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1
METHOD FOR THE ASSAY OF SYNUCLEINS

FIELD OF THE INVENTION

The present invention relates to a novel, sensitive ELISA
assay for the detection of a-Synuclein protein (ct-Syn),
which may be used as a diagnostic tool for synucleinopa-
thies and other conditions, including certain types of cancer.
This method is based on the ability of a-Syn protein to bind
membrane lipids.

BACKGROUND OF THE INVENTION

The development of a non-invasive and reliable assay that
reflects the pathogenic process is a highly desired objective
in the diagnosis and research of Parkinson’s disease (PD).
Among the different factors associated with the pathogenic
process of PD, a-Syn protein is the most prominent factor.

a-Syn is a presynaptic protein critically involved in the
cytopathology and genetics of PD (Lee et al., 2006, Neuron,
52, 33-38). A progressive conversion of the soluble a-Syn
protein into insoluble, B-sheet rich filaments and their intra-
neuronal deposition into Lewy bodies (LB) and Lewy neu-
rites, underlie its cytotoxicity in the synucleinopathies
(Duda et al., 2000, NeuroSci Res, 61, 121-127).

Membrane-associated o-Syn has been the focus of many
studies. This is primarily because of the findings indicating
that upon interactions with membrane phospholipids, the
unfolded a-Syn protein acquires an ca-helix-rich structure
(Davidson et al., 1998, J Biol. Chem, 273, 9443-9449). It is
hypothesized that the acquisition of structure is critical for
the normal function of the protein. Importantly, the acqui-
sition of structure is implicated in a-Syn aggregation and
toxicity (Jo et al., 2000, J. Biol. Chem. 275, 34328-34334).
a-Syn interaction with membranes is dependent on the type
of lipids (Jo et al., 2000, J. Biol. Chem. 275, 34328-34334),
with a preference for anionic head groups and, specifically,
phosphatidyl serine (Davidson et al., 1998, J Biol. Chem,
273, 9443-9449). «o-Syn interactions with membranes
involve the N-terminal region of the protein, consisting of
residues 1-95 (Antony B 2011, Annu Rev Biochem, 80,
101-123), which harbors six to seven repeats of the con-
served KTKEGV motif (Jakes et al. 1994, FEBS Lett, 345,
27-32). This is consistent with an amphipathic helical
domain with the polar face having a net positive charge
(Chandra et al., 2003, J Biol Chem. 278, 15313-15318) and
the preference for anionic phospholipids (Davidson et al.,
1998, J Biol. Chem, 273, 9443-9449).

Altered levels of synuclein proteins have been detected in
the CNS of patients with PD and the related synucleinopa-
thies and also in various types of cancer. For example, a.-Syn
expression is detected in melanoma tumors and nevi (Mat-
suo et al., 2010, PLoS One, 5(5)-¢10481). Members of the
synuclein family were shown to be expressed in breast and
ovarian cancer cells (Bruening et al., 2002, Cancer, 88,
2154-2163). y-Syn was found to be overexpressed in ovarian
tumors and in ovarian cancer cell lines in contrast to low and
almost undetectable levels of y-syn proteins in the surface
epithelial cells of the normal ovary. The expression of y-syn
was seen in 20% of preneoplastic lesions in the ovary, where
it showed punctate expression in epithelial inclusion cysts,
hyperplastic lesions, and papillary structures.

Furthermore, abnormally high expression of y-syn has
been associated with a wide range of cancer types, including
breast, ovarian, cervical, prostrate, liver, pancreatic, colon,
gastric, esophagus, and lung compared to almost undetect-
able levels in adjacent non-neoplastic tissue. In addition to
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the stage-specific expression of y-syn, high expression levels
in stage III/IV sometimes involving lymph node invasion,
was observed in various cancer types. y-Syn expression is
also specifically expressed in high-grade glial tumors such
as 33% ependymomas, 63% glioblastomas, and 16% myxo-
papillary ependymomas, which also demonstrates y-syn’s
potential activity as a tumor progression protein is not just
restricted to hormone-dependent carcinomas (Ahmad et al.
2007, Faseb I, 21:3419-3430).

Sandwich ELISA methods were recently reported to be a
useful diagnostic tool for PD. The sandwich ELISA uses a
primary monoclonal anti a-Syn ab for capturing a-Syn
antigen from the sample. Then, a general secondary anti-
body is used for the detection reaction. In addition, a specific
sandwich ELISA method was developed to specifically
detect oligomeric forms of a-Syn. Specifically, following
the initial capturing of a-Syn by the primary monoclonal
anti a-Syn ab, the sample is reacted with a polyclonal anti
a-Syn ab, that in turn, is used for antigen detection through
the HRP-reaction. By using this method it was reported that
samples of CSF from PD patients contain a significantly
higher ratio of a-Syn oligomers to total o.-Syn. In contrast,
lower a.-Syn levels were found in CSF samples of patients
at a progressive state of the disease and drug-naive patients.

A gereral disadvantage of the sandwich ELISA method
for the detection of a-Syn is that the initial capture step is
limited by the specific epitope recognition of the antibody in
use. a-Syn undergoes various post translational modifica-
tions, including: phosphorylation, ubiquitination, sumoy-
lation, nitrosylation, oligomerization and aggregation. In
addition, a-Syn undergoes truncations at its C terminus.
Therefore, various a-Syn forms occur in vivo. An additional
obstacle is that the physiologic a-Syn forms are yet to be
defined and characterized separately from the pathogenic
forms of the protein. Therefore, the reliance on a specific
antibody, with limited epitope recognition, is a significant
disadvantage of this sandwich ELISA method, both with
regard to the identification of relevant forms of the protein,
and with the level of sensitivity seen with this method.

There is thus a clear need for a highly sensitive assay
which can detect and measure o-Syn, even when present at
low levels. One purpose of the present invention is to
provide such an assay.

A further purpose of the present invention is to use the
abovementioned assay for diagnosis of a-Syn-related dis-
eases, determining the severity of said diseases and/or for
monitoring a therapeutic regime.

Other aims and purposes will become apparent as the
description proceeds.

SUMMARY OF THE INVENTION

The present inventors have developed an improved
ELISA method that is based on the intrinsic property of
synucleins, such as o-Syn protein, to bind membrane lipids.
This property is exploited in order to provide an assay for the
functional form of said proteins, that is, the form in which
they have become folded into their secondary and tertiary
structures, including physiological and pathogenic (toxic)
forms of the protein.

The present invention is therefore primarily directed to a
method for the assay of synucleins, comprising the steps of
contacting said sample with lipids under conditions enabling
binding of the synuclein to the lipids, and detection of the
lipid-bound synuclein by a synuclein-binding agent. Said
synuclein binding agent is preferably an antibody, more
preferably a monoclonal antibody.
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Preferably the sample is a liquid sample. As will be
explained below, the lipids are immobilized, and after con-
tact of the sample with the immobilized lipids, the immo-
bilized complex of synuclein and lipids is separated (for
example by washing unbound molecules) and synuclein is
detected by a synuclein binding agent.

The binding of the synuclein to the lipids is typically
carried out under conditions of physiological pH and physi-
ological concentration of salts.

The term “assay” is used herein to refer to both detection
(i.e. the determination of the presence or absence of synucle-
ins in the sample tested) and to the quantitative determina-
tion of the concentration of the relevant synuclein in the
sample. When a quantitative determination is being per-
formed, the results obtained from the assay of the present
invention will be compared with results obtained with
standardized amounts of pure synuclein and/or with results
obtained from populations of healthy subjects and/or groups
of patients having the relevant disease. In some cases, the
results obtained with a patient’s sample will be compared
with average values obtained from a standard set of results
previously obtained from a cohort of patients. In many cases
(for example, when the assay is being used for diagnostic
purposes), the results obtained with the patient’s sample will
be compared with a threshold value previously obtained
from a standard set of results. A positive diagnosis (i.e.
presence of the disease) is reached when the results obtained
with the patient’s sample is significantly different from the
previously-determined threshold value. In most such cases,
a positive diagnosis will be obtained when the synuclein
concentration measured in the patient’s sample is signifi-
cantly higher than the reference value. However, in certain
instances, a significant reduction in synuclein concentration
(when compared with the reference value) will be used as
the indicator of the presence of the disease.

In accordance with the invention the synuclein is selected
from alpha, beta and gamma synuclein.

In a highly preferred embodiment, the synuclein to be
detected and measured is a.-Syn.

Typically, the lipids are of the kind that present in bio-
logical membranes or form membrane structures (including
micelles, vesicles, liposomes emulsion etc.) in vitro,
although when immobilized in the method of the invention
they may not present as fully functioning biological mem-
branes. When the lipids are of a natural source, in accor-
dance with a preferred embodiment of the invention, they
are of the type that can be found in naturally occurring
biological membranes. Alternatively, synthetic lipids may be
used. As indicated above preferably the lipids are immobi-
lized prior to the assay.

Typically, the membrane forming lipids are naturally
occurring, purified or synthetic phospholipids, sphingolip-
ids, plasmalogens, triglycerides, cholesterol, glycolipids or
free fatty acids, or a combination of two or more of the
above. In accordance with a preferred embodiment of the
invention the combination of two or more lipids is used.

The naturally occurring or synthetic phospholipids, plas-
malogens and ether-phospholipids, sphingolipids, choles-
terol and glycolipids are selected from the group consisting
of: phosphatidyl inositol, phosphatidy] serine, phosphatidic
acid, phosphatdylethanolamine, phosphatidylcholine, phos-
phatidylserine, phosphatidylglycerol, phosphatidylinositol,
phosphoinositides, such as phosphatidylinositol 4, bisphos-
phate (PI4P) or any PIP of the seven different molecules,
cardiolipin, ceramide, sphingomyelin, glucosylcerebrosi-

5

10

15

20

25

30

35

40

45

50

60

65

4

dase, galactosylceramide, lactosylceramide, gangliosides,
cholesterol, cholesterol-ester, triglycerides, diglycerides and
monoglycerides.

The acyl side chains of these lipids may include saturated,
unsaturated or poly unsaturated fatty acids. The carbon chain
length of the fatty acyl chain may vary between 2-40 carbons
for the fatty acid.

Preferably the membrane forming lipids comprise a com-
bination of a phosphoinositide (such as phosphatidyl inosi-
tol) and phosphatidyl serine.

In a non-limiting example the ratio of the phosphoinosit-
ide (such as phosphatidyl inositol) to phosphatidyl serine is
from 10:1 to 1:10, preferably 1:2 or 1:1.

Preferably, the lipids used in the assay comprise purified
myelin and/or cellular membrane fractions and/or purified
lipoproteins including apolipoproteins and/or extracts of
adipose tissue.

Preferably, the lipids are obtained from animal, plant,
algal, fungal and bacterial sources.

In accordance with a preferred embodiment of the inven-
tion prior to contact with the immobilized membrane-form-
ing lipids the sample may optionally be pretreated at a
temperature of 30-85° C., preferably about 65° C., for a
period of 10-72 hours, preferably about 16 hours.

In another preferred embodiment of the present invention
the sample is pretreated with Proteinase K, prior to being
contacted with the lipids.

Typically, a synuclein binding agent, such as an antibody
used to identify the lipid-bound synuclein. Preferably, the
antibody that binds synuclein is of a first species and is
detected by using another labeled antibody from a second
species.

In the method according to the invention, the sample
tested may be selected from the group consisting of samples
of brain biopsy, skin, salivary glands, intestine or tumor
biopsy as well as liquid extracts from tumor biopsies, CSF,
saliva, erythrocytes, whole blood, serum, erythrocytes
plasma, urine, lymph, sputum, extracts of cultured cells and
human or laboratory animal tissues or extracts.

In one preferred embodiment, the sample to be tested is
saliva. In another preferred embodiment, the sample con-
tains erythrocytes. In such embodiments, said erythrocyte-
containing sample may be obtained from whole blood, and
may also contain platelets.

The assay of the invention may be used for the detection
or diagnosis of a disease, for determining the severity of
diseases, or for monitoring a therapeutic regime. The sever-
ity of the disease being diagnosed and/or the progress of a
therapeutic regime being monitored are determined by the
use of calibration curves generated with known amounts of
purified, recombinant synuclein, or by the use of calibration
curves obtained with data obtained from healthy control
subjects and/or patients having the relevant disease.

The disease to be detected or diagnosed may be any type
of synucleinopathy or cancer.

For detection purposes, the method of the invention may
be used for detection of a synucleinopathy or cancer in an
individual from which the sample was obtained, wherein the
level of immobilized a-Syn (immobilized to the lipids) is
compared to one or more reference values obtained from
groups of healthy individuals and/or patients diagnosed with
the relevant synucleinopathy or cancer. A level in the tested
sample, which is significantly different from the reference
value(s), indicates the presence of synucleinopathy or cancer
in the individual from which said sample was obtained.

The assay of the present invention enables the determi-
nation of levels of immobilized «-Syn, the ratio between
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immobilized and non-immobilized a-Syn, as well as the
determination of the levels of immobilized a.-Syn before and
after pretreatment with Proteinase K (or any other enzymatic
or chemical digestion).

Without wishing to be bound by theory, it is believed that
the proteinase K-resistant form of a-Syn (and of other
synucleins) is the pathogenic form implicated in various
synucleinopathies and cancerous conditions. Thus, in one
aspect of the method of the present invention, said method
1s used to determine the ratio of total synucleins (of the type
or class being measured) to proteinase K-resistant synucle-
ins. In this embodiment, the above-disclosed method further
comprises pretreating a separate aliquot of the biological
fluid sample with proteinase K, repeating all of the steps of
said method using said aliquot, and calculating the ratio of
the synuclein concentration in the original, untreated sample
to the synuclein concentration in said proteinase K pre-
treated sample, wherein said ratio represents the ratio of total
synucleins to proteinase K-resistant synucleins.

As indicated above, the method of the invention may be
used for determining the severity of a specific synuclein-
opathy or specific cancer in an individual from which a
sample was obtained, wherein the detected level of a-Syn is
compared to that of levels in samples obtained from patients
with known severity of the specific synucleinopathy or
specific cancer.

For monitoring therapy, the method of the invention may
be used for monitoring the effect of anti-synucleinopathy
therapy or anti-cancer therapy, wherein changes in the levels
of the detected a-Syn are monitored during therapy.

In accordance with the present invention, the synuclein-
opathy may be selected from the group consisting of PD,
including PD with dementia (PDD); Lewy body dementia
Alzheimer’s disease, multiple system atrophy, NIEMANN-
PICK-type 1, and neuro-degeneration with brain iron accu-
mulation-1. In addition, the above methods may be used for
detection or monitoring of cancer, comprising melanoma
and other skin-type cancers, breast, prostate, colon, brain,
kidney and lung cancers.

In another aspect, the present invention is directed to a kit
containing some or all of the substances, components and
agents required to perform the ELISA technique disclosed
hereinabove, wherein said kit may be used to measure the
concentration of synucleins in a sample. In one preferred
embodiment, said kit comprises immobilized lipids capable
of binding said synucleins and least one anti-synuclein
antibody. In another preferred embodiment. the kit further
comprises a second antibody labelled with a visible label or
tag, such as horseradish peroxidase. In still further preferred
embodiments, the kit of the present invention will further
comprise additional reagents and buffers that are needed to
perform the assay, and may optionally also comprise a set of
instructions for using said kit.

In another embodiment, the kit further comprises protei-
nase K, in order to determine the ratio between lipid bound
proteinase-resistant synuclein and total lipid bound
synuclein

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 graphically compares the effect of combinations of
different lipids on a-Syn detection by means of the ELISA
assay of the present invention. FIG. 1a demonstrates the
results in an assay in which the concentration of recombi-
nant o.-Syn protein is measured, while the results in FIG. 16
were obtained using a-Syn protein from tg brain extracts.
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FIG. 1c¢ represents the difference in capture of normal and
pathogenic a-Syn, originating from healthy and sick mouse
brains, respectively.

FIG. 2 graphically illustrates the analysis of a-Syn in
extracted human erythrocytes by western blotting and phos-
pholipid-ELISA. The figure shows c-Syn protein in samples
of erythrocytes and platelets, following incubation with
increasing concentrations PK for 30 minutes at 37° C. The
resistance of a-Syn in the sample for PK treatment is seen
in the Western blot results.

FIG. 3 graphically presents results of the phospholipid-
ELISA method in subjects with PD (2) (n=19) and age-
matched healthy control groups (1) (n=15), and demon-
strates that the method is a useful diagnostic tool for PD. The
results presented in the graph are expressed as the ratio of
total a-Syn to PK-resistant a-Syn.

FIG. 4 graphically compares levels of a-Syn in RBCs of
healthy controls and two separate PD groups. FIG. 4a
presents the total a-Syn levels determined by phospholipid
ELISA assay in healthy control (HC; n=17); PD (n=21); and
PD patients with implanted deep brain stimulation (DBS)
electrodes (n=12). Similarly, FIG. 45 presents the levels of
PK-resistant a-Syn, while FIG. 4¢ presents the ratio of
total-to-proteinase K-resistant a-Syn for the three subject
groups.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

As explained hereinabove, a key inventive feature of the
present invention is the fact that the ELISA assay disclosed
and claimed herein is based on the measurement of synucle-
ins whilst bound to membrane lipids and separated from the
non-bound components of the sample. These proteins essen-
tially lack secondary and tertiary structure when present in
their free cytosolic, unbound form, and only adopt their
functional, folded forms upon binding to lipids.

In addition, the present invention also includes within its
scope the determination of the ratio of the concentration of
lipid-bound .-Syn to the total concentration of c.-Syn (i.e.
including unbound a.-Syn).

In accordance with one option the invention also includes
within its scope the determination of the ratio of lipid bound
proteinase K-resistant bound a-Syn to the total concentra-
tion of lipid bound c-Syn

Without wishing to be bound by theory, the use of
membrane proteins in the presently-disclosed ELISA to bind
the synucleins that are present in the sample being tested,
leads to at least the following two novel and unexpected
advantages of the present invention:

a) The form of the synuclein being assayed is the func-
tionally-relevant (and hence pathogenically-relevant) form
of the protein which by one option is lipid bound and by
another option is both lipid bound and proteinase K resistant
form;

b) Epitope recognition by the antibodies used in the
ELISA is enhanced following folding of the proteins (pos-
sibly by creation of new three-dimensional binding sites),
thereby leading to greatly-enhanced sensitivity, and reduced
minimal threshold detection values.

In accordance with a preferred embodiment of the inven-
tion, prior to contact with the immobilized membrane-
forming lipids the sample may optionally be pre-incubated
at a temperature of 30-100° C., preferably about 65° C., for
a period of 10-72 hours. Such a treatment increases the
sensitivity of the assay.
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In a more preferred embodiment of this aspect of the
invention, the sample is pretreated at a temperature of
30-85° C. for a period of 16 hours.

In a still more preferred embodiment of the method of the
invention, the sample is pre-treated at a temperature of 65°
C. for a period of 16 hours.

In accordance with another preferred embodiment, the
sample is treated with PK prior to the assay. In one preferred
embodiment of this aspect of the invention, the PK treatment
1s performed for 30 minutes at 37° C. Preferably, the PK is
used at concentrations in the range of 0-10 pg/ml,

The sample to be assayed may be taken from any con-
venient biological fluid or liquid extract of a tissue, biopsy
or cell sample. In one preferred embodiment, however, the
sample is selected from the group consisting of CSF, saliva,
erythrocytes, platelets, whole blood, serum, plasma, urine,
lymph, sputum, brain, skin, intestine, salivary gland or
tumor biopsy, extracts of cultured cells and human or
laboratory animal tissue.

In one preferred embodiment of the method of the inven-
tion, the sample is saliva.

In another preferred embodiment the sample is a sample
of erythrocytes, or a mixture of erythrocytes and platelets.

In accordance with one embodiment of the invention, the
method is used for diagnosis of synucleinopathies, selected
from the group consisting of PD, dementia with LB,
Alzheimer’s disease, multiple system atrophy, NIEMANN-
PICK-type 1 and neuro-degeneration with brain iron accu-
mulation-1.

In accordance with another embodiment of the invention,
the method is used for the detection or monitoring of cancer.
In one preferred embodiment the cancer to be detected
and/or monitored is melanoma. Additional relevant cancer
types include (but are not limited to) other skin-type cancers,
as well as cancers of the breast, prostate, colon, brain, kidney
and lung.

In accordance with a further embodiment of the invention,
the method is used for determination of the severity of the
disease.

In accordance with a still further embodiment of the
invention, the method is used for monitoring a therapeutic
regime.

In another aspect, the invention also encompasses a kit for
measuring the concentration of synucleins in a sample,
wherein said kit may be used for the diagnosis of synucle-
inopathy-related diseases and/or cancer, and or for the
monitoring of disease progression or the effect of a treatment
regime. Said kit preferably comprises immobilized lipids to
which the synucleins are capable of binding, and least one
anti-synuclein antibody. Generally, the kit will also comprise
a second antibody labeled with a visible tag, for example
Horseradish peroxidase (HRP). In a preferred embodiment
of this aspect of the invention, the synuclein to be detected
and/or measured is o-Syn. In one preferred embodiment, the
kit further comprises proteinase K.

EXAMPLE 1
Phospholipid-ELISA Assay

The effect of different lipid combinations on a.-Syn detec-
tion by the ELISA assay was tested. The phospholipids used
in this study were: sphingomyelin (SM), phosphatidic acid
(PA), phosphatidyl inositol (PI), phosphatidyl serine (PS),
cholesterol and free fatty acids. The final concentration of
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the lipids used was in the range of 100-300 pg lipids/well,
and ratios between the different lipids of 1:1; 1:2 and 1:3
were tested.

The efficacy of the method in detecting purified recom-
binant «-Syn (FIG. 1a), human o-Syn present in brain
extracts of transgenic mice (FIG. 15), or a-Syn in young and
healthy versus old and symptomatic AS3T a-Syn transgenic
(tg) mice (FIG. 1¢) was shown. Samples of brain homoge-
nates (0-3.5 pg) were tested with different phospholipids
compositions: PI/PE (1:1), PI/PS (1:1), PE/PS (1:1), PS:PA
(1:1), SM PI/PS/PE (1:1:1) or without any phospholipids.

Methods and Materials:

Phospholipid ELISA assay. A PolySorp, 96-well ELISA
plate (Thermo Scientific) was coated with a mixture of
phospholipids dissolved in methanol in a final amount of
100 pg/well and incubated overnight at 4° C. for complete
evaporation of methanol. Blocking was performed with 100
wl/well of 1% BSA (fatty acid-free, Calbiochem) in PBS for
one hour at 37° C., followed by one wash with PBS.
Samples at a final volume of 100 pl/well were added:
Purified human a-Syn at 0-50 ng/well, in triplicate; the
soluble fraction of A53T o-Syn tg, ntg or a-Syn-/-mouse
brain at 0-2.5 pg protein/well. Plates were incubated for 3
hours at 37° C. Following incubation, samples were
removed and the wells were washed 4 times with PBS. A
mouse anti-a-Syn antibody (a-Syn#10) was diluted 1:10,
000 in 1% BSA in PBS. Following incubation for one hour
at 37° C., the wells were washed 3 times and incubated for
one hour at 37° C. with the HRP-conjugated donkey anti-
mouse secondary antibody at 1:8000 (Jackson Laboratories).
Following 3 washes with PBS, 50 uA of TMB one compo-
nent micro-well substrate (SouthernBiotech, Birmingham,
Ala., USA) were added per well. The reaction was termi-
nated with 50 pl/well of 1M H,SO,. Absorbance at 450 nm
was determined using a plate reader (EL808 Ultra
Microplate Reader, Bio-Tek Instruments, Vt., USA). The
amount of a-Syn was determined for each plate according to
a standard curve using recombinant a.-Syn performed in
parallel to the tested samples.

Samples of blood, collected in anti-coagulant tube (2-5
ml) were spun down at 2,200 rpm at room temperature for
10 minutes. The plasma was removed and cell pellet washed
in PBS in 1:1 volume and spun again at 1000 rpm for 10
minutes. Cells are lysed osmotically in the presence of cold
DDW, incubated for 5 minutes on ice. The osmolytes in the
samples were adjusted to 1xPBS (with a 10x concentrated
solution) and spun at 17,000 rpm, 4 degrees for 30 minutes.
The supernatant was collected and assayed.

Results:

1. The combination of PE:PS at 1:2 with 100 pg/well
yielded the best result for the recombinant a-Syn
protein (FI1G. 1a). The combination of PI:PS:PE at 1:1
ratio yielded the best results for the a-Syn tg brain
extracts (FIG. 15).

2. The effect of the different lipid composition on a-Syn
detection—the results indicate differences between
capture of a-Syn originating from the healthy (young
mouse brain, with no indications for a-Syn pathology)
or sick (old mouse brain with profound a-Syn pathol-
ogy detected by histopathology) mouse brains. These
differences in capture represent different binding pref-
erences for the normal vs. pathogenic-a-Syn (FIG. 1c¢).

These results indicate that the lipid-binding ELISA assay
of the present invention may be used with different lipid
combinations in order to detect and quantify a-Syn in
biological samples.
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EXAMPLE 2

Effect of Proteinase K (PK) Pretreatment

Materials and Methods:

To differentiate normal and pathogenic a-Syn in human
erythrocytes, the sample was treated with increasing con-
centrations of PK at the indicated concentrations for 30
minutes at 37° C., prior to the analysis by phospholipid-
bound ELISA. The PK-resistant form of a-Syn is considered
to be the pathogenically-involved form.

Results:

FIG. 2 graphically illustrates the analysis of extracted
human erythrocytes for a-Syn by western blotting and
phospholipid-ELISA, in parallel. The figure represents the
samples of erythrocytes with increasing concentrations of
PK.

It may be seen from the western blot results shown in the
left side of the figure, that the higher concentrations of PK
lead to more specific detection of the non-aggregated forms
of synuclein in erythrocytes, thus enabling better differen-
tiation between normal and pathogenic synuclein, thereby
improving the specificity of the assay.

EXAMPLE 3

The use of the ELISA assay of the present invention in the
diagnosis of Parkinson’s disease

Materials and Methods:

19 subjects with PD were compared to a group of 15
age-matched healthy control subjects. The experiment was
performed blinded for group identity, in collaboration with
the Neurology department at Hadassah Medical Center. The
amount of a-Syn was determined in samples of red blood
cells, according to a standard curve created with known
amounts of purified a-Syn protein. Separate assays using the
lipid-binding ELISA assay of the present invention were
performed for PK pretreated samples, and for samples that
had not undergone such pretreatment. The assays were
performed essentially as described in the materials and
methods section of Example 1, hereinabove. The lipid
mixture used to coat the multi-plate wells comprised of
PLI.PS:PE (1:1:1).

Results:

FIG. 3 graphically presents the results of the assays
described above. These results are expressed as the ratio of
total a-Syn to PK resistant a-Syn detected by the method.
The two groups were found significantly different (t-test, P
value>0.01). It may be seen that the fraction of PK resistant
synuclein is significantly higher in PD patients compared to
healthy control (i.e. the ratio of total of a-Syn to PK resistant
a-Syn is lower). Since the PK resistant form of the protein
is recognized to be the pathogenic form for conditions such
as PD, these results clearly indicate that the phospholipid-
ELISA method described herein is an accurate and sensitive
diagnostic tool for said disease.

EXAMPLE 4

Levels of Proteinase K Resistant c-Syn in RBCs in
Healthy Controls Versus PD Groups

The ratio of total-to-proteinase K (PK) resistant lipid
bound a-Syn detected in samples of red blood cells (RBCs)
from patients with PD and healthy controls was tested. The
detection of total and proteinase K-resistant a-Syn was
performed using a phospholipid-ELISA assay as described
above.
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Materials and Methods:

21 subjects with PD were compared to a group of 12 PD
patients treated with implanted Deep brain stimulation
(DBS) and 17 age-matched healthy control subjects.

The experiment was performed blinded for group identity,
in collaboration with the Neurology department at Hadassah
Medical Center.

The amount of lipid bound a-Syn (ng/ul) was determined
in samples of RBCs using the phospholipid ELISA assay
disclosed hereinabove. Separate assays were performed for
PK pretreated samples, and for samples that had not under-
gone such pretreatment. The assays were performed essen-
tially as described in the materials and methods section of
Example 1, hereinabove. One-way analysis of variance
(ANOVA) was used to determine whether there are any
significant differences between the means of two or more
independent (unrelated) groups.

Results:

The results are presented in FIG. 4, which shows the
levels of a-Syn (ng/ul) in RBCs of healthy controls and the
two PD groups.

FIG. 4a graphically compares total lipid bound a-Syn
levels determined by phospholipid ELISA assay in healthy
controls (HC; n=17), PD (n=21) and PD patients with
implanted DBS (n=12). The results clearly indicate a higher
mean value of the total a-Syn level in RBCs samples from
healthy controls as opposed to PD groups.

FIG. 4b shows PK-resistant lipid bound c.-Syn concen-
trations determined by the phospholipid ELISA assay. [t may
be seen from this figure that the level of PK resistant
synuclein in samples of RBCs is significantly higher in PD
patients compared to healthy control.

The results presented in FIG. 4¢ are expressed as the ratio
of total-to-proteinase K-resistant lipid bound a.-Syn detected
by the method of the present invention. The statistical
significance of the difference between the results obtained
for the various groups was assessed using one way ANOVA.
The results indicate a significantly higher ratio of total
a-Syn to PK resistant ct-Syn in the healthy control groups as
opposed to the two PD groups (p=0.011).

It may be concluded from these results that pathogenic
forms of a-Syn—that is forms characterized by their resis-
tance to proteinase k digestion—occur in RBCs at higher
levels in PD patients (either with or without implantation of
DBS) than in the healthy controls.

The invention claimed is:

1. A method for assaying synucleins in a sample of a
biological fluid, comprising:

immobilizing synuclein-binding lipids onto a solid sup-

port,

bringing said sample into contact with the immobilized
synuclein-binding lipids, under conditions enabling
binding of synuclein in the sample to said immobi-
lized synuclein-binding lipids, thereby forming an
immobilized complex of said synuclein and
synuclein-binding lipids;

washing away unbound molecules;

contacting the immobilized complex with an synuclein
specific antibody that binds to the lipid-bound
synuclein; and

detecting the lipid-bound synuclein,

wherein the synuclein is selected from the group consist-

ing of alpha synuclein and beta synuclein.

2. The method according to claim 1, for assaying a-sy-
nuclein in a sample of a biological fluid, wherein said
detecting step comprises detecting a-synuclein bound to the
immobilized lipids.
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3. The method according to claim 1, wherein the
synuclein-binding lipids are selected from the group con-
sisting of synuclein-binding naturally occurring, purified or
synthetic phospholipids, glycolipids, plasmalogenes, sphin-
golipids, cholesterol, glycolipids and combinations thereof.

4. The method according to claim 3, wherein the
synuclein-binding lipids are selected from the group con-
sisting of phosphatidyl inositol, phosphatidyl serine phos-
phatidic acid, phosphatidylethanolamine, phosphatidylcho-
line, phosphatidylserine, phosphatidylglycerol,
phosphoinositides, cardiolipin, ceramide, sphingomyelin,
ether-phospholipids, glucosylcerebrosidase, galactosylcer-
amide lactosylceramide, gangliosides, cholesterol, choles-
terol-ester, triglycerides, diglycerides, monoglycerides, and
combinations thereof.

5. The method according to claim 4, wherein the
synuclein-binding lipids are a combination of one or more
phosphoinositides, phosphatidyl ethanolamine and phospha-
tidyl serine.

6. The method according to claim 5, wherein the ratio of
phosphoinositide to phosphatidyl serine is from 10:1 to 1:10.

7. The method according to claim 1, wherein the sample
is heated at a temperature of 30-85° C. prior to contact with
the immobilized synuclein-binding lipids.

8. The method according to claim 1, wherein the sample
is pretreated with Proteinase K, prior to contact with the
immobilized synuclein-binding lipids.

9. The method according to claim 1, wherein the antibody
capable of binding to lipid-bound synuclein is of a first
species and is detected by using another labeled antibody
from a second species.

10. The method according to claim 1, wherein the bio-
logical fluid sample is selected from the group consisting of
CSF, saliva, erythrocytes, platelets, whole blood, serum,
plasma, urine, lymph, sputum, brain extracts, skin extracts,
intestine extracts, salivary gland extracts, tumor biopsy
extracts, extracts of cultured cells and human or laboratory
animal tissue.

11. The method according to claim 10, wherein the
biological fluid sample is saliva.

12. A method for determining the ratio of total lipid bound
synucleins to proteinase K-resistant lipid bound synucleins
in a sample of a biological fluid comprising:

(A) dividing the liquid sample into a first and second

separate aliquots,

(B) performing the method of claim 1 on the first aliquot
to determine the total lipid-bound synuclein concentra-
tion,

(C) pretreating the second aliquot with proteinase K,

(D) performing the method of claim 1 on the proteinase K
pre-treated second aliquot to determine the proteinase
K resistant lipid-bound synuclein concentration in the
second aliquot; and

(B) calculating the ratio of the total lipid-bound synuclein
concentration obtained in step (B) to the lipid-bound
synuclein concentration in said proteinase K pre-
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treated sample obtained by step (D), wherein said ratio
represents the ratio of total lipid bound synucleins to
proteinase K-resistant lipid-bound synucleins.

13. A method for the detection of a synucleinopathy or
cancer in an individual using the method of claim 1, com-
prising:

(A) performing the method of claim 1 with a biological
fluid sample obtained from the from an individual
suspected of having synucleoinopathy or cancer,

(B) performing the method of claim 1 with biological
fluid samples obtained from groups of healthy indi-
viduals,

(C) comparing the amount of synuclein bound to the
immobilized lipid detected in the biological fluid
sample in step (A) with the amount of synuclein bound
to the immobilized lipid detected in biological fluid
samples of step (B); and

(D) identifying that the individual as having synuclein-
opathy or cancer when the amount of synuclein bound
to the immobilized lipid of step (A) is significantly
different from the amount of synuclein bound to the
immobilized lipid detected in step (B).

14. A method for determining the severity of a specific

synucleinopathy or cancer in an individual, comprising:

(A) Performing the method of claim 1 with a biological
fluid sample obtained from the from an individual with
synucleinopathy or cancer;

(B) performing the method of claim 1 with biological
fluid samples obtained from patients with known sever-
ity of synucleinopathy or cancer to determine one or
more reference values, wherein one or more reference
values representing the levels of synuclein bound to the
immobilized lipid in biological fluid samples obtained
from patients with known severity of synucleinopathy
or cancer

(C) determining the severity of the synucleinopaty or
cancer by comparing the amount of synuclein bound to
the immobilized lipid detected in step (A) with one or
more of the reference values obtained in step (B).

15. A method for monitoring the effect of anti-synucle-
inopathy therapy or anti-cancer therapy conducted on an
individual, comprising:

administering an anti-synucleinopathy therapy or anti-
cancer therapy to an individual diagnosed with a
synucleinopathy or cancer,

performing the method of claim 1 in fluid samples
obtained from the individual during different points
during the course of therapy,

determine the amount of lipid-bound synuclein during the
course of therapy,

comparing the amount of lipid-bound synuclein detected
during different points during the course of therapy.

16. A method in accordance with claim 1, wherein said
immobilized lipids are immobilized in wells, as a coating
thereon.
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