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The present invention relates to a method for the detection of
marker of the Alzheimer’s disease, namely the amyloid-f
oligomers in human CSF, using a combination of steps
including demasking the epitopes responsible for antibody
binding on the AP peptide oligomers as well as detecting
fluorescently marked antibodies binding to said epitopes,
preferably by using the FRET technology.
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 6
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Figure 7
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METHOD FOR THE DETECTION OF
AMYLOID-B OLIGOMERS IN BODY FLUIDS

FIELD OF THE INVENTION

[0001] The present invention relates to a method for the
detection of a marker of the Alzheimer’s disease, namely the
amyloid f§ oligomers in human CSF and other body fluids.

BACKGROUND OF THE INVENTION

[0002] Alzheimer’s disease (AD) is the most common neu-
rodegenerative dementia with an average death prognosis of 7
years'. Ongoing clinical studies point out promising possi-
bilities for the treatment of this disease®. For ideal therapy and
timely conservation of essential cognitive functions, how-
ever, a diagnostic tool for the early detection of AD is a
pre-requisite.

[0003] Recent work shows that oligomeric assemblies of
AP are neurotoxic in cell culture and in vivo as they are able
to inhibit long-term potentiation®*. Such low-molecular-
weight AP oligomers were also shown to induce transient
deficits in cognitive function®. To further demonstrate the
adverse effect of oligomers on nerve cell function, immuno-
therapy was successfully used to neutralize Ap oligomers,
thereby restoring synaptic plasticity in vivo®. Further evi-
dence pointing to AP oligomers as the neurotoxic species in
AD is that these structures were also found in human brain
where their concentration is up to 70-fold higher in AD
patients compared to non-demented controls™.

[0004] Ttcould thus be demonstrated that the severity of the
disease correlates with oligomer concentration rather than
with number of plaques'®*? and the presence of globular Ap
oligomers in the brain is suggested to be an early pathological
event in AD'®. Hence, the search for AP oligomers was
extended to human CSF and recent research work demon-
strated the presence of low amounts of stable A oligomers
also in this body fluid"*"”. As the concentration of oligomers
was consistently higher in CSF of AD patients compared to
non-demented age-matched controls, this points toward a
correlation between the levels of oligomers and the state of
the disease'”, making them a possible biomarker and suitable
target for the early detection of AD.

[0005] A sensitive method for the detection and accurate
quantification of Af oligomers is thus required. One such
method is the recently described bio-barcode assay for the
measurement of amyloid-f-derived diffusible ligands (AD-
DLs) in CSE*”. Although this method is quite sensitive, the
procedure includes a relatively high number of critical steps
that may affect the general performance of the assay.

PROBLEM OF THE INVENTION

[0006] It is therefore a problem of the invention to provide
ahighly sensitive method for the detection and accurate quan-
tification of AP oligomers comprising only a small and lim-
ited number of steps which can be easily controlled by the
experimentator on the one side and, on the other side, pro-
vides highly reliable and reproducible results at reasonable
costs in order to be used on a commercial basis.

SUMMARY OF THE INVENTION

[0007] Theinvention provides a method for the detection of
amyloid-f (Af) peptide oligomers in body fluids comprising
the following steps:
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[0008] a) providing a sample of a body fluid to be tested
with respect to the presence of amyloid-f peptide oligomers;

[0009] D) demasking the epitopes responsible for antibody
binding on said amyloid-f peptide oligomers;

[0010] c) contacting said sample after said demasking step
with one antibody comprising an antibody population bind-
ing to one epitope on said amyloid-p peptide oligomer, one
part of the antibody population being labelled with a first
fluorescence marker and the other part of the antibody popu-
lation being labelled with a second fluorescence marker,

[0011] or contacting said sample after said demasking step
with at least two antibodies binding to at least two different
epitopes on said amyloid-f peptide oligomers, the first anti-
body being labelled with a first fluorescence marker and the at
least second antibody being labelled with a second fluores-
cence market,

[0012] wherein said first fluorescence marker acts as donor
transferring its energy to said second fluorescence marker
acting as acceptor;

[0013] d) determining the intensity of the fluorescence
resonance energy transfer signal emitted by said fluorescence
labelled sample to detect amyloid-f peptide oligomers
present in said body sample.

[0014] Preferred embodiments and advantages will
become apparent from the following detailed description
including the experimental section, the drawings and the
claims.

BRIEF DESCRIPTION OF THE FIGURES

[0015] FIG. 1 Principle of the assay. (a) Amyloid-f} oligo-
mers are detected using two specific anti-amyloid f mAbs
and FRET. The donor antibody is the clone 4G8 labeled with
Alexa Fluor 488 and the acceptor antibody is the clone 6E10
Alexa Fluor 594 labeled. (b) The assay consists of one step:
dilution of the CSF sample in detection buffer containing the
labeled antibodies. After incubation in the dark, the amy-
loid-f oligomers are detected by flow cytometry.

[0016] FIG. 2 Sensitivity of the assay. The sensitivity of the
assay was determined by titration of in vitro assembled AP
fibrils in the concentration range from 1 nM down to 0.0 nM.
In this range the assay is linear. Because the concentration of
the fibrils was estimated from the starting monomer concen-
tration used for the assembling into fibrils and one fibril
correspond to 100-1000 monomer, the real concentration of
the measured fibril is to much lower doing the detection limit
in the femtomol range.

[0017] FIG. 3 AP monomers are not detected by flow
cytometry. In order to check whether monomer of Af can be
detected by flow cytometry, 1 nM of AP monomer 1-42
(Bachem) treated as described by Dahlgren et al. was incu-
bated with the donor:acceptor antibody pair and analyzed by
flow cytometry. No signals were detected in any case (FSC vs
SC; FL1 vs FL3 Dot plots; a, b). In contrast to Ap monomer
when 1 nM of in vitro assembled A fibrils (seedless amyloid-
(1-42) was dissolved in DMSO (Sigma-Aldrich) to 100 uM,
diluted in PBS to 0.5 pM and incubated for 72 hours at 37° C.
and the used concentration of the fibrils was based on the
starting monomer concentration) FRET events were detected
(FSC vs SCC; FL1 vs FL3; ¢,d) showing that with the assay it
is possible to discriminate between monomeric Af (no detec-
tion possible) and Ap oligomerized.
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[0018] FIG. 4 Demasking of amyloid f oligomers in CSF.
The use of the solution 1 and solution 2 efficiently demasks
the amyloid oligomers allowing an effective detection by flow
cytometry.

[0019] FIG. 5 Optimization of the detection’s buffer. The
solution 1 in a 0.5x concentration is optimal for the detection
of the oligomers.

[0020] FIG. 6 Validation of the assay. (a) When CSF sample
is incubated with the donor antibody (4G8 Alexa Fluor 488)
only events in the channel of the FL1 are detected. (b) By
incubation with the donor:acceptor pair of antibodies FRET
events (FL1 and FL3) are detected. (¢) A histogram analysis
shows the shift of the events detected (events without FL3;
green curve) into the FL3 channel (events with FL3; red
curve). (d) When sorted CSF pool was analyzed by Western
blot under non-reducing conditions, oligomers of A were
detected (lane 2). In 20 ul of CSF without sorting no oligo-
mers were detected (lane 3). As control for the molecular
mass of thebands detected 50 pg of amyloid-f monomer were
loaded (Bachem, Switzerland: lane 1). (e) A Dot blot of the
sorted CSF with the anti-oligomer specific antibody All
further confirms the presence of oligomers in CSF (lane 3). As
a control for the dot blot, 5 ul of brain homogenate from a
healthy individual (lane 1) or from an AD patient (lane 2)
were loaded.

[0021] FIG. 7 Clinical performance of the assay. Analysis
of 174 CSF samples from non-demented subjects aroused a
positive correlation between the age and the amounts of Af
oligomers detected. Scatter diagram of Af} oligomers (FRET
events) versus age. Analysis of 174 CSF samples from non-
demented control subjects reveals a positive correlation
(tho=0.22; p=0.0036) between age and concentration of AR
oligomers. All values are mean values of two independent
measurements. The linear regression and 95% confidence
intervals are represented as solid lines.

[0022] FIG. 8 Stability of natural AP oligomers, reproduc-
ibility and clinical performance of the assay. (a) Effect of
freeze/thaw cycles on the detection of natural Af oligomers in
CSF. The concentration of the AP oligomers detected in a
CSF pool was not altered by the application of three freeze/
thaw cycles. (b) Analysis of seven different CSF samples by
flow cytometry. All samples were analysed in duplicate and
values are represented as mean values and standard devia-
tions. (c) Western blot of the CSF samples analysed in b.
Thereis no correlation between the amounts of A as detected
by Western blot and oligomer content.

DETAILED DESCRIPTION OF THE INVENTION

[0023] The invention is directed to a method for detecting
amyloid-f peptide oligomers in body fluids. The expression
“body fluids” covers all kinds of fluids which occur in the
body of a vertebrate. Typical examples are blood, urine, tears,
saliva, and cerebrospinal fluid, which is particularly pre-
ferred. All other kinds of body fluids may also be used in order
to test them with respect to the presence of oligomeric amy-
loid-f peptides.

[0024] The body fluid is preferably taken from humans.
However, all other kind of vertebrate animals may be tested in
accordance with the present method including cattle, horses,
dogs, cats and rodents like mice, rats and rabbits. Particularly,
all humans showing first incidence of AD or other neurode-
generative diseases may be tested.

[0025] In asecond step, it has been found to be crucial to
remove any proteins being attached to the amyloid-f peptides
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oligomers from the peptides before contacting them with
antibodies. The removal of proteins attached to the Af is
called “demasking”. In order to receive areliable test result, at
least any proteins attached with the epitopes of A have to be
eliminated. Preferably, all attached foreign proteins are
removed.

[0026] Thedemasking step is preferably performed by con-
tacting the body fluids with a detergent, preferably an anionic
detergent or a combination of detergents. Typical examples
for anionic detergents are SDS (sodium dodecyl sulfate),
Triton, for instance Triton X-100 (t-Oct-C ;H,—(OCH,CH,)
xOH: t-octyl phenoxy polyethoxy ethanol), NP-40 (Nonidet
P-40, ethyl phenyl polyethylene glycol), deoxycholates, par-
ticularly their sodium salts. It is also possible to use other
detergents like cationic, non-ionic and amphoteric deter-
gents. In a further embodiment, other demasking agents able
to denature proteins are used. Examples are basic or acidic
reagents. However, one disadvantage of using for instance
basic reagents is, that they have to be removed before adding
the monoclonal antibody. Generally all kind of detergents are
applicable provided that they remove any proteins, particu-
larly proteins attached with the epitopes, from Ap, e.g, albu-
min, Apolipoprotein E. In a further embodiment, mixtures of
detergents are used.

[0027] Typically, the body fluids are diluted in a buffer
containing for instance Hepes, sodium chloride and/or Tris-
HCI. The concentration of the buffer ingredients may be
adjusted by the researcher. Typically, the detergent concen-
tration is in the range 0f 0.1-1.0 percent by weight, preferably
0.2-0.7 percent by weight. Preferably protease inhibitors are
added to the demasking solutions; in a still further embodi-
ment also the antibody containing solution comprises pro-
tease inhibitors; this is particularly due in the most preferred
embodiment wherein the demasking and the antibody incu-
bation steps are performed in one step (batch). Examples for
protease inhibitors are aprotinin, bestatin, EDTA, PMSF, leu-
peptin. Preferred concentrations of the ingredients in the
buffer solutions the are described below. However, it has to be
emphasized that the persons skilled in the art are able to adapt
the kind of ingredients of the buffer as well as the concentra-
tion of the ingredients in accordance with the particulars of
the test method.

[0028] Preferred Demasking Solutions:

[0029] Solution 1 is:

[0030] 0.4-0.6, pref. 0.5 wt.-% NP-40

[0031] 0.2-0.3, pref. 0.25 wt.-% sodium deoxycholate
[0032] 0.01-0.5, pref. 0.05 wt.-% SDS

[0033] 100-200, pref. 150 mM NaCl

[0034] 20-100, pref. 50 mM Hepes

[0035] Solution 2 is:

[0036] 10-50, pref. 25 mM Tris-HCI pHS

[0037] 0.4-0.6, pref. 0.5 wt.-% Triton X-100

[0038] 0.4-0.6, pref. 0.5 wt.-% NP-40

[0039] Protease inhibitors are to be added in accordance

with the experimental needs.

[0040] Examples for detergents and other demasking
agents are anionic detergents, e.g SDS, Na-deoxycholate;
nonionic detergents, e.g. Triton X-100, Tween 20, Nonidet
P-40; zwitterionic detergents, e.g., CHAPS, and cationic
detergents, e.g., tetradecyl trimethyl ammonium bromide
(TTAB), and/or other denaturing demasking agents, prefer-
ably basic or acidic reagents, e.g. formic acid, guanidine
hydrochloride or urea or alkali hydroxides.
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[0041] The buffer solution containing the detergents and
the body fluid is incubated for about 15 min to 3 h, preferably
30-90 min at a temperature of about 10-40° C., preferably
15-37° C., further preferably 17-30° C. The incubation time
as well as the temperature may be adjusted by the skilled
artisan in accordance with the particular test to be performed,
for instance with respect to the body fluid to be tested, the
detergent which is used etc.

[0042] As preferred concentration for the detergent about
0.01-2 percent by weight, particularly preferred 0.02-1 per-
cent by weight is suggested. The concentration is lower than
the critical micelle concentration (0.5-5%).

[0043] After said demasking step, the sample is contacted
with one or more antibodies binding to the epitopes charac-
teristic for the Af peptide. In a preferred embodiment, the
demasking step (b) and the contacting step (c) are performed
in one step (in one batch).

[0044] Typical antibodies to be used are monoclonal anti-
bodies which recognize epitopes within the amino terminus
of the A peptide, preferably within amino acid (aa) positions
1-24. Particularly preferred epitopes comprise amino acids
(aa) 4-13 or 17-24. However, also other epitopes characteris-
tic for the A peptide may be used extending to regions of the
AP peptide other than the amino terminus. Examples are the
epitope ataa 1-5; epitope at aa 1-11; epitope at aa 1-7; epitope
at aa 15-24; epitope at aa 3-9; epitope at aa 11-26; epitope at
aa 4-10; epitope at aa 13-28; epitope at aa 1-10; epitope at aa
31-40; epitope at aa 8-17; epitope at aa 15-30; epitope at aa
17-24; epitope at aa 1-28; epitope at 12-28; epitope at aa
17-42; epitope at aa 20-40: epitope at aa 37-42 epitope at aa
8-17; epitopeataa 11-28; epitope at aa 1-6; epitope ataa 8-17,
epitope at aa 12-28; epitope at aa 25-35; epitope at aa 15-30;
epitope at aa 17-26; epitope at aa 1-12; epitope at aa 32-40;
epitope at aa 33-42.

[0045] While particularly preferred two antibodies are
used, preferably covering amino acid positions 4-13 and
17-24, infurther embodiments of the invention also more than
two, for instance three or four antibodies or only one antibody
may be used.

[0046] If one antibody is used, one part of the antibody
population is labelled with a first fluorescence marker while
the other part of the antibody population is labelled with a
second fluorescence marker. The markers act as donor and
acceptor in order to fulfil the criteria of the FRET technology.
As one Af oligomer provides the same epitope several times,
the FRET technology can be used. The term “one antibody” is
to be understood to cover a homogenous, i.e. identical popu-
lation of monoclonal antibodies.

[0047] In a still further embodiment, two or more than two
antibodies are used, and each antibody is labelled with a
different fluorescence marker or with two fluorescence mark-
ers only.

[0048] The antibodies used are specifically labelled with
fluorescent markers. Fluorescently labelled antibodies are
well-known in the art and may be purchased commercially.
Fluorescent staining of proteins is well-known in the art, and
means to detect fluorescently labelled antibodies are known.
The fluorescent dyes typically bind by non-covalent or cova-
lent interactions with the protein. In accordance with the
invention any fluorescent dye may be used which is able to
bind to the monoclonal antibodies in the present invention
and which can be detected by cytometric or photometrical
methods, for instance by flow cytometry; particularly pre-
ferred are fluorescent dyes which can be used in FRET.
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[0049] 1In aparticularly preferred embodiment, the method
of the present invention utilizes flow cytometry combined
with fluorescence resonance energy transfer (FRET). FRET
is an excellent tool for determining distances and supramo-
lecular organization of biomolecules (FIG. 1a). FRET is a
special phenomenon in fluorescence spectroscopy during
which energy is transferred from an excited donor molecule
to an acceptor molecule under favorable spectral and spatial
conditions'®. For detecting AP, one epitope is labelled with a
donor and the other epitope with an acceptor. The most popu-
lar FRET pair for practical use is CFP and YFP. Both are color
variants of green fluorescent protein GFP. When the donor
and the acceptor are quite distant from each other, the donor
emission is detected on the donor excitation while, on the
other hand, when the donor and acceptor are in close prox-
imity due to the interaction of a donor and the acceptor, the
acceptor emission is predominately observed because of the
intermolecular FRET from the donor to the acceptor. For the
combined FRET effect, the emission peak of the donor must
overlap the excitation peak of the acceptor. In FRET, light
energy is added at the excitation frequency for the donor
fluorophor, which transfers some ofits energy to the acceptor,
which thenre-emits the light at its own emission wavelengths.
The net result is that the donor emits less energy than it
normally brought (since some of the energy gets transferred
to the acceptor instead), while the acceptor emits more light
energy at its excitation frequency (because it is getting extra
energy input from the donor fluorophor).

[0050] The benefit of FRET technology is its excellent
resolution. FRET only occurs when the two fluorophors are
within 2-10 nm of each other meaning that the fluorophors
must be brought together via a very close spatial distance. If
the fluorophors are more than 20 nm apart, no signal will be
observed. Therefore, it is important to select epitopes in A-f}
ifthe FRET effect is utilized in combination with flow cytom-
etry.

[0051] Inatypical embodiment ofthe invention, two mono-
clonal anti-Ap antibodies that recognize different epitopes of
the AP peptide sequence are labeled with the fluorescence
dyes Alexa Fluor 488 (mAb 4GS; raised against Ap 17-24)
and Alexa Fluor 594 (mAb 6E10; raised against Ap 4-13).
Other fluorescence dyes such as AT'TOs or Cy can be suitable.
Generally, all known fluorescence dyes can be used if they are
able to provide the FRET effect as donor/acceptor molecules.
For instance the mAb 4G8-Alexa Fluor 488 corresponds to
the donor molecule and the mAb 6E10-Alexa Fluor 594 func-
tions as the acceptor molecule (FIG. 1a). With this donor/
acceptor combination, Af§ monomers are not detectable in the
present, which is due to the low amount of fluorophores that
are able to bind to AP monomers (a maximum of two anti-
bodies per monomer) and the resulting very low intensity of
the emitted fluorescence and FRET signal (FIG. 3). In con-
trast, oligomeric structures of Ap are able to bind sufficient
amounts of antibody molecules and give thus rise to a fluo-
rescence signal strong enough to be detected by flow cytom-
etry (FIG. 3). The information content of the fluorescence
signal is increased by FRET, as it allows a differentiation of
unspecific binding of the mAb 4G8 to other molecules.
Hence, signals from the 6E10-Alexa Fluor 594 antibody are
only observed if the distance between both antibodies is
closer than 10 nm, the Forster distance that allows energy
transfer between donor and acceptor fluorophores.

[0052] In the last step, the fluorescence resonance energy
transfers signal emitted by the fluorescence labelled sample is



US 2010/0129847 Al

then detected by well-known means. Examples are flow
cytometry or photometrical methods. Allkind of methods and
means for detecting the fluorescence signal are applicable.
[0053] Preferred embodiments of the invention are now
described with respect to the examples. It is to be noted that
the application is not limited to those embodiments described
below.

[0054] Methods

[0055] Collection of cerebrospinal fluid. CSF was obtained
from 174 neurological patients (mean age 49.3 years; range
8-89) with diagnoses such as multiple sclerosis. All samples
were obtained by lumbar puncture, frozen within 2 h and
stored at —-85° C. before analysis; repeated freeze/thaw cycles
were avoided.

[0056] Fluorescence labeling of antibodies. The anti-Af
antibodies 4G8 and 6E10 (Chemicon International) were
labeled with the fluorescence dyes Alexa Fluor 488 or Alexa
Fluor 594 according to the manufacture’s instructions (apply-
ing the respective Monoclonal Antibody Labeling Kits; Invit-
rogen).

[0057] Sample preparation. 200 ul of CSF were diluted
with 200 pl of 1x solution 1 (5% solution 1 contains 250 mM
HEPES; 750 mM NaCl, 0.25% SDS, 1.25% Nadeoxycholate,
2.5% NP-40 alternative (Calbiochem)and 1 tablet of protease
inhibitor cocktail Complete™ Mini (Roche Applied Science)
per 2 ml of 5x Solution 1). Then the fluorescence labeled
antibodies wereadded to concentrations of 2 nM and 8 nM for
donor antibody (4GS, labeled with Alexa-Fluor 488) and
acceptor antibody (6E10, labeled with Alexa-Fluor 594),
respectively. After incubation (90 minutes at room tempera-
ture, protected from light), samples were analyzed on a FACS
Calibur (BD Biosciences) as described below.

[0058] Flow cytometry. For the detection of Af-oligomers
a FACS Calibur flow cytometer equipped with a 15 mW 488
nm air-cooled argon-ion laser (BD Biosciences) was used.
The oligomer particles were gated in logarithmic forward/
sideward scatter Dot plots (FSC vs SSC). The green or red
fluorescence of the dyes Alexa Fluor 488 and Alexa Fluor 594
was detected by the corresponding FL.1 and FL3 (logarithmic
scale) photomultipliers through 530/30 or 670LP bandpass
filters, respectively. To avoid differences in the measurement
due to variation in the CSF samples, all samples were mea-
sured in TruCount Tubes (BD Biosciences) and analysis was
stopped after 28,000 beads were counted.

[0059] Sorting. Sorting of the oligomer-specific region was
performed on a FACS Vantage cell sorter (BD Biosciences),
applying a threshold to the FL1 channel. The population of
interest was gated in a Dot plot of FLL1 vs FL.3 and only events
with a FRET signal were sorted.

[0060] Western blot. 20 pl of a CSF sample or 25 ul sorted
CSF were applied to 16% Tricine gels (Invitrogen), run for 2
hours, and transferred onto t PYDF membranes. Membranes
were boiled for 5 min in PBS and blocked for 2 hours in 5%
skimmed milk powder in TBS-T (10 mM Tris-HCI, pH 7.6
containing 150 mM NaCl and 0.1% Tween 20). Then the
monochlonal anti-Ap antibody 6E10 was applied and incu-
bated over night. After washing the membranes in TBS-T, the
bound antibody was visualized using HRP-conjugated sec-
ondary anti-mouse antibody and ECL detection (SuperSignal
West Femto Substrate, Pierce).

[0061] Dot blot. For dot blot analysis the samples were
directly applied to the nitrocellulose membrane and air-dried.
The membrane was then processed to determine the presence
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of AP oligomers using the anti-oligomer specific antibody
A-11 (Biosource) according to the manufacturer’s protocol.
[0062] Tsolation of amyloid-f oligomers from AD brain
homogenate. Frontotemporal brain tissue from control per-
sons and AD patients was kindly provided by the German
brain bank. Oligomers from control and AD brains were
isolated according to Wiltfang et al*®.

[0063] Statistical analysis. Statistical analysis was pet-
formed using the MedCalc software and the Spearman’s rank
correlation coefficient.

[0064] Preparation of seedless AP (1-42). Ap (1-42) was
purchased from Bachem, seedless treated as described by
Dahlgren et al. (Dahlgren, K. N. et al. Oligomeric and fibrillar
species of amyloid-beta peptides differentially affect neu-
ronal viability. J. Biol. Chem. 277, 32046-32035 (2002)),
further purified by RP-HPLC (column: Source 5RPC 4.6/150
ST Amersham); solvent A: 0.1% NH,OH (25%) in H,O,
pH9.0; solvent B: 60% acetonitril, 40% solvent A; gradient:
25-56% solvent B in 31 min; flow rate: 1.0 ml/min) and
lyophilized.

[0065] Generation of in vitro fibrilis. Seedless AR (1-42)
was dissolved in DMSO (Sigma-Aldrich) to 1 mM, diluted to
100 um into 10 mM HCI and incubated for 24 hours at 37° C.
(Dahlgren et al 2002). For storage, fibril preparations were
diluted to 5 uM into 100 mM Hepes, 2.5 mM DTT, 5 mM
EDTA, 250 mM NaCl, 2% glycerine, pH 7.6 and frozen at
-80° C.

Examples
Example 1

[0066] The sensitivity of the assay was determined by titra-
tion of in vitro assembled A fibrils in the concentration range
from 1 nM down to 0.0025 nM. In this range the assay is
linear. Because the concentration of the fibrils was estimated
from the starting monomer concentration used for the assem-
bling into fibrils and one fibril correspond to 100-1000 mono-
mer the real concentration of the measured fibril is much
lower, doing the detection limit in the femtomol range (FIG.
2).

Example 2

[0067] In order to check whether monomer of Af can be
detected by flow cytometry 1 nM of A monomer 1-42
(Bachem) treated as described by Dahlgren et al.'* was incu-
bated with the donor:acceptor antibody pair and analyzed by
flow cytometry. No signals were detected in any case (FSC vs
SC; FL1 vs FL3 Dot plots; FIG. 34,6). In contrast to Ap
monomer when 1 nM of in vitro assembled A fibrils (seed-
less amyloid-(1-42) was dissolved in DMSO (Sigma-Ald-
rich) to 100 uM, diluted in PBS to 0.5 uM and incubated for
72hoursat37° C. and the used concentration of the fibrils was
based on the starting monomer concentration) FRET events
were detected (FSC vs SCC; FL1 vs FL3) showing that with
the assay there is possible to discriminate between mono-
meric AP (no detection possible) and Af oligomerized (FIG.

3¢,d).

Example 3

[0068] For flow cytometry measurements, CSF was diluted
into different buffer solutions. Only dilution of CSF into a
buffer containing specific amounts of several detergents
allows an optimal detection of amyloid p oligomers (solution
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1 and solution 2). The pre-treatment procedure is therefore an
essential and highly critical step for the measurement of amy-
loid p oligomers. As shown in FIG. 4, the use of water or
common buffers (PBS, HEPES) for dilution of CSF only
allow the detection of a minute fraction of oligomers present
in the sample. The reason for this inefficient detection of
oligomers is a so-called epitope-masking that competes with
antibody binding.

Example 4

[0069] As evident from example 3, solution 1 is superior for
the detection of amyloid f oligomers in CSF. This buffer
solution was therefore selected for further measurements and
its concentration was optimized. As shown in FIG. 5 (top),
when used as a 1-fold concentrated solution, solution.l
increases the background of the measurements (arrow). A
similar result is obtained when the buffer concentration is
reduced to 0.25-fold—then most of the detected signal is
unspecific background (FIG. 5, bottom). A 0.5-fold concen-
trated solution.1, however, satisfactorily de-masked the oli-
gomers without increasing the unspecific background signal
(FIG. 5, middle). This example thus demonstrates that the
detection of oligomers in CSF essentially depends on sample
pre-treatment (i.e. selection of an appropriate detergent mix-
ture) and hence buffer conditions.

Exaniple 5

[0070] In the current setup, 200 pl of CSF are diluted with
200 pl of solution 1, followed by incubation with the FRET
antibody mixture. Although we used 200 pul of each CSF
sample, this volume is not limiting and can be increased if a
higher sensitivity is required. To better visualize the FRET
effect, we first incubated human CSF with the antibody 4G8-
Alexa Fluor 488 alone. In the subsequent flow cytometric
analysis, an oligomer-specific population was detected show-
ing events in the fluorescence 1 channel only (FIG. 6a; FL1-
H). Addition of the FRET acceptor antibody 6E10-Alexa
Fluor 594 then induced an additional fluorescence signal in
the fluorescence 3 channel (FIG. 65-¢; FL3-H). This gain of
an Alexa Fluor 594 specific emission demonstrates the bind-
ing of both antibodies in close proximity to each other (<10
nm), allowing energy transfer from the Alexa Fluor 488 donor
to the Alexa Fluor 594 acceptor fluorophore. Although the
sensitivity for the detected signal increases upon addition of
the acceptor antibody, the overall number of specific events
simultaneously decreases, possibly due to a sterical compe-
tition of both antibodies for their respective epitopes as well
as a FRET induced fluorescence quenching of the acceptor
fluorophores. Since the probability for non-specific binding
of both antibodies within a distance closer than 10 nm is
extremely low, these data suggest that the detected events are
indeed AP oligomers. To further validate this assumption, a
pool of CSF (6 ml) was prepared and analyzed as described
before. The events detected in the region of interest, however,
were sorted with a FACS Vantage cell sorter and subsequently
analyzed by Western blot and Dot blot. As shown in FIG. 64,
AP assemblies ranging from monomers to pentamers could
be detected by Western blot, confirming the sorted particles to
be composed ofthe Ap peptide (FIG. 6d, lane 2). Comparison
of the sample derived from sorting with a CSF sample directly
loaded onto the gel shows that the higher molecular weight
forms can only be detected in the sample enriched by sorting
(FIG. 6d, lanes 2-3). Since the assay does not detect AP
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monomers (FIG. 3), this indicates the monomer band of the
sorted material to originate from oligomeric structures. It can
therefore be suggested that most of the oligomers found in
CSF are not covalently crosslinked or SDS-resistant. Further
proof for the detected A} oligomers was achieved by Dot blot
analysis ofthe sorted population, resulting in a positive signal
when probed with the oligomer-specific antibody A-11 (FIG.
6e).

Example 6

[0071] In order to test the clinical assay performance, we
finally extended our CSF analysis on samples obtained from
174 non-demented individuals with various neurological dis-
orders (FIG. 7). Evaluation of the data shows a large variation
in the concentration of the detected oligomers. We found,
however, a correlation between the age of the individuals and
amounts of AP oligomers (rho=0.22; p=0.0036), showing for
the first time that the AP oligomer concentration increases
with age. This result supports the assumption that the equi-
librium of soluble-to-insoluble Af is disturbed with age and
provides an explanation for the observed age-dependent
decrease of monomeric Af in CSF, namely the formation of
oligomers.

Example 7

[0072] Itis known that repeated freeze/thaw cycles of CSF
lead to a decrease in the concentration of A monomers™.
The absence of a reliable detection method, however, did
render such studies impossible for oligomers. We therefore
examined the effect of freeze/thaw cycles using a pool of CSF
that was frozen at —80° C. and thawed consecutively three
times. The first value was measured before freezing and was
set as 100%. In contrast to the situation observed for AR
monomers*’, no significant effect was observed for the over-
all amount of oligomers for all applied freeze/thaw cycles
(FIG. 8).

[0073] We further investigated the reproducibility of our
assay, exemplified for seven different CSF samples in FIG.
8b. The standard deviation for these samples is 3.5+2.1%
(FIG. 8b) and below 5% for the overall assay. As can also be
seen from this Figure, two of the CSF samples were negative
for AP oligomers, even through all samples contained
approximately equal amounts of monomers as detected by
Western blot. (FIG. 8¢). This demonstrates again that there is
no correlation between oligomer content and concentration of
AP asdetected by Western blot or ELISA*! and underlines the
advantage of the assay over other methods, i.e. specificity for
oligomers, scalable sample volume and thus enhanced sensi-
tivity.

[0074] As flow cytometry is a common method in routine
diagnostics, the use of our assay could be a cheap alternative
to other methods, particularly as it allows a high sample
throughput and automation.
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1-10. (canceled)

11. A method for the detection of amyloid-f peptide oli-
gomers in body fluids comprising the following steps:

a) providing a sample of a body fluid to be tested with

respect to the presence of amyloid-f§ peptide oligomers;
b) demasking the epitopes responsible for antibody bind-
ing on said amyloid-p peptide oligomers;
¢) contacting said sample after said demasking step with
one antibody comprising an antibody population bind-
ing to one epitope on said amyloid-f} peptide oligomer,
one part of the antibody population being labeled with a
first fluorescence marker and the other part of the anti-
body population being labeled with a second fluores-
cence marker, or
contacting said sample after said demasking step with at
least two antibodies binding to at least two different
epitopes on said amyloid-f peptide oligomers, the
first antibody being labeled with a first fluorescence
marker and the at least second antibody being labeled
with a second fluorescence marker,

wherein said first fluorescence marker acts as donor
transferring its energy to said second fluorescence
marker acting as acceptor;

d) determining the intensity of the fluorescence resonance
energy transfer signal emitted by said fluorescence
labeled sample to detect amyloid-f§ peptide oligomers
present in said body sample.

12. The method in accordance with claim 11, wherein said

body fluid is a vertebrate body fluid.

13. The method in accordance with claim 12, wherein said
vertebrate body fluid is selected from the group consisting of
humans, cattle, horses, dogs, cats and rodents.

14. The method of claim 11, wherein said epitopes are
located within amino acid positions aa 1-24 within the amino
terminus.

15. The method of claim 11, wherein said epitopes are
selected from the group consisting of epitope at aa 4-13;
epitope at aa 17-24; epitope at aa 1-5; epitope at aa 1-11;
epitope at aa 1-7; epitope at aa 15-24; epitope at aa 3-9;
epitope at aa 11-26; epitope at aa 4-10; epitope at aa 13-28;
epitope at aa 1-10; epitope at aa 31-40; epitope at aa 8-17,
epitope at aa 15-30; epitope at aa 17-24; epitope at aa 1-28;
epitope at 12-28; epitope at aa 17-42; epitope at aa 20-40;
epitope at aa 37-42; epitope at aa 8-17; epitope at aa 11-28;
epitope at aa 1-6; epitope at aa 8-17; epitope at aa 12-28;
epitope at aa 25-35; epitope ataa 15-30; epitope at aa 17-26;
epitope at aa 1-12; epitope at aa 32-40; epitope at aa 33-42.

16. The method according to claim 11, wherein said
demasking is performed by adding one or more detergents.

17. The method according to claim 16, wherein said deter-
gents are selected from the group consisting of anionic deter-
gents, nonionic detergents, zwitterionic detergents, cationic
detergents, and denaturing demasking agents.

18. The method according to claim 16, wherein said deter-
gent is used in a concentration lower than the critical micelle
concentration, preferably at about 0.01-2% by weight.

19. The method according to claim 16, wherein said deter-
gent is used in a concentration of about 0.01-2% or 0.02-1%
by weight.
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20. The method according to claim 11, wherein the tem-
perature of said demasking step b) or of said contacting step
c) or of both is in the range of about 15° C.-40° C.

21. The method of claim 1, wherein the incubation with
said demasking agents or said antibodies or both is for about
30-90 min.

22. The method according to claim 11, wherein said body
fluid is selected from the group consisting of cerebrospinal
fluid, blood, urine, tears and saliva.
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23. The method according to claim 11, wherein said inten-
sity of said fluorescence resonance energy transfer signal is
determined by flow cytometry or photometrical methods.

24. The method according to claim 11, wherein steps (b)
and (c) are performed simultaneously in one batch.

25. The method according to claim 11, wherein into the
demasking solution and/or into the antibody containing solu-
tion or into both protease inhibitors are added.
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