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DESCRIPTION

Title of Invention

BIOMARKER FOR ALZHEIMER'S DISEASE OR MILD COGNITIVE IMPAIRMENT
Technical Field

[0001] The present invention relates to a biomarker for Alzheimer's disease or mild
cognitive impairment. More specifically, the present invention relates to a method for
evaluating the effect of a candidate for a therapeutic agent for Alzheimer's disease or muld
cognitive impairment, a method for aiding the diagnosis of Alzheimer’s disease or mild
cognitive impairment, and a method for diagnosing Alzheimer’s disease or mild cognitive
impaimment.

Background Art

[0002] A biomarker is very useful for diagnosing and monitoring the progress of a disease,
and is important for screening patients, monitoring side effects, aiding for the selection of an
appropriate treatment and discovering a new drug. In Alzhemmer’s discase, AB (amyloid
beta) 1-42 and phosphorylated tau protein in the cerebrospinal fluid are currently considered
to be the most useful biomarkers (Non Patent Literatures 1 and 2).

Citation List

Non Patent Literature

[0003] Non Patent Literature 1: Ibach et al., "Cerebrospinal fluid tau and beta-amyloid in
Alzheimer patients, disease conirols and an age-matched random sample," Neurobiol.
Aging., 2006; vol. 27 (no. 9): p.1202-1211. |

Non Patent Literature 2: Bouwman et al., "CSF biomarker levels in early and late onset
Alzheimer's disease,”" Neurobiol. Aging., 2009; vol. 30 (no. 12): p.1895-1901.

Non Patent Literature 3: Koelsch et al. "Alterations of cholesterol precursor levels n
Alzheimer’s disease," Biochim. Biophys. Acta., 2010; vol. 1801 (no. 8): p.945-950.

Non Patent Literature 4: Guentert et al., '"Plasma Gelsolin 1s Decreased and Correlates with
Rate of Decline in Alzheimer's Disease," J. Alzheimer's. Dis., 2010; vol. 21 (no. 2):
p.585-596.

Summary of Invention

Technical Problem

[0004] However, for the above biomarkers, use of the cerebrospinal fluid is required, and,

in particular, collecting the cerebrospinal fluid every time the time-dependent change of
Alzheimer pathology is monitored imposes an enormous burden on the patient, and thus a
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low invasive biomarker using blood or the like, has been demanded.
Solution to Problem
[0005] Desmosterol is a precursor of cholesterol. In Alzheimer’s disease, it is thought
that the disorder of cholesterol metabolism has occurred, and documented that the
desmosterol level in the cerebrospinal fluid of patients with Alzheimer's disease is lower than
that of healthy elderly people, while the desmosterol level in the plasma remains unchanged
(Non Patent Literature 3). The present inventors found that, inconsistent with this finding,
the desmosterol level in plasma of patients with Alzheimer’s disease is lower than that of
healthy elderly people, and the desmosterol in plasma can be used as a biomarker for
Alzheimer's disease. Further, the present inventors found that desmosterol alone enables
diagnosis of the mild cognitive impairment, manifesting the mild cognitive dysfunction
which is a pre-existing disease of Alzheimer’s disease.
[0006] Furthermore, the present inventors found that the combination of desmosterol and
amyloid beta in blood when used as a biomarker enables more accurate diagnosis of
Alzheimer's disease or mild cognitive impairment than when desmosterol alone in blood 1s
used as a biomarker.
[0007] Furthemmore, the present inventors found that the combination of desmosterol and
gelsolin in blood, or the combination of desmosterol, amyloid beta and gelsolin m blood,
when used as a biomarker, enables more accurate diagnosis of Alzheimer's disease or muld
cognitive impairment than when desmosterol alone in blood is used as a biomarker. It is
known that the plasma gelsolin level is low in patients with Alzheimer's disease (Non Patent
Literature 4).
[0008] Specifically, the present invention provides the following [1] to [28].
(1] A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer’s disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level in blood of a non-human animal;

a step of administering a candidate to the non-human animal;

a step of measuring a desmosterol level in blood of the non-human animal after the

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer's disease or mild cognitive impairment when the desmosterol level in
blood of the non-human animal after the candidate is administered is higher than the level
before the candidate 1s admimistered.
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[2] A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer's disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level in blood of a first non-human ammal;

a step of administering a candidate to a second non-human animal;

a step of measuring a desmosterol level in blood of the second non-human animal

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer's disease or mild cognitive impairment when the desmosterol level in
blood of the second non-human animal after the candidate is administered is higher than the
desmosterol level in blood of the first non-human animal to which the candidate is not
administered.
[3] A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer’s disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level in a blood sample of a subject before a

a step of measuring a desmosterol level in the blood sample of the subject after the

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer’s disease or mild cognitive impairment when the desmosterol level in
blood of the subject after the candidate is administered is higher than the desmosterol level in
blood before the candidate is administered.
[4] A method for aiding diagnosis of Alzheimer's disease or mild cognitive
impairment, the method comprising:

a step of measuring a desmosterol level in a blood sample of a subject; and

a step of providing an indicator for potentially having Alzheimer’s disease or mild
cognitive impairment when the desmosterol level in blood of the subject is lower than a
reference value.
[5] A method for diagnosing Alzheimer's disease or mild cognitive impairment, the
method comprising:

a step of measuring a desmosterol level in blood of a subject; and

a step of identifying Alzheimer's disease or mild cognitive impairment when the
desmosterol level in blood of the subject is lower than a reference value.
[6] A method for selecting a patient which is likely to benefit from a therapeutic effect
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of a candidate for a therapeutic agent to treat Alzheimer's disease or mild cognitive
impairment, the method comprising:

a step of measuring a desmosterol level in a blood sample of a subject; and

a step of providing an indicator of a patient to be administered with a candidate for
a therapeutic agent to treat Alzheimer's disease or mild cognitive impairment when the
desmosterol level in blood of the subject is lower than a reference value.
[7] A method for predicting a therapeutic effect of a candidate for a therapeutic agent to
treat Alzheimer’s disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level in a blood sample of a subject; and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer’s disease or mild cognitive impairment when the desmosterol level m
blood of the subject is lower than a reference value.
[8] A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer’s disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level and an amyloid beta level in blood of a
non-human animal;

a step of administering a candidate to the non-human animal;

a step of measuring a desmosterol level and an amyloid beta level in blood of the
non-human animal after the candidate is administered; and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer's disease or mild cognitive impairment when the desmosterol level m
blood of the non-human animal after the candidate is administered is higher than the level
before the candidate is administered, and ABx42 or APx-42/ABx-40 in blood of the
non-human animal after the candidate 1s administered is higher than that before the candidate
[9] A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer’s disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level and an amyloid beta level in blood of a first
non-human animal;

a step of administering a candidate to a second non-human anmmal;

a step of measuring a desmosterol level and an amyloid beta level m blood of the
second non-human animal after the candidate is administered; and

a step of providing an indicator of being potential for the candidate to be effective
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in treating Alzheimer’s disease or mild cognitive impairment when the desmosterol level in
blood of the second non-human animal after the candidate is administered is higher than the
desmosterol level in blood of the first non-human animal to which the candidate i1s not
administered, and ABx-42 or ABx~42/ABx-40 in blood of the second non-human animal after
the candidate is administered is higher than APx-42 or ABx-42/ABx-40 in blood of the first
non-human animal to which the candidate is not administered.
[10] A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer’s disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level and an amyloid beta level in a blood

sample of a subject before a candidate is administered;
a step of measuring a desmosterol level and an amyloid beta level in the blood

sample of the subject after the candidate is administered; and

a step of providing an indicator of being potential for the candidate to be eflective
in treating Alzheimer's disease or mild cognitive impairment when the desmosterol level in
blood of the subject after the candidate is administered is higher than the desmosterol level in
blood before the candidate is administered, and ABx-42 or ABx-42/ABx-40 m blood of the
subject after the candidate is administered is higher than that before the candidate is
administered.
[11] A method for aiding diagnosis of Alzhemmer's disease or mild cogmtive
impairment, the method comprising:

a step of measuring a desmosterol level and an amyloid beta level m a blood
sample of a subject; and

a step of providing an indicator for potentially having Alzheimer’s disease or mild
cognitive impairment when the desmosterol level in blood of the subject is lower than a
reference value, and APx-<42 or ABx-42/APx40 in blood of the subject is lower than a
reference value.
[12] A method for diagnosing Alzheimer's disease or mild cognitive impairment, the
method comprising:

a step of measuring a desmosterol level and an amyloid beta level in blood of a
subject; and

a step of identifying Alzhemmer’s disease or mild cognitive impairment when the
desmosterol level n blood of the subject is lower than a reference value, and ABx-42 or
APBx-42/APx-40 in blood of the subject is lower than a reference value.
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[13] A method for selecting a patient which is likely to benefit from a therapeutic effect
of a candidate for a therapeutic agent to treat Alzheimer's disease or mild cognitive
impairment, the method comprising:

a step of measuring a desmosterol level and an amyloid beta level in a blood
sample of a subject; and

a step of providing an indicator of a patient to be administered with a candidate for
a therapeutic agent to treat Alzheimer’s disease or mild cognitive impairment when the
desmosterol level in blood of the subject is lower than a reference value, and APx-42 or
ABx-42/ABx-40 in blood of the subject is lower than a reference value.
[14] A method for predicting a therapeutic effect of a candidate for a therapeutic agent to
treat Alzheimer's disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level and an amyloid beta level in a blood
sample of a subject; and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer's disease or mild cognitive impairment when the desmosterol level in
blood of the subject is lower than a reference value, and ABx-42 or ABx-42/ABx-40 1n blood
of the subject is lower than a reference value.

- [15] A method for evaluating an effect of a candidate for a therapeutic agent to treat

Alzheimer's disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level, an amyloid beta level and a gelsolin level
in blood of a non-human animal;

a step of administering a candidate to the non-human animal;

a step of measuring a desmosterol level, an amyloid beta level and a gelsolin level
in blood of the non-human animal after the candidate i1s admimstered; and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer’s disease or mild cognitive impairment when the desmosterol level in
blood of the non-human animal afier the candidate is administered is higher than the
desmosterol level in blood before the candidate is administered, ABx-42 or ABx-42/ABx-40
in blood of the non-human animal after the candidate is administered is higher than that
before the candidate is administered, and the gelsolin level in blood of the non-human animal
after the candidate is administered is higher than the gelsolin level in blood before the
[16] A method for evaluating an effect of a candidate for a therapeutic agent to treat
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Alzheimer's disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level, an amyloid beta level and a gelsolin level
in blood of a first non-human ammal;

a step of administering a candidate to a second non-human ammal,

a step of measuring a desmosterol level, an amyloid beta level and a gelsolin level
in blood of the second non-human animal after the candidate is administered; and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer’s disease or mild cognitive impairment when the desmosterol level n
blood of the second non-human animal after the candidate is administered is higher than the
desmosterol level in blood of the first non-human animal to which the candidate 1s not
administered, ABx-42 or ABx-42/ABx-40 in blood of the second non-human animal after the
candidate is administered is higher than ABx-42 or ABx42/ABx-40 in blood of the first
non-human animal to which the candidate is not administered, and the gelsolin level in blood
of the second non-human animal after the candidate is administered is higher than the
gelsolin level in blood of the first non-human animal to which the candidate is not
administered.

[17] A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer’s disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level, an amyloid beta level and a gelsolin level
in a blood sample of a subject before a candidate is administered,

a step of measuring a desmosterol level, an amyloid beta level and a gelsoln level
in the blood sample of the subject after the candidate is administered,

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer's disease or mild cognitive impairment when the desmosterol level in
blood of the subject after the candidate is administered is higher than the desmosterol level
before the candidate is administered, ABx-42 or ABx-42/Afx-40 m blood of the subject after
the candidate is administered is higher than that before the candidate is administered, and the
gelsolin level in blood of the subject after the candidate is administered is higher than the
gelsolin level in blood before the candidate is administered.

[18] A method for aiding diagnosis of Alzheimer's disease or mild cognitive
impairment, the method comprising:

a step of measuning a desmosterol level, an amyloid beta level and a gelsolin level
in a blood sample of a subject; and
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a step of providing an indicator for potentially having Alzheimer’s disease or mild

cognitive impairment when the desmosterol level in blood of the subject is lower than a

reference value, APx-42 or APx-42/ABx-40 in blood of the subject is lower than a reference
value, and the gelsolin level in blood of the subject is lower than a reference value.

[19] A method for diagnosing Alzheimer's disease or mild cognitive impairment, the

method comprising:

a step of measuring a desmosterol level, an amyloid beta level and a gelsolin level

in blood of a subject; and

a step of identifying Alzheimer's disease or mild cognitive impairment when the
desmosterol level in blood of the subject is lower than a reference value, ABx-42 or

ABx-42/ABx-40 in blood of the subject is lower than a reference value, and the gelsolin level

in blood of the subject is lower than a reference value.
[20] A method for selecting a patient which is likely to benefit from a therapeutic effect
of a candidate for a therapeutic agent to treat Alzheimer's disease or mild cognitive
impairment, the method comprising:

a step of measuring a desmosterol level, an amyloid beta level and a gelsoln Jevel
in a blood sample of a subject; and

a step of providing an indicator of a patient to be administered with a candidate for
a therapeutic agent to treat Alzheimer’s disease or mild cognitive impairment when the
desmosterol level in blood of the subject is lower than a reference value, ABx-42 or
ABx-42/ABx-40 in blood of the subject is lower than a reference value, and the gelsolm level
in blood of the subject is lower than a reference value. |
[21] A method for predicting a therapeutic effect of a candidate for a therapeutic agent to
treat Alzheimer’s disease or mild cognitive immpairment, the method comprising:

a step of measuring a desmosterol level, an amyloid beta level and a gelsolin level
in a blood sample of a subject, and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer’s disease or mild cognitive impairment when the desmosterol level in
blood of the subject is lower than a reference value, ABx-42 or APx-42/AfBx-40 m blood of
the subject is lower than a reference value, and the gelsolin level in blood of the subject is
lower than a reference value.
[22] A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer’s disease or mild cognitive impairment, the method comprising:
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a step of measuring a desmosterol level and a gelsolm level in blood of a
non-human ammal;

a step of administering a candidate to the non-human anmmal;

a step of measuring a desmosterol level and a gelsoln level m blood of the
non-human animal after the candidate is administered; and '

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer’s disease or mild cognitive impairment when the desmosterol level n
blood of the non-human animal after the candidate is administered is higher than the
desmosterol level in blood before the candidate is administered, and the gelsolin level in
blood of the non-human animal after the candidate is administered is higher than the gelsolin
level in blood before the candidate is administered.
[23] A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer's disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level and a gelsolin level in blood of a first
non-human animal;

a step of administering a candidate to a second non-human anmimal;

a step of measuring a desmosterol level and a gelsolin level in blood of the second
non-human animal after the candidate is administered; and

a step of providing an indicator of being potential for the candidate to be effective

" in treating Alzheimer’s disease or mild cognitive impairment when the desmosterol level

blood of the second non-human animal after the candidate 1s administered is higher than the
desmosterol level in blood of the first non-human animal to which the candidate is not
administered, and the gelsolin level in blood of the second non-human animal after the
candidate is administered is higher than the gelsolin level in blood of the first non-human
animal to which the candidate is not admimstered. '
[24] A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer’s disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level and a gelsolin level in a blood sample of a
subject before a candidate is administered;

a step of measuring a desmosterol level and a gelsolin level in the blood sample of
the subject after the candidate is administered; and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzhemmer’s disease or mild cognitive impairment when the desmosterol level in
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blood of the subject after the candidate is administered is higher than the desmosterol level in
blood before the candidate is administered, and the gelsolin level in blood of the subject after
the candidate is administered is higher than the gelsolin level in blood before the candidate 1s
administered.
[25] A method for aiding diagnosis of Alzheimers disease or mild cognitive
impairment, the method comprising:

a step of measuring a desmosterol level and a gelsolin level in a blood sample of a
subject; and

a step of providing an indicator for potentially having Alzheimer’s disease or mild
cognitive impairment when the desmosterol level in blood of the subject is lower than a
reference value, and the gelsolin level in blood of the subject is lower than a reference value.
[26] A method for diagnosing Alzheimer’s disease or mild cognitive impatrment, the
method comprising:

a step of measuring a desmosterol level and a gelsolin level in blood of a subject;
and

a step of identifying Alzheimer’s disease or mild cognitive impairment when the
desmosterol level in blood of the subject is lower than a reference value, and the gelsolin
level in blood of the subject is lower than a reference value.
[27] A method for selecting a patient which is likely to benefit from a therapeutic effect
of a candidate for a therapeutic agent to treat Alzheimer's disease or mild cognitive
impairment, the method comprising:

a step of measuring a desmosterol level and a gelsolin level in a blood sample of a
subject; and

a step of providing an indicator of a patient to be administered with a candidate for
a therapeutic agent to treat Alzheimer's disease or mild cognitive impairment when the
desmosterol level in blood of the subject is lower than a reference value, and the gelsolin
level in blood of the subject is lower than a reference value.
[28] A method for predicting a therapeutic effect of a candidate for a therapeutic agent to
treat Alzheimer’s disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level and a gelsolin level in a blood sample of a
subject; and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzhemmer's disease or mild cognitive impairment when the desmosterol level in
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blood of the subject is lower than a reference value, and the gelsolin level m blood of the

subject is lower than a reference value.

Advantageous Effects of Invention

[0009] Using a desmosterol level in blood, or the like, as an indicator, it is possible to
diagnose accurately the progress of Alzheimer's disease or mild cognitive impairment, it 1s
also possible to evaluate accurately an effect of a candidate for a therapeutic agent to treat
Alzheimer's disease or mild cognitive impairment, it is further possible to select a patient
which is likely to benefit from the therapeutic effect of a candidate for a therapeutic agent to
treat Alzheimer's disease or mild cognitive impairment, and it is furthermore possible to
predict the therapeutic effect of a candidate for a therapeutic agent to treat Alzheimer's
disease or mild cognitive impairment. The desmosterol and the like, of the present
invention are the biomarkers in blood, and it is thus possible to diagnose accurately
Alzheimer's disease or mild cognitive impairment without collecting the cerebrospmal fluid.
Brief Description of Drawings

[0010] [Figure 1] Figure 1 is a chart showing the Receiver Operating Characteristic
Curves of desmosterol, ABx-42/ApBx-40 and the combination thereof in healthy elderly
people and patients with Alzheimer's disease.

[Figure 2] Figure 2 is a chart showing the Receiver Operating Characteristic Curves of
desmosterol, APx-42/APx-40 and the combination thereof in healthy elderly people and
patients with mild cognitive impaiment.

[Figure 3] Figure 3 is a chart showing the Receiver Operating Characteristic Curves of
desmosterol/cholesterol, ABx-42/ABx-40, gelsolin and the combination thereof in healthy
elderly people and patients with Alzheimer’s disease.

[Figure 4] Figure 4 is a chart showing the Receiver Operating Characteristic Curves of
desmosterol/cholesterol, ABx-42/APx-40, gelsolin and the combination thereof 1n healthy
elderly people and patients with mild cognitive impairment.

[Figure 5] Figure 5 is a chart showing the Receiver Operating Characteristic Curves of
desmosterol/cholesterol, gelsolin and the combination thereof in healthy elderly people and
patients with Alzheimer's disease.

[Figure 6] Figure 6 is a chart showing the Receiver Operating Characteristic Curves of
desmosterol/cholesterol, gelsolin and the combination thereof in healthy elderly people and
patients with mild cognitive impairment.

[Figure 7] Figure 7 is a chart showing desmosterol levels in healthy elderly people and
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patients with mild cognitive impairment. In the chart, the thick bar represents the median
value. The fold of change in patients with mild cognitive impairment against healthy
elderly people 1s 0.7368.

[Figure 8] Figure 8 is a chart showing the Receiver Operating Characteristic Curves of
desmosterol in healthy elderly people and patients with mild cognitive impairment.
Description of Embodiments

[0011] The method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimers disease or mild cognitive impairment of the present invention targets a
non-human animal or a human. It is preferable that the non-human animal be a mammal.
It is preferable that the non-human animal be a model animal with Alzheimer’s disease or
mild cognitive impairment. Examples of the model animal with Alzheimer's disease or
mild cognitive impairment include an animal with an increased production of amyloid beta
by the modification of amyloid precursor protein (APP) or presenilin 2. More specifically,
an example includes Tg2576, a genetically modified mouse overexpressing APP. It 1s
preferable that the human be a patient with Alzheimer’s disease or mild cognitive
..

[0012] The effect of a candidate can be evaluated when a desmosterol level in blood of a
non-human animal or a human of the same individual is measured before and after the
candidate is administered and the levels are compared.

[0013] The desmosterol level in blood used herein can be measured by the hqud
chromatography/mass spectrometry (LC/MS). More specifically, 1t can be measured under
the conditions described in Examples. The desmosterol level in blood may be a
concentration of desmosterol, or desmosterol/cholesterol, which is the ratio of desmosterol to
cholesterol, with a concentration of desmosterol being preferable. Also, the desmosterol
level in blood can be measured by the Enzyme-Linked ImmunoSorbent Assay (ELISA) or
gas chromatography/mass spectrometry (GC-MS). The desmosterol level in blood is
preferably a level in plasma.

[0014] The candidate drug efficacy can be evaluated based on an indicator of being
potential for the candidate to be effective in treating Alzheimer’s disease or mild cognitive
impairment when the desmosterol level in blood after the candidate 1s administered 1s higher
than the desmosterol level in blood before the candidate is administered.

[0015] Further, using non-human animals of different individuals, the effect of a candidate
can be evaluated by measuring desmosterol levels in blood of one or a plurality of individuals
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in one group without administering the candidate (control group), measuring desmosterol
levels in blood of one or a plurality of individuals of the other group after the candidate 1s
administered (candidate-administered group), and comparing the levels of those groups. In
this instance, the candidate drug efficacy can be evaluated based on an indicator of being
potential for the candidate to be effective in treating Alzhemmer’s disease or mild cognitive
impairment when the desmosterol level in blood is higher in the candidate-administered
group than the desmosterol level in blood in the control group.

[0016] The method for aiding diagnosis of Alzheimer's disease or mild cogmtive
impaimment of the present invention provides an indicator for diagnosis by measuring a
desmosterol level in a blood sample of a subject which is suspected to have Alzhemer'’s
disease or mild cognitive impairment and comparing a reference value therewith. More
specifically, the method of the present invention provides an indicator for potentially having
Alzheimer’s disease or mild cognitive impairment when the desmosterol level in blood of the
subject is lower than a reference value. A reference value of desmosterol level in blood can
be determined by referring to the values of a patient definitely diagnosed with Alzheimer’s
disease or mild cognitive impairment and of a healthy person.

[0017] The method for diagnosing Alzheimer’s disease or mild cognitive impairment of
the present invention makes identification by measuring a desmosterol level of a subject
which is suspected to have Alzheimer’s disease or mild cognitive impairment and comparing
a reference value therewith. More specifically, when the desmosterol level in blood of the
subject is lower than a reference value, the subject 1s identified as having Alzhemmer’s disease
or mild cognitive impairment. The reference value of desmosterol level in blood is as
descnbed above.

[0018] The method for selecting a patient which is likely to benefit from the therapeutic
effect of a candidate for a therapeutic agent to treat Alzheimer’s disease or mild cognitive
impairment of the present invention makes identification by measuring a desmosterol level in
blood of a subject which is diagnosed with Alzheimer's disease or mild cognitive impairment
and comparing a reference value therewith. More specifically, the selection can be made
based on an indicator of a patient to be administered with the candidate for the therapeutic
agent to treat Alzheimer’s disease or mild cognitive impairment when the desmosterol level
in blood of the subject is lower than a reference value. The reference value of desmosterol
level in blood is as described above.

[0019] The method for predicting the therapeutic effect of a candidate for a therapeutic
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agent to treat Alzheimer's disease or mild cognitive impairment of the present invention
makes identification by measuring a desmosterol level in blood of a subject which is
diagnosed with Alzheimer's disease or mild cognitive impairment and comparing a reference
value therewith. More specifically, the prediction can be made based on an indicator of
being potential for the candidate to be effective in treating Alzheimer’s discase or mild
cognitive impairment when the desmosterol level in blood of the subject is lower than a
reference value. The reference value of desmosterol level in blood is as described above.
[0020] The candidate for the therapeutic agent to treat Alzheimer's disease or mild
cognitive impairment of the present invention is not particularly limited, and is preferably a
modulator of the cholesterol metabolism pathway or a modulator based on AP hypothests,
more preferably a B-secretase inhibitor, a y-secretase inhibitor, a y-secretase modulator,
anti-AP antibody, anti-AB oligomer antibody and the like.

[0021] In the above methods, a desmosterol level alone in blood may be used as a
biomarker, or may be used in combination with other biomarkers. More accurate
evaluation or the like, can be carried out when a desmosterol level in blood is combined with
other biomarkers. In particular, the combination with an amyloid beta level in blood, the
combination with gelsolin level in blood, or the combination with an amyloid beta level and
a gelsolin level in blood enables a significantly accurate evaluation or the like, to be carried
out, hence preferable. Hereinbelow, embodiments using the combination with these
biomarkers are described in detail.

[0022] The method, which uses a desmosterol level and amyloid beta level in blood as the

‘biomarkers, is described.

[0023] The method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer's disease or mild cognitive impaimment of the present invention targets a
non-human animal or ahuman. Specifics are as described above.

[0024] The effect of a candidate can be evaluated when a desmosterol level and an
amyloid beta level in blood of a non-human animal or a human of the same individual are
measured before and after the candidate is administered and the levels are compared.

[0025] The method for measuring a desmosterol level in blood 1s as described above.
[0026] The amyloid beta level in blood can be measured, for example, by known methods
such as ELISA or LC/MS. It is desirable that the amyloid beta be measured in both Apx-40
and APx-42. APx40 means AB1-40 and a peptide having the N-terminus thereof is
partially deleted, and ABx42 means AB1-42 and a peptide having the N-terminus thereof is
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partially deleted. The amyloid beta level in blood may be a concentration of ABx-42 in
blood, or may be APx42/APx-40, which is the ratio of ABx-42 to APx-40, with
APx-42/ABx-40 being preferable. The amyloid beta level in blood is preferably a level in
plasma.

[0027] The candidate drug efficacy can be evaluated based on an indicator of being
potential for the candidate to be effective in treating Alzheimer's disease or mild cognitive
impaimment when the desmosterol level in blood after the candidate is administered is higher
than the desmosterol level in blood before the candidate is administered, and ABx-42 or
APx-42/APx-40 in blood after the candidate is administered is higher than that before the
candidate is administered. The ABx-42/ABx-40 in blood means a ratio of the ABx-42 level
in blood to the ABx-40 level in blood.

0028] Also, using non-human animals of different individuals, the effect of a candidate
can be evaluated by measuring desmosterol levels and amyloid beta levels in blood of one or
a plurality of individuals in one group without administering the candidate (control group),
measuring desmosterol levels and amyloid beta levels in blood of one or a plurality of
individuals of the other group after the candidate is administered (candidate-administered
group), and comparmg the levels of those groups. In this instance, the candidate drug
efficacy can be evaluated based on an indicator of being potential for the candidate to be
effective in treating Alzheimer’s disease or mild cognitive impairment when the desmosterol
level 1n blood of the candidate-administered group is higher than the level of the control
group, and Afx-42 or ABx-42/ABx-40 in blood of the candidate-administered group is
higher than that of the control group. |

[0029] The method for aiding diagnosis of Alzheimers disease or mild cognitive
impamrment of the present invention provides an indicator for diagnosis by measuring a
desmosterol level and an amyloid beta level in a blood sample of a subject which is
suspected to bave Alzheimer’s disease and comparing reference values therewith. More
specifically, the method of the present invention provides an indicator for potentially having
Alzheimer's disease or mild cognitive impairment when the desmosterol level in blood of the
subject is lower than a reference value, and ABx-42 or APx-42/APx-40 in blood of the
subject is lower than a reference value. The reference value of desmosterol level in blood

and the reference value of ABx-42 or APx-42/ABx-40 in blood can be determined by
referring to the value of a patient definitely diagnosed with Alzheimer’s disease or mild

cognitive impairment.
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[0030] The method for diagnosing Alzheimer's disease or mild cognitive impairment of
the present invention makes identification by measuring a desmosterol level and an amyloid
beta level in blood of a subject which is suspected to have Alzheimer's disease or mild
cognitive impairment and comparing reference values therewith. More specifically, when
the desmosterol level in blood of the subject is lower than a reference value, and ABx-42 or
APx-42/ABx-40 in blood of the subject is lower than a reference value, the subject is
identified as having Alzheimer’s disease or mild cognitive impairment.  The reference value
of desmosterol level in blood and the reference value of ABx-42 or APx-42/ABx-40 in blood
are as described above.

[0031] The method for selecting a patient which is likely to benefit from the therapeutic
effect of a candidate for a therapeutic agent to treat Alzheimer's disease or mild cognitive
impairment of the present invention makes 1dentification by measuring a desmosterol level
and an amyloid beta level in blood of a subject which is diagnosed with Alzheimer's disease
or mild cognitive impairment and comparing reference values therewith. More specifically,
the selection can be made based on an indicator of a patient to be administered with the
candidate for a therapeutic agent to treat Alzheimer’s disease or mild cognitive impairment
when the desmosterol level in blood of the subject is lower than a reference value, and
ABx-42 or ABx-42/ABx-40 in blood of the subject is lower than a reference value. The
reference value of desmosterol level in blood and the reference value of APx-42 or
APx-42/ABx-40 in blood are as described above.

[0032] The method for predicting the therapeutic effect of a candidate for a therapeutic
agent to treat Alzheimer’s disease or mild cognitive impairment of the present invention
makes identification by measuring a desmosterol level and an amyloid beta level in blood of
a subject which 1s diagnosed with Alzheimer's disease or mild cognitive impairment and
comparing reference values therewith. More specifically, the prediction can be made based
on an indicator of being potential for the candidate to be effective in treating Alzheimer’s
disease or mild cognitive impairment when the desmosterol level in blood of the subject is
lower than a reference value, and the ABx-42 or ABx-42/APBx-40 in blood of the subject is
lower than a reference value. The reference value of desmosterol level in blood and the

reference value of ABx-42 or ABx-42/ABx-40 in blood are as described above.

[0033] The candidate for a therapeutic agent to treat Alzheimer's disease or mild cognitive
impairment of the present invention is not particularly limited, and is preferably as described
above.
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[0034] The method, which uses a desmosterol level, an amyloid beta level and a gelsolm
level in blood as the biomarkers, is described. |

[0035] The method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer's disease or mild cognitive impairment of the present invention targets a
non-human animal or ahuman. Specifics are as described above. .

[0036] The effect of a candidate can be evaluated when a desmosterol level, an amyloid
beta level and a gelsolin level in blood of a non-human animal or a human of the same
individual are measured before and after the candidate is administered and the levels are

compared.
[0037] The method for measuring a desmosterol level and an amyloid beta level in blood

is as described above.

[0038] The gelsolin level in blood can be measured, for example, by known methods such
as ELISA. The gelsolin level in blood is preferably a level in plasma.

[0039] The candidate drug efficacy can be evaluated based on an indicator of bemg
potential for the candidate to be effective in treating Alzheimer’s disease or mild cognitive
impairment when the desmosterol level in blood after the candidate is administered 1s higher
than the desmosterol level in blood before the candidate is administered, ABx-42 or
APx-42/ABx-40 in blood after the candidate is administered is higher than that before the
candidate is administered, and the gelsolin level in blood after the candidate is administered is
higher than the gelsolin level in blood before the candidate is administered.

[0040] Also, using non-human animals of different individuals, the effect of a candidate
can be evaluated by measuring desmosterol levels, amyloid beta levels and gelsolin levels in
blood of one or a plurality of individuals in one group without administering the candidate
(control group), measuring desmosterol levels, amyloid beta levels and gelsolin levels in
blood of one or a plurality of individuals of the other group after the candidate is
administered (candidate-administered group), and comparing the levels of those groups. In
this instance, the candidate drug efficacy can be evaluated based on an indicator of bemg
potential for the candidate to be effective in treating Alzheimer’s disease or mild cognitive
impairment when the desmosterol level in blood of the candidate-administered group i1s
higher than the level of the control group, ABx-42 or Af}x-42/APBx-40 1n blood of the
candidate-administered group is higher than that of the control group, and the gelsolin level
in blood of the candidate-administered group is higher than the level of the control group.
[0041] The method for aiding diagnosis of Alzheimer's disease or mild cognitive
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impairment of the present invention provides an indicator for diagnosis by measurmng a
desmosterol level, an amyloid beta level and a gelsolin level in a blood sample of a subject
which is suspected to have Alzheimer's disease or mild cognitive impairment and compering
reference values therewith. More specifically, the method of the present invention provides
an indicator for potentially having Alzheimer's disease or mild cognitive impairment when
the desmosterol level in blood of the subject is lower than a reference value, APx-42 or
APx-42/ABx-40 in blood of the subject is lower than a reference value, and the gelsolin Jevel
in blood of the subject is lower than a reference value. The reference value of desmosterol
level in blood and the reference value of ABx-42 or APx-42/ABx<40 in blood and the
reference value of gelsolin level in blood can be determined by referring to the values of a
patient definitely diagnosed with Alzheimer's disease or mild cognitive impairment.

[0042] The method for diagnosing Alzheimer's disease or mild cognitive impairment of
the present invention makes identification by measuring desmosterol in blood, an amyloid
beta level and a gelsolin level in blood of a subject which is suspected to have Alzheimer’s
disease or mild cognitive impairment and comparing reference values therewith. More
specifically, when the desmosterol level in blood of the subject is lower than a reference
value, ABx-42 or APx-42/ABx-40 in blood of the subject is lower than a reference value, and
the gelsolin level in blood of the subject is lower than a reference value, the subject is
identified as having Alzheimer’s disease or mild cognitive impairment. 'The reference value
of desmosterol level in blood, the reference value of ABx-42 or APx-42/ABx-40 in blood and
the reverence value of gelsolin level in blood are as described above.

[0043] The method for selecting a patient which is likely to benefit from the therapeutic
effect of a candidate for a therapeutic agent to treat Alzheimer’s disease or mild cognitive
impairment of the present invention makes identification by measuring desmosterol 1 blood,
an amyloid beta level and a gelsolin level in blood of a subject which is diagnosed with
Alzheimer’s disease or mild cognitive impairment and comparing reference values therewith.
More specifically, the selection can be made based on an indicator of a patient to be
administered with the candidate for a therapeutic agent to treat Alzheimer’s disease or mild
cognitive impairment when the desmosterol level in blood of the subject is lower than a
reference value, ABx-42 or ABx<42/ABx-40 in blood of the subject is lower than a reference
value, and the gelsolin level in blood of the subject is lower than a reference value. The

reference value of desmosterol level in blood, the reference value of ABx42 or
APBx-42/ABx-40 m blood and the reverence value of gelsoln level m blood are as described
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above.

[0044] The method for predicting the therapeutic effect of a candidate for a therapeutic
agent 1o treat Alzheimer's disease or mild cognitive impairment of the present mvention
makes identification by measuring desmosterol, an amyloid beta level and a gelsolin level mn
blood of a subject which is diagnosed with Alzheimer's disease and comparing reference

cognitive impairment when the desmosterol level in blood of the subject is lower than a
reference value, ABx42 or ABx-42/ABx-40 in blood of the subject is lower than a reference
value, and the gelsolin level in blood of the subject is lower than a reference value. The
reference value of desmosterol level in blood, the reference value of APx-42 or
ABx-42/ABx-40 in blood and the reverence value of gelsolin level in blood are as described
above.

[0045] The candidate for a therapeutic agent to treat Alzheimer’s disease or mild cognitive
impairment of the present invention is not particularly limited, and is preferably as described
above.

[0046] The method, which uses a desmosterol level and a gelsolin level in blood as the
biomarkers, is described.

[0047] The method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer's disease or mild cognitive impaimment of the present invention targets a
non-human animal orahuman. Specifics are as described above.

[0048] The effect of a candidate can be evaluated when a desmosterol level and a gelsolin
level in blood of a non-human animal or a human of the same individual are measured before
and after the candidate is administered and the levels are compared.

[0049] The method for measuring a desmosterol level, an amyloid beta level and a
gelsolin level in blood is as described above.

[0050] The candidate drug efficacy can be evaluated based on an indicator of bemg
potential for the candidate to be effective in treating Alzheimer's disease or mild cognitive
impairment when the desmosterol level in blood after the candidate is administered is higher
than the desmosterol level in blood before the candidate is administered, and the gelsolin
level in blood after the candidate is administered is higher than the gelsolin level in blood
before the candidate is administered.

[0051]  Also, using non-human animals of different individuals, the effect of a candidate
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can be evaluated by measuring desmosterol levels and gelsolin levels in blood of one or a
plurality of individuals in one group without administering the candidate (control group),
measuring desmosterol levels and gelsolin levels in blood of one or a plurality of individuals
of the other group after the candidate is administered (candidate-administered group), and
comparing the levels of those groups. In this instance, the candidate drug efficacy can be
evaluated based on an indicator of being potential for the candidate to be effective in treating
Alzheimer's disease or mild cognitive impairment when the desmosterol level in blood of the
candidate-administered group is higher than the level of the control group, and the gelsolin
level in blood of the candidate-administered group is higher than the level of the control
group.

[0052] The method for aiding diagnosis of Alzheimers disease or mild cognitive
impairment of the present invention provides an indicator for diagnosis by measuring a
desmosterol level and a gelsolin level in a blood sample of a subject which is suspected to
have Alzheimer's disease or mild cognitive impairment and comparing reference values
therewith. More specifically, the method of the present invention provides an indicator for
potentially having Alzheimer’s disease or mild cognitive impairment when the desmosterol
level in blood of the subject is lower than a reference value, and the gelsolin level m blood of
the subject is lower than a reference value. The reference value of desmosterol level n
blood and the reference value of gelsolin level in blood can be determined by referring to the
values of a patient definitely diagnosed with Alzheimer's disease or mild cognitive
impairment.

[0053] The method for diagnosing Alzheimer's disease or mild cognitive impairment of
the present invention makes identification by measuring a desmosterol level in blood and a
gelsolin level in blood of a subject which is suspected to have Alzheimer's disease or mild
cognitive impairment and comparing reference values therewith. More specifically, when
the desmosterol level in blood of the subject is lower than a reference value, and the gelsolin
level in blood of the subject 1s lower than a reference value, the subject 1s identified as having
Alzheimer's disease or mild cognitive impairment. The reference value of desmosterol
level in blood and the reference value of gelsolin level in blood are as described above.

[0054] The method for selecting a patient which is likely to benefit from the therapeutic
effect of a candidate for a therapeutic agent to treat Alzhemmer’s disease or mild cognitive
impairment of the present invention makes identification by measuring a desmosterol level in
blood and a gelsolin level in blood of a subject which is diagnosed with Alzheimer's disease
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or mild cognitive impairment and comparing reference values therewith. More specifically,
the selection can be made based on an indicator of a patient to be administered with the
candidate for a therapeutic agent to treat Alzheimer's disease or mild cognitive impairment
when the desmosterol level in blood of the subject is lower than a reference value, and the
gelsolin level in blood of the subject is lower than a reference value. The reference value of
desmosterol level in blood and the reference value of gelsolin level in blood are as described
above.
[0055] ‘The method for predicting the therapeutic effect of a candidate for a therapeutic
agent to treat Alzheimer's disease or mild cognitive impairment of the present invention
makes identification by measuring a desmosterol level and a gelsolin level in blood of a
subject which is diagnosed with Alzheimer's disease and comparing reference values
therewith. More specifically, the prediction can be made based on an indicator of being
potential for the candidate to be effective in treating Alzheimer’s disease or mild cognitive
impairment when the desmosterol level in blood of the subject is lower than a reference
value, and the gelsolin level in blood of the subject is lower than a reference value. The
reference value of desmosterol level in blood and the reference value of gelsolin level in
blood are as described above.
[0056] The candidate for a therapeutic agent to treat Alzheimer’s disease or mild cognitive
impairment of the present invention is not particularly limited, and preferably as described
above.
Examples
[0057] Example 1: Measurement of desmosterol levels in blood of healthy elderly people
and patients with Alzheimer's disease
Sample

Plasma of healthy elderly people (10 cases) and patients with Alzheimer's disease
(10 cases) were used as samples.
[0058] Measurement of desmosterol

To 25 pl of plasma were added as the internal standards 100 pL of 500 ng/ml of
desmosterol-d6 (purchased from Avanti Polar Lipids, Inc.) and 100 uL of 200 ug/ml of
cholesterol-d7 (purchased from KANTO CHEMICAL CO., INC.), and 100 uL of a 50%
potassium hydroxide aqueous solution was further added thereto, and the incubation was
cammied out at 70°C for 60 minutes. Subsequently, 2 mL of hexane and 0.5 mL of phosphate
buffered saline (pH 6.8) were added thereto, stirred and centrifuged, and the hexane layer
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was collected. The extraction operation was repeated twice. After combining the hexane
layers obtained, the solvent was dried by evaporation using a nitrogen gas. The pellet was
dissolved in ethanol and the solution was subjected to liquid chromatography/atmospheric
pressure chemical ionization mass spectrometry (LC/APCI-MS).

[0059] The apparatus for LC/APCI-MS used was an LC-20AD system (manufactured by
Shimadzu Corporation) equipped with an autosampler SIL-20AC, a column oven
CTO-20AC and a quadrupole mass spectrometer LCMS-2010EV. The column
temperature was set at 50°C, using YMC-Pack Pro C18 RS column (purchased from YMC
Co., Ltd.) having an internal diameter of 4.6 mm and a length of 250 mm as a column.  The
mobile phase used was a mixed solvent of water and methanol (flow rate 1 m/min). More
specifically, solution A (watermmethanol = 50:50) and solution B (methanol) were used, with
B being 85% during 0 to 45 minutes, 100% during 45 to 55 minutes, and 85% during 55 to
70 minutes. |

[0060] The MS analysis was carried out in Selective Jon Monitoring (SIM) mode, using,
as the monitoring ions, m/z 369.3, 376.3, 367.3 and 373.3 (comesponding to cholesterol,
cholesterol-d7, desmosterol and desmosterol-d6, respectively). The concentration of each
sample was calculated based on the calibration curve of the subject to be measured.

[0061] The results are shown in the following Tables 1 and 2. The desmosterol levels in
plasma of the patients with Alzheimer’s disease were found to have been lower than the level

of healthy elderly people.
[0062] [Table1]

Healthy elderly people

Sex Age Desmosterol (ng/mL)
F 63 031
M 72 865
F 66 880
M 68 886
M 71 854
F 60 1261
M 61 500
M 69 795
F 74 621
F 71 889
Average 67.5 848
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[0063] [Table2]

Patients with Alzheimer’s disease
Sex Age Desmosterol (ng/ml)
M 80 367
M 70 519
M 77 367
M 84 590
F 86 284
F 70 337
F 75 427
F 71 692
M 74 322
F 90 433
Average 71.7 434

[0064] Example 2: Measurement of desmosterol levels and amyloid beta levels m blood
of healthy elderly people and patients with Alzheimer’s disease
Sample

Plasma of healthy elderly people (10 cases) and patients with Alzheimer’s disease
(10 cases) were used as samples. '
[0065] Measurement of desmosterol
The measurement was carried out by the same method as in Example 1.
Measurement of ABx-40 and APx-42
The concentrations of APx-40 and APx-42 in blood were measured using a
WAKO ABx-40 ELISA kit (Wako Pure Chemical Industries, Ltd.) and a WAKO Afx-42
High sensitivity ELISA kit (Wako Pure Chemical Industries, Ltd.) in accordance with the
manuals of the kits.
[0067] The results are shown in the following Tables 3 and 4.

[0066]
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Healthy elderly people
ég Desmosterol (ng/mL) x-40 (pM) g'p__hLI! x-42/x-40

F 931 0.076
M 72 8635 7'7 7 7 0.101
F 66 380 61 7.3 0.120
M 68 886 92 8.9 0.096
M 71 854 08 8.8 0.090
F 60 1261 67 7.2 0.107
M 61 S00 94 8.5 0.091
M 69 795 61 59 0.097
F 74 621 64 5.5 0.086
F 71 889 - 53 5.1 0.097
Average 675 848 75.5 7.2 0.096

[0069] [Table4]

Patients with Alzheimer’s disease
Sex A g€ Desmosterol (ng/mr x40 (1 x42 (pM) x-42/x-40
M 80 367 96 8.7 0.090
M 70 519 99 1.7 0.078
M 77 367 83 5.3 0.060
M 84 590 88 5.3 0.060
F 86 284 99 8.2 0.083
F 70 337 Sh) 4.3 0.078
F 75 427 78 6.0 0.076
F 71 692 34 1.7 0.049
M 74 322 87 1.6 0.088
F 90 433 I 72 0.085
Average 777 434 30.9 62 0.075

[0070] Statistical apalysis

Using the above data, the Receiver Operating Characteristic Curve was used to
evaluate the diagnosis accuracy of each measured value and the combinations thereof. The
Receiver Operating Characteristic Curve of each of desmosterol and APx-42/APx-40 was
drawn using ROC, a basic package for R. For the combination of desmosterol and
ABx-42/ABx-40, a machine learning model called SVM (Support Vector Machine), (R
package €1071) was used. The evaluation was carried out by random sampling of 10
samples, as a set of training examples, from the total of 20 samples consisting of 10 samples
of the healthy elderly people group and 10 samples of the group of patients with Alzhemmer’s
disease, with the remaining 10 samples being a set of test examples. Also, the Receiver
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Operating Characteristic Curves of the prediction results of the test data were drawn using the
ROCR package (Figure 1). Desmosterol alone had AUC of 0.96, ABx-42/Afx-40 had
AUC 0of 0.91, and the combination of desmosterol and ABx-42/ABx-40 had AUC of 1.
[0071] Example 3: Measurement of desmosterol levels and amyloid beta levels in blood
of healthy elderly people and patients with mild cognitive impairment
Sample

Plasma of healthy elderly people (42 cases) and patients with mild cognitive
impairment (26 cases) were used as samples.
[0072] Measurement of desmosterol

The measurement was carried out by the same method as in Example 1.
[0073] Measurement of ABx-40 and ABx-42

The measurement was carried out by the same method as in Example 2.
[0074] Statistical analysis

Using the above data, the Receiver Operating Characteristic Curve was used as in
Example 2 to evaluate the diagnosis accuracy of each measured value and the combinations
thereof. The evaluation was carried out by random sampling of 34 samples, as a set of
training examples, from the total of 68 samples consisting of 42 samples of the healthy
elderly people group and 26 samples of the group of patients with mild cognitive
imparment, with the remaining 34 samples being a set of test examples.  Also, the Receiver
Operating Characteristic Curves of the prediction results of the test data were drawn using the
ROCR package (Figure 2). Desmosterol alone had AUC of 0.71, ABx-42/APx-40 had
AUC of 0.84, and the combmation of desmosterol and ABx-42/ABx-40 had AUC of 0.92.
[0075] Example 4: Measurement of desmosterol levels, amyloid beta levels and gelsolin
levels in blood of healthy elderly people, patients with Alzheimer’s disease and patients with
mild cognitive impairment
Sample

Plasma of healthy elderly people (37 cases), patients with Alzheimer's disease (39
cases) and patients with mild cognitive impairment (26 cases) were used as samples.
[0076] Measurement of desmosterol

The measurement was carried out by the same method as in Example 1.

[0077] Measurement of ABx-40 and ABx-42

The measurement was carried out by the same method as in Example 2.
[0078] Measurement of gelsolin
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The concentration of gelsolin in blood was measured using a gelsolin ELISA kit for
human (USCN Life Science Inc.) in accordance with the manual of the kit.
[0079] Statistical analysis

Using the above data, the Receiver Operating Characteristic Curve was used as m
Example 2 to evaluate the diagnosis accuracy of each measured value and the combinations
thereof. The evaluation was carried out by random sampling of 38 samples, as a set of
training examples, from the total of 76 samples consisting of 37 samples of the healthy
elderly people group and 39 samples of the patients with Alzheimer’s disease group, with the
remaining 38 samples being a set of test examples. The Receiver Operating Characteristic
Curves of the prediction results of the test data were drawn using the ROCR package (Figure
3). Desmosterol/cholesterol had AUC of 0.80, ABx-42/ABx-40 had AUC of 0.88, gelsolin
had AUC of 0.88, and the combination of three had AUC of 0.98. The combination of
three had a sensitivity of 90% when the specificity 1s 100%.
[0080] Also, the evaluation was carried out by random sampling of 32 samples, as a set of
training examples, from the total of 63 samples consisting of 37 sampl&s of the healthy

elderly people group and 26 samples of the patients with mild cognitive impairment group,

with the remaining 31 samples being a set of test examples. The Receiver Operating
Characteristic Curves of the prediction results of the test data were drawn using the ROCR

package (Figure 4). Desmosterol/cholesterol had AUC of 0.71, ABx-42/Ax~40 had AUC
of 0.81, gelsolin had AUC of 0.80, and the combination of three had AUC of 0.86. The
combination of three had a sensitivity of 85% when the specificity 1s 85%.
[0081] Example 5: Measurement of desmosterol levels and gelsolin levels m blood of
healthy elderly people, patients with Alzheimer's disease and patients with mild cognitive
impairment
Sample

Plasma of healthy elderly people (42 cases), patients with Alzheimer’s disease (41
cases) and patients with mild cognitive impairment (26 cases) were used as samples.
[0082] Measurement of desmosterol

The measurement was carried out by the same method as in Example 1.

[0083] Measurement of gelsolin
The measurement was carried out by the same method as in Example 4.

[0084] Statistical analysis
Using the above data, the Receiver Operating Characteristic Curve was used as in
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Example 2 to evaluate the diagnosis accuracy of each measured value and the combinations
thereof The evaluation was carried out by random sampling of 42 samples, as a set of
training examples, from the total of 83 samples consisting of 42 samples of the healthy
elderly people group and 41 samples of the patients with Alzheimer's disease group, with the
remaining 41 samples being a set of test examples. The Receiver Operating Characteristic
Curves of the prediction results of the test data were drawn using the ROCR package (Figure
5). Desmosterol/cholesterol bad AUC of 0.80, gelsolin had AUC of 0.88, and the
combination of both had AUC of 0.96.

[0085] Also, the evaluation was carried out by random sampling of 34 samples, as a set of

training examples, from the total of 68 samples consisting of 42 samples of the healthy
elderly people group and 26 samples of the patients with mild cognitive impairment group,
with the remaining 34 samples being a set of test examples. The Receiver Operating
Characteristic Curves of the prediction results of the test data were drawn using the ROCR
package (Figure 6). Desmosterol/cholesterol had AUC of 0.71, gelsolin had AUC of 0.80
and the combination of both had AUC of 0.82.
[0086] Example 6: Measurement of desmosterol levels in blood of healthy elderly people
and patients with mild cognitive impairment
Sample

Plasma of healthy elderly people (42 cases) and patients with mild cognitive
impairment (26 cases) were used as samples.
[0087] Measurement of desmosterol

The measurement was carried out by the same method as in Example 1. The
desmosterol levels in blood of healthy elderly people and patients with mild cognitive

impairment were shown in Figure 7. The average plasma desmosterol level of healthy
elderly people was 1046 ng/ml and the average plasma desmosterol level of patients with

mild cognitive impairment was 770 ng/ml. Significant difference was found between both
groups (p <0.01; t-test).
[0088] Statistical analysis

Using the above data, the Receiver Operating Characteristic Curve was used as in
Example 2 to evaluate the diagnosis accuracy. The evaluation was carried out by random
sampling of 34 samples, as a set of traming examples, from the total of 68 samples consisting
of 42 samples of the healthy elderly people group and 26 samples of the patients with mild

cognitive impairment group, with the remaining 34 samples being a set of test examples.
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The Receiver Operating Characteristic Curves of the prediction results of the test data were
drawn using the ROCR package (Figure 8). AUC was 0.72.
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CLAIMS

1. A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer’s disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level in blood of a non-human animal;

a step of administering a candidate to the non-human animal;

a step of measuring a desmosterol level in blood of the non-human animal after the
candidate is administered; and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer's disease or mild cognitive impairment when the desmosterol level in
blood of the non-human animal after the candidate 1s administered is higher than the level
before the candidate is administered.
2. A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer's disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level in blood of a first non-human animal;

a step of administering a candidate to a second non-human animal;

a step of measuring a desmosterol level in blood of the second non-human animal

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer's disease or mild cognitive impairment when the desmosterol level in
blood of the second non-human animal after the candidate is administered is higher than the
desmosterol level in blood of the first non-human animal to which the candidate is not
3. A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer's disease or mild cognitive impairment, the method comprising:

. a step of measuring a desmosterol level in a blood sample of a subject before a

a step of measuring a desmosterol level in the blood sample of the subject after the
candidate is administered; and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer's disease or mild cognitive impairment when the desmosterol level in
blood of the subject after the candidate is administered is higher than the desmosterol level in
blood before the candidate is administered.

4. A method for aiding diagnosis of Alzheimers disease or mild cognitive
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impairment, the method comprising:

a step of measuring a desmosterol level in a blood sample of a subject; and

a step of providing an indicator for potentially having Alzheimer’s disease or mild
cognitive impairment when the desmosterol level in blood of the subject 1s lower than a
reference value.
S. A method for diagnosing Alzheimer’s disease or mild cognitive impairment, the
method comprising:

a step of measuring a desmosterol level in blood of a subject; and

a step of identifying Alzheimer's disease or mild cognitive impatrment when the
desmosterol level in blood of the subject is lower than a reference value.

6. A method for selecting a patient which is likely to benefit from a therapeutic effect
of a candidate for a therapeutic agent to treat Alzheimer's disease or mild cognitive
a step of measuring a desmosterol level in a blood sample of a subject; and

a step of providing an indicator of a patient to be administered with a candidate for
a therapeutic agent to treat Alzheimer’s disease or mild cognitive impairment when the
desmosterol level in blood of the subject is lower than a reference value.
7. A method for predicting a therapeutic effect of a candidate for a therapeutic agent to
treat Alzheimer’s disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level in a blood sample of a subject; and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer’s disease or mild cognitive impairment when the desmosterol level in
blood of the subject is lower than a reference value.
8. A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer’s disease or mild cognitive impairment, the method comprising;:

a step of measuring a desmosterol level and an amyloid beta level 1n blood of a
non-human animal;

a step of administering a candidate to the non-human animal;

a step of measuring a desmosterol level and an amyloid beta level in blood of the
non-human animal after the candidate is administered; and

a step of providing an indicator of being potential for the candidate to be effective
in freating Alzheimer's disease or mild cognitive impairment when the desmosterol level in
blood of the non-human animal afier the candidate is administered is higher than the level
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before the candidate is administered, and APx-42 or APx-42/ABx-40 in blood of the
non-human animal after the candidate is administered is higher than that before the candidate
9. A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer's disease or mild cognitive impairment, the method comprsing:

a step of measuring a desmosterol level and an amyloid beta level in blood of a first
non-human animal;

a step of administering a candidate to a second non-human animal;

a step of measuring a desmosterol level and an amyloid beta level in blood of the
second non-human animal after the candidate is administered; and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer's disease or mild cognitive impairment when the desmosterol level in
blood of the second non-human animal after the candidate is administered is higher than the
desmosterol level in blood of the first non-human animal to which the candidate 1s not
administered, and ABx-42 or APx-42/ABx-40 in blood of the second non-human animal after
the candidate is administered is higher than APx-42 or ARx-42/ABx-40 in blood of the first
non-human animal to which the candidate is not administered.
10. A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer’s disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level and an amyloid beta level in a blood
sample of a subject before a candidate is admimstered;

a step of measuring a desmosterol level and an amyloid beta level in the blood
sample of the subject after the candidate is administered; and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer's disease or mild cognitive impairment when the desmosterol level in
blood of the subject after the candidate is administered is higher than the desmosterol level n
blood before the candidate is administered, and ABx-42 or ARx<42/APBx-40 in blood of the
subject after the candidate is administered is higher than that before the candidate is
administered.
11. A method for aiding diagnosis of Alzheimer's disease or mild cognitive

a step of measuring a desmosterol level and an amyloid beta level in a blood
sample of a subject; and
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a step of providing an indicator for potentially having Alzheimer’s disease or mild
cognitive impairment when the desmosterol level in blood of the subject is lower than a
reference value, and APx-42 or APx-42/APx-40 in blood of the subject is lower than a
reference value.

12. A method for diagnosing Alzheimer's disease or mild cognitive impairment, the
method compnsing:

a step of measuring a desmosterol level and an amyloid beta level in blood of a
subject; and '

a step of identifying Alzheimer's disease or mild cognitive impairment when the
desmosterol level in blood of the subject is lower than a reference value, and APx-42 or

APBx-42/ABx-40 in blood of the subject is lower than a reference value.
13. A method for selecting a patient which is likely to benefit from a therapeutic effect
of a candidate for a therapeutic agent to treat Alzheimer’s disease or mild cogmtive
impairment, the method comprising:

a step of measuring a desmosterol level and an amyloid beta level in a blood
sample of a subject; and

a step of providing an indicator of a patient to be administered with a candidate for
a therapeutic agent to treat Alzheimer’s disease or mild cognitive impairment when the
desmosterol level in blood of the subject is lower than a reference value, and ABx-42 or
APBx-42/ABx-40 in blood of the subject is lower than a reference value.
14, A method for predicting a therapeutic effect of a candidate for a therapeutic agent to
treat Alzheimer’s disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level and an amyloid beta level n a blood
sample of a subject; and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer’s disease or mild cognitive impairment when the desmosterol level in
blood of the subject is lower than a reference value, and ABx-42 or APx-42/ABx-40 in blood
of the subject is lower than a reference value.
15. A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer's disease or mild cognitive impaimment, the method comprising:

a step of measuring a desmosterol level, an amyloid beta level and a gelsolin level
in blood of a non-human animal;

a step of administering a candidate to the non-human animal;
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a step of measuring a desmosterol level, an amyloid beta level and a gelsolin level
in blood of the non-human animal after the candidate is administered; and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer’s disease or mild cognitive impatrment when the desmosterol level in
blood of the non-human animal after the candidate is administered is higher than the
desmosterol level in blood before the candidate is administered, APx-42 or ABx-42/ABx-40
in blood of the non-human animal after the candidate is administered 1s higher than that
before the candidate is administered, and the gelsolin level in blood of the non-human animal
after the candidate is administered is higher than the gelsolin level in blood before the
candidate is administered.
16. A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer’s disease or mild cognitive impairment, the method comprising:

a step of measuning a desmosterol le#el, an amyloid beta level and a gelsolin level
in blood of a first non-human animal;

a step of administering a candidate to a second non-human animal;

a step of measuring a desmosterol level, an amyloid beta level and a gelsolin level
in blood of the second non-human animal after the candidate is administered; and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer's disease or mild cognitive impairment when the desmosterol level in
blood of the second non-human animal after the candidate is administered is higher than the
desmosterol level in blood of the first non-human animal to which the candidate is not
administered, ABx-42 or APx-42/Apx-40 in blood of the second non-human animal after the
candidate 1s administered 1s higher than ABx-42 or ABx-42/ABx-40 in blood of the first
non-human animal to which the candidate is not administered, and the gelsolin level in blood
of the second non-human animal after the candidate is administered is higher than the
gelsolin level m blood of the first non-human animal to which the candidate is not

frintcterad

17. A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer's disease or mild cognitive impaimment, the method comprising:

a step of measuring a desmosterol level, an amyloid beta level and a gelsolin level
in a blood sample of a subject before a candidate is administered,

a step of measuring a desmosterol level, an amyloid beta level and a gelsolin level
in the blood sample of the subject after the candidate is administered,
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a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer's disease or mild cognitive impairment when the desmosterol level m
blood of the subject after the candidate is administered is higher than the desmosterol level
before the candidate is administered, ABx-42 or ABx-42/ABx-40 in blood of the subject after
the candidate is administered is higher than that before the candidate is administered, and the
gelsolin level in blood of the subject after the candidate is administered is higher than the
gelsolin level in blood before the candidate is administered.
18. A method for aiding diagnosis of Alzheimer's discase or mild cognitive
impairment, the method comprising: ‘

a step of measuring a desmosterol level, an amyloid beta level and a gelsolm level
in a blood sample of a subject; and

a step of providing an indicator for potentially having Alzheimer’s disease or mild
cognitive impairment when the desmosterol level in blood of the subject is lower than a
reference value, ABx-42 or ABx-42/ABx-40 in blood of the subject 1s lower than a reference
value, and the gelsolin level in blood of the subject is lower than a reference value.
19. A method for diagnosing Alzheimer's disease or mild cognitive impairment, the
method compnsing:

a step of measuring a desmosterol level, an amyloid beta level and a gelsolin level
in blood of a subject; and

a step of identifying Alzheimer’s disease or mild cognitive impairment when the
desmosterol level in blood of the subject is lower than a reference value, ABx-42 or
ABx-42/ABx-40 in blood of the subject is lower than a reference value, and the gelsolin level
in blood of the subject is lower than a reference value. _
20. A method for selecting a patient which is likely to benefit from a therapeutic effect
of a candidate for a therapeutic agent to treat Alzhemmer’s disease or mild cognitive
impairment, the method comprising:

a step of measuring a desmosterol level, an amyloid beta level and a gelsolin level
in a blood sample of a subject; and

a step of providing an indicator of a patient to be administered with a candidate for
a therapeutic agent to treat Alzheimer's disease or mild cognitive impairment when the
desmosterol level m blood of the subject is lower than a reference value, Apx-42 or
ABx-42/ABx-40 in blood of the subject is lower than a reference value, and the gelsolin level
in blood of the subject is lower than a reference value.

34



10

15

20

25

30

CA 02814385 2013-04-10

21. A method for predicting a therapeutic effect of a candidate for a therapeutic agent to
treat Alzheimer's disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level, an amyloid beta level and a gelsoln level
in a blood sample of a subject, and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer's disease or mild cognitive impairment when the desmosterol level m
blood of the subject is lower than a reference value, APx-42 or ABx-42/ABx-40 m blood of
the subject is lower than a reference value, and the gelsolin level in blood of the subject 1s
lower than a reference value.
22. A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer’s disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level and a gelsolin level in blood of a
non-human animal;

a step of administering a candidate to the non-human animal;

a step of measuring a desmosterol level and a gelsolin level in blood of the
non-human animal after the candidate is administered; and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer’s disease or mild cognitive impairment when the desmosterol level in
blood of the non-human animal after the candidate is admimstered is higher than the
desmosterol level in blood before the candidate is administered, and the gelsolin level n
blood of the non-human animal after the candidate is administered is higher than the gelsolin
level in blood before the candidate is administered.
23. A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer’s disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level and a gelsolin level in blood of a first
non-human animal;

a step of administering a candidate to a second non-human animal;

a step of measuring a desmosterol level and a gelsolin level in blood of the second
non-human animal after the candidate is administered; and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer’s disease or mild cognitive impairment when the desmosterol level in
blood of the second non-human animal after the candidate is administered is higher than the
desmosterol level in blood of the first non-human animal to which the candidate is not
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administered, and the gelsolin level in blood of the second non-human animal after the
candidate is administered is higher than the gelsolin level in blood of the first non-human
animal to which the candidate is not administered.
24. A method for evaluating an effect of a candidate for a therapeutic agent to treat
Alzheimer’s disease or mild cognitive impairment, the method comprising:

a step of measwuring a desmosterol level and a gelsolin level in a blood sample of a
subject before a candidate 1s administered;

a step of measuring a desmosterol level and a gelsolin level in the blood sample of
the subject after the candidate is administered; and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer's disease or mild cognitive impairment when the desmosterol level in
blood of the subject after the candidate is administered is higher than the desmosterol level in
blood before the candidate is administered, and the gelsolin level in blood of the subject after
the candidate is administered is higher than the gelsolin level in blood before the candidate is
administered.
25. A method for aiding diagnosis of Alzheimer's disease or mild cognitive
impairment, the method comprising:

a step of measuring a desmosterol level and a gelsolin level in a blood sample of a
subject; and

a step of providing an indicator for potentially having Alzheimer's disease or mild
cognitive impairment when the desmosterol level in blood of the subject is lower than a
reference value, and the gelsolin level in blood of the subject is lower than a reference value.
26. A method for diagnosing Alzheimer’s disease or mild cognitive impairment, the
method comprnsing:

a step of measuring a desmosterol level and a gelsolin level in blood of a subject;
and

a step of identifying Alzheimer's disease or mild cognitive impairment when the
desmosterol level in blood of the subject is lower than a reference value, and the gelsolin
level in blood of the subject is lower than a reference value.
27. A method for selecting a patient which is likely to benefit from a therapeutic effect
of a candidate for a therapeutic agent to freat Alzheimer's disease or mild cognitive
impairment, the method comprising:

a step of measuring a desmosterol level and a gelsolin level in a blood sample of a
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subject; and

a step of providing an indicator of a patient to be administered with a candidate for
a therapeutic agent to treat Alzheimer's disease or mild cognitive impairment when the
desmosterol level in blood of the subject is lower than a reference value, and the gelsolin
level in blood of the subject is lower than a reference value.
28. A method for predicting a therapeutic effect of a candidate for a therapeutic agent to
treat Alzheimer’s disease or mild cognitive impairment, the method comprising:

a step of measuring a desmosterol level and a gelsolin level in a blood sample of a
subject; and

a step of providing an indicator of being potential for the candidate to be effective
in treating Alzheimer’s disease or mild cognitive impairment when the desmosterol level in
blood of the subject is lower than a reference value, and the gelsolin level in blood of the

subject 1s lower than a reference value.
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