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(57) The present invention is to provide a method of
exosome analysis that can analyze exosome in a sample
in a simple manner.

The method of exosome analysis of the present in-
vention is a method of analyzing exosome in a sample,
including: an addition step of adding a first antibody that
specifically binds to a first antigen contained in the exo-
some and a second antibody that specifically binds to a

second antigen contained in the exosome to the sample;
a reaction step of causing the first antigen to be reacted
with the first antibody and the second antigen to be re-
acted with the second antibody; and a detection step of
detecting a reaction between the first antigen and the
first antibody and a reaction between the second antigen
and the second antibody.
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Description

Technical Field

[0001] The present invention relates to a method of exosome analysis, a reagent for exosome analysis, and an analyzer
for exosome.

Background Art

[0002] In the clinical field, for cancer diagnoses, for example, tumor-associated antigens (the so-called tumor markers)
that are characteristically expressed on cancer cells are used. For the analysis of such tumor markers, analysis methods
using antibodies that specifically bind to tumor markers are employed.
[0003] On the other hand, it has been reported that the amount of exosome in blood of ovarian cancer patients increases
as the cancer becomes more advanced (Non-Patent Document 1).

Related Art Document

[Non-Patent Document]

[0004] [Non-Patent Document 1] Taylor et al., Gynecologic Oncol, 100 (2008) pp.13-21

Disclosure of the Invention

Problem to be Solved by the Invention

[0005] While the analysis of exosome in blood described in Non-Patent Document 1 is conducted by analyzing specific
microRNA (miRNA) expressed on exosome, miRNA analysis requires complicated operations.
[0006] Hence, the present invention is intended to provide a method of exosome analysis, a reagent for exosome
analysis, and an analyzer for exosome that can analyze exosome in a simple manner.

Means for Solving Problem

[0007] The method of exosome analysis of the present invention is a method of analyzing exosome in a sample,
including:

an addition step of adding a first antibody that specifically binds to a first antigen contained in the exosome and a
second antibody that specifically binds to a second antigen contained in the exosome to the sample;

a reaction step of causing the first antigen to be reacted with the first antibody and the second antigen to be reacted
with the second antibody; and

a detection step of detecting a reaction between the first antigen and the first antibody and a reaction between the
second antigen and the second antibody.

[0008] The reagent for exosome analysis of the present invention is a reagent used for analysis of exosome in a
sample, including:

a first antibody that specifically binds to a first antigen contained in the exosome; and

a second antibody that specifically binds to a second antigen contained in the exosome, wherein the reagent is used
for the analysis method of the present invention.

[0009] The analyzer for exosome of the present invention is an analyzer for exosome in a sample, including:

an addition unit adding a first antibody that specifically binds to a first antigen contained in the exosome and a
second antibody that specifically binds to a second antigen contained in the exosome to the sample;

a reaction unit causing the first antigen to be reacted with the first antibody and causing the second antigen to be
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reacted with the second antibody; and

a detection unit detecting a reaction between the first antigen and the first antibody and a reaction between the
second antigen and the second antibody, wherein the analyzer is used for the analysis method of the present
invention.

Effects of the Invention

[0010] According to the present invention, exosome in a sample can be analyzed in a simple manner. Therefore, for
example, the analysis method of the present invention is very useful to cancer diagnoses such as whether or not a
cancer has occurred, whether or not a cancer has recurred, and the like; and application of the analysis method of the
present invention to laboratory testing is expected. Further, with the reagent for exosome analysis and the analyzer for
exosome of the present invention, the analysis method of the present invention can be conducted efficiently.

Brief Description of Drawings

[0011]

[FIG. 1A] FIG. 1A is a schematic view for explaining an example of the analysis method of the present invention.

[FIG. 1B] FIG. 1B is a schematic view for explaining another example of the analysis method of the present invention.

[FIG. 1C] FIG. 1C is a schematic view for explaining yet another example of the analysis method of the present
invention.

[FIG. 2A] FIG. 2A is a graph showing the result of the confirmation that antibodies are biotinylated in Example of
the present invention.

[FIG. 2B] FIG. 2B is a graph showing the result of the confirmation that antibodies are bound to AlphaLISA Acceptor
Beads in Example of the present invention.

[FIG. 2C] FIG. 2C is a calibration curve used for the quantitative analysis of exosome in Example of the present
invention (biotinylated antibody: Purified Mouse Anti-Human CD63, acceptor beads-binding antibody: Purified Mouse
Anti-Human CD63).

[FIG. 2D] FIG. 2D is a calibration curve used for the quantitative analysis of exosome in Example of the present
invention (biotinylated antibody: Purified Mouse Anti-Human CD9, acceptor beads-binding antibody: Purified Mouse
Anti-Human CD9).

[FIG. 2E] FIG. 2E is a calibration curve used for the quantitative analysis of exosome in Example of the present
invention (biotinylated antibody: Purified Mouse Anti-Human CD81, acceptor beads-binding antibody: Purified Mouse
Anti-Human CD81).

[FIG. 2F] FIG. 2F is a calibration curve used for the quantitative analysis of exosome in Example of the present
invention (biotinylated antibody: Purified Mouse Anti-Human CD63, acceptor beads-binding antibody: Purified Mouse
Anti-Human CD9).

[FIG. 2G] FIG. 2G is a calibration curve used for the quantitative analysis of exosome in Example of the present
invention (biotinylated antibody: Purified Mouse Anti-Human CD9, acceptor beads-binding antibody: Purified Mouse
Anti-Human CD81).

[FIG. 2H] FIG. 2H is a calibration curve used for the quantitative analysis of exosome in Example of the present
invention (biotinylated antibody: Purified Mouse Anti-Human CD81, acceptor beads-binding antibody: Purified Mouse
Anti-Human CD63).

[FIG. 3] FIG. 3 is a graph showing the analysis result of exosome in blood serum of prostate cancer patients and
the analysis result of exosome in blood serum of healthy subjects in Example 1 of the present invention.
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[FIG. 4] FIG. 4 is a graph showing the analysis result of exosome in blood serum of liver cancer patients right after
the surgery to remove the cancer and the analysis result of exosome in blood serum of the same patients at the
time of recurrence in Example 2 of the present invention.

Description of Embodiments

[Exosome Analysis Method]

[0012] The method of exosome analysis of the present invention is, as described above, a method of analyzing
exosome in a sample, including: an addition step of adding a first antibody that specifically binds to a first antigen
contained in the exosome and a second antibody that specifically binds to a second antigen contained in the exosome
to the sample; a reaction step of causing the first antigen to be reacted with the first antibody and the second antigen
to be reacted with the second antibody; and a detection step of detecting a reaction between the first antigen and the
first antibody and a reaction between the second antigen and the second antibody.
[0013] There is no particular limitation on the sample, and examples thereof include biological samples. There is no
particular limitation on the biological sample, and examples thereof include blood, urine, sweat, saliva, breast milk,
semen, lymph, cerebrospinal fluid, and tears. Examples of the blood sample include whole blood, blood serum, and
blood plasma. Among them, blood serum is particularly preferable.
[0014] The sample is preferably a liquid specimen because the liquid specimen is easy to handle, for example. With
respect to the sample, for example, a specimen that has not been diluted can be used directly as a liquid specimen or
a diluent obtained by suspending, dispersing, or dissolving a specimen in a solvent can be used as a liquid specimen.
In the case where the specimen is solid, for example, a diluent obtained by suspending, dispersing, or dissolving the
specimen in a solvent can be used as a liquid specimen. There is no particular limitation on the solvent, and examples
thereof include water and buffer solutions. There is no particular limitation on the buffer solutions, and examples thereof
include conventionally known buffer solutions. Further, for example, the sample can be prepared by preparing exosome
from the blood or the like by ultracentrifugation or the like and adding the solvent thereto.
[0015] There is no particular limitation on the amount of the sample to be used, and the amount of the sample to be
used is, for example, in the range from 1 to 15 mL. According to the present invention, for example, exosome can be
analyzed with a small amount of sample. The amount of the sample to be used is preferably in the range from 1 to 10
mL and more preferably in the range from 1 to 5 mL.
[0016] The exosome is a membrane vesicle covered with a lipid bilayer membrane having a diameter of 30 to 100 nm
secreted from an animal cell and contains antigens. According to the present invention, exosome in a sample is analyzed
utilizing two antigens (the first antigen and the second antigen) contained in the exosome. Therefore, exosome in a
sample can be analyzed in a simple manner. The analysis may be a qualitative analysis, a quantitative analysis, or a
semi-quantitative analysis, for example.
[0017] Examples of the first antigen and second antigen contained in exosome include an antigen specifically expressed
on the exosome (hereinafter also referred to as "exosome-specific antigen") and an antigen specific to a cell that secretes
the exosome (hereinafter also referred to as "cell type-specific antigen"). As the combination of the first antigen and
second antigen, there are the following three examples (1) to (3).

(1) first antigen: exosome-specific antigen
second antigen: exosome-specific antigen

(2) first antigen: exosome-specific antigen
second antigen: cell type-specific antigen

(3) first antigen: cell type-specific antigen
second antigen: exosome-specific antigen

[0018] Examples of the exosome-specific antigen include CD63, CD9, CD81, CD37, CD53, CD82, CD13, CD11,
CD86, ICAM-1, Rab5, Annexin V, and LAMP1. The cell type-specific antigen can be decided appropriately according
to the type of the cell to be analyzed using exosome, for example. In the case where the cell is a cancer cell, the cell
type-specific antigen can be, for example, a cancer cell-specific antigen, and examples thereof include Caveolin-1,
EpCAM, FasL, TRAIL, Galectine3, CD151, Tetraspanin 8, EGFR, HER2, RPN2, CD44, and TGF-β. The cell is not limited
to the cancer cell, and examples thereof include cells associated with diseases involving exosome. Specifically, examples
of the cell include cells related to a neurodegenerative disease such as Alzheimer, an immunodeficiency related disease,
infertility, mental disorders such as depression and autism, an intractable disease such as Parkinson’s disease, an
autoimmune disease, a rheumatic disease, and an allergic disease. The cell type-specific antigen is not limited to the
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cancer cell-specific antigen, and can be antigens that are specifically expressed on cells associated with the aforemen-
tioned diseases involving exosome, for example.
[0019] As described above, the first antibody is an antibody that specifically binds to the first antigen and the second
antibody is an antibody that specifically binds to the second antigen. Examples of the first antibody and second antibody
include immunoglobulin (Ig), antibody fragments, and chimeric antibodies. Examples of the immunoglobulin include IgG,
IgA, IgM, IgE, and IgD. Examples of the antibody fragment include Fab, Fab’, and F(ab’)2. Examples of the chimeric
antibody include humanized antibodies. There is no particular limitation on the antibody, and the antibody can be one
derived from animal species such as mammals such as mice, rabbits, cattle, pigs, horses, sheep, and goats; birds such
as chickens; and human. The antibodies can be prepared from blood serum derived from the animal species by con-
ventionally known methods, for example, or commercially available antibodies can be used. The antibody can be, for
example, either a polyclonal antibody or a monoclonal antibody, and is preferably the monoclonal antibody.
[0020] The first antibody is preferably an antibody that is bindable to an excitation label that is excited by excitation
light. In this case, the second antibody is preferably an antibody that is bound to a signaling label that emits a signal by
singlet oxygen generated by the excitation of the excitation label. The excitation label is a label that is bindable to the
first antibody and excited by excitation light. The excitation label is preferably an excitation carrier, and a specific example
thereof includes an excitation carrier produced by PerkinElmer (the so-called "donor beads"). There is no particular
limitation on the wavelength of the excitation light that excites the excitation label, and the wavelength can be determined
appropriately according to the type and the like of the excitation label. There is no particular limitation on the combination
scheme of the first antibody and the excitation label, and for example, there is a scheme of binding a biotinylated antibody
as the first antibody to a streptavidin-coated label as the excitation label. The biotinylation of the first antibody can be
performed by conventionally known methods, and specifically, for example, the biotinylation of the first antibody can be
performed by the method described in the Example described below. As the streptavidin-coated label, for example,
"AlphaScreen streptavidin donor beads (Streptavidin-coated Alpha Donor Beads)" produced by PerkinElmer can be used.
[0021] The signaling label emits a signal by singlet oxygen generated by the excitation of the excitation label. The
signaling label is preferably a signaling carrier. The signal is preferably a fluorescence signal. Specifically, an example
of such a signaling label includes "AlphaLISA Acceptor Beads" (the so-called "acceptor beads") produced by PerkinElmer.
There is no particular limitation on the method of binding the second antibody and the signaling label, and for example,
the binding can be performed by the method described in the Example described below.
[0022] In the analysis method of the present invention, conventionally known additives can be contained in a reaction
solution within a range that does not interfere with the analysis of exosome. However, in the analysis method of the
present invention, preferably, the analysis of exosome is conducted in a reaction solution that does not contain surfactants.
An example of the surfactant includes Triton X-100. The reason for the above is that there is a case where the analysis
accuracy of exosome is decreased due to the surfactant contained in the reaction solution, for example. For preventing
the surfactant from being contained in the reaction solution, preferably, the surfactant is not used at the time of preparing
the sample, the first antibody, and the second antibody.
[0023] With respect to the analysis method of the present invention, three exemplary analysis methods of Embodiments
1 to 3 will be described below. However, the present invention is not limited to the following Embodiments. The analysis
method of Embodiment 1 is an Embodiment in which antibodies that bind to exosome-specific antigens are used as the
first antibody and the second antibody. The analysis method of Embodiment 2 is an Embodiment in which an antibody
that binds to an exosome-specific antigen is used as the first antibody and an antibody that binds to a cell type-specific
antigen is used as the second antibody. The analysis method of Embodiment 3 is an Embodiment in which an antibody
that binds to a cell type-specific antigen is used as the first antibody and an antibody that binds to an exosome-specific
antigen is used as the second antibody. In the analysis methods of Embodiments 1 to 3, the first antibody is an antibody
that is bindable to the excitation label and the second antibody is an antibody that is bound to the signaling label, the
excitation label is added in the addition step, and blood serum is used as the sample.

(Embodiment 1)

[0024] First, the analysis method of Embodiment 1 will be described. In the analysis method of Embodiment 1, as
described above, antibodies that bind to exosome-specific antigens are used as the first antibody and the second
antibody; and the addition step, the reaction step, and the detection step are performed.
[0025] First, the first antibody, the second antibody, and the excitation label are added to the blood serum sample.
While there is no particular limitation on the order of the addition of the composition, preferably, the first antibody and
the second antibody are added in advance, the resultant is incubated, and then the excitation label is added thereto, for
example.
[0026] Next, the reaction step and the detection step will be described with reference to the schematic view of FIG. 1A.
[0027] As shown in FIG. 1A, exosome-specific antigens 12 and 13 are expressed on an exosome 11. In a reaction
solution, a first antibody 14 and a second antibody 15 respectively bind to the exosome-specific antigens 12 and 13
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contained in the exosome 11 in a blood serum sample. Further, an excitation label 16 binds to the first antibody 14.
When the excitation label 16 is excited by excitation light 18, singlet oxygen is generated. Here since the first antibody
14 and the second antibody 15 respectively bind to the exosome-specific antigens 12 and 13, the excitation label 16
and a signaling label 17 are close to each other. Therefore, a signal is emitted from the signaling label 17 by the singlet
oxygen. This signal is detected in the detection step.

(Embodiment 2)

[0028] Next, the analysis method of Embodiment 2 will be described. In the analysis method of Embodiment 2, as
described above, an antibody that binds to an exosome-specific antigen is used as the first antibody and an antibody
that binds to a cell type-specific antigen is used as the second antibody; and the addition step, the reaction step, and
the detection step are performed.
[0029] First, the first antibody, the second antibody, and the excitation label are added to the blood serum sample.
While there is no particular limitation on the order of the addition of the composition, preferably, the first antibody and
the second antibody are added in advance, the resultant is incubated, and then the excitation label is added thereto, for
example.
[0030] Next, the reaction step and the detection step will be described with reference to the schematic view of FIG. 1B.
[0031] As shown in FIG. 1B, an exosome-specific antigen 12 and a cell type-specific antigen 23 are expressed on an
exosome 11. In a reaction solution, a first antibody 14 binds to the exosome-specific antigen 12 contained in the exosome
11 in the blood sample. A second antibody 25 binds to the cell type-specific antigen 23 contained in the exosome 11.
Further, an excitation label 16 binds to the first antibody 14. When the excitation label 16 is excited by excitation light
18, singlet oxygen is generated. Here since the first antibody 14 binds to the exosome specific antigen 12 and the second
antibody 25 binds to the cell type-specific antigen 23, the excitation label 16 and a signaling label 17 are close to each
other. Therefore, a signal is emitted from the signaling label 17 by the singlet oxygen. This signal is detected in the
detection step.

(Embodiment 3)

[0032] Next, the analysis method of Embodiment 3 will be described. In the analysis method of Embodiment 3, as
described above, an antibody that binds to a cell type-specific antigen is used as the first antibody and an antibody that
binds to an exosome-specific antigen is used as the second antibody; and the addition step, the reaction step, and the
detection step are performed.
[0033] First, the first antibody, the second antibody, and the excitation label are added to the blood serum sample.
While there is no particular limitation on the order of the addition of the composition, preferably, the first antibody and
the second antibody are added in advance, the resultant is incubated, and then the excitation label is added thereto, for
example.
[0034] Next, the reaction step and the detection step will be described with reference to the schematic view of FIG. 1C.
[0035] As shown in FIG. 1C, an exosome-specific antigen 13 and a cell type-specific antigen 22 are expressed on an
exosome 11. In a reaction solution, a first antibody 24 binds to the cell type-specific antigen 22 contained in the exosome
11 in the blood sample. A second antibody 15 binds to the exosome-specific antigen 13 contained in the exosome 11.
Further, an excitation carrier 16 binds to the first antibody 24. When the excitation carrier 16 is excited by excitation light
18, singlet oxygen is generated. Since the first antibody 24 binds to the cell type-specific antigen 22 and the second
antibody 15 binds to the exosome-specific antigen 13, the excitation label 16 and a signaling label 17 are close to each
other. Therefore, a signal is emitted from the signaling label 17 by the singlet oxygen. This signal is analyzed in the
detection step.
[0036] The analysis method of the present invention may further include a correction step of correcting a detection
value detected in the detection step, for example. In the correction step, for example, the detection value can be corrected
by the correlation between the detection value and the concentration of exosome in a sample. The correlation can be
obtained, for example, by detecting a detection value of a standard sample whose exosome concentration is known in
the same manner as the present invention and plotting the detection value of the sample and the detection value of the
standard sample. The standard sample is preferably a dilution series of exosome. By performing the correction in this
manner, the detection can be achieved with higher reliability. Preferably, the exosome contained in the sample and the
exosome contained in the standard sample are the ones secreted from cells of the same type (for example, cancer cells
of the same type).

[Reagent for Exosome Analysis]

[0037] The reagent for exosome analysis of the present invention is, as described above, a reagent used for analysis
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of exosome in a sample, including: a first antibody that specifically binds to a first antigen contained in the exosome;
and a second antibody that specifically binds to a second antigen contained in the exosome, wherein the reagent is
used for the analysis method of the present invention. The description for the analysis method of the present invention
can also be applied to the reagent for exosome analysis of the present invention.

[Analyzer for Exosome]

[0038] The analyzer for exosome of the present invention is, as described above, an analyzer for exosome in a sample,
including: an addition means (unit) adding a first antibody and a second antibody to the sample; a reaction means (unit)
causing a first antigen to be reacted with the first antibody and causing a second antigen to be reacted with the second
antibody; and a detection means (unit) detecting a reaction between the first antigen and the first antibody and a reaction
between the second antigen and the second antibody, wherein the analyzer is used for the analysis method of the
present invention. The description for the analysis method of the present invention can also be applied to the analyzer
for exosome of the present invention.
[0039] The addition means includes: a suction/discharge means provided at the inside or the outside of the analyzer
sucking/discharging the first antibody and the second antibody; and a control means controlling the amount of suc-
tion/discharge of each component, for example. An example of the suction/discharge means includes a pump. An
example of the control means includes a valve. The first antibody and the second antibody are added to the sample by
the addition means to prepare a reaction solution.
[0040] Examples of the reaction means include means for stirring, sucking/discharging, shaking, and sonicating the
reaction solution.
[0041] An example of the detection means includes an optical analyzer, and a specific example thereof includes a
fluorescence measurement apparatus. The detection means may include an excitation light irradiation means emitting
excitation light to a reaction solution, for example.
[0042] The aforementioned analysis method of the present invention can be performed with the analyzer of the present
invention. While an exemplary usage of the analyzer of the present invention will be described below with reference to
a case in which the excitation label and the signaling label are used, the present invention is not limited thereto.
[0043] The blood sample, the first antibody, and the second antibody are provided at the inside or the outside of the
analyzer.
[0044] First, the first antibody, the second antibody, and the excitation label are added to the sample by the addition
means. While there is no particular limitation on the order of the addition, preferably, the first antibody and the second
antibody are added to the sample in advance, the resultant is incubated, and then the excitation label is added thereto,
for example. In this case, preferably, the analyzer of the present invention is provided with an incubator. Then, the
reaction solution is irradiated with excitation light from the excitation light irradiation means, and a signal emitted from
the signaling label is detected by the detection means. In this manner, with the analyzer of the present invention, the
aforementioned analysis method of the present invention can be performed, for example, automatically.

Examples

[0045] Next, Examples of the present invention will be described. The present invention is not limited to the Examples
below.

1. Antibody that Binds to Exosome-Specific Antigen

[0046] As the antibody that binds to an exosome-specific antigen, the following antibodies (1) to (3) are provided.

(1)Purified Mouse Anti-Human CD63 (BD Biosciences, Clone: H5C6)

(2)Purified Mouse Anti-Human CD9 (BD Biosciences, Clone: M-L13)

(3)Purified Mouse Anti-Human CD81 (BD Biosciences, Clone: JS-81)

2. Biotinylation of Antibody

[0047] The antibodies are biotinylated according to the following procedures (1) to (7) to produce biotinylated antibodies.

(1) With respect to the provided antibodies, buffers were substituted using Zeba Spin Desalting columns 7K MWCO
(Thermo). Columns were each set in 1.5 mL tube and centrifugation was performed at 1500 3g (14700 m/s2) for 1
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minute.

(2) After the centrifugation, 300 mL of PBS was added to each of the columns, and centrifugation was performed at
1500 3g (14700 m/s2) for 1 minute. The routine of addition of PBS and centrifugation was repeated three times.

(3) The columns each were moved to a new 1.5 mL tube, the antibodies were added thereto, and centrifugation
was performed at 1500 3g (14700 m/s2) for 2 minutes.

(4) 7.62 mL of ChromaLink Biotin 354S (solulink) having a concentration of 2 mg/mL was added to 100 mL of each
of the antibody solutions (PBS) each having a concentration of 1mg/mL, and 92.38 mL of PBS was added thereto
so that the total amount of each solution became 200 mL.

(5) The solutions were incubated in a constant temperature water tank of 23°C for 2 hours to cause the antibodies
to be biotinylated.

(6) New Zeba Spin Desalting columns with which the procedures (1) and (2) have been performed were provided,
100 mL of each of the biotinylated antibodies was added to the column, and centrifugation was performed at 1500
3g (14700 m/s2) for 2 minutes.

(7) The concentration and labeling ratio of each of the obtained biotinylated antibodies were calculated, and the
final concentration was adjusted to 500 mM (500 mmol/L) in PBS.

3. Confirmation of Biotinylation of Antibody

[0048] As shown in FIG. 2A, AlphaLISA Acceptor Beads having a concentration of 10 mg/mL were added to AlphaLISA
Immunoassay Buffer such that the total amount of the solution became 50 mL, and measurement was performed. As
shown in FIG. 2A, the composition of the AlphaLISA Immunoassay Buffer is as follows: 25 mM HEPES, 0.1% casein,
0.5% Triton X-100, 1 mg/mL Dextran-500, and 0.05% ProClin-300. The biotinylation of the antibody was confirmed using
Anti-mouse IgG AlphaLISA Acceptor Beads (PerkinElmer) by conducting an assay according to the following procedures
(1) to (5).

(1) The biotinylated antibodies were each diluted to 1.5, 5, 15, and 50 nM (nmol/L) using AlphaLISA Immunoassay
Buffer (PerkinElmer). In the same manner, Anti-mouse IgG AlphaLISA Acceptor Beads having a concentration of
5 mg/mL were diluted to a 100-fold diluent (concentration of 50 mg/mL) using AlphaLISA Immunoassay Buffer.

(2) 5 mL of AlphaLISA Immunoassay Buffer was added to each well of a 96-well white plate (PerkinElmer, 1/2
AreaPlate-96), and then 10 mL of each of the biotinylated antibodies that have been diluted in the procedure (1)
was added thereto. The final concentrations of the biotinylated antibodies were 0.3, 1, 3, and 10 nM (nmol/L),
respectively. Further, as a control, 10 mL of PBS was added in place of the diluted biotinylated antibodies (the final
concentration of biotinylated antibody: 0 nM (nmol/L)).

(3) Then, 10 mL of Anti-mouse IgG AlphaLISA Acceptor Beads (50 mg/mL) that has been diluted in the procedure
(1) was added, and the resultant was incubated at a room temperature in the dark for 1 hour.

(4) AlphaScreen streptavidin donor beads (Streptavidin-coated Alpha Donor Beads) (PerkinElmer) having a con-
centration of 5 mg/mL were diluted to a 62.5-fold diluent (concentration: 80 mg/mL) using AlphaLISA Immunoassay
Buffer. 25 mL of the diluted AlphaScreen streptavidin donor beads (Streptavidin-coated Alpha Donor Beads) was
added to each well, which has been incubated, the plate was sealed with TopSeal-A (PerkinElmer), and incubation
was performed at room temperature in the dark for 30 minutes.

(5) After the incubation, analysis was conducted using EnSpire (PerkinElmer). The antibodies that bind to exosome-
specific antigens are the following three types: Purified Mouse Anti-Human CD63 (BD Biosciences, Clone: H5C6),
Purified Mouse Anti-Human CD9 (BD Biosciences, Clone: M-L13), and Purified Mouse Anti-Human CD81. With
respect to each of the three antibodies, samples respectively having biotinylated antibody concentrations of 1.5, 5,
15, and 50 nM (nmol/L) were prepared, and signals were analyzed using EnSpire. From this analysis, it was confirmed
that the antibodies were biotinylated. The analysis was conducted with the following setting: Measure Technology:
AlphaScreen (excitation wavelength: 680 nm, detection wavelength: 520 to 620 nm) (the same applies below). As
a result, as shown in FIG. 2A, it was confirmed that the biotinylated antibody that was bound to AlphaLISA Acceptor
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Beads and the biotinylated antibody that was bound to AlphaScreen streptavidin donor beads (Streptavidin-coated
Alpha Donor Beads) were bound to each other.

4. Binding of Antibody to AlphaLISA Acceptor Beads

[0049] As shown in FIG. 2B, Biotinylated Anti-Mouse IgG Anitibody having a concentration of 1 nM was added to
AlphaLISA Immunoassay Buffer such that the total amount of the solution became 50 mL, and measurement was
performed. The composition of AlphaLISA Immunoassay Buffer is as shown in FIG. 2B, i.e., the same as that used in
"3. Confirmation of Biotinylation of Antibody" (FIG. 2A). The antibodies were caused to bind to AlphaLISA Acceptor
Beads according to the following procedures (1) to (9).

(1) The procedures (1) to (3) in "2. Biotinylation of Antibody" were performed.

(2) 50 mL of Anti-mouse IgG AlphaLISA Acceptor Beads was transferred to a 1.5 mL tube in which the column was
set, and centrifugation was performed at 16000 3g (156800 m/s2) for 15 minutes. After the centrifugation, the
supernatant was removed.

(3) 50 mL of PBS was added to the AlphaLISA Acceptor Beads precipitated after centrifugation, and the resultant
was subjected to centrifugation at 16000 3g (156800 m/s2) for 15 minutes. After the centrifugation, the supernatant
was removed.

(4) 88.75 mL of PBS was added to the AlphaLISA Acceptor Beads precipitated after centrifugation, and the resultant
was subjected to vortex to resuspend the precipitated AlphaLISA Acceptor Beads.

(5) 100 mL of each of the antibody solutions (PBS) each having a concentration of 1 mg/mL was added to the
suspension, 1.25 mL of 10% Tween-20 and 10 mL of NaBH3CN solution having a concentration of 25 mg/mL were
further added thereto, and the resultant was incubated at 37°C for 24 hours.

(6) 10 mL of carboxymethylamine solution having a concentration of 65 mg/mL (0.8 M (mol/L) NaOH solution) was
added to the suspension after incubation, and the resultant was incubated at 37°C for 1 hour.

(7) The suspension after incubation was subjected to centrifugation at 16000 3g (156800 m/s2) for 15 minutes.
After the centrifugation, the supernatant was removed, and 200 mL of Tris-HCl (pH8.0) having a concentration of
0.1 M (mol/L) was added to the precipitate to suspend it. Then, the resultant was subjected to centrifugation in the
same manner as described above. This operation was repeated twice to wash.

(8) The suspension after washing was subjected to centrifugation at 16000 3g (156800 m/s2) for 15 minutes, and
the supernatant was removed. 200 mL of PBS that contains 0.05% ProClin-300 was added to the precipitate to
resuspend it. In this manner, antibodies that were bound to AlphaLISA Acceptor Beads (hereinafter also referred
to as "acceptor beads-binding antibodies") (final concentration: 5 mg/mL) were prepared.

(9) The suspension was subjected to vortex followed by light spindown, and 1 second sonication was performed 20
times using a sonicator. The resultant was preserved at 4°C in the dark.

5. Confirmation of Binding between Antibody and Acceptor Beads

[0050] The binding of the antibodies to AlphaLISA Acceptor Beads was confirmed using Biotin-SP-conjugated Affin-
iPure Goat Anti-Mouse IgG (H+L) (JacksonImmunoResearch) by conducting an assay according to the following pro-
cedures (1) to (5).

(1) The acceptor beads-binding antibodies were each diluted to 10 and 50 mg/mL using AlphaLISA Immunoassay
Buffer. In the same manner, the biotinylated antibodies were each diluted to 5 nM (nmol/L) using AlphaLISA Immu-
noassay Buffer.

(2) 5 mL of AlphaLISA Immunoassay Buffer was added to each well of the 96-well white plate, and then 10 mL of
each of the biotinylated antibodies that have been diluted in the procedure (1) was added thereto.

(3) Then, 10 mL of each of the acceptor beads-binding antibodies that have been diluted in the procedure (1) was
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added, and the resultant was incubated at a room temperature in the dark for 1 hour. As a control, 10 mL of PBS
was added in place of the diluted acceptor beads-binding antibodies.

(4) AlphaScreen streptavidin donor beads (Streptavidin-coated Alpha Donor Beads) having a concentration of 5
mg/mL was diluted to a 62.5-fold diluent (concentration: 80 mg/mL) using AlphaLISA Immunoassay Buffer. 25 mL
of the diluted AlphaScreen streptavidin donor beads (Streptavidin-coated Alpha Donor Beads) was added to each
well, which has been incubated, the plate was sealed with TopSeal-A, and incubation was performed at a room
temperature in the dark for 30 minutes.

(5) After the incubation, analysis was conducted using EnSpire. The antibodies that bind to exosome-specific antigens
are the following three types: Purified Mouse Anti-Human CD63 (BD Biosciences, Clone: H5C6), Purified Mouse
Anti-Human CD9 (BD Biosciences, Clone: M-L13), and Purified Mouse Anti-Human CD81. With respect to each of
the three antibodies, samples respectively having AlphaLISA Acceptor Beads antibody concentrations of 0, 2, and
10 mg/mL were prepared and signals were analyzed using EnSpire. From this analysis, it was confirmed that the
antibodies were bound to AlphaLISA Acceptor Beads. The analysis was conducted with the following setting: Measure
Technology: AlphaScreen. As a result, as shown in FIG. 2B, it was confirmed that the biotinylated antibody (Bioti-
nylated Anti-Mouse IgG Antibody) that was bound to AlphaLISA Acceptor Beads and the biotinylated antibody
(Biotinylated Anti-Mouse IgG Antibody) that was bound to AlphaScreen streptavidin donor beads (Streptavidin-
coated Alpha Donor Beads) were bound to each other. No signal was observed with respect to the samples each
having a AlphaLISA Acceptor Beads antibody concentration of 0 mg/mL.

6. Quantitation of Exosome

(Preparation of Exosome)

[0051] Exosome was prepared from a cancer cell conditioned medium by ultracentrifugation according to the following
procedures (1) to (7).

(1) Prostate cancer cell strain PC3 (purchased from ATCC) was disseminated in a 15 cm dish and cultured.

(2) On the day after the dissemination, the cancer cell was washed with PBS, the culture medium was replaced with
Advanced PRMI1640 (Invitrogen) that does not contain blood serum, and the cell was cultured for 2 days.

(3) After the culture, the conditioned medium was collected and subjected to centrifugation at 2000 3g (19600 m/s2)
for 10 minutes, and the supernatant was collected.

(4) The supernatant was filtrated with a filter (pore size: 0.22 mm).

(5) The filtrate was subjected to centrifugation at 100000 3g (980000m/s2) at 4°C for 70 minutes.

(6) After the centrifugation, the supernatant was removed, PBS was added to the precipitate, and the resultant was
subjected to centrifugation at 100000 3g (980000m/s2) at 4°C for 70 minutes.

(7) After the centrifugation, the supernatant was removed, PBS was added to the precipitate, and the resultant was
let stand overnight at 4°C and then subjected to vortex on the next day to collect exosome.

(Making of Calibration Curve)

[0052] The quantitative analysis of the collected exosome was performed using the biotinylated antibodies and the
acceptor beads-binding antibodies according to the following procedures (1) to (5), and calibration curves of exosome
were made. In the following procedures (1) to (4), with respect to AlphaLISA Universal Buffer (PerkinElmer), PBS that
contains 0.1% BSAand 0.05% ProClin-300 was used.

(1) Biotinylated antibodies and acceptor beads-binding antibodies were respectively diluted to 5 nM (nmol/L) and
50 mg/mL using AlphaLISA Universal Buffer (PerkinElmer).

(2) The collected exosome was diluted using AlphaLISA Universal Buffer to prepare a dilution series having prede-
termined concentrations.
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(3) 5 mL of the diluted exosome was added to each well of the 96-well white plate. As a control, 5 mL of AlphaLISA
Universal Buffer was added, 10 mL of biotinylated antibody having a concentration of 5 nM (nmol/L) and 10 mL of
acceptor beads-binding antibody having a concentration of 50 mg/mL were further added thereto, and the resultant
was incubated at room temperature in the dark for 1 hour.

(4) AlphaScreen streptavidin donor beads (Streptavidin-coated Alpha Donor Beads) having a concentration of 5
mg/mL was diluted to a 62.5-fold diluent (concentration: 80 mg/mL) using AlphaLISA Immunoassay Buffer. 25 mL
of the diluted AlphaScreen streptavidin donor beads (Streptavidin-coated Alpha Donor Beads) was added to each
well, which has been incubated, the plate was sealed with TopSeal-A, and incubation was performed at room
temperature in the dark for 30 minutes. There is no particular limitation on the incubation time, and, for example,
the incubation time can be set in the range from 1 hour to all night according to the change of temperature conditions
or the like.

(5) After the incubation, signals were analyzed using EnSpire, and exosome was analyzed. The analysis was
conducted with the following setting: Measure Technology: AlphaScreen. Then, calibration curves were made from
a dilution series of exosome.

(Result of Making of Calibration Curve)

[0053] With respect to the following combinations (1) to (6) of biotinylated antibodies and acceptor beads-binding
antibodies, calibration curves were made. The following combinations (1) to (6) of antibodies and the calibration curves
thereof are respectively shown in FIGs. 2C to 2H.

(1) biotinylated antibody: Purified Mouse Anti-Human CD63
acceptor beads-binding antibody: Purified Mouse Anti-Human CD63
y = 0.0017x (R2 = 0.9891)
(2) biotinylated antibody: Purified Mouse Anti-Human CD9
acceptor beads-binding antibody: Purified Mouse Anti-Human CD9
y = 0.0201x (R2 = 0.9826)
(3) biotinylated antibody: Purified Mouse Anti-Human CD81
acceptor beads-binding antibody: Purified Mouse Anti-Human CD81
y = 0.0186x (R2 = 0.9985)
(4) biotinylated antibody: Purified Mouse Anti-Human CD63
acceptor beads-binding antibody: Purified Mouse Anti-Human CD9
y = 0.0141x (R2 = 0.996)
(5) biotinylated antibody: Purified Mouse Anti-Human CD9
acceptor beads-binding antibody: Purified Mouse Anti-Human CD81
y = 0.0037x (R2 = 0.9998)
(6) biotinylated antibody: Purified Mouse Anti-Human CD81
acceptor beads-binding antibody: Purified Mouse Anti-Human CD63
y = 0.0031x (R2 = 0.9998)

[0054] With respect to FIG. 2C (the combination (1)), in a PBS solution, Biotinylated Anti-CD63 Antibody having a
concentration of 1 nM and Anti-CD63-conjugated AlphaLISA Acceptor Beads having a concentration of 10 mg/mL were
added to AlphaLISA Universal Buffer that contains 0.1% BSA and 0.05% ProClin-300 such that the total amount of the
solution became 50 mL, and measurement was performed. FIG. 2C shows that Biotinylated Anti-CD63 Antibody that is
bound to AlphaScreen streptavidin donor beads (Streptavidin-coated Alpha Donor Beads) and Biotinylated Anti-CD63
Antibody that is bound to Anti-CD63-conjugated AlphaLISA Acceptor Beads are each bound to antigen CD63 in PC3
exosome. A calibration curve was made by plotting the signal in a horizontal axis and protein concentration (mg/ml) in
a vertical axis, and the following equation was obtained: y = 0.0017x (R2 = 0.9891).
[0055] With respect to FIG. 2D (the combination (2)), Biotinylated Anti-CD9 Antibody having a concentration of 1 nM
and Anti-CD9-conjugated AlphaLISA Acceptor Beads having a concentration of 10 mg/mL were added to the aforemen-
tioned AlphaLISA Universal Buffer such that the total amount of the solution became 50 mL, and measurement was
performed. FIG. 2D shows that Biotinylated Anti-CD9 Antibody that is bound to AlphaScreen streptavidin donor beads
(Streptavidin-coated Alpha Donor Beads) and Biotinylated Anti-CD9 Antibody that is bound to Anti-CD9-conjugated
AlphaLISA Acceptor Beads are each bound to antigen CD9 in PC3 exosome. A calibration curve was made by plotting
signal in a horizontal axis and protein concentration (mg/ml) in a vertical axis, and the following equation was obtained:
y = 0.0201x (R2 = 0.9826).
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[0056] With respect to FIG. 2E (the combination (3)), Biotinylated Anti-CD81 Antibody having a concentration of 1 nM
and Anti-CD81-conjugated AlphaLISA Acceptor Beads having a concentration of 10 mg/mL were added to the afore-
mentioned AlphaLISA Universal Buffer such that the total amount of the solution became 50 mL, and measurement was
performed. FIG. 2E shows that Biotinylated Anti-CD81 Antibody that is bound to AlphaScreen streptavidin donor beads
(Streptavidin-coated Alpha Donor Beads) and Biotinylated Anti-CD81 Antibody that is bound to Anti-CD81-conjugated
AlphaLISA Acceptor Beads are each bound to antigen CD81 in PC3 exosome. A calibration curve was made by plotting
the signal in a horizontal axis and protein concentration (mg/ml) in a vertical axis, and the following equation was obtained:
y = 0.0186x (R2 = 0.9985).
[0057] With respect to FIG. 2F (the combination (4)), Biotinylated Anti-CD63 Antibody having a concentration of 1 nM
and Anti-CD9-conjugated AlphaLISA Acceptor Beads having a concentration of 10 mg/mL were added to the aforemen-
tioned AlphaLISA Universal Buffer such that the total amount of the solution became 50 mL, and measurement was
performed. FIG. 2F shows that Biotinylated Anti-CD63 Antibody that is bound to AlphaScreen streptavidin donor beads
(Streptavidin-coated Alpha Donor Beads) and Biotinylated Anti-CD63 Antibody that is bound to Anti-CD9-conjugated
AlphaLISA Acceptor Beads are respectively bound to antigen CD63 and antigen CD9 in PC3 exosome. A calibration
curve was made by plotting the signal in a horizontal axis and protein concentration (mg/ml) in a vertical axis, and the
following equation was obtained: y = 0.0141x (R2 = 0.996).
[0058] With respect to FIG. 2G (the combination (5)), Biotinylated Anti-CD9 Antibody having a concentration of 1 nM
and Anti-CD81-conjugated AlphaLISA Acceptor Beads having a concentration of 10 mg/mL were added to the afore-
mentioned AlphaLISA Universal Buffer such that the total amount of the solution became 50 mL, and measurement was
performed. FIG. 2G shows that Biotinylated Anti-CD9 Antibody that is bound to AlphaScreen streptavidin donor beads
(Streptavidin-coated Alpha Donor Beads) and Biotinylated Anti-CD81 Antibody that is bound to Anti-CD81-conjugated
AlphaLISA Acceptor Beads are respectively bound to antigen CD9 and antigen CD81 in PC3 exosome. A calibration
curve was made by plotting the signal in a horizontal axis and protein concentration (mg/ml) in a vertical axis, and the
following equation was obtained: y = 0.0037x (R2 = 0.9998).
[0059] With respect to FIG. 2H (the combination (6)), Biotinylated Anti-CD81 Antibody having a concentration of 1 nM
and Anti-CD63-conjugated AlphaLISA Acceptor Beads having a concentration of 10 mg/mL were added to the afore-
mentioned AlphaLISA Universal Buffer such that the total amount of the solution became 50 mL, and measurement was
performed. FIG. 2H shows that Biotinylated Anti-CD81 Antibody that is bound to AlphaScreen streptavidin donor beads
(Streptavidin-coated Alpha Donor Beads) and Biotinylated Anti-CD63 Antibody that is bound to Anti-CD63-conjugated
AlphaLISA Acceptor Beads are respectively bound to antigen CD81 and antigen CD63 in PC3 exosome. A calibration
curve was made by plotting the signal in a horizontal axis and protein concentration (mg/ml) in a vertical axis, and the
following equation was obtained: y = 0.0031x (R2 = 0.9998).

[Example 1]

[0060] In this Example, exosome in blood serum was analyzed using blood serum of prostate cancer patients and
blood serum of healthy subjects; and the difference between the exosome amount in the blood serum of the prostate
cancer patients and the exosome amount in the blood serum of the healthy subjects was examined.

(1) Preparation of Blood Serum

[0061] Whole blood was collected from prostate cancer patients (stage 4, n = 4) and healthy subjects (n = 4), and
blood serum was prepared from the whole blood. The amount of the blood serum used in the following exosome analysis
was 4 mL.

(2) Analysis of Exosome

[0062] Procedures similar to the aforementioned procedures (1) to (4) of "Making of Calibration Curve" in "6. Quanti-
tation of Exosome" were performed so as to prepare reaction solutions each having the composition summarized in
Table 1, signals were analyzed in the same manner as the procedure (5), and the obtained signal values were analyzed
as the amounts of exosome contained in blood serum.

[Table 1]
Composition of Reaction Solution (total amount: 50 mL)
PBS (AlphaLISA Universal Buffer)
0.1% BSA

0.5% ProClin-300
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[0063] The graph of FIG. 3 shows the analysis result of exosome in the both blood serum. As shown in FIG. 3, it was
confirmed that blood serum of prostate cancer patients contains significantly more exosome than blood serum of healthy
subjects. From this result, it was confirmed that it can be determined whether an analyzed subject is a cancer patient
or a healthy subject by analyzing exosome in blood serum. Therefore, according to the present invention, it can be said
that exosome in blood can be analyzed in a simple manner, and diagnosis of whether a blood sample donor is a healthy
subject or a cancer patient can be conducted, for example.

[Example 2]

[0064] In this Example, exosome in blood serum was analyzed using blood serum of liver cancer patients right after
surgery to remove the cancer and blood serum of the same patients after the recurrence, and the difference between
the exosome amount in the blood serum right after the surgery to remove the cancer and the exosome amount in the
blood serum after the recurrence was examined.

(1) Preparation of Blood Serum

[0065] Whole blood of liver cancer patients right after surgery to remove the cancer and whole blood of the same
patients after the recurrence were collected, and blood serum was prepared from the whole blood (n = 12). The amount
of the blood serum used for the following exosome analysis was 4 mL.

(2) Analysis of Exosome

[0066] The amount of exosome contained in the blood serum of liver cancer patients right after the surgery to remove
the cancer and the amount of exosome contained in the blood serum of the same patients after the recurrence were
analyzed in the same manner as in Example 1 except that the blood serum prepared in the above (1) was used.
[0067] The graph of FIG. 4 shows the analysis result of exosome in the both blood serum. As shown in FIG. 4, it was
confirmed that blood serum of liver cancer patients after the recurrence contains more exosome than blood serum of
the same patients right after the surgery to remove the cancer. From this result, it was confirmed that, with respect to
cancer patients who had the surgery to remove the cancer, diagnosis of whether or not the cancer has recurred after
the surgery can be conducted by examining exosome in blood serum. Therefore, according to the present invention, for
example, with respect to cancer patients, the diagnosis of the recurrence after the surgery to remove the cancer can be
conducted by analyzing exosome in blood.
[0068] As described above, according to the present invention, exosome in a sample can be analyzed in a simple
manner. Therefore, for example, the method of exosome analysis of the present invention is very useful to cancer
diagnoses such as whether or not a cancer has occurred, whether or not a cancer has recurred, and the like; and
application of the analysis method of the present invention to laboratory testing is greatly expected.

Explanation of Reference Numerals

[0069]

11 exosome
12, 13 exosome-specific antigen
14, 24 first antibody
15, 25 second antibody
16 excitation label
17 signaling label
18 excitation light

(continued)

Composition of Reaction Solution (total amount: 50 mL)
PBS (AlphaLISA Universal Buffer)
1 mg/mL Dextran-500
1 nM (nmol/L) Biotinylated Anti-CD63 Antibody
10 mg/mL Acceptor beads-binding anti-CD63 antibody
4 mL Blood serum



EP 2 801 822 A1

14

5

10

15

20

25

30

35

40

45

50

55

22, 23 cell type-specific antigen

Claims

1. A method of analyzing exosome in a sample, comprising:

an addition step of adding a first antibody that specifically binds to a first antigen contained in the exosome and
a second antibody that specifically binds to a second antigen contained in the exosome to the sample;
a reaction step of causing the first antigen to be reacted with the first antibody and the second antigen to be
reacted with the second antibody; and
a detection step of detecting a reaction between the first antigen and the first antibody and a reaction between
the second antigen and the second antibody.

2. The method according to claim 1, wherein
the first antigen and the second antigen are specifically expressed on the exosome.

3. The method according to claim 1, wherein
the first antigen is specifically expressed on the exosome, and
the second antigen is specific to a cell that secretes the exosome.

4. The method according to claim 1, wherein
the first antigen is specific to a cell that secretes the exosome, and
the second antigen is specifically expressed on the exosome.

5. The method according to any one of claims 1 to 4, wherein
the first antibody is bindable to an excitation label that is excited by excitation light, and
the second antibody is bound to a signaling label that emits a signal by singlet oxygen generated by the excitation
of the excitation label, and wherein
in the addition step, the excitation label is further added,
in the reaction step, the first antibody is bound to the first antigen and the second antibody is bound to the second
antigen, and
in the detection step, the excitation label is bound to the first antibody, the excitation label is excited by excitation
light, and a signal emitted from the signaling label by singlet oxygen generated by the excitation of the excitation
label is detected.

6. The method according to any one of claims 1 to 5, wherein the exosome analysis is performed in a reaction solution
that does not contain a surfactant.

7. The method according to any one of claims 1 to 6, wherein the sample is blood serum.

8. The method according to any one of claims 1 to 7, wherein the amount of the sample is in the range from 1 to 15 mL.

9. A reagent used for analysis of exosome in a sample, comprising:

a first antibody that specifically binds to a first antigen contained in the exosome; and
a second antibody that specifically binds to a second antigen contained in the exosome, wherein

the reagent is used for the method according to any one of claims 1 to 8.

10. An analyzer for exosome in a sample, comprising:

an addition unit adding a first antibody that specifically binds to a first antigen contained in the exosome and a
second antibody that specifically binds to a second antigen contained in the exosome to the sample;
a reaction unit causing the first antigen to be reacted with the first antibody and causing the second antigen to
be reacted with the second antibody; and
a detection unit detecting a reaction between the first antigen and the first antibody and a reaction between the
second antigen and the second antibody, wherein
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the analyzer is used for the method according to any one of claims 1 to 8.
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