D value) 0. 258 0. 294

CRP (mg/dL) 0. 36 0. 19

MMP-3 (mg/mL) 70. 6 106. 6

DAS28 5. 12 4. 21

Case 3: Female (IFX no effective 
example)

Before (MTX treatment) After (MTX + IFX treatment)

Talin (0D value) 0. 205 0. 223

CRP (mg/dL) 2. 82 2. 68

MMP-3 (mg/mL) 962. 1 523. 8

DAS28 4. 87 3. 95
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[0043] A case 1 is an example in which when ADA (adalimumab) was used together in treatment with MTX (meth-
otrexate), good responder (DAS28: 5.43 → 2.62) was shown based on the reactivity basis of EULAR. The amount of
talin showed a high value (OD value: 0.568) when only MTX was used, but it showed a normal value (OD value: 0.139)
when ADA was used together. On the other hand, the amount of MMP- 3 did not show significant reduction even when
ADA was used together, which  did not reflect the activity of rheumatoid arthritis.
[0044] A case 2 is an example in which also when treatment with SASP (salazosuffapyridine) was carried out, none
responder (DAS28: 5.12 → 4.21) was shown based on the reactivity basis of EULAR. The amount of talin remained
high (OD value: 0.258 → 0.294) even with SASP treatment. On the other hand, the CRP amount showed a normal value
(0.19 mg/dL) after the SASP treatment was carried out, which did not reflect the pathology of rheumatoid arthritis.
[0045] A case 3 is an example in which none responder (DAS28: 4.87 → 3.95) was shown although IFX (infliximab)
was used together with treatment with MTX (methotrexate). The amount of talin remained high (OD value: 0.205 →
0.223) even when treatment together with IFX was carried out.
[0046] A case 4 is an example in which good responder (DAS28: 4.55 → 2.45) was shown when ADA (adalimumab)
was used together with treatment with BUC (bucillamine). The amount of talin showed a high value (OD value: 0.258)
when only BUC was used, but it showed a normal value (OD value: 0.164) when ADA was used together.
[0047] A case 5 is an example in which none responder (DAS28: 5.09 → 4.50) was shown also when treatment using
TCZ (tocilizumab) was carried out. The amount of talin remained high (OD value: 2.093 → 1.787) even with TCZ treatment.
[0048] As is shown from the above-mentioned results, the amount of talin in the blood correlates with the activity of
rheumatoid arthritis, and it reflects the activity of  rheumatoid arthritis more precisely as compared with the other factors
such as CRP and MMP-3. Therefore, by measuring the amount of talin in the blood, it is possible to precisely determine
the therapeutic effect of a therapeutic agent for rheumatoid arthritis.

(continued)

Case 4: Female (ADA remarkable 
effective example)

Before (BUC treatment) After (BUC + ADA treatment)

Talin (0D value) 0. 258 0. 164

CRP (mg/dL) 5. 01 0. 16

MMP-3 (mg/mL) 323. 2 52. 2

DAS28 4. 55 2. 45

Case 5: Female (TCZ no effective 
example)

Before (non-treatment) After (TCZ treatment)

Talin (0D value) 2. 093 1. 787

CRP (mg/dL) 3. 83 2. 78

MMP-3 (mg/mL) 117. 8 93. 1

DAS28 5. 09 4. 50
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Claims

1. A test method for rheumatoid arthritis, the method comprising a step of measuring an amount of talin in plasma or
serum of an animal subject.

2. The test method for rheumatoid arthritis according to claim 1, further comprising a step of obtaining plasma or serum
from blood collected from the animal subject.

3. The test method for rheumatoid arthritis according to claim 1 or 2, wherein the amount of talin in the plasma or the
serum is measured by using an antibody which binds to talin.

4. The test method for rheumatoid arthritis according to any one of claims 1 to 3, wherein the animal subject is a human
subject.

5. The test method for rheumatoid arthritis according to any one of claims 1 to 4, wherein the method is carried out for
diagnosing rheumatoid arthritis or determining a treatment effect of a therapeutic agent for rheumatoid arthritis.

6. A kit for rheumatoid arthritis test used for the test method for rheumatoid arthritis according to any one of claims 1 to 5.

7. The kit for rheumatoid arthritis test according to claim 6, comprising a solid-phase carrier to which an antibody that
binds to talin is affixed.
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