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(54) BIOMARKER FOR AMYLOID-BETA -RELATED NEUROLOGICAL DISORDERS

(57) A novel biomarker for diagnosing amyloid β-re-
lated neuropathy such as Alzheimer’s disease is provid-
ed. Disclosed is a method for diagnosing Alzheimer’s dis-
ease comprising measuring the level of a MFG-E8 pro-
tein in a blood, serum or plasma sample obtained from
a human or animal subject, wherein the measured value
is used as a marker for diagnosis of Alzheimer’s disease.

The MFG-E8 protein is found to bind to phosphatidylser-
ine in a Ca2+ dependent manner in a culture supernatant
of mouse brain nerve cells, which are a dementia model
stimulated with Aβ42. It is also found that the level of the
MFG-E8 protein is increased in patients with Alzheimer’s
disease.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a biomarker for
diagnosing amyloid β-related neuropathy such as Alzhe-
imer’s disease.

BACKGROUND ART

[0002] Alzheimer’s disease is a progressive neurode-
generative disease and characterized by accumulation
of an insoluble fibrous protein called β-amyloid in the
brain. Various methods are proposed for diagnosing
Alzheimer’s disease, including detection of a particular
protein in cerebrospinal fluid, detection of a particular pro-
tein or lipoprotein in the blood or detection of genetic
mutation such as genetic polymorphism. However, a sim-
ple and effective diagnosis method using peripheral
blood has not yet been put into practical use.
[0003] Non Patent Literature 1: J Neuroimmune Par-
macol (2008) 3: 246-256

DISCLOSURE OF THE INVENTION

[0004] An object of the present invention is to provide
a novel biomarker for diagnosing amyloid β-related neu-
ropathy such as Alzheimer’s disease.
[0005] The present inventors have carried out screen-
ing of a group of proteins present in a culture supernatant
of a primary culture of mouse nerve cells, which are a
model of dementia, using magnetic nanoliposomes that
mimic a brain biomembrane, and have identified a protein
MFG-E8 which binds to phosphatidylserine in a Ca2+ de-
pendent manner. The present inventors further found that
the level of the MFG-E8 protein is increased in patients
with Alzheimer’s disease and thus MFG-E8 may repre-
sent a biomarker for Alzheimer’s disease.
[0006] Thus the present invention provides a method
for diagnosing Alzheimer’s disease comprising measur-
ing the level of a MFG-E8 protein in a blood, serum or
plasma sample obtained from a human or animal subject,
wherein the measured value is used as a marker for di-
agnosis of Alzheimer’s disease. Preferably, the diagno-
sis of Alzheimer’s disease is made at a stage where an
accumulation of an amyloid β protein has not been ad-
vanced. Preferably, the level of the MFG-E8 protein is
measured with an anti-MFG-E8 antibody.
[0007] The present invention also provides a diagnos-
tic reagent for Alzheimer’s disease comprising an anti-
MFG-E8 antibody. The present invention further provides
a test kit for Alzheimer’s disease comprising an anti-
MFG-E8 antibody and a reagent for detecting a MFG-E8
protein bound to the anti-MFG-E8 antibody.
[0008] In another aspect, the present invention pro-
vides a method for selecting a candidate substance for
a therapeutic agent for Alzheimer’s disease. The method
comprises the steps of  administering a test substance

to a model cell or a model animal of Alzheimer’s disease;
measuring the amount of a MFG-E8 protein in a culture
medium of the model cell or a sample obtained from the
model animal; and selecting the test substance as a can-
didate substance for a therapeutic agent for Alzheimer’s
disease when the amount of the MFG-E8 protein is de-
creased with administration of the test substance com-
pared to the amount thereof without administration.
[0009] According to the present invention, the onset of
Alzheimer’s disease can be diagnosed by a simple meth-
od.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Fig. 1 shows the structures of murine and human
MFG-E8s;
Fig. 2 shows the results of SDS-PAGE of a fraction
from a culture supernatant which bound to nanolipo-
somes in a Ca2+ dependent manner;
Fig. 3 shows the results of the measurement of the
expression level of MFG-E8 by Western blotting; and
Fig. 4 shows a ROC curve of plasma MFG-E8 con-
centration for healthy elderly subjects vs. AD pa-
tients.

PREFERRED EMBODIMENTS OF THE INVENTION

[0011] The present invention features a method for di-
agnosing Alzheimer’s disease by measuring the expres-
sion level of MFG-E8 in a subject sample such as blood
of a human subject.
[0012] MFG- E8 (Milk fat globule EGF factor 8) is a
secretory  protein also referred to as Lactadherin, P47,
Mfgm or SED1 (GenBank No. NP_ 032620.2. IPI No.
IPI00788387.1) and has two functional domains (N- ter-
minal EGF domain and C- terminal C2 domain) . There
are isoforms of L- type (72 kDa, 61 kDa) and S- type (56
kDa, 48 kDa) and it is reported that the L- type is a se-
cretory form (Fig. 1) .
[0013] MFG- E8 contributes to phagocytosis of apop-
totic cells in many tissues. It is known that MFG- E8 is
an important regulatory factor for phagocytosis of apop-
totic cells, which transmits the eat- me signal of apoptotic
cells to macrophages, promotes phagocytotic action of
macrophages and competitively inhibits the phagocytotic
action at an excess amount in the peripheral blood. MFG-
E8 binds to PS on apoptotic cells as well as to integrin
on macrophages, and is involved in removal of apoptotic
cells by macrophages, mammary gland involution after
the lactation period, phagocytosis of photoreceptor outer
segment membranes after detachment of retinal pigment
epithelia, and clearance of debris of atherosclerotic in-
travascular apoptotic cells. MFG- E8 is also known to
promote intercellular interactions and is involved in join-
ing of sperms and eggs, maintenance of epididymal ep-
ithelia, repair of intestinal epithelia, promotion of ductal
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branching, angiogenesis, and promotion of exosome
function of dendric cells.
[0014] Fuller et al. (J Neuroimmune Pharmacol (2008)
3: 246-256) studied the kinetics of MFG-E8 using a mi-
croglia-derived cell line and reported that microglia cells
produce MFG-E8 in the brain and MFG-E8 may possibly
recognize apoptotic neuroblastoma cells and play a role
in phagocytosis. This may correspond to the  function in
which macrophages produce MFG-E8 in the peripheral
blood and MFG-E8 recognizes apoptotic cells and trans-
mits the information to macrophages. Fullers et al. further
carried out experiments and found that TG mice (Alzhe-
imer model mice) having the APP gene of human familial
Alzheimer’s disease have a decreased level of MFG-E8
in the brain compared to normal mice. In this context, it
is interpreted that disruption in control of MFG-E8 may
play some role in progression of Alzheimer’s disease.
Similarly, Boddaert J et al. (Am J Pathol (2007) 170:
921-929) also showed the decreased MFG-E8 mRNA
expression in the brain of subjects with Alzheimer’s dis-
ease compared to the brain of age-matched subjects.
[0015] To the contrary, the present inventors have
found in an immunostaining experiment that no accumu-
lation of Aβ and MFG-E8 was observed in the brain of
normal mice (12-month old) and MFG-E8 is accumulated
at the same site as the Aβ accumulation site in the brain
of Alzheimer’s disease model mice (12-month old). This
means that the present inventors’ results are completely
opposite to the results of Fuller et al. and Boddaert et al.,
the reason for which may be the difference in antibodies
used; however the details are not clear. Prior to this find-
ing, the present inventors also found that the level of
MFG-E8 in the peripheral blood was also significantly
high in patients with Alzheimer’s disease, as specifically
shown in Examples hereinbelow. The observed MFG-E8
in the peripheral blood may also possibly be the MFG-
E8 which has  been accumulated at the same site as the
Aβ accumulation site and leaked. Some studies suggest-
ed that the permeability from blood to brain is elevated
at the blood-brain barrier in patients with Alzheimer’s dis-
ease; however the extent is limited. Permeability from
brain to blood remains unclear. Therefore it is unlikely
that the MFG-E8 observed at the Aβ accumulation site
directly contributes to the concentration of MFG-E8 in
the blood beyond the blood-brain barrier. Detailed mech-
anism of the correlation between the increased level of
MFG-E8 and Alzheimer’s disease found in the present
invention is still unclear.
[0016] The subject sample to be analyzed for the level
of the MFG-E8 protein may includes body fluid, blood,
serum, and plasma obtained from a human or animal
subject. From the reason described above, cerebrospinal
fluid is not suitable as the sample.
[0017] The amount of the MFG-E8 protein in the sam-
ple obtained from the subject can be measured by im-
munoassays well known in the art using an anti-MFG-E8
antibody. The anti-MFG-E8 antibody may be monoclonal
or polyclonal. Various anti-MFG-E8 polyclonal and mon-

oclonal antibodies are commercially available and can
be used for the present invention. Alternatively the anti-
body may be prepared according to the method well
known in the art.
[0018] The MFG-E8 protein in the sample obtained
from a human or animal subject is measured by an im-
munoassay using the anti-MFG-E8 antibody. The meas-
urement may be qualitative or quantitative. The expres-
sion level of MFG-E8 in the sample  obtained from a
subject may be immunologically assayed by, for exam-
ple, radioimmunoassay, ELISA, immunochromatogra-
phy, immunoprecipitation, immune agglutination, and
Western blotting. Alternatively, the measurement may be
carried out with a biosensor utilizing the surface plasmon
resonance phenomenon.
[0019] As a typical example, sandwich ELISA can be
carried out as follows. Plasma prepared from peripheral
blood taken from a subject is added to a plate or chip
onto which an anti-MFG-E8 antibody has been immobi-
lized and incubated for an appropriate period of time. The
plate or chip is washed to remove unbound components
followed by addition of a second anti-MFG-E8 antibody.
The second antibody may be labeled with a detectable
label, such as an enzyme, a fluorescence dye, a chemi-
luminescence substance, biotin, a radioactive sub-
stance. After incubation for an appropriate period of time,
the plate or chip is washed and measured for fluores-
cence, luminescence, or radioactivity to detect the label.
Alternatively after binding of the anti-MFG-E8 antibody,
a secondary antibody (e.g. goat anti-mouse antibody)
may be added in order to enhance the signal. The sec-
ondary antibody may be labeled with a detectable label,
such as an enzyme, a fluorescence dye, a chemilumi-
nescence substance, biotin, a radioactive substance. In
this way, the amount of the MFG-E8 protein in the plasma
obtained from a subject can be measured.
[0020] In another aspect, the MFG-E8 protein can be
detected by a detection method utilizing agglutination re-
action. In the method, an anti-MFG-E8 antibody may be
attached to a carrier, e.g. latex particles for detecting
MFG-E8. Latex particles carrying the anti-MFG-E8 anti-
body are mixed with a sample and incubated for a certain
period of time. The particles will agglutinate when the
sample contains MFG-E8. The extent of agglutination
may be observed visually or quantified with a spectro-
photometer to detect MFG-E8 in the sample.
[0021] The present invention also provides a diagnos-
tic reagent for Alzheimer’s disease comprising an anti-
MFG-E8 antibody. The diagnostic reagent for Alzheim-
er’s disease of the present invention may be provided in
the form of a test kit. The test kit comprises a reagent for
detecting MFG-E8, e.g. the anti-MFG-E8 antibody as the
active substance. The kit may also comprise appropriate
reagents required for measurements, for example, buff-
ers, diluents, reaction terminating solutions, washing so-
lutions and control standards.
[0022] In the present invention, the amount of the
MFG-E8 protein thus measured may be used as a marker
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for Alzheimer’s disease. Specifically, the amount of the
MFG-E8 protein is measured on a sample obtained from
a human or animal subject, the resulting measured value
is compared to a measured value obtained from a healthy
control. When the measured value of the subject is higher
than that of the control, the human or animal subject is
diagnosed to have a high possibility of having Alzheim-
er’s disease. The course of Alzheimer’s disease may also
be monitored with the method of the present invention.
The amount of the MFG-E8 protein is measured in sam-
ples obtained from a human or animal subject at  multiple
time points, and an increase in the resulting measured
values with time indicates progression of Alzheimer’s dis-
ease and a decrease indicates amelioration of Alzheim-
er’s disease. The course of treatment may be monitored
by the method in order to determine the therapeutic effi-
cacy.
[0023] According to the method of the present inven-
tion, Alzheimer’s disease can be diagnosed based on
the MFG-E8 protein level in the blood as a marker without
collecting cerebrospinal fluid. As shown in Examples
hereinbelow, the expression level of MFG-E8 in the plas-
ma of patients with Alzheimer’s disease is significantly
increased compared to healthy control subjects. The di-
agnostic method of the present invention is useful for an
early diagnosis of Alzheimer’s disease (diagnosis at an
initial stage where an accumulation of the amyloid β pro-
tein has not been advanced), a definitive diagnosis of the
onset, a monitoring of the course of the disease, deter-
mination of the therapeutic efficacy and prognosis.
[0024] In another aspect of the present invention, a
candidate substance for a therapeutic agent for Alzhe-
imer’s disease can be screened based on the expression
level of the MFG-E8 protein as a marker. Screening is
carried out by administering a test substance to a model
cell or a model animal for Alzheimer’s disease, e.g. a
mouse nerve cell primary culture or a TG mouse admin-
istered with the cytotoxic Aβ42 peptide, and measuring
the level of the MFG-E8 protein in a culture medium of
the model cell or a sample  obtained from the model an-
imal. The test substance used for the screening may in-
clude various synthetic chemicals and antibodies. The
test substance can be obtained from, for example, librar-
ies such as various synthetic or natural chemical libraries,
combinatorial libraries, oligonucleotide libraries and pep-
tide libraries. The test substance may be extracts from
natural substances such as bacteria, fungi, algae, plants
and animals or partially purified products thereof. The
test substance can be selected as the candidate sub-
stance for a therapeutic agent for Alzheimer’s disease
when the level of the MFG-E8 protein is decreased with
administration of the test substance compared to the lev-
el thereof without administration. Thus the test method
of the present invention provides a platform for develop-
ment of novel therapeutic methods of Alzheimer’s dis-
ease.
[0025] The present invention will be described in detail
below by way of examples, but the invention is not limited

by these examples.

Example 1

Investigation of biomarkers for amyloid β (Aβ) -related 
neuropathy

[0026] The cytotoxic Aβ42 peptide was administered to
a mouse and a primary culture of mouse nerve cells were
used as a model of dementia. Candidates for biomarkers
for amyloid β-related neuropathy were screened using
magnetic nanoliposomes which mimick a brain biomem-
brane. Aβ42 is one of the final products generated  after
cleavage of the amyloid precursor protein (APP; 150 kD)
with three enzymes, which has the strongest cytotoxicity
and has been used for various studies.
[0027] Mouse telencephalon primary culture cells (5 x
106 / 10-ml dish) were stimulated with Aβ42 (0.1 mM) for
24 hours. The conditions selected were at a low concen-
tration for a short time in order to provide mild cytotoxicity
as well as with assuming the state of the initial stage of
Alzheimer’s disease. Namely the concentration of 0.1 mM
and a period of 24 hours were selected so as to avoid
cellular necrosis or apoptosis. The cells without stimula-
tion with Aβ42 were used as a control. The cell culture
supernatant was treated with EGTA (final concentration:
5 mM) and a certain amount thereof was pooled, which
was then concentrated from 10 ml to 1 ml by ultrafiltration
with an Amicon Ultra-15 3,000 NMWL. The concentrated
supernatant was added with 1 mg of nanoliposomes and
CaCl2 (final concentration: 10 mM), adjusted pH with 0.5
M HEPES (pH 7.5) and allowed to react in a rotor at 4°C
for 1.5 hours. After the reaction Ca2+ was chelated with
EGTA, proteins were separated from nanoliposomes to
obtain a fraction which bound to an acidic phospholipid
(phosphatidylserine) in a Ca2+ dependent manner.
[0028] The principle and detailed procedures for the
method of admixing a sample and liposomes in the pres-
ence of calcium ions and separating a liposome-binding
protein with a chelating agent are disclosed in Japanese
Patent Application Laid-open No. 2008-020383. The na-
noliposomes are magnetic fine particles modified on the
surface with a thermoresponsive polymer and a phos-
pholipid and that can form a liposome-like structure in an
aqueous solution. The principle and structure of nanoli-
posomes are specifically illustrated in Japanese Patent
Application Laid-open No. 2010-066200. When the na-
noliposomes are mixed with a sample in an aqueous so-
lution, a phospholipid-binding component in the sample
will bind to nanoliposomes, which are then collected with
the aid of temperature variation and magnetism to allow
simplified collection of the phospholipid-binding compo-
nent.
[0029] The phospholipid used herein was phosphati-
dylserine. Phosphatidylserine is one of lipids constituting
a cell membrane. It is usually located internally to the cell
membrane while it is exposed external of the cells when
the cells undergo apoptosis. Thus it is believed that ap-
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optosis-related proteins may be identified by screening
of proteins which bind to phosphatidylserine.
[0030] The fraction thus obtained from the culture su-
pernatant which bound to nanoliposomes in a Ca2+ de-
pendent manner was separated by one-dimensional
SDS-PAGE and silver staining. The results are shown in
Fig. 2.
[0031] Next, the gel was divided into 10 slices at the
positions shown with the arrows in Fig. 2 and subjected
to in- gel digestion with trypsin to collect peptides, which
were then analyzed by mass spectrometry. Among the
top 100 identified nanoliposome- binding proteins, the
ones which had an increased  expression level after stim-
ulation with Aβ were analyzed, and MFG- E8 (milk fat
globule- EGF factor 8 protein isoform 1) was identified
as a candidate marker protein.

Example 2

Western blotting analysis

[0032] The difference in the expression level of MFG-
E8 at the protein level was analyzed by Western blotting.
[0033] The material used was a PS 100% nanolipo-
some-binding fraction obtained from a culture superna-
tant which was from a lot different from the lot used for
mass spectrometry analysis. The fraction was separated
by electrophoresis (Bio Rad Ready Gel (5 to 15%)) and
transferred to a PVDF membrane (9 V, 16.5 hours (about
150 Vhr)). A hamster anti-mouse MFG-E8 antibody (MBL
International Corporation) was used as a primary anti-
body for the reaction at 1 mg/ml for 2 hours (room tem-
perature) and a HRP-conjugated goat anti-hamster IgG
(Santa Cruz Biotechnology, Inc.) at a 1000-fold dilution
was used as a secondary antibody for the reaction for 1
hour (room temperature). The detection was carried out
with an exposing agent from PIERCE for an exposure
period of 3 minutes.
[0034] The results are shown in Fig. 3. The obtained
signal was considered to correspond to the MFG-E8 long
form (isoform 1) based on its molecular weight. The sig-
nificant difference was also observed at a protein level,
where the band detected in the lane for the sample stim-
ulated with Aβ42 (0.1 mM) was more intense than the
band detected for the control (without stimulation).

Example 3

Measurement of MFG-E8 concentration in plasma of pa-
tients with Alzheimer’s disease

[0035] The MFG-E8 concentration was measured by
ELISA in the plasma of patients with Alzheimer’s disease
(AD) and healthy elderly subjects at the corresponding
ages.
[0036] Plasma was prepared from 20 healthy elderly
subjects and 20 AD patients and ELISA was carried out
with an anti-MFG-E8 antibody and an ELISA Kit for Hu-

man Milk Fat Globule EGF Factor 8 (USCN Life Science
Inc.) following the procedures according to the instruc-
tions attached to the kit. The samples were diluted at 10
folds. After the concentration was measured, the statis-
tical analysis was carried out with JMP.
[0037] Fig. 4 shows the ROC curve of the MFG-E8
concentration in the plasma of healthy elderly subjects
vs. AD patients (positive: AD). The area under the ROC
curve was 0.72000, indicating a significant difference.
[0038] These results demonstrate that MFG-E8 was
present in the culture medium of the mouse brain nerve
cells stimulated with Aβ42 and was detected at a higher
level in the plasma of AD patients than in that of healthy
subjects.

INDUSTRIAL APPLICABILITY

[0039] The present invention is useful for diagnosis of
Alzheimer’s disease.

Claims

1. A method for diagnosing Alzheimer’s disease, com-
prising measuring the level of a MFG-E8 protein in
a blood, serum or plasma sample obtained from a
human or animal subject, wherein the measured val-
ue is used as a marker for diagnosis of Alzheimer’s
disease.

2. The method according to claim 1, wherein the diag-
nosis of Alzheimer’s disease is made at a stage
where an accumulation of an amyloid β protein has
not been advanced.

3. The method according to claim 1, wherein the level
of the MFG-E8 protein is measured with an anti-
MFG-E8 antibody.

4. A diagnostic reagent for Alzheimer’s disease, com-
prising an anti-MFG-E8 antibody.

5. A test kit for diagnosing Alzheimer’s disease, com-
prising an anti-MFG-E8 antibody and a reagent for
detecting a MFG-E8 protein bound to the anti-MFG-
E8 antibody.

6. A method for selecting a candidate substance for a
therapeutic agent for Alzheimer’s disease, compris-
ing the steps of:

administering a test substance to a model cell
or a model animal of Alzheimer’s disease;
measuring the amount of a MFG-E8 protein in
a culture medium of the model cell or a sample
obtained from the model animal; and
selecting the test substance as a candidate sub-
stance for a therapeutic agent for Alzheimer’s
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disease when the amount of the MFG-E8 protein
is decreased with administration of the test sub-
stance compared to the amount thereof without
administration.
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