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(567)  The presentinvention aims to provide a method
which makes it possible to analyze an SMN protein nu-
clear body that serves as a more highly reliable biomar-
ker. The method of the present invention is a method for
analyzing the expression of an SMN protein nuclear
body, comprising the steps of: labeling one or more sur-
face antigen markers of blood-derived nucleated cells in
a sample containing the nucleated cells with one or more
label antibodies; labeling SMN protein in the nucleated
cells; labeling nuclei of the nucleated cells; selecting one
cell population from a plurality of cell populations in which
nuclei and SMN protein in the nucleated cells have been
labeled and which have been classified based on e.g.
the surface antigen markers labeled with the label anti-
bodies; and analyzing the expression of an SMN protein
nuclear body of the selected cell population based on a
label on SMN protein, wherein the method comprises
performing imaging flow cytometry using an objective
lens with a predetermined magnification.
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Description
Technical Field

[0001] The presentinvention relates to a method for analyzing the expression of a survival motor neuron (SMN) protein
nuclear body.

Background Art

[0002] Spinal muscular atrophy (SMA) is a muscular atrophy caused by a lesion of anterior horn cells of the spinal
cord, and shows a lower motor neuron sign characterized by muscle weakness and muscle atrophy in the trunk and
limbs. SMA is classified into type | to type IV according to the age of onset and severity: type | which is severe type (also
referred to as Werdnig-Hoffmann disease) and occurs by the age of six months after birth; type 1l which is intermediate
type (also referred to as Dubowitz disease) and occurs by the age of one year and six months; and type Ill which is mild
type (also referred to as Kugelberg-Welander disease) and occurs after the age of one year and six months. These are
childhood SMA. On the other hand, type IV which occurs at the age of 20 years or older is adult SMA.

[0003] SMA type | accounts for approximately 30% of SMA and occurs at the age of six months or younger. The
symptom is quite serious. The affected individual cannot keep sitting throughout life, and can rarely survive for two years
or longer without artificial respiration. SMA type Il makes it impossible for the affected individual to stand up and walk
throughout life. The person affected with SMA type Ill can walk independently, but a symptom gradually appears such
that the person tends to fall over, cannot walk, or cannot stand up. Despite these facts, the method for completely curing
SMA has not been established yet, and SMA is one of diseases designated as intractable diseases by the country.
[0004] The responsible gene in many childhood SMA cases is the SMN1 gene located in 5913 on a long arm of
chromosome 5. In many childhood SMA cases, a deletion or mutation of the SMN1 gene has been observed, so that
childhood SMA is recognized as an autosomal recessive genetic disorder. The SMN1 gene expresses SMN protein,
and the SMN protein is conceivably involved in the development of spinal motor neuron and so forth.

[0005] In addition, in the same region on chromosome 5 where the SMN1 gene is located, the SMN2 gene exists
which is different from the SMN1 gene by only one base in the coding region. In childhood SMA patients, the SMN1
gene is deleted or mutated, and the SMN protein derived from the SMN1 gene decreases, while only the SMN2 gene
functions. Thus, the SMN protein is expressed from the SMN2 gene in childhood SMA patients, and it is believed that
the severity of the symptom varies depending on the amount of the SMN2 gene-derived SMN protein expressed.
[0006] However, two types of transcription products of the SMN2 gene exist, while the transcription product of the
SMN1 gene is one type of full-length SMN1 mRNA. Assuming that the amount of full-length SMN1 mRNA transcribed
from the SMN1 gene is 100%, full-length SMN2 mRNA accounts for approximately 10% of the transcription products of
the SMN2 gene, and truncated SMN2 mRNA in which deletion of exon 7 is observed accounts for approximately 90%
of the transcription products of the SMN2 gene. The truncated SMN2 mRNA is translated into a non-functional protein,
and only the full-length SMN2 mRNA is normally translated into the SMN protein. Therefore, in childhood SMA patients
in which the SMN1 gene is deleted or mutated, the amount of the SMN protein expressed is low in comparison with
healthy persons and is only about 10% to 20% of that in healthy persons. Hence, the deletion or mutation of the SMN1
gene causes muscle weakness and muscle atrophy.

[0007] Alsoinsome cases of adult SMA patients, which are fewer than childhood SMA patients, the deletion of mutation
of the SMN1 gene is observed. It is also believed that the severity of the symptom varies depending on the amount of
the SMN protein expressed.

[0008] In SMA patients having the SMN1 gene deleted, the SMN2 gene may be present in place of the SMN1 gene.
In this case, two copies of the SMN2 gene exist on one chromosome. The amount of the SMN2 gene-derived SMN
protein expressed is also increased depending on the number of copies. It has been known that, in SMA patients, the
larger the amount of the SMN2 gene-derived SMN protein expressed, the milder the symptom.

[0009] As described above, the amount of the SMN protein expressed is closely related to childhood SMA. It has been
believed that the SMN protein can be a biomarker useful for diagnosing SMA, in particular, childhood SMA and for
accurately determining the effect of an agent. However, in SMA patients also, the expression of the SMN protein per se
is observed, and utilizing the SMN protein as a biomarker useful for SMA requires some sensitivity enough to detect a
difference in the level of the SMN protein expressed when a patient is compared with a healthy person.

[0010] Moreover, SMA is an autosomal recessive genetic disorder, and when the SMN1 gene is deleted or mutated
in only one of a pair of autosomes, the symptoms of muscle weakness and muscle atrophy do not appear at all, but the
person is a carrier. In the carrier, the amount of the SMN protein expressed is larger than that in the patient. However,
the difference between a carrier and a patient is presumably not always as large as the difference between a healthy
person and a patient in the amount of the SMN protein expressed. Thus, utilizing the SMN protein as a biomarker useful
for SMA requires further sensitivity enough to detect a difference in the level of the SMN protein expressed when a
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carrier is compared with a patient.

[0011] A quantitative analysis was actually attempted on the SMN protein by an ELISA method using peripheral blood
mononuclear cells (Non-Patent Document 1). However, Kobayashi et al. reported that the result obtained by the ELISA
method showed no significant difference in the level of the SMN protein expressed between childhood SMA patients
and carriers. Further, Kobayashi et al. even disclosed that the level of the SMN protein expressed does not serve as a
reliable indicator in the SMA diagnosis.

[0012] Moreover, in the SMN protein quantitative analysis by the ELISA method, peripheral blood mononuclear cells
(PBMCs) have to be used, and operations such as centrifuging blood samples obtained from patients and others are
burdensome, and also reduce the cell yield. Hence, the SMN protein quantification by the ELISA method using PBMCs
also requires a large amount of blood to be collected.

[0013] In such circumstances, the inventors found a method for detecting the expression of SMN protein and reported
that SMN protein can be utilized as a biomarker useful for childhood SMA (Patent Document 1).

[0014] However, Patent Document 1 clarified neither any SMN protein subcellular localization nor any SMN protein
nuclear body.

Citation List

Patent Literatures

[0015] Patent Literature 1: WO2015/152410
Non Patent Literatures

[0016] Non Patent Literature 1: Dione T. Kobayashi et al., Plos one, November 2012, Vol. 7, Issue 11, e50763,
Evaluation of Peripheral Blood Mononuclear Cell Processing and Analysis for Survival Motor Neuron Protein

Summary of Invention

[0017] An object of the present invention is to provide a method capable of analyzing an SMN protein nuclear body,
which is a more reliable biomarker, using blood cell samples.

[0018] The presentinventors have conducted earnest studies and as a result, the inventors have newly found out that
analysis of an SMN protein nuclear body with imaging flow cytometry as well as enhancement of sensitivity of detecting
the level of the SMN protein expressed can be achieved by selecting a particular cell population among blood cells in
which SMN protein expression is to be detected and detecting the SMN protein expression in the cell population.
[0019] One aspect of the present invention provides a method for analyzing the expression of an SMN protein nuclear
body, comprising the steps of:

labeling one or more surface antigen markers of blood-derived nucleated cells in a sample containing the nucleated
cells with one or more label antibodies;

labeling SMN protein in the nucleated cells;

labeling nuclei of the nucleated cells;

selecting one cell population from a plurality of cell populations in which nuclei and SMN protein in the nucleated
cells have been labeled and which have been classified based on the one or more surface antigen markers labeled
with the one or more label antibodies or based on the one or more surface antigen markers labeled with the one or
more label antibodies and on side scattering (SSC); and

analyzing the expression of an SMN protein nuclear body of the selected cell population based on a label on SMN
protein, wherein

the step of selecting a cell population and the step of analyzing the expression of an SMN protein nuclear body are
performed by imaging flow cytometry which uses an objective lens with a magnification of 40 times or more.

[0020] In one aspect of the present invention, in the method for analyzing the expression of an SMN protein nuclear
body, the step of labeling SMN protein in the nucleated cells comprises labeling SMN protein with a first fluorescent dye,
and the step of analyzing the expression of an SMN protein nuclear body comprises measuring a fluorescence intensity
emitted by the first fluorescent dye.

[0021] In one aspect of the present invention, in the method for analyzing the expression of an SMN protein nuclear
body, the step of labeling SMN protein in the nucleated cells comprises labeling SMN protein with a first fluorescent dye,
and the step of labeling nuclei of the nucleated cells comprises labeling nuclei with a second fluorescent dye.

[0022] In one aspect of the present invention, the method for analyzing the expression of an SMN protein nuclear
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body further comprises the step of subjecting the sample containing the blood-derived nucleated cells to erythrocyte
hemolysis treatment.

[0023] Inoneaspectofthe presentinvention,inthe method foranalyzing the expression of an SMN protein nuclearbody,
the sample containing the blood-derived nucleated cells is one obtained from a subject,

the step of analyzing the expression of an SMN protein nuclear body comprises quantifying an SMN protein nuclear
body, and

the method comprises the step of comparing a result obtained by the quantification with a control selected from the
following (a) to (c):

(a) ifthe subjectis an SMA patient, the control is a result obtained in the same manner as in the method for quantifying
the SMN protein nuclear body using blood obtained from the subject except that blood obtained from a healthy
person or a carrier is used.

(b) if the subject is a healthy person or a carrier, the control is a result obtained in the same manner as in the method
for quantifying the SMN protein nuclear body using blood obtained from the subject except that blood obtained from
an SMA patient is used.

(c) if the subject is a person to whom a drug or a drug candidate against SMA has been administered, the control
is a result obtained in the same manner as in the method for quantifying the SMN protein nuclear body using blood
obtained from the subject after the administration of the drug or the drug candidate against SMA except that blood
obtained from the subject before said administration is used.

[0024] According to one aspect of the present invention, it is possible to analyze an SMN protein nuclear body using
a blood cell sample, the SMN protein nuclear body being a more highly reliable biomarker.

[0025] In addition, according to one aspect of the present invention, it is possible to provide a method which makes it
possible to detect a difference in expression of an SMN protein nuclear body between SMA patients and healthy persons
or carriers.

[0026] Furthermore, according to one aspect of the present invention, it is possible to perform expression analysis of
an SMN protein nuclear body with about 500 p.L of blood, and it is possible to provide a useful method in case of using
an SMN protein nuclear body as a biomarker in a test of a drug or a drug candidate against SMA, in particular when
collecting blood from a child patient.

Brief Description of Drawings
[0027]

Fig. 1 illustrates a graph created by plotting fluorescence intensities measured by imaging flow cytometry using
blood samples obtained from healthy persons. The vertical axis represents side scattering (SSC) and the horizontal
axis represents the fluorescence intensity emitted by a fluorescent dye conjugated to the anti-CD33 antibody.

Fig. 2 is a further classification of a cell population, the cluster indicated by R1 in Fig. 1, and illustrates a graph
created by plotting fluorescence intensities measured by imaging flow cytometry. The vertical axis represents the
fluorescence intensity emitted by a fluorescent dye conjugated to the anti-CD19 antibody and the horizontal axis
represents the fluorescence intensity emitted by a fluorescent dye conjugated to the anti-CD3 antibody.

Fig. 3 is a cell photograph taken by imaging flow cytometry using a blood sample obtained from an SMA patient.
Fig. 4 is a cell photograph taken by imaging flow cytometry using a blood sample obtained from a healthy subject
(control).

Fig. 5 is a graph illustrating the average value for the number of SMN protein nuclear bodies (spots) measured by
imaging flow cytometry using respective blood samples obtained from healthy subjects and SMA patients. A repre-
sents the result obtained by using blood samples obtained from adults, and O represents the result obtained by
using blood samples obtained from infants to children.

Fig. 6 is a graph illustrating the proportion of SMN protein nuclear body (spot) positive cells measured by imaging
flow cytometry using respective blood samples obtained from healthy subjects and SMA patients. A represents the
result obtained by using blood samples obtained from adults, and O represents the result obtained by using blood
samples obtained from infants to children.

Fig. 7 is a graph illustrating the fluorescence intensity of SMN protein nuclear body (spot) positive cells measured
by imaging flow cytometry using respective blood samples obtained from healthy subjects and SMA patients. A
represents the result obtained by using blood samples obtained from adults, and O represents the result obtained
by using blood samples obtained from infants to children.

Fig. 8 is a graph illustrating the fluorescence intensity of SMN protein nuclear bodies (spots) measured by imaging
flow cytometry using respective blood samples obtained from healthy subjects and SMA patients. A represents the
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result obtained by using blood samples obtained from adults, and O represents the result obtained by using blood
samples obtained from infants to children.

Description of Embodiments

[0028] Hereinafter, the present invention is described in detail.

[0029] A method for analyzing the expression of an SMN protein nuclear body of the present invention uses samples
derived from blood obtained from subjects. The blood sample is less invasive to patients and is most suitable as a
sample. For example, the subject is, but is not limited to, a childhood SMA patient, an adult SMA patient, a carrier, or a
person not an SMA patient nor a carrier (a healthy person or a healthy subject). Childhood SMA patients include SMA
type | patients, SMA type Il patients and SMA type Il patients.

[0030] A sample derived from blood obtained from a subject, used in the method of the present invention, may be any
sample containing blood-derived nucleated cells. For a sample used in the method of the present invention, blood
obtained from a subject, collected in a blood collection tube, may be used without any treatment, or a sample obtained
from a subject may be treated in any way as long as the sample is treated to contain blood-derived nucleated cells. For
example, a sample containing blood-derived nucleated cells used in the method of the present invention can include,
but is not limited to, one obtained by centrifuging blood obtained from a subject and separating it as peripheral blood
mononuclear cells (PBMC) and one containing nucleated cells obtained by hemolyzing red blood cells in blood and then
centrifuging the resultant to precipitate it.

[0031] In the method of the present invention, technique conventionally known in the technical field of the present
invention can be used to treat blood obtained from a subject so as to obtain a sample containing nucleated cells derived
from the blood.

[0032] Inthe method of the present invention, the method for treating blood obtained from a subject to obtain a sample
containing nucleated cells derived from the blood is preferably a method which results in a favorable cell yield with the
least possible damage. For example, a method comprising hemolyzing red blood cells in blood, and then separating
nucleated cells precipitated by centrifugation (lysis method) requires only a small amount of blood to be collected from
a subject, and also imposes only a small stress to the blood cells. For these reasons, in the method of the present
invention, the lysis method is preferably used to treat blood obtained from a subject so as to obtain a sample containing
nucleated cells derived from the blood. Particularly, when SMN protein is utilized as a biomarker in testing a drug or a
drug candidate against SMA, the lysis method is advantageously used because it requires only a small amount of blood
to be collected from a child patient or the like.

[0033] Prior to the step of labeling one or more surface antigen markers of blood-derived nucleated cells in a sample
containing the nucleated cells with one or more label antibodies, blood obtained from a subject may be treated by using
the lysis method or the lysis method may be used after the labeling step.

[0034] Also, in the method of the present invention, as a sample containing blood-derived nucleated cells, it is possible
to use a sample containing cells subjected to lymphoblast genesis after separating blood-derived nucleated cells by
conventionally known technique as described above. For the treatment of lymphoblast genesis, it is also possible to use
technique conventionally known in the technical field of the present invention.

[0035] One embodiment of the method of the present invention comprises the step of preparing a sample containing
blood-derived nucleated cells by centrifuging blood. Blood centrifugation can be performed at, for example, about 1400
to about 3200 rpm (190 to 1000 x g) for about 5 to about 20 minutes.

[0036] Inthe case where the step of preparing a sample containing blood-derived nucleated cells by centrifuging blood
comprises separation of nucleated cells by the lysis method, centrifugation after hemolysis with a hemolytic agent is
preferably performed at about 1400 to about 2300 rpm for about 5 to about 8 minutes. Likewise, in the case of using the
lysis method after the step of labeling one or more surface antigen markers of nucleated cells with one or more label
antibodies, centrifugation after hemolysis with a hemolytic agent is preferably performed at about 1400 to about 2300
rpm (190 to 510 x g) for about 5 to about 8 minutes.

[0037] Inthe case where the step of preparing a sample containing blood-derived nucleated cells by centrifuging blood
comprises separation of PBMC, centrifugation is preferably performed at about 2000 to about 3200 rpm (390 to 1000 x
g) for about 15 to about 20 minutes after collecting blood to a heparin tube and overlaying it with Ficoll solution or after
placing blood in BD Vacutainer (registered trademark) CPT™ mononuclear cell separation blood collection tube.
[0038] Itis possible to carry out the step of preparing a sample containing blood-derived nucleated cells by centrifuging
blood using technique conventionally known in the technical field of the present invention.

[0039] The amount of blood derived from a subject used in the method of the present invention is not particularly
limited as long as the amount enables expression analysis of an SMN protein nuclear body. The amount is, for example,
about 0.5 mL or more and preferably about 1 mL or more, and about 3 mL or less and preferably about 2 mL or less.
Note that conventional quantitative analysis of SMN protein by the ELISA method using peripheral blood mononuclear
cells (PBMC) requires use of blood volume of at least 4 mL. Thus, one embodiment of the present invention is advan-
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tageous in that the amount of blood required is small.

[0040] As described above, a sample used in the method of the present invention shall contain nucleated cells derived
from blood. However, since whole blood (peripheral blood) contains all sorts of nucleated cells, it can be said that whole
blood contains a cell population rich in diversity and thus heterogeneous. Further, since human blood cell fractions
constantly vary, it is preferable to minimize the influence of the variation in blood cell fractions on the amount of SMN
protein expressed in blood.

[0041] In light of the above, the method for analyzing the expression of an SMN protein nuclear body of the present
invention comprises the step of labeling one or more surface antigen markers of blood-derived nucleated cells in a
sample containing the nucleated cells with one or more label antibodies. By labeling surface antigen markers using label
antigens as described above, nucleated cells in blood can be classified into several clusters (cell populations), for
example, 2 to 4 clusters, and the SMN protein expression level can be measured for each cluster. In addition, the cell
populations can be classified based on side scattering (SSC) together with the surface antigen markers. This makes it
possible to reduce the influence of the variation in blood cell fractions on the amount of SMN protein expressed in blood.
[0042] Note that although the method for analyzing the expression of an SMN protein nuclear body of the present
invention comprises the step of labeling SMN protein in nucleated cells and the step of labeling nuclei of nucleated cells,
it is possible to perform in any order the three steps, namely the above two steps together with the step of labeling one
or more surface antigen markers of blood-derived nucleated cells in a sample containing the nucleated cells with one
or more label antibodies.

[0043] Examples of surface antigen markers which can be used in the method of the present invention include, but
are not particularly limited to, CD45, CD66, CD14, CD3, CD19, CD33, CD123, CD34, CD11c, CD25, HLA-DR, and the
like. In the method of the present invention, surface antigen markers may be used alone, or two or more thereof may
be used together. Among these surface antigen markers, CD45, CD66, CD3, CD19, and CD14 are generally known as
a panhemocyte marker, a neutrophil marker, a T cell marker, a B cell marker, and a monocyte marker, respectively.
[0044] One embodiment of the method of the present invention can comprise selection of monocyte cell populations
or cell populations containing monocytes. Cell populations containing monocytes can contain 95% or more, 90% or
more, 85% or more, 80% or more, 75% or more, 70% or more, 65% or more, 60% or more, 55% or more, or 50% or
more of monocytes. In the case where the method of the presentinvention comprises selecting cell populations containing
monocytes, and performing, for those cell populations, expression analysis of an SMN protein nuclear body based on
alabel on SMN protein, significant difference can be observed in the fluorescence intensity of SMN protein nuclear body
(spot) between healthy persons and SMA patients, and thus that is preferable.

[0045] One embodiment of the method of the present invention can comprise selection of cell populations of B cells
or cell populations containing B cells. The cell populations containing B cells can contain 95% or more, 90% or more,
85% or more, 80% or more, 75% ormore, 70% or more, 65% or more, 60% or more, 55% or more, or 50% or more of B cells.
[0046] One embodiment of the method of the present invention can comprise selection of cell populations of T cells
or cell populations containing T cells. The cell populations containing T cells can contain 95% or more, 90% or more,
85% ormore, 80% or more, 75% or more, 70% or more, 65% or more, 60% or more, 55% or more, or 50% or more of T cells.
[0047] One embodiment of the method of the present invention can comprise selection of cell populations of granu-
locytes or cell populations containing granulocytes. The cell populations containing granulocytes can contain 95% or
more, 90% or more, 85% or more, 80% or more, 75% or more, 70% or more, 65% or more, 60% or more, 55% or more,
or 50% or more of granulocytes.

[0048] The method for analyzing the expression of an SMN protein nuclear body of the present invention comprises
a step of labeling SMN protein in nucleated cells in a sample.

[0049] The SMN protein is a protein expressed by SMN gene which is a SMA responsible gene, and conceivably
involved in motor neuron formation and so forth. The SMN gene includes the SMN1 gene and the SMN2 gene. Both
are located in 5q13 on a long arm of chromosome 5. The SMN2 gene is different from the SMN1 gene by only one base
in the coding region. However, assuming that the amount of full-length SMN1 mRNA transcribed from the SMN1 gene
and to be translated into normal SMN protein is 100%, full-length SMN2 mRNA accounts for approximately 10% of the
transcription products of the SMN2 gene, and truncated SMN2 mRNA in which deletion of exon 7 is observed accounts
for approximately 90% of the transcription products of the SMN2 gene. The truncated SMN2 mRNA produces a non-
functional protein, and has no use for the development of spinal motor neuron.

[0050] In the method of the present invention, technique conventionally known in the technical field of the present
invention can be used to label SMN protein in a sample containing nucleated cells derived from blood. Herein, labeling
the SMN protein should be able to label normal SMN protein translated from full-length SMN1 mRNA and full-length
SMN2 mRNA, but may also label a non-functional protein translated from the truncated SMN2 mRNA.

[0051] Examples of the method for labeling the SMN protein used in the method of the present invention include, but
are not limited to, the use of an anti-SMN antibody conjugated to a labeling reagent; and the use of an anti-SMN antibody
as a primary antibody not conjugated to a labeling reagent followed by the use of a secondary antibody conjugated to
a labeling reagent. Examples of the labeling reagent include enzymes, dyes, fluorescent dyes, biotin, radioactive sub-
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stances, various peptides, and amino acid linkers, but are not limited thereto. Preferably, the labeling reagent is a
fluorescent dye, and examples thereof include fluorescein, rhodamine, coumarin, imidazole derivatives, indole deriva-
tives, Cy3, Cy5, Cy5.5, Cy7, APC, PE, DyLight, AlexaFluor, and the like.

[0052] The anti-SMN antibody conjugated to a labeling reagent or the anti-SMN antibody used as a primary antibody,
which is used in the method of the present invention, may be a monoclonal antibody or a polyclonal antibody, and
commercially available products can be utilized. Examples of commercially available products of the anti-SMN antibodies
include Milli-Mark™ of Millipore Corporation, antibodies provided by BD, Abcam pic., and Sigma-Aldrich Co., and other
antibodies.

[0053] The method for analyzing the expression of an SMN protein nuclear body of the present invention comprises
the step of labeling nuclei of nucleated cells in a sample. As a method for labeling nuclei, technique conventionally known
in the technical field of the present invention can be used. For example, the method for labeling nuclei includes labeling
with a fluorescent dye, labeling with an antibody recognizing cell nucleus-specific protein, and the like.

[0054] When using a fluorescent dye to label nuclei of blood-derived nucleated cells in a sample containing the nu-
cleated cells in the method of the present invention, examples of the reagent include Hoechst 33342, Hoechst 33258,
4,6-diamino-2-phenylindole (DAPI), Propidium iodide (PI), fluorescence labeled anti-histone antibodies, fluorescence
labeled anti-lamin antibodies, and the like.

[0055] In the present specification, a fluorescent dye for labeling SMN protein is referred to as a first fluorescent dye
and a fluorescent dye for labeling nuclei is referred to as a second fluorescent dye in some cases.

[0056] In the method for analyzing the expression of an SMN protein nuclear body of the present invention, the step
of labeling SMN protein in nucleated cells preferably comprises labeling SMN protein with a first fluorescent dye, for
example AlexaFluor 488, and the step of labeling nuclei of nucleated cells preferably comprises labeling nuclei with a
second fluorescent dye, for example Hoechst 33342.

[0057] The method for analyzing the expression of an SMN protein nuclear body of the present invention comprises
the step of selecting one cell population from a plurality of cell populations in which nuclei and SMN protein in nucleated
cells have been labeled and which have been classified based on one or more surface antigen markers labeled with
one or more label antibodies or based on one or more surface antigen markers labeled with one or more label antibodies
and on side scattering (SSC).

[0058] Herein, the cell population in which nuclei and SMN protein have been labeled includes intact cells (viable cells)
by 100%, 95% or more, 90% or more, 85% or more, 80% or more, 75% or more, 70% or more, 65% or more, 60% or
more, 55% or more, or 50% or more of the population.

[0059] In one embodiment of the method of the present invention, the cell population of nucleated cells in which nuclei
and SMN protein have been labeled is a populationincluding cells having a nuclear fluorescence intensity of approximately
1x105 or more and a SMN protein fluorescence intensity of approximately 1x103 or more when the nuclei and the SMN
protein are labeled with a fluorescent dye as described later in Example 1 of the present description and the fluorescence
intensities are detected as described later in Example 1. Such cells are determined as intact cells. Additionally, cells
keeping the cell form and also keeping the aspect ratio (width-to-height ratio) and surface area under microscope
observation are determined as intact cells. The criteria of determining intact cells or determining a cell population including
intact cells vary depending on the method for labeling nuclei and SMN protein in nucleated cells. However, the deter-
minations can be made as appropriate based on the results of detecting nuclei and SMN protein in nucleated cells on
the basis of a labeling reagent to be used.

[0060] The method for analyzing the expression of an SMN protein nuclear body of the present invention comprises
the step of analyzing the expression of an SMN protein nuclear body of the cell population selected as described above
based on a label on SMN protein.

[0061] In the method of the present invention, the step of selecting a cell population and the step of analyzing the
expression of an SMN protein nuclear body are performed by imaging flow cytometry which uses an objective lens with
a magnification of 40 times or more. In the method of the present invention, such imaging flow cytometry makes it
possible to perform expression analysis of an SMN protein nuclear body by focusing on the cell population mainly
containing desired blood cell components (desired blood cell fractions) based on one or more surface antigen markers
labeled with one or more label antibodies or on such surface antigen markers and side scattering (SSC). Therefore, the
method of the present invention can be widely used in functional analysis of SMN protein, and can contribute greatly to
diagnostic and therapeutic technique of SMA.

[0062] The magnification of an objective lens used is preferably 50 times or more and more preferably 60 times or
more. Although the upper limit may be any value as long as it is within a range which enables expression analysis of an
SMN protein nuclear body, the upper limit can be 200 times or less, 150 times or less, and 80 times or less.

[0063] Imaging flow cytometry can be carried out as appropriate according to the manufacturer’s instructions using
commercially available equipment.

[0064] Note that, in light of a fact that an SMN protein nuclear body was observed in the shape of a spot by the present
invention, the present specification may simply refer to an SMN protein nuclear body observed in the shape of a spot
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as a "spot." The definition of the spot includes, for example, ones 1) existing in a nucleus, 2) having a size of 0.34 to
3.07 um2, 3) showing fluorescence intensity 5 times that of the background or greater, and 4) having a width-to-height
ratio of 0.5 to 1.0. In addition, another definition of the spot includes, for example, ones 1) existing in a nucleus, 2) having
a size of 0.34 to 8.54 um2, 3) showing fluorescence intensity 5.5 times that of the background or greater, and 4) having
a width-to-height ratio of 0.4 to 1.0.

[0065] In the method for analyzing the expression of an SMN protein nuclear body of the present invention, the step
of analyzing the expression of an SMN protein nuclear body based on a label on SMN protein may comprise quantifying
the SMN protein nuclear body. In addition, the method of the present invention may comprise the step of comparing
results of quantifying the SMN protein nuclear body between, for example, SMA patients, carriers, and healthy persons,
specifically between SMA patients and carriers or between SMA patients and healthy persons. When comparison reveals
a difference in results of quantifying the SMN protein (expression level or localization) between SMA patients and carriers
or between SMA patients and healthy persons, it is possible to classify the SMA patients, the carriers, and the healthy
persons.

[0066] In addition, the method for analyzing the expression of an SMN protein nuclear body of the present invention
can be used in a method for screening a pharmaceutical agent for treating SMA.

[0067] In the method of the present invention, it is possible to appropriately perform an operation usually performed
in detecting protein expression in cells, for example the step of washing cells with a reagent such as phosphate buffer
solution.

[0068] Optionally, in the method for analyzing the expression of an SMN protein nuclear body of the present invention,
a sample containing blood-derived nucleated cells is obtained from a subject, the step of analyzing the expression of
an SMN protein nuclear body may comprise quantifying an SMN protein nuclear body, and the method may comprise
the step of comparing results obtained by the quantification with control. Here, the control can be selected from the
following (a) to (c):

(a) ifthe subjectis an SMA patient, the control is a result obtained in the same manner as in the method for quantifying
the SMN protein nuclear body using blood obtained from the subject except that blood obtained from a healthy
person or a carrier is used;

(b) if the subject is a healthy person or a carrier, the control is a result obtained in the same manner as in the method
for quantifying the SMN protein nuclear body using blood obtained from the subject except that blood obtained from
an SMA patient is used; and

(c) if the subject is a person to whom a drug or a drug candidate against SMA has been administered, the control
is a result obtained in the same manner as in the method for quantifying the SMN protein nuclear body using blood
obtained from the subject after the administration of the drug or the drug candidate against SMA except that blood
obtained from the subject before said administration is used.

[0069] Here, "measured in the same manner as" is construed such that, when comparing results of quantifying an
SMN protein nuclear body (expression level or localization), changes to the extent, not substantially affecting the quan-
tification of an SMN protein nuclear body, are permitted. For example, the meaning of the phrase does not require that
steps such as washing cells be also the same.

[0070] Quantification of an SMN protein nuclear body can be carried out as appropriate by using technique conven-
tionally known in the technical field of the present invention, such as a calibration curve method.

[0071] Here, it can be said that one embodiment of the present invention relates to a method for diagnosing SMA if it
comprises the step of comparison as described above and the step of examining the subject based on the results of
comparison. Moreover, it can also be said that one embodiment of the present invention relates to a method for screening
adrug or a drug candidate against SMA if it comprises the step of comparison as described above and a step of selecting
a drug or a drug candidate against SMA based on results of comparison.

Examples

[0072] Examples below provide a more detailed description of the present invention. Note that the present invention
is not limited to the examples.

Example 1: Expression Analysis of SMN Protein Nuclear Body
1. Preparation of Samples

[0073] Samples were prepared according to the following staining protocol. Note that all procedures were performed
at room temperature unless otherwise noted.
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(1) To a 15 mL conical tube, 1.5 mL of peripheral blood obtained from a subject was transferred.

(2) To the peripheral blood in the conical tube, 30 pL of Fc receptor blocking reagent (Clear Back, MTG-001, MBL)
was added, followed by incubation for 15 minutes in the dark.

(3) To the peripheral blood in the conical tube after incubation, 5 pL of monoclonal antibodies against surface
antigens (CD19, CD33, and CD3) (available from BioLegend) were added according to the following Tables 1 and
2, followed by incubation for 30 minutes in the dark.

[Table 1]
Chl Ch2 Ch3 Ch4 Ch5 Ché
Bright
SSC
Field
Fluorescent
AF488 R-PE PE-Cy5
Dye
Monoclonal
SMN CD19 CD33
Antibody
Staining
Pattern
(Clone)
Stained 2B1
HIB19 — WMS53
Isotype Citrl. MOPC21
[Table 2]
Ch7 Ch8 Ch9 Ch10 Chil1 Ch12
Bright
Field
Fluorescent Dye  Hoechst BV610 AF647 AF750
Monoclonal
Nucleus CD3 Gemin3 ZNF259
Antibody
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Staining Pattern
(Clone)
Stained EPR11283  EPR7595
Hoechst UCHT1 -
Isotype Ctrl. Rabbit IgG  Rabbit IgG
AF: AlexaFluor

R-PE: R-phycoerythrin

PE-Cy5: R-phycoerythrin-cyanine 5
Hoechst: Hoechst 33342

BYV: Brilliant Violet

(4) To each tube, 10 mL of lysing/fix solution (BD Phosflow™ Lyse/Fix Buffer) warmed in a 37°C water bath was
added (well mixed, upside down 8 to 10 times).

(5) Incubation was performed for 10 minutes in a 37°C water bath.

(6) Centrifugation was performed at 300 x g for 5 minutes.

(7) The supernatant was removed until < 50 pL.

(8) The cells were resuspended with 15 mL of PBS(-), followed by centrifugation in the same manner as the above
(6) and removal of the supernatant.

(9) The cells were resuspended with 1 mL of saponin contained permeabilization reagent (BD Phosflow™; 557885
(also referred to as BD Phosflow™ Perm/Wash Buffer I)), followed by incubation for 20 minutes in the dark.

(10) Centrifugation was performed in the same manner as the above (6).

(11) The cells were washed with 2 mL of permeabilization reagent (BD Phosflow™; 557885).

(12) The cells were resuspended with approximately 100 pL of permeabilization reagent (BD Phosflow™; 557885).
(13) In a 1.5 mL microtube, 95 pL of PBS(-) was prepared and 5 pL of cell suspension prepared in (12) above was
added thereto, followed by 20-fold dilution to make a tube for staining. Likewise, it was diluted 20-fold to prepare a
tube for control. In each tube, the concentration of cell suspension was 1 x 106 cells/about 50 L.

(14-1) For the tube for staining, staining was performed with 1 pL of AF488-conjugated anti-human SMN monoclonal
antibody (2B1), AF647-conjugated anti-human Gemin3 (EPR11283), and AF750-conjugated anti-human ZNF259
(EPR7595).

(14-2) For the tube for control, staining was performed with AF488-conjugated isotype control, AF647-conjugated
isotype control, and AF750-conjugated isotype control in parallel with the above (14-1).

(15) Incubation was performed for 45 minutes in the dark.

(16) 500 p.L of permeabilization reagent (BD Phosflow™; 557885) was added, followed by centrifugation at 300 X
g for 5 minutes.

(17) The cells were resuspended with 500 L of permeabilization reagent (BD Phosflow™; 557885), followed by
centrifugation in the same manner as the above (16).

(18) The cells were resuspended with 50 pL of diluted Hoechst 33342 (0.25 png/mL in PBS) prepared by diluting
Hoechst 33342 (molecular probe (registered trademark)).

(19) Incubation was performed for 15 minutes in the dark.

(20) 500 wL of PBS(-) was added, followed by centrifugation in the same manner as the above (16).

(21) The cells were resuspended with 90 pL of PBS(-), followed by division into 3 tubes so that each of the tubes
contained 30 pL of cell suspension.

2. Imaging Flow Cytometry
[0074] For the samples obtained as described above, expression analysis of an SMN protein nuclear body was per-
formed by imaging flow cytometry (ImageStream (registered trademark) X Mark Il Imaging Flow Cytometer, Amnis). The

magnification used of the objective lens was 60 times, and a total of 50000 or more cells were subjected to imaging flow
cytometry.

10
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[0075] Notethatamongthe samplesobtained asdescribed above, ones obtained from the following subjects were used.
[0076] Healthy persons (healthy subjects): 2 adult women (38 to 51 years old) and 8 children (1 to 7 years old) including
men and women.

[0077] SMA patients: 1 adult man (21 years old) and 19 infants to children including men and women (2 months of
age to 8 years of age)

(1) Fractionation of Cell Populations
[0078]

(i) From the image data including the whole fraction, the cell group with the correct focal length was selected using
the focus parameter in the bright field.

(ii) Development was performed with cell size based on forward scattered light (FSC) and the width-to-height ratio
of cell diameter, so that aggregated cells were excluded.

(i) Nucleated cells were selected using the fluorescence intensity of nuclear DNA labeled by Hoechst 33342 as an
index (exclusion of debris, dust, red blood cells, etc.).

(iv) Development was performed with internal structures of cells based on side scattered light (SSC) and cell surface
antigen CD33 expression, so that the nucleated cells were divided into 3 groups. Fig. 1 shows the results. In Fig.
1, R1 represents a cell population mainly containing lymphocytes, R4 represents a cell population mainly containing
monocytes, and R5 represents a cell population mainly containing neutrophils. Note that although Fig. 1 is a graph
created by plotting the fluorescence intensities measured by imaging flow cytometry using blood samples obtained
from healthy persons, the nucleated cells were also divided into three groups in the case of measurement using
blood samples obtained from patients.

(v) The cell population mainly containing lymphocytes R1 was developed by expressions of cell surface antigens
CD3 and CD19, so that it was divided into two groups, namely a cell population mainly containing CD3 positive T
cells and a cell population mainly containing CD19 positive B cells. Fig. 2 shows the results. In Fig. 2, R2 represents
a cell population mainly containing CD3 positive T cells and R3 represents a cell population mainly containing CD19
positive B cells.

[0079] The above analysis fractionated nucleated cells in peripheral blood into four groups. Note that this also applied
to the case of measurement using blood sample obtained from a patient. In addition, although Fig. 2 shows the results
obtained from one sample, nucleated cells in peripheral blood in each other sample were finally divided into the following
four groups, in the same manner as the one sample.

R2: cell group mainly containing CD3 positive T cells (SSClow, CD33-, CD3*)

R3: cell group mainly containing CD19 positive B cells (SSClow, CD33-, CD19%)

R4: cell group mainly containing monocytes (SSCintermediate. CD33++)

R5: cell group mainly containing neutrophils (SSCintermediate cp33intermediatey (2) Analysis of SMN Protein Nuclear
Body (Spot) in Cell Group Mainly Containing Monocytes

[0080] Figs. 3 and4 each illustrate a cell photograph taken by imaging flow cytometry in the same manner as described
above. Figs. 3 and 4 are cell photographs of the cell groups mainly containing monocytes in the respective blood samples
obtained from an SMA patient and a healthy subject (control). In Figs. 3 and 4, the SMN protein is indicated by green
fluorescence. As is obvious from these cell photographs, it was observed that a healthy subject (control) was greater
than an SMA patient in all of the fluorescence intensity in the whole cell, the fluorescence intensity in the nuclei, the
number of spots, and the fluorescence intensity in the spots.

[0081] Note that the "spot" mentioned here means an SMN protein nuclear body observed in the shape of a spot, and
the present examples employed the definition of the "spot" as one 1) existing in a nucleus, 2) having a size of 0.34 to
3.07 um2, 3) showing fluorescence intensity 5 times that of the background or greater, and 4) having a width-to-height
ratio of 0.5 to 1.0.

(i) Average Value for Number of Spots

[0082] The average value of the number of spots in a cell group exhibiting a predetermined fluorescence intensity was
calculated as follows.

1"
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(Aiming Adjustment in Nucleus)
[0083] In order to analyze the inside of the nucleus more accurately, the following operations were carried out.

1) Development was carried out with parameters of focus and contrast in the channel for detecting Hoechst 33342
which stained nucleus, followed by limitation to the cell group in the peak part of both parameters.

2) From the above cell group, 1000 or more cells showing the same degree of fluorescence intensity were selected
as a cell group, using the fluorescence intensity of Hoechst 33342 as an index. This was set as the number of aiming
adjusted cells.

(Subtraction of Isotype Control-Derived Data)

[0084] Evaluation was carried out using an analysis value which was obtained by subtracting the numerical value of
a sample stained with a non-specific antibody (isotype control) from the numerical value of a sample stained with a
specific antibody (anti-SMN antibody).

(Calculation of Average Value for Number of Spots)

[0085] The Mean was calculated using the number of spots/the number of aiming adjusted cells, and the average
value of the number of spots was calculated with the following formula. Fig. 5 shows the results. In the graph of Fig. 5,

the numerical values of 0.426 and 0.295 are average values (arithmetic means) of the number of spots calculated for
all tested blood samples derived from healthy persons and blood samples derived from SMA patients, respectively.

[Formula 1]

AMean = Meangyorescence label-anti SMN monoclonal antibody - Meansiyorescence label-isotype control

(i) Proportion of Spot Positive Cells

[0086] The proportion of spot positive cells in a cell group exhibiting a predetermined fluorescence intensity was
calculated as follows.

(Aiming Adjustment in Nucleus)
[0087] In order to analyze the inside of the nucleus more accurately, the following operations were carried out.

1) Development was carried out with parameters of focus and contrast in the channel for detecting Hoechst 33342
which stained nucleus, followed by limitation to the cell group in the peak part of both parameters.

2) From the above cell group, 1000 or more cells showing the same degree of fluorescence intensity were selected
as a cell group, using the fluorescence intensity of Hoechst 33342 as an index. This was set as the number of aiming
adjusted cells.

(Subtraction of Isotype Control-Derived Data)

[0088] Evaluation was carried out using an analysis value which was obtained by subtracting the numerical value of
a sample stained with a non-specific antibody (isotype control) from the numerical value of a sample stained with a
specific antibody (anti-SMN antibody).

(Calculation of Proportion of Spot Positive Cells)

[0089] The proportion (%) was calculated using the number of spots/the number of aiming adjusted cells X 100, and
the proportion of spot positive cells was calculated with the following formula. Fig. 6 shows the results. In the graph of
Fig. 6, the numerical values of 35.6 and 26.1 are average values (arithmetic means) of the proportion of spot positive
cells calculated for all tested blood samples derived from healthy persons and blood samples derived from SMA patients,
respectively.

12
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[Formula 2]

0/ — O,
A% = A)ﬂuoresccnce label-anti SMN monoclonal antibody ~ %ﬂuorescence label-isotype control

(iii) Fluorescence Intensity of Spot Positive Cells

[0090] Expression of SMN protein limited to spot positive cells was analyzed.

[0091] Since the non-specific spot detection in samples stained with non-specific antibodies (isotype control) was
suppressed to a small number (< 200 cells), it was impossible to calculate the fluorescence intensity of spot positive
cells in samples stained with non-specific antibodies (isotype control). Thus, background subtraction by isotype control
was considered unnecessary, and data calculated by specific antibodies (anti-SMN antibodies) was used for evaluation.
Fig. 7 shows the results. In the graph of Fig. 7, the numerical values of 7255 and 5364 are average values (arithmetic
means) of the fluorescence intensity of spot positive cells calculated for all tested blood samples derived from healthy
persons and blood samples derived from SMA patients, respectively.

(iv) Fluorescence Intensity of Spots

[0092] Analysis was performed on the fluorescence intensity of spots themselves, that is, the expression of SMN
protein nuclear body.

[0093] Since the non-specific spot detection in samples stained with non-specific antibodies (isotype control) was
suppressed to a small number (<200 cells), it was impossible to calculate the fluorescence intensity of spots in spot
positive cells in samples stained with non-specific antibodies (isotype control). Thus, background subtraction by isotype
control was considered unnecessary, and data calculated by specific antibodies (anti-SMN antibodies) was used for
evaluation. Fig. 8 shows the results. In the graph of Fig. 8, the numerical values of 332.7 and 162.7 are average values
(arithmetic means) of the fluorescence intensity of spots calculated for all tested blood samples derived from healthy
persons and blood samples derived from SMA patients, respectively.

[0094] From the above results, significant differences were observed at the significance level of 0.01 for normal human
blood cells and blood cells derived from SMA patients in any of the average value of the number of spots, the proportion
of spot positive cells, the fluorescence intensity of spot positive cells, and the fluorescence intensity of spots. Moreover,
when comparing the results of the fluorescence intensity of spot positive cells with those of the fluorescence intensity
of spots, the results of the fluorescence intensity of spot positive cells show that the relative ratio of normal human blood
cells/blood cells derived from SMA patients is 1.35 (7255/5364), while the results of the fluorescence intensity of spots
show the relative ratio of normal human blood cells/blood cells derived from SMA patients is 2.04. Therefore, it is
suggested that it is possible to highly enhance the detection sensitivity based on results of the fluorescence intensity of
spots. Specifically, the method for analyzing the expression of an SMN protein nuclear body of the present invention
not only can simply detect the expression of SMN protein nuclear body, which is a more reliable biomarker, but also can
measure the difference between healthy persons and SMA patients with higher detection sensitivity.

Industrial Applicability

[0095] SMA is one of the intractable diseases designated by the country, and the method for completely curing SMA
has not been established yet. The present invention is extremely useful for the evaluation of methods which can be a
treatment for SMA. For example, it is possible to use the method of the present invention in evaluating a drug or a drug
candidate against SMA and in screening a drug or a drug candidate against SMA.

[0096] The present invention is also useful for use in the diagnosis of SMA. Furthermore, the present invention can
be widely used in functional analysis of SMN protein, and can contribute greatly to diagnostic and therapeutic technique
of SMA.

[0097] Therefore, it is expected that the present invention will make remarkable progress in the diagnostic and ther-
apeutic technique of SMA, an intractable disease.

[0098] Still more, the present invention can be applied not only to SMA but also to technique for diagnosing or amel-
iorating diseases and symptoms caused by reduction in the expression level of SMN protein.

Claims

1. A method for analyzing the expression of an SMN protein nuclear body, comprising the steps of:

13
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labeling one or more surface antigen markers of blood-derived nucleated cells in a sample containing the
nucleated cells with one or more label antibodies;

labeling SMN protein in the nucleated cells;

labeling nuclei of the nucleated cells;

selecting one cell population from a plurality of cell populations in which the nuclei and the SMN protein in the
nucleated cells have been labeled and which have been classified based on the one or more surface antigen
markers labeled with the one or more label antibodies or based on the one or more surface antigen markers
labeled with the one or more label antibodies and on side scattering (SSC); and

analyzing the expression of an SMN protein nuclear body of the selected cell population based on a label on
the SMN protein, wherein

the step of selecting a cell population and the step of analyzing the expression of an SMN protein nuclear body
are performed by imaging flow cytometry which uses an objective lens with a magnification of 40 times or more.

The method according to claim 1, wherein

the step of labeling SMN protein comprises labeling SMN protein with a first fluorescent dye, and

the step of analyzing the expression of an SMN protein nuclear body comprises measuring a fluorescence intensity
emitted by the first fluorescent dye.

The method according to claim 1 or 2, wherein
the step of labeling SMN protein comprises labeling SMN protein with a first fluorescent dye, and
the step of labeling nuclei comprises labeling nuclei with a second fluorescent dye.

The method according to any one of claims 1 to 3, further comprising the step of subjecting the sample containing
the blood-derived nucleated cells to erythrocyte hemolysis treatment.

The method according to any one of claims 1 to 4, wherein

the sample containing the blood-derived nucleated cells is one obtained from a subject,

the step of analyzing the expression of an SMN protein nuclear body comprises quantifying an SMN protein nuclear
body, and

the method comprises the step of comparing a result obtained by the quantification with a control selected from the
following (a) to (c):

(a) if the subject is an SMA patient, the control is a result obtained in the same manner as in the method for
quantifying the SMN protein nuclear body using blood obtained from the subject except that blood obtained
from a healthy person or a carrier is used;

(b) if the subject is a healthy person or a carrier, the control is a result obtained in the same manner as in the
method for quantifying the SMN protein nuclear body using blood obtained from the subject except that blood
obtained from an SMA patient is used; and

(c) if the subject is a person to whom a drug or a drug candidate against SMA has been administered, the control
is a result obtained in the same manner as in the method for quantifying the SMN protein nuclear body using
blood obtained from the subject after the administration of the drug or the drug candidate against SMA except
that blood obtained from the subject before said administration is used.

14
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FIG.3
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