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Description
RELATED APPLICATIONS

[0001] This application claims priority to US Patent Ap-
plication No. 13/833,008 filed on March 15, 2013.

FIELD

[0002] The disclosure relates to methods for analyzing
blood to detect diseases associated with abnormal pro-
tein aggregation. In one embodiment, the disease asso-
ciated with abnormal protein aggregation is Alzheimer’s
disease.

BACKGROUND

[0003] Alzheimer's disease (AD) is the most common
cause of dementia in elderly populations throughout the
world with more than 35 million people affected, and is
projected to rise to 115 million by 2050 if effective ther-
apeutics are not developed (Barnes and Yaffe, 2011).
This age-related neurodegenerative disorder is patho-
logically characterized by amyloid B (AB)-containing se-
nile plaques, neurofibrillary tangles, and synapse loss in
the brain (Selkoe 2001). Although it is clear that AD is a
degenerative disorder, the role of the immune system is
prominent (reviewed in Britschgi and Wyss-Coray 2007).
In AD, toxic AP peptides aggregate into higher molecular
weight assemblies and accumulate not only in the extra-
cellular space, but also in the walls of blood vessels in
the brain (de la Torre 2002; Deane and Zlokovic 2007),
increasing their permeability (Nagababu et al 2009), and
promoting transfer of T lymphocytes into brain (Farkas
et al 2003). Macrophages/microglia ingest AB and are
key players for Ap clearance (Majumdar et al 2008; Mild-
ner et al 2007; Simard et al 2006). Neutrophils also infil-
trate into AD brain by virtue of blood brain barrier disrup-
tion (Stamatovic et al 2005).

[0004] Despite considerable effort, there is neither a
cure for AD, nor even a clinical test to reliably establish
the diagnosis with certainty; post-mortem examination of
brain tissue is currently the only certain way to confirm
the diagnosis of AD. In fact, current diagnostic criteria
have "Probable AD" as the category with the highest cer-
tainty (McKhann et al 2011), reflecting the limitations in
ante-mortem diagnosis. A simple and reliable test would
be important for several reasons: therapeutic trials will
be more reliable if enrolled subjects have a definitive di-
agnosis, allowing a more homogeneous population to be
studied. Milder cases of dementia (mild cognitive impair-
ment), where diagnostic criteria for AD are not yet met,
could be correctly classified as early AD vs. other causes
(e.g. vascular), allowing better prognostication and insti-
tution of proper treatment, once this becomes available.
[0005] From a population health perspective, given
that biochemical changes in AD brain (e.g. amyloid dep-
osition) begin years to perhaps decades before clinical
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symptoms, it may be possible to detect early pre-clinical
disease and institute preventive measures when availa-
ble. Thus, development of an inexpensive, non-invasive,
rapid test for AD is of paramount importance as the de-
veloped world braces for this inevitable epidemic.
[0006] Much effort has gone into developing biomark-
ers to support an AD diagnosis Styren et al., 2000, The
Journal of Histochemistry & Cytochemistry, 48(9),
1223-1232, focus on a fluorescent derivative of Congo
red (X-34) as a marker of beta-sheet structures; Jung et
al., 1999, Neurobiology of Aging, 249-257, rely on detec-
tion of beta-amyloid precursor protein on monocytes and
Takehiro etal., 2012, PLOS One, 7(11), focus on the use
of red blood cell Ab40 and Ab42 as biomarkers of AD. In
the blood, focus has been on measuring Ap levels in the
plasma. This has not proved reliable, as levels of AB40,
AB42, or ratios of the two, cannot reliably separate
healthy controls from AD patients (Thambisety and Love-
stone 2010). Other approaches include proteomics anal-
ysis of plasma, but this is expensive, complex, not ame-
nable to high throughput assays, and remains experi-
mental. CSF analysis of A and (phosphorylated) tau lev-
els has stronger predictive value (van Rossum et al 2012;
Senanaron et al 2012), but compared to blood is invasive
and unlikely to become routine outside of formal research
trials. Imaging markers (MRI, fMRI, FDG-PET, amyloid-
PET) (Jack 2012; Matsuda and Imabayashi 2012) are all
more expensive, not universally available, and are either
non-specific (MRI) or highly specialized and available in
only a few centers (e.g, amyloid-PET). Therefore, a sim-
ple and inexpensive blood test to diagnose AD and AD-
related mild cognitive impairment that will progress to
AD, is highly desirable. An ability to perform detection
from small samples of human blood would be a tremen-
dous improvement over current methods, and pave the
way for developing a simple, rapid high-throughput
screening method. Such methods would also be appli-
cable to other diseases characterized by abnormal pro-
tein aggregation.

SUMMARY

[0007] The inventors describe a novel method for an-
alyzing blood to detect diseases associated with abnor-
mal protein aggregation. As set out in the Examples, the
inventors have determined that it is possible to detect
pathogenic protein aggregates associated with diseases
including, but not limited to, Alzheimer’s disease, Bovine
Spongiform Encephalopathy (BSE) and traumatic brain
injury in non-plasma blood elements such as circulating
blood leukocytes and platelets. Furthermore, the use of
spectral fluorescence techniques with fluorescent probes
that bind pathogenic protein aggregates were shown to
readily distinguish blood samples from healthy controls
and blood samples from subjects with diseases associ-
ated with abnormal protein aggregation. The spectral
analysis of non-plasma blood elements with fluorescent
probesthatbind pathogenic protein aggregates therefore
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allows for the detection of diseases typically associated
with abnormal protein aggregation in the central nervous
system. Using transgenic animal models, it was also
shown that the methods described herein are able to
identify subjects with Alzheimer’s disease using blood
samples early on during the progression of disease at
the same time as pathology was observed in brain sam-
ples.

[0008] Accordingly, the disclosure relates to a method
of detecting a disease associated with abnormal protein
aggregation in a subject. In one embodiment, the method
comprises (a) contacting non-plasma blood elements
from the subject with a conformationally-sensitive probe
that binds to pathogenic protein aggregates, wherein the
non-pasma blood elements are selected from red blood
cells, leukocytes, microvesicles and platelets (b) gener-
ating a fluorescence emission spectra or absorption
spectra of the probe bound to the pathogenic protein ag-
gregates, wherein the emission spectra or the absorption
spectra of the conformationally-sensitive probe changes
when the probe is bound to the pathogenic protein ag-
gregate and (c) comparing the fluorescence emission
spectra or absorption spectra of the probe contacted with
the non-plasma blood elements to one or more reference
fluorescence emission spectra or absorption spectra
wherein the reference non-plasma blood elements are
from a reference subject who has a disease associated
with abnormal protein aggregation, and correspondence
between the fluorescence emission spectrum or absorp-
tion spectra and the one or more reference fluorescence
emission spectra or absorption spectra is indicative that
the subject has a disease associated with abnormal pro-
tein aggregation.

[0009] Thedisclosure also relates to an in vitro method
for detecting pathogenic protein aggregates in a blood
sample from a subject. In a preferred embodiment, the
non-plasma blood elements are leukocytes.

[0010] In one embodiment, leukocytes are isolated
from the blood sample prior to contacting the leukocytes
with a probe that binds to pathogenic protein aggregates.
[0011] In another embodiment, leukocytes of the buffy
coat are contacted with a probe that binds to pathogenic
protein aggregates.

[0012] In another embodiment, the probe is a fluores-
cent probe, optionally a conformationally-sensitive
probe. Optionally, the probe is Congo Red, K114, X34,
BSB, FSB, IMSB, Chrysamine-G, methoxy-X34, meth-
oxy-X04, thioflavin-T, thioflavin-S, Pittsburgh compound
B, thiazine red R, auramine-O, p-FTAA or a luminescent
conjugated polythiophene (LCP) or luminescent conju-
gated oligothiophene (LCO) related to p-FTAA.

[0013] Inoneembodiment, the probe comprises anan-
tibody that selectively binds to pathogenic protein aggre-
gates. Optionally, the antibody is labeled with a detect-
able label such as a fluorescent label. In one embodi-
ment, the probe is an anti B-amyloid antibody. In one
embodiment, the probe is an anti-Tau or anti-hyperphos-
phorylated Tau antibody.
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[0014] Detecting the probe bound to the pathogenic
protein aggregates comprises detecting the fluorescence
or absorbance of the probe bound to the pathogenic pro-
tein aggregates.

[0015] Detecting the fluorescence or absorbance of
the probe comprises detecting the intensity of the fluo-
rescence signal, generating a fluorescence emission
spectrum and/or generating an absorption spectrum. In
one embodiment, detecting the fluorescence of the probe
bound to pathogenic protein aggregates comprises de-
tecting the intensity of the fluorescence signal at a two
of more wavelengths or the absorption of the probe bound
to pathogenic protein aggregates at two or more wave-
lengths.

[0016] In another embodiment, generating a fluores-
cence emission spectrum comprises measurements at
two or more wavelengths or generating an absorption
spectrum comprising measurements at two or more
wavelengths.

[0017] In another embodiment, at least one reference
emission spectrum is a fluorescent emission spectrum
from reference non-plasma blood elements from a refer-
ence subject who has a disease associated with abnor-
mal protein aggregation, and correspondence between
the fluorescence emission spectrum and the at least one
reference fluorescence emission spectrum indicates that
the subject has a disease associated with abnormal pro-
tein aggregation. Alternatively, at least one reference
emission spectrum is a fluorescent emission spectrum
from reference non-plasma blood elements from a refer-
ence subject who is a healthy control, such as a subject
who does not have a disease associated with abnormal
protein aggregation, and correspondence between the
fluorescence emission spectrum and the at least one ref-
erence fluorescence emission spectrum indicates that
the subject does not have a disease associated with ab-
normal protein aggregation. Optionally the reference
emission spectra include non-neuronal disease controls.
[0018] In another embodiment, at least one reference
absorption spectrum is an absorption spectrum from ref-
erence non-plasma blood elements from a reference
subjectwho has a disease associated with abnormal pro-
tein aggregation, and correspondence between the ab-
sorption spectrum and the at least one reference absorp-
tion spectrum indicates that the subject has a disease
associated with abnormal protein aggregation. Alterna-
tively, at least one reference absorption spectrum is an
absorption spectrum from reference non-plasma blood
elements from a reference subject who is a healthy con-
trol, such as subject who does not have a disease asso-
ciated with abnormal protein aggregation, and corre-
spondence between the absorption spectrum and the at
least one reference absorption spectrum indicates that
the subject does not have a disease associated with ab-
normal protein aggregation.

[0019] A person skilled in the art will appreciate that in
some embodiments, differences or similarities between
the fluorescence spectra or absorbance spectra of sub-
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ject non-plasma blood elements and the fluorescence or
absorbance spectra of the reference non-plasma blood
elements may indicate that the subject has or does not
have a disease associated with abnormal protein aggre-
gation depending on the disease state of the reference
non-plasma blood elements. Similarly, differences or
similarities between the fluorescence spectra or absorp-
tion spectra of subject non-plasma blood elements and
the fluorescence spectra or absorption spectra of the ref-
erence non-plasma blood elements may indicate that the
sample has pathogenic protein aggregates or does not
have pathogenic protein aggregates depending on
whether the reference non-plasma blood sample has
pathogenic protein aggregates.

[0020] In another embodiment, the method comprises
comparing a plurality of fluorescence emission spectra
or absorption spectra with a plurality of reference spectra.
For example, in one embodiment, two or more fluores-
cence emission spectra are generated using two or more
different excitation wavelengths and compared to two or
more reference spectra generated using the same or sim-
ilar excitation wavelengths.

[0021] In another embodiment, the method further
comprises: performing spectral unmixing to determine
the weightings of individual basis spectra that contribute
to the fluorescence emission spectrum or absorption
spectrum; and

using the weightings to determine a probability that the
subject has a disease associated with abnormal protein
aggregation or using the weightings to determine a prob-
ability that a sample has a pathogenic protein aggregate.
[0022] In another embodiment, the individual basis
spectra are determined from (a) samples of subjects
known to have a disease associated with abnormal pro-
tein aggregation, (b) samples of healthy control subjects
and/or (c) samples that have not been contacted with the
probe. In one embodiment, the samples are non-plasma
blood elements known to have or not have a particular
pathogenic protein aggregate.

[0023] Different methods known in the art may be used
to perform spectral unmixing in order to determine the
weightings of individual basis spectra. For example, in
one embodiment, spectral unmixing is performed using
linear algebraic methods. In one embodiment, spectral
unmixing is performed using non-linear algebraic meth-
ods. Inanother embodiment, the spectral unmixingis per-
formed using the Levenberg-Marquardt algorithm.
[0024] Different methods known in the art may also be
used to compare the fluorescence emission spectrum or
absorption spectrum to one or more reference spectrain
orderto determine correspondence betweenthe spectra,
or to determine differences or similarities between the
spectra. In one embodiment, suitable methods generate
a quantitative measure of similarity or difference between
spectra. In one embodiment, the methods described
herein further comprises generating a statistical measure
or probability score that a spectra or set of spectras are
indicative of the presence of a disease associated with
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abnormal protein aggregation or the presence of patho-
genic protein aggregates. For example, in one embodi-
ment, machine learning, genetic algorithms, or principle
component analysis may be used for comparing spectra
or a set of spectra.

[0025] The disease associated with abnormal protein
aggregation is selected from the group consisting of:
Alzheimer’s disease, mild cognitive impairment, cerebral
amyloid angiopathy, brain trauma, traumatic brain injury,
bovine spongiform encephalopathy or multiple sclerosis,
[0026] In another embodiment, the pathogenic protein
aggregates comprise amyloid proteins, optionally 3-amy-
loid, tau protein, hyperphosphorylated tau protein (pTau),
prion protein and/or, aB-crystallin (CRYAB).

[0027] In another embodiment, the pathogenic protein
aggregates comprise B-amyloids and the disease is
Alzheimer’s disease.

[0028] In another embodiment, the step of contacting
leukocytes from the subject with the probe that binds to
pathogenic protein aggregates is performed at an alka-
line pH. Forexample, inone embodiment, the pH is above
9, above 10, or above 11. In one embodiment, the pH is
optionally about 10.5. In another embodiment, the step
of contacting leukocytes from the subject with the probe
that binds to pathogenic protein aggregates is performed
at an acidic pH, optionally a pH below 6, below 5 or below
4.

[0029] The methods described herein include gener-
ating a plurality of fluorescence measurements or a plu-
rality of fluorescent spectra using a plurality of different
excitation wavelengths. Forexample, inone embodiment
the method comprises generating two or more fluores-
cence emission spectra at two or more excitation wave-
lengths. In one embodiment, the method comprises gen-
erating three, four, five, six, seven, eight, nine, ten or
greater than ten fluorescence emission spectra at three,
four, five, six, seven, eight, nine, ten or greater than ten
excitation wavelengths, respectively. Without being lim-
ited by theory, varying the excitation wavelength and an-
alyzing two or more fluorescence spectra is thought to
increase the sensitivity and/or specificity of the methods
described herein for the detection of pathogenic protein
aggregates in blood.

[0030] In another embodiment, at least one of the ex-
citation wavelengths is in the near-ultraviolet, optionally
200 nm to 400 nm. In one embodiment at least one of
the excitation wavelengths is from 300 nm to 500 nm,
optionally 375 nm or 445 nm. In another embodiment,
the excitation wavelengths correspond to standard wave-
lengths of fixed semi-conductor laser diodes. In one em-
bodiment, the excitation wavelengths include one or
more wavelengths selected from 375 nm, 405 nm, 445
nm and 457 nm. In one embodiment, the at least one of
excitation wavelengths is between 200 nm and 2000 nm.
[0031] In another embodiment, the fluorescent emis-
sion spectra or absorption spectra are generated by
measuring the intensity of fluorescence or absorption at
a plurality of wavelengths. In one embodiment, the spec-
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tra are generated by taking measurements from 400 nm
to 700 nm or from 200nm to 2000nm.

[0032] Inanother embodiment, the fluorescence or ab-
sorption of the probe bound to the pathogenic protein
aggregates is normalized to cell count. In one embodi-
ment, the fluorescence or absorption of the probe bound
to the pathogenic protein aggregates is normalized to
cell count in the sample being measured for fluorescence
or absorption, such as within a light path or within an
imaging field. Different methods known in the art for de-
termining cell count include quantifying or estimating the
number of cells in a sample such as by use of a fluoro-
phore such as DRAQS5 to stain cell nuclei.

[0033] In another embodiment, detecting the probe
bound to the pathogenic protein aggregates comprises
measuring the fluorescence or absorbance of the probe
bound to the pathogenic protein aggregates in a sample
of non-plasma blood elements in a cuvette or microtiter
plate.

[0034] In another embodiment, detecting the probe
bound to the pathogenic protein aggregates comprises
measuring the fluorescence or absorbance of the probe
bound to the pathogenic protein aggregates in all or part
of a 2-dimensional field comprising a sample of non-plas-
ma blood elements.

[0035] In one embodiment the non-plasma blood ele-
ments are leukocytes or platelets.

[0036] In another embodiment, the probe is Congo
Red, K114, X34, BSB, FSB, IMSB, Chrysamine-G, meth-
oxy-X34, methoxy-X04, thioflavin-T, thioflavin-S, Pitts-
burgh compound B, thiazine red R, auramine-O or p-
FTAA, aluminescent conjugated polythiophene (LCP) or
luminescent conjugated oligothiophene (LCO) related to
p-FTAA.

[0037] In another embodiment, detecting the probe
bound to the pathogenic protein aggregates comprises
detecting the fluorescence or absorbance of the probe
bound to the pathogenic protein aggregates.

[0038] In another embodiment, detecting the fluores-
cence or absorbance comprises detecting the intensity
of the fluorescence signal, generating a fluorescence
emission spectrum or generating an absorption spectrum
as described herein.

[0039] In another embodiment, the pathogenic protein
aggregates comprise amyloid proteins, optionally p-amy-
loid, and/or tau protein, hyperphosphorylated tau protein
(pTau), prion protein, aB-crystallin (CRYAB).

[0040] In another embodiment, the pathogenic protein
aggregates comprise B-amyloids and the disease is
Alzheimer’s disease.

[0041] Other features and advantages of the disclo-
sure will become apparent from the following detailed
description. It should be understood, however, that the
description and the specific examples while indicating
preferred embodiments are given by way of illustration
only.
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DRAWINGS

[0042] Embodiments are described below in relation
to the drawings in which:

Figure 1 depicts spectral fluorescence images of X-
34, a fluorescent amyloid probe (Styren et al. 2000),
upon binding to senile plaques in formalin-fixed sec-
tions from 5xFAD, AD transgenic mouse brains. 32
channels of spectrally resolved data are collected
for each pixel. a) Unmixed image showing typical
morphology of amyloid plaques and two states of
plaque "maturity". b) Measured emission spectra
from plaque and laser backscatter used in the math-
ematical unmixing operation. The closely spaced
emissions of the core and edge of a large amyloid
plaque in the X-34 image were well separated as
shown in ¢ and d. These results illustrate the ability
not only to detect amyloid plaques in brain, but to be
able to distinguish various aggregation states within
a single plaque.

Figure 2 shows anti-Ap (6E10) immunofluorescence
in formalin-fixed sections from 5xFAD mouse brain.
a) Typical morphology of senile plaques which is
6E10 immuno-positive (asterisks). 6E10-positive
blood cells are also observed around a blood vessel
(Square box). b) High magnification images of the
square box from a, showing that the leukocytes con-
tain material that is AB.

Figure 3 shows double labeling of X-34 with 6E10
immunofluorescence in mouse buffy coat samples.
a-c) Unmixed X-34 image with 6E10 immunofluores-
cence in 5xFAD mouse buffy coat from circulating
blood. X-34-positive cells are clearly co-localized
with 6E10 immunofluorescent signals, d) Emission
spectra of X-34-positive 5xFAD mouse buffy coat
leukocytes. Measured emission spectra of X-34-
positive leukocytes from circulating blood are virtu-
ally identical to those from senile plaque in 5xFAD
mouse brain (dotted line), demonstrating that the leu-
kocytes contain material that is very similar to that
found in plaques.

Figure 4 shows 2-photon spectral fluorescence im-
ages of X-34 upon binding to amyloid-like material
in buffy coat from healthy control (HC) and AD pa-
tients, a) Truecolor (left column), unmixed autofluo-
rescence (grey) and AD-specific X-34 (white) chan-
nels (middle & right columns). AD-specific X-34 sig-
nal was detected only from AD buffy coat. b) Emis-
sion spectra of AD-specific X-34 signals and autoflu-
orescence. c) A bar graph showing strong AD-spe-
cific signal only in AD leukocytes. CJD refers to a
patient with Creutzfeldt-Jakob disease.

Figure 5 shows double-labeling using the amyloid
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probes X-34, with anti-Ap antibody (6E10) in buffy
coat from healthy control (HC) and AD patients. AD-
specific X-34 signal (see Fig.4 for details) is strong
only in AD leukocytes (f), which co-localizes with
strong APB immunolabeling (g). Only a fraction of AD
leukocytes were positive however. In contrast, only
very weak background signal is seen in the healthy
control buffy coat (b, c). Laser backscatter conven-
iently identifies each cell (d, h), and this signal is
perfectly separated from the other emissions using
the spectral techniques described herein.

Figure 6 shows spectral fluorescence images of
K114, another fluorescent amyloid probe (Crystal
2003), upon binding to amyloid-like material in buffy
coat from healthy control (HC) and AD patients. a)
Truecolor (left column), unmixed autofluorescence
and AD-specific K114 channels (right column). b)
Emission spectra of HC-, AD-specific K114 signals
and autofluorescence.

Figure 7 is simplified composite index that reflects
the probability that a subject has either AD or Mild
Cognitive Impairment (MCI) ("ADR index" ie "AD re-
lated index"). Leukocyte cells obtained from patients
were labeled with the amyloid probe K114 and spec-
trally analyzed as above.

Figure 8 shows human brain froma multiple sclerosis
patient stained with Congo Red. These data suggest
that chronic MS plaques have deposits of amyloid,
which should be detectable in blood leukocytes, in
an analogous manner to AD.

Figure 9 shows the AD index obtained by spectral
analysis of blood (Figure 9A) and brain (Figure 9B)
samples from a transgenic mouse model of Alzhe-
imer’s disease (5xFAD) at 1 month, 2 months, 3
months and 10 months as well as samples from a
wild-type (WT) control using the probe K114 as de-
scribed in Example 6.

Figure 10 shows spectra obtained from analyzing
blood from a subject diagnosed with Alzheimer’s dis-
ease (AD) compared to a healthy control (HC) as
described in Example 7.

Figure 11 shows staining of leukocytes obtained
from a healthy control (Figure 11A) and a subject
with Alzheimer’s disease (AD) (Figure 11B) with an
antibody for AB4_4, and a probe for pathogenic pro-
tein aggregates (K-114). Both healthy control and
AD subjects exhibit AB4_4, staining, however Figure
11B shows a much higher level of staining for K-114
indicating the presence of pathogenic protein aggre-
gates. Leukocytes typically exhibit small bright inclu-
sions as well as more diffuse cytoplasmic staining,
both of which are positive for amyloid probe labeling.
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The inclusions occur in both healthy control and AD
blood, but are more numerous in AD samples and
display unique spectral signatures; cytoplasmiclabel
on the other hand is far stronger in AD samples and
virtually undetectable in healthy control leukocytes.
AB4_4o immunolabels a subset of leukocytes, and la-
bels both granules and diffuse cytosol. Figure 11C
shows that the overall intensity of the AB4_4, immu-
nolabel is similar in AD vs. healthy control (HC).

Figure 12 shows spectra obtained by analyzing leu-
kocytes from a subject still in a coma 5 days after a
traumatic brain injury (TBI) with a probe that binds
to pathogenic protein aggregates (K-114) compared
to spectra obtained from a subject with Alzheimer’s
disease (AD) and a healthy control (HC).

Figure 13 shows staining of platelets obtained from
wild type control and 5xFAD mice with K-114. Fig-
ures 13A and 13B show K114 true colour images,
while Figures 13C and 13D show the unmixed K114
image. Figure 13E shows the emission spectra of
AB-specific K114 signals and autofluorescence.
5xFAD platelets show higher Ap-specific K114 sig-
nals compared to wild type control platelets (Figures
13B and 13D).

DETAILED DESCRIPTION

[0043] The inventors have discovered that the spectral
signatures of amyloid probe fluorescence in non-plasma
blood elements from AD subjects are highly similar to
those from human and mouse brain senile plaques,
thereby demonstrating that non-plasma blood elements
contain material that is similar to the material found in
cerebral plaques. Without being bound by theory, it is
postulated that non-plasma blood elements such as leu-
kocytes, platelets and/or red blood cells exposed to path-
ogenic protein aggregates accumulate these aggre-
gates. The present methods link the presence of patho-
genic protein aggregates in circulating non-plasma blood
elements to the diagnosis of diseases associated with
abnormal protein aggregation. Also described are meth-
ods for detecting and/or identifying pathogenic protein
aggregates in non-plasma blood elements.

[0044] Accordingly, an aspect of the disclosure pro-
vides a method of detecting a disease associated with
abnormal protein aggregation in a subject, wherein the
presence of pathogenic protein aggregates in the non-
plasma blood elements of the subject is indicative that
the subject has a disease associated with abnormal pro-
tein aggregation. Another aspect of the disclosure pro-
vides a method for detecting pathogenic protein aggre-
gates in a blood sample from a subject by contacting the
sample with a probe that binds pathogenic protein ag-
gregates and optionally identifying the type or composi-
tion of pathogenic protein aggregate in the sample by
spectral analysis.
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[0045] As used herein, the term "disease associated
with abnormal protein aggregation” refers to any disease
that is associated with and/or characterized by protein
misfolding and aggregation. In such diseases, proteins
may be misfolded and aggregated from their soluble
functional state into highly ordered fibrillar assemblies
with high B-sheet content ("amyloid peptides" or "amy-
loids"). While "diseases associated with abnormal protein
aggregation" may be otherwise unrelated, they have in
common binding to amyloid probes such as Congo Red.
Diseases associated with abnormal protein aggregation
include, but are not limited to, Alzheimer’s disease, Par-
kinson’s disease, Huntington’s disease, mild cognitive
impairment, cerebral amyloid angiopathy, brain trauma,
frontotemporal dementia, Pick’'s disease, multiple scle-
rosis, prion disorders, Down’s syndrome and Amyotroph-
ic Lateral Sclerosis (ALS). Other disease associated with
abnormal protein aggregation include neuromuscular
disorders such as myopathies (e.g. desminopathies, al-
pha-B crystallinopathies, selenoproteinopathies, hered-
itary inclusion body myopathies, actinopathies, myosin-
opathies) (Vicart et al 1998) and neuropathies such as
familial amyloidosis neuropathy (Sharma and Goebel
2005). Diseases associated with abnormal protein ag-
gregation alsoinclude neurological disorders and/or neu-
rodegenerative disorders. Diseases associated with ab-
normal protein aggregation are not limited to the specific
diseases recited herein; any disease that includes mis-
folded protein aggregates as part of its pathology may
be detected using the methods described herein.
[0046] Different proteins may be misfolded and aggre-
gatedin different diseases. For example, Alzheimer’s dis-
ease is characterized by B-amyloid containing plaques
that accumulate in brain tissue. In Parkinson’s disease,
a-synuclein (a-Syn) neuronal inclusions are seen. Hunt-
ington’s disease is associated with aggregations of the
huntingtin protein. The infectious agent responsible for
prion disorders such as transmissible spongiform en-
cephalopathy, bovine spongiform encephalopathy and
Creutzfeldt-Jakob disease (CJD) is a misfolded and ag-
gregated version of prion protein. Further, the present
inventors have evidence that amyloid deposits are found
in the brains of multiple sclerosis patients.

[0047] As used herein, the term "pathogenic protein
aggregates" refers to toxic misfolded and aggregated
versions of proteins and polypeptides present in the
body. As used herein, the term "protein aggregates" re-
fers to misfolded peptide or protein oligomers, including
peptide dimers and oligomers larger than dimers. Exam-
ples of "pathogenic protein aggregates" include amy-
loids. "Amyloids" is a general term used to describe in-
soluble fibrous protein aggregates. Pathogenic protein
aggregates can also comprise soluble aggregates such
as B-amyloid oligomers. Pathogenic protein aggregates
can be made up of a single protein or multiple different
proteins. Pathogenic protein aggregates can also include
lipid and nucleic acid components. Examples of proteins
that can be found in pathogenic protein aggregates in-
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clude, butare notlimited to, B-amyloid, a.-synuclein, hunt-
ingtin, tau protein, hyperphosphorylated tau protein
(pTau), prion protein, aB-crystallin (CRYAB), desmin, se-
lenoproteins, actin and myosin as well as superoxide dis-
mutase (SOD).

[0048] As used herein the phrase "method of detecting
a disease associated with abnormal protein aggregation
in a subject" refers to a method or process of determining
if a subject has a disease associated with abnormal pro-
tein aggregation. The phrase "method of detecting a dis-
ease associated with abnormal protein aggregation in a
subject" also refers to amethod of determiningif a subject
has an increased risk of developing a disease associated
with abnormal protein aggregation. The terms "risk" and
"increased risk" as used herein refer to a subject having
a predisposition to developing a disease e.g increased
risk compared to the average risk of a population. The
phrase "detecting a disease" also refers to detecting a
disease in a pre-symptomatic patient. "Detecting a dis-
ease"also includes detecting the stage, severity, subtype
or the progression of a disease.

[0049] In one embodiment, the methods described
herein include obtaining a blood sample from a subject.
Methods of obtaining blood samples are well known in
the art. In one embodiment, the sample comprises blood,
whole blood or a fraction thereof. In another embodiment,
the blood sample comprises buffy coat. In a further em-
bodiment, the blood sample comprises leukocytes. As
used herein "non-plasma blood elements" refers to the
constituents of blood other than plasma such as red blood
cells, leukocytes, microvesicles and platelets.

[0050] Buffy coat is a fraction of an anticoagulated
blood sample following density gradient centrifugation of
the blood. The buffy coat contains most of the leukocytes
and platelets of the blood. The buffy coat may be isolated
from a blood sample using any technique known in the
art. Optionally, blood samples may be centrifuged and
the buffy coat (or leukocyte band) may be removed. In
one embodiment, if a red blood cell free sample is de-
sired, any contaminating red blood cells are lysed.
[0051] As used here, the term "leukocyte" or "white
blood cell" refers to a cell of the immune system. Exam-
ples of leukocytes include granulocytes such as neu-
trophils, eosinophils and basophils, lymphocytes, mono-
cytes and macrophages (derivatives of monocytes). In
one embodiment, pathogenic protein aggregates are
identified in phagocytic blood leukocytes including, but
not limited to, monocytes and/or macrophages. Without
being bound by theory, it is believed that all major types
of leukocytes can potentially accumulate pathogenic AB
or other misfolded proteins/peptides, then carry these to
circulating blood. Phagocytosis by macrophages and
neutrophils is a key line of defense, clearing pathogens
and waste products. Further, while lymphocytes are not
phagocytic, intercellular protein transfer has been ob-
served between these immune cells (termed trogocyto-
sis) (reviewed in Caumartin et al 2006).

[0052] As used herein, the term "isolating leukocytes"
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refers to obtaining a sample comprising leukocytes, con-
sisting of leukocytes or consisting essentially of leuko-
cytes. In one embodiment, isolating leukocytes refers to
obtaining a sample that is free of, or substantially free of,
non-leukocyte cells. The term "isolating leukocytes" op-
tionally refers to isolating the buffy coat layer of a blood
sample. The methods described herein are performed
on a sample of leukocytes, such as sample comprising
leukocytes, consisting of leukocytes or consisting essen-
tially of leukocytes. In another embodiment, the methods
described herein are performed on a buffy coat sample.
[0053] In another embodiment, a particular type of leu-
kocyte cell is isolated and the methods described herein
are performed on that particular sub-type. Examples of
leukocyte cell types include neutrophils, eosinophils and
basophils, lymphocytes, NK cells, monocytes and mac-
rophages.

[0054] As shown in Figure 13, blood platelets associ-
ated with pathogenic protein aggregates show distinctive
spectra when stained with K114 and can be differentiated
from platelets derived from healthy controls. Other non-
plasma blood elements such as red blood cells and mi-
crovesicles may also accumulate pathogenic A or other
misfolded proteins/peptides, then carry these in circulat-
ing blood.

[0055] The methods described hereininclude the iden-
tification of pathogenic protein aggregates in the non-
plasma blood elements of a subject. The presence of
pathogenic protein aggregates in non-plasma blood el-
ements can be detected using a number of methods. In
one embodiment, pathogenic protein aggregates are de-
tected in non-plasma blood elements using probes that
specifically bind to and/or interact with the pathogenic
protein aggregates.

[0056] The methods described herein also include the
identification of pathogenic protein aggregates associat-
ed with the non-plasma blood elements of a subject. The
presence of pathogenic protein aggregates associated
with non-plasma blood elements can be detected using
a number of methods. As used herein, the term "associ-
ated with" non-plasma blood elements is used to refer to
pathogenic protein aggregates adsorbed or absorbed to
the surface of non-plasma blood elements, absorbed into
the interior of non-plasma blood elements, or in separat-
ed granules outside of the non-plasma blood elements.
In one embodiment, the term "associated with" non-plas-
ma blood elements refers to pathogenic protein aggre-
gates adsorbed or absorbed to the leukocyte cell surface,
absorbed into the leukocyte interior, orin separated gran-
ules outside of the leukocyte cells.

[0057] In one embodiment, pathogenic protein aggre-
gates are detected in non-plasma blood elements such
asleukocytes using probes that specifically bind toand/or
interact with the pathogenic protein aggregates. As used
herein, the term "probe that binds to pathogenic protein
aggregates" includes both direct and indirect binding to
the aggregates.

[0058] As used herein, the term "probe" refers to any
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detectable agent that binds, directly or indirectly, to a
pathogenic protein aggregate. In one embodiment, the
probe is a fluorescent probe or a luminescent probe. A
"fluorescent probe" is a probe with the ability to emit light
of a certain wavelength when activated by light of another
wavelength.

[0059] "Conformationally-sensitive" indicates that the
absorption and/or emission spectra, as well as emission
intensity, of the fluorescent and/or luminescent probe
change as a function of the conformation of the target
peptide, protein, lipid, nucleic acid, or macromolecular
assembly thereof, thereby reporting the conformational
states of such assemblies or aggregates. Probes can be
engineered to exhibit maximal spectral changes as a
function of the conformational state of said macromo-
lecular aggregates to maximize sensitivity and specificity
of detection of the pathogenic aggregates.

[0060] In another embodiment, the probe specifically
binds to amyloid fibrils. Specific examples of conforma-
tionally-sensitive fluorescent probes useful for detecting
amyloid peptides include, but are not limited to, Congo
Red, Congo Red derivatives and bis-styrylbenzenes
(e.g.K114,X34,BSB, FSB, IMSB, Chrysamine-G, meth-
oxy-X34, methoxy-X04), thioflavin analogs (thioflavin-T,
thioflavin-S, Pittsburgh compound B), thiazine red R, au-
ramine-O, pentameric formyl thiophene acetic acid (p-
FTAA) and related luminescent conjugated polythi-
ophenes (LCPs) or luminescent conjugated oligothi-
ophenes (LCOs). As used herein, the term "contacting a
cell with a probe" or "labeling a cell with a probe" refers
to any means by which a cell is exposed to a probe such
that the probe is able to bind pathogenic protein aggre-
gates in the cell (i.e., intracellular protein aggregates) or
protein aggregates associated with the cell. In one em-
bodiment, cells are permeabilized prior to contacting with
a probe or labeling with a probe. Methods of labeling non-
plasma blood elements such as cells with fluorescent
probes are well known in the art. For example, leukocytes
are optionally fixed and dried and then stained with a
fluorescent probe. The pH, time, concentration and ve-
hicle for the probe may be specific for the probe. In one
embodiment, the inventors have determined the probe
is preferably contacted with the non-plasma blood ele-
ments at an alkaline pH, such as a pH above 10 or about
10.5. This results inimproved sensitivity and/or specificity
for detecting pathogenic protein aggregates using the
spectroscopic methods as described herein.

[0061] Once the non-plasma blood elements are la-
beled, various methods may be used to detect binding
of the fluorescent probe to the protein aggregates. In one
embodiment, detecting the probe bound to the pathogen-
ic protein aggregates comprises detecting the fluores-
cence of the probe bound to the pathogenic protein ag-
gregates. Detecting the fluorescence of the probe may
be accomplished by any method known in the art.
[0062] The "absorbance" of the probe is the amount of
light the probe absorbs at any particular wavelength. De-
tecting the absorbance of the probe may be accom-
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plished by any method known in the art. In another em-
bodiment, detecting the absorbance of the probe com-
prises generating absorption spectra.

[0063] In one embodiment, probe fluorescence or ab-
sorbance is spectrally resolved using a spectrometer.
The spectrometer is optionally an imaging or a non-im-
aging spectrometer. In another embodiment, a wide-field
spectral camera is used to detect probe emission.
[0064] In one embodiment, fluorescence or absorb-
ance is detected using fluorescence spectroscopy. Inone
embodiment, spectral 2-photon imaging is used. For ex-
ample, spectral 2-photon imaging may be performed with
a conventional narrow-band ultrafast laser (e.g. Chame-
leon, Coherent Inc.) or ultrabroadband femtosecond la-
ser (Octavius, Thorlabs) and a spectral laser-scanning
microscope such as the Nikon AIRMP. In another em-
bodiment, spectral multiphoton or spectral 1-photon im-
agingis used. One or several excitation wavelengths may
be used to excite the fluorescent probes, including the
entire UV, near-UV, visible and near-infrared. In one em-
bodiment, the excitation wavelength is between about
200 nm and about 2000 nm, and optionally between
about 400 nm and 700nm. Images may be analyzed us-
ing various programs such as the program ImageTrak
(http://www.ucalgary.ca/styslab/imagetrak).

[0065] In another embodiment, fluorescence or ab-
sorbance is detected using a non-imaging spectrometer
such as from a cuvette, small sample holder or a multi-
well plate. Here, the labeled cells are suspended, excited
by one or more laser lines, and the emission is collected
with a (non-imaging) spectrometer.

[0066] Inyetanother embodiment, fluorescence or ab-
sorbance is detected using single-cell spectral analysis
asin a FACS analyzer. In another embodiment, a micro-
plate reader is used.

[0067] Inone embodiment, detecting the fluorescence
of the probe comprises detecting the intensity of the flu-
orescence signal from the probe. In another embodiment,
detecting the fluorescence of the probe comprises de-
tecting the intensity of the protein-aggregate specific flu-
orescence from the probe. The term "protein aggregate
specific fluorescence" refers to fluorescence from a
probe that binds to protein aggregates that is specific for
the pathogenic protein aggregates and is not attributable
to background fluorescence, autofluorescence or normal
state protein.

[0068] In another embodiment, detecting the absorb-
ance of the probe comprises detecting the degree, inten-
sity, or quantity of the absorption by the probe. In another
embodiment, detecting the absorption of the probe com-
prises detecting the intensity, degree or quantity of the
protein-aggregate specific absorbance by the probe. The
term "protein aggregate specific absorbance" refers to
absorbance by a probe that binds to protein aggregates
that is specific for the pathogenic protein aggregates and
is not attributable to background absorption, autoabsorp-
tion or normal state protein.

[0069] Preferably, the reference probe and the probe

10

15

20

25

30

35

40

45

50

55

10

used to contact the subject non-plasma blood elements
is the same probe.

[0070] In one embodiment, reference non-plasma
blood elements, or control non-plasma blood elements,
are non-plasma blood elements derived from a reference
subjectwho has a disease associated with abnormal pro-
tein aggregation. In another embodiment, reference non-
plasma blood elements, or control non-plasma blood el-
ements, are non-plasma blood elements derived from a
reference subject who does not have a disease associ-
ated with abnormal protein aggregation. The reference
non-plasma blood elements are optionally tested at the
same time as the subject non-plasma blood elements.
In another embodiment, the reference non-plasma blood
elements are tested at different time from the subject
non-plasma blood elements. Optionally, the reference
spectraare pre-determined or standardized control spec-
tra representative of non-plasma blood elements with
particular pathogenic protein aggregates or non-plasma
blood elements from subjects with a disease associated
with pathogenic protein aggregates. As used herein, the
term "subject non-plasma blood elements" refers to non-
plasma blood elements derived from a test subject. In a
preferred embodiment, the non-plasma blood elements
are leukocytes.

[0071] Correspondence, or similarity, between the flu-
orescence or absorbance of subject non-plasma blood
elements and the fluorescence or absorbance of refer-
ence non-plasma blood elements from a reference sub-
ject who has a disease associated with abnormal protein
aggregation indicates that the subject has a disease as-
sociated with abnormal protein aggregation. Differences
between the fluorescence or absorbance of subject non-
plasma blood elements and the fluorescence or absorb-
ance of the reference non-plasma blood elements from
a reference subject who has a disease associated with
abnormal protein aggregation indicates that the subject
does not have a disease associated with abnormal pro-
tein aggregation.

[0072] Likewise, correspondence, or similarity, be-
tween the fluorescence or absorbance of subject non-
plasma blood elements and the fluorescence or absorb-
ance of the reference non-plasma blood elements from
a reference subject who does not have a disease asso-
ciated with abnormal protein aggregation indicates that
the subject does not have a disease associated with ab-
normal protein aggregation.

[0073] Correspondence, or similarity, between the flu-
orescence or absorbance of subject non-plasma blood
elements and the fluorescence or absorbance of refer-
ence non-plasma blood elements is optionally deter-
mined by the amount of fluorescence, the intensity of the
fluorescence or the nature of the fluorescence or the de-
gree of absorbance. In another embodiment, corre-
spondence, or similarity, between the fluorescence or
absorbance of subject non-plasma blood elements and
the fluorescence or absorbance of reference non-plasma
blood elements is determined by analyzing fluorescence
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emission spectra or absorption spectra, for example by
identifying similar fluorescence emission spectrum or ab-
sorption spectrum patterns or similar peaks and troughs
in the fluorescence emission spectra or absorption spec-
tra.

[0074] In another embodiment, the identification of an
increase in fluorescence or absorbance, optionally a sta-
tistically significant increase in fluorescence or absorb-
ance, of subject non-plasma blood elements compared
to reference non-plasma blood elements from a patient
who does not have a disease associated with abnormal
protein aggregation indicates that the test subject has a
disease associated with abnormal protein aggregation.
[0075] In another embodiment, the identification of a
similar amount of fluorescence or absorbance from sub-
ject non-plasma blood elements compared to reference
non-plasma blood elements from a patient who has a
disease associated with abnormal protein aggregation
indicates that the test subject has a disease associated
with abnormal protein aggregation. In one embodiment,
a "similar amount" of fluorescence or absorbance refers
to no statistically significant difference in fluorescence or
absorbance.

[0076] Inone embodiment, an increase or decrease in
fluorescence can be determined visually by looking at
spectral fluorescence images. Increased fluorescence or
absorbance can also be quantified. In one embodiment,
at least a 10%, 25%, 50%, 75% or 100% increase in
fluorescence or absorbance from subject non-plasma
blood elements compared to reference non-plasma
blood elements from a patient who does not have a dis-
ease associated with abnormal protein aggregation indi-
cates that the test subject has a disease associated with
abnormal protein aggregation. In another embodiment,
at least a 10%, 25%, 50%, 75% or 100% decrease in
fluorescence or absorbance from subject non-plasma
blood elements compared to reference non-plasma
blood elements from a patient who has a disease asso-
ciated with abnormal protein aggregation indicates that
the test subject does not have a disease associated with
abnormal protein aggregation.

[0077] The use of fluorescence or absorbance spec-
troscopy also allows spectral signatures or fluorescence
emission spectra or absorption spectra to be generated
from non-plasma blood elements labeled with a fluores-
centprobe. A fluorescence emission spectrum or absorp-
tion spectrum plots the normalized intensity of the fluo-
rescent or absorbance signal from the probe against the
wavelength for a given sample. The fluorescence emis-
sion spectrum or absorption spectrum thereby provides
a specific fluorescent or absorbance signature for a given
sample.

[0078] In one embodiment, the present methods in-
clude comparing the fluorescence emission spectrum or
absorption spectrum of subject non-plasma blood ele-
ments to the fluorescence emission spectrum or absorp-
tion spectrum of one or more reference non-plasmablood
elements.
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[0079] Correspondence, or similarity, between the flu-
orescence emission spectrum or absorption spectrum of
subject non-plasma blood elements and a reference flu-
orescence emission spectrum or absorption spectrum of
non-plasma blood elements from a reference subject
who has a disease associated with abnormal protein ag-
gregation indicates that the subject has a disease asso-
ciated with abnormal protein aggregation. Correspond-
ence, or similarity, between the fluorescence emission
spectrum or absorption spectrum of subject non-plasma
blood elements and a reference fluorescence emission
spectrum or absorption spectrum of non-plasma blood
elements from a reference subject who does not have a
disease associated with abnormal protein aggregation
indicates that the subject does not have a disease asso-
ciated with abnormal protein aggregation. As used here-
in, correspondence, or similarity, between fluorescence
emission spectra or absorption spectra is determined,
for example by identifying similar fluorescence emission
spectrum or absorption spectrum patterns or similar
peaks or troughs in the fluorescence emission spectra
or absorption spectrum. In one embodiment, fluores-
cence emission spectra or absorption spectrum corre-
spond if at least 60, 70, 80, 90 or 95% of the spectral
signatures overlap or substantially overlap.

[0080] It has been shown that the spectral signatures
of the leukocyte amyloid probe fluorescence from AD
subjects are similar to those from human and mouse
brain senile plaques. Thus, in another embodiment, a
reference fluorescence emission spectrum or absorption
spectrum is the fluorescence emission spectrum or ab-
sorption spectrum from a labeled plaque sample derived
from a subject who has a disease associated with abnor-
mal protein aggregation. Optionally, the plaque sample
is from an AD-related plaque from a subject with AD. If
the fluorescence emission spectrum or absorption spec-
trum of the test sample corresponds to, or is similar to,
the reference emission spectrum or absorption spectrum
from the plaque sample, then the test sample comprises
pathogenic protein aggregates and/or the test subject
has a disease associated with abnormal protein aggre-
gation.

[0081] Inanother embodiment, fluorescence emission
spectra or absorption spectra are analyzed to generate
an index indicating disease probability. Here, the spectra
are analyzed as described below to extract the various
components and an index indicating disease probability
is assigned. A score consisting of specific emission spec-
tra or absorption spectra, above a particular threshold,
indicates that the test cell sample comprises pathogenic
protein aggregates and/or the test subject has a disease
associated with abnormal protein aggregation.

[0082] In one embodiment, a numerical score based
on fluorescence emissions or absorbance is calculated.
The numerical score reflects the probability that a test
cell sample originated from a patient with a disease as-
sociated with abnormal protein aggregation. Here, spec-
tral 1-photon confocal, 2-photon or multi-photon images
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are acquired and fluorescence and/or absorbance sig-
nals from non-plasma blood elements are processed us-
ing algorithms (for example, algorithms based on the Lev-
enberg-Marquardt damped least-squares non-linear
curve fitting algorithm, or linear algebraic unmixing/de-
composition algorithms) to separate disease-specific sig-
nals from background and auto-fluorescence emission.
Quantitative fluorescence/absorbance data are extract-
ed thereby allowing the reliable identification of disease
versus non-disease samples. In one embodiment, the
mathematical method generates numerical scores asso-
ciated with samples that originate from a subject who has
a disease associated with abnormal protein aggregation
and numerical scores associated with samples that orig-
inate from a subject who does not have a disease asso-
ciated with abnormal protein aggregation. In one embod-
iment, the difference between the disease-associated
and non-disease associated numerical scores is large
enough to allow the classification of test samples as dis-
ease-associated or non-disease associated.

[0083] In one embodiment, the fluorescence emission
spectrum or absorption spectrum acquired from non-
plasma blood elements contacted with the fluorescent
probes described herein is a linear composite of individ-
ual basis spectra generated by different species of mis-
folded proteins, cellular autofluorescence and back-
ground signal. These basis spectra contribute different
intensities to the overall composite, which is a linear sum
of the contributing spectra. The unmixing operation is
designed to calculate in a quantitative manner, the rela-
tive contributions of each basis spectrum to the overall
composite. Once basis spectra are determined from
standard samples (for example, known healthy controls,
known patients with a disease associated with abnormal
protein aggregation such as AD, cellular autofluores-
cence from unstained samples), the composite spectrum
is unmixed using an algorithm such as the Levenberg-
Marquardt algorithm to determine the weightings of each
basis spectrum that contributed to the composite. These
weighting coefficients are then used to calculate the var-
ious indexes that indicate the probability that any one
sample originated from a healthy or diseased subject.
[0084] Accordingly, in one embodiment, the methods
comprise:

a. generating a fluorescence emission spectrum or
absorption spectrum from subject non-plasma blood
elements;

b. performing spectral unmixing to determine the
weightings of individual basis spectra that contribute
to the fluorescence emission spectrum or absorption
spectrum; and

c. using the weightings to determine a probability
that the subject has a disease associated with ab-
normal protein aggregation.

[0085] As used herein, the term "spectral unmixing"
refers to any method by which individual basis spectra
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are separated from the composite fluorescence emission
spectrum or absorption spectrum. In one embodiment,
spectral unmixing is performed using the Levenberg-
Marquardt algorithm. In another embodiment, spectral
unmixing is performed using a linear decomposition al-
gorithm.

[0086] Inoneembodiment, the individual basis spectra
are determined from samples of (a) subjects known to
have a disease associated with abnormal protein aggre-
gation, (b) healthy control subjects and (c) samples that
have not been contacted with the probe. Optionally, the
individual basis spectra are determined from samples of
non-plasma blood elements such as leukocytes.

[0087] Inanotherembodiment, the methods described
herein include comparing fluorescence emission spec-
trum or absorption spectrum to one or more reference
fluorescence emission spectra or reference absorption
spectra using machine learning, genetic algorithms or
principle components analysis. For example, in one em-
bodiment a data set of spectra representative of non-
plasma blood elements from subjects with a particular
disease state are used to train a genetic algorithmin order
to predict the disease state of a subjectbased on spectral
data of non-plasma blood elements, optionally contacted
with a probe that binds pathogenic protein aggregates.

[0088] A person of skill in the art would readily be able
to use the method described above to assess the prob-
ability that the subject has a disease associated with ab-
normal protein aggregation.

[0089] In another embodiment, spectral analysis of
samples of non-plasma blood elements such as leuko-
cytes may be performed at different time points to detect
differences in the maturity of the deposits thereby pre-
dicting the stage, severity or rate of progression of the
underlying disease.

[0090] The presence of pathogenic protein aggregates
innon-plasma blood elements can also be detected using
an antibody to the pathogenic protein aggregates. In one
embodiment, the antibody is an anti-B-amyloid antibody
such as 6E10, 4G8, AB5078P, 12F4, AB9234 or OMAB.
AB9234 and OMAB are antibodies that bind to g-amyloid
oligomers.

[0091] While the above methods contemplate detect-
ing aggregates in intact, optionally permeabilized, cells,
in another embodiment, aggregates are detected in lysed
and/or frozen cells.

[0092] In some embodiments, the methods further
comprise detecting additional proteins known to be as-
sociated with diseases associated with abnormal protein
aggregation. Forexample hyperphosphorylated Tau, pri-
on protein, and/or alphaB-crystallin are optionally detect-
ed. Optionally, anti-phospho-Tau is used to detect hy-
perphosphorylated Tau and 6H4 antibody is used to de-
tect prion protein. Antibodies to pathogenic forms of SOD
associated with ALS may also be used.

[0093] The probe is optionally a fluorescent probe that
binds to the pathogenic protein aggregates. In another
embodiment, the probe is a conformationally-sensitive
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fluorescent probe. Specific examples of conformational-
ly-sensitive fluorescent probes useful for detecting amy-
loid peptides include, but are not limited to, Congo Red,
Congo Red derivatives and bis-styrylbenzenes (e.g.
K114, X34, BSB, FSB, IMSB, Chrysamine-G, methoxy-
X34, methoxy-X04), thioflavin analogs (thioflavin-T, thio-
flavin-S, Pittsburgh compound B), thiazine red R, au-
ramine-O and pentameric formyl thiophene acetic acid
(p-FTAA) and related luminescent conjugated polythi-
ophenes (LCPs) or luminescent conjugated oligothi-
ophenes (LCOs).

[0094] In other embodiments, the probe is an antibody
to pathogenic protein aggregates such as an anti p-amy-
loid antibody, for example, 6E10.

[0095] The following non-limiting examples are illus-
trative of the present disclosure:

EXAMPLES

Example 1. Detection of Alzheimer’s disease from
blood using fluorescence spectroscopy

[0096] Many neurological diseases such as AD, Par-
kinson’s, Huntington’s and prionopathies are associated
with the misfolding and aggregation of proteins from their
soluble functional state into highly ordered fibrillar as-
semblies with high B-sheet content. These pathologically
unrelated disorders have in common specific binding to
a classic amyloid probe, Congo Red, and are thus called
"congophilic" diseases. Conformationally-sensitive fluo-
rescent probes that specifically bind amyloid fibrils have
been widely used for the investigation of protein aggre-
gation (Styren et al 2000; Klunk et al 2002; Mathis et al
2002; Aslund et al 2009; Nilsson et al 2005; Ham-
marstrom et al 2010). Some newer probes have the ad-
ditional property of detecting soluble oligomeric species,
and altering their emission spectra depending on the pro-
tein aggregate they bind to, allowing them to identify
minute deposits or subtle changes in conformation.
[0097] Advanced spectral imaging allows highly quan-
titative separation of spectra, including subtle variations
from amyloid probes binding to different types of aggre-
gates. Using these techniques, an assay was devised
for the detection of misfolded proteins (AP or others) from
brain and blood of an AD mouse model (Oakley et al
2006) and from human AD patients. Spectral signatures
of protein aggregates labeled by probe X-34 (a Congo
Red derivative) were studied from the CNS and blood.
[0098] Strong and specific signals were obtained from
AD transgenic mouse brain plaques labeled with X-34,
and it was possible to distinguish various states of "ma-
turity" and aggregation within single senile plaques (Fig.
1). This strategy was also applied to human AD patient
brains. Here, amyloid plaques could be distinguished
from neurofibrillary tangles and autofluorescent lipofus-
cin in paraffin-embedded sections. B-amyloid signatures
were very similar to those from AD mouse brain. Togeth-
er, these results indicate that the method is capable of
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sensitive and potentially AD-specific detection of protein
misfolding/aggregation.

[0099] Immunostaining AD transgenic mouse brain
with an anti-Ap antibody 6E10 showed that senile
plaques with typical morphology of 6E10 immuno-posi-
tive (Figure 2a). Further, 6E10-positive blood cells were
also observed around a blood vessel (Figure 2 a and b),
showing that the cells ingested material that is very sim-
ilar to that found in plaques. Without being bound by the-
ory, itis believed that circulating leukocytes act as "sen-
tinels" with the ability to carry misfolded proteins as a
"memory" of their experience after trafficking through the
diseased brain.

[0100] Whereas analyzing post-mortem brain is the de
facto standard for AD diagnosis, it is highly impractical.
A non-invasive technique was therefore sought. In sup-
port of the hypothesis that leukocytes act as "circulating
sentinels", many such cells from AD mouse blood were
strongly positive for X-34, with spectral signatures very
similar to those from brain plaques, suggesting that it is
possible to detect similar "AD-like pathology" in blood
(Fig. 3d). Many of these positive leukocytes were also
immunopositive for AB (Fig. 3a-c), supporting the notion
that they had trafficked into the AD brain and/or transited
through the brain vasculature, ingested then exported
misfolded forms of Ap within them into the systemic cir-
culation. Probe signal from wild type (littermate control)
leukocytes was negligible.

[0101] This method was then tested in human AD
blood samples. Freshly isolated buffy coat from clinically
diagnosed AD and control (healthy, stroke, Creutzfeldt-
Jakob disease (CJD)) patients were subjected to a similar
analysis. All AD samples showed strongly positive cells
with X-34, exhibiting distinctive emission spectra, which
were virtually absent from all controls (Fig. 4a-b). Strong
AD-specific fluorescence signal was seen only in AD leu-
kocytes (Fig 4c). These results also show that CJD pro-
tein aggregates are not detectable using the probe X-34
with the basis spectra used for this analysis (specifically
selected to detect AD), and show that different fluores-
cent probes and/or detection of different specific emis-
sion spectra, unique for CJD and not for AD, would be
necessary to detect the unique putative misfolded pro-
teins associated with CJD. Lastly, all X-34-positive leu-
kocytes co-labeled with anti-Ap (Fig. 5), indicating that
as in AD mouse, it is possible to detect "AD-like pathol-
ogy" in circulating human blood leukocytes.

[0102] Taken together, these observations show that
it is possible to detect AD pathology in circulating leuko-
cytes. Such peripheral abnormalities reflect relevant pa-
thology in AD brain, and thus constitute a reliable test for
AD.

Example 2: Detecting protein aggregates in leuko-
cytes using probe K114

[0103] Fluorescent probe K114, an amyloid-specific
dye and an analogue of Congo Red, was used to detect
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protein aggregates in human leukocytes. In addition, flu-
orescence signals from the labeled leukocytes were
processed using algorithms (for example, algorithms
based on the Levenberg-Marquardt damped least-
squares non-linear curve fitting algorithm) to separate
disease-specific signals from background and auto fluo-
rescence emission. A numerical score based on fluores-
cence emissions was calculated reflecting the probability
that a test cell sample originated from a patient with a
disease associated with abnormal protein aggregation.

Protocol

[0104] Bloodwas drawn from patients inan EDTA tube
and placed on ice. The buffy coat (leukocytes) was iso-
lated using standard techniques. Briefly, blood samples
were centrifuged at 1,700 RCF at room temperature and
the concentrated leukocyte band (middle white layer)
was removed. Contaminating red blood cells were lysed
by ACK lysing buffer for 3-5 min at room temperature and
leukocyte samples were washed with PBS.

[0105] Leukocytes were fixed in a 10% neutralized
buffered formalin. A small aliquot of fixed leukocytes were
placed on a slide glass and dried. The dried sample was
stained with fluorescent probe K114 or X-34.

[0106] The probe was washed with buffer, cover-
slipped with water-based mounting media and imaged
on a laser scanning microscope.

[0107] Imaging was performed either with continuous-
wave laser illumination (1-photon excitation with confocal
detection) or with 2-photon excitation, both at various and
multiple wavelengths. Optionally, multiphoton excitation
may also be used.

[0108] Several images of several hundred cells each
were acquired using a spectral imaging system that ac-
quired 32 channels of spectrally-resolved data spanning
400-750 nm (typical).

[0109] Images of cells were analyzed for fluorescent
inclusions (which are present in both control and AD/MCI
(Mild Cognitive Impairment) samples) and for increased
fluorescence in the leukocyte cytoplasm. These inclu-
sions were classified by size, and distinct fluorescent
spectra extracted manually as an initial step. These "ba-
sis spectra” represent the various emitters in the sample:
autofluorescence, laser backscatter artifact, several dis-
tinctemissions from each fluorescent probe. These spec-
tra differ according to excitation wavelength, and are re-
determined for each wavelength (typically 2 different ex-
citation wavelengths were used).

[0110] Using these basis spectra, the combined fluo-
rescence in the combined images was processed to de-
termine the relative weighting/contribution of each basis
spectrum for each sample, yielding a numerical coeffi-
cient for each basis spectrum. The software was based
in part on the Levenberg-Marquardt damped least-
squares non-linear curve fitting algorithm.

[0111] A ratio of coefficients was used to compute a
"disease index" for each category: control, MCI (Mild
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Cognitive Impairment), AD, other neurological disorders.
Different disorders e.g. CJD, BSE require different fluo-
rescent probes and/or different basis spectra to detect
unique putative misfolded proteins.

Results

[0112] AD-specific signals were observed in leuko-
cytes from AD patients labeled with K114 (Fig. 6a). The
emission spectra of healthy cells labeled with K114 were
distinguishable with AD cells labeled with K114 (Fig. 6b).
[0113] Figure 7 is a simplified composite index that re-
flects the probability that a subject has either AD or Mild
Cognitive Impairment (MCI) ("ADR index" ie "AD related
index"). Leukocytes were sampled from healthy controls
(Healthy cont), stroke patients without AD/MCI (Stroke),
patients with "other neurological disorders" (OND) and
patients with Alzheimer’s disease (AD), Mild Cognitive
Impairment (MCI) and cerebral amyloid angiopathy
(CAA). The OND patient had CJD.

[0114] While all the non-ADR controls (Healthy Con-
trol, Stroke and CJD) were negative, all of the ADR pa-
tients (AD + MCI) were positive. In addition, three out of
four of the cerebral amyloid angiopathy (CAA) patients
were positive. This data shows that the method clearly
identifies patients with Alzheimer’s disease and related
disorders.

Example 3. Presence of amyloids in the brain of an
MS patient

[0115] It is generally believed that AD is a neurode-
generative disorder with secondary innate inflammation,
but the thinking for multiple sclerosis (MS) is unclear.
Initially, evidence was strong in favor of a primary au-
toimmune disorder with the resulting inflammatory as-
sault driving demyelination and cortical atrophy. Howev-
er, recent data from detailed pathological examination,
and experience with potent anti-inflammatory therapies,
cast doubt on this conclusion (Stys et al 2012).

[0116] Therefore, the possibility exists that MS may
also be a primary degenerative disorder, with the unusu-
ally prominentinflammation a secondary response. What
then might be atthe root of MS? Pathology of later chronic
MS (where the inflammatory reaction is less prominent)
indicates that demyelinating lesions expand with time
(possibly propagating from discrete foci within plaques?),
and the prominent periventricular and cortical pathology
suggests that some soluble factor (possibly circulating in
the CSF?) may be responsible. Amyloids have this prop-
erty in that they may propagate and misfold additional
proteins, circulate as toxic soluble species (e.g. Ap oli-
gomers in AD), and later, condense into insoluble aggre-
gates. Fig. 8 shows human MS brain stained with Congo
Red, an amyloid probe. These data suggest that chronic
MS plaques have deposits of amyloid. These deposits
may be a primary feature of MS causing myelin and neu-
ronal damage, as AB is thought to do in AD, or they may
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be reactive to chronic bouts ofinflammation. Regardless,
the presence of amyloid plaques in MS brain indicates
that similar to AD, circulating leukocytes of MS patients
are also likely to carry detectable amyloid aggregates.

Example 4. Larger scale study: Blood test for AD us-
ing fluorescence spectroscopy

[0117] Blood samplesfrom 30 AD and 30 age-matched
healthy controls, as well as other non-AD neurodegen-
erative disorders, are obtained. Buffy coat is isolated and
leukocytes labeled with conformationally-sensitive
probes. Spectral 2-photon and 1-photon images are ac-
quired and fluorescence signals from leukocytes proc-
essed using algorithms to separate AD-specific from
background and autofluorescence emissions. The spec-
tral signatures of the leukocyte amyloid probe fluores-
cence from AD subjects are virtually identical to that from
human and mouse senile plaque, strongly suggesting
that certain leukocyte subsets (¢1-2%) contain material
that is similar to that found in cerebral plaques. Further,
these probe-positive leukocytes co-label strongly for anti-
A antibody, consistent with the understanding certain
leukocytes trafficked through the brain (microvasculature
and/or parenchyma), were exposed to an AB-rich milieu,
and brought with them a "memory" of this exposure that
is detectable by the present methods. A numerical score
based on the different fluorescence emissions is then
calculated reflecting the probability that the sample orig-
inated from an AD patient. In select subjects, post-mor-
tem neuropathological examination is performed to un-
equivocally confirm the diagnosis.

[0118] Thereis evidence that "activation" of leukocytes
e.g. by infection, also increases probe fluorescence,
though the spectral signatures differ. Therefore human
subjects with various infections, auto-immune diseases,
and lymphoproliferative disorders (leukemia, lymphoma)
are also included to ensure the specificity of the method.
[0119] There is also evidence that 1-photon fluores-
cence excitation (confocal) can be used, greatly simpli-
fying the technique and opening the way for future de-
velopment of a relatively inexpensive high-throughputin-
strument.

Example 5. Blood test for bovine spongiform enceph-
alopathy (BSE) using fluorescence spectroscopy

[0120] Using blood from scrapie-infected and healthy
mice, red blood cells (RBCs) were removed by osmotic
shock, and non-RBC blood elements separated. Cells
were stained with conformationally-sensitive amyloid
probes. Strongly positive signal was only seen in scrapie
blood elements, and no signal was found in uninfected
mice. Moreover the spectral signature from the scrapie-
infected blood samples was identical to scrapie spleen
in proteinase K-resistant, anti-PrP-positive regions.

[0121] The method was then tested in experimental
BSE samples. Frozen isolated buffy coat from neu-
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ropathologically proven BSE and non-BSE controls, to-
gether with healthy cows and those with other diseases
(e.g. polio, brain abscess) were subjected to similar anal-
ysis using 2 different conformationally-sensitive amyloid
probes. Both BSE samples were strongly positive, and
all other samples (both healthy control and infected non-
BSE cattle) were unequivocally negative. This data
shows that the spectral fluorescence methods described
herein are capable of reliably detecting markers in the
blood present only in BSE-afflicted animals.

Example 6. Spectral fluorescence analysis of blood
and brain sections from transgenic mice with Alzhe-
imer’s disease

[0122] Studies were performed on an AD transgenic
mouse strain (5XFAD, Oakley et al, 2006) comparing
blood signatures of AD obtained using the spectral fluo-
rescence methods described herein with brain AD pa-
thology. The advantage of this approach, unlike with hu-
man subjects, is that it is possible to know precisely the
extent of amyloid brain pathology at any given age.
[0123] AD index was calculated from mouse blood by
selecting fluorescence spectra from leukocytes stained
with K-114 and imaged on a spectral confocal micro-
scope. Excitation wavelengths used include 375, 405,
445 and 457 nm, however other wavelengths including
but not limited to wavelengths intermediate to these val-
ues can also be used. AD and healthy age-matched wild
type mice were used. These spectra were then used to
calculate coefficients to indicate how close aggregate
spectrafrom many cells/image approximate diseased vs.
normal spectra. The coefficient representing the AD com-
ponent was then multiplied by the mean pixel intensity
to obtain the AD index for blood.

[0124] Mouse brain sections were formalin-fixed and
stained with K-114. Representative spectral images of
these sections were acquired, and brain regions were
selected based on fluorescence intensity thresholds. Se-
lected pixels were then aggregated (pixels in the 2D im-
age summed and collapsed into a single spectral vector
consisting of intensity vs. wavelength) and processed us-
ing AD and control spectra as for blood above. The re-
sulting coefficients were multiplied by the mean pixel in-
tensity to obtain the AD index for brain.

[0125] Results are shown in Figure 9. As previously
published (Oakley et al, 2006), AD plaque pathology be-
gins atabout 2 months, increasing rapidly with age. Using
the spectral fluorescence assay described herein, blood
from the same subjects becomes positive at 2 months,
at the same age as the earliest start of brain pathology.
Wild type (WT) brain and blood remain negative. This
provides further support to the sensitivity of the methods
described herein as being able to detect very early dis-
ease in the blood.
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Example 7. Spectral fluorescence analysis of blood
and cerebrospinal fluid from a human subject using
K-114

[0126] The use of human subjects in Alzheimer’s dis-
ease (AD) research is complicated by the fact that it is
difficult to be certain of the diagnosis or stage of the dis-
ease from ante-mortem human samples. In order to in-
vestigate whether the spectral fluoresce methods de-
scribed herein correspond with other detection methods
in human subjects, investigations were done by testing
blood samples in parallel with cerebrospinal fluid (CSF)
samples and analyzing the CSF using the currently ac-
cepted clinical standard (CSF levels of AB(1-42) and
tau/phospho-tau tested using Athena Diagnostics AD-
mark® Phospho-Tau/Totat-Tau/AB42 CSF assay) in or-
der to determine whether a prospective subject has AD.
[0127] 2D spectral confocal images were obtained
from smears of leukocytes stained with K-114 from a
sample from a subject that was positively identified as
having AD by detecting CSF levels of AB(1-42) and
tau/phospho-tau as well as from a sample from a healthy
control. K-114 emission was isolated based on signal
intensity, integrated, and spectra extracted from AD and
HC samples. Cellular regions that did not exhibit any K-
114 emission were masked to eliminate background
noise. Normalized spectra for each sample are shown in
Figure 10. The fluorescent spectrum obtained from the
subject with AD is easily distinguished from the healthy
control and is significantly blue-shifted towards shorter
wavelengths.

Example 8. Detection of A3(1-42) and pathogenic pro-
tein aggregates in sample of peripheral leukocytes

from subjects with Alzheimer’s disease and healthy
controls

[0128] Samples of peripheral leukocytes from subjects
with Alzheimer’'s disease and healthy controls were
stained using a detectable antibody for AB(1-42) (Milli-
pore AB5078P) resulting in a green fluorescent signal
and were also stained with a probe that binds to patho-
genic protein aggregates (K114) resulting in a red fluo-
rescent signal.

[0129] AsshowninFigure 11, both healthy control (Fig-
ure 11A) and AD samples (Figure 11B) exhibit AB1-42
immunostaining in leukocytes. The mean fluorescent
staining intensity in both samples was roughly equal (Fig-
ure 11C). However, Figure 11B shows a much higher red
intensity, which represents AD-specific spectral emission
from the conformationally selective amyloid probe co-
stained together with the antibody, indicating the pres-
ence of pathogenic protein aggregates. There is very little
AD-specific red signal in the control sample. This under-
scores the observation that simple immunodetection of
AB1-42 in peripheral leukocytes is unable by itself to re-
liably distinguish between healthy controls and AD. Anal-
ysis of the shape of the spectra from leukocytes stained
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with fluorescent probes that selectively bind pathogenic
protein aggregates provides significantly more informa-
tion and facilitates distinguishing normal subjects from
subjects with AD compared to simply analyzing fluores-
cent intensity at a particular wavelength. Likewise, anal-
ysis and comparison of spectra at multiple wavelengths
is expected to facilitate detecting other diseases associ-
ated with abnormal protein aggregation.

Example 9. Spectral fluorescence analysis of blood
from a subject with traumatic brain injury

[0130] Traumatic braininjury (TBI)is a major risk factor
for AD, and studies have shown that amyloid plaque dep-
osition may be significant soon after injury. Here, the in-
ventors sought to apply a similar approach used for as-
saying blood from subjects suspected of having AD to
assaying blood from subjects with TBI in order to detect
pathogenic protein aggregates soon after brain injury as
a means to estimate the biochemical amyloid burden in
the brain.

[0131] Blood samples were obtained from a male sub-
ject who suffered a severe closed head injury and TBI 5
days after the injury while the subject was stillin a coma.
[0132] Figure 12 shows the results of spectral analysis
of a sample of leukocytes from the subject with TBI 5
days after the injury along with spectra obtained from a
healthy control and from a subject with Alzheimer’s dis-
ease. Spectra were obtained from blood leukocytes proc-
essed and stained using K-114 as the probe. 2-D imaging
was performed as set out in Example 7. Spectra were all
obtained using a 375 nm excitation wavelength. As
shown in Figure 12, the spectrum from the subject with
TBI appears red-shifted relative to the others, and clearly
falls outside the normal range.

[0133] While the present disclosure has been de-
scribed with reference to what are presently considered
to be the preferred examples, it is to be understood that
the disclosure is not limited to the disclosed examples.
To the contrary, the disclosure is intended to cover var-
ious modifications and equivalent arrangements includ-
ed within the scope of the appended claims.
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Claims

A method of detecting a disease associated with ab-
normal protein aggregation in a subject, comprising:

contacting one or more non-plasma blood ele-
ments obtained from the subject with a confor-
mationally-sensitive probe that binds to patho-
genic protein aggregates, wherein the non-plas-
ma blood elements are selected from red blood
cells, microvesicles, leukocytes and platelets,
generating a fluorescence emission spectra or
absorption spectra of the probe bound to the
pathogenic protein aggregates, wherein the
emission spectra or the absorption spectra of
the conformationally-sensitive probe changes
when the probe is bound to the pathogenic pro-
tein aggregate, and

comparing the fluorescence emission spectra or
absorption spectra of the probe contacted with
the non-plasma blood elements to one or more
reference fluorescence emission spectra or ab-
sorption spectra, wherein the reference non-
plasma blood elements are from a reference
subject who has a disease associated with ab-
normal protein aggregation and correspond-
ence between the fluorescence emission spec-
trum or absorption spectra and the one or more
reference fluorescence emission spectra or ab-
sorption spectrais indicative that the subject has
a disease associated with abnormal protein ag-
gregation, wherein the disease associated with
abnormal protein aggregation is Alzheimer’'s
disease, mild cognitive impairment, cerebral
amyloid angiopathy, brain trauma, traumatic
brain injury, bovine spongiform encephalopathy
or multiple sclerosis.

2. Themethod of claim 1, wherein the one or more non-
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plasma blood elements are selected from red blood
cells, leukocytes and platelets.

The method of claim 1 or 2, wherein the probe is
K114, Congo Red, X34, BSB, FSB, IMSB,
Chrysamine-G, methoxy-X34, methoxy-X04, thiofla-
vin-T, thioflavin-S, Pittsburgh compound B, thiazine
red R, auramine-O, p-FTAA or a luminescent conju-
gated polythiophene (LCP) or luminescent conjugat-
ed oligothiophene (LCO) related to p-FTAA.

The method of any one of claims 1 to 3, wherein
generating the fluorescence emission spectra of the
probe comprises detecting the intensity of the fluo-
rescence emission signal at two or more wave-
lengths, optionally elicited using 1- or multi-photon
excitation at one or more excitation wavelengths.

The method of any one of claims 1 to 4, wherein the
method comprises:

a. performing spectral unmixing to determine the
weightings of individual basis spectra that con-
tribute to the fluorescence emission spectrum
or absorption spectrum; and

b. using the weightings to determine a probabil-
ity that the subject has a disease associated with
abnormal protein aggregation.

The method of claim 5, wherein the individual basis
spectra are determined from (a) samples of subjects
known to have a disease associated with abnormal
protein aggregation, (b) samples of healthy control
subjects and/or (c) samples that have not been con-
tacted with the probe.

The method of claim 5 or 6, wherein the spectral
unmixing is performed using linear algebraic meth-
ods, optionally using non-linear algebraic methods
such as using the Levenberg-Marquardt algorithm.

The method of any one of claims 4 to 7, wherein
comparing the fluorescence emission spectrum or
absorption spectrum to one or more reference fluo-
rescence emission spectra or reference absorption
spectra comprises machine learning, genetic algo-
rithms or principle components analysis.

The method of any one of claims 1 to 8, wherein the
disease associated with abnormal protein aggrega-
tion is Alzheimer’s disease, brain trauma, traumatic
brain injury or multiple sclerosis.

The method of any one of claims 1 to 9, wherein the
pathogenic protein aggregates comprise amyloid
proteins, optionally B-amyloid, tau protein, hyper-
phosphorylated tau protein (pTau), prion protein,
and/or aB-crystallin (CRYAB).



1.

12.

13.

14.

15.

33 EP 2 972 340 B1 34

The method of any one of claims 1 to 8, wherein the
pathogenic protein aggregates comprise -amyloids
and the disease is Alzheimer’s disease.

The method of any one of claims 1 to 11, wherein
the method comprises generating two or more fluo-
rescence emission spectra at two or more excitation
wavelengths, optionally wherein at least one of the
excitation wavelengths is in the near-ultraviolet, op-
tionally 200nm to 400 nm, or wherein at least one of
the excitation wavelengths is from 300nm to 500 nm,
optionally 375 nm or 445 nm.

The method of any one of claims 1 to 12, wherein
detecting the fluorescence of the probe bound to the
pathogenic protein aggregates comprises measur-
ing the intensity of the fluorescence emission at one
or more wavelengths between 200 nm and 2000nm
or detecting the absorbance of the probe bound to
the pathogenic protein aggregates comprises meas-
uring the absorbance of light at one or more wave-
lengths between 200nm and 2000nm.

The method of any one of claims 1 to 13, wherein
generating the fluorescence emission spectra or ab-
sorption spectra comprises measuring the fluores-
cence or absorbance of the probe bound to the path-
ogenic protein aggregates in all or part of a 2-dimen-
sional field comprising a sample of leukocytes.

The method of any one of claims 1 to 13, wherein
generating the fluorescence emission spectra or ab-
sorption spectra comprises using a non-imaging
spectrometer.

Patentanspriiche

1.

Verfahren zum Feststellen einer Krankheit, die mit
anomaler Proteinaggregation in einer Person ver-
bunden ist, umfassend:

Kontaktieren von einem oder mehreren Nicht-
Plasma-Blutelementen, die von der Person mit
einer konformationsempfindlichen Sonde ge-
wonnen wurde, die sich an die pathogenen Pro-
teinaggregate bindet, wobei die Nicht-Plasma-
Blutelemente aus roten Blutzellen, Mikrovesi-
keln, Leukozyten und Platichen ausgewahlt
werden,

Erzeugen eines Fluoreszenz-Emissionsspekt-
rums oder Absorptionsspektrums der Sonde,
die an die pathogenen Proteinaggregate gebun-
den ist, wobei die Emissionsspektren oder die
Absorptionsspektren der konfirmationsemp-
findlichen Sonde sich andern, wenn die Sonde
an das pathogene Proteinaggregat gebunden
ist, und
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Vergleichen der Fluoreszenzemissionsspekt-
ren oder Absorptionsspektren der Sonde, die
mit den Nicht-Plasma-Blutelementen in Kontakt
gebracht wurde, mit einem oder mehreren Re-
ferenz-Fluoreszenz-Emissionsspekiren  oder
Absorptionsspektren, wobei die Referenz-
Nicht-Plasma-Blutelemente von einer Refe-
renzperson sind, die eine Krankheit hat, die mit
anomaler Proteinaggregation verbunden ist,
und eine Ubereinstimmung zwischen dem Flu-
oreszenz-Emissionsspektrum oder Absorpti-
onsspektren und dem einen oder den mehreren
Referenz-Fluoreszenz-Emissionsspektren

oder Absorptionsspektren ist kennzeichnend
dafiir, dass die Person eine Krankheit hat, die
mit anomaler Proteinaggregation verbundeniist,
wobei die Krankheit, die mit anomaler Protein-
aggregation verbunden ist, die Alzheimer-
Krankheit, leichte kognitive Beeintrachtigung,
zerebrale Amyloid-Angiopathie, Hirntrauma,
traumatische Hirnverletzung, Bovine Spongifor-
me Enzephalopathie oder Multiple Sklerose ist.

Verfahren nach Anspruch 1, wobei das eine oder die
mehreren Nicht-Plasma-Blutelemente aus roten
Blutzellen, Leukozyten und Plattchen ausgewahlt
werden.

Verfahren nach Anspruch 1 oder 2, wobei die Sonde
K114, Kongorot, X34, BSB, FSB, IMSB, Chrysami-
ne-G, Methoxy-X34, Methoxy-X04, Thioflavin-T,
Thioflavin-S, Pittsburgh Compound B, Thiazin-Rot
R, Auramin-O, p-FTAA oder ein lumineszentes kon-
jugiertes Polythiophen (LCP) oder lumineszentes
konjugiertes Oligothiophen (LCO) ist, das mit p-
FTAA verwandt ist.

Verfahren nach einem der Anspriiche 1 bis 3, wobei
das Erzeugen der Fluoreszenz-Emissionsspektren
der Sonde das Feststellen der Intensitat des Fluo-
reszenz-Emissionssignals bei zwei oder mehr Wel-
lenldngen umfasst, die optional unter Verwendung
von 1- oder Multi-Photonen-Anregung bei einer oder
mehreren Anregungswellenldngen angeregt wur-
den.

Verfahren nach einem der Anspriiche 1 bis 4, wobei
das Verfahren umfasst:

a. Ausfiihren der spektralen Entmischung, um
die Gewichtungen der einzelnen Basisspektren
zu bestimmen, die zum Fluoreszenz-Emissi-
onsspektrum oder Absorptionsspektrum beitra-
gen; und

b. unter Verwendung der Gewichtungen, Be-
stimmen einer Wahrscheinlichkeit, dass die Per-
son eine Krankheit hat, die mit anomaler Prote-
inaggregation verbunden ist.
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Verfahren nach Anspruch 5, wobei die individuellen
Grundspektren bestimmt werden aus (a) Proben von
Personen, von denen bekannt ist, dass sie eine
Krankheit haben, die mit anomaler Proteinaggrega-
tion verbunden ist, (b) Proben von gesunden Kon-
trollpersonen und/oder (c) Proben, die nicht mit der
Sonde in Kontakt gebracht worden sind.

Verfahren nach Anspruch 5 oder 6, wobei die spek-
trale Entmischung unter Verwendung von linearen
algebraischen Verfahren, optional unter Verwen-
dung von nichtlineare algebraische Verfahren wie
zum Beispiel die Verwendung des Levenberg-Mar-
quardt-Algorithmus ausgefiihrt wird.

Verfahren nach einem der Anspriiche 4 bis 7, wobei
das Vergleichen des Fluoreszenz-Emissionsspekt-
rums oder Absorptionsspektrums mit einem oder
mehreren Referenz-Fluoreszenz-Emissionsspekt-
ren oder Referenz-Absorptionsspektren das Ma-
schinenlernen, genetische Algorithmen oder Haupt-
komponentenanalyse umfasst.

Verfahren nach einem der Anspriiche 1 bis 8, wobei
die Krankheit, die mit anomaler Proteinaggregation
verbunden ist, die Alzheimer-Krankheit, Hirntrauma,
traumatische Hirnverletzung oder Multiple Sklerose
ist.

Verfahren nach einem der Anspriiche 1 bis 9, wobei
die pathogenen Proteinaggregate Amyloidproteine,
optional B-Amyloid, Tau-Protein, hyperphosphory-
liertes Tau-Protein (pTau), Prionprotein und/oder
aB-Crystallin (CRYAB) umfassen.

Verfahren nach einem der Anspriiche 1 bis 8, wobei
die pathogenen Proteinaggregate p-Amyloide um-
fassen, und die Krankheit ist die Alzheimer-Krank-
heit.

Verfahren nach einemder Anspriiche 1 bis 11, wobei
das Verfahren das Erzeugen von zwei oder mehr
Fluoreszenz-Emissionsspektren bei zwei oder mehr
Anregungswellenlangen umfasst, wobei optional
mindestens eine der Anregungswellenldngen im Na-
hultraviolett liegt, optional 200 nm bis 400 nm, oder
wobei mindestens eine der Anregungswellenlangen
von 300 nm bis 500 nm reicht, optional 375 nm oder
445 nm.

Verfahren nach einemder Anspriiche 1 bis 12, wobei
das Feststellen der Fluoreszenz der Sonde, die an
die pathogenen Proteinaggregate gebunden ist, das
Messen der Intensitéat der Fluoreszenzemission bei
einer oder mehreren Wellenldngen zwischen 200
nm und 2000 nm umfasst, oder das Feststellen der
Absorption der Sonde, die an die pathogenen Pro-
teinaggregate gebunden ist, das Messen der Ab-
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sorption von Licht bei einer oder mehreren Wellen-
langen zwischen 200 nm und 2000 nm umfasst.

Verfahren nach einem der Anspriiche 1 bis 13, wobei
das Erzeugen der Fluoreszenz-Emissionsspektren
oder Absorptionsspektren das Messen der Fluores-
zenz oder Absorption der Sonde, die an die patho-
genen Proteinaggregate gebunden ist, im ganzen
oder in einem Teil eines zweidimensionalen Feldes
umfasst, das eine Probe von Leukozyten enthalt.

Verfahren nach einem der Anspriiche 1 bis 13, wobei
das Erzeugen der Fluoreszenz-Emissionsspektren
oder Absorptionsspektren die Verwendung eines
nicht-bilderzeugenden Spektrometers umfasst.

Revendications

1.

Procédé pour détecter une maladie associée a une
agrégation protéique anormale chez un sujet,
comprenant :

la mise en contact d’'un ou plusieurs éléments
sanguins non plasmatiques obtenus aupres du
sujet avec une sonde sensible a la conformation
quiselie ades agrégats protéiques pathogenes,
dans lequel les éléments sanguins non plasma-
tiques sont choisis parmi les globules rouges,
les microvésicules, les leucocytes et les pla-
quettes,

la génération de spectres d’absorption ou de
spectres d’émission de fluorescence de la son-
de liée aux agrégats protéiques pathogenes,
dans lequel les spectres d’absorption ou les
spectres d’émission de la sonde sensible a la
conformation changent quand la sonde est liée
a l'agrégat protéique pathogene, et

la comparaison des spectres d’absorption ou
des spectres d’émission de fluorescence de la
sonde venue au contact des éléments sanguins
non plasmatiques avec un ou plusieurs spectres
d’absorption ou spectres d’émission de fluores-
cence de référence, dans lequel les éléments
sanguins non plasmatiques de référence pro-
viennent d’'un sujet de référence qui est atteint
d’'une maladie associée a une agrégation pro-
téique anormale et une correspondance entre
les spectres d’absorption ou spectres d’émis-
sion de fluorescence et le ou les spectres d’ab-
sorption ou spectres d’émission de fluorescence
de référence est indicative du fait que le sujet
est atteint d’'une maladie associée a une agré-
gation protéique anormale, dans lequel la ma-
ladie associée a une agrégation protéique anor-
male est la maladie d’Alzheimer, un trouble co-
gnitifléger, une angiopathie amyloide cérébrale,
un traumatisme cérébral, une lésion cérébrale
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traumatique, I'encéphalopathie spongiforme
bovine, ou la sclérose en plaques.

Procédé selon la revendication 1, dans lequel le ou
les éléments sanguins non plasmatiques sont choi-
sis parmi les globules rouges, les leucocytes et les
plaquettes.

Procédé selon la revendication 1 ou 2, dans lequel
la sonde est K114, le rouge Congo, X34, BSB, FSB,
IMSB, la chrysamine G, le méthoxy-X34, le méthoxy-
X04, la thioflavine T, la thioflavine S, le composé
Pittsburgh B, le rouge de thiazine R, I'auramine-O,
p-FTAA ou un polythiophéne conjugué luminescent
(LCP) ou oligothiophéne conjugué luminescent
LCO) apparenté a p-FTAA.

Procédé selon I'une quelconque des revendications
1a3, danslequel la génération des spectres d’émis-
sion de fluorescence de la sonde comprend la dé-
tection de l'intensité du signal d’émission de fluores-
cence a deux ou plus de deux longueurs d’onde,
éventuellement déclenchées par utilisation d’'une ex-
citation par un seul photon ou par photons multiples
a une ou plusieurs longueurs d’'onde d’excitation.

Procédé selon I'une quelconque des revendications
1 a 4, dans lequel le procédé comprend :

a.lamise enoeuvre d’'une ségrégation spectrale
pour déterminer les pondérations des spectres
de base individuels qui contribuent au spectre
d’absorption ou au spectre d’émission de
fluorescence ; et

b. I'utilisation des pondérations pour déterminer
une probabilité que le sujet soit atteint d’'une ma-
ladie associée a une agrégation protéique anor-
male.

Procédé selon la revendication 5, dans lequel les
spectres de base individuels sont déterminés a partir
(a) d’échantillons de sujets connus pour étre atteints
d’'une maladie associée a une agrégation protéique
anormale, (b) d’échantillons de sujets témoins en
bonne santé et/ou (c) d’échantillons qui n'ont pas
été mis en contact avec la sonde.

Procédé selon la revendication 5 ou 6, dans lequel
la ségrégation spectrale est effectuée par utilisation
de procédés algébriques linéaires, éventuellement
par utilisation de procédés algébriques non linéaires,
comme par utilisation de I'algorithme de Levenberg-
Marquardt.

Procédé selon I'une quelconque des revendications
4 a7, dans lequel la comparaison du spectre d’ab-
sorption ou du spectre d’émission de fluorescence
avec un ou plusieurs spectres d’absorption de réfé-
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rence ou spectres d’émission de fluorescence de ré-
férence comprend un apprentissage machine, des
algorithmes génétiques ou une analyse de compo-
santes principales.

Procédé selon 'une quelconque des revendications
1 a 8, dans lequel la maladie associée a une agré-
gation protéique anormale est la maladie d’Alzhei-
mer, un traumatisme cérébral, une Iésion cérébrale
traumatique ou la sclérose en plaques.

Procédé selon 'une quelconque des revendications
1 a9, dans lequel les agrégats protéiques pathogé-
nes comprennent des protéines amyloides, éven-
tuellement la protéine B-amyloide, la protéine tau, la
protéine tau hyperphosphorylée (pTau), la protéine
de prion, et/ou la protéine oB-cristalline (CRYAB).

Procédé selon 'une quelconque des revendications
1 a 8, dans lequel les agrégats protéiques pathogée-
nes comprennent des 3-amyloides et la maladie est
la maladie d’Alzheimer.

Procédé selon 'une quelconque des revendications
1a 11, dans lequel le procédé comprend la généra-
tion de deux ou plus de deux spectres d’émission de
fluorescence a deux ou plus de deux longueurs d’on-
de d’excitation, éventuellement dans lequel au
moins I'une des longueurs d’onde d’excitation est
dans le proche ultraviolet, éventuellement de 200
nm a 400 nm, ou dans lequel au moins l'une des
longueurs d’'onde d’excitation est de 300 nm a 500
nm, éventuellement de 375 nm ou 445 nm.

Procédé selon 'une quelconque des revendications
1 a 12, dans lequel la détection de la fluorescence
delasondeliée aux agrégats protéiques pathogenes
comprend la mesure de l'intensité de I'émission de
fluorescence a une ou plusieurs longueurs d’'onde
entre 200 nm et 2000 nm, ou la détection de I'absor-
bance de la sonde liée aux agrégats protéiques pa-
thogénes comprend la mesure de I'absorbance
d’une lumiére a une ou plusieurs longueurs d’onde
entre 200 nm et 2000 nm.

Procédé selon 'une quelconque des revendications
1 a 13, dans lequel la génération des spectres d’ab-
sorption ou spectres d’émission de fluorescence
comprend la mesure de I'absorbance ou de la fluo-
rescence de la sonde liée aux agrégats protéiques
pathogénes dans tout ou partie d’'un champ bidimen-
sionnel comprenant un échantillon de leucocytes.

Procédé selon 'une quelconque des revendications
1 a 13, dans lequel la génération des spectres d’ab-
sorption ou spectres d’émission de fluorescence
comprend l'utilisation d’un spectrométre sans ima-
gerie.
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