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Description

Field of the Invention

[0001] Embodiments of the present invention relate to
diagnostic devices for isolating, identifying, measuring,
detecting, and analyzing extracellular vesicles, such as
exosomes, which contain biomarkers including peptides,
proteins, and/or nucleic acids that indicate the presence
of a brain injury, including the presence or proclivity for
traumatic brain injury (TBI) such as chronic traumatic en-
cephalopathy (CTE) or other brain diseases, such as
Alzheimer’s disease. In particular, devices that measure
and analyze exosomes derived specifically from brain
cells, identified by the presence of certain antigens, in-
cluding tau, β-amyloid, S100 β, neuron-specific enolase,
glycoprotein A2B5, CD133, NQ01, synaptophysin, neu-
ronal nuclei, MAB1569, polysialic acid-neural cell adhe-
sion molecule, or neurogenic differentiation 1 molecules
or glycosylated or phosphorylated forms of these mole-
cules, are provided herein.

Description of the Related Art

[0002] In the United States, at least 1.7 million people
sustain a traumatic brain injury (TBI) each year. Injuries
to the brain result in a variety of outcomes including
52,000 deaths, 275,000 hospitalizations, and 1,365,000
individuals treated and released from an emergency de-
partment. In children from 0 to 14 years of age, brain
injuries each year result in approximately 2,685 deaths,
37,000 hospitalizations, and 435,000 emergency depart-
ment visits. All brain injuries are unique and the type of
injury the brain receives may be limited to one functional
area of the brain, or various areas, or all areas of the
brain. Brain injuries can be grouped into two broad types:
traumatic brain injury and acquired brain injury. There
are multiple causes of brain injuries, including: strokes,
anoxic brain injury (prolonged lack of oxygen), infections,
encephalopathy, such as severe dehydration or over hy-
dration, disruption of the heart, or exposure to toxic
agents, hypoxic injury (decreased flow of oxygen), tu-
mors of the brain, or trauma caused by the head being
struck or whipped, such as traumatic brain injury (TBI).
[0003] Chronic traumatic encephalopathy (CTE) is a
brain disorder caused by multiple TBIs. CTE is a progres-
sive neurodegenerative disease that is most prevalent
among professional athletes and soldiers exposed to
blast injury, and results from multiple concussions or re-
peated head trauma. The long term effects of repetitive
head trauma result in progressive and debilitating neu-
rological symptoms, such as memory disturbances, vio-
lent behavior, confusion, cognitive defects, depression,
dementia, and even death (Stern, R.A. et al., Clinical
presentation of chronic traumatic encephalopathy. Neu-
rology, 2013. 81: 1121-29). These debilitating symptoms
are generally manifest in the patient long after the head
trauma has occurred, indicating that the brain experienc-

es continual and progressive degeneration from some
time point immediately after an initial trauma until the
symptoms are manifest.
[0004] Unfortunately, the field of clinical neurology is
unable to adequately address the problems associated
with TBI, including CTE, because early stage diagnosis
is poor. In addition, self-diagnosis is poor because the
patient is entirely unaware of the progressive and con-
tinual degeneration in the brain until years after the trau-
ma. Often, the patient continues to unknowingly aggra-
vate the condition, and only years later, following irre-
versible damage, do the symptoms manifest. Addition-
ally, the current state of the art only provides postmortem
diagnosis. Postmortem studies reveal that patients with
CTE exhibit accumulation of elevated levels of tau protein
tangles in the cortex (McKee, A. C. et al., The spectrum
of disease in chronic traumatic encephalopathy. Brain,
2013. 136(10): 43-64). Although this provides insight into
the disease, such postmortem studies cannot provide
treatment. Accordingly, a simple and non-invasive de-
tection of brain injury and disease states stemming from
brain injury, such as CTE and Alzheimer’s disease, es-
pecially during the early stages of manifestation, is a long
felt need in the field. Such early detection could provide
both preventative measures, as well as early treatment
opportunities.
[0005] Despite extensive neurological and radiograph-
ic examination, clinical evaluations are often suboptimal.
For clinicians, it is critical to definitively identify those who
have sustained even mild TBI and those who are at risk
for adverse outcomes. Current diagnostic tools are often
time consuming and expensive. For example, magnetic
resonance imaging (MRI) is capable of scanning a pa-
tient’s brain for changes that might be related to brain
injury or brain disease. But MRIs are inconvenient and
expensive. These tests require dedicated facilities that
are not always readily available to particular persons in
need. Thus, many individuals who are in a high risk pop-
ulation may be unwilling or unable to submit to diagnostic
testing. Although MRI scans can potentially yield valua-
ble information, they can be unreliable since they are
based on the skill of the reading physician and variations
from subject to subject may make diagnosis difficult. In
addition, such diagnosis would likely require multiple
scanning sessions spread out over time in order to detect
specific changes in a given individual. Thus, the current
state of the art for MRI is insufficient for assessing TBI.
[0006] Another promising imaging technique used for
TBI diagnosis is positron emission tomography (PET).
This imaging technique uses radiolabeled compounds
that specifically label tau protein, thereby identifying pre-
cise locations of protein accumulation. However, PET
scans are limited by the high cost, both of the process
itself and of the specially required equipment, which re-
quires dedicated facilities. In addition, the labeling mol-
ecules have a short half-life, and require specially adapt-
ed chemical synthesis. Thus, although effective for pro-
viding diagnosis of tau accumulation in patients suspect-
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ed of CTE, PET scans are inconvenient and insufficient
for the number of persons requiring testing (Wolf, L. K.,
Racing to detect brain trauma. Chem Eng News, 2014.
92(29): 9-14). Accordingly, the need for additional meth-
ods for detecting TBI, such as CTE, is manifest.
[0007] WO 2010/065765 disclose a system for facili-
tating diagnosis of CTE and/or Alzheimer. The device is
an affinity capture device for selectively concentrating
and harvesting exosomes which carry biomarkers like
beta-amyloid, and the capture agent which binds the ex-
osomes comprise a lectin, however WO 2010/065765 do
not disclose nor suggest a lateral flow device for detection
of exosomes, let alone exosomes for diagnosing CTE or
Alzheimers.

SUMMARY OF THE INVENTION

[0008] Point-of-care (POC) diagnostics provide relia-
ble, inexpensive, portable, rapid, and simple approaches
capable of diagnostic testing. However, POC devices for
brain injuries, such as CTE, have not been realized. The
lateral flow device, also known as a lateral flow assay
(LFA), is a POC diagnostic tool that is capable of identi-
fying biomarkers in a biological sample. Like most POC
devices, LFA devices are minimally invasive, inexpen-
sive, portable, and reliable. Other POC devices capable
of detecting biomarkers include the flow through device
(FTD).
[0009] One common example of a LFA is the common
household pregnancy test. LFAs generally involve the
use of a labeled antibody deposited at a first position on
a solid substrate. Sample is applied to the first position,
causing the antibody to dissolve in solution, whereupon
the antibody recognizes and binds a first epitope on the
analyte in the sample. A complex of analyte and antibody
forms and this complex flows along the liquid front from
the first location through the solid substrate to a second
location, a test line, where immobilized antibodies are
located. The immobilized antibody recognizes and binds
a second epitope on the analyte, resulting in a high con-
centration of labeled antibody at the test line. The high
concentration of labeled antibody provides a detectable
visual signal. Gold nanoparticles are typically used to la-
bel the antibodies because they are relatively inexpen-
sive and provide easily observable color indications
based on the surface plasmon resonance properties of
gold nanoparticles. Generally, this signal provides qual-
itative information, such as whether or not the analyte is
present in the sample.
[0010] The term "extracellular vesicles" is intended to
encompass microvesicles and exosomes. Extracellular
vesicles, such as exosomes, are small vesicles released
by mammalian cells for a number of purposes. During
pregnancy, for example, exosomes inhibit the production
of certain T-cells thereby protecting the fetus (Taylor, D.
D., et al., Pregnancy-associated exosomes and their
modulation of T cell signaling. J Immunol, 2006. 176(3):
1534-42). In the case of certain bacterial infections, ex-

osomes derived from infected cells express antigenic
fragments of the bacterium to stimulate the immune sys-
tem against the pathogen (Bhatnagar, S., et al., Exo-
somes released from macrophages infected with intrac-
ellular pathogens stimulate a proinflammatory response
in vitro and in vivo. Blood, 2007. 110(9): 3234-44). It has
been postulated that cancers use the immunomodulatory
properties of exosomes in order to evade the immune
system (Taylor D. D. et al., Tumor-derived exosomes and
their role in cancer associated T-cell signaling defects.
Brit J Cancer, 2005. 92:305-311).
[0011] Antigens, as well as nucleic acids associated
with pathogens or cancer, have been identified as being
associated with exosomes (see e.g., U.S. Pat. No.
8,288,172,). Biomarkers associated with head injury,
such as Alzheimer’s disease and TBI, including CTE, are
also present in exosomes (see e.g., U.S. Pat. App. Pub.
No. 2012/0164628,). Exosomes can also be isolated or
captured from a variety of patient samples (e.g., blood,
plasma, urine, saliva, and spinal fluid). Antigens found
at the surface of specific exosomes have been useful for
the identification of specific conditions or diseases, for
example.
[0012] Lectins, including Concanavalin A (Con-A) from
Canavalia ensiformis (Jack-bean), ricin from Ricinus
communis (RCA), and Galanthus nivalis lectin (GNL)
have been shown to bind specifically to antigens present
on cancer cells and cancer-specific exosomes secreted
from these cells can be detected in binding assays uti-
lizing lectin capture. The detection of particular antigens
on extracellular vesicles, such as exosomes is unpredict-
able; however, because particularly useful antigens,
which may be associated with the presence of disease,
can be displayed on extracellular vesicles, such as exo-
somes, in a manner that avoids detection, e.g., epitopes
of a particular biomarker that are otherwise available in
tissues or a patient sample analyzed by other detection
techniques, may be hidden from detection on exosomes
because of differences in folding, fragmentation of the
epitope, or steric hindrance.
[0013] Currently, biomarkers (including proteins, pep-
tides, lipids, RNAs, DNA and modifications thereof) for
conditions and diseases, such as cancerous tumors, rely
almost exclusively on obtaining samples from tissue to
identify the condition or disease. Methods to obtain these
tissues of interest for analysis are often invasive, costly
and pose complication risks for the subject. Furthermore,
use of bodily fluids to isolate or detect biomarkers often
significantly dilutes a biomarker resulting in readouts that
lack requisite sensitivity. Additionally, most biomarkers
are produced in low or moderate amounts in normal tis-
sues other than the diseased tissue and thus, lack of
specificity can also be problematic. Accordingly, there is
a need for more effective and less invasive approaches
to detect and/or predict disease and to monitor the effi-
cacy of therapeutic approaches, specifically brain spe-
cific pathologies.
[0014] Circulating biomarkers have been proposed to
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be promising for the definitive diagnosis and monitoring
treatment of brain diseases and brain injuries. Defining
brain injury-linked biomarkers is desirable for diagnosing
the disease, identifying processes that are difficult to im-
age (such as diffuse axonal injury), predicting outcome
by identifying patients at risk for long-term neurocognitive
consequences, defining injury specific molecular and
pathological alterations for developing therapeutic tar-
gets, and monitoring responses to acute interventions.
These circulating biomarkers could also serve to monitor
disease progression by assessing tissue injury and pre-
dicting risk of neurological deterioration. However, circu-
lating biomarkers are problematic and exhibit several crit-
ical issues. Free protein and nucleic acid biomarkers are
extremely unstable in the circulation, thus to detect these
a high steady-state must be reached for detection, which
is generally not observed except in severe brain injury.
In addition, minor changes over time (which is essential
for monitoring) are difficult to quantify and these biomar-
kers are sensitive to sample handling. To circumvent
these issues, embodiments described herein utilize ex-
osome-associated biomarkers. These are extremely sta-
ble in the circulation and are detectable for days (versus
minutes for soluble markers). In addition to serving as
biomarkers of injury, data demonstrate that these injury-
derived exosomes may mediate events associated with
brain injury. Thus, their characterization may provide in-
sight into the "driver" mechanisms of neurodegenerative
disease leading to treatment options. Furthermore, once
a detection of exosomes having specific antigens is
made, one can utilize extracorporeal approaches to re-
move these exosomes from the body (e.g., by employing
binding agents such as antibodies and/or lectins to spe-
cifically remove the exosomes having the detected anti-
gens or to more non-specifically remove all exosomes).
[0015] Proliferating and injured cells have been dem-
onstrated to release exosomes, containing protein and
RNA from the originating cell. By correlating circulating
exosomal markers with molecular characteristics and re-
al-time clinical parameters, the use of circulating exo-
somes create a "liquid biopsy." Specific miRNAs have
been associated with development of neurological dis-
orders, contributing to the onset and progression of com-
plications linked with brain injuries. Exosomal-RNAs de-
rived from injured brain tissue represent surrogates to
brain biopsies and are stable, clinically accessible bi-
omarkers for brain injury detection and sensitive meas-
ures for therapeutic outcomes. Since exosomal-RNA
cargo contains mRNA fragments allowing molecular pro-
filing of "injured" tissue, identification of driver mecha-
nisms also defines therapeutic targets.
[0016] The types of brain injuries to which the analysis
of brain-derived exosomes as described herein are use-
ful include diagnostic markers for definitive identification
of the brain injury, stratification of patients for therapy
and/or monitoring of injury-progression including: diffuse
axonal injury, including injury caused by shaking or
strong rotation of the head, concussion, CTE, contusion,

second impact syndrome, penetrating injury including in-
juries occurring from the impact of a sharp object to the
brain, Shaken Baby Syndrome, anoxic brain injury in-
cluding anoxic anoxia, anemic anoxia, and toxic anoxia,
hypoxic brain injury, and chronic brain conditions includ-
ing Alzheimer’s disease, amyotrophic lateral sclerosis,
cerebrovascular disease, Hirschsprung’s disease, de-
myelinating diseases, Duchenne muscular dystrophy,
cognitive dysfunction disease, Parkinson’s disease,
brain cancers, such as glioblastoma multiforme, and/or
diabetes.
[0017] Compositions and methods for isolating and
characterizing brain-specific extracellular vesicles or ex-
osomes are provided herein. Embodiments include com-
positions comprising an isolated extracellular vesicle or
exosome joined to a first binding agent that specifically
binds to an antigenic site present on tau, β-amyloid, S100
β, neuron specific enolase, glycoprotein A2B5, CD133,
NQ01, synaptophysin, neuronal nuclei, MAB1569, poly-
sialic acid-neural cell adhesion molecule (PSA-NCAM),
or neurogenic differentiation 1 (NeuroD or Beta2) protein,
or glycosylated or phosphorylated forms of these mole-
cules, or an antigenic fragment of these molecules, which
e.g., is present on the surface of the exosomes. Exem-
plary binding agents that are used in these embodiments
include antibodies such as: β-amyloid antibody (clone
20.1), which is a mouse monoclonal IgG2b raised against
amino acids 1-40 of human β-amyloid; tau antibody
(clone D-8), which is a mouse monoclonal IgG2b raised
against amino acids 1-150 of human tau; S100 β chain
antibody (clone 9A11B9), which is a mouse monoclonal
IgG1 raised against the full length recombinant human
S100 β chain protein; anti-A2B5 antibody [clone 105],
which is a mouse monoclonal antibody raised against full
length human A2B5 and binding fragments of said anti-
bodies (e.g., the CDR domains or Fab fragments).
[0018] In some embodiments, the composition com-
prising an isolated extracellular vesicle or exosome
joined to a first binding agent that is specific for an anti-
genic site present on tau, β-amyloid, S100 β, neuron-
specific enolase, glycoprotein A2B5, CD133, NQ01, syn-
aptophysin, neuronal nuclei, MAB1569, polysialic acid-
neural cell adhesion molecule (PSA-NCAM), or neuro-
genic differentiation 1 (NeuroD or Beta2), or glycosylated
or phosphorylated forms of these molecules, or an anti-
genic fragment of these molecules comprises a first bind-
ing agent, which is an antibody, such as a monoclonal
antibody, or a binding fragment thereof (e.g., a CDR or
Fab fragment of an antibody, desirably a monoclonal an-
tibody), a lectin, or an aptamer, such as a DNA aptamer
that is specific for an antigenic site present on tau, β-
amyloid, S100 β, neuron-specific enolase, glycoprotein
A2B5, CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, or an antigenic fragment of these molecules.
Exemplary binding agents that are used in these embod-
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iments include antibodies such as: β-amyloid antibody
(clone 20.1), which is a mouse monoclonal IgG2b raised
against amino acids 1-40 of human β-amyloid; tau anti-
body (clone D-8), which is a mouse monoclonal IgG2b
raised against amino acids 1-150 of human tau; S100 β
chain antibody (clone 9A11B9), which is a mouse mon-
oclonal IgG1 raised against the full length recombinant
human S100 β chain protein; anti-A2B5 antibody [clone
105], which is a mouse monoclonal antibody raised
against full length human A2B5 and binding fragments
of said antibodies (e.g., the CDR domains or Fab frag-
ments).
[0019] In some embodiments, the composition com-
prising an isolated extracellular vesicle or exosome
joined to a first binding agent that is specific for an anti-
genic site present on tau, β-amyloid, S100 β, neuron-
specific enolase, glycoprotein A2B5, CD133, NQ01, syn-
aptophysin, neuronal nuclei, MAB1569, polysialic acid-
neural cell adhesion molecule (PSA-NCAM), or neuro-
genic differentiation 1 (NeuroD or Beta2), or glycosylated
or phosphorylated forms of these molecules, or an anti-
genic fragment of these molecules comprises a first bind-
ing agent, which is an antibody, such as a monoclonal
antibody, or a binding fragment thereof (e.g., a CDR or
Fab fragment of an antibody, desirably a monoclonal an-
tibody), a lectin, or an aptamer, such as a DNA aptamer
that is specific for an antigenic site present on tau, β-
amyloid, S100 β, neuron-specific enolase, glycoprotein
A2B5, CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, or an antigenic fragment of these molecules,
wherein said first binding agent is also joined to a first
support. Exemplary binding agents that are used in these
embodiments include antibodies such as: β-amyloid an-
tibody (clone 20.1), which is a mouse monoclonal IgG2b
raised against amino acids 1-40 of human β-amyloid; tau
antibody (clone D-8), which is a mouse monoclonal IgG2b
raised against amino acids 1-150 of human tau; S100 β
chain antibody (clone 9A11B9), which is a mouse mon-
oclonal IgG1 raised against the full length recombinant
human S100 β chain protein; anti-A2B5 antibody [clone
105], which is a mouse monoclonal antibody raised
against full length human A2B5 and binding fragments
of said antibodies (e.g., the CDR domains or Fab frag-
ments).
[0020] In some embodiments, the composition com-
prising an isolated extracellular vesicle or exosome
joined to a first binding agent that is specific for an anti-
genic site present on tau, β-amyloid, S100 β, neuron-
specific enolase, glycoprotein A2B5, CD133, NQ01, syn-
aptophysin, neuronal nuclei, MAB1569, polysialic acid-
neural cell adhesion molecule (PSA-NCAM), or neuro-
genic differentiation 1 (NeuroD or Beta2), or glycosylated
or phosphorylated forms of these molecules, or an anti-
genic fragment of these molecules, wherein the first bind-
ing agent is an antibody, such as a monoclonal antibody,

or a binding fragment thereof (e.g., a CDR or Fab frag-
ment of an antibody, desirably a monoclonal antibody),
a lectin, or an aptamer, such as a DNA aptamer that is
specific for tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, or an antigenic frag-
ment of these molecules, wherein said first binding agent
is also joined to a first support, comprises a first support
that comprises a plastic, such as a polystyrene or poly-
vinylchloride, a chip, a membrane, such as a nylon or
nitrocellulose membrane, a lateral flow device (or LFA),
a bead, such as an agarose, latex, acrylamide, magnetic,
colored bead, or polymeric bead, quantum dots, or a fiber,
such as a hollow fiber, or a filter, such as a hollow filter.
Exemplary binding agents that are used in these embod-
iments include antibodies such as: β-amyloid antibody
(clone 20.1), which is a mouse monoclonal IgG2b raised
against amino acids 1-40 of human β-amyloid; tau anti-
body (clone D-8), which is a mouse monoclonal IgG2b
raised against amino acids 1-150 of human tau; S100 β
chain antibody (clone 9A11B9), which is a mouse mon-
oclonal IgG1 raised against the full length recombinant
human S100 β chain protein; anti-A2B5 antibody [clone
105], which is a mouse monoclonal antibody raised
against full length human A2B5 and binding fragments
of said antibodies (e.g., the CDR domains or Fab frag-
ments).
[0021] In some embodiments, the first binding agent
further comprises a detectable moiety. In some embod-
iments, the detectable moiety is selected from the group
consisting of an affinity tag, a colored bead, a photore-
active group, a radionuclide, a hapten, a peptide, an en-
zyme, a fluorescent species, a luminescent species, a
dye, biotin, a triazole, an alkyne, biotin, quantum dots,
and a chelating species.
[0022] In some embodiments, the first support further
comprises an immobilized standard, wherein the immo-
bilized protein is tau, β-amyloid, S100 β, neuron-specific
enolase, glycoprotein A2B5, CD133, NQ01, synapto-
physin, neuronal nuclei, MAB1569, polysialic acid-neural
cell adhesion molecule (PSA-NCAM), or neurogenic dif-
ferentiation 1 (NeuroD or Beta2), or glycosylated or phos-
phorylated forms of these molecules, and wherein the
standard is compared to a signal generated by the de-
tectable moiety to determine the level of tau, β-amyloid,
S100 β, neuron-specific enolase, glycoprotein A2B5,
CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules present in the sample. In some embodiments,
the standard is immobilized in a range of protein concen-
trations, wherein the range represents tau, β-amyloid,
S100 β, neuron-specific enolase, glycoprotein A2B5,
CD133, NQ01, synaptophysin, neuronal nuclei,
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MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, in the amount of 1 pg/ml to 500 mg/ml, 1 pg/ml
to 100 pg/ml, 100 pg/ml to 1,000 pg/ml, 1 ng/ml to 100
ng/ml, 100 ng/ml to 1,000 ng/ml, and 1 mg/ml to 500
mg/ml, or an amount that is within a range defined by any
two amounts within one or more of the aforementioned
ranges of amounts.
[0023] In some embodiments, the composition further
comprises a second binding agent joined to said extra-
cellular vesicle or exosome at a site that is distinct from
a site to which said first binding agent binds said extra-
cellular vesicle or exosome, such as a second binding
agent that is specific for an antigen present on MHC class
I or MHC class II molecules (e.g., non-polymorphic re-
gions thereof).
[0024] In some embodiments, the composition further
comprises a second binding agent joined to said extra-
cellular vesicle or exosome at a site that is distinct from
a site to which said first binding agent binds said extra-
cellular vesicle or exosome, such as a second binding
agent that is specific for an antigen present on MHC class
I or MHC class II molecules. In some embodiments, the
second binding agent is an antibody, such as a mono-
clonal antibody, or a binding fragment thereof (e.g., a
CDR or Fab fragment of an antibody, desirably a mono-
clonal antibody), a lectin, or an aptamer, such as a DNA
aptamer, that specifically binds to the Fas ligand, MHC
I, MHC II, CD44, placental alkaline phosphatase, TSG-
101, MHC I-peptide complexes, MHC II-peptide com-
plexes, or a protein found to be present on the exterior
of brain originating exosomes.
[0025] In some embodiments, the second binding
agent is also joined to a second support. In some em-
bodiments, the second support is a plastic, such as a
polystyrene or polyvinylchloride, a chip, a membrane,
such as a nylon or nitrocellulose membrane, a lateral flow
device (or LFA), a bead, such as an agarose, latex, acr-
ylamide, magnetic, colored bead, or polymeric bead,
quantum dots, a fiber, such as a hollow fiber, or a filter,
such as a hollow filter.
[0026] In some embodiments, the second binding
agent further comprises a detectable moiety. In some
embodiments, the detectable moiety is selected from the
group consisting of an affinity tag, a colored bead, a pho-
toreactive group, a radionuclide, a hapten, a peptide, an
enzyme, a fluorescent species, a luminescent species,
a dye, biotin, a triazole, an alkyne, quantum dots, and a
chelating species.
[0027] In some embodiments, the second support fur-
ther comprises an immobilized standard, wherein the im-
mobilized protein is tau, β-amyloid, S100 β, neuron-spe-
cific enolase, glycoprotein A2B5, CD133, NQ01, synap-
tophysin, neuronal nuclei, MAB1569, polysialic acid-neu-
ral cell adhesion molecule (PSA-NCAM), or neurogenic
differentiation 1 (NeuroD or Beta2), or glycosylated or
phosphorylated forms of these molecules, and wherein

the standard is compared to a signal generated by the
detectable moiety to determine the level of tau, β-amy-
loid, S100 β, neuron-specific enolase, glycoprotein
A2B5, CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, present in the sample. In some embodiments,
the standard is immobilized in a range of protein concen-
trations, wherein the range represents tau, β-amyloid,
S100 β, neuron-specific enolase, glycoprotein A2B5,
CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, in the amount of 1 pg/ml to 500 mg/ml, 1 pg/ml
to 100 pg/ml, 100 pg/ml to 1,000 pg/ml, 1 ng/ml to 100
ng/ml, 100 ng/ml to 1,000 ng/ml, and 1 mg/ml to 500
mg/ml, or an amount that is within a range defined by any
two amounts within one or more of the aforementioned
ranges of amounts.
[0028] Embodiments also comprise methods for bind-
ing a brain-specific extracellular vesicle or exosome to a
support comprising: (a) contacting a first support that
comprises a first binding agent, which specifically binds
to an antigenic site present on tau, β-amyloid, S100 β,
neuron-specific enolase, glycoprotein A2B5, CD133,
NQ01, synaptophysin, neuronal nuclei, MAB1569, poly-
sialic acid-neural cell adhesion molecule (PSA-NCAM),
or neurogenic differentiation 1 (NeuroD or Beta2), or gly-
cosylated or phosphorylated forms of these molecules,
or an antigenic fragment of these molecules, with a bio-
logical sample (e.g., blood, plasma, urine, or spinal fluid)
that comprises a brain-specific extracellular vesicle or
exosome; and (b) identifying the presence of the brain-
specific extracellular vesicle or exosome bound to the
first binding agent and/or the support. Exemplary binding
agents that are used in these embodiments include an-
tibodies such as: β-amyloid antibody (clone 20.1), which
is a mouse monoclonal IgG2b raised against amino acids
1-40 of human β-amyloid; tau antibody (clone D-8), which
is a mouse monoclonal IgG2b raised against amino acids
1-150 of human tau; S100 β chain antibody (clone
9A11B9), which is a mouse monoclonal IgG1 raised
against the full length recombinant human S100 β chain
protein; anti-A2B5 antibody [clone 105], which is a mouse
monoclonal antibody raised against full length human
A2B5 and binding fragments of said antibodies (e.g., the
CDR domains or Fab fragments). Lateral flow devices
comprising a first support that comprises a first binding
agent, which specifically binds to an antigenic site
present on tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, or an antigenic frag-
ment of these molecules are contemplated for use in the
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methods described herein. Exemplary binding agents
that are used in these lateral flow devices include anti-
bodies such as: β-amyloid antibody (clone 20.1), which
is a mouse monoclonal IgG2b raised against amino acids
1-40 of human β-amyloid; tau antibody (clone D-8), which
is a mouse monoclonal IgG2b raised against amino acids
1-150 of human tau; S100 β chain antibody (clone
9A11B9), which is a mouse monoclonal IgG1 raised
against the full length recombinant human S100 β chain
protein; anti-A2B5 antibody [clone 105], which is a mouse
monoclonal antibody raised against full length human
A2B5 and binding fragments of said antibodies (e.g., the
CDR domains or Fab fragments).
[0029] In some methods, a patient is selected, classi-
fied, or identified for an analysis or determination of the
presence or absence of an exosome having an antigen
present wherein the antigen is tau, β-amyloid, S100 β,
neuron-specific enolase, glycoprotein A2B5, CD133,
NQ01, synaptophysin, neuronal nuclei, MAB1569, poly-
sialic acid-neural cell adhesion molecule (PSA-NCAM),
or neurogenic differentiation 1 (NeuroD or Beta2), or gly-
cosylated or phosphorylated forms of these molecules,
or an antigenic fragment of these molecules. The selec-
tion, classification, or identification can be performed by
clinical evaluation or additional diagnostic methods (e.g.,
neurological evaluation by a clinician or physician, and/or
EEG).
[0030] In some methods, the first binding agent is an
antibody, such as a monoclonal antibody, or a binding
fragment thereof (e.g., a CDR or Fab fragment of an an-
tibody, desirably a monoclonal antibody), a lectin, or an
aptamer, such as a DNA aptamer that specifically binds
to an exosome having an antigen present, wherein the
antigen is tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, or an antigenic frag-
ment of these molecules. Exemplary binding agents that
are used in these embodiments include antibodies such
as: β-amyloid antibody (clone 20.1), which is a mouse
monoclonal IgG2b raised against amino acids 1-40 of hu-
man β-amyloid; tau antibody (clone D-8), which is a
mouse monoclonal IgG2b raised against amino acids
1-150 of human tau; S100 β chain antibody (clone
9A11B9), which is a mouse monoclonal IgG1 raised
against the full length recombinant human S100 β chain
protein; anti-A2B5 antibody [clone 105], which is a mouse
monoclonal antibody raised against full length human
A2B5 and binding fragments of said antibodies (e.g., the
CDR domains or Fab fragments).
[0031] In some methods, the first support is a plastic,
such as a polystyrene or polyvinylchloride, a chip, a mem-
brane, such as a nylon or nitrocellulose membrane, a
lateral flow device, a bead, such as an agarose, latex,
acrylamide, magnetic, or polymeric bead, a fiber, such
as a hollow fiber, or a filter, such as a hollow filter.

[0032] In some methods, the first binding agent further
comprises a detectable moiety. In some methods, the
detectable moiety is selected from the group consisting
of an affinity tag, colored bead, a photoreactive group, a
radionuclide, a hapten, a peptide, an enzyme, a fluores-
cent species, a luminescent species, a dye, biotin, a tri-
azole, an alkyne, quantum dots, and a chelating species.
[0033] In some embodiments, the first support further
comprises an immobilized standard, wherein the immo-
bilized protein is tau, β-amyloid, S100 β, neuron-specific
enolase, glycoprotein A2B5, CD133, NQ01, synapto-
physin, neuronal nuclei, MAB1569, polysialic acid-neural
cell adhesion molecule (PSA-NCAM), or neurogenic dif-
ferentiation 1 (NeuroD or Beta2) or glycosylated or phos-
phorylated forms of these molecules, and wherein the
standard is compared to a signal generated by the de-
tectable moiety to determine the level of tau, β-amyloid,
S100 β, neuron-specific enolase, glycoprotein A2B5,
CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, present in the sample. In some embodiments,
the standard is immobilized in a range of protein concen-
trations, wherein the range represents tau, β-amyloid,
S100 β, neuron-specific enolase, glycoprotein A2B5,
CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, in the amount of 1 pg/ml to 500 mg/ml, 1 pg/ml
to 100 pg/ml, 100 pg/ml to 1,000 pg/ml, 1 ng/ml to 100
ng/ml, 100 ng/ml to 1,000 ng/ml, and 1 mg/ml to 500
mg/ml, or an amount that is within a range defined by any
two amounts within one or more of the aforementioned
ranges of amounts.
[0034] In some embodiments, the method further com-
prises contacting said extracellular vesicle or exosome
with a second binding agent, which specifically binds to
said extracellular vesicle or exosome at a site that is dis-
tinct from the site to which said first binding agent binds
said extracellular vesicle or exosome, such as a second
binding agent specific for an antigen present on MHC
class I or MHC class II molecules (e.g., non-polymorphic
regions thereof). Lateral flow devices comprising a sup-
port that comprises said second binding agent are con-
templated for use in the methods described herein.
[0035] In some embodiments, the method further com-
prises contacting said extracellular vesicle or exosome
with a second binding agent, which specifically binds to
said extracellular vesicle or exosome at a site distinct
from the site to which said first binding agent binds said
extracellular vesicle or exosome, such as a second bind-
ing agent specific for an antigen present on MHC class
I or MHC class II molecules (e.g., a non-polymorphic re-
gion thereof). In some embodiments, the second binding
agent is an antibody, such as a monoclonal antibody, or
a binding fragment thereof (e.g., a CDR or Fab fragment
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of an antibody, desirably a monoclonal antibody), a lectin,
or an aptamer, such as a DNA aptamer, that specifically
binds to the Fas ligand, MHC I, MHC II, CD44, placental
alkaline phosphatase, TSG-101, MHC I-peptide com-
plexes, MHC II-peptide complexes, or a protein found to
be present on the surface of exosomes originating from
the brain. Lateral flow devices comprising a support that
comprises said second binding agent are contemplated
for use in the methods described herein.
[0036] In some methods, the second binding agent is
also joined to a second support or a detection moiety. In
some methods, the second support is a plastic, such as
a plastic plate or dish, a chip, a membrane, such as a
nylon or nitrocellulose membrane, a lateral flow device,
a bead, such as an agarose, latex, acrylamide, magnetic,
or polymeric bead, a fiber, such as a hollow fiber, or a
filter, such as a hollow filter or detection molecule, such
as fluorescent dye, colored beads, quantum dots, en-
zyme etc. Lateral flow devices comprising said support
or said detection moiety that comprises said second bind-
ing agent are contemplated for use in the methods de-
scribed herein.
[0037] In some methods, the second binding agent fur-
ther comprises a detectable moiety. In some methods,
the detectable moiety is selected from the group consist-
ing of an affinity tag, a colored bead, a photoreactive
group, a radionuclide, a hapten, a peptide, an enzyme,
a fluorescent species, a luminescent species, a dye, bi-
otin, a triazole, an alkyne, quantum dots, and a chelating
species.
[0038] In some embodiments, the second support fur-
ther comprises an immobilized standard, wherein the im-
mobilized protein is tau, β-amyloid, S100 β, neuron-spe-
cific enolase, glycoprotein A2B5, CD133, NQ01, synap-
tophysin, neuronal nuclei, MAB1569, polysialic acid-neu-
ral cell adhesion molecule (PSA-NCAM), or neurogenic
differentiation 1 (NeuroD or Beta2), or glycosylated or
phosphorylated forms of these molecules, and wherein
the standard is compared to a signal generated by the
detectable moiety to determine the level of tau, β-amy-
loid, S100 β, neuron-specific enolase, glycoprotein
A2B5, CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, present in the sample. In some embodiments,
the standard is immobilized in a range of protein concen-
trations, wherein the range represents tau, β-amyloid,
S100 β, neuron-specific enolase, glycoprotein A2B5,
CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, in the amount of 1 pg/ml to 500 mg/ml, 1 pg/ml
to 100 pg/ml, 100 pg/ml to 1,000 pg/ml, 1 ng/ml to 100
ng/ml, 100 ng/ml to 1,000 ng/ml, and 1 mg/ml to 500
mg/ml, or an amount that is within a range defined by any
two amounts within one or more of the aforementioned

ranges of amounts.
[0039] In some methods, the biological sample is ob-
tained from a subject who has had a traumatic brain in-
jury, stroke, cognitive disorder, genetic disorder, neuro-
degenerative disease or a subject that is elderly. In some
methods, a patient is selected, classified, or identified for
an analysis or determination of the presence or absence
of an exosome having an antigen present, wherein the
antigen is tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, or an antigenic frag-
ment of these molecules. The selection, classification, or
identification can be performed by clinical evaluation or
other diagnostic methods (e.g., neurological evaluation
by a clinician or physician, and/or EEG).
[0040] In some methods, the biological sample is se-
lected from the group consisting of: whole blood, plasma,
serum, urine, cerebrospinal fluid, saliva, lymph, aqueous
humor, vitreous humor, cochlear fluid, and tears.
[0041] In some embodiments, optionally, the method
further comprises isolating or analyzing a nucleic acid
(e.g., DNA or RNA) and/or protein from said isolated ex-
tracellular vesicles or exosomes for the presence or
amount of a disease marker, protein, or antigen present
on tau, β-amyloid, S100 β, neuron-specific enolase, glyc-
oprotein A2B5, CD133, NQ01, synaptophysin, neuronal
nuclei, MAB1569, polysialic acid-neural cell adhesion
molecule (PSA-NCAM), or neurogenic differentiation 1
(NeuroD or Beta2), or glycosylated or phosphorylated
forms of these molecules, or an antigenic fragment of
these molecules or a nucleic acid encoding these mole-
cules or a fragment thereof.
[0042] Once the presence of an exosome having an
antigen present, wherein the antigen is tau, β-amyloid,
S100 β, neuron-specific enolase, glycoprotein A2B5,
CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, or an antigenic fragment of these molecules
has been made, therapeutics or therapeutic protocols
can be selectively provided to the patient. In preferred
methods, once the presence of exosomes having an an-
tigen present, wherein the antigen is tau, β-amyloid, S100
β, neuron-specific enolase, glycoprotein A2B5, CD133,
NQ01, synaptophysin, neuronal nuclei, MAB1569, poly-
sialic acid-neural cell adhesion molecule (PSA-NCAM),
or neurogenic differentiation 1 (NeuroD or Beta2), or gly-
cosylated or phosphorylated forms of these molecules,
or an antigenic fragment of these molecules has been
made, extracorporeal therapy on said patient utilizing a
binding agent directed to an antigenic site present on tau,
β-amyloid, S100 β, neuron-specific enolase, glycoprotein
A2B5, CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
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(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, or an antigenic fragment of these molecules
is performed. Exemplary binding agents that are used in
these embodiments include antibodies such as: β-amy-
loid antibody (clone 20.1), which is a mouse monoclonal
IgG2b raised against amino acids 1-40 of human β-amy-
loid; tau antibody (clone D-8), which is a mouse mono-
clonal IgG2b raised against amino acids 1-150 of human
tau; S100 β chain antibody (clone 9A11B9), which is a
mouse monoclonal IgG1 raised against the full length re-
combinant human S100 β chain protein; anti-A2B5 anti-
body [clone 105], which is a mouse monoclonal antibody
raised against full length human A2B5 and binding frag-
ments of said antibodies (e.g., the CDR domains or Fab
fragments). In some methods, the same binding agent
that was utilized to make the diagnosis is used in the
extracorporeal therapy. In other methods, a different
binding agent than the binding agent that was used for
the diagnosis is used for the extracorporeal therapy. In
still more methods, once a diagnosis of the presence of
exosomes having an antigen present, wherein the anti-
gen is tau, β-amyloid, S100 β, neuron-specific enolase,
glycoprotein A2B5, CD133, NQ01, synaptophysin, neu-
ronal nuclei, MAB1569, polysialic acid-neural cell adhe-
sion molecule (PSA-NCAM), or neurogenic differentia-
tion 1 (NeuroD or Beta2), or glycosylated or phosphor-
ylated forms of these molecules, or an antigenic fragment
of these molecules has been made, a non-selective ex-
osome binding agent (e.g., a binding agent specific for
an antigen present on a non-polymorphic region of MHC-
1 or MHC II molecule) can be used in the extracorporeal
therapy so as to remove or reduce the amount of exo-
somes present in the patient. Preferred extracorporeal
systems include approaches utilized in U.S. Pat. No.
8,288,172,.
[0043] In some embodiments, the method further com-
prises repeating at least steps: (a) contacting a first sup-
port that comprises a first binding agent, which specifi-
cally binds an antigenic site present on tau, β-amyloid,
S100 β, neuron-specific enolase, glycoprotein A2B5,
CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, or an antigenic fragment of these molecules,
with a biological sample (e.g., blood, plasma, spinal fluid,
or urine) that comprises brain-specific extracellular ves-
icles or exosomes; and (b) identifying the presence of
the brain-specific extracellular vesicles or exosomes
bound to the binding agent and/or the support at different
time points. Exemplary binding agents that are used in
these embodiments include antibodies such as: β-amy-
loid antibody (clone 20.1), which is a mouse monoclonal
IgG2b raised against amino acids 1-40 of human β-amy-
loid; tau antibody (clone D-8), which is a mouse mono-
clonal IgG2b raised against amino acids 1-150 of human
tau; S100 β chain Antibody (clone 9A11B9), which is a

mouse monoclonal IgG1 raised against the full length re-
combinant human S100 β chain protein; anti-A2B5 anti-
body [clone 105], which is a mouse monoclonal antibody
raised against full length human A2B5 and binding frag-
ments of said antibodies (e.g., the CDR domains or Fab
fragments).
[0044] In some embodiments, the method further com-
prises providing a subject from which said biological sam-
ple was obtained with a therapeutic agent or the extra-
corporeal therapy described supra and repeating at least
steps: (a) contacting a first support that comprises a first
binding agent, which specifically binds an antigenic site
present on tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, or an antigenic frag-
ment of these molecules, with a biological sample that
comprises brain-specific extracellular vesicles or exo-
somes; and (b) identifying the presence of the brain-spe-
cific extracellular vesicles or exosomes bound to the
binding agent and/or the support, at a time point after
providing said therapeutic agent and/or the extracorpor-
eal therapy. Exemplary binding agents that are used in
these embodiments include antibodies such as: β-amy-
loid antibody (clone 20.1), which is a mouse monoclonal
IgG2b raised against amino acids 1-40 of human β-amy-
loid; tau antibody (clone D-8), which is a mouse mono-
clonal IgG2b raised against amino acids 1-150 of human
tau; S100 β chain antibody (clone 9A11B9), which is a
mouse monoclonal IgG1 raised against the full length re-
combinant human S100 β chain protein; anti-A2B5 anti-
body [clone 105], which is a mouse monoclonal antibody
raised against full length human A2B5 and binding frag-
ments of said antibodies (e.g., the CDR domains or Fab
fragments). In this manner, the diagnosis, disease risk
assessment, and monitoring of therapeutic approaches
to inhibit, ameliorate, or reduce the onset, persistence,
or manifestation of a disease can be easily accom-
plished.
[0045] For example, a diagnosis, a disease risk as-
sessment, and/or a monitoring of therapeutic approach-
es to inhibit the onset or progression of diffuse axonal
injury, including that caused by shaking or strong rotation
of the head, concussion, CTE, contusion, second impact
syndrome, penetrating injury including that occurring
from the impact of a sharp object to the brain, Shaken
Baby Syndrome, anoxic brain injury including anoxic an-
oxia, anemic anoxia, and toxic anoxia, hypoxic brain in-
jury, and chronic brain conditions including Alzheimer’s
disease, amyotrophic lateral sclerosis, cerebrovascular
disease, Hirschsprung’s disease, demyelinating diseas-
es, Duchenne muscular dystrophy, cognitive dysfunction
disease, Parkinson’s disease, brain cancers, such as
glioblastoma multiforme, and/or diabetes can be per-
formed (e.g., by detecting exosomes that bind to binding
agents, such as antibodies or binding fragments thereof
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including, a CDR or Fab fragment of an antibody, desir-
ably a monoclonal antibody, specific for antigenic sites
present on tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, or an antigenic frag-
ment of these molecules before and after administration
of a therapeutic or application of an extracorporeal ap-
proach to remove exosomes having such antigens).
Since the presence of one or more of the antigens
present, wherein the antigen is tau, β-amyloid, S100 β,
neuron-specific enolase, glycoprotein A2B5, CD133,
NQ01, synaptophysin, neuronal nuclei, MAB1569, poly-
sialic acid-neural cell adhesion molecule (PSA-NCAM),
or neurogenic differentiation 1 (NeuroD or Beta2), or gly-
cosylated or phosphorylated forms of these molecules,
or an antigenic fragment of these molecules on exo-
somes can indicate the presence of a risk factor or pre-
dilection for or the existence or persistence of one or
more of: diffuse axonal injury, including that caused by
shaking or strong rotation of the head, concussion, CTE,
contusion, second impact syndrome, penetrating injury
including that occurring from the impact of a sharp object
to the brain, Shaken Baby Syndrome, anoxic brain injury
including anoxic anoxia, anemic anoxia, and toxic anoxia,
hypoxic brain injury, and chronic brain conditions includ-
ing Alzheimer’s disease, amyotrophic lateral sclerosis,
cerebrovascular disease, Hirschsprung’s disease, de-
myelinating diseases, Duchenne muscular dystrophy,
cognitive dysfunction disease, Parkinson’s disease,
brain cancers, such as glioblastoma multiforme, and/or
diabetes, it should be understood that a plurality of bind-
ing agents with varying specificities to antigenic sites
present on tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, or an antigenic frag-
ment of these molecules can be utilized with the methods
described herein to identify the presence of a risk factor
or predilection for or the existence or persistence of one
or more of the aforementioned diseases. Exemplary
binding agents that are used in these embodiments in-
clude antibodies such as: β-amyloid antibody (clone
20.1), which is a mouse monoclonal IgG2b raised against
amino acids 1-40 of human β-amyloid; tau antibody
(clone D-8), which is a mouse monoclonal IgG2b raised
against amino acids 1-150 of human tau; S100 β chain
antibody (clone 9A11B9), which is a mouse monoclonal
IgG1 raised against the full length recombinant human
S100 β chain protein; anti-A2B5 antibody [clone 105],
which is a mouse monoclonal antibody raised against full
length human A2B5 and binding fragments of said anti-
bodies (e.g., the CDR domains or Fab fragments).
[0046] Accordingly, aspects of the disclosed invention

comprise methods for analyzing brain-specific extracel-
lular vesicles or exosomes or methods of identifying the
presence of a risk factor or predilection for or the exist-
ence or persistence of one or more of diffuse axonal in-
jury, including that caused by shaking or strong rotation
of the head, concussion, CTE, contusion, second impact
syndrome, penetrating injury including that occurring
from the impact of a sharp object to the brain, Shaken
Baby Syndrome, anoxic brain injury including anoxic an-
oxia, anemic anoxia, and toxic anoxia, hypoxic brain in-
jury, and chronic brain conditions including Alzheimer’s
disease, amyotrophic lateral sclerosis, cerebrovascular
disease, Hirschsprung’s disease, demyelinating diseas-
es, Duchenne muscular dystrophy, cognitive dysfunction
disease, Parkinson’s disease, brain cancers, such as
glioblastoma multiforme, and/or diabetes.
[0047] Some of these methods utilize the approaches
described supra. Additional methods can be practiced
by, for example, comprising in order: (a) contacting a first
support that comprises a first binding agent, e.g., an an-
tibody, such as a monoclonal antibody, or a binding frag-
ment thereof (e.g., a CDR or Fab fragment of an antibody,
desirably a monoclonal antibody), a lectin, or an aptamer,
such as a DNA aptamer, which specifically binds an an-
tigen present on a MHC Class I or MHC class II molecule,
with a biological sample that comprises brain-specific ex-
tracellular vesicles or exosomes so as to generate a bi-
ological complex comprising the first binding agent joined
to the brain-specific extracellular vesicles or exosomes;
(b) contacting the biological complex that comprises the
first binding agent joined to the brain-specific extracellu-
lar vesicles or exosomes, with a second binding agent,
which specifically binds to said extracellular vesicle or
exosome at a site distinct from the site to which said first
binding agent binds said extracellular vesicles or exo-
somes; and (c) identifying the presence of the second
binding agent joined to the brain-specific extracellular
vesicles or exosomes. Preferred second binding agents
can include, for example, an antibody, such as a mono-
clonal antibody, or a binding fragment thereof (e.g., a
CDR or Fab fragment of an antibody, desirably a mono-
clonal antibody), a lectin, or an aptamer, such as a DNA
aptamer, that specifically binds to an antigenic site
present on tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules. Exemplary second
binding agents that are used in these embodiments in-
clude antibodies such as: β-amyloid antibody (clone
20.1), which is a mouse monoclonal IgG2b raised against
amino acids 1-40 of human β-amyloid; tau antibody
(clone D-8), which is a mouse monoclonal IgG2b raised
against amino acids 1-150 of human tau; S100 β chain
antibody (clone 9A11B9), which is a mouse monoclonal
IgG1 raised against the full length recombinant human
S100 β chain protein; anti-A2B5 antibody [clone 105],

17 18 



EP 3 110 977 B1

11

5

10

15

20

25

30

35

40

45

50

55

which is a mouse monoclonal antibody raised against full
length human A2B5 and binding fragments of said anti-
bodies (e.g., the CDR domains or Fab fragments). Either
the first binding agent or the second binding agent or
both can be joined to a support, which can be a plastic,
such as a plastic plate or dish, a chip, a membrane, such
as a nylon or nitrocellulose membrane, a lateral flow de-
vice, a bead, such as an agarose, latex, acrylamide, mag-
netic, or polymeric bead, a fiber, such as a hollow fiber,
or a filter, such as a hollow filter or detection molecule,
such as fluorescent dye, colored beads, quantum dots,
enzyme etc. The biological sample can be, for example,
whole blood, plasma, serum, urine, cerebrospinal fluid,
saliva, lymph, aqueous humor, vitreous humor, cochlear
fluid, and tears obtained from a subject, preferably a sub-
ject that has been selected, classified, or identified as
one to receive an analysis of the presence of an exosome
having an antigen present, wherein the antigen is tau, β-
amyloid, S100 β, neuron-specific enolase, glycoprotein
A2B5, CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, molecule. Once the presence of an exosome
having an antigen present on a tau, β-amyloid, S100 β,
neuron-specific enolase, glycoprotein A2B5, CD133,
NQ01, synaptophysin, neuronal nuclei, MAB1569, poly-
sialic acid-neural cell adhesion molecule (PSA-NCAM),
or neurogenic differentiation 1 (NeuroD or Beta2), or gly-
cosylated or phosphorylated forms of these molecules,
or an antigenic fragment of these molecules has been
made, therapeutics or therapeutic protocols, such as ex-
tracorporeal removal of exosomes can be selectively pro-
vided to the patient.
[0048] In some embodiments, the method further com-
prises comparing the presence of the detected of tau, β-
amyloid, S100 β, neuron-specific enolase, glycoprotein
A2B5, CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, with a designated standard to determine the
level of tau, β-amyloid, S100 β, neuron-specific enolase,
glycoprotein A2B5, CD133, NQ01, synaptophysin, neu-
ronal nuclei, MAB1569, polysialic acid-neural cell adhe-
sion molecule (PSA-NCAM), or neurogenic differentia-
tion 1 (NeuroD or Beta2), or glycosylated or phosphor-
ylated forms of these molecules, present in the sample.
In some embodiments, the standard is represented in a
range of protein concentrations, wherein the range rep-
resents tau, β-amyloid, S100 β, neuron-specific enolase,
glycoprotein A2B5, CD133, NQ01, synaptophysin, neu-
ronal nuclei, MAB1569, polysialic acid-neural cell adhe-
sion molecule (PSA-NCAM), or neurogenic differentia-
tion 1 (NeuroD or Beta2), or glycosylated or phosphor-
ylated forms of these molecules, in the amount of 1 pg/ml
to 500 mg/ml, 1 pg/ml to 100 pg/ml, 100 pg/ml to 1,000
pg/ml, 1 ng/ml to 100 ng/ml, 100 ng/ml to 1,000 ng/ml,

and 1 mg/ml to 500 mg/ml, or an amount that is within a
range defined by any two amounts within one or more of
the aforementioned ranges of amounts.
[0049] In some embodiments, devices for detecting the
presence of biomarkers associated with brain injury
and/or a brain pathology and/or extracellular vesicles,
such as exosomes, which carry such biomarkers (e.g.,
tau, β-amyloid, or glycosylated or phosphorylated forms
of these molecules, and/or a fragment thereof or any
combination thereof) in a patient sample are provided
herein. In some alternatives, a device comprising a sub-
strate, such as a membrane or filter having one or more
immobilized lectins, is used to capture and/or enrich such
biomarkers or extracellular vesicles, such as exosomes,
which carry such biomarkers (e.g., tau, β-amyloid, or gly-
cosylated or phosphorylated forms of these molecules,
and/or a fragment thereof or any combination thereof) so
as to diagnose or identify a class of subjects that may
have a brain injury and/or a brain pathology, such as
Alzheimer’s disease, dementia, and/or CTE. Once bound
to the membrane, the presence and/or amount of these
biomarkers and/or extracellular vesicles, such as exo-
somes, which carry such biomarkers for a brain injury
and/or for a brain pathology (e.g., tau, β-amyloid, or gly-
cosylated or phosphorylated forms of these molecules,
and/or a fragment thereof or any combination thereof)
are detected by analyzing, preferably, the total amount
of such biomarkers bound to the substrate.
[0050] In some alternatives, the biomarker detection
or the detection of the extracellular vesicles, such as ex-
osomes, having the biomarker is performed by a labeled
antibody or binding fragment thereof (e.g., an antibody
or binding fragment thereof specific for tau, β-amyloid,
or glycosylated or phosphorylated forms of these mole-
cules, and/or a fragment thereof or any combination
thereof), which is mixed with the biological sample ob-
tained from the subject (e.g., blood, plasma, saliva,
sweat, urine, or cerebrospinal fluid) or a diluted portion
thereof in a sample reservoir. As the biomarkers present
in the sample, e.g., on the extracellular vesicle or exo-
some population in the biological sample, bind to the la-
beled antibodies or binding fragments thereof in the sam-
ple reservoir, the biomarker and/or extracellular vesicle
or exosome population having the biomarker and bound
to the labeled antibody or binding fragment thereof be-
gins its migration along the length of the substrate by
virtue of capillary action. In some alternatives, the labeled
antibody or binding fragment thereof is an antibody or
binding fragment thereof specific for tau or β-amyloid or
a specific form of tau or β-amyloid, such as a glycosylated
tau or glycosylated β-amyloid and/or a fragment thereof,
wherein said antibody or binding fragment thereof is con-
jugated to a colored or dyed particle, silica, gold, silver,
or a microsphere, such as a dyed silica bead, a colored
latex bead, or a colored glass. Such metallic or dyed par-
ticles and microspheres that can be conjugated to anti-
bodies or binding fragments thereof specific for tau, such
as glycosylated tau, or β-amyloid, such as glycosylated

19 20 



EP 3 110 977 B1

12

5

10

15

20

25

30

35

40

45

50

55

β-amyloid, are commercially available through Bangs
Laboratories or other suppliers. Several anti-tau and β-
amyloid antibodies are also commercially available (see
Pierce Laboratories, Life Technologies, or Abcam®). The
biomarker and/or extracellular vesicle or exosome pop-
ulation having bound labeled antibodies or binding frag-
ments thereof will migrate along the substrate until a zone
comprising a lectin is encountered (e.g., RCA) at which
point the biomarker and/or extracellular vesicle or exo-
some population having the bound labeled antibody or
binding fragment thereof is captured at the zone com-
prising the lectin. Because the antibodies or binding frag-
ments thereof used in these alternatives are preferably
conjugated to a visually identifiable marker, such as a
colored particle or microsphere, the capture of the bi-
omarker and/or extracellular vesicles or an exosome
population having the desired biomarker (e.g., tau, β-
amyloid, or glycosylated or phosphorylated forms of
these molecules, and/or a fragment thereof or any com-
bination thereof) at the zone comprising the lectin will
generate a visually detectable signal.
[0051] Additionally, an amount of the biomarker being
screened for (e.g., tau, β-amyloid, or glycosylated or
phosphorylated forms of these molecules, and/or a frag-
ment thereof or any combination thereof) is also immo-
bilized on the substrate, preferably an amount of the bi-
omarker that is indicative of a brain injury or neurode-
generative disease, such as CTE or Alzheimer’s disease
or both, so as to provide a visually identifiable standard
by which one can immediately discern whether the tested
biological sample obtained from the subject has an
amount of the biomarker (e.g., tau, β-amyloid, or glyco-
sylated or phosphorylated forms of these molecules,
and/or a fragment thereof or any combination thereof) in
the sample, preferably the extracellular vesicle or exo-
some population in the sample, which is indicative of a
brain injury or neurodegenerative disease such as CTE
or Alzheimer’s disease or both. Alternatively, the stand-
ard can be pre-printed on the device in intensity or gra-
dients representative of the concentration of tau, β-amy-
loid, S100 β, neuron-specific enolase, glycoprotein
A2B5, CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, and wherein the printed standard can be com-
pared to the amount of target antigen in the sample. Fur-
ther, an amount of the biomarker being screened (e.g.,
e.g., tau, β-amyloid, or glycosylated or phosphorylated
forms of these molecules, and/or a fragment thereof or
any combination thereof), which is found in healthy sub-
jects can also be immobilized on the substrate so as to
provide a second visually identifiable standard by which
one can immediately discern whether the tested biolog-
ical sample obtained from the subject has an amount of
the biomarker in the sample, preferably the extracellular
vesicle or exosome population in the sample, which is
indicative of a normal or healthy state. Various amounts

of the biomarker being screened for (e.g., tau, β-amyloid,
or glycosylated or phosphorylated forms of these mole-
cules, and/or a fragment thereof or any combination
thereof) can be immobilized on the substrate so as to
generate a range of standards, for example the amount
of biomarker (e.g., tau, β-amyloid, or glycosylated or
phosphorylated forms of these molecules, and/or a frag-
ment thereof or any combination thereof) that can be
found in a healthy individual, the amount of biomarker
(e.g., tau, β-amyloid, or glycosylated or phosphorylated
forms of these molecules, and/or a fragment thereof or
any combination thereof) that can be found in an individ-
ual that is at risk for a neurodegenerative disease, such
as CTE or Alzheimer’s, and/or the amount of biomarker
(e.g., tau, β-amyloid, or glycosylated or phosphorylated
forms of these molecules, and/or a fragment thereof or
any combination thereof) that can be found in an individ-
ual that has a clinical diagnosis of CTE or Alzheimer’s
disease. In some embodiments, the standard is immobi-
lized in a range of protein concentrations, wherein the
range represents tau, β-amyloid, S100 β, neuron-specific
enolase, glycoprotein A2B5, CD133, NQ01, synapto-
physin, neuronal nuclei, MAB1569, polysialic acid-neural
cell adhesion molecule (PSA-NCAM), or neurogenic dif-
ferentiation 1 (NeuroD or Beta2), or glycosylated or phos-
phorylated forms of these molecules, in the amount of 1
pg/ml to 500 mg/ml, 1 pg/ml to 100 pg/ml, 100 pg/ml to
1,000 pg/ml, 1 ng/ml to 100 ng/ml, 100 ng/ml to 1,000
ng/ml, and 1 mg/ml to 500 mg/ml, or an amount that is
within a range defined by any two amounts within one or
more of the aforementioned ranges of amounts.
[0052] In some alternatives, the device is comprised
of a substrate, such as a membrane, having a sample
pad, wherein a biological sample obtained from a subject
being tested is placed. When a test is run, a portion of
the biological sample is placed on the sample pad, and
the analytes in the biological sample migrate through the
sample pad and along the substrate to a conjugate pad.
At the conjugate pad, labeled antibodies or binding frag-
ments thereof specific to the biomarker of interest (e.g.,
tau, β-amyloid, or glycosylated or phosphorylated forms
of these molecules, and/or a fragment thereof or any
combination thereof) are incorporated. The antibodies
can be labeled with a metal, e.g., gold, or silver, a colored
particle, colloidal gold or colloidal silver, a fluorescent
moiety, or a colored latex particle. When the sample mi-
grates onto the conjugate pad, the conjugate (e.g., anti-
body or binding portion thereof) resolubilizes and recog-
nizes and attaches to specific antigens in the sample,
when such antigens are present in the biological sample.
[0053] Analytes in the biological sample, now carrying
the labeled antibody or binding portion thereof, continue
to migrate along the substrate by capillary action to the
test pad. The test pad has one or more lectins immobi-
lized thereon (e.g., RCA). As the analytes in the biological
sample migrate along the substrate past the immobilized
lectin, the antibody or binding fragment-labeled biomar-
kers, such as biomarkers present in the sample such as
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on extracellular vesicles, for instance, exosomes,
present in the biological sample are captured by the lectin
at the test pad. Any sample not captured by the lectin
continues to flow along the substrate beyond the test pad
and into a reservoir membrane, which acts as a wick
thereby generating the capillary action. The presence of
the screened biomarker (e.g., tau, β-amyloid, or glyco-
sylated or phosphorylated forms of these molecules,
and/or a fragment thereof or any combination thereof) on
the extracellular vesicle or exosome population present
in the biological sample is then readily identified by visual
or photographic inspection or detection of the labeled
(e.g., colored particle) antibodies at the test pad. In some
alternatives, one or more standards, such as an amount
of the desired biomarker (e.g., tau, β-amyloid, or glyco-
sylated or phosphorylated forms of these molecules,
and/or a fragment thereof or any combination thereof)
indicative of the amount of the desired biomarker present
in a sample from a healthy subject, a subject at risk for
CTE or Alzheimer’s disease is also immobilized on the
substrate. In these alternatives, labeled antibodies or
binding fragments thereof specific for the biomarker of
interest (e.g., tau, β-amyloid, or glycosylated or phospho-
rylated forms of these molecules, and/or a fragment
thereof or any combination thereof) are liberated from
the conjugate pad by either a buffer or the biological sam-
ple being tested and unbound labeled antibodies can
then bind to the immobilized standards thereby providing
a visually identifiable signal. A comparison of the signal
obtained in the tested sample lane to the standard lane(s)
will allow one to easily identify whether the subject has
a normal or healthy amount of the biomarker, such as
extracellular vesicles or exosomes having the biomarker
(e.g., tau, β-amyloid, or glycosylated or phosphorylated
forms of these molecules, and/or a fragment thereof or
any combination thereof) or an amount of the biomarker
or extracellular vesicles or exosomes having the biomar-
ker (e.g., tau, β-amyloid, or glycosylated or phosphor-
ylated forms of these molecules, and/or a fragment there-
of or any combination thereof) that is greater than a stand-
ard that indicates the amount of the desired biomarker
found in subjects having a neurodegenerative disease
(e.g., CTE or Alzheimer’s disease) or in subjects that are
at risk for acquiring a neurodegenerative disease (e.g.,
CTE or Alzheimer’s disease).
[0054] In some embodiments an approach for amelio-
rating a neurodegenerative disease is accomplished
through the removal of the biomarker and/or extracellular
vesicles, such as exosomes, having the biomarker (e.g.,
tau, β-amyloid, or glycosylated or phosphorylated forms
of these molecules, and/or a fragment thereof or any
combination thereof) from a patient in need thereof, such
as from a patient having elevated levels of the biomarker.
Accordingly, some alternatives relate to extracorporeal
removal devices used for depletion, removal, or reduction
in the amount of biomarkers and/or extracellular vesicles,
such as exosomes, associated with brain injury from sub-
jects in need thereof, preferably after a diagnosis of the

presence of undesirable amounts of such a biomarker or
extracellular vesicle, such as an exosome, having such
biomarkers (e.g., tau, β-amyloid, or glycosylated or phos-
phorylated forms of these molecules, and/or a fragment
thereof or any combination thereof) has been made uti-
lizing one or more of the diagnostic devices described
herein.
[0055] A patient can be identified as being in need
thereof by using a diagnostic device as described herein
to determine the amount of biomarker present in the sub-
ject’s sample or in a representative number of extracel-
lular vesicles, such as exosomes. The intensity of the
color change can be compared to a control to determine
the presence and amount of a desired biomarker in the
test subject. When the subject is in need thereof, in one
particular embodiment, a device for extracorporeal treat-
ment of blood or a blood fraction such as plasma is pro-
vided. This device has a sorbent circulation circuit, which
adheres to and retains microvesicles, such as exosomes,
and a blood circulation circuit through which blood cells
flow unimpeded. In some aspects, the device may be
constructed as a closed system in a manner that no ac-
cumulating reservoir is needed and the sorbent circula-
tion system accumulates the microvesicles, such as ex-
osomes, while non-microvesicle matter is allowed to flow
back into the blood circulation system and subsequently
returned to the patient. Alternatively, the device may use
an accumulator reservoir that is attached to the sorbent
circulation circuit and connected in such a manner so
that waste fluid is discarded, but volume replenishing fluid
is inserted back into the blood circulation system so the
substantially microvesicle, such as exosome, purified
blood that is reintroduced to said patient resembles a
hematocrit of significant homology to the blood that was
extracted from said patient. A similar design system that
can be fabricated in accordance with the disclosure pro-
vided herein so as to perform any one or more of the
methods described herein for removing undesired bi-
omarkers, or microvesicles, such as exosomes, having
an undesired biomarker (e.g., tau, β-amyloid, or glyco-
sylated or phosphorylated forms of these molecules,
and/or a fragment thereof or any combination thereof) is
described in detail in U.S. Pat. No 8,288,172.
[0056] Accordingly, some aspects of the present in-
vention relate to the following embodiments:

1. A diagnostic device, comprising:

(a) a substrate comprising a sample reservoir,
wherein said sample reservoir is configured to
receive an amount of a biological sample and
said sample reservoir comprises an amount of
one or more mobilizable labeled antibodies or
binding fragments thereof specific for tau, glyc-
osylated tau, phosphorylated tau, β-amyloid,
glycosylated β-amyloid, phosphorylated β-amy-
loid, and/or a fragment thereof or any combina-
tion thereof;

23 24 



EP 3 110 977 B1

14

5

10

15

20

25

30

35

40

45

50

55

(b) an absorbent material in fluid communica-
tion, such as by capillary flow, with said sub-
strate distal from said sample reservoir;
(c) a lectin immobilized to said substrate at a
test zone, wherein said test zone is in fluid com-
munication, such as by capillary flow, with said
sample reservoir and said absorbent material;
(d) a first amount of tau, glycosylated tau, phos-
phorylated tau, β-amyloid, glycosylated β-amy-
loid, phosphorylated β-amyloid, and/or a frag-
ment thereof or any combination thereof immo-
bilized to said substrate at a first control/stand-
ard zone, wherein said first control/standard
zone is in fluid communication, such as by cap-
illary flow, with said sample reservoir and,
wherein the first amount of protein in the first
control/standard zone is an amount detectable
by said mobilizable labeled antibodies or binding
fragments thereof in a biological sample ob-
tained from a healthy subject; and/or
(e) a second amount of tau, glycosylated tau,
phosphorylated tau, β-amyloid, glycosylated β-
amyloid, phosphorylated β-amyloid, and/or a
fragment thereof or any combination thereof im-
mobilized to said substrate at a second con-
trol/standard zone, wherein the second amount
of protein in the second control/standard zone
is an amount detectable by said mobilizable la-
beled antibodies or binding fragments thereof in
a biological sample obtained from a subject that
has a brain pathology, such as Alzheimer’s dis-
ease or chronic traumatic encephalopathy
(CTE); and preferably, the first and/or second
amounts of tau, glycosylated tau, phosphorylat-
ed tau, β-amyloid, glycosylated β-amyloid,
phosphorylated β-amyloid, and/or a fragment
thereof or any combination thereof is the detect-
able amount of said proteins in the same volume
of the same biological sample from said healthy
subject and said subject that has a brain pathol-
ogy, respectively, as the biological sample from
said tested subject.

2. The device of embodiment 1, wherein the sub-
strate is a membrane selected from the group con-
sisting of polysulfone, polyethersulfone, polyamide,
polyimide, nitrocellulose, PVDF, nylon and cellulose
acetate.
3. The device of embodiment 1, wherein the biolog-
ical sample is selected from the group consisting of
blood, plasma, urine, sweat, milk, cerebrospinal flu-
id, and saliva.
4. The device of embodiment 1, wherein the lectin
is a Ricin lectin.
5. The device of embodiment 1, wherein the label on
the antibodies is colloidal carbon, colloidal gold, a
fluorescent label, a quantum dot, a phosphor, a
colored particle, a bioluminescent marker, an en-

zyme label, a paramagnetic particle, or a colored la-
tex particles.
6. The diagnostic device of any one or more of em-
bodiments 1-5, wherein the tau, β-amyloid, S100 β,
neuron-specific enolase, glycoprotein A2B5,
CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion mol-
ecule (PSA-NCAM), or neurogenic differentiation 1
(NeuroD or Beta2), or glycosylated or phosphorylat-
ed forms of these molecules, which are immobilized
on the device, is in the amount of 1 pg/ml to 500
mg/ml, 1 pg/ml to 100 pg/ml, 100 pg/ml to 1,000
pg/ml, 1 ng/ml to 100 ng/ml, 100 ng/ml to 1,000 ng/ml,
and 1 mg/ml to 500 mg/ml, or an amount that is within
a range defined by any two amounts within one or
more of the aforementioned ranges of amounts or if
the control zone comprises tau, the amount of tau
immobilized is at a concentration greater than or
equal to 7, 8, 9, or 10 x 108/ml.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] In addition to the features described above, ad-
ditional features and variations will be readily apparent
from the following descriptions of the drawings and ex-
emplary embodiments. It is to be understood that these
drawings depict typical embodiments, and are not intend-
ed to be limiting in scope.

FIG. 1 is a video capture image of the total exosomes
in circulation of a brain cancer patient quantitated
using NanoSight NS 300 defined in light scatter
mode.
FIG. 2 is a video capture image of the brain-derived
exosomes identified by a quantum dot labeled to a
first binding agent specific for a β-amyloid antigen
(β-amyloid antibody clone 20.1), which is a mouse
monoclonal IgG2b raised against amino acids 1-40
of human β-amyloid) present on the exosomes in
circulation of a brain cancer patient quantitated using
NanoSight NS 300 determined in fluorescent mode.
FIG. 3 is an image of the total exosomes in circulation
of a brain cancer patient quantitated using Na-
noSight NS 300 defined in light scatter mode in a 3-
D coordination plot having particle size and relative
intensity on the x-axis and y-axis respectively.
FIG. 4 is an image of the brain-derived exosomes
identified by a quantum dot labeled first binding
agent specific for a tau antigen (tau antibody (clone
D-8), which is a mouse monoclonal IgG2b raised
against amino acids 1-150 of human tau) present on
the exosomes in circulation of a brain cancer patient
quantitated using NanoSight NS 300 defined in flu-
orescent mode in a 3-D coordination plot having par-
ticle size and relative intensity on the x-axis and y-
axis respectively.
FIG. 5 is an image of the brain-derived exosomes
identified by a labeled first binding agent specific for
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a β-amyloid antigen (β-amyloid antibody (clone
20.1), which is a mouse monoclonal IgG2b raised
against amino acids 1-40 of human β-amyloid)
present on the exosomes in circulation of a brain
cancer patient quantitated using NanoSight NS 300
defined in fluorescent mode in a 3-D coordination
plot having particle size and relative intensity on the
x-axis and y-axis respectively.
FIG. 6 is an image of the brain-derived exosomes
identified by a labeled first binding agent specific for
a glycoprotein A2B5 antigen (anti-A2B5 antibody
[clone 105], which is a mouse monoclonal antibody
raised against full length human A2B5) present on
the exosomes in circulation of a brain cancer patient
quantitated using NanoSight NS 300 defined in flu-
orescent mode in a 3-D coordination plot having par-
ticle size and relative intensity on the x-axis and y-
axis respectively.
FIG. 7 is an image of the brain-derived exosomes
identified by a labeled first binding agent specific for
a S100 β antigen (S100 β chain antibody (clone
9A11B9), which is a mouse monoclonal IgG1 raised
against the full length recombinant human S100 β
chain protein) present on the exosomes in circulation
of a brain cancer patient quantitated using Na-
noSight NS 300 defined in fluorescent mode in a 3-
D coordination plot having particle size and relative
intensity on the x-axis and y-axis respectively.
FIG. 8 is an image of the brain-derived exosomes
identified by a labeled first binding agent specific for
a human IgG antigen, induced as an autoantibody
humoral response, present on the exosomes in cir-
culation of a brain cancer patient quantitated using
NanoSight NS 300 defined in fluorescent mode in a
3-D coordination plot having particle size and relative
intensity on the x-axis and y-axis respectively.
FIG. 9 is a plot of number of exosomes from a patient
with brain cancer binding a specific first lectin that is
biotinylated and a fluorescent indicator, streptavidin-
labeled quantum dot. The presence of lectin binding
present on the exosomes in circulation of a brain
cancer patient quantitated using NanoSight NS 300
defined in fluorescent mode in a 3-D coordination
plot having particle size and relative intensity on the
x-axis and y-axis respectively.
FIG. 10A and 10B are bar graphs representing the
results of chromatographically isolated exosomes
from samples obtained from professional football
players. The samples were incubated with agarose
beads coupled with RCA in spin columns. FIG. 10A
depicts unbound samples from the agarose bead
columns, stained with tau antibody conjugated to an-
ti-mouse quantum dots for fluorescent detection us-
ing NanoSight analysis. FIG. 10B depicts bound
samples from the agarose bead columns, stained
with tau antibody conjugated to anti-mouse quantum
dots for fluorescent detection using NanoSight anal-
ysis.

FIG. 11A depicts the total protein bound to exosomes
found in plasma from healthy patients as determined
by Bradford assay.
FIG. 11B depicts the total protein bound to exosomes
found in plasma from patients with Alzheimer’s dis-
ease as determined by Bradford assay.
FIG. 11C depicts the total protein bound to exo-
somes found in plasma from professional football
players as determined by Bradford assay.
FIG. 12 is a graphical representation of the total pro-
tein, as determined by Bradford assay, that is bound
to exosomes from various plasma sources, including
healthy individuals, individuals at high risk of Alzhe-
imer’s disease, and individuals with a diagnosis of
Alzheimer’s disease.
FIG. 13 is a schematic representation of an exem-
plary POC diagnostic device in accordance with em-
bodiments described herein, configured as a LFA.
FIG. 14 is a schematic representation of an exem-
plary POC diagnostic device, configured as a LFA.
FIG. 15 is a schematic representation of a POC di-
agnostic device, configured as a LFA and depicting
viewing windows for sample deposition and for anal-
ysis of results.
FIG. 16 is a schematic representation of an exem-
plary embodiment of the invention, wherein a stand-
ard color scale is printed onto the device for com-
parison of the test sample.
FIG. 17 is a schematic representation of exemplary
embodiments of the invention, wherein a dipstick an-
alytical device is provided.
FIG. 18 is a schematic representation of an exem-
plary embodiment of the invention, wherein a flow-
through device (FTD) is depicted.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0058] Although the invention is described in various
exemplary embodiments and implementations as provid-
ed herein, it should be understood that the various fea-
tures, aspects, and functionality described in one or more
of the individual embodiments are not limited in their ap-
plicability to the particular embodiment with which they
are described. Instead, they can be applied alone or in
various combinations to one or more of the other embod-
iments of the invention, whether the embodiments are
described or whether the features are presented as being
a part of the described embodiment. The breadth and
scope of the present invention should not be limited by
any exemplary embodiments described or shown herein.
[0059] Aspects of the present invention relate to com-
positions, devices, and methods for detecting brain spe-
cific exosomes, in particular, exosomes having an anti-
gen present, such as tau, β-amyloid, S100 β, neuron-
specific enolase, glycoprotein A2B5, CD133, NQ01, syn-
aptophysin, neuronal nuclei, MAB1569, polysialic acid-
neural cell adhesion molecule (PSA-NCAM), or neuro-
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genic differentiation 1 (NeuroD or Beta2), or glycosylated
or phosphorylated forms of these molecules, molecule
and the use of these compositions, devices, and detec-
tion methodologies to identify the presence of a risk factor
or predilection for diseases including diffuse axonal inju-
ry, including that caused by shaking or strong rotation of
the head, concussion, CTE, contusion, second impact
syndrome, penetrating injury including that occurring
from the impact of a sharp object to the brain, Shaken
Baby Syndrome, anoxic brain injury including anoxic an-
oxia, anemic anoxia, and toxic anoxia, hypoxic brain in-
jury, and chronic brain conditions including Alzheimer’s
disease, amyotrophic lateral sclerosis, cerebrovascular
disease, Hirschsprung’s disease, demyelinating diseas-
es, Duchenne muscular dystrophy, cognitive dysfunction
disease, Parkinson’s disease, brain cancers, such as
glioblastoma multiforme, and/or diabetes.

Definitions

[0060] Biological Samples: Some embodiments of the
embodiments provided herein detect brain-specific exo-
somes that are present in a biological sample. Biological
samples as used herein include, for example, cell culture
media, and tissues and fluids obtained from a subject.
As used herein, the term "subject" includes an animal, a
mammal, and a human. A sample obtained from a subject
can include any tissue or fluid from the subject that may
contain exosomes. In preferred embodiments the biolog-
ical sample is selected from the group consisting of:
whole blood, plasma, serum, urine, cerebrospinal fluid,
saliva, lymph, aqueous humor, vitreous humor, cochlear
fluid, and tears. More examples of biological samples,
which can be analyzed using the methods described
herein include peripheral blood, sera, plasma, ascites,
urine, cerebrospinal fluid (CSF), sputum, saliva, bone
marrow, synovial fluid, aqueous humor, amniotic fluid,
cerumen, breast milk, broncheoalveolar lavage fluid, se-
men (including prostatic fluid), Cowper’s fluid or pre-ejac-
ulatory fluid, female ejaculate, sweat, fecal matter, hair,
tears, cyst fluid, pleural and peritoneal fluid, pericardial
fluid, lymph, chyme, chyle, bile, interstitial fluid, menses,
pus, sebum, vomit, vaginal secretions, mucosal secre-
tion, stool water, pancreatic juice, lavage fluids from sinus
cavities, bronchopulmonary aspirates or other lavage flu-
ids. A biological sample may also include the blastocyl
cavity, umbilical cord blood, or maternal circulation,
which may be of fetal or maternal origin. The biological
sample may also be a tissue sample or biopsy, from
which exosomes may be obtained. For example, if the
sample is a solid sample, cells from the sample can be
cultured and exosome product induced. In some embod-
iments, the sample is ascites fluid from a subject, e.g.,
ascites fluid from a human subject with a brain-specific
injury; cell culture media supernatant from a human pri-
mary melanoma cell line; cell culture media supernatant
from a human primary colon cancer cell line; or murine
macrophage, e.g., murine macrophage infected with tu-

berculosis.
[0061] Extracellular Vesicles or Exosomes: Some em-
bodiments of the methods and compositions provided
herein include a sample comprising brain specific extra-
cellular vesicles or exosomes. Generally, exosomes are
small vesicles that are released into the extracellular en-
vironment from a variety of different cells, for example,
cells that originate from, or are derived from, the ecto-
derm, endoderm, or mesoderm including any such cells
that have undergone genetic, environmental, and/or any
other variations or alterations, specifically those originat-
ing from the brain. An exosome is typically created intra-
cellularly when a segment of the cell membrane sponta-
neously invaginates and is ultimately exocytosed (see
e.g., Keller et al. (2006), Immunol. Lett. 107: 102-8). In
some embodiments, the exosomes have a diameter of
greater than 10 nm, 20 nm, or 30 nm; a diameter that is,
30-1000 nm, 30-800 nm, 30-200 nm, or 30-100 nm. In
some embodiments, exosomes have a diameter of less
than, 10,000 nm, 1000 nm, 800 nm, 500 nm, 200 nm,
100 nm or 50 nm. Exosomes may also be referred to as
microvesicles, tausomes, nanovesicles, vesicles, dexo-
somes, bleb, blebby, prostasomes, microparticles, intra-
lumenal vesicles, endosomal-like vesicles or exocytosed
vehicles. Exosomes can also include any shed mem-
brane bound particle that is derived from either the plas-
ma membrane or an internal membrane. Exosomes can
also include cell-derived structures bounded by a lipid
bilayer membrane arising from both herniated evagina-
tion separation and sealing of portions of the plasma
membrane or from the export of any intracellular mem-
brane-bounded vesicular structure containing various
membrane-associated proteins of tumor origin, including
surface-bound molecules derived from the host circula-
tion that bind selectively to the tumor-derived proteins
together with molecules contained in the exosome lumen
including tumor-derived microRNAs or intracellular pro-
teins. Exosomes can also include membrane fragments.

Isolated Brain-Specific Extracellular Vesicle Composi-
tions

[0062] In accordance with some preferred embodi-
ments, there are provided compositions comprising an
isolated extracellular vesicle or exosome joined to a first
binding agent that binds specifically to an antigenic
epitope present on brain-associated proteins tau, β-amy-
loid, S100 β, neuron-specific enolase, glycoprotein
A2B5, CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, molecule or a fragment thereof. In some em-
bodiments, the first binding agent comprises an antibody,
such as a monoclonal antibody, or a binding fragment
thereof (e.g., a CDR or Fab fragment of an antibody, de-
sirably a monoclonal antibody), a lectin, or an aptamer,
such as a DNA aptamer that is specific for an antigen
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present on a tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, molecule or a fragment
thereof. Exemplary binding agents that are used in these
embodiments include antibodies such as: β-amyloid an-
tibody (clone 20.1), which is a mouse monoclonal IgG2b
raised against amino acids 1-40 of human β-amyloid; tau
antibody (clone D-8), which is a mouse monoclonal IgG2b
raised against amino acids 1-150 of human tau; S100 β
chain antibody (clone 9A11B9), which is a mouse mon-
oclonal IgG1 raised against the full length recombinant
human S100 β chain protein; anti-A2B5 antibody [clone
105], which is a mouse monoclonal antibody raised
against full length human A2B5 and binding fragments
of said antibodies (e.g., the CDR domains or Fab frag-
ments). In some embodiments, the first binding agent is
also joined to a first support, which can be a plastic, such
as a polystyrene or polyvinylchloride, a chip, a mem-
brane, such as a nylon or nitrocellulose membrane, a
lateral flow device, a bead, such as an agarose, latex,
acrylamide, magnetic, or polymeric bead, a fiber, such
as a hollow fiber, or a filter, such as a hollow filter.
[0063] In accordance with some preferred embodi-
ments, there are provided compositions comprising an
isolated extracellular vesicle or exosome joined to a first
binding agent that specifically binds to an antigen present
on a tau, β-amyloid, S100 β, neuron-specific enolase,
glycoprotein A2B5, CD133, NQ01, synaptophysin, neu-
ronal nuclei, MAB1569, polysialic acid-neural cell adhe-
sion molecule (PSA-NCAM), or neurogenic differentia-
tion 1 (NeuroD or Beta2), or glycosylated or phosphor-
ylated forms of these molecules, molecule or a fragment
thereof. In some embodiments, the first binding agent
comprises an antibody, such as a monoclonal antibody,
or a binding fragment thereof (e.g., a CDR or Fab frag-
ment of an antibody, desirably a monoclonal antibody),
a lectin, or an aptamer, such as a DNA aptamer that is
specific for an antigen present on a tau, β-amyloid, S100
β, neuron-specific enolase, glycoprotein A2B5, CD133,
NQ01, synaptophysin, neuronal nuclei, MAB1569, poly-
sialic acid-neural cell adhesion molecule (PSA-NCAM),
or neurogenic differentiation 1 (NeuroD or Beta2), or gly-
cosylated or phosphorylated forms of these molecules,
molecule. Exemplary binding agents that are used in
these embodiments include antibodies such as: β-amy-
loid antibody (clone 20.1), which is a mouse monoclonal
IgG2b raised against amino acids 1-40 of human β-amy-
loid; tau antibody (clone D-8), which is a mouse mono-
clonal IgG2b raised against amino acids 1-150 of human
tau; S100 β chain Antibody (clone 9A11B9), which is a
mouse monoclonal IgG1 raised against the full length re-
combinant human S100 β chain protein; anti-A2B5 anti-
body [clone 105], which is a mouse monoclonal antibody
raised against full length human A2B5 and binding frag-
ments of said antibodies (e.g., the CDR domains or Fab

fragments).
[0064] Some embodiments of the methods and com-
positions provided herein include a first binding agent or
an exosome-binding agent, e.g., an antibody, such as a
monoclonal antibody, or a binding fragment thereof (e.g.,
a CDR or Fab fragment of an antibody, desirably a mon-
oclonal antibody), a lectin, or an aptamer, such as a DNA
aptamer that is specific for an antigen present on a tau,
β-amyloid, S100 β, neuron-specific enolase, glycoprotein
A2B5, CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, molecule or a fragment thereof. Exemplary
binding agents that are used in these embodiments in-
clude antibodies such as: β-amyloid antibody (clone
20.1), which is a mouse monoclonal IgG2b raised against
amino acids 1-40 of human β-amyloid; tau antibody
(clone D-8), which is a mouse monoclonal IgG2b raised
against amino acids 1-150 of human tau; S100 β chain
antibody (clone 9A11B9), which is a mouse monoclonal
IgG1 raised against the full length recombinant human
S100 β chain protein; anti-A2B5 antibody [clone 105],
which is a mouse monoclonal antibody raised against full
length human A2B5 and binding fragments of said anti-
bodies (e.g., the CDR domains or Fab fragments). In
some embodiments, an exosome-binding agent can be
associated with a substrate or support, for example, the
exosome-binding agent can be secured to the substrate
by a surface or in a way that immobilizes the first binding
agent (e.g., drying or cross-linking). In some embodi-
ments, the exosome-binding agent specifically binds ex-
osomes derived from the brain but does not specifically
bind exosomes from other tissues (e.g., less than or equal
to or any number in between 1%, 2%, 3%, 4%, 5%, 6%,
7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%,
17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, or 25% of
the exosomes bound by the first binding agent originate
from tissues other than the brain). Examples of brain spe-
cific exosome-binding agents include selective lectins,
aptamers (e.g., nucleic acid aptamers), antibodies and
binding fragments thereof (e.g., fab fragments and anti-
body fragments comprising CDR domains), which spe-
cifically bind to antigens and epitopes presented by or
present on a tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, molecule, which are
available for binding on exosomes (e.g., antigenic se-
quences or epitopes that are displayed on the surface of
an exosome) are contemplated for use with one or more
of the embodiments disclosed herein. Exemplary binding
agents that are used in these embodiments include an-
tibodies such as: β-amyloid antibody (clone 20.1), which
is a mouse monoclonal IgG2b raised against amino acids
1-40 of human β-amyloid; tau antibody (clone D-8), which

31 32 



EP 3 110 977 B1

18

5

10

15

20

25

30

35

40

45

50

55

is a mouse monoclonal IgG2b raised against amino acids
1-150 of human tau; S100 β chain antibody (clone
9A11B9), which is a mouse monoclonal IgG1 raised
against the full length recombinant human S100 β chain
protein; anti-A2B5 antibody [clone 105], which is a mouse
monoclonal antibody raised against full length human
A2B5 and binding fragments of said antibodies (e.g., the
CDR domains or Fab fragments). These binding agents
may be a first binding agent or a second binding agent
or both. For example, in some embodiments, a first bind-
ing agent, which is a non-specific exosome binding
agent, such as a lectin or an aptamer (e.g., a nucleic acid
aptamer), an antibody or binding fragment thereof (e.g.,
a fab fragment or an antibody fragment comprising a CDR
domain) is used to isolate a plurality of exosomes from
diverse tissue sources, which are present in a biological
sample (e.g., whole blood, plasma, serum, urine, cere-
brospinal fluid, saliva, lymph, aqueous humor, vitreous
humor, cochlear fluid, and tears), and a second binding
agent, which is specific for an epitope or an antigen
present on a tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, molecule is used to
detect, identify, or quantitate the amount of brain specific
exosomes having one or more of the aforementioned an-
tigens in the biological sample, for example in a unit vol-
ume (e.g., a ml or liter) of said biological sample.
[0065] Antibodies or binding fragments thereof, which
are contemplated for use herein can have specificity for
proteins including a Fas ligand, MHC I, MHC II, CD44,
placental alkaline phosphatase, TSG-101, MHC I-pep-
tide complexes, MHC II-peptide complexes, and proteins
found to be present on the exterior of microvesicles spe-
cific to a brain, as mentioned supra. Preferred non-spe-
cific exosome binding agents can include antibodies,
such as polyclonal or monoclonal antibodies or binding
fragments thereof (e.g., Fab fragments or fragments hav-
ing a CDR domain), which bind specifically to non-poly-
morphic regions of MHC I and/or MHCII molecules. Since
different lectins exhibit unique affinities for specific gly-
coconjugates present on populations of exosomes, the
differential binding of lectins to tissue-specific exosomes
serve to enrich these. Exemplary lectins that can be used
to generate the biological compositions and, which can
be utilized in the methods described herein include
Galanthus nivalis agglutinin (GNA), Narcissus pseudon-
arcissus agglutinin (NPA), Concanavalin A or cyanovirin,
Sambucus nigra lectin, ricin from Ricinus communis
(RCA), Dolichos biflorius lectin, Ulex europaeus lectin,
Vicia villosa lectin, Griffonia simplicifolia lectin, Solanium
tuberosum lectin, Lycopersicon esculentum lectin, Dat-
ura stramonium lectin, Erythrina cristagalli lectin, Soy-
bean lectin, Peanut agglutinin, Wheat germ agglutinin,
or Jacalin lectin. Aptamers, used to generate the biolog-
ical compositions and, which can be utilized in the meth-

ods described herein include short pieces of nucleic acid
such as synthetic DNA and its chemical derivatives,
which bind to specific antigens (i.e. DNA antibodies). The
process for generating aptamers is described in detail in
U.S. Pat. No. 5,567,588.
[0066] Some embodiments relate to compositions
comprising an isolated brain-specific extracellular vesicle
or exosome joined to a first binding agent that is specific
for an antigen or epitope present on a tau, β-amyloid,
S100 β, neuron-specific enolase, glycoprotein A2B5,
CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, molecule. In some embodiments, the first
binding agent comprises an antibody, such as a mono-
clonal antibody, or a binding fragment thereof, a lectin,
or an aptamer, such as a DNA aptamer that is specific
tau, β-amyloid, S100 β, neuron-specific enolase, glyco-
protein A2B5, CD133, NQ01, synaptophysin, neuronal
nuclei, MAB1569, polysialic acid-neural cell adhesion
molecule (PSA-NCAM), or neurogenic differentiation 1
(NeuroD or Beta2), or glycosylated or phosphorylated
forms of these molecules. Exemplary binding agents that
are used in these embodiments include antibodies such
as: β-amyloid antibody (clone 20.1), which is a mouse
monoclonal IgG2b raised against amino acids 1-40 of hu-
man β-amyloid; tau antibody (clone D-8), which is a
mouse monoclonal IgG2b raised against amino acids
1-150 of human tau; S100 β chain antibody (clone
9A11B9), which is a mouse monoclonal IgG1 raised
against the full length recombinant human S100 β chain
protein; anti-A2B5 antibody [clone 105], which is a mouse
monoclonal antibody raised against full length human
A2B5 and binding fragments of said antibodies (e.g., the
CDR domains or Fab fragments). In some embodiments
the first binding agent is also joined to a first support or
matrix. In some embodiments said first support is a plas-
tic, such as a polystyrene or polyvinylchloride, a chip, a
membrane, such as a nylon or nitrocellulose membrane,
a lateral flow device, a bead, such as an agarose, latex,
acrylamide, magnetic, colored bead, or polymeric bead,
quantum dots, or a fiber, such as a hollow fiber, or a filter,
such as a hollow filter.
[0067] Some embodiments include a composition
comprising an isolated extracellular vesicle or exosome
joined to a first binding agent that is specific for an antigen
or epitope present on a tau, β-amyloid, S100 β, neuron-
specific enolase, glycoprotein A2B5, CD133, NQ01, syn-
aptophysin, neuronal nuclei, MAB1569, polysialic acid-
neural cell adhesion molecule (PSA-NCAM), or neuro-
genic differentiation 1 (NeuroD or Beta2), or glycosylated
or phosphorylated forms of these molecules, molecule
or a fragment thereof. In some embodiments, the first
binding agent comprises an antibody, such as a mono-
clonal antibody, or a binding fragment thereof (e.g., a
Fab fragment or a fragment having a CDR domain), a
lectin (e.g., Galanthus nivalis agglutinin (GNA), Narcis-
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sus pseudonarcissus agglutinin (NPA), Concanavalin A
or cyanovirin Sambucus nigra lectin, ricin from Ricinus
communis (RCA), Dolichos biflorius lectin, Ulex Euro-
paeus lectin, Vicia villosa lectin, Griffonia simplicifolia lec-
tin, Solanium tuberosum lectin, Lycopersicon esculen-
tum lectin, Datura stramonium lectin, Erythrina cristagalli
lectin, Soybean lectin, Peanut agglutinin, Wheat germ
agglutinin, or Jacalin lectin,), or an aptamer, such as a
DNA aptamer that is specific for an antigen or epitope
present on a tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, molecule. Exemplary
binding agents that are used in these embodiments in-
clude antibodies such as: β-amyloid antibody (clone
20.1), which is a mouse monoclonal IgG2b raised against
amino acids 1-40 of human β-amyloid; tau antibody
(clone D-8), which is a mouse monoclonal IgG2b raised
against amino acids 1-150 of human tau; S100 β chain
antibody (clone 9A11B9), which is a mouse monoclonal
IgG1 raised against the full length recombinant human
S100 β chain protein; anti-A2B5 antibody [clone 105],
which is a mouse monoclonal antibody raised against full
length human A2B5 and binding fragments of said anti-
bodies (e.g., the CDR domains or Fab fragments). In
some embodiments, the first binding agent is also joined
to a first support or matrix, wherein said first support or
matrix is a plastic, such as a polystyrene or polyvinylchlo-
ride, a chip, a membrane, such as a nylon or nitrocellu-
lose membrane, a lateral flow device, a bead, such as
an agarose, latex, acrylamide, magnetic, or polymeric
bead, a fiber, such as a hollow fiber, or a filter, such as
a hollow filter. In further embodiments, the first binding
agent further comprises a detectable moiety. The detect-
able moiety can be, for example, an affinity tag, a pho-
toreactive group, a radionuclide, a hapten, a peptide, an
enzyme, a fluorescent species, a luminescent species,
a dye, biotin, a triazole, an alkyne, a colored bead, a
detectable label, quantum dots, or a chelating species.
[0068] Some embodiments of the methods and com-
positions provided herein include an exosome-binding
agent, a first binding agent, or a second binding agent
comprising such a detectable moiety. More examples of
detectable moieties include but are not limited to en-
zymes, such as horseradish peroxidase (HRP), alkaline
phosphatase (AP), β-galactosidase and urease. A horse-
radish-peroxidase detection system can be used, for ex-
ample, with the chromogenic substrate tetramethylben-
zidine (TMB), which yields a soluble product in the pres-
ence of hydrogen peroxide that is detectable at 450 nm.
Other convenient enzyme-linked systems include, for ex-
ample, the alkaline phosphatase detection system, which
can be used with the chromogenic substrate p-nitrophe-
nyl phosphate to yield a soluble product readily detecta-
ble at 405 nm. Similarly, a β-galactosidase detection sys-
tem can be used with the chromogenic substrate o-nitro-

phenyl-β-D-galactopyranoside (ONPG) to yield a soluble
product detectable at 410 nm, or a urease detection sys-
tem can be used with a substrate such as urea-bromoc-
resol purple (Sigma Immunochemicals, St. Louis, Mo.).
Green Fluorescent protein (GFP), luciferase, digoxigenin
and/or other detectable labels can be used.
[0069] More examples of detectable moieties that can
be joined to a first or second binding agents or both, as
described herein, include but are not limited to chemillu-
minescent labels. Useful fluorochromes that can be uti-
lized include but are not limited to, DAPI, fluorescein,
Hoechst 33258, R-phycocyanin, B-phycoerythrin, R-
phycoerythrin, rhodamine, Texas red and/or lissamine.
Fluorescein or rhodamine labeled antibodies, or fluores-
cein- or rhodamine-labeled secondary antibodies can be
useful with embodiments provided herein. Methods of
detecting chemilluminescent labels are known in the art.
Fluorescent detection also can be useful in certain meth-
ods provided herein. An example of a secondary antibody
includes an anti-GNA antibody. Isotopes can also be use-
ful in certain methods provided herein.
[0070] A signal from a detectable moiety can be ana-
lyzed, for example, using visual identification (e.g., ob-
serving the appearance of a color or shape or image on
a filter or lateral flow device), a spectrophotometer to de-
tect color from a chromogenic substrate; a NanoParticle
Tracking Device with fluorescent mode; a radiation coun-
ter to detect radiation, such as a gamma counter for de-
tection of 125I; or a fluorometer to detect fluorescence in
the presence of light of a certain wavelength. Where an
enzyme-linked assay is used, quantitative analysis of the
amount of a biomarker can be performed using an ELISA
reader, visual detection of a color, or by using a spectro-
photometer or a device utilizing the same, such as an
EMAX Microplate Reader (Molecular Devices; Menlo
Park, Calif.). The assays of the invention can be auto-
mated or performed robotically, if desired, and the signal
from multiple samples and multiple different binding
agents can be detected simultaneously.
[0071] Some embodiments of the methods, composi-
tions, and devices, provided herein include an immobi-
lized standard, wherein the immobilized protein is tau, β-
amyloid, S100 β, neuron-specific enolase, glycoprotein
A2B5, CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, and wherein the standard is compared to a
signal generated by the detectable moiety to determine
the level of tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, present in the sample.
In some embodiments, the standard is immobilized in a
range of protein concentrations, wherein the range rep-
resents tau, β-amyloid, S100 β, neuron-specific enolase,
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glycoprotein A2B5, CD133, NQ01, synaptophysin, neu-
ronal nuclei, MAB1569, polysialic acid-neural cell adhe-
sion molecule (PSA-NCAM), or neurogenic differentia-
tion 1 (NeuroD or Beta2), or glycosylated or phosphor-
ylated forms of these molecules, in the amount of 1 pg/ml
to 500 mg/ml, 1 pg/ml to 100 pg/ml, 100 pg/ml to 1,000
pg/ml, 1 ng/ml to 100 ng/ml, 100 ng/ml to 1,000 ng/ml,
and 1 mg/ml to 500 mg/ml, or an amount that is within a
range defined by any two amounts within one or more of
the aforementioned ranges of amounts. In some embod-
iments, a printed standard is provided, wherein the print-
ed standard is a printed gradient range that can be com-
pared to the detectable sample signal, wherein the print-
ed standard represents a range of protein concentrations
in the amount of 1 pg/ml to 500 mg/ml, 1 pg/ml to 100
pg/ml, 100 pg/ml to 1,000 pg/ml, 1 ng/ml to 100 ng/ml,
100 ng/ml to 1,000 ng/ml, and 1 mg/ml to 500 mg/ml, or
an amount that is within a range defined by any two
amounts within one or more of the aforementioned rang-
es of amounts.
[0072] Some embodiments include compositions com-
prising an isolated brain-specific extracellular vesicle or
exosome joined to a first binding agent that is specific for
an antigen or epitope present on a tau, β-amyloid, S100
β, neuron-specific enolase, glycoprotein A2B5, CD133,
NQ01, synaptophysin, neuronal nuclei, MAB1569, poly-
sialic acid-neural cell adhesion molecule (PSA-NCAM),
or neurogenic differentiation 1 (NeuroD or Beta2), or gly-
cosylated or phosphorylated forms of these molecules,
molecule and a second binding agent joined to said ex-
tracellular vesicle or exosome at a site that is distinct from
a site to which said first binding agent binds said extra-
cellular vesicle or exosome, such as a second binding
agent that is specific for an MHC class I or MHC class II
antigen (e.g., a non-polymorphic region of a MHC I or
MHC II molecule). In some embodiments, the second
binding agent is specific for Fas ligand, MHC I, MHC II,
CD44, placental alkaline phosphatase, TSG-101, MHC
I-peptide complexes, MHC II-peptide complexes, or pro-
teins found to be present on the exterior of microvesicles
specific to a brain. In some embodiments, the first binding
agent comprises an antibody, such as a monoclonal an-
tibody, or a binding fragment thereof (e.g., a Fab fragment
or a fragment having a CDR domain), a lectin (e.g.,
Galanthus nivalis agglutinin (GNA), Narcissus pseudon-
arcissus agglutinin (NPA), Concanavalin A or cyanovirin
Sambucus nigra lectin, ricin from Ricinus communis
(RCA), Dolichos biflorius lectin, Ulex Europaeus lectin,
Vicia villosa lectin, Griffonia simplicifolia lectin, Solanium
tuberosum lectin, Lycopersicon esculentum lectin, Dat-
ura stramonium lectin, Erythrina cristagalli lectin, Soy-
bean lectin, Peanut agglutinin, Wheat germ agglutinin,
or Jacalin lectin,), or an aptamer, such as a DNA aptamer
that is specific for an antigen or epitope present on a tau,
β-amyloid, S100 β, neuron-specific enolase, glycoprotein
A2B5, CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or

Beta2), or glycosylated or phosphorylated forms of these
molecules, molecule. Exemplary binding agents that are
used in these embodiments include antibodies such as:
β-amyloid antibody (clone 20.1), which is a mouse mon-
oclonal IgG2b raised against amino acids 1-40 of human
β-amyloid; tau antibody (clone D-8), which is a mouse
monoclonal IgG2b raised against amino acids 1-150 of
human tau; S100 β chain antibody (clone 9A11B9), which
is a mouse monoclonal IgG1 raised against the full length
recombinant human S100 β chain protein; anti-A2B5 an-
tibody [clone 105], which is a mouse monoclonal antibody
raised against full length human A2B5 and binding frag-
ments of said antibodies (e.g., the CDR domains or Fab
fragments). In some embodiments the first binding agent
is also joined to a first support or matrix, wherein said
first support or matrix is a plastic, such as a polystyrene
or polyvinylchloride, a chip, a membrane, such as a nylon
or nitrocellulose membrane, a lateral flow device, a bead,
such as an agarose, latex, acrylamide, magnetic, or pol-
ymeric bead, a fiber, such as a hollow fiber, or a filter,
such as a hollow filter. In further embodiments, the first
binding agent further comprises a detectable moiety. In
still further embodiments, the detectable moiety is select-
ed from the group consisting of an affinity tag, a colored
bead, a photoreactive group, a radionuclide, a hapten, a
peptide, an enzyme, a fluorescent species, a luminescent
species, a dye, biotin, a triazole, an alkyne, quantum dots,
and a chelating species.
[0073] Some embodiments of the methods and com-
positions provided herein include a second binding agent
or exosome-binding agent. In some embodiments, an
exosome-binding agent can be associated with a sub-
strate, for example, the exosome-binding agent can be
immobilized on a substrate or a surface or the substrate
(e.g., well of a plate or wall of a tube). The second binding
agent can be an antibody, such as a monoclonal anti-
body, or a binding fragment thereof (e.g., a Fab fragment
or a fragment having a CDR domain), a lectin (e.g.,
Galanthus nivalis agglutinin (GNA), Narcissus pseudon-
arcissus agglutinin (NPA), Concanavalin A or cyanovirin
Sambucus nigra lectin, ricin from Ricinus communis
(RCA), Dolichos biflorius lectin, Ulex Europaeus lectin,
Vicia villosa lectin, Griffonia simplicifolia lectin, Solanium
tuberosum lectin, Lycopersicon esculentum lectin, Dat-
ura stramonium lectin, Erythrina cristagalli lectin, Soy-
bean lectin, Peanut agglutinin, Wheat germ agglutinin,
or Jacalin lectin,), or an aptamer, such as a DNA aptamer.
The second binding agent can also specifically bind to
an antigen or epitope present on a tau, β-amyloid, S100
β, neuron-specific enolase, glycoprotein A2B5, CD133,
NQ01, synaptophysin, neuronal nuclei, MAB1569, poly-
sialic acid-neural cell adhesion molecule (PSA-NCAM),
or neurogenic differentiation 1 (NeuroD or Beta2), or gly-
cosylated or phosphorylated forms of these molecules,
molecule.
[0074] Some embodiments include compositions com-
prising an isolated brain-specific extracellular vesicle or
exosome joined to a first binding agent such as, an an-
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tibody, such as a monoclonal antibody, or a binding frag-
ment thereof (e.g., a Fab fragment or a fragment having
a CDR domain), a lectin (e.g., Galanthus nivalis aggluti-
nin (GNA), Narcissus pseudonarcissus agglutinin (NPA),
Concanavalin A or cyanovirin Sambucus nigra lectin,
ricin from Ricinus communis (RCA), Dolichos biflorius
lectin, Ulex Europaeus lectin, Vicia villosa lectin, Griffonia
simplicifolia lectin, Solanium tuberosum lectin, Lycoper-
sicon esculentum lectin, Datura stramonium lectin, Eryth-
rina cristagalli lectin, Soybean lectin, Peanut agglutinin,
Wheat germ agglutinin, or Jacalin lectin,), or an aptamer,
such as a DNA aptamer that is specific for an antigen or
epitope present on a tau, β-amyloid, S100 β, neuron-
specific enolase, glycoprotein A2B5, CD133, NQ01, syn-
aptophysin, neuronal nuclei, MAB1569, polysialic acid-
neural cell adhesion molecule (PSA-NCAM), or neuro-
genic differentiation 1 (NeuroD or Beta2), or glycosylated
or phosphorylated forms of these molecules, molecule
and a second binding agent joined to said extracellular
vesicle or exosome at a site that is distinct from a site to
which said first binding agent binds said extracellular ves-
icle or exosome, such as a second binding agent that is
specific for an MHC class I or an MHC class II antigen
(preferably the second binding agent binds to a non-pol-
ymorphic region of an MHC I or MHC II molecule). In
some embodiments, the second binding agent is specific
for Fas ligand, MHC I, MHC II, CD44, placental alkaline
phosphatase, TSG-101, MHC I-peptide complexes,
MHC II-peptide complexes, or proteins found to be
present on the exterior of microvesicles specific to a
brain. In some embodiments, the second binding agent
is an antibody, such as a monoclonal antibody, or a bind-
ing fragment thereof (e.g., a Fab fragment or a fragment
having a CDR domain), a lectin (e.g., Galanthus nivalis
agglutinin (GNA), Narcissus pseudonarcissus agglutinin
(NPA), Concanavalin A or cyanovirin, Sambucus nigra
lectin, ricin from Ricinus communis (RCA), Dolichos bi-
florius lectin, Ulex Europaeus lectin, Vicia villosa lectin,
Griffonia simplicifolia lectin, Solanium tuberosum lectin,
Lycopersicon esculentum lectin, Datura stramonium lec-
tin, Erythrina cristagalli lectin, Soybean lectin, Peanut ag-
glutinin, Wheat germ agglutinin, or Jacalin lectin), or an
aptamer, such as a DNA aptamer that is specific for an
antigen or epitope present on a tau, β-amyloid, S100 β,
neuron-specific enolase, glycoprotein A2B5, CD133,
NQ01, synaptophysin, neuronal nuclei, MAB1569, poly-
sialic acid-neural cell adhesion molecule (PSA-NCAM),
or neurogenic differentiation 1 (NeuroD or Beta2), or gly-
cosylated or phosphorylated forms of these molecules,
molecule. Exemplary binding agents that are used in
these embodiments include antibodies such as: β-amy-
loid antibody (clone 20.1), which is a mouse monoclonal
IgG2b raised against amino acids 1-40 of human β-amy-
loid; tau antibody (clone D-8), which is a mouse mono-
clonal IgG2b raised against amino acids 1-150 of human
tau; S100 β chain antibody (clone 9A11B9), which is a
mouse monoclonal IgG1 raised against the full length re-
combinant human S100 β chain protein; anti-A2B5 anti-

body [clone 105], which is a mouse monoclonal antibody
raised against full length human A2B5 and binding frag-
ments of said antibodies (e.g., the CDR domains or Fab
fragments). In some embodiments, the first and/or sec-
ond binding agents are joined to a support, wherein said
support is a plastic, such as a polystyrene or polyvi-
nylchloride, a chip, a membrane, such as a nylon or ni-
trocellulose membrane, a lateral flow device, a bead,
such as an agarose, latex, acrylamide, magnetic, colored
bead or polymeric bead, quantum dots, a fiber, such as
a hollow fiber, or a filter, such as a hollow filter. In further
embodiments, the first and/or second binding agents fur-
ther comprise a detectable moiety. In still further embod-
iments, the detectable moiety is selected from the group
consisting of an affinity tag, a colored bead, a photore-
active group, a radionuclide, a hapten, a peptide, an en-
zyme, a fluorescent species, a luminescent species, a
dye, biotin, a triazole, an alkyne, quantum dots, and a
chelating species.
[0075] In some embodiments the support includes an
immobilized standard, wherein the immobilized protein
is tau, β-amyloid, S100 β, neuron-specific enolase, glyc-
oprotein A2B5, CD133, NQ01, synaptophysin, neuronal
nuclei, MAB1569, polysialic acid-neural cell adhesion
molecule (PSA-NCAM), or neurogenic differentiation 1
(NeuroD or Beta2), or glycosylated or phosphorylated
forms of these molecules, and wherein the standard is
compared to a signal generated by the detectable moiety
to determine the level of tau, β-amyloid, S100 β, neuron-
specific enolase, glycoprotein A2B5, CD133, NQ01, syn-
aptophysin, neuronal nuclei, MAB1569, polysialic acid-
neural cell adhesion molecule (PSA-NCAM), or neuro-
genic differentiation 1 (NeuroD or Beta2), or glycosylated
or phosphorylated forms of these molecules, present in
the sample. In some embodiments, the standard is im-
mobilized in a range of protein concentrations, wherein
the range represents tau, β-amyloid, S100 β, neuron-
specific enolase, glycoprotein A2B5, CD133, NQ01, syn-
aptophysin, neuronal nuclei, MAB1569, polysialic acid-
neural cell adhesion molecule (PSA-NCAM), or neuro-
genic differentiation 1 (NeuroD or Beta2), or glycosylated
or phosphorylated forms of these molecules, in the
amount of 1 pg/ml to 500 mg/ml, 1 pg/ml to 100 pg/ml,
100 pg/ml to 1,000 pg/ml, 1 ng/ml to 100 ng/ml, 100 ng/ml
to 1,000 ng/ml, and 1 mg/ml to 500 mg/ml, or an amount
that is within a range defined by any two amounts within
one or more of the aforementioned ranges of amounts.
In some embodiments, a printed standard is provided,
wherein the printed standard is provided on the support,
or in a kit associated with the support, and wherein the
standard is a printed gradient range that can be com-
pared to the detectable sample signal, wherein the print-
ed standard represents a range of protein concentrations
in the amount of 1 pg/ml to 500 mg/ml, 1 pg/ml to 100
pg/ml, 100 pg/ml to 1,000 pg/ml, 1 ng/ml to 100 ng/ml,
100 ng/ml to 1,000 ng/ml, and 1 mg/ml to 500 mg/ml, or
an amount that is within a range defined by any two
amounts within one or more of the aforementioned rang-
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es of amounts.

Methods of Creating Isolated Brain-Specific Extracellular 
Vesicle Compositions

[0076] Embodiments also comprise methods for bind-
ing a brain-specific extracellular vesicle or exosome to a
support comprising: (a) contacting a first support that
comprises a first binding agent such as, an antibody, such
as a monoclonal antibody, or a binding fragment thereof
(e.g., a Fab fragment or a fragment having a CDR do-
main), which specifically binds to an antigen present on
tau, β-amyloid, S100 β, neuron-specific enolase, glyco-
protein A2B5, CD133, NQ01, synaptophysin, neuronal
nuclei, MAB1569, polysialic acid-neural cell adhesion
molecule (PSA-NCAM), or neurogenic differentiation 1
(NeuroD or Beta2), or glycosylated or phosphorylated
forms of these molecules, or an antigenic fragment of
these molecules, with a biological sample (e.g., blood,
plasma, urine, or spinal fluid) that comprises a brain-spe-
cific extracellular vesicle or exosome; and (b) identifying
the presence of the brain-specific extracellular vesicle or
exosome bound to the first binding agent and/or the sup-
port. Exemplary binding agents that are used in these
embodiments include antibodies such as: β-amyloid an-
tibody (clone 20.1), which is a mouse monoclonal IgG2b
raised against amino acids 1-40 of human β-amyloid; tau
antibody (clone D-8), which is a mouse monoclonal IgG2b
raised against amino acids 1-150 of human tau; S100 β
chain Antibody (clone 9A11B9), which is a mouse mon-
oclonal IgG1 raised against the full length recombinant
human S100 β chain protein; anti-A2B5 antibody [clone
105], which is a mouse monoclonal antibody raised
against full length human A2B5 and binding fragments
of said antibodies (e.g., the CDR domains or Fab frag-
ments). Lateral flow devices comprising a first support
that comprises a first binding agent, which specifically
binds to an antigen present on tau, β-amyloid, S100 β,
neuron-specific enolase, glycoprotein A2B5, CD133,
NQ01, synaptophysin, neuronal nuclei, MAB1569, poly-
sialic acid-neural cell adhesion molecule (PSA-NCAM),
or neurogenic differentiation 1 (NeuroD or Beta2), or gly-
cosylated or phosphorylated forms of these molecules,
or an antigenic fragment of these molecules are contem-
plated for use in the methods described herein. Exem-
plary binding agents that are used in these lateral flow
devices include antibodies such as: β-amyloid antibody
(clone 20.1), which is a mouse monoclonal IgG2b raised
against amino acids 1-40 of human β-amyloid; tau anti-
body (clone D-8), which is a mouse monoclonal IgG2b
raised against amino acids 1-150 of human tau; S100 β
chain antibody (clone 9A11B9), which is a mouse mon-
oclonal IgG1 raised against the full length recombinant
human S100 β chain protein; anti-A2B5 antibody [clone
105], which is a mouse monoclonal antibody raised
against full length human A2B5 and binding fragments
of said antibodies (e.g., the CDR domains or Fab frag-
ments).

[0077] In some methods, a patient is selected, classi-
fied, or identified for an analysis or determination of the
presence or absence of an exosome having an antigen
present on tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, or an antigenic frag-
ment of these molecules. The selection, classification, or
identification can be performed by clinical evaluation or
additional diagnostic methods (e.g., neurological evalu-
ation by a clinician or physician, and/or EEG).
[0078] In some methods, the first binding agent is an
antibody, such as a monoclonal antibody, or a binding
fragment thereof (e.g., a CDR or Fab fragment of an an-
tibody, desirably a monoclonal antibody), a lectin, or an
aptamer, such as a DNA aptamer that specifically binds
to an exosome having an antigen present on tau, β-amy-
loid, S100 β, neuron-specific enolase, glycoprotein
A2B5, CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, or an antigenic fragment of these molecules.
Exemplary binding agents that are used in these embod-
iments include antibodies such as: β-amyloid antibody
(clone 20.1), which is a mouse monoclonal IgG2b raised
against amino acids 1-40 of human β-amyloid; tau anti-
body (clone D-8), which is a mouse monoclonal IgG2b
raised against amino acids 1-150 of human tau; S100 β
chain Antibody (clone 9A11B9), which is a mouse mon-
oclonal IgG1 raised against the full length recombinant
human S100 β chain protein; anti-A2B5 antibody [clone
105], which is a mouse monoclonal antibody raised
against full length human A2B5 and binding fragments
of said antibodies (e.g., the CDR domains or Fab frag-
ments).
[0079] In some methods, the first support is a plastic,
such as a polystyrene or polyvinylchloride, a chip, a mem-
brane, such as a nylon or nitrocellulose membrane, a
lateral flow device, a bead, such as an agarose, latex,
acrylamide, magnetic, or polymeric bead, which can be
dyed or colored, a fiber, such as a hollow fiber, or a filter,
such as a hollow filter.
[0080] In some methods, the first binding agent further
comprises a detectable moiety. In some methods, the
detectable moiety is selected from the group consisting
of an affinity tag, colored bead, a photoreactive group, a
radionuclide, a hapten, a peptide, an enzyme, a fluores-
cent species, a luminescent species, a dye, biotin, a tri-
azole, an alkyne, quantum dots, and a chelating species.
[0081] In some embodiments, the first support further
comprises an immobilized standard, wherein the immo-
bilized protein is tau, β-amyloid, S100 β, neuron-specific
enolase, glycoprotein A2B5, CD133, NQ01, synapto-
physin, neuronal nuclei, MAB1569, polysialic acid-neural
cell adhesion molecule (PSA-NCAM), or neurogenic dif-
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ferentiation 1 (NeuroD or Beta2), or glycosylated or phos-
phorylated forms of these molecules, and wherein the
standard is compared to a signal generated by the de-
tectable moiety to determine the level of tau, β-amyloid,
S100 β, neuron-specific enolase, glycoprotein A2B5,
CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, present in the sample. In some embodiments,
the standard is immobilized in a range of protein concen-
trations, wherein the range represents tau, β-amyloid,
S100 β, neuron-specific enolase, glycoprotein A2B5,
CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, in the amount of 1 pg/ml to 500 mg/ml, 1 pg/ml
to 100 pg/ml, 100 pg/ml to 1,000 pg/ml, 1 ng/ml to 100
ng/ml, 100 ng/ml to 1,000 ng/ml, and 1 mg/ml to 500
mg/ml, or an amount that is within a range defined by any
two amounts within one or more of the aforementioned
ranges of amounts. In some embodiments, the immobi-
lized protein standard is representative of a gradient from
healthy protein levels, to diseased protein levels, includ-
ing levels associated with shaking or strong rotation of
the head, concussion, CTE, contusion, second impact
syndrome, penetrating injury including that occurring
from the impact of a sharp object to the brain, Shaken
Baby Syndrome, anoxic brain injury including anoxic an-
oxia, anemic anoxia, and toxic anoxia, hypoxic brain in-
jury, and chronic brain conditions including Alzheimer’s
disease, amyotrophic lateral sclerosis, cerebrovascular
disease, Hirschsprung’s disease, demyelinating diseas-
es, Duchenne muscular dystrophy, cognitive dysfunction
disease, Parkinson’s disease, brain cancers, such as
glioblastoma multiforme, and/or diabetes.
[0082] In some embodiments, the method further com-
prises contacting said extracellular vesicle or exosome
with a second binding agent, which specifically binds to
said extracellular vesicle or exosome at a site that is dis-
tinct from the site to which said first binding agent binds
said extracellular vesicle or exosome, such as a second
binding agent specific for an antigen present on MHC
class I or MHC class II molecules (e.g., non-polymorphic
regions thereof). Lateral flow devices comprising a sup-
port that comprises said second binding agent are con-
templated for use in the methods described herein.
[0083] In some embodiments, the method further com-
prises contacting said extracellular vesicle or exosome
with a second binding agent, which specifically binds to
said extracellular vesicle or exosome at a site distinct
from the site to which said first binding agent binds said
extracellular vesicle or exosome, such as a second bind-
ing agent specific for an antigen present on MHC class
I or MHC class II molecules (e.g., a non-polymorphic re-
gion thereof). In some embodiments, the second binding
agent is an antibody, such as a monoclonal antibody, or

a binding fragment thereof (e.g., a CDR or Fab fragment
of an antibody, desirably a monoclonal antibody), a lectin,
or an aptamer, such as a DNA aptamer, that specifically
binds to the Fas ligand, MHC I, MHC II, CD44, placental
alkaline phosphatase, TSG-101, MHC I-peptide com-
plexes, MHC II-peptide complexes, or a protein found to
be present on the surface of exosomes originating from
the brain. Lateral flow devices comprising a support that
comprises said second binding agent are contemplated
for use in the methods described herein.
[0084] In some methods, the second binding agent is
also joined to a second support or a detection moiety. In
some methods, the second support is a plastic, such as
a plastic plate or dish, a chip, a membrane, such as a
nylon or nitrocellulose membrane, a lateral flow device,
a bead, such as an agarose, latex, acrylamide, magnetic,
or polymeric bead, a fiber, such as a hollow fiber, or a
filter, such as a hollow filter or detection molecule, such
as fluorescent dye, colored beads, quantum dots, en-
zyme etc. Lateral flow devices comprising a support or
detection moiety that comprises said second binding
agent are contemplated for use in the methods described
herein.
[0085] In some methods, the second binding agent fur-
ther comprises a detectable moiety. In some methods,
the detectable moiety is selected from the group consist-
ing of an affinity tag, a photoreactive group, a radionu-
clide, a hapten, a peptide, an enzyme, a fluorescent spe-
cies, a luminescent species, a dye, biotin, a triazole, an
alkyne, quantum dots, and a chelating species.
[0086] In some embodiments, the second support fur-
ther comprises an immobilized standard, wherein the im-
mobilized protein is tau, β-amyloid, S100 β, neuron-spe-
cific enolase, glycoprotein A2B5, CD133, NQ01, synap-
tophysin, neuronal nuclei, MAB1569, polysialic acid-neu-
ral cell adhesion molecule (PSA-NCAM), or neurogenic
differentiation 1 (NeuroD or Beta2), or glycosylated or
phosphorylated forms of these molecules, and wherein
the standard is compared to a signal generated by the
detectable moiety to determine the level of tau, β-amy-
loid, S100 β, neuron-specific enolase, glycoprotein
A2B5, CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, present in the sample. In some embodiments,
the standard is immobilized in a range of protein concen-
trations, wherein the range represents tau, β-amyloid,
S100 β, neuron-specific enolase, glycoprotein A2B5,
CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, in the amount of 1 pg/ml to 500 mg/ml, 1 pg/ml
to 100 pg/ml, 100 pg/ml to 1,000 pg/ml, 1 ng/ml to 100
ng/ml, 100 ng/ml to 1,000 ng/ml, and 1 mg/ml to 500
mg/ml, or an amount that is within a range defined by any
two amounts within one or more of the aforementioned
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ranges of amounts. In some embodiments, the immobi-
lized protein standard is representative of a gradient from
healthy protein levels, to diseased protein levels, includ-
ing levels associated with shaking or strong rotation of
the head, concussion, CTE, contusion, second impact
syndrome, penetrating injury including that occurring
from the impact of a sharp object to the brain, Shaken
Baby Syndrome, anoxic brain injury including anoxic an-
oxia, anemic anoxia, and toxic anoxia, hypoxic brain in-
jury, and chronic brain conditions including Alzheimer’s
disease, amyotrophic lateral sclerosis, cerebrovascular
disease, Hirschsprung’s disease, demyelinating diseas-
es, Duchenne muscular dystrophy, cognitive dysfunction
disease, Parkinson’s disease, brain cancers, such as
glioblastoma multiforme, and/or diabetes.
[0087] In some methods, the biological sample is ob-
tained from a subject who has had a traumatic brain in-
jury, stroke, cognitive disorder, genetic disorder, neuro-
degenerative disease or a subject that is elderly. In some
methods, a patient is selected, classified, or identified for
an analysis or determination of the presence or absence
of an exosome having an antigen present, wherein the
antigen is tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, or an antigenic frag-
ment of these molecules. The selection, classification, or
identification can be performed by clinical evaluation or
other diagnostic methods (e.g., neurological evaluation
by a clinician or physician, and/or EEG).
[0088] In some methods, the biological sample is se-
lected from the group consisting of: whole blood, plasma,
serum, urine, cerebrospinal fluid, saliva, lymph, aqueous
humor, vitreous humor, cochlear fluid, and tears.
[0089] In some embodiments, optionally, the method
further comprises isolating or analyzing a nucleic acid
(e.g., DNA or RNA or both) and/or protein from said iso-
lated extracellular vesicles or exosomes for the presence
or amount of a disease marker, protein, or antigen
present, wherein the antigen is tau, β-amyloid, S100 β,
neuron-specific enolase, glycoprotein A2B5, CD133,
NQ01, synaptophysin, neuronal nuclei, MAB1569, poly-
sialic acid-neural cell adhesion molecule (PSA-NCAM),
or neurogenic differentiation 1 (NeuroD or Beta2), or gly-
cosylated or phosphorylated forms of these molecules,
or an antigenic fragment of these molecules or a nucleic
acid encoding these molecules or a fragment thereof.
[0090] In some embodiments, the method further com-
prises repeating at least steps: (a) contacting a first sup-
port that comprises a first binding agent such as, an an-
tibody, such as a monoclonal antibody, or a binding frag-
ment thereof (e.g., a Fab fragment or a fragment having
a CDR domain), which specifically binds an antigenic site
present on tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-

hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, or an antigenic frag-
ment of these molecules, with a biological sample (e.g.,
blood, plasma, spinal fluid, or urine) that comprises brain-
specific extracellular vesicles or exosomes; and (b) iden-
tifying the presence of the brain-specific extracellular
vesicles or exosomes bound to the binding agent and/or
the support at different time points. Exemplary binding
agents that are used in these embodiments include an-
tibodies such as: β-amyloid antibody (clone 20.1), which
is a mouse monoclonal IgG2b raised against amino acids
1-40 of human β-amyloid; tau antibody (clone D-8), which
is a mouse monoclonal IgG2b raised against amino acids
1-150 of human tau; S100 β chain antibody (clone
9A11B9), which is a mouse monoclonal IgG1 raised
against the full length recombinant human S100 β chain
protein; anti-A2B5 antibody [clone 105], which is a mouse
monoclonal antibody raised against full length human
A2B5 and binding fragments of said antibodies (e.g., the
CDR domains or Fab fragments).
[0091] In some embodiments, the method further com-
prises repeating at least steps: (a) contacting a first sup-
port that comprises a first binding agent such as, an an-
tibody, such as a monoclonal antibody, or a binding frag-
ment thereof (e.g., a Fab fragment or a fragment having
a CDR domain), which specifically binds an antigenic site
present on tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, or an antigenic frag-
ment of these molecules, with a biological sample (e.g.,
blood, plasma, spinal fluid, or urine) that comprises brain-
specific extracellular vesicles or exosomes; and (b) iden-
tifying the presence of the brain-specific extracellular
vesicles or exosomes bound to the binding agent and/or
the support at different time points. Exemplary binding
agents that are used in these embodiments include an-
tibodies such as: β-amyloid antibody (clone 20.1), which
is a mouse monoclonal IgG2b raised against amino acids
1-40 of human β-amyloid; tau antibody (clone D-8), which
is a mouse monoclonal IgG2b raised against amino acids
1-150 of human tau; S100 β chain antibody (clone
9A11B9), which is a mouse monoclonal IgG1 raised
against the full length recombinant human S100 β chain
protein; anti-A2B5 antibody [clone 105], which is a mouse
monoclonal antibody raised against full length human
A2B5 and binding fragments of said antibodies (e.g., the
CDR domains or Fab fragments).
[0092] In some embodiments, the method further com-
prises providing a subject from which said biological sam-
ple was obtained with a therapeutic agent or the extra-
corporeal therapy described supra and repeating at least
steps: (a) contacting a first support that comprises a first
binding agent, which specifically binds an antigenic site
present on tau, β-amyloid, S100 β, neuron-specific eno-
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lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, or an antigenic frag-
ment of these molecules, with a biological sample that
comprises brain-specific extracellular vesicles or exo-
somes; and (b) identifying the presence of the brain-spe-
cific extracellular vesicles or exosomes bound to the
binding agent and/or the support, at a time point after
providing said therapeutic agent and/or the extracorpor-
eal therapy. In this manner, the diagnosis, disease risk
assessment, and monitoring of therapeutic approaches
to inhibit, ameliorate, or reduce the onset, persistence,
or manifestation of a disease can be easily accom-
plished. Exemplary binding agents that are used in these
embodiments include antibodies such as: β-amyloid an-
tibody (clone 20.1), which is a mouse monoclonal IgG2b
raised against amino acids 1-40 of human β-amyloid; tau
antibody (clone D-8), which is a mouse monoclonal IgG2b
raised against amino acids 1-150 of human tau; S100 β
chain Antibody (clone 9A11B9), which is a mouse mon-
oclonal IgG1 raised against the full length recombinant
human S100 β chain protein; anti-A2B5 antibody [clone
105], which is a mouse monoclonal antibody raised
against full length human A2B5 and binding fragments
of said antibodies (e.g., the CDR domains or Fab frag-
ments).
[0093] Some of these methods utilize the approaches
described supra. Additional methods can be practiced
by, for example, comprising in order: (a) contacting a first
support that comprises a first binding agent, e.g., an an-
tibody, such as a monoclonal antibody, or a binding frag-
ment thereof (e.g., a CDR or Fab fragment of an antibody,
desirably a monoclonal antibody), a lectin, or an aptamer,
such as a DNA aptamer, which specifically binds an an-
tigen present on a MHC Class I or MHC class II molecule,
with a biological sample that comprises brain-specific ex-
tracellular vesicles or exosomes so as to generate a bi-
ological complex comprising the first binding agent joined
to the brain-specific extracellular vesicles or exosomes;
(b) contacting the biological complex that comprises the
first binding agent joined to the brain-specific extracellu-
lar vesicles or exosomes, with a second binding agent,
which specifically binds to said extracellular vesicle or
exosome at a site distinct from the site to which said first
binding agent binds said extracellular vesicles or exo-
somes; and (c) identifying the presence of the second
binding agent joined to the brain-specific extracellular
vesicles or exosomes. Preferred second binding agents
can include, for example, an antibody, such as a mono-
clonal antibody, or a binding fragment thereof (e.g., a
CDR or Fab fragment of an antibody, desirably a mono-
clonal antibody), a lectin, or an aptamer, such as a DNA
aptamer, that specifically binds to an antigenic site
present on tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-

hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules. Exemplary binding
agents that are used in these embodiments include an-
tibodies such as: β-amyloid antibody (clone 20.1), which
is a mouse monoclonal IgG2b raised against amino acids
1-40 of human β-amyloid; tau antibody (clone D-8), which
is a mouse monoclonal IgG2b raised against amino acids
1-150 of human tau; S100 β chain antibody (clone
9A11B9), which is a mouse monoclonal IgG1 raised
against the full length recombinant human S100 β chain
protein; anti-A2B5 antibody [clone 105], which is a mouse
monoclonal antibody raised against full length human
A2B5 and binding fragments of said antibodies (e.g., the
CDR domains or Fab fragments). Either the first binding
agent or the second binding agent or both can be joined
to a support, which can be a plastic, such as a plastic
plate or dish, a chip, a membrane, such as a nylon or
nitrocellulose membrane, a lateral flow device, a bead,
such as an agarose, latex, acrylamide, magnetic, or pol-
ymeric bead, a fiber, such as a hollow fiber, or a filter,
such as a hollow filter or detection molecule, such as
fluorescent dye, colored beads, quantum dots, enzyme
etc. In some embodiments, a standard is immobilized on
the support, in a range of protein concentrations, wherein
the range represents tau, β-amyloid, S100 β, neuron-
specific enolase, glycoprotein A2B5, CD133, NQ01, syn-
aptophysin, neuronal nuclei, MAB1569, polysialic acid-
neural cell adhesion molecule (PSA-NCAM), or neuro-
genic differentiation 1 (NeuroD or Beta2), or glycosylated
or phosphorylated forms of these molecules, in the
amount of 1 pg/ml to 500 mg/ml, 1 pg/ml to 100 pg/ml,
100 pg/ml to 1,000 pg/ml, 1 ng/ml to 100 ng/ml, 100 ng/ml
to 1,000 ng/ml, and 1 mg/ml to 500 mg/ml, or an amount
that is within a range defined by any two amounts within
one or more of the aforementioned ranges of amounts.
The biological sample can be, for example, whole blood,
plasma, serum, urine, cerebrospinal fluid, saliva, lymph,
aqueous humor, vitreous humor, cochlear fluid, and tears
obtained from a subject, preferably a subject that has
been selected, classified, or identified as one to receive
an analysis of the presence of an exosome having an
antigen present, wherein the antigen is tau, β-amyloid,
S100 β, neuron-specific enolase, glycoprotein A2B5,
CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, molecule. Once the presence of an exosome
having an antigen present, wherein the antigen is tau, β-
amyloid, S100 β, neuron-specific enolase, glycoprotein
A2B5, CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, molecule or an antigenic fragment of these
molecules has been made, therapeutics or therapeutic
protocols, such as extracorporeal removal of exosomes
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can be selectively provided to the patient.

Identifying Exosome Compositions

[0094] Utilizing antibodies against MHC class I, MHC
class II, and tissue specific antigens, extracellular vesi-
cles or exosomes can be identified and isolated from bi-
ologic fluids including blood, urine, and cultured medium
of cell cultures. An antibody, such as a monoclonal anti-
body, or a binding fragment thereof (e.g., a Fab fragment
or a fragment having a CDR domain), a lectin (e.g.,
Galanthus nivalis agglutinin (GNA), Narcissus pseudon-
arcissus agglutinin (NPA), Concanavalin A or cyanovirin,
Sambucus nigra lectin, ricin from Ricinus communis
(RCA), Dolichos biflorius lectin, Ulex Europaeus lectin,
Vicia villosa lectin, Griffonia simplicifolia lectin, Solanium
tuberosum lectin, Lycopersicon esculentum lectin, Dat-
ura stramonium lectin, Erythrina cristagalli lectin, Soy-
bean lectin, Peanut agglutinin, Wheat germ agglutinin,
or Jacalin lectin), or an aptamer, such as a DNA aptamer
that is specific for an antigenic site or epitope present on
a tau, β-amyloid, S100 β, neuron-specific enolase, glyc-
oprotein A2B5, CD133, NQ01, synaptophysin, neuronal
nuclei, MAB1569, polysialic acid-neural cell adhesion
molecule (PSA-NCAM), or neurogenic differentiation 1
(NeuroD or Beta2), or glycosylated or phosphorylated
forms of these molecules, molecules are contemplated
for use herein. Exemplary binding agents that are used
in these embodiments include antibodies such as: β-
amyloid antibody (clone 20.1), which is a mouse mono-
clonal IgG2b raised against amino acids 1-40 of human
β-amyloid; tau antibody (clone D-8), which is a mouse
monoclonal IgG2b raised against amino acids 1-150 of
human tau; S100 β chain antibody (clone 9A11B9), which
is a mouse monoclonal IgG1 raised against the full length
recombinant human S100 β chain protein; anti-A2B5 an-
tibody [clone 105], which is a mouse monoclonal antibody
raised against full length human A2B5 and binding frag-
ments of said antibodies (e.g., the CDR domains or Fab
fragments). Additional binding agents have specificity for
antigens or epitopes present on Fas ligand, MHC I, MHC
II, CD44, placental alkaline phosphatase, TSG-101,
MHC I-peptide complexes, MHC II-peptide complexes,
or proteins found to be present on the exterior of brain
specific microvesicles. Immunoaffinity isolation and char-
acterization of these extracellular vesicles, utilizing a
combination of the binding agents described supra allows
one to identify and classify a patient as one having a
pathology of interest (traumatic brain injury, stroke, ge-
netic disorder, neurodegenerative disease or aging) or a
risk factor for a disease such as diffuse axonal injury,
including that caused by shaking or strong rotation of the
head, concussion, CTE, contusion, second impact syn-
drome, penetrating injury including that occurring from
the impact of a sharp object to the brain, Shaken Baby
Syndrome, anoxic brain injury including anoxic anoxia,
anemic anoxia, and toxic anoxia, hypoxic brain injury,
and chronic brain conditions including Alzheimer’s dis-

ease, amyotrophic lateral sclerosis, cerebrovascular dis-
ease, Hirschsprung’s disease, demyelinating diseases,
Duchenne muscular dystrophy, cognitive dysfunction
disease, Parkinson’s disease, brain cancers, such as
glioblastoma multiforme, and/or diabetes. Accordingly
aspects of the invention described herein concern meth-
ods of identifying the presence of an exosome having an
antigen or epitope present on a tau, β-amyloid, S100 β,
neuron-specific enolase, glycoprotein A2B5, CD133,
NQ01, synaptophysin, neuronal nuclei, MAB1569, poly-
sialic acid-neural cell adhesion molecule (PSA-NCAM),
or neurogenic differentiation 1 (NeuroD or Beta2), or gly-
cosylated or phosphorylated forms of these molecules,
molecules, which also allows for methods of identifying
the presence of a risk factor or a predilection for diffuse
axonal injury, including that caused by shaking or strong
rotation of the head, concussion, CTE, contusion, second
impact syndrome, penetrating injury including that occur-
ring from the impact of a sharp object to the brain, Shaken
Baby Syndrome, anoxic brain injury including anoxic an-
oxia, anemic anoxia, and toxic anoxia, hypoxic brain in-
jury, and chronic brain conditions including Alzheimer’s
disease, amyotrophic lateral sclerosis, cerebrovascular
disease, Hirschsprung’s disease, demyelinating diseas-
es, Duchenne muscular dystrophy, cognitive dysfunction
disease, Parkinson’s disease, brain cancers, such as
glioblastoma multiforme, and/or diabetes.
[0095] Again, such methods are practiced by contact-
ing a biological sample from a subject that has been iden-
tified or selected for brain-specific exosome analysis with
first or second binding agent, which is an antibody, such
as a monoclonal antibody, or a binding fragment thereof
(e.g., a Fab fragment or a fragment having a CDR do-
main), a lectin (e.g., Galanthus nivalis agglutinin (GNA),
Narcissus pseudonarcissus agglutinin (NPA), Concana-
valin A or cyanovirin, Sambucus nigra lectin, ricin from
Ricinus communis (RCA), Dolichos biflorius lectin, Ulex
Europaeus lectin, Vicia villosa lectin, Griffonia simplici-
folia lectin, Solanium tuberosum lectin, Lycopersicon es-
culentum lectin, Datura stramonium lectin, Erythrina
cristagalli lectin, Soybean lectin, Peanut agglutinin,
Wheat germ agglutinin, or Jacalin lectin), or an aptamer,
such as a DNA aptamer that is specific for an antigenic
site or epitope present on a tau, β-amyloid, S100 β, neu-
ron-specific enolase, glycoprotein A2B5, CD133, NQ01,
synaptophysin, neuronal nuclei, MAB1569, polysialic ac-
id-neural cell adhesion molecule (PSA-NCAM), or neu-
rogenic differentiation 1 (NeuroD or Beta2), or glycosylat-
ed or phosphorylated forms of these molecules, mole-
cules and detecting the presence of the first or second
binding agent bound to an exosome. Exemplary binding
agents that are used in these embodiments include an-
tibodies such as: β-amyloid antibody (clone 20.1), which
is a mouse monoclonal IgG2b raised against amino acids
1-40 of human β-amyloid; tau antibody (clone D-8), which
is a mouse monoclonal IgG2b raised against amino acids
1-150 of human tau; S100 β chain antibody (clone
9A11B9), which is a mouse monoclonal IgG1 raised
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against the full length recombinant human S100 β chain
protein; anti-A2B5 antibody [clone 105], which is a mouse
monoclonal antibody raised against full length human
A2B5 and binding fragments of said antibodies (e.g., a
CDR domains or Fab fragments). The first or second
binding agent can also be an antibody, such as a mon-
oclonal antibody, or a binding fragment thereof (e.g., a
Fab fragment or a fragment having a CDR domain), a
lectin (e.g., Galanthus nivalis agglutinin (GNA), Narcis-
sus pseudonarcissus agglutinin (NPA), Concanavalin A
or cyanovirin, Sambucus nigra lectin, ricin from Ricinus
communis (RCA), Dolichos biflorius lectin, Ulex Euro-
paeus lectin, Vicia villosa lectin, Griffonia simplicifolia lec-
tin, Solanium tuberosum lectin, Lycopersicon esculen-
tum lectin, Datura stramonium lectin, Erythrina cristagalli
lectin, Soybean lectin, Peanut agglutinin, Wheat germ
agglutinin, or Jacalin lectin), or an aptamer, such as a
DNA aptamer that is specific for an antigen or epitope
present on Fas ligand, MHC I, MHC II, CD44, placental
alkaline phosphatase, TSG-101, MHC I-peptide com-
plexes, MHC II-peptide complexes, or proteins found to
be present on the exterior of brain specific microvesicles.
The proteomic and transcriptomic cargoes of the isolated
extracellular vesicles can also be analyzed (e.g., by PCR
mediated detection of genes, mutations, or polymor-
phisms). Monitoring the presence and/or appearance of
these extracellular vesicles in biologic fluids including
blood, urine, and cultured medium of cell cultures over
time or after therapeutic intervention (e.g., administration
of a therapeutic agent or a therapeutic protocol, such as
extracorporeal removal of exosomes), especially after
head or brain injury (e.g., diffuse axonal injury, including
that caused by shaking or strong rotation of the head,
concussion, CTE, contusion, second impact syndrome,
penetrating injury including that occurring from the impact
of a sharp object to the brain, Shaken Baby Syndrome,
anoxic brain injury including anoxic anoxia, anemic an-
oxia, and toxic anoxia, hypoxic brain injury) or chronic
brain maladies (e.g., Alzheimer’s disease, amyotrophic
lateral sclerosis, cerebrovascular disease, Hirschs-
prung’s disease, demyelinating diseases, Duchenne
muscular dystrophy, cognitive dysfunction disease, Par-
kinson’s disease, brain cancers, such as glioblastoma
multiforme, and/or diabetes) can be useful for real-time
monitoring of the pathologic status and treatment effica-
cy.
[0096] The first and or second binding agents de-
scribed herein can be joined to a support, surface, or
matrix (e.g., a lateral flow device). Surfaces contemplat-
ed for use herein are ones that can selectively restrict
passage of said microvesicles, such as surfaces that
have pore sizes in the range of 20-400 nanometers in
size, with surfaces having pore sized in the range of
40-300 nanometers in size being preferred, or with sur-
faces having a pore size in the range of 50-280 nanom-
eters in size being especially preferred. Surfaces with
selective adhesion to microvesicles contemplated for use
herein can also be coated with a single compound or a

plurality of compounds that bind particles that are en-
riched in sphingomyelin and with a lower level of phos-
phatidylcholine as found in the cellular membranes of
non-malignant cells.
[0097] Once the exosome composition is identified, it
can be analyzed for diagnosis and identification of a dis-
ease risk factor, prognosis, or therapeutic prediction of
a traumatic brain injury, stroke, genetic disorder, neuro-
degenerative disease or aging in a subject (e.g., a dis-
ease or injury such as diffuse axonal injury, including that
caused by shaking or strong rotation of the head, con-
cussion, CTE, contusion, second impact syndrome, pen-
etrating injury including that occurring from the impact of
a sharp object to the brain, Shaken Baby Syndrome, an-
oxic brain injury including anoxic anoxia, anemic anoxia,
and toxic anoxia, hypoxic brain injury, and chronic brain
conditions including Alzheimer’s disease, amyotrophic
lateral sclerosis, cerebrovascular disease, Hirschs-
prung’s disease, demyelinating diseases, Duchenne
muscular dystrophy, cognitive dysfunction disease, Par-
kinson’s disease, brain cancers, such as glioblastoma
multiforme, and/or diabetes).

Identifying Risk Factors Using Exosome Compositions

[0098] Some embodiments of the methods and com-
positions provided herein include methods for the diag-
nosis, identification of a disease risk factor, prognosis,
or therapeutic prediction of a traumatic brain injury,
stroke, genetic disorder, neurodegenerative disease or
aging in a subject (e.g., a disease or injury such as diffuse
axonal injury, including that caused by shaking or strong
rotation of the head, concussion, CTE, contusion, second
impact syndrome, penetrating injury including that occur-
ring from the impact of a sharp object to the brain, Shaken
Baby Syndrome, anoxic brain injury including anoxic an-
oxia, anemic anoxia, and toxic anoxia, hypoxic brain in-
jury, and chronic brain conditions including Alzheimer’s
disease, amyotrophic lateral sclerosis, cerebrovascular
disease, Hirschsprung’s disease, demyelinating diseas-
es, Duchenne muscular dystrophy, cognitive dysfunction
disease, Parkinson’s disease, brain cancers, such as
glioblastoma multiforme, and/or diabetes). Some em-
bodiments include obtaining a biological sample from a
subject (e.g., blood or urine), and identifying or quantify-
ing the exosomes present in the sample or a portion
thereof, wherein the presence and/or quantity of exo-
somes in the sample or portion thereof is indicative that
the subject may have or be at risk for a traumatic brain
injury, stroke, genetic disorder, neurodegenerative dis-
ease or aging such as, diffuse axonal injury, including
that caused by shaking or strong rotation of the head,
concussion, CTE, contusion, second impact syndrome,
penetrating injury including that occurring from the impact
of a sharp object to the brain, Shaken Baby Syndrome,
anoxic brain injury including anoxic anoxia, anemic an-
oxia, and toxic anoxia, hypoxic brain injury, and chronic
brain conditions including Alzheimer’s disease, amyo-
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trophic lateral sclerosis, cerebrovascular disease, Hir-
schsprung’s disease, demyelinating diseases, Duch-
enne muscular dystrophy, cognitive dysfunction disease,
Parkinson’s disease, brain cancers, such as glioblasto-
ma multiforme, and/or diabetes.
[0099] More embodiments include methods for moni-
toring progression of a traumatic brain injury, stroke, ge-
netic disorder, neurodegenerative disease or aging such
as, diffuse axonal injury, including that caused by shaking
or strong rotation of the head, concussion, CTE, contu-
sion, second impact syndrome, penetrating injury includ-
ing that occurring from the impact of a sharp object to
the brain, Shaken Baby Syndrome, anoxic brain injury
including anoxic anoxia, anemic anoxia, and toxic anoxia,
hypoxic brain injury, and chronic brain conditions includ-
ing Alzheimer’s disease, amyotrophic lateral sclerosis,
cerebrovascular disease, Hirschsprung’s disease, de-
myelinating diseases, Duchenne muscular dystrophy,
cognitive dysfunction disease, Parkinson’s disease,
brain cancers, such as glioblastoma multiforme, and/or
diabetes in a subject. Some such embodiments include
selecting a subject for analysis of exosomes having
markers for a traumatic brain injury, stroke, genetic dis-
order, or neurodegenerative disease, obtaining a first bi-
ological sample from said subject, preferably a subject
having a traumatic brain injury, stroke, genetic disorder,
or neurodegenerative disease such as, diffuse axonal
injury, including that caused by shaking or strong rotation
of the head, concussion, CTE, contusion, second impact
syndrome, penetrating injury including that occurring
from the impact of a sharp object to the brain, Shaken
Baby Syndrome, anoxic brain injury including anoxic an-
oxia, anemic anoxia, and toxic anoxia, hypoxic brain in-
jury, and chronic brain conditions including Alzheimer’s
disease, amyotrophic lateral sclerosis, cerebrovascular
disease, Hirschsprung’s disease, demyelinating diseas-
es, Duchenne muscular dystrophy, cognitive dysfunction
disease, Parkinson’s disease, brain cancers, such as
glioblastoma multiforme, and/or diabetes at a first time
point, identifying or quantifying the presence of brain spe-
cific exosomes in the first sample, obtaining a second
sample from the subject having a traumatic brain injury,
stroke, genetic disorder, neurodegenerative disease or
aging such as, diffuse axonal injury, including that caused
by shaking or strong rotation of the head, concussion,
CTE, contusion, second impact syndrome, penetrating
injury including that occurring from the impact of a sharp
object to the brain, Shaken Baby Syndrome, anoxic brain
injury including anoxic anoxia, anemic anoxia, and toxic
anoxia, hypoxic brain injury, and chronic brain conditions
including Alzheimer’s disease, amyotrophic lateral scle-
rosis, cerebrovascular disease, Hirschsprung’s disease,
demyelinating diseases, Duchenne muscular dystrophy,
cognitive dysfunction disease, Parkinson’s disease,
brain cancers, such as glioblastoma multiforme, and/or
diabetes at a second time point, the second time point
occurring after the first time point, identifying or quanti-
fying brain specific exosomes in the second determina-

tion, wherein a change in the presence or quantity of
brain specific exosomes from the first determination to
the second determination is indicative of progression of
the traumatic brain injury, stroke, genetic disorder, neu-
rodegenerative disease or aging such as, diffuse axonal
injury, including that caused by shaking or strong rotation
of the head, concussion, CTE, contusion, second impact
syndrome, penetrating injury including that occurring
from the impact of a sharp object to the brain, Shaken
Baby Syndrome, anoxic brain injury including anoxic an-
oxia, anemic anoxia, and toxic anoxia, hypoxic brain in-
jury, and chronic brain conditions including Alzheimer’s
disease, amyotrophic lateral sclerosis, cerebrovascular
disease, Hirschsprung’s disease, demyelinating diseas-
es, Duchenne muscular dystrophy, cognitive dysfunction
disease, Parkinson’s disease, brain cancers, such as
glioblastoma multiforme, and/or diabetes. In some em-
bodiments, an increase in the quantity of exosomes is
indicative of increased severity of the condition or pathol-
ogy.
[0100] In some embodiments, brain-specific extracel-
lular vesicles or exosomes are bound to a first support
or matrix, wherein said first support or matrix is a plastic,
such as a polystyrene or polyvinylchloride, a chip, a mem-
brane, such as a nylon or nitrocellulose membrane, a
lateral flow device, a bead, such as an agarose, latex,
acrylamide, magnetic, or polymeric bead, a fiber, such
as a hollow fiber, or a filter, such as a hollow filter by: (a)
contacting a first support or matrix that comprises a first
binding agent, which specifically binds an antigenic site
present on tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, molecule, wherein said
first binding agent is an antibody, such as a monoclonal
antibody, or a binding fragment thereof, a lectin, or an
aptamer, such as a DNA aptamer, with a biological sam-
ple that comprises a brain-specific extracellular vesicle
or exosome, wherein said first binding agent further com-
prises a detectable moiety; and (b) identifying the pres-
ence of the brain-specific extracellular vesicle or exo-
some bound to the support. In some embodiments, the
detectable moiety is selected from the group consisting
of an affinity tag, a colored bead, a photoreactive group,
a radionuclide, a hapten, a peptide, an enzyme, a fluo-
rescent species, a luminescent species, a dye, biotin, a
triazole, an alkyne, quantum dots, and a chelating spe-
cies. Binding agents, including selective lectins, aptam-
ers (e.g., nucleic acid aptamers), antibodies and binding
fragments thereof (e.g., fab fragments and antibody frag-
ments comprising CDR domains), which specifically bind
to antigenic sites and epitopes presented by tau, β-amy-
loid, S100 β, neuron-specific enolase, glycoprotein
A2B5, CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
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Beta2), or glycosylated or phosphorylated forms of these
molecules, molecules, which are available for binding on
exosomes (e.g., antigenic sequences or epitopes that
are displayed on the surface of an exosome). Exemplary
binding agents that are used in these embodiments in-
clude antibodies such as: β-amyloid antibody (clone
20.1), which is a mouse monoclonal IgG2b raised against
amino acids 1-40 of human β-amyloid; tau antibody
(clone D-8), which is a mouse monoclonal IgG2b raised
against amino acids 1-150 of human tau; S100 β chain
antibody (clone 9A11B9), which is a mouse monoclonal
IgG1 raised against the full length recombinant human
S100 β chain protein; anti-A2B5 antibody [clone 105],
which is a mouse monoclonal antibody raised against full
length human A2B5 and binding fragments of said anti-
bodies (e.g., the CDR domains or Fab fragments). These
binding agents may be a first binding agent or a second
binding agent or both.
[0101] Some embodiments of the methods and com-
positions provided herein include a first binding agent, or
a second binding agent comprising a detectable moiety.
Examples of detectable moieties include but are not lim-
ited to enzymes, such as horseradish peroxidase (HRP),
alkaline phosphatase (AP), β-galactosidase and urease.
A horseradish-peroxidase detection system can be used,
for example, with the chromogenic substrate tetrameth-
ylbenzidine (TMB), which yields a soluble product in the
presence of hydrogen peroxide that is detectable at 450
nm. Other convenient enzyme-linked systems include,
for example, the alkaline phosphatase detection system,
which can be used with the chromogenic substrate p-
nitrophenyl phosphate to yield a soluble product readily
detectable at 405 nm. Similarly, a β-galactosidase de-
tection system can be used with the chromogenic sub-
strate o-nitrophenyl-β-D-galactopyranoside (ONPG) to
yield a soluble product detectable at 410 nm, or a urease
detection system can be used with a substrate such as
urea-bromocresol purple (Sigma Immunochemicals, St.
Louis, Mo.).
[0102] More examples of detectable moieties include
but are not limited to chemilluminescent labels. Methods
of detecting chemilluminescent labels are known in the
art. Fluorescent detection also can be useful in certain
methods provided herein. Useful fluorochromes include
but are not limited to, DAPI, fluorescein, Hoechst 33258,
R-phycocyanin, β-phycoerythrin, R-phycoerythrin, rhod-
amine, Texas red and lissamine. Fluorescein or rhodam-
ine labeled antibodies, or fluorescein- or rhodamine-la-
beled secondary antibodies can be useful with embodi-
ments provided herein. An example of a secondary an-
tibody includes an anti-lectin antibody, such as an anti-
GNA antibody. Isotopes can also be useful in certain
methods provided herein. Such moieties and assays are
well known in the art.
[0103] A signal from a detectable moiety can be ana-
lyzed, for example, using visual observation or a spec-
trophotometer to detect color from a chromogenic sub-
strate; a radiation counter to detect radiation, such as a

gamma counter for detection of 125I; or a fluorometer to
detect fluorescence in the presence of light of a certain
wavelength. Where an enzyme-linked assay is used,
quantitative analysis of the amount of a biomarker can
be performed using a spectrophotometer such as an
EMAX Microplate Reader (Molecular Devices; Menlo
Park, Calif.) in accordance with the manufacturer’s in-
structions. The assays of the invention can be automated
or performed robotically, if desired, and that the signal
from multiple samples can be detected simultaneously.
[0104] In some embodiments, the support matrix fur-
ther comprises an immobilized standard, wherein the im-
mobilized protein is tau, β-amyloid, S100 β, neuron-spe-
cific enolase, glycoprotein A2B5, CD133, NQ01, synap-
tophysin, neuronal nuclei, MAB1569, polysialic acid-neu-
ral cell adhesion molecule (PSA-NCAM), or neurogenic
differentiation 1 (NeuroD or Beta2), or glycosylated or
phosphorylated forms of these molecules, and wherein
the standard is compared to a signal generated by the
detectable moiety to determine the level of tau, β-amy-
loid, S100 β, neuron-specific enolase, glycoprotein
A2B5, CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, present in the sample. In some embodiments,
the standard is immobilized in a range of protein concen-
trations, wherein the range represents tau, β-amyloid,
S100 β, neuron-specific enolase, glycoprotein A2B5,
CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, in the amount of 1 pg/ml to 500 mg/ml, 1 pg/ml
to 100 pg/ml, 100 pg/ml to 1,000 pg/ml, 1 ng/ml to 100
ng/ml, 100 ng/ml to 1,000 ng/ml, and 1 mg/ml to 500
mg/ml, or an amount that is within a range defined by any
two amounts within one or more of the aforementioned
ranges of amounts. In some embodiments, the immobi-
lized protein standard is representative of a gradient from
healthy protein levels, to diseased protein levels, includ-
ing levels associated with shaking or strong rotation of
the head, concussion, CTE, contusion, second impact
syndrome, penetrating injury including that occurring
from the impact of a sharp object to the brain, Shaken
Baby Syndrome, anoxic brain injury including anoxic an-
oxia, anemic anoxia, and toxic anoxia, hypoxic brain in-
jury, and chronic brain conditions including Alzheimer’s
disease, amyotrophic lateral sclerosis, cerebrovascular
disease, Hirschsprung’s disease, demyelinating diseas-
es, Duchenne muscular dystrophy, cognitive dysfunction
disease, Parkinson’s disease, brain cancers, such as
glioblastoma multiforme, and/or diabetes.
[0105] Once diagnosis is made, therapeutic protocol
can be administered comprising isolating the exosome
compositions, quantifying the exosome compositions,
and providing requisite treatment extracorporeally.
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Isolating Exosome Compositions

[0106] Some embodiments of the methods and com-
positions provided herein include isolating exosomes
from a biological sample obtained from a subject or a
patient (e.g., peripheral blood, sera, plasma, ascites,
urine, cerebrospinal fluid (CSF), sputum, saliva, bone
marrow, synovial fluid, aqueous humor, amniotic fluid,
cerumen, breast milk, broncheoalveolar lavage fluid, se-
men (including prostatic fluid), Cowper’s fluid or pre-ejac-
ulatory fluid, female ejaculate, sweat, fecal matter, hair,
tears, cyst fluid, pleural and peritoneal fluid, pericardial
fluid, lymph, chyme, chyle, bile, interstitial fluid, menses,
pus, sebum, vomit, vaginal secretions, mucosal secre-
tion, stool water, pancreatic juice, lavage fluids from sinus
cavities, bronchopulmonary aspirates or other lavage flu-
ids). As used herein, the term "isolating" refers to increas-
ing the concentration or density of exosomes in a sample
and, or, removing non-exosome substances (e.g., pro-
teins, cells) from a sample.
[0107] In addition to the isolation methodologies, which
involve the use of a first and/or a second binding agents,
as described herein, additional isolation approaches can
be employed. Additional methods useful with some em-
bodiments described herein include but are not limited
to size exclusion chromatography, density gradient cen-
trifugation, differential centrifugation, nanomembrane ul-
trafiltration, immunoabsorbent capture, affinity purifica-
tion, microfluidic separation, or combinations thereof.
Size exclusion chromatography, such as gel permeation
columns, centrifugation or density gradient centrifuga-
tion, and filtration methods can be used. For example,
exosomes can be isolated by differential centrifugation,
anion exchange and/or gel permeation chromatography
(e.g., U.S. Pat. Nos. 6,899,863 and 6,812,023), sucrose
density gradients, organelle electrophoresis (e.g., U.S.
Pat. No. 7,198,923), magnetic activated cell sorting
(MACS), or with a nanomembrane ultrafiltration concen-
trator. Various combinations of isolation or concentration
methods can be used.

Methods for Quantifying Exosome Composition

[0108] Some embodiments also comprise methods for
quantifying exosomes in a biological sample (e.g., in a
unit volume, such as a ml or liter of a biological fluid ob-
tained from a subject). In a particular embodiment, exo-
somes bound to a first and/or a second binding agent,
which is/are an antibody, such as a monoclonal antibody,
or a binding fragment thereof (e.g., a Fab fragment or a
fragment having a CDR domain), a lectin (e.g., Galanthus
nivalis agglutinin (GNA), Narcissus pseudonarcissus ag-
glutinin (NPA), Concanavalin A or cyanovirin, Sambucus
nigra lectin, ricin from Ricinus communis (RCA), Dolichos
biflorius lectin, Ulex Europaeus lectin, Vicia villosa lectin,
Griffonia simplicifolia lectin, Solanium tuberosum lectin,
Lycopersicon esculentum lectin, Datura stramonium lec-
tin, Erythrina cristagalli lectin, Soybean lectin, Peanut ag-

glutinin, Wheat germ agglutinin, or Jacalin lectin), or an
aptamer, such as a DNA aptamer that is specific for an
antigenic site or epitope present on a tau, β-amyloid,
S100 β, neuron-specific enolase, glycoprotein A2B5,
CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, molecules or an antigen or epitope present
on Fas ligand, MHC I, MHC II, CD44, placental alkaline
phosphatase, TSG-101, MHC I-peptide complexes,
MHC II-peptide complexes, or proteins found to be
present on the exterior of brain specific microvesicles are
quantified. Exemplary binding agents that are used in
these embodiments include antibodies such as: β-amy-
loid antibody (clone 20.1), which is a mouse monoclonal
IgG2b raised against amino acids 1-40 of human β-amy-
loid; tau antibody (clone D-8), which is a mouse mono-
clonal IgG2b raised against amino acids 1-150 of human
tau; S100 β chain antibody (clone 9A11B9), which is a
mouse monoclonal IgG1 raised against the full length re-
combinant human S100 β chain protein; anti-A2B5 anti-
body [clone 105], which is a mouse monoclonal antibody
raised against full length human A2B5 and binding frag-
ments of said antibodies (e.g., the CDR domains or Fab
fragments). In an exemplary embodiment, a biological
sample comprising exosomes (e.g., blood, plasma,
urine, or spinal fluid, is contacted with a substrate having
a surface with said first binding agent immobilized ther-
eon. The exosomes are bound to the substrate vis a vis
the first binding agent. A second binding agent having a
detectable label is then contacted with the exosomes
bound the first binding agent and the support. The second
binding agent can comprise a detectable label such as
colored beads, quantum dots, and/or a radionuclide. Sig-
nal from the bound detectable label brain can be meas-
ured and quantified using conventional detection meth-
ods. Methods to determine the quantity of bound exo-
somes using a measured signal can also include com-
paring the level of the signal that is detected to a reference
value, such as a standard curve, or to the amount of
bound exosomes present in a control biological sample
(e.g., a sample obtained from a person that lacks a brain
specific disease or condition). An example standard
curve includes a curve prepared using a control with var-
ious quantities of a lectin-binding compound, such as
mannan or mannan coated beads. In some embodi-
ments, the method optionally includes isolating exo-
somes in a sample before contacting the sample with
lectin immobilized to a substrate. Methods for isolating
exosomes are well known in the art and examples are
also provided herein.
[0109] In some embodiments of the methods provided
herein, the sensitivity of the method of detecting exo-
somes in a sample is, or is at least, 1 x 1010 exosomes/ml,
1 x 109 exosomes/ml, 1 x 108 exosomes/ml, 1 x 107 ex-
osomes/ml, or 1 x 106 exosomes/ml, or a range defined
by any two of the preceding values. In some embodi-
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ments of the methods provided herein, the sensitivity of
detecting exosomes is relative to a reference, e.g., man-
nan-coated beads. In such embodiments, the sensitivity
of detecting exosomes in a sample is equivalent to or is
equivalent to at least, 1 x 1010 beads/ml, 1 x 109

beads/ml, 1 x 108 beads/ml, 1 x 107 beads/ml, or 1 x 106

beads/ml, or a range defined by any two of the preceding
values. In some embodiments, the sensitivity of detecting
exosomes in the sample is or is at least, the equivalent
of 1000 ng mannan/ml, 500 ng mannan/ml, 100 ng man-
nan/ml, 50 ng mannan/ml, 1000 pg mannan/ml, 500 pg
mannan/ml, 100 pg mannan/ml, or 50 pg mannan/ml, or
a range defined by any two of the preceding values.
[0110] Some methods, composition and kits utilize
lectins to quantify exosomes such as Concanavalin A,
Sambucus nigra lectin, ricin from Ricinus communis
(RCA), Dolichos biflorius lectin, Ulex Europaeus lectin,
Vicia villosa lectin, Griffonia simplicifolia lectin, Solanium
tuberosum lectin, Lycopersicon esculentum lectin, Dat-
ura stramonium lectin, Erythrina cristagalli lectin, Soy-
bean lectin, Peanut agglutinin, Wheat germ agglutinin,
or Jacalin lectin, and Galanthus Nivalis lectin (GNA),
which bind specifically to injured brain cells indicating
that these cells contain sugar moieties uncommon to
healthy cells. Brain specific exosomes secreted from
these cells have the same moieties, and are therefore
available to lectin capture and detection. Specifically, En-
zyme Linked Lectin Specific Assays (ELLSA) are de-
signed to bind preferentially to carbohydrate structures
common to exosomes, but not to healthy human cellular
components. In some such embodiments, each ELLSA
plate allows for up to 96 exosome detection tests. Further
analysis of the captured exosomes is possible through
detection molecules such as antibodies linked to a spe-
cific biomarker on the exosome.
[0111] Additionally, some methods include assays
such as the enzyme linked immunosorbent assay (ELI-
SA), which is a powerful tool that has been used for the
past 4 decades to detect proteins in homogenous and
heterogeneous samples, generally by adsorbing an an-
tigen specific antibody to a solid surface such as a 96
well plastic plate, incubating the antigen with the ad-
sorbed antibody, and detecting the antigen with a sec-
ondary antibody labeled with various chemicals that react
to give color, fluorescence or other means of detection.
[0112] In some embodiments, the protein can be quan-
titated by comparison to an immobilized standard, where-
in the immobilized protein is tau, β-amyloid, S100 β, neu-
ron-specific enolase, glycoprotein A2B5, CD133, NQ01,
synaptophysin, neuronal nuclei, MAB1569, polysialic ac-
id-neural cell adhesion molecule (PSA-NCAM), or neu-
rogenic differentiation 1 (NeuroD or Beta2), or glycosylat-
ed or phosphorylated forms of these molecules, and
wherein the standard is compared to a signal generated
by the detectable moiety to determine the level of tau, β-
amyloid, S100 β, neuron-specific enolase, glycoprotein
A2B5, CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule

(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, present in the sample. In some embodiments,
the standard is immobilized in a range of protein concen-
trations, wherein the range represents tau, β-amyloid,
S100 β, neuron-specific enolase, glycoprotein A2B5,
CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, in the amount of 1 pg/ml to 500 mg/ml, 1 pg/ml
to 100 pg/ml, 100 pg/ml to 1,000 pg/ml, 1 ng/ml to 100
ng/ml, 100 ng/ml to 1,000 ng/ml, and 1 mg/ml to 500
mg/ml, or an amount that is within a range defined by any
two amounts within one or more of the aforementioned
ranges of amounts. In some embodiments, the immobi-
lized protein standard is representative of a gradient from
healthy protein levels, to diseased protein levels, includ-
ing levels associated with shaking or strong rotation of
the head, concussion, CTE, contusion, second impact
syndrome, penetrating injury including that occurring
from the impact of a sharp object to the brain, Shaken
Baby Syndrome, anoxic brain injury including anoxic an-
oxia, anemic anoxia, and toxic anoxia, hypoxic brain in-
jury, and chronic brain conditions including Alzheimer’s
disease, amyotrophic lateral sclerosis, cerebrovascular
disease, Hirschsprung’s disease, demyelinating diseas-
es, Duchenne muscular dystrophy, cognitive dysfunction
disease, Parkinson’s disease, brain cancers, such as
glioblastoma multiforme, and/or diabetes.

Compositions and Kits for Quantifying Exosome Com-
positions

[0113] Embodiments provided herein also include
compositions and kits for quantifying exosomes in a bi-
ological sample. In some embodiments, a composition
or kit comprises a first substrate or a first support or matrix
comprising a first binding agent (e.g., an antibody, such
as a monoclonal antibody, or a binding fragment thereof
(e.g., a Fab fragment or a fragment having a CDR do-
main), a lectin (e.g., Galanthus nivalis agglutinin (GNA),
Narcissus pseudonarcissus agglutinin (NPA), Concana-
valin A or cyanovirin, Sambucus nigra lectin, ricin from
Ricinus communis (RCA), Dolichos biflorius lectin, Ulex
Europaeus lectin, Vicia villosa lectin, Griffonia simplici-
folia lectin, Solanium tuberosum lectin, Lycopersicon es-
culentum lectin, Datura stramonium lectin, Erythrina
cristagalli lectin, Soybean lectin, Peanut agglutinin,
Wheat germ agglutinin, or Jacalin lectin), or an aptamer,
such as a DNA aptamer that is specific for an antigenic
site or epitope present on a tau, β-amyloid, S100 β, neu-
ron-specific enolase, glycoprotein A2B5, CD133, NQ01,
synaptophysin, neuronal nuclei, MAB1569, polysialic ac-
id-neural cell adhesion molecule (PSA-NCAM), or neu-
rogenic differentiation 1 (NeuroD or Beta2), or glycosylat-
ed or phosphorylated forms of these molecules, mole-
cules or an antigen or epitope present on Fas ligand,
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MHC I, MHC II, CD44, placental alkaline phosphatase,
TSG-101, MHC I-peptide complexes, MHC II-peptide
complexes. Exemplary first binding agents that are used
in these embodiments include antibodies such as: β-
amyloid antibody (clone 20.1), which is a mouse mono-
clonal IgG2b raised against amino acids 1-40 of human
β-amyloid; tau antibody (clone D-8), which is a mouse
monoclonal IgG2b raised against amino acids 1-150 of
human tau; S100 β chain antibody (clone 9A11B9), which
is a mouse monoclonal IgG1 raised against the full length
recombinant human S100 β chain protein; anti-A2B5 an-
tibody [clone 105], which is a mouse monoclonal antibody
raised against full length human A2B5 and binding frag-
ments of said antibodies (e.g., the CDR domains or Fab
fragments). In some embodiments, the detectable agent
is capable of binding to exosomes derived from a plurality
of cell types. Preferably, the detectable brain specific ex-
osome-binding agent binds specifically or preferentially
to brain specific exosomes. The compositions and kits
can also include a second binding agent that is an anti-
body, such as a monoclonal antibody, or a binding frag-
ment thereof (e.g., a Fab fragment or a fragment having
a CDR domain), a lectin (e.g., Galanthus nivalis aggluti-
nin (GNA), Narcissus pseudonarcissus agglutinin (NPA),
Concanavalin A or cyanovirin, Sambucus nigra lectin,
ricin from Ricinus communis (RCA), Dolichos biflorius
lectin, Ulex Europaeus lectin, Vicia villosa lectin, Griffonia
simplicifolia lectin, Solanium tuberosum lectin, Lycoper-
sicon esculentum lectin, Datura stramonium lectin, Eryth-
rina cristagalli lectin, Soybean lectin, Peanut agglutinin,
Wheat germ agglutinin, or Jacalin lectin), or an aptamer,
such as a DNA aptamer that is specific for an antigenic
site or epitope present on a tau, β-amyloid, S100 β, neu-
ron-specific enolase, glycoprotein A2B5, CD133, NQ01,
synaptophysin, neuronal nuclei, MAB1569, polysialic ac-
id-neural cell adhesion molecule (PSA-NCAM), or neu-
rogenic differentiation 1 (NeuroD or Beta2), or glycosylat-
ed or phosphorylated forms of these molecules, mole-
cules or an antigen or epitope present on Fas ligand,
MHC I, MHC II, CD44, placental alkaline phosphatase,
TSG-101, MHC I-peptide complexes, MHC II-peptide
complexes. Preferably, the second binding agent binds
to an exosome at an epitope or antigenic site that is dif-
ferent than and does not interfere with the epitope or
antigenic site to which the first binding agent binds. Pref-
erably, the second binding agent comprises a detectable
label such as an affinity tag, a photoreactive group, a
radionuclide, a hapten, a peptide, an enzyme, a fluores-
cent species, a colored bead, a quantum dot, a lumines-
cent species, a dye, biotin, a triazole, an alkyne, and a
chelating species. Exemplary second binding agents that
are used in these embodiments include antibodies such
as: β-amyloid antibody (clone 20.1), which is a mouse
monoclonal IgG2b raised against amino acids 1-40 of hu-
man β-amyloid; tau antibody (clone D-8), which is a
mouse monoclonal IgG2b raised against amino acids
1-150 of human tau; S100 β chain antibody (clone
9A11B9), which is a mouse monoclonal IgG1 raised

against the full length recombinant human S100 β chain
protein; anti-A2B5 antibody [clone 105], which is a mouse
monoclonal antibody raised against full length human
A2B5 and binding fragments of said antibodies (e.g., the
CDR domains or Fab fragments).
[0114] In one embodiment, a kit for quantifying exo-
somes in a biological sample comprises a substrate with
a first binding agent immobilized thereon, e.g., a 96-well
plate or filter, or test strip, and an antibody, such as a
monoclonal antibody, or a binding fragment thereof (e.g.,
a Fab fragment or a fragment having a CDR domain), a
lectin (e.g., Galanthus nivalis agglutinin (GNA), Narcis-
sus pseudonarcissus agglutinin (NPA), Concanavalin A
or cyanovirin, Sambucus nigra lectin, ricin from Ricinus
communis (RCA), Dolichos biflorius lectin, Ulex Euro-
paeus lectin, Vicia villosa lectin, Griffonia simplicifolia lec-
tin, Solanium tuberosum lectin, Lycopersicon esculen-
tum lectin, Datura stramonium lectin, Erythrina cristagalli
lectin, Soybean lectin, Peanut agglutinin, Wheat germ
agglutinin, or Jacalin lectin), or an aptamer, such as a
DNA aptamer that is specific for an antigen or epitope
present on a tau, β-amyloid, S100Beta, Neuron-specific
enolase, Glycoprotein A2B5, CD133, NQ01, synapto-
physin, neuronal nuclei, MAB1569, polysialic acid-neural
cell adhesion molecule (PSA-NCAM), or neurogenic dif-
ferentiation 1 (NeuroD or Beta2), or glycosylated or phos-
phorylated forms of these molecules, molecules or an
antigen or epitope present on Fas ligand, MHC I, MHC
II, CD44, placental alkaline phosphatase, TSG-101,
MHC I-peptide complexes, MHC II-peptide complexes.
The kit can further comprise a second binding agent such
as an antibody, such as a monoclonal antibody, or a bind-
ing fragment thereof (e.g., a Fab fragment or a fragment
having a CDR domain), a lectin (e.g., Galanthus nivalis
agglutinin (GNA), Narcissus pseudonarcissus agglutinin
(NPA), Concanavalin A or cyanovirin, Sambucus nigra
lectin, ricin from Ricinus communis (RCA), Dolichos bi-
florius lectin, Ulex Europaeus lectin, Vicia villosa lectin,
Griffonia simplicifolia lectin, Solanium tuberosum lectin,
Lycopersicon esculentum lectin, Datura stramonium lec-
tin, Erythrina cristagalli lectin, Soybean lectin, Peanut ag-
glutinin, Wheat germ agglutinin, or Jacalin lectin), or an
aptamer, such as a DNA aptamer that is specific for an
antigenic site or epitope present on a tau, β-amyloid,
S100 β, neuron-specific enolase, glycoprotein A2B5,
CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, molecules or an antigen or epitope present
on Fas ligand, MHC I, MHC II, CD44, placental alkaline
phosphatase, TSG-101, MHC I-peptide complexes,
MHC II-peptide complexes, wherein the second binding
agent comprises a detectable label. In some embodi-
ments, the detectable label comprises horse radish per-
oxidase, a fluorescent label, a quantum dot, or a radio-
nuclide. Exemplary first and/or second binding agents
that are used in these embodiments include antibodies
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such as: β-amyloid antibody (clone 20.1), which is a
mouse monoclonal IgG2b raised against amino acids
1-40 of human β-amyloid; tau antibody (clone D-8), which
is a mouse monoclonal IgG2b raised against amino acids
1-150 of human tau; S100 β chain antibody (clone
9A11B9), which is a mouse monoclonal IgG1 raised
against the full length recombinant human S100 β chain
protein; anti-A2B5 antibody [clone 105], which is a mouse
monoclonal antibody raised against full length human
A2B5 and binding fragments of said antibodies (e.g., the
CDR domains or Fab fragments).The first and second
binding agents can be prepared to be stable with an ex-
tended shelf-life, e.g., freeze-dried and/or frozen. A kit
can further comprise reagents such as diluents, wash
solutions, and/or substrates for detecting the detectable
brain specific exosome-binding agent in an assay. An
example substrate includes tetramethylbenzidine, a sub-
strate useful with a detectable label such as horse radish
peroxidase. In some embodiments, the detectable brain
specific exosome-binding agent is not labeled, and a sec-
ondary binding agent which is labeled and which binds
the detectable brain specific exosome-binding agent is
included. In some embodiments, the substrate compris-
es a material selected from the group consisting of sepha-
rose, latex, glass, polystyrene, polyvinyl, nitrocellulose
and silicon.
[0115] In some embodiments of the kits provided here-
in, the sensitivity of the kit for detecting exosomes in a
sample is or is at least, 1 x 1010 exosomes/ml, 1 x 109

exosomes/ml, 1 x 108 exosomes/ml, 1 x 107 exo-
somes/ml, or 1 x 106 exosomes/ml, or a range defined
by any two of the preceding values. In some embodi-
ments of the methods provided herein, the kit provides
a sensitivity of detecting exosomes in a sample as com-
pared to mannan coated beads that is equivalent to or is
equivalent to at least, 1 x 1010 beads/ml, 1 x 109

beads/ml, 1 x 108 beads/ml, 1 x 107 beads/ml, or 1 x 106

beads/ml, or a range defined by any two of the preceding
values. In some embodiments, the sensitivity of the kit
for detecting exosomes in the sample is or is at least, the
equivalent of 1000 ng mannan/ml, 500 ng mannan/ml,
100 ng mannan/ml, 50 ng mannan/ml, 1000 pg man-
nan/ml, 500 pg mannan/ml, 100 pg mannan/ml, or 50 pg
mannan/ml, or a range defined by any two of the preced-
ing values.
[0116] In some embodiments of the methods, compo-
sitions and kits provided herein, a substrate such as a
96-well plate or a test strip (e.g., nylon or nitrocellulose)
can be prepared with a first binding agent, e.g., a lectin
such as GNA, by contacting the substrate with a solution
of the lectin. In some embodiments, the concentration of
the lectin solution that is applied is or is at least, 0.5 mg/ml,
1.25 mg/ml, 2.5 mg/ml 5 mg/ml, 10 mg/ml, 20 mg/ml, 50
mg/ml, 100 mg/ml or a range defined by any two of the
preceding values. In a preferred embodiment, the con-
centration of the lectin solution is 10 mg/ml.

Extracorporeal Treatment

[0117] In accordance with still another aspect of the
present invention, existing methods and devices of ex-
tracorporeal treatment of blood can be integrated (in
whole or in part) with the above-described methods to
augment ex vivo clearance of microvesicles in a physio-
logically applicable manner. Exemplary methods con-
templated for use herein include: a) hemofiltration; b) he-
modialysis; and c) hemodiafiltration, with a preferred
method including apheresis followed by filtration.
[0118] In accordance with various embodiments, ex-
tracorporeal removal of microvesicles can be performed
through selective adhesion of said microvesicles to ma-
trices or substrates that are conjugated to agents pos-
sessing higher affinity to microvesicles with a high sugar
content, in comparison to microvesicles of a lower sugar
content. Selective adhesion of said exosomes can be
accomplished using any of the first and/or second binding
agents described herein.
[0119] In accordance with yet another embodiment,
there are provided methods of extracorporeally removing
microvesicles from a subject in need thereof, said method
comprising passing said subject’s whole blood, or sepa-
rated blood components, through a system capable of
selectively binding and retaining microvesicles based on
one or more of size, charge, affinity towards lectins, or
affinity towards molecules that are known to be present
on said microvesicles.
[0120] In accordance with a further embodiment, there
are provided methods of extracorporeally removing mi-
crovesicles from a subject in need thereof, said methods
comprising passing said subject’s whole blood, or sepa-
rated blood components, through a system capable of
non-selectively binding and retaining microvesicles
based on one or more of size, charge, affinity towards
lectins, or affinity towards molecules that are known to
be present on said microvesicles.
[0121] In accordance with a still further embodiment,
there are provided methods of extracorporeally removing
microvesicles from a subject in need thereof, said meth-
ods comprising passing said subject’s whole blood, or
separated blood components, through a system capable
of selectively binding and retaining microvesicles based
on similarities between properties of microvesicles and
membranes of injured brain cells.
[0122] In accordance with yet another embodiment of
the present invention, there are provided methods of ex-
tracorporeally removing microvesicles from a subject in
need thereof, said methods comprising passing said sub-
ject’s whole blood, or separated blood components,
through a system capable of non-selectively binding and
retaining microvesicles based on similarities between
properties of microvesicles and membranes of injured
brain cells.
[0123] Reference to lectins herein includes GNA, NPA,
Concanavalin A and cyanovirin, with a presently pre-
ferred lectin being Concanavalin A.
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[0124] One embodiment of the present invention re-
lates to methods that can be used for extracorporeal
treatment of blood or a blood fraction for the removal of
microvesicles associated with a brain injury. Such extra-
corporeal devices and methods of use thereof may em-
ploy a first binding agent that is specific for an antigenic
site present on tau, β-amyloid, S100 β, neuron-specific
enolase, glycoprotein A2B5, CD133, NQ01, synapto-
physin, neuronal nuclei, MAB1569, polysialic acid-neural
cell adhesion molecule (PSA-NCAM), or neurogenic dif-
ferentiation 1 (NeuroD or Beta2), or glycosylated or phos-
phorylated forms of these molecules, or an antigenic frag-
ment of these molecules. Preferred first binding agents
include an antibody, such as a monoclonal antibody, or
a binding fragment thereof (e.g., a CDR or Fab fragment
of an antibody, desirably a monoclonal antibody), a lectin,
or an aptamer, such as a DNA aptamer that is specific
for an antigenic site present on tau, β-amyloid, S100 β,
neuron-specific enolase, glycoprotein A2B5, CD133,
NQ01, synaptophysin, neuronal nuclei, MAB1569, poly-
sialic acid-neural cell adhesion molecule (PSA-NCAM),
or neurogenic differentiation 1 (NeuroD or Beta2), or gly-
cosylated or phosphorylated forms of these molecules,
or an antigenic fragment of these molecules. Exemplary
first binding agents that are used in these embodiments
include antibodies such as: β-amyloid antibody (clone
20.1), which is a mouse monoclonal IgG2b raised against
amino acids 1-40 of human β-amyloid; tau antibody
(clone D-8), which is a mouse monoclonal IgG2b raised
against amino acids 1-150 of human tau; S100 β chain
antibody (clone 9A11B9), which is a mouse monoclonal
IgG1 raised against the full length recombinant human
S100 β chain protein; anti-A2B5 antibody [clone 105],
which is a mouse monoclonal antibody raised against full
length human A2B5 and binding fragments of said anti-
bodies (e.g., the CDR domains or Fab fragments). Blood
is run through an extracorporeal circulation circuit that
uses a hollow fiber cartridge with the membranes of said
hollow fibers having sufficient permeability for the micro-
vesicles found in the blood to be removed through the
membrane of the hollow fibers and into an area outside
of the fibers containing a substrate that is bound to a
single or plurality of first and/or second binding agents
capable of adhering to said microvesicles in a manner
such that said microvesicles are attached to said agent
and do not substantially reenter the hollow fibers. Within
the knowledge of one skilled in the art are available nu-
merous types of hollow fiber systems. Selection of said
hollow fiber system is dependent on the desired blood
volume and rate of passage of said blood volume through
the hollow fiber system. Specifically, hollow fiber cartridg-
es may be used having lengths of 250 mm and containing
535 hollow fibers supplied by Amicon, and having the
fiber dimensions: I.D. 180 micron and O.D. 360 micron,
and the total contact surface area in the cartridge is 750
cm.sup.2. Alternatively, the "Plasmaflux P2" hollow fiber
filter cartridge (sold by Fresenius) or Plasmart PS60 car-
tridges (sold by Medical srl) may be used. These and

other hollow fiber systems are described by Ambrus and
Horvath in U.S. Pat. No. 4,714,556. Hollow fiber cartridg-
es such as described by Tullis in U.S. Patent Application
20040175291 may also be used. Furthermore, said hol-
low fiber cartridges and affinity cartridges in general are
thought in U.S. Pat. Nos. 4,714,556, 4,787,974 and
6,528,057.
[0125] Regardless of hollow fiber system used, the
concept needed for application of these embodiments,
is that said hollow fiber filters are required to allow pas-
sage of blood cells through the interior of said hollow
fiber, and allow diffusion of microvesicles to the exterior.
In order to allow such diffusion, the pores on the mem-
brane of the hollow fiber need to be of a diameter suffi-
cient to allow particles ranging from the size of 20 na-
nometers to 500 nanometers in diameter. More specifi-
cally, the pores on the membrane of the hollow fiber need
to be of a diameter sufficient to allow particles ranging
from the size of 50 nanometers to 300 nanometers in
diameter. Even more specifically, the pores on the mem-
brane of the hollow fiber need to be of a diameter suffi-
cient to allow particles ranging from the size of 80 na-
nometers to 200 nanometers in diameter. During exper-
imentation with different hollow fibers, one skilled in the
art would find it useful to utilize particles of similar size
ranges as the microvesicles in order to calibrate and
quantitate the ability of various pore sizes of hollow filters.
One method of performing this is through the utilization
of commercially available MACS Beads (Milteny Bio-
tech), which have a size of 60 nanometers. Fluorescent,
spherical latex beads ranging in size from 25 to 1000 nm
are also available for this purpose (e.g., from Duke Sci-
entific (Palo Alto, Calif.)).
[0126] The substrate or matrix to be used in practicing
these embodiments preferably allows sufficient perme-
ation of flow so that non-cellular blood components that
enter the space exterior to the hollow fiber are distributed
throughout the substrate or matrix material, so that sub-
stantial contact is made between the microvesicles per-
meating the hollow fiber filter and the microvesicle-bind-
ing agent that is attached to the substrate or matrix. Suit-
able substrates or matrices are known to one skilled in
the art. Said substrates or matrices include silica gel,
dextran, agarose, nylon polymers, polymers of acrylic
acid, co-polymers of ethylene and maleic acid anhydride,
aminopropylsilica, aminocelite, glass beads, silicate con-
taining diatomaceous earth or other substrates or matri-
ces known in the art. Examples of such are described in
the following patents: Lentz U.S. Pat. No. 4,708,713, Mo-
tomura U.S. Pat. No. 5,667,684, Takashima et al U.S.
Pat. No. 5,041,079, and Porath and Janson U.S. Pat. No.
3,925,152. The first and/or second binding agents that
are attached to said substrate are chosen based on
known affinity to brain specific microvesicles, which are
desired for removal (e.g., a first binding agent such as
an antibody, Fab fragment, or aptamer that is specific for
an antigenic site present on tau, β-amyloid, S100 β, neu-
ron-specific enolase, glycoprotein A2B5, CD133, NQ01,
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synaptophysin, neuronal nuclei, MAB1569, polysialic ac-
id-neural cell adhesion molecule (PSA-NCAM), or neu-
rogenic differentiation 1 (NeuroD or Beta2), or glycosylat-
ed or phosphorylated forms of these molecules, or an
antigenic fragment of these molecules). Exemplary bind-
ing agents that are used in these embodiments include
antibodies such as: β-amyloid antibody (clone 20.1),
which is a mouse monoclonal IgG2b raised against amino
acids 1-40 of human β-amyloid; tau antibody (clone D-
8), which is a mouse monoclonal IgG2b raised against
amino acids 1-150 of human tau; S100 β chain antibody
(clone 9A11B9), which is a mouse monoclonal IgG1
raised against the full length recombinant human S100
β chain protein; anti-A2B5 antibody [clone 105], which is
a mouse monoclonal antibody raised against full length
human A2B5 and binding fragments of said antibodies
(e.g., the CDR domains or Fab fragments). Said agents
may also be capable of non-specifically binding to said
microvesicles, in that binding occurs both from non-brain-
specific associated microvesicles, and from brain-spe-
cific associated microvesicles, or conversely, said agents
may display a certain degree of selectivity for exosomes
derived from brain injuries. For example, binding agents
that are specific for an antigen present on MHC I or MHC
II molecules can be employed, preferably a binding agent
such as an antibody, Fab fragment, aptamer, or lectin
specific for an antigen present on MHC I or MHC II mol-
ecules.
[0127] In one embodiment, said agents non-specifical-
ly bind all microvesicles due to common expression of
molecules such as MHC I on microvesicles that are as-
sociated with conditions of brain injuries, and microves-
icles that are not. Specifically, an agent that would bind
both types of microvesicles would be an antibody specific
to the non-polymorphic regions of MHC I. Therefore, in
the embodiment of the invention in which non-selective
removal of microvesicles is sought, anti-MHC I antibodies
would be bound to said substrate chosen, and the com-
bination would be placed to reside outside of the hollow
fiber filters in order to allow binding of said microvesicles
to the substrate, however blood cells and other compo-
nents of the blood would not be removed during the pas-
sage of blood through the encased system containing
said hollow fiber filters, exterior substrate, and microves-
icle binding agent.
[0128] In order to achieve non-specific removal of mi-
crovesicles, another embodiment involves the use of hol-
low fiber filters of sufficient size of the pores on the side
of the hollow fiber filter for microvesicles to exit, while not
allowing blood cells to exit, and passing a continuous
solution over said hollow fiber filters in order to clear said
microvesicles leaking through the sides of the hollow fiber
filters. In such a situation it would be critical to re-intro-
duce the other blood components that escaped the hol-
low fiber filter, such as albumin, back into the microvesicle
purified blood, before returning of the blood to the subject.
[0129] Alternatively, the hollow-fiber cartridge may be
sealed as described in Ambrus (U.S. Pat. No. 4,714,556).

In such a system, both diffusion and convection cause
blood fluids (exclusive of blood cells) to pass through the
pores in the hollow fibers and into contact with the capture
molecules bound to the solid phase matrix. The fluids
(e.g. plasma) pass back into the circulation at the distal
end of the cartridge through a process known as Starling
flow. In this system, there is no significant loss of blood
fluids and therefore no need for blood component re-
placement.
[0130] In the situations where a substantially specific
removal of microvesicles associated with brain injuries
is desired, the said agent bound to said substrate outside
of said hollow fiber filters possesses affinity to molecules
specifically found on said microvesicles associated with
brain injuries. Said agent may be an antibody, Fab frag-
ment, or aptamer that is specific for an antigenic site
present on tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, or an antigenic frag-
ment of these molecules. Exemplary binding agents that
are used in these embodiments include antibodies such
as: β-amyloid antibody (clone 20.1), which is a mouse
monoclonal IgG2b raised against amino acids 1-40 of hu-
man β-amyloid; tau antibody (clone D-8), which is a
mouse monoclonal IgG2b raised against amino acids
1-150 of human tau; S100 β chain antibody (clone
9A11B9), which is a mouse monoclonal IgG1 raised
against the full length recombinant human S100 β chain
protein; anti-A2B5 antibody [clone 105], which is a mouse
monoclonal antibody raised against full length human
A2B5 and binding fragments of said antibodies (e.g., the
CDR domains or Fab fragments).
[0131] In a situation where brain-specific microvesicles
are meant to be withdrawn without a certain degree of
selectivity from the systemic circulation of a subject in
need thereof, said agent binding the matrix or substrate
may be a lectin. Specific methodologies for use of lectins
in removal of viruses are described by Tullis in U.S. Pat-
ent Application 20040175291 and these methodologies
may also be used in part or in whole for practicing the
present invention. In various embodiments of the inven-
tion, it is important that said systems include means for
maintaining the blood at conditions similar to that found
in the host, so that upon returning said blood to the host,
no adverse reactions occur. In other words, it is within
the scope of the invention to use technologies that are
known to one skilled in the art to maintain blood at phys-
iological ion concentrations, osmolality, pH, hematocrit,
temperature, and flow in order to avoid harm being
caused to the subject subsequent to reinfusion of blood
treated as disclosed herein. Said technologies are well
known to one skilled in the art.
[0132] In another embodiment, a system for extracor-
poreal clearance of microvesicles; either selectively re-
moving brain-specific microvesicles, or non-selectively
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microvesicles that are found in healthy subjects as well
as subjects with a brain injury. The invention comprises
several interacting components whose primary purpose
is the formation of a functional circuit capable of depleting
microvesicles in order to de-repress, or in some cases
augment the immune response of a patient with a brain
injury. More specifically, a means for separating blood
from a subject in need thereof (e.g., a brain injury patient)
into plasma and cellular elements is used. Appropriate
devices for such separation are available commercially,
and well-known to the skilled artisan. They include, for
example, the Exorim System, the Fresenius Hemocare
Apheresis system, and the Gambo Prisma System. Plas-
ma purified through said separation devices is then run
over an array of filtration devices, said filtration possess-
ing a higher affinity towards tumor associated microves-
icles in comparison to other molecules. Said filtration in-
cludes, in some embodiments, microvesicle binding
agents immobilized to a substrate.
[0133] In other embodiments, the agent capable of
binding the brain-specific or non-brain-specific microves-
icles is immobilized to a filter membrane or capillary di-
alysis tubing, where the plasma passes adjacent to, or
through, the membranes to which said agent capable of
binding the brain-specific or non-brain-specific associat-
ed microvesicles are bound. Suitable filters include those
mentioned previously with respect to separation of blood
components. These may be the same filters, having im-
mobilized agents capable of binding microvesicles (ei-
ther tumor associated or non-associated, or may be ar-
ranged in sequence, so that the first filter divides the
blood components and the secondary, tertiary and addi-
tional filter removes one or more of the components of
said brain-specific microvesicles.
[0134] Conjugation of the agent capable of binding the
brain-specific or non-brain-specific microvesicle to said
substrate may be accomplished by numerous means
known in the art. Said means include avidin-streptavidin,
cyanogen bromide coupling, and the use of a linker such
as a polyethylene glycol linker. A means of returning the
blood together with plasma substantially cleared of brain-
specific microvesicles back to said subject is also pro-
vided herein. Preferred means are chosen by one of skill
in the art based on the desired application, extent of mi-
crovesicle removal desired, patient condition, extracor-
poreal method chosen, and microvesicle-binding agent
chosen.
[0135] In one embodiment, extracorporeal removal of
microvesicles is performed in a patient who has traumatic
brain injury, stroke, genetic disorder, neurodegenerative
disease or elderly. It is known in the art that traumatic
brain injuries, strokes, genetic disorders, neurodegener-
ative diseases and diseases of the elderly such as Alzhe-
imer’s contain antigens that are specific to the relevant
brain pathology (e.g. tau and β-amyloid in Alzheimer’s
patients), expressed on other tissues but overexpressed
on brain specific exosomes.
[0136] In one embodiment, frequency and length of ex-

tracorporeal treatment is performed based on the amount
of time (or blood volume) needed for reduction of exo-
some concentration to a level significant to correlate with
reduction in spontaneous T cell apoptosis. In one em-
bodiment a reduction of spontaneous T cell apoptosis by
approximately 20% in comparison to pre-extracorporeal
treatment values is judged as sufficient. In another em-
bodiment a reduction of spontaneous T cell apoptosis by
approximately 50% in comparison to pre-extracorporeal
treatment values is judged as sufficient. In another em-
bodiment a reduction of spontaneous T cell apoptosis by
approximately 90% in comparison to pre-extracorporeal
treatment values is judged as sufficient.
[0137] Although assessment of spontaneous T cell ap-
optosis is used in some embodiments for judging the fre-
quency, and/or time, and/or blood volume needed for ex-
tracorporeal treatment, other means of measuring im-
mune responses may be used.
[0138] A device contemplated for use in therapeutic
protocol such as extracorporeal removal is an affinity
capture device as described below.

Affinity Capture Devices

[0139] Some embodiments relate to affinity capture
devices including the first and/or second binding agents
described herein. Examples of binding agents include
proteins such as lectins, antibodies, antigens, aptamers,
and fragments thereof, as well as nucleic acids and oli-
gosaccharides. Examples of lectins include Galanthus
nivalis agglutinin (GNA), Narcissus pseudonarcissus ag-
glutinin (NPA) and cyanovirin, Sambucus nigra lectin,
ricin from Ricinus communis (RCA), Dolichos biflorius
lectin, Ulex Europaeus lectin, Vicia villosa lectin, Griffonia
simplicifolia lectin, Solanium tuberosum lectin, Lycoper-
sicon esculentum lectin, Datura stramonium lectin, Eryth-
rina cristagalli lectin, Soybean lectin, Peanut agglutinin,
Wheat germ agglutinin, or Jacalin lectin. Binding agents
may bind to a target present in a biological medium. Ex-
amples of targets include the biomarkers described here-
in. Preferred binding agents include a first binding agent
such as, an antibody, such as a monoclonal antibody, or
a binding fragment thereof (e.g., a Fab fragment or a
fragment having a CDR domain), a lectin (e.g., Galanthus
nivalis agglutinin (GNA), Narcissus pseudonarcissus ag-
glutinin (NPA), Concanavalin A or cyanovirin, Sambucus
nigra lectin, ricin from Ricinus communis (RCA), Dolichos
biflorius lectin, Ulex Europaeus lectin, Vicia villosa lectin,
Griffonia simplicifolia lectin, Solanium tuberosum lectin,
Lycopersicon esculentum lectin, Datura stramonium lec-
tin, Erythrina cristagalli lectin, Soybean lectin, Peanut ag-
glutinin, Wheat germ agglutinin, or Jacalin lectin), or an
aptamer, such as a DNA aptamer that is specific for an
antigenic site or epitope present on a tau, β-amyloid,
S100 β, neuron-specific enolase, glycoprotein A2B5,
CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or

69 70 



EP 3 110 977 B1

37

5

10

15

20

25

30

35

40

45

50

55

Beta2), or glycosylated or phosphorylated forms of these
molecules, molecule and/or a second binding agent that
binds to said extracellular vesicle or exosome at a site
that is distinct from a site to which said first binding agent
binds said extracellular vesicle or exosome, such as a
second binding agent that is specific for an MHC class I
or an MHC class II antigen (preferably the second binding
agent binds to a non-polymorphic region of an MHC I or
MHC II molecule). Exemplary binding agents that are
used in these embodiments include antibodies such as:
β-amyloid antibody (clone 20.1), which is a mouse mon-
oclonal IgG2b raised against amino acids 1-40 of human
β-amyloid; tau antibody (clone D-8), which is a mouse
monoclonal IgG2b raised against amino acids 1-150 of
human tau; S100 β chain antibody (clone 9A11B9), which
is a mouse monoclonal IgG1 raised against the full length
recombinant human S100 β chain protein; anti-A2B5 an-
tibody [clone 105], which is a mouse monoclonal antibody
raised against full length human A2B5 and binding frag-
ments of said antibodies (e.g., the CDR domains or Fab
fragments). As used herein the term "biological medium"
is a broad term and can refer to fluid samples comprising
biological material. Examples of biological media include
materials such as blood, blood derivatives e.g., serum.
More examples include urine, sputum, semen, saliva, tis-
sue fluid, ascites fluid, amniotic fluid, and the like. More
examples of biological media include tissue extracts, and
cell culture medium.
[0140] Some embodiments can utilize devices de-
scribed in International Publication No. WO
2009/023332. Some embodiments include the use of an
affinity cartridge such as that found in the Hemopurifier®
described below in greater detail. Devices of this general
type are disclosed in U.S. Patent No. 4,714,556, U.S.
Patent No. 4,787,974 and U.S. Patent No. 6,528,057. In
such devices, a biological medium can be passed
through the lumen of a hollow fiber membrane, wherein
the first or second binding agent is located in the extral-
umenal space of the cartridge, which forms an approach
to accept and immobilize biomarkers. Thus, the device
retains exosomes having the biomarkers bound by the
binding agent while allowing other biological media com-
ponents to pass through the lumen. Preferred binding
agents for use with these devices and methods include
a first binding agent such as, an antibody, such as a mon-
oclonal antibody, or a binding fragment thereof (e.g., a
Fab fragment or a fragment having a CDR domain), a
lectin (e.g., Galanthus nivalis agglutinin (GNA), Narcis-
sus pseudonarcissus agglutinin (NPA), Concanavalin A
or cyanovirin, Sambucus nigra lectin, ricin from Ricinus
communis (RCA), Dolichos biflorius lectin, Ulex Euro-
paeus lectin, Vicia villosa lectin, Griffonia simplicifolia lec-
tin, Solanium tuberosum lectin, Lycopersicon esculen-
tum lectin, Datura stramonium lectin, Erythrina cristagalli
lectin, Soybean lectin, Peanut agglutinin, Wheat germ
agglutinin, or Jacalin lectin), or an aptamer, such as a
DNA aptamer that is specific for an antigenic site or
epitope present on a tau, β-amyloid, S100 β, neuron-

specific enolase, glycoprotein A2B5, CD133, NQ01, syn-
aptophysin, neuronal nuclei, MAB1569, polysialic acid-
neural cell adhesion molecule (PSA-NCAM), or neuro-
genic differentiation 1 (NeuroD or Beta2), or glycosylated
or phosphorylated forms of these molecules, molecule
and/or a second binding agent that binds to said extra-
cellular vesicle or exosome at a site that is distinct from
a site to which said first binding agent binds said extra-
cellular vesicle or exosome, such as a second binding
agent that is specific for an MHC class I or an MHC class
II antigen (preferably the second binding agent binds to
a non-polymorphic region of an MHC I or MHC II mole-
cule). Exemplary binding agents that are used in these
embodiments include antibodies such as: β-amyloid an-
tibody (clone 20.1), which is a mouse monoclonal IgG2b
raised against amino acids 1-40 of human β-amyloid; tau
antibody (clone D-8), which is a mouse monoclonal IgG2b
raised against amino acids 1-150 of human tau; S100 β
chain antibody (clone 9A11B9), which is a mouse mon-
oclonal IgG1 raised against the full length recombinant
human S100 β chain protein; anti-A2B5 antibody [clone
105], which is a mouse monoclonal antibody raised
against full length human A2B5 and binding fragments
of said antibodies (e.g., the CDR domains or Fab frag-
ments).
[0141] One embodiment of an affinity device, de-
scribed in detail below with reference to the Hemopurifi-
er®, includes multiple channels of hollow fiber membrane
that forms a filtration chamber. An inlet port and an efflu-
ent port are in communication with the filtration chamber.
The membrane is preferably an anisotropic membrane
with the tight or retention side facing the source of a bi-
ological medium, in other words, facing the oncoming
flow of a biological medium. The membrane is formed of
any number of polymers known to the art, for example,
polysulfone, polyethersulfone, polyamides, polyimides,
and cellulose acetate. In other embodiments, the porous
membrane is a sheet, rather than a channel. The sheet
can be flat, or in some other configuration, such as ac-
cordion, concave, convex, conical, etc., depending on
the device. In some embodiments, the membrane has
pores with a mean diameter of, of less than, or of more
than, 1950 nm, 1900 nm, 1850 nm, 1800 nm, 1750 nm,
1700 nm, 1650 nm, 1600 nm, 1550 nm, 1500 nm, 1450
nm, 1400 nm, 1350 nm, 1300 nm, 1250 nm, 1200 nm,
1150 nm, 1100 nm, 1050 nm, 1000 nm, 950 nm, 900 nm,
850 nm, 800 nm, 750 nm, 700 nm, 650 nm, 640 nm, 630
nm, 620 nm, 610 nm, 600 nm, 590 nm, 580 nm, 570 nm,
560 nm, 550 nm, 540 nm, 530 nm, 520 nm, 510 nm, 500
nm, 490 nm, 480 nm, 470 nm, 460 nm, 450 nm, 440 nm,
430 nm, 420 nm, 410 nm, 400 nm, 390 nm, 380 nm, 370
nm, 360 nm, 350 nm, 340 nm, 330 nm, 320 nm, 310 nm,
300 nm, 290 nm, 280 nm, 270 nm, 260 nm, 250 nm, 240
nm, 230 nm, 220 nm, 210 nm, 200 nm, 190 nm, 180 nm,
170 nm, 160 nm, 150 nm, 140 nm, 130 nm, 120 nm, 110
nm, 100 nm, 90 nm, or 85 nm, which will allow passage
of macromolecules, exosomes, viral particles, and frag-
ments thereof, but not most cellular components of a bi-
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ological medium. In other embodiments, the membrane
has pores in a range between any two pore diameters
recited above.
[0142] In particular embodiments, the membrane can
have pores 200-500 nm in diameter, more preferably,
the pore size is 600 nm, which will allow passage of mac-
romolecules, exosomes, viral particles, and fragments
thereof, but not most cellular components of a biological
medium, e.g., blood and blood cells (red blood cells
10,000 nm diameter, lymphocytes 7,000-12,000 nm di-
ameter, macrophages 10,000-18,000 nm diameter,
thrombocytes 1000 nm). Optionally, by selecting a pore
size that is smaller than the diameter of the cellular com-
ponents of a biological medium, the membrane excludes
substantially all cells from passing through the pores and
entering the extrachannel or extralumenal space of the
device that contains the binding agent. In some embod-
iments, a pore size is selected that is smaller than only
some blood cell types.
[0143] In another embodiment, the device comprises
a processing chamber having one or more binding agents
disposed within the processing chamber, wherein said
binding agents binds desirable biomarkers indicative of
brain injury. Preferred binding agents include a first bind-
ing agent such as, an antibody, such as a monoclonal
antibody, or a binding fragment thereof (e.g., a Fab frag-
ment or a fragment having a CDR domain), a lectin (e.g.,
Galanthus nivalis agglutinin (GNA), Narcissus pseudon-
arcissus agglutinin (NPA), Concanavalin A or cyanovirin,
Sambucus nigra lectin, ricin from Ricinus communis
(RCA), Dolichos biflorius lectin, Ulex Europaeus lectin,
Vicia villosa lectin, Griffonia simplicifolia lectin, Solanium
tuberosum lectin, Lycopersicon esculentum lectin, Dat-
ura stramonium lectin, Erythrina cristagalli lectin, Soy-
bean lectin, Peanut agglutinin, Wheat germ agglutinin,
or Jacalin lectin), or an aptamer, such as a DNA aptamer
that is specific for an antigenic site or epitope present on
a tau, β-amyloid, S100 β, neuron-specific enolase, glyc-
oprotein A2B5, CD133, NQ01, synaptophysin, neuronal
nuclei, MAB1569, polysialic acid-neural cell adhesion
molecule (PSA-NCAM), or neurogenic differentiation 1
(NeuroD or Beta2), or glycosylated or phosphorylated
forms of these molecules, molecule and/or a second
binding agent that joins to said extracellular vesicle or
exosome at a site that is distinct from a site to which said
first binding agent binds said extracellular vesicle or ex-
osome, such as a second binding agent that is specific
for an MHC class I or an MHC class II antigen (preferably
the second binding agent binds to a non-polymorphic re-
gion of an MHC I or MHC II molecule). Exemplary binding
agents that are used in these embodiments include an-
tibodies such as: β-amyloid antibody (clone 20.1), which
is a mouse monoclonal IgG2b raised against amino acids
1-40 of human β-amyloid; tau antibody (clone D-8), which
is a mouse monoclonal IgG2b raised against amino acids
1-150 of human tau; S100 β chain antibody (clone
9A11B9), which is a mouse monoclonal IgG1 raised
against the full length recombinant human S100 β chain

protein; anti-A2B5 antibody [clone 105], which is a mouse
monoclonal antibody raised against full length human
A2B5 and binding fragments of said antibodies (e.g., the
CDR domains or Fab fragments). The biological medium
can directly contact the affinity capture medium. In other
embodiments, the device has a porous membrane which
divides the chamber into one or more portions, such that
the binding agent is located in only a portion of the cham-
ber. The preferred device utilizes hollow channel fiber
membranes, but one or more sheets of membranes that
divide the chamber are also contemplated. Where a
membrane is used, the biological medium is filtered by
the membrane, such that some portion of the biological
medium is excluded from the portion of the chamber con-
taining the binding agent (e.g., blood cells or other large
cells which cannot pass through the pores of the mem-
brane).
[0144] In some embodiments, the binding agent can
include proteins, for example, lectin, antibody, and anti-
gen. The technology to immobilize proteins in dialysis-
like cartridges has been developed (Ambrus et al., Sci-
ence 201(4358): 837-839, 1978; Ambrus et al., Ann In-
tern Med 106(4): 531-537, 1987; Kalghatgi et al. Res
Commun Chem Pathol Pharmacol 27(3): 551-561,
1980). An illustration of preparing proteins for immobili-
zation to the hollow fibers for the method of the present
invention is presented in U.S. Patent No. 4,714,556, U.S.
Patent No. 4,787,974, and U.S. Patent No. 5,528,057.
[0145] For binding of binding agents, e.g., proteins, to
the membrane, the polymers of the membrane are first
activated, for example, made susceptible for combining
chemically with proteins, by using processes known in
the art. Any number of different polymers can be used.
To obtain a reactive polyacrylic acid polymer, for exam-
ple, carbodiimides can be used (Valuev et al., 1998, Bi-
omaterials, 19:41-3). Once the polymer has been acti-
vated, the proteins can be attached directly or via a linker
to form in either case an affinity matrix. Suitable linkers
include, but are not limited to, avidin, streptavidin, biotin,
protein A, and protein G. The proteins can also be directly
bound to the polymer of the membrane using coupling
agents such as bifunctional reagents, or can be indirectly
bound. In one embodiment, the lectin, GNA, covalently
coupled to agarose can be used to form an affinity matrix.
[0146] In some embodiments, a protein is attached to
a substrate instead of, or in addition to, the membrane.
Suitable substrates include, but are not limited to, silica
(e.g. glass beads, sand, diatomaceous earth) polysac-
charides (e.g. dextran, cellulose, and agarose), proteins
(e.g. gelatin) and plastics (e.g. polystyrenes, polysul-
fones, polyethersulfones, polyesters, polyurethanes,
polyacrylates and their activated and native amino and
carboxyl derivatives). The protein can be bound to the
substrates through standard chemical means, either di-
rectly, or through linkers such as C2 to C>20 linear and
branched carbon chains, as well as the plastics, other
proteins and polysaccharides listed above. For most syn-
thetic purposes, C18 is the preferred upper limit but the
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chains can be added together for solubility reasons. Pre-
ferred linkers include: C2 to C18 dicarboxylates, di-
amines, dialdehydes, dihalides, and mixtures thereof
(e.g. aminocarboxylates) in both native and activated
form (e.g. disuccinimidyl suberimidate (DSS)). In some
embodiments, one or more substrates can be used as
linkers, alone or in combination with the substances listed
as linkers. For example, dextran can be attached to sand,
and additional linkers can then optionally be added to the
dextran. The Hemopurifier® described below includes
an example of an affinity capture device.

HEMOPURIFIER®

[0147] The Hemopurifier® is a medical device that se-
lectively targets the removal of infectious viruses and im-
munosuppressive proteins from the entire circulatory
system (See, e.g., U.S. Pat. No. 7226429). It has been
discovered that devices such as the Hemopurifier® cap-
ture tumor-secreted exosomes that suppress the im-
mune system of those afflicted with cancer (See e.g.,
U.S. Pat. App. No. 20090304677). Prior to this discovery,
a therapeutic strategy to directly inhibit or reverse the
immunosuppressive destruction caused by exosomes
did not exist in cancer care. By eliminating this mecha-
nism, the Hemopurifier® can fill an unmet clinical need
and provide the benefit of an immune-based therapy
without adding drug toxicity or interaction risks to estab-
lished and emerging treatment strategies.
[0148] Human studies have documented the ability of
the Hemopurifier® to safely reduce viral load in Hepatitis-
C virus (HCV), Human Immunodeficiency Virus (HIV),
and cytomegalovirus (CMV) infected patients without the
administration of antiviral drugs. In vitro studies verify
that the Hemopurifier® has broad-spectrum capabilities
against bioterror and emerging pandemic threats. These
studies have confirmed the capture of Dengue Hemor-
rhagic Virus, Ebola Hemorrhagic Virus, Lassa Hemor-
rhagic Virus, West Nile Virus, H5N1 Avian Influenza Vi-
rus, 2009 H1N1 Influenza Virus, the reconstructed Span-
ish Flu of 1918 Virus, and Monkeypox Virus, which serves
as a model for human Smallpox infection.
[0149] In some embodiments, the Hemopurifier® is a
selective filtration device containing an affinity cartridge
with binding agents that tightly bind to high-mannose
structures unique to the surface of exosomes produced
by cancer and glycoproteins residing on the envelope of
viruses. Agents can include some biomarkers (See, e.g.,
Int. Pat. Pub. No. WO 2010/065765). These agents are
immobilized around approximately 2800 porous hollow
fibers that run the interior length of the device. The re-
sulting design enhances the ability to separate both ex-
osome and viral targets away from blood cells so they
can then be selectively and permanently removed from
the circulatory system. In some applications, blood cir-
culation is established into the Hemopurifier® via a cath-
eter or other blood access device. Once blood flow has
been established, treatment benefit is immediate as the

entire circulatory system can pass through the Hemop-
urifier®, in some embodiments, in as little as 15 minutes.
However, there remains a need to measure the concen-
tration of brain specific exosomes in patient samples.
Embodiments of the present invention satisfy this need
by providing methods, compositions and kits for quanti-
fying a broad spectrum of brain specific exosomes in
samples. Modification of the Hemopurifier® can be ac-
complished to accommodate the binding agents de-
scribed herein e.g., a first binding agent such as, an an-
tibody, such as a monoclonal antibody, or a binding frag-
ment thereof (e.g., a Fab fragment or a fragment having
a CDR domain), a lectin (e.g., Galanthus nivalis aggluti-
nin (GNA), Narcissus pseudonarcissus agglutinin (NPA),
Concanavalin A or cyanovirin), or an aptamer, such as
a DNA aptamer that is specific for an antigenic site or
epitope present on a tau, β-amyloid, S100 β, neuron-
specific enolase, glycoprotein A2B5, CD133, NQ01, syn-
aptophysin, neuronal nuclei, MAB1569, polysialic acid-
neural cell adhesion molecule (PSA-NCAM), or neuro-
genic differentiation 1 (NeuroD or Beta2), or glycosylated
or phosphorylated forms of these molecules, molecule
and/or a second binding agent that joins to said extracel-
lular vesicle or exosome at a site that is distinct from a
site to which said first binding agent binds said extracel-
lular vesicle or exosome, such as a second binding agent
that is specific for an MHC class I or an MHC class II
antigen (preferably the second binding agent binds to a
non-polymorphic region of an MHC I or MHC II molecule).
Exemplary binding agents that are used in these embod-
iments include antibodies such as: β-amyloid antibody
(clone 20.1), which is a mouse monoclonal IgG2b raised
against amino acids 1-40 of human β-amyloid; tau anti-
body (clone D-8), which is a mouse monoclonal IgG2b
raised against amino acids 1-150 of human tau; S100 β
chain antibody (clone 9A11B9), which is a mouse mon-
oclonal IgG1 raised against the full length recombinant
human S100 β chain protein; anti-A2B5 antibody [clone
105], which is a mouse monoclonal antibody raised
against full length human A2B5 and binding fragments
of said antibodies (e.g., the CDR domains or Fab frag-
ments). By these modifications, efficient removal of brain-
specific exosomes having these biomarkers is accom-
plished.

Illustrations

[0150] Antibodies specific to markers or antibodies or
lectins that bind exosomes en masse can be affixed to a
substrate, preferably immobilized using a variety of tech-
nologies. Preferred binding agents for immobilization in-
clude a first binding agent such as, an antibody, such as
a monoclonal antibody, or a binding fragment thereof
(e.g., a Fab fragment or a fragment having a CDR do-
main), a lectin (e.g., Galanthus nivalis agglutinin (GNA),
Narcissus pseudonarcissus agglutinin (NPA), Concana-
valin A or cyanovirin, Sambucus nigra lectin, ricin from
Ricinus communis (RCA), Dolichos biflorius lectin, Ulex
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Europaeus lectin, Vicia villosa lectin, Griffonia simplici-
folia lectin, Solanium tuberosum lectin, Lycopersicon es-
culentum lectin, Datura stramonium lectin, Erythrina
cristagalli lectin, Soybean lectin, Peanut agglutinin,
Wheat germ agglutinin, or Jacalin lectin), or an aptamer,
such as a DNA aptamer that is specific for an antigenic
site or epitope present on a tau, β-amyloid, S100 β, neu-
ron-specific enolase, glycoprotein A2B5, CD133, NQ01,
synaptophysin, neuronal nuclei, MAB1569, polysialic ac-
id-neural cell adhesion molecule (PSA-NCAM), or neu-
rogenic differentiation 1 (NeuroD or Beta2), or glycosylat-
ed or phosphorylated forms of these molecules, molecule
and/or a second binding agent that joins to said extracel-
lular vesicle or exosome at a site that is distinct from a
site to which said first binding agent binds said extracel-
lular vesicle or exosome, such as a second binding agent
that is specific for an MHC class I or an MHC class II
antigen (preferably the second binding agent binds to a
non-polymorphic region of an MHC I or MHC II molecule).
Exemplary binding agents that are used in these embod-
iments include antibodies such as: β-amyloid antibody
(clone 20.1), which is a mouse monoclonal IgG2b raised
against amino acids 1-40 of human β-amyloid; tau anti-
body (clone D-8), which is a mouse monoclonal IgG2b
raised against amino acids 1-150 of human tau; S100 β
chain antibody (clone 9A11B9), which is a mouse mon-
oclonal IgG1 raised against the full length recombinant
human S100 β chain protein; anti-A2B5 antibody [clone
105], which is a mouse monoclonal antibody raised
against full length human A2B5 and binding fragments
of said antibodies (e.g., the CDR domains or Fab frag-
ments).
[0151] In one embodiment, brain biomarker specific
antibodies such as a monoclonal antibodies, or a binding
fragments thereof (e.g., a Fab fragment or a fragment
having a CDR domain), which are specific for an antigenic
site or epitope present on tau, β-amyloid, S100 β, neuron-
specific enolase, glycoprotein A2B5, CD133, NQ01, syn-
aptophysin, neuronal nuclei, MAB1569, polysialic acid-
neural cell adhesion molecule (PSA-NCAM), or neuro-
genic differentiation 1 (NeuroD or Beta2), or glycosylated
or phosphorylated forms of these molecules, molecules
are covalently coupled to agarose (preferably colored
agarose) using cyanogen Bromide and cyanogen bro-
mide (CNBr) activated agarose according to Cuatreca-
sas, et al (Cuatrecasas, Wilchek and Anfinsen. Proc Natl
Acad Sci USA 61(2): 636-643, 1968). Exemplary binding
agents that are used in these embodiments include an-
tibodies such as: β-amyloid antibody (clone 20.1), which
is a mouse monoclonal IgG2b raised against amino acids
1-40 of human β-amyloid; tau antibody (clone D-8), which
is a mouse monoclonal IgG2b raised against amino acids
1-150 of human tau; S100 β chain antibody (clone
9A11B9), which is a mouse monoclonal IgG1 raised
against the full length recombinant human S100 β chain
protein; anti-A2B5 antibody [clone 105], which is a mouse
monoclonal antibody raised against full length human
A2B5 and binding fragments of said antibodies (e.g., the

CDR domains or Fab fragments). In brief, 1 ml of antibody
at a concentration of 10 mg/ml in 0.1M NaHCO3 pH 9.5
is added to 1 ml CNBr activated agarose microspheres,
which can include a dye (Sigma, St. Louis, Mo.) and al-
lowed to react overnight in the cold. Care must be taken
to maintain alkaline pH to prevent the potential release
of HCN gas. When the reaction is complete, unreacted
materials are aspirated and the antibody coupled agar-
ose is washed extensively with sterile cold PBS. The an-
tibody agarose affinity matrix is then stored cold until
ready for use. The antibody agarose affinity matrix can
be incorporated into a lateral flow diagnostic device.
[0152] In another embodiment, an antibody covalently
coupled to glass beads, preferably colored glass beads,
via Schiffs Base and reduction with cyanoborohydride is
prepared. Exemplary binding agents that are used in
these embodiments include antibodies such as: β-amy-
loid antibody (clone 20.1), which is a mouse monoclonal
IgG2b raised against amino acids 1-40 of human β-amy-
loid; tau antibody (clone D-8), which is a mouse mono-
clonal IgG2b raised against amino acids 1-150 of human
tau; S100 β chain antibody (clone 9A11B9), which is a
mouse monoclonal IgG1 raised against the full length re-
combinant human S100 β chain protein; anti-A2B5 anti-
body [clone 105], which is a mouse monoclonal antibody
raised against full length human A2B5 and binding frag-
ments of said antibodies (e.g., the CDR domains or Fab
fragments). The affinity matrix is prepared by a modifi-
cation of the method of Hermanson (Hermanson. Bio-
conjugate Techniques: 785, 1996). Anti-tau monoclonal
antibody dissolved to a final protein concentration of 10
mg/ml in 0.1M sodium borate pH 9.5 is added to aldehyde
derivatized silica glass beads (BioConnexant, Austin
Tex.). The reaction is most efficient at alkaline pH but will
go at pH 7-9 and is normally done at a 2-4 fold excess
of protein over coupling sites. To this mixture is added
10 ml 5M NaCNBH3 in IN NaOH (Aldrich, St Louis, Mo.)
per ml of coupling reaction and the mixture allowed to
react for 2 hours at room temperature. At the end of the
reaction, remaining unreacted aldehyde on the glass sur-
faces are capped with 20 ml 3M ethanolamine pH 9.5 per
ml of reaction. After 15 minutes at room temperature, the
reaction solution is decanted and the unbound proteins
and reagents removed by washing extensively in PBS.
The matrix is then stored in the refrigerator until ready
for use. Antibodies, such as a monoclonal antibodies, or
a binding fragments thereof (e.g., a Fab fragment or a
fragment having a CDR domain), which are specific for
an antigenic site or epitope present on tau, β-amyloid,
S100 β, neuron-specific enolase, glycoprotein A2B5,
CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, molecule can be conjugated or joined to glass
beads, preferably colored glass beads using this method.
Exemplary binding agents that are used in these embod-
iments include antibodies such as: β-amyloid antibody
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(clone 20.1), which is a mouse monoclonal IgG2b raised
against amino acids 1-40 of human β-amyloid; tau anti-
body (clone D-8), which is a mouse monoclonal IgG2b
raised against amino acids 1-150 of human tau; S100 β
chain antibody (clone 9A11B9), which is a mouse mon-
oclonal IgG1 raised against the full length recombinant
human S100 β chain protein; anti-A2B5 antibody [clone
105], which is a mouse monoclonal antibody raised
against full length human A2B5 and binding fragments
of said antibodies (e.g., the CDR domains or Fab frag-
ments). The antibody glass bead affinity matrix can be
incorporated into a lateral flow diagnostic device.
[0153] In another embodiment, brain biomarker spe-
cific antibodies such as a monoclonal antibodies, or a
binding fragments thereof (e.g., a Fab fragment or a frag-
ment having a CDR domain), which are specific for an
antigenic site or epitope present on tau, β-amyloid, S100
β, neuron-specific enolase, glycoprotein A2B5, CD133,
NQ01, synaptophysin, neuronal nuclei, MAB1569, poly-
sialic acid-neural cell adhesion molecule (PSA-NCAM),
or neurogenic differentiation 1 (NeuroD or Beta2), or gly-
cosylated or phosphorylated forms of these molecules,
molecules) are covalently coupled to Chromosorb (Dia-
tomaceous Earth) using glutaraldehyde. Exemplary
binding agents that are used in these embodiments in-
clude antibodies such as: β-amyloid antibody (clone
20.1), which is a mouse monoclonal IgG2b raised against
amino acids 1-40 of human β-amyloid; tau antibody
(clone D-8), which is a mouse monoclonal IgG2b raised
against amino acids 1-150 of human tau; S100 β chain
antibody (clone 9A11B9), which is a mouse monoclonal
IgG1 raised against the full length recombinant human
S100 β chain protein; anti-A2B5 antibody [clone 105],
which is a mouse monoclonal antibody raised against full
length human A2B5 and binding fragments of said anti-
bodies (e.g., the CDR domains or Fab fragments). Prep-
aration of aminated diatomaceous earth is accomplished
using γ-aminopropyl triethoxysilane (GAPS) (Sigma
Chemical, St. Louis, Mo.) and Chromosorb 60/80 mesh.
Although other grades of diatomaceous earth may be
used, Chromosorb of this mesh size (200-300 microns
in diameter) is often used to prevent small particulates
from entering the sample through the largest available
pore sizes found in hollow-fiber cartridges used for plas-
ma separation (∼0.5 micron). Amino Chromosorb is pre-
pared by suspension in an excess of 5% aqueous solu-
tion of GAPS in an overnight reaction. Aminated-Chro-
mosorb is washed free of excess reagent with water and
ethanol and dried overnight in a drying oven to yield an
off white powder. One gram of the powder is then sus-
pended in 5 ml 5% glutaraldehyde (Sigma) for 30 min-
utes. Excess glutaraldehyde is then removed by filtration
and washing with water until no detectable aldehyde re-
mains in the wash using Schiff’s reagent (Sigma Chem-
ical). The filter cake is then resuspended in 5 ml of Sigma
borohydride coupling buffer containing 2-3 mg/ml of the
antibody and the reaction allowed to proceed overnight
at 4 degrees C. At the end of the reaction, excess anti-

body is washed off and the remaining aldehyde reacted
with ethanolamine as described. After final washing in
sterile PBS, the material is stored cold until ready for use.
The antibody Chromosorb affinity matrix can be incorpo-
rated into a lateral flow diagnostic device.
[0154] In another embodiment brain biomarker specific
antibodies such as a monoclonal antibodies, or a binding
fragments thereof (e.g., a Fab fragment or a fragment
having a CDR domain), which are specific for an antigenic
site or epitope present on tau, β-amyloid, S100 β, neuron-
specific enolase, glycoprotein A2B5, CD133, NQ01, syn-
aptophysin, neuronal nuclei, MAB1569, polysialic acid-
neural cell adhesion molecule (PSA-NCAM), or neuro-
genic differentiation 1 (NeuroD or Beta2), or glycosylated
or phosphorylated forms of these molecules, molecules)
are covalently coupled to polyacrylate beads using Glu-
taraldehyde and Azide. Exemplary binding agents that
are used in these embodiments include antibodies such
as: β-amyloid antibody (clone 20.1), which is a mouse
monoclonal IgG2b raised against amino acids 1-40 of hu-
man β-amyloid; tau antibody (clone D-8), which is a
mouse monoclonal IgG2b raised against amino acids
1-150 of human tau; S100 β chain antibody (clone
9A11B9), which is a mouse monoclonal IgG1 raised
against the full length recombinant human S100 β chain
protein; anti-A2B5 antibody [clone 105], which is a mouse
monoclonal antibody raised against full length human
A2B5 and binding fragments of said antibodies (e.g., the
CDR domains or Fab fragments). The antibodies are dis-
solved in a concentration of 50-200 mg/ml with human
serum albumin in a phosphate-buffered aqueous medi-
um of pH 7.0. Glutaraldehyde at a concentration of
0.05-10% is added to the solution which is then incubated
for 1-24 hours, but preferably 12 hours, at 4 degree. C.
Excess glutaraldehyde that remains in the reaction mix-
ture is removed by addition of glycine, or other suitable
compounds known in the art, to the solution at the end
of incubation. This solution is then diafiltered through a
membrane having a minimal retentively value of 500,000
molecular weight. The diafiltered antibody-bearing prod-
uct is dissolved in saline or dialysis fluid. To obtain a
reactive polymer to act as a substrate for the antibody,
polyacrylic acid polymer beads (h 1 micron in diameter)
are activated by the azide procedure. The ratios of anti-
body to reactive polyester are selected to avoid exces-
sive reaction. If this ratio is appropriately adjusted, the
spacing of the antibody along the polymer chain will allow
a binding of the antibody with the antigen found on mi-
crovesicle without untoward steric hindrances and the
antibody conjugate is intended to remain soluble.
[0155] Said antibody conjugates are subsequently
loaded into a hollow fiber filter cartridge, on the exterior
of said hollow fibers. The external filling ports are then
sealed. This allows for passage of blood cell components
through the lumen of said hollow fibers. Blood plasma
containing the microvesicles convects and diffuses
through pores in the hollow fibers into the extralumenal
space where it contacts the antibody-polyacrylate con-
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jugates. Treated plasma inside the cartridge diffuses
back into the general circulation leaving the microvesi-
cles attached to the insolubilized antibody. The antibody
polyacrylate affinity matrix can also be incorporated into
a lateral flow diagnostic device.
[0156] In another embodiment, a preparation of chem-
ically immobilized brain biomarker specific antibodies
such as a monoclonal antibodies, or a binding fragments
thereof (e.g., a Fab fragment or a fragment having a CDR
domain), which are specific for an antigenic site or
epitope present on tau, β-amyloid, S100 β, neuron-spe-
cific enolase, glycoprotein A2B5, CD133, NQ01, synap-
tophysin, neuronal nuclei, MAB1569, polysialic acid-neu-
ral cell adhesion molecule (PSA-NCAM), or neurogenic
differentiation 1 (NeuroD or Beta2), or glycosylated or
phosphorylated forms of these molecules, molecules) on
nylon is prepared. Exemplary binding agents that are
used in these embodiments include antibodies such as:
β-amyloid antibody (clone 20.1), which is a mouse mon-
oclonal IgG2b raised against amino acids 1-40 of human
β-amyloid; tau antibody (clone D-8), which is a mouse
monoclonal IgG2b raised against amino acids 1-150 of
human tau; S100 β chain antibody (clone 9A11B9), which
is a mouse monoclonal IgG1 raised against the full length
recombinant human S100 β chain protein; anti-A2B5 an-
tibody [clone 105], which is a mouse monoclonal antibody
raised against full length human A2B5 and binding frag-
ments of said antibodies (e.g., the CDR domains or Fab
fragments). The method consists of serial treatments with
HCl, polyethylene imine, and maleic anhydride methyl-
vinyl ether copolymer, which results in the stable immo-
bilization of sufficient amounts of antibodies on a nylon
filter, which may be incorporated into a lateral flow device
or a diagnostic test strip. In one embodiment, Polyethyl-
enevinyl-acetate slips are immersed in 15% (wt/vol)
NaOH in 80% (vol/vol) methanol at 58°C for 2 h, washed
with water, heated in 2% (vol/vol) aminoacetal in 0.5 N
HCl at 58°C for 5 h, washed and dried, soaked in 1%
(wt/vol) maleic anhydride methylvinyl ether copolymer
(MAMEC) in water-free acetone at 25°C for 2.5 h, and
dried. Polyurethane slips are heated in water at 80°C for
6 h, washed with distilled water, dried, treated in 1%
(wt/vol) MAMEC in water-free acetone at 25°C for 2.5 h,
washed with acetone, and then dried. Polyvinyl chloride
slips are immersed in 1% (wt/vol) MAMEC in water-free
acetone at 25°C for 2.5 h, washed with acetone, and then
dried. MAMEC is introduced onto nylon slips. After
MAMEC is introduced onto various polymeric slips, the
antibodies (protein concentration, 2 mg/ml) suspended
in phosphate-buffered saline are immobilized on the slips
at 25°C overnight.
[0157] A lateral flow diagnostic device comprising
brain biomarker specific antibodies such as a monoclonal
antibodies, or a binding fragments thereof (e.g., a Fab
fragment or a fragment having a CDR domain), which
are specific for an antigenic site or epitope present on
tau, β-amyloid, S100 β, neuron-specific enolase, glyco-
protein A2B5, CD133, NQ01, synaptophysin, neuronal

nuclei, MAB1569, polysialic acid-neural cell adhesion
molecule (PSA-NCAM), or neurogenic differentiation 1
(NeuroD or Beta2), or glycosylated or phosphorylated
forms of these molecules, molecules) can be prepared
using techniques well established in the art (e.g., utilizing
approaches employed by Millipore™ Rapid Lateral Flow
Test Strips and Bangs Laboratories, Inc. TechNote 303.
Exemplary binding agents that are used in these embod-
iments include antibodies such as: β-amyloid antibody
(clone 20.1), which is a mouse monoclonal IgG2b raised
against amino acids 1-40 of human β-amyloid; tau anti-
body (clone D-8), which is a mouse monoclonal IgG2b
raised against amino acids 1-150 of human tau; S100 β
chain antibody (clone 9A11B9), which is a mouse mon-
oclonal IgG1 raised against the full length recombinant
human S100 β chain protein; anti-A2B5 antibody [clone
105], which is a mouse monoclonal antibody raised
against full length human A2B5 and binding fragments
of said antibodies (e.g., the CDR domains or Fab frag-
ments). By one approach a first binding agent such as a
monoclonal antibodies, or a binding fragments thereof
(e.g., a Fab fragment or a fragment having a CDR do-
main), which are specific for an antigenic site or epitope
present on tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, molecules) having a
detectable moiety (e.g., a colored bead) is immobilized
to the nylon membrane at a discrete zone and a second
binding agent, which may be an antibody, fragment there-
of or lectin that is specific for an epitope or antigen on
MHC I or II is immobilized to the nylon membrane at a
second discrete zone. The nylon membrane having the
binding agents is then incorporated into a lateral flow
device. When the nylon is contacted with a biological
sample, including urine, blood, plasma, or cerebral spinal
fluid that comprises a brain-specific extracellular vesicle
or exosome, a biological complexes comprising the first
binding agent joined to the brain-specific extracellular
vesicle or exosome and the second binding agent are
formed.
[0158] In a further embodiments, elective removal of
exosomes from blood may be accomplished after utilizing
one of the diagnostic approaches described herein using
plasmapheresis combined with affinity capture using any
of the matrices described above. Plasmapheresis is done
using either centrifugal separation or hollow-fiber plasma
separation methods. The blood circuit is anticoagulated
with a continuous heparin infusion in the afferent limb.
The activated clotting time (ACT) is measured every
hour, and the heparin infusion is adjusted to maintain the
ACT between 160 and 180 seconds.
[0159] The plasma obtained from the patient may be
discarded and replaced with a combination of normal sa-
line and fresh plasma from healthy donors (i.e. plasma
exchange). Alternatively, the plasma containing the mi-
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crovesicles can be pumped at 60-100 ml/min over the
affinity matrix which captures the exosomes. The cleaned
plasma may then be reinfused into the patient.
[0160] In another embodiment, identification of circu-
lating exosomes using Streptavidin-conjugated Qdots
and NS300 was performed. Exosomes in circulation of
a patient with brain cancer were labeled with a first bioti-
nylated primary antibody specific for an antigen present
on β-amyloid (β-amyloid antibody (clone 20.1), which is
a mouse monoclonal IgG2b raised against amino acids
1-40 of human β-amyloid) and a second biotinylated pri-
mary antibody specific for an antigen present on tau (tau
antibody (clone D-8), which is a mouse monoclonal IgG2b
raised against amino acids 1-150 of human tau). The
exosomes were then visualized with streptavidin-conju-
gated quantum dots (Qdots). The streptavidin Qdots,
which are fluorescent at 655nm, specifically bind to the
biotin on the primary antibody and were detected and
quantified using NanoSight NS300. FIGS. 1 and 3 depict
the total exosomes in a blood sample identified by using
the light scatter mode. FIGS. 2 and 5 show the identifi-
cation and quantification of exosomes having an antigen
present β-amyloid from a biological sample obtained from
the brain cancer patient. FIG. 4 shows the identification
and quantification of exosomes having an antigen
present tau from a biological sample obtained from the
brain cancer patient. FIG. 6 shows the identification and
quantification of exosomes having an antigen present
glycoprotein A2B5 from a biological sample obtained
from the brain cancer patient (detected using an Anti-
A2B5 antibody [clone 105], which is a mouse monoclonal
antibody raised against full length human A2B5). FIG. 7
shows the identification and quantification of exosomes
having an antigen present S100 β from a biological sam-
ple obtained from the brain cancer patient (detected us-
ing a S100 β chain antibody (clone 9A11B9), which is a
mouse monoclonal IgG1 raised against the full length re-
combinant human S100 β chain protein). FIG. 8 shows
the identification and quantification of exosomes having
an antigen present autoreactive IgG from a biological
sample obtained from the brain cancer patient.
[0161] FIG. 9 is a graphical representation of the
number of exosomes x 108 from a patient with brain can-
cer. The exosome is bound by a specific lectin, as indi-
cated on the x-axis. The lectin is biotinylated. The exo-
some is also bound with a fluorescent indicator, a strepta-
vidin-labeled quantum dot. The quantity of exosome is
determined using a NanoSight NS 300 defined in fluo-
rescent mode.
[0162] FIGS. 10A and 10B are graphical representa-
tions of the concentration of tau-associated exosomes.
Samples were obtained from control patients and from
professional football players. Extracellular vesicles were
initially isolated based on hydrodynamic diameter, and
incubated with agarose beads having RCA lectin coupled
thereto, in Pierce snap cap spin columns. Samples were
spun down in the columns, and the unbound samples
were collected. The columns contained a resin, wherein

the resin allows a range of particle sizes to pass through.
The extracellular vesicles diameter can be in the range
of 10 nm to 1,000 nm, or any number between. Bound
samples were eluted with glycine-HCl buffer and collect-
ed. Unbound and bound samples were then stained with
mouse anti-tau antibody and conjugated to anti-mouse
quantum dots for fluorescent detection using NanoSight
NS 300. FIG. 10A depicts the concentration of tau-asso-
ciated exosomes found in the unbound eluent. FIG. 10B
depicts the concentration of tau-associated exosomes
found in the bound sample. As shown, particular profes-
sional football players had a significantly greater amount
of extracellular vesicles comprising tau than control indi-
viduals. The data also indicate that should a subject have
greater than or equal to 7, 8, 9, or 10 x 108/ml extracellular
vesicles comprising tau, such subject is at risk for having
traumatic brain injury (TBI) such as chronic traumatic en-
cephalopathy (CTE) or other brain diseases, such as
Alzheimer’s disease. Accordingly, the amount of exo-
somes having tau or the amount of tau immobilized on a
support in a control zone utilized in one or more of the
diagnostic devices described herein is at a concentration
greater than or equal to 7, 8, 9, or 10 x 108/ml as this
concentration of tau indicates that the tested subject is
at risk for having traumatic brain injury (TBI) such as
chronic traumatic encephalopathy (CTE) or other brain
diseases, such as Alzheimer’s disease.
[0163] The amount of total protein bound to exosomes
was also determined. FIG. 11A depicts the graphical rep-
resentation of total protein bound to exosomes in control
patients. Exosomes were isolated from plasma samples
by chromatographic isolation based on the hydrodynam-
ic diameter of the exosomes. Chromatographic isolation
of exosomes is accomplished by contacting the sample
with a resin having lectin bound thereto, as described
previously. The total protein content of protein associated
with the isolated exosomes was determined using the
Bradford assay.
[0164] FIG. 11B was performed as described for 11A,
but the plasma samples were obtained from patients di-
agnosed with Alzheimer’s disease. FIG. 11C was per-
formed as described, but the plasma samples were ob-
tained from professional football players.
[0165] FIG. 12 represents the total protein associated
with exosomes as determined by Bradford assay, and
was performed as described for FIG. 11A.
[0166] In some embodiments, a diagnostic device is
provided, wherein the device is useful for the detection
of the presence of undesired biomarkers or extracellular
vesicles, such as exosomes that contain undesired bi-
omarkers in a biological sample from a subject, wherein
said biomarkers are indicative of the presence of brain
injury and/or for a brain pathology, such as Alzheimer’s
disease, dementia, and/or CTE. Such biomarkers can
include, e.g., tau, β-amyloid, or glycosylated or phospho-
rylated forms of these molecules, and/or a fragment
thereof or any combination thereof. The device is pref-
erably a POC diagnostic device that allows for the rapid,
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convenient, inexpensive, and portable application for di-
agnosis of brain injury. In some embodiments, a kit is
provided having a diagnostic device as described herein
and one or more spin columns loaded with a size exclu-
sion resin, which can be used to isolate an exosome frac-
tion from a biological sample prior to said fraction being
applied to one or more of the diagnostic devices de-
scribed herein.
[0167] Referring now to FIG. 13, an exemplary POC
diagnostic device is shown, wherein the diagnostic de-
vice is a LFA. The LFA is comprised of a solid substrate.
The solid substrate may be any suitable solid material or
membrane, including, for example, cellulose, nitrocellu-
lose, cellulose acetate, polyacrylamide, polysulfone, pol-
yethersulfone, polyamide, polyimide, polyvinylidene flu-
oride (PVDF), nylon, copolymer, agarose, starch, nylon
polyesters, dextran, cross-linked dextran, dextran acry-
lamide copolymer, cross-linked hydroxymethylmethacr-
ylate, substituted cross-linked polystyrenes, polyvinyl al-
cohol, wool, metal oxides, porous ceramics coated with
hydrophilic organic polymers, and glass.
[0168] Sample 102 from a patient who has or is sus-
pected of having a brain injury is deposited into the sam-
ple reservoir 103. The sample 102 may be any biological
sample that may contain the analyte. Thus, the sample
102 may be selected from the following nonlimiting group
of body samples obtained from a subject or patient: cer-
ebrospinal fluid, urine, saliva, serum, breast milk, sweat,
saliva, ascites fluid, plasma, and whole blood. One or
more of these body samples contains or is suspected of
containing analyte. Here, the analyte is an undesired bi-
omarker, which may be present in the sample accompa-
nying an extracellular vesicle, such as an exosome, and
such a biomarker can be a peptide, or protein or fragment
thereof that indicates the presence of a brain injury, in-
cluding the presence or proclivity for chronic traumatic
encephalopathy (CTE) and Alzheimer’s disease (e.g.,
tau, β-amyloid, or glycosylated or phosphorylated forms
of these molecules, and/or a fragment thereof or any
combination thereof). In some embodiments the biolog-
ical sample from said patient is first subjected to column
chromatography, e.g., by size-exclusion spin column,
such as Chromaspin 200 or Chromaspin 400, and the
eluent having the exosomes, which contain the biomar-
ker being screened for, is applied to the diagnostic de-
vice. In some embodiments, the size exclusion resin or
a small resin is used, wherein such resins have a lectin
(e.g., Galanthus nivalis agglutinin (GNA), Narcissus
pseudonarcissus agglutinin (NPA), Ricin (RCA), Conca-
navalin A or cyanovirin) coupled thereto such that a form
of size exclusion and/or affinity chromatography is con-
ducted prior to applying the eluent to a diagnostic device,
as described herein. The bound exosomes can be eluted
using a glycine-HCl buffer or other suitable lectin elution
buffer. Preferably, such spin columns and, optionally elu-
tion buffer, are included in kits having the diagnostic de-
vices described herein.
[0169] The analyte migrates with the liquid front

through capillary action to the conjugate zone 104. The
conjugate zone 104 is so termed because conjugate 105
is deposited on this region prior to sample application on
the device. The conjugate 105 is a labeled anti-tau or
anti-β-amyloid antibody or a binding fragment thereof. In
some embodiments, the antibody or binding fragment
thereof is specific for a glycosylated tau and/or a glyco-
sylated β-amyloid but does not appreciably bind to or
cross-react with an unglycosylated tau and/or unglyco-
sylated β-amyloid or a form of tau or β-amyloid that lacks
mannose sugar residues. In other embodiments, the an-
tibody or binding fragment thereof is specific for a phos-
phorylated tau and/or a phosphorylated β-amyloid, but
does not appreciably bind to or cross-react with unphos-
phorylated tau and/or unphosphorylated β-amyloid. The
antibody or binding fragment thereof is labeled with any
suitable label, including colloidal carbon, colloidal gold,
a fluorescent label, a quantum dot, a phosphor, a colored
particle, a bioluminescent marker, an enzyme label, a
paramagnetic particle, or a colored latex particle. A com-
mon label for LFA devices are gold nanoparticles, be-
cause they are relatively inexpensive and provide easily
observable color indications based on the surface plas-
mon resonance properties of gold nanoparticles.
[0170] When the sample 102 enters the conjugate
zone 104, the labeled antibody or binding fragment there-
of solubilizes into the solution, and the antibody or binding
fragment thereof recognizes and binds to cross-reactive
analyte, (e.g., tau, β-amyloid, or glycosylated or phos-
phorylated forms of these molecules, and/or a fragment
thereof or any combination thereof) forming a conjugate
complex. This complex is therefore comprised of anti-
body or binding fragment thereof and the biomarker,
which may be associated with an extracellular vesicle,
such as an exosome containing the selected biomarker
for diagnosis. The complex flows by capillary action
through the solid substrate to a second zone called the
capture zone 106.
[0171] In this exemplary embodiment and for illustra-
tive purposes only, the capture zone 106 is comprised
of at least three specific regions: the test zone 107, and
at least two control zones. However, one of skill in the
art would recognize that fewer or greater numbers of
zones could be used. The test zone 107 is comprised of
immobilized lectin. The lectin may be selected to bind to
the biomarker, e.g., tau, β-amyloid, or glycosylated or
phosphorylated forms of these molecules, and/or a frag-
ment thereof or any combination thereof, and/or to ex-
tracellular vesicles, such as exosomes, especially exo-
somes carrying the biomarker, when the exosomes enter
the test zone. The lectin can be, for example Galanthus
nivalis agglutinin (GNA), Narcissus pseudonarcissus ag-
glutinin (NPA), cyanovirin, or Ricinus communis aggluti-
nin (RCA), and in some alternatives is preferably RCA.
The trapped biomarker and/or extracellular vesicles hav-
ing the biomarker are readily observable, detectable, as
well as, quantifiable by virtue of the color indication and
the intensity or density thereof.
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[0172] The control zones may have predetermined
amounts of immobilized biomarker (e.g., tau, β-amyloid,
or glycosylated or phosphorylated forms of these mole-
cules, and/or a fragment thereof or any combination
thereof) deposited therein. A first control zone 108 has
an amount of immobilized biomarker that is indicative of
the amount of biomarker found in healthy patients. A sec-
ond control zone 109 has an amount of immobilized bi-
omarker that is indicative of the amount of biomarker
found in patients with brain injury. In some embodiments,
the amount of immobilized biomarker is 1 pg/ml to 500
mg/ml, 1 pg/ml to 100 pg/ml, 100 pg/ml to 1,000 pg/ml, 1
ng/ml to 100 ng/ml, 100 ng/ml to 1,000 ng/ml, and 1 mg/ml
to 500 mg/ml, or an amount that is within a range defined
by any two amounts within one or more of the aforemen-
tioned ranges of amounts. In view of the findings reported
herein, the amount of exosomes having tau or the amount
of tau immobilized on a support in a control zone utilized
in one or more of the diagnostic devices described herein
is at a concentration greater than or equal to 7, 8, 9, or
10 x 108 /ml as this concentration of tau indicates that
the tested subject is at risk for having traumatic brain
injury (TBI) such as chronic traumatic encephalopathy
(CTE) or other brain diseases, such as Alzheimer’s dis-
ease. Excess labeled antibody that did not bind to exo-
somes binds to the immobilized biomarker at the control
zones. Thus, in certain embodiments, at least three dis-
tinct signals are detected: the test signal, a healthy control
signal, and a diseased-state control signal. The test sig-
nal is compared to the two control signals to determine
the relative amount of biomarker in the test subject’s sam-
ple.
[0173] In other embodiments of the invention, an ex-
ternal control standard is provided, wherein the standard
is a printed color gradient. The printed gradient can be
printed on the device itself, preferably near the viewing
window, or can be printed elsewhere, for example, in
separate materials that accompany a kit having the de-
vice. The printed standard may have a gradient of low
intensity color to high intensity color, with a gradient of
intensity between or it may have only a low intensity color
and a high intensity color. The low intensity printed stand-
ard is representative of a low amount of biomarker
present in the sample and/or indicates a value or amount
of biomarker that is commensurate with the value or
amount of biomarker found in healthy individuals (a neg-
ative control population); whereas the high intensity print-
ed standard is representative of a high amount of biomar-
ker present in the sample and/or indicates a value or
amount of biomarker that is commensurate with the value
or amount of biomarker found in individuals having a brain
pathology, such as Alzheimer’s disease and/or CTE (a
positive control population).
[0174] The color intensity that is observed at the test
zone is compared to the standard gradient to determine
the relative amount of biomarker present in the test sam-
ple. Accordingly, one can immediately discern through
visual observation whether the tested individual has an

amount of biomarker in the biological sample that is com-
mensurate with the amount of biomarker present in a
biological sample obtained and analyzed for a healthy
individual or an individual having a brain pathology, such
as Alzheimer’s disease and/or CTE. The relative amount
of biomarker detected in the biological sample from the
tested individual, as compared to the printed standard
representing the amount of biomarker detectable in a
healthy control sample and the control sample from a
subject having a brain pathology, such as Alzheimer’s
disease and/or CTE provides useful clinical and/or diag-
nostic information even if the amount of color, represent-
ative of the amount of biomarker detected in the tested
sample does not match the printed standard identically
because one can immediately discern whether the tested
subject has an amount of biomarker that more closely
aligns with or resembles the amount of biomarker present
in a healthy patient or a patient having a brain pathology,
such as Alzheimer’s disease and/or CTE. Should the
amount of biomarker detected in the biological sample
from the tested individual more closely resemble the
printed standard representative of the amount of biomar-
ker found in the healthy individual, therapeutic interven-
tion may not be needed but should the amount of biomar-
ker detected in the biological sample from the tested in-
dividual more closely resemble the printed standard rep-
resentative of the amount of biomarker found in the indi-
vidual having a brain pathology, such as Alzheimer’s dis-
ease or CTE, therapeutic intervention may be consid-
ered. In view of the findings reported herein, the intensity
of the printed standard in a control zone utilized in one
or more of the diagnostic devices described herein can
be indicative of the signal observed when a concentration
of exosomes comprising tau greater than or equal to 7,
8, 9, or 10 x 108 /ml is reached, as this concentration of
tau indicates that the tested subject is at risk for having
traumatic brain injury (TBI) such as chronic traumatic en-
cephalopathy (CTE) or other brain diseases, such as
Alzheimer’s disease.
[0175] Referring to FIG. 14, an exemplary lateral flow
device, or LFA diagnostic device is provided. This device
combines the sample reservoir as described above, and
the conjugate zone. Thus, this embodiment provides a
LFA diagnostic device having a solid substrate, a sample
reservoir 203, and a capture zone 205. Sample 202 is
applied to the sample reservoir 203, and the placement
of the sample results in the solubilization of conjugate,
such as labeled antibody 204. The antibody conjugates
to the analyte, and the complex flows through capillary
action to the capture zone 205. In some embodiments,
the capture zone 205 comprises two control zones 207,
208 and a test zone 206. The control zones are indicative
of healthy and disease levels of biomarker, and the re-
sulting observable color change at the test zone 206 is
compared to the control zones, providing a rapid indica-
tion of the presence and prevalence of biomarker in the
subject sample. In some embodiments, the amount of
immobilized biomarker is 1 pg/ml to 500 mg/ml, 1 pg/ml
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to 100 pg/ml, 100 pg/ml to 1,000 pg/ml, 1 ng/ml to 100
ng/ml, 100 ng/ml to 1,000 ng/ml, and 1 mg/ml to 500
mg/ml, or an amount that is within a range defined by any
two amounts within one or more of the aforementioned
ranges of amounts. In view of the findings reported here-
in, the amount of exosomes having tau or the amount of
tau immobilized on a support in a control zone utilized in
one or more of the diagnostic devices described herein
is at a concentration greater than or equal to 7, 8, 9, or
10 x 108 /ml as this concentration of tau indicates that
the tested subject is at risk for having traumatic brain
injury (TBI) such as chronic traumatic encephalopathy
(CTE) or other brain diseases, such as Alzheimer’s dis-
ease. In some embodiments the biological sample from
said patient is first subjected to column chromatography,
e.g., by size-exclusion spin column, such as Chromaspin
200 or Chromaspin 400, and the eluent having the exo-
somes, which contain the biomarker being screened for,
is applied to the diagnostic device. In some embodi-
ments, the size exclusion resin has a lectin (e.g., Galan-
thus nivalis agglutinin (GNA), Narcissus pseudonarcis-
sus agglutinin (NPA), Ricin (RCA), Concanavalin A or
cyanovirin) coupled thereto such that a form of size ex-
clusion and affinity chromatography is conducted prior
to applying the eluent to a diagnostic device, as described
herein. The bound exosomes can be eluted using a gly-
cine-HCl buffer. Preferably, such spin columns, and op-
tionally elution buffers, are included in kits having the
diagnostic devices described herein.
[0176] FIG. 15 provides an exemplary lateral flow de-
vice or LFA diagnostic device 301, wherein the diagnostic
device comprises a processing chamber 302 configured
to receive a biological sample from a subject. The device
further comprises a solid substrate located within the
processing chamber 302. The solid substrate is any suit-
able material capable of transporting a sample through
capillary action, such as a porous membrane. A first po-
rous membrane is located within the processing cham-
ber. A second porous membrane is in fluid communica-
tion with the first porous membrane. The second porous
membrane comprises mobilizable labeled antibody or a
binding fragment thereof that is cross-reactive to the tar-
get analyte. Upon application to the processing chamber,
the sample contacts the first porous membrane and flows
through capillary action to the second porous membrane,
whereupon the labeled antibody or binding fragment
thereof solubilizes in the sample and forms a conjugate
complex with the analyte in the sample.
[0177] A third porous membrane is in liquid communi-
cation with the second porous membrane, wherein the
third porous membrane comprises immobilized lectin
thereon. A fourth and fifth porous membrane are also
present and in liquid communication with the second po-
rous membrane. The fourth porous membrane has a con-
trol amount of biomarker (e.g., tau, β-amyloid, or glyco-
sylated or phosphorylated forms of these molecules,
and/or a fragment thereof or any combination thereof)
immobilized thereon, wherein the amount of biomarker

immobilized thereon is indicative of the amount of bi-
omarker present in the same volume and/or dilution of
the same biological sample used in the assay obtained
from a healthy individual. The fifth porous membrane also
has a control amount of biomarker immobilized thereon,
wherein the amount of biomarker immobilized thereon is
indicative of the amount of biomarker present in the same
volume and/or dilution of the same biological sample
used in the assay obtained from a person having a brain
pathology, such as CTE and/or Alzheimer’s disease.
[0178] The sample containing the analyte conjugate
complex flows through capillary action from the second
porous membrane to the third, fourth, and fifth porous
membranes. Conjugated analyte in the sample, e.g., tau,
β-amyloid, or glycosylated or phosphorylated forms of
these molecules, and/or a fragment thereof or any com-
bination thereof bound to an antibody or binding fragment
thereof, which may be in the form of freely available bi-
omarker bound to the antibody or binding fragment there-
of or in the form of an extracellular vesicle or exosome
having said biomarker, is captured on the third porous
membrane, the accumulation of which causes a discern-
ible color change because of the accumulation of gold
nanoparticles on the third porous membrane. Excess la-
beled antibody or binding fragment thereof flows through
the fourth and fifth porous membranes, and is captured
by the immobilized biomarker on the respective mem-
branes, the accumulation of which provides a discernible
color change. The color change on the fourth porous
membrane is slight, whereas the color change on the fifth
porous membrane is great because lesser amounts of
biomarker is immobilized on the fourth porous membrane
than on the fifth porous membrane. Finally, the signal
detected at the third porous membrane can be compared
to the signal or label detected at the fourth and fifth porous
membranes. These signals or labels are discernible
through a viewing window 303, which permits the visual
inspection of the color change at these locations of ac-
cumulated labeled antibody or binding fragment thereof,
as well as, allowing for quantification of signal or label
based on density or intensity of the signal or label. In
some embodiments, the amount of immobilized biomar-
ker is 1 pg/ml to 500 mg/ml, 1 pg/ml to 100 pg/ml, 100
pg/ml to 1,000 pg/ml, 1 ng/ml to 100 ng/ml, 100 ng/ml to
1,000 ng/ml, and 1 mg/ml to 500 mg/ml, or an amount that
is within a range defined by any two amounts within one
or more of the aforementioned ranges of amounts. In
view of the findings reported herein, the amount of exo-
somes having tau or the amount of tau immobilized on a
support in a control zone utilized in one or more of the
diagnostic devices described herein is at a concentration
greater than or equal to 7, 8, 9, or 10 x 108 /ml as this
concentration of tau indicates that the tested subject is
at risk for having traumatic brain injury (TBI) such as
chronic traumatic encephalopathy (CTE) or other brain
diseases, such as Alzheimer’s disease. In some embod-
iments the biological sample from said patient is first sub-
jected to column chromatography, e.g., by size-exclusion
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spin column, such as Chromaspin 200 or Chromaspin
400, and the eluent having the exosomes, which contain
the biomarker being screened for, is applied to the diag-
nostic device. In some embodiments, the size exclusion
resin has a lectin (e.g., Galanthus nivalis agglutinin
(GNA), Narcissus pseudonarcissus agglutinin (NPA),
Ricin (RCA), Concanavalin A or cyanovirin) coupled
thereto such that a form of size exclusion and affinity
chromatography is conducted prior to applying the eluent
to a diagnostic device, as described herein. The bound
exosomes can be eluted using a glycine-HCl buffer. Pref-
erably, such spin columns, and optionally elution buffers,
are included in kits having the diagnostic devices de-
scribed herein.
[0179] FIG. 16 provides a schematic illustration of an
exemplary embodiment of the invention, wherein a lateral
flow device, or LFA device 401 is depicted, having a
standard color gradient 404 printed thereon. In this em-
bodiment, the LFA does not have one or more control
zones for providing standard control levels of biomarker.
Instead, the signal 403 detected at the test zone 402 is
compared to the printed standard color gradient 404. The
printed color gradient 404 comprises a color intensity gra-
dient, and can be printed directly onto the device 401,
preferably near a viewing window 405, or it can be printed
elsewhere, for example, in separate materials. The print-
ed color gradient 404 has low intensity to high intensity,
wherein the low intensity represents low levels of biomar-
ker and high intensity represents high level of biomarker,
with a gradient of ranges between low and high. The user
performs a visual comparison of the signal 403 detected
at the test zone 402 with the printed standard color gra-
dient 404 to determine the relative amount of biomarker
that is observed at the test zone 402.
[0180] As provided herein, the term intensity refers to
the amount of color deposited at a certain location. In-
tensity can therefore refer to the level of color at a certain
point. Intensity therefore refers to the density of color at
a certain point. By way of example, when a high concen-
tration of labeled antibody is captured at the test line,
then the high density of colored particles, for example,
creates a high intensity readout. Thus, in some contexts,
intensity and density can be interchanged to similarly de-
scribe the concentration of labeled antibody at a specific
location.
[0181] FIG. 17 depicts an exemplary POC diagnostic
device, wherein the device is a dipstick diagnostic device
501. The dipstick diagnostic device is a device that pro-
vides a simple determination of analyte in a sample of
interest. The dipstick comprises a solid substrate, where-
in the substrate is any suitable material capable of allow-
ing capillary action through the substrate. An exemplary
dipstick device 501 is shown, wherein the dipstick com-
prises a conjugate zone 504 and a capture zone 506.
The conjugate zone 504 comprises conjugate 505, such
as labeled antibody or a binding fragment thereof. The
capture zone 506 comprises a test zone 507 and two
control zones 508, 509, wherein the test zone 507 com-

prises immobilized lectin and the control zones 508, 509
comprise immobilized biomarker (e.g., tau, β-amyloid, or
glycosylated or phosphorylated forms of these mole-
cules, and/or a fragment thereof or any combination
thereof). In some embodiments, the amount of immobi-
lized biomarker is 1 pg/ml to 500 mg/ml, 1 pg/ml to 100
pg/ml, 100 pg/ml to 1,000 pg/ml, 1 ng/ml to 100 ng/ml,
100 ng/ml to 1,000 ng/ml, and 1 mg/ml to 500 mg/ml, or
an amount that is within a range defined by any two
amounts within one or more of the aforementioned rang-
es of amounts. In view of the findings reported herein,
the amount of exosomes having tau or the amount of tau
immobilized on a support in a control zone utilized in one
or more of the diagnostic devices described herein is at
a concentration greater than or equal to 7, 8, 9, or 10 x
108/ml as this concentration of tau indicates that the test-
ed subject is at risk for having traumatic brain injury (TBI)
such as chronic traumatic encephalopathy (CTE) or other
brain diseases, such as Alzheimer’s disease. In some
embodiments the biological sample from said patient is
first subjected to column chromatography, e.g., by size-
exclusion spin column, such as Chromaspin 200 or Chro-
maspin 400 and the eluent having the exosomes, which
contain the biomarker being screened for, is applied to
the diagnostic device. In some embodiments, the size
exclusion resin has a lectin (e.g., Galanthus nivalis ag-
glutinin (GNA), Narcissus pseudonarcissus agglutinin
(NPA), Ricin (RCA), Concanavalin A or cyanovirin) cou-
pled thereto such that a form of size exclusion and affinity
chromatography is conducted prior to applying the eluent
to a diagnostic device, as described herein. The bound
exosomes can be eluted using a glycine-HCl buffer. Pref-
erably, such spin columns, and optionally elution buffers,
are included in kits having the diagnostic devices de-
scribed herein.
[0182] The dipstick device 501 is dipped into a biolog-
ical sample 502 obtained from a patient that has or that
is suspected of having or is at risk of having a brain injury
and/or a brain pathology, such as Alzheimer’s disease,
dementia, and/or CTE. A biological sample, containing
the desired analyte for analysis (e.g., tau, β-amyloid, or
glycosylated or phosphorylated forms of these mole-
cules, and/or a fragment thereof or any combination
thereof), flows into the substrate to the conjugate zone
504, whereupon the conjugate 505, such as labeled an-
tibody or binding fragment thereof solubilizes into the
sample, and cross-reacts with freely available biomarker
in the biological sample, as well as, biomarker that is
bound to extracellular vesicles, such as exosomes there-
by, forming a complex. These complexes flow with the
liquid front by capillary action to the capture zone 506,
whereupon the complex is bound by one or more immo-
bilized lectins at the test zone 507. Excess labeled anti-
body or binding fragment thereof is captured in the two
control zones 508, 509. The accumulation of labeled an-
tibody or binding fragment thereof provides a visual color
change at the capture zone 506, wherein the intensity or
density of the color change at the test zone 507 can be
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compared to the intensity or density of color change at
the two control zones 508, 509 so as to determine the
relative amount of the analyte in the sample.
[0183] FIG. 18 depicts a POC diagnostic device,
wherein the device is a flow-through device (FTD). The
FTD is a point of care device wherein sample is applied
to a surface, wherein analyte remains on the substrate,
but excess sample flows through to an overflow reservoir.
FIG. 18 illustrates an exemplary FTD comprising a first
substrate 603, a second substrate 604, and an absorbent
material 605. The first substrate 603 comprises mobiliz-
able conjugate, such as labeled antibody or a binding
fragment thereof against the biomarker. For illustrative
purposes only, the second substrate 604 comprises a
test zone 607 comprising immobilized lectin, and two
control zones 608, 609 comprising immobilized biomar-
ker (e.g., tau, β-amyloid, or glycosylated or phosphor-
ylated forms of these molecules, and/or a fragment there-
of or any combination thereof). Sample 602 obtained
from a patient having or suspected of having brain injury
is placed on the first substrate 603. Upon application,
labeled antibody or binding fragment thereof solubilizes
into the sample solution, and binds to analyte in the so-
lution, forming a complex. This complex flows with the
liquid front through the first substrate 603 to the second
substrate 604. The complex binds to immobilized lectin
at the test zone 607. In some embodiments, the amount
of immobilized biomarker is 1 pg/ml to 500 mg/ml, 1 pg/ml
to 100 pg/ml, 100 pg/ml to 1,000 pg/ml, 1 ng/ml to 100
ng/ml, 100 ng/ml to 1,000 ng/ml, and 1 mg/ml to 500
mg/ml, or an amount that is within a range defined by any
two amounts within one or more of the aforementioned
ranges of amounts. In view of the findings reported here-
in, the amount of exosomes having tau or the amount of
tau immobilized on a support in a control zone utilized in
one or more of the diagnostic devices described herein
is at a concentration greater than or equal to 7, 8, 9, or
10 x 108 /ml as this concentration of tau indicates that
the tested subject is at risk for having traumatic brain
injury (TBI) such as chronic traumatic encephalopathy
(CTE) or other brain diseases, such as Alzheimer’s dis-
ease. In some embodiments the biological sample from
said patient is first subjected to column chromatography,
e.g., by size-exclusion spin column, such as Chromaspin
200 or Chromaspin 400, and the eluent having the exo-
somes, which contain the biomarker being screened for,
is applied to the diagnostic device. In some embodi-
ments, the size exclusion resin has a lectin (e.g., Galan-
thus nivalis agglutinin (GNA), Narcissus pseudonarcis-
sus agglutinin (NPA), Ricin (RCA), Concanavalin A or
cyanovirin) coupled thereto such that a form of size ex-
clusion and affinity chromatography is conducted prior
to applying the eluent to a diagnostic device, as described
herein. The bound exosomes can be eluted using a gly-
cine-HCl buffer. Preferably, such spin columns, and op-
tionally elution buffers, are included in kits having the
diagnostic devices described herein.
[0184] Excess labeled antibody or binding fragment

thereof binds to immobilized biomarker at the first 608
and second control zones 609. The second substrate
604 may be removed by pulling it out from the FTD for
visual inspection. The first control zone 608 comprises
an amount of biomarker indicative of healthy subjects,
and the second control zone 609 comprises an amount
of biomarker indicative of disease subjects. The color
indication, intensity, or density on the test zone 607 can
be compared to the color indications, intensities, or den-
sities on the two control zones 608, 609 through visual
inspection or quantification of the second substrate 604.
[0185] Another aspect of the invention is the method
of using the device for the detection of analyte (e.g., tau,
β-amyloid, or glycosylated or phosphorylated forms of
these molecules, and/or a fragment thereof or any com-
bination thereof) in a patient suspected of having a brain
injury. Some methods comprise providing any one or
more of the devices described above, applying a biolog-
ical sample from a patient having or suspected of having
a brain injury to the device, observing or quantifying a
color change at both the test zones and at the control
zones, and comparing the intensity of the color change
at the test zone with the intensity at the control zones,
thereby determining the relative amount of biomarker in
the biological sample from the test subject.
[0186] Another aspect of the invention is the method
of ameliorating a neurodegenerative disease in a test
subject who has been determined to have elevated levels
of biomarker (e.g., tau, β-amyloid, or glycosylated or
phosphorylated forms of these molecules, and/or a frag-
ment thereof or any combination thereof). This method
comprises detecting the presence and prevalence of bi-
omarker in a test subject as described above, providing
a extracorporeal circulation system, which comprises
contacting the whole blood or components thereof with
a single or plurality of agents capable of binding micro-
vesicles found within the blood, and returning the blood
or components thereof into the subject, whereby the
blood contains substantially less neurodegenerative mol-
ecules (e.g., tau, β-amyloid, or glycosylated or phospho-
rylated forms of these molecules, and/or a fragment
thereof or any combination thereof) in comparison to the
blood or blood components originally residing in the test
subject.
[0187] Exosomes in circulation of a patient with brain
cancer can also be isolated and characterized as follows.
A biological sample, preferably blood, urine, or cerebro-
spinal fluid, is obtained from a patient with brain cancer
and the sample is then contacted with a support, prefer-
ably a filter, membrane, polymer, or bead, that comprises
a lectin joined thereto (e.g., Galanthus nivalis agglutinin
(GNA), Narcissus pseudonarcissus agglutinin (NPA),
Concanavalin A or cyanovirin, Sambucus nigra lectin,
ricin from Ricinus communis (RCA), Dolichos biflorius
lectin, Ulex Europaeus lectin, Vicia villosa lectin, Griffonia
simplicifolia lectin, Solanium tuberosum lectin, Lycoper-
sicon esculentum lectin, Datura stramonium lectin, Eryth-
rina cristagalli lectin, Soybean lectin, Peanut agglutinin,
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Wheat germ agglutinin, or Jacalin lectin). The non-bind-
ing materials are washed from the support and the exo-
somes that remain bound to the lectin and support are
identified. By one approach, biotinylated antibodies,
which bind to an antigenic epitope present on an MHC I
molecule, are contacted with the bound exosomes, as
these antibodies are contemplated to bind to all exo-
somes that would be present on the lectin bound support.
Detection, identification, and quantification of the total
number of exosomes bound to the lectin and support can
be accomplished with streptavidin having a detectable
moiety such as nanogold or Qdots. A second binding
reaction is then conducted, wherein exosomes that are
bound to the lectin and support are contacted with a sec-
ond biotinylated antibody specific for an antigenic epitope
present on tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, or an antigenic frag-
ment of these molecules. Exemplary second binding
agents that are used in these embodiments include an-
tibodies such as: β-amyloid antibody (clone 20.1), which
is a mouse monoclonal IgG2b raised against amino acids
1-40 of human β-amyloid; tau antibody (clone D-8), which
is a mouse monoclonal IgG2b raised against amino acids
1-150 of human tau; S100 β chain antibody (clone
9A11B9), which is a mouse monoclonal IgG1 raised
against the full length recombinant human S100 β chain
protein; anti-A2B5 antibody [clone 105], which is a mouse
monoclonal antibody raised against full length human
A2B5 and binding fragments of said antibodies (e.g., the
CDR domains or Fab fragments). The binding of the sec-
ond antibody to the exosomes that remain on the support
can then be identified and quantified using a streptavidin
having a detectable moiety such as nanogold or Qdots.
By comparing the amounts of exosomes detected after
the first binding agent (the anti-MHC I antibody) to the
amounts of exosomes detected after the second binding
agent (the antibody specific for an antigenic epitope
present on tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, or an antigenic frag-
ment of these molecules), one can determine the ability
of a particular lectin (e.g., Galanthus nivalis agglutinin
(GNA), Narcissus pseudonarcissus agglutinin (NPA),
Concanavalin A or cyanovirin, Sambucus nigra lectin,
ricin from Ricinus communis (RCA), Dolichos biflorius
lectin, Ulex Europaeus lectin, Vicia villosa lectin, Griffonia
simplicifolia lectin, Solanium tuberosum lectin, Lycoper-
sicon esculentum lectin, Datura stramonium lectin, Eryth-
rina cristagalli lectin, Soybean lectin, Peanut agglutinin,
Wheat germ agglutinin, or Jacalin lectin) to preferentially
bind to exosomes that have an antigen present on tau,

β-amyloid, S100Beta, Neuron-specific enolase, Glyco-
protein A2B5, CD133, NQ01, synaptophysin, neuronal
nuclei, MAB1569, polysialic acid-neural cell adhesion
molecule (PSA-NCAM), or neurogenic differentiation 1
(NeuroD or Beta2), or glycosylated or phosphorylated
forms of these molecules, or an antigenic fragment of
these molecules. It is contemplated that one or more of:
Galanthus nivalis agglutinin (GNA), Narcissus pseudon-
arcissus agglutinin (NPA), Concanavalin A or cyanovirin,
Sambucus nigra lectin, ricin from Ricinus communis
(RCA), Dolichos biflorius lectin, Ulex Europaeus lectin,
Vicia villosa lectin, Griffonia simplicifolia lectin, Solanium
tuberosum lectin, Lycopersicon esculentum lectin, Dat-
ura stramonium lectin, Erythrina cristagalli lectin, Soy-
bean lectin, Peanut agglutinin, Wheat germ agglutinin,
or Jacalin lectin will preferentially bind exosomes having
an antigen present, wherein the antigen is one or more
of tau, β-amyloid, S100 β, neuron-specific enolase, glyc-
oprotein A2B5, CD133, NQ01, synaptophysin, neuronal
nuclei, MAB1569, polysialic acid-neural cell adhesion
molecule (PSA-NCAM), or neurogenic differentiation 1
(NeuroD or Beta2), or glycosylated or phosphorylated
forms of these molecules. For example, it is contemplat-
ed that at least, equal to, or a range generated by any
number in between 50%, 51%, 52%, 53%, 54%, 55%,
56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%,
66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%,
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% of the exosomes bound by one
or more of the lectins: Galanthus nivalis agglutinin (GNA),
Narcissus pseudonarcissus agglutinin (NPA), Concana-
valin A or cyanovirin, Sambucus nigra lectin, ricin from
Ricinus communis (RCA), Dolichos biflorius lectin, Ulex
Europaeus lectin, Vicia villosa lectin, Griffonia simplici-
folia lectin, Solanium tuberosum lectin, Lycopersicon es-
culentum lectin, Datura stramonium lectin, Erythrina
cristagalli lectin, Soybean lectin, Peanut agglutinin,
Wheat germ agglutinin, or Jacalin lectin will comprise an
antigen present on one or more of tau, β-amyloid, S100
β, neuron-specific enolase, glycoprotein A2B5, CD133,
NQ01, synaptophysin, neuronal nuclei, MAB1569, poly-
sialic acid-neural cell adhesion molecule (PSA-NCAM),
or neurogenic differentiation 1 (NeuroD or Beta2), or gly-
cosylated or phosphorylated forms of these molecules.
[0188] The invention is generally disclosed herein us-
ing affirmative language to describe the numerous em-
bodiments. The invention also includes embodiments in
which subject matter is excluded, in full or in part, such
as substances or materials, method steps and condi-
tions, protocols, or procedures. Thus, even though the
invention is generally not expressed herein in terms of
what the invention does not include aspects that are not
expressly excluded in the invention are nevertheless dis-
closed herein.
[0189] A number of embodiments of the invention have
been described. Nevertheless, one skilled in the art, with-
out departing from the spirit and scope of the invention,
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can make various changes and modifications of the in-
vention to adapt it to various usages and conditions. For
example, salts, esters, ethers and amides of invention
compounds disclosed herein are within the scope of this
invention. Accordingly, the following examples are in-
tended to illustrate but not limit the scope of invention
described in the claims.

EXAMPLES

Example 1: Preparation of Antibodies Covalently Cou-
pled to Agarose using Cyanogen Bromide

[0190] Brain biomarker specific antibodies such as a
monoclonal antibodies, or a binding fragments thereof
(e.g., a Fab fragment or a fragment having a CDR do-
main), which are specific for an antigenic site or epitope
present on tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, molecules are cova-
lently coupled to agarose (preferably colored agarose)
using cyanogen Bromide and cyanogen bromide (CNBr)
activated agarose according to Cuatrecasas, et al. (Cu-
atrecasas, Wilchek and Anfinsen. Proc Natl Acad Sci
USA 61(2): 636-643, 1968). Exemplary binding agents
that are used in this example include antibodies such as:
β-amyloid antibody (clone 20.1), which is a mouse mon-
oclonal IgG2b raised against amino acids 1-40 of human
β-amyloid; tau antibody (clone D-8), which is a mouse
monoclonal IgG2b raised against amino acids 1-150 of
human tau; S100 β chain antibody (clone 9A11B9), which
is a mouse monoclonal IgG1 raised against the full length
recombinant human S100 β chain protein; anti-A2B5 an-
tibody [clone 105], which is a mouse monoclonal antibody
raised against full length human A2B5 and binding frag-
ments of said antibodies (e.g., the CDR domains or Fab
fragments). In brief, 1 ml of antibody at a concentration
of 10 mg/ml in 0.1M NaHCO3 pH 9.5 is added to 1 ml
CNBr activated agarose microspheres, which can in-
clude a dye (Sigma, St. Louis, Mo.) and allowed to react
overnight in the cold. Care must be taken to maintain
alkaline pH to prevent the potential release of HCN gas.
When the reaction is complete, unreacted materials are
aspirated and the antibody coupled agarose is washed
extensively with sterile cold PBS. The antibody agarose
affinity matrix is then stored cold until ready for use. The
antibody agarose affinity matrix can be incorporated into
a lateral flow diagnostic device.

Example 2: Preparation of an Antibody Covalently Cou-
pled to Glass Beads via Schiff’s Base and Reduction with 
Cyanoborohydride

[0191] An antibody covalently coupled to glass beads,
preferably colored glass beads, via Schiff’s Base and re-

duction with cyanoborohydride is prepared. The affinity
matrix is prepared by a modification of the method of
Hermanson (Hermanson. Bioconjugate Techniques:
785, 1996). Exemplary binding agents that are used in
this example include antibodies such as: β-amyloid an-
tibody (clone 20.1), which is a mouse monoclonal IgG2b
raised against amino acids 1-40 of human β-amyloid; tau
antibody (clone D-8), which is a mouse monoclonal IgG2b
raised against amino acids 1-150 of human tau; S100 β
chain antibody (clone 9A11B9), which is a mouse mon-
oclonal IgG1 raised against the full length recombinant
human S100 β chain protein; anti-A2B5 antibody [clone
105], which is a mouse monoclonal antibody raised
against full length human A2B5 and binding fragments
of said antibodies (e.g., the CDR domains or Fab frag-
ments) Anti-tau monoclonal antibody, for example, is dis-
solved to a final protein concentration of 10 mg/ml in 0.1M
sodium borate pH 9.5 is added to aldehyde derivatized
silica glass beads (BioConnexant, Austin Tex.). The re-
action is most efficient at alkaline pH but will go at pH 7-9
and is normally done at a 2-4 fold excess of protein over
coupling sites. To this mixture is added 10 ml 5M
NaCNBH3 in IN NaOH (Aldrich, St Louis, Mo.) per ml of
coupling reaction and the mixture allowed to react for 2
hours at room temperature. At the end of the reaction,
remaining unreacted aldehyde on the glass surfaces are
capped with 20 ml 3M ethanolamine pH 9.5 per ml of
reaction. After 15 minutes at room temperature, the re-
action solution is decanted and the unbound proteins and
reagents removed by washing extensively in PBS. The
matrix is then stored in the refrigerator until ready for use.
Antibodies, such as a monoclonal antibodies, or a binding
fragments thereof (e.g., a Fab fragment or a fragment
having a CDR domain), which are specific for an antigenic
site or epitope present on tau, β-amyloid, S100 β, neuron-
specific enolase, glycoprotein A2B5, CD133, NQ01, syn-
aptophysin, neuronal nuclei, MAB1569, polysialic acid-
neural cell adhesion molecule (PSA-NCAM), or neuro-
genic differentiation 1 (NeuroD or Beta2), or glycosylated
or phosphorylated forms of these molecules, molecule
can be conjugated or joined to glass beads, preferably
colored glass beads using this method. The antibody
glass bead affinity matrix can be incorporated into a lat-
eral flow diagnostic device.

Example 3: Preparation of an Exosome Specific Antibody 
Covalently Coupled to Chromosorb (Diatomaceous 
Earth) Using Glutaraldehyde

[0192] Brain biomarker specific antibodies such as a
monoclonal antibodies, or a binding fragments thereof
(e.g., a Fab fragment or a fragment having a CDR do-
main), which are specific for an antigenic site or epitope
present on tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
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rylated forms of these molecules, molecules) are cova-
lently coupled to Chromosorb (Diatomaceous Earth) us-
ing glutaraldehyde. Exemplary binding agents that are
used in this example include antibodies such as: β-amy-
loid antibody (clone 20.1), which is a mouse monoclonal
IgG2b raised against amino acids 1-40 of human β-amy-
loid; tau antibody (clone D-8), which is a mouse mono-
clonal IgG2b raised against amino acids 1-150 of human
tau; S100 β chain antibody (clone 9A11B9), which is a
mouse monoclonal IgG1 raised against the full length re-
combinant human S100 β chain protein; anti-A2B5 anti-
body [clone 105], which is a mouse monoclonal antibody
raised against full length human A2B5 and binding frag-
ments of said antibodies (e.g., the CDR domains or Fab
fragments). Preparation of aminated diatomaceous earth
is accomplished using γ-aminopropyl triethoxysilane
(GAPS) (Sigma Chemical, St. Louis, Mo.) and Chromo-
sorb 60/80 mesh. Although other grades of diatoma-
ceous earth may be used, Chromosorb of this mesh size
(200-300 microns in diameter) is often used to prevent
small particulates from entering the sample through the
largest available pore sizes found in hollow-fiber cartridg-
es used for plasma separation (∼0.5 micron). Amino
Chromosorb is prepared by suspension in an excess of
5% aqueous solution of GAPS in an overnight reaction.
Aminated-Chromosorb is washed free of excess reagent
with water and ethanol and dried overnight in a drying
oven to yield an off white powder. One gram of the powder
is then suspended in 5 ml 5% glutaraldehyde (Sigma) for
30 minutes. Excess glutaraldehyde is then removed by
filtration and washing with water until no detectable al-
dehyde remains in the wash using Schiff’s reagent (Sig-
ma Chemical). The filter cake is then resuspended in 5
ml of Sigma borohydride coupling buffer containing 2-3
mg/ml of the antibody and the reaction allowed to proceed
overnight at 4 degrees C. At the end of the reaction, ex-
cess antibody is washed off and the remaining aldehyde
reacted with ethanolamine as described. After final wash-
ing in sterile PBS, the material is stored cold until ready
for use. The antibody Chromosorb affinity matrix can be
incorporated into a lateral flow diagnostic device.

Example 4: Preparation of an Antibody Covalently Cou-
pled to Polyacrylate Beads Using Glutaraldehyde and 
Azide

[0193] Brain biomarker specific antibodies such as a
monoclonal antibodies, or a binding fragments thereof
(e.g., a Fab fragment or a fragment having a CDR do-
main), which are specific for an antigenic site or epitope
present on tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, molecules) are cova-
lently coupled to polyacrylate beads using Glutaralde-
hyde and Azide. Exemplary binding agents that are used

in this example include antibodies such as: β-amyloid
antibody (clone 20.1), which is a mouse monoclonal
IgG2b raised against amino acids 1-40 of human β-amy-
loid; tau antibody (clone D-8), which is a mouse mono-
clonal IgG2b raised against amino acids 1-150 of human
tau; S100 β chain antibody (clone 9A11B9), which is a
mouse monoclonal IgG1 raised against the full length re-
combinant human S100 β chain protein; anti-A2B5 anti-
body [clone 105], which is a mouse monoclonal antibody
raised against full length human A2B5 and binding frag-
ments of said antibodies (e.g., the CDR domains or Fab
fragments). The antibodies are dissolved in a concentra-
tion of 50-200 mg/ml with human serum albumin in a
phosphate-buffered aqueous medium of pH 7.0. Glutar-
aldehyde at a concentration of 0.05-10% is added to the
solution which is then incubated for 1-24 hours, but pref-
erably 12 hours, at 4 degree. C. Excess glutaraldehyde
that remains in the reaction mixture is removed by addi-
tion of glycine, or other suitable compounds known in the
art, to the solution at the end of incubation. This solution
is then diafiltered through a membrane having a minimal
retentively value of 500,000 molecular weight. The dia-
filtered antibody-bearing product is dissolved in saline or
dialysis fluid. To obtain a reactive polymer to act as a
substrate for the antibody, polyacrylic acid polymer
beads (%1 micron in diameter) are activated by the azide
procedure. The ratios of antibody to reactive polyester
are selected to avoid excessive reaction. If this ratio is
appropriately adjusted, the spacing of the antibody along
the polymer chain will allow a binding of the antibody with
the antigen found on microvesicle without untoward steric
hindrances and the antibody conjugate is intended to re-
main soluble.

Example 5: Preparation of Chemically Immobilized Anti-
body onto Nylon

[0194] A preparation of chemically immobilized brain
biomarker specific antibodies such as a monoclonal an-
tibodies, or a binding fragments thereof (e.g., a Fab frag-
ment or a fragment having a CDR domain), which are
specific for an antigenic site or epitope present on tau,
β-amyloid, S100 β, neuron-specific enolase, glycoprotein
A2B5, CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, molecules on nylon is prepared. Exemplary
binding agents that are used in this example include an-
tibodies such as: β-amyloid antibody (clone 20.1), which
is a mouse monoclonal IgG2b raised against amino acids
1-40 of human β-amyloid; tau antibody (clone D-8), which
is a mouse monoclonal IgG2b raised against amino acids
1-150 of human tau; S100 β chain antibody (clone
9A11B9), which is a mouse monoclonal IgG1 raised
against the full length recombinant human S100 β chain
protein; anti-A2B5 antibody [clone 105], which is a mouse
monoclonal antibody raised against full length human
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A2B5 and binding fragments of said antibodies (e.g., the
CDR domains or Fab fragments). The method consists
of serial treatments with HCl, polyethylene imine, and
maleic anhydride methylvinyl ether copolymer, which re-
sults in the stable immobilization of sufficient amounts of
antibodies on a nylon filter, which may be incorporated
into a point of care diagnostic test, such as a lateral flow
assay device or a diagnostic test strip. In one embodi-
ment, Polyethylenevinyl-acetate slips are immersed in
15% (wt/vol) NaOH in 80% (vol/vol) methanol at 58°C for
2 h, washed with water, heated in 2% (vol/vol) aminoa-
cetal in 0.5 N HCl at 58°C for 5 h, washed and dried,
soaked in 1% (wt/vol) maleic anhydride methylvinyl ether
copolymer (MAMEC) in water-free acetone at 25°C for
2.5 h, and dried. Polyurethane slips are heated in water
at 80°C for 6 h, washed with distilled water, dried, treated
in 1% (wt/vol) MAMEC in water-free acetone at 25°C for
2.5 h, washed with acetone, and then dried. Polyvinyl
chloride slips are immersed in 1% (wt/vol) MAMEC in
water-free acetone at 25°C for 2.5 h, washed with ace-
tone, and then dried. MAMEC is introduced onto nylon
slips. After MAMEC is introduced onto various polymeric
slips, the antibodies (protein concentration, 2 mg/ml) sus-
pended in phosphate-buffered saline are immobilized on
the slips at 25°C overnight.

Example 6: Lateral Flow Assay Diagnostic Device

[0195] A lateral flow assay diagnostic device compris-
ing brain biomarker specific antibodies such as a mono-
clonal antibodies, or a binding fragments thereof (e.g., a
Fab fragment or a fragment having a CDR domain), which
are specific for an antigenic site or epitope present on
tau, β-amyloid, S100 β, neuron-specific enolase, glyco-
protein A2B5, CD133, NQ01, synaptophysin, neuronal
nuclei, MAB1569, polysialic acid-neural cell adhesion
molecule (PSA-NCAM), or neurogenic differentiation 1
(NeuroD or Beta2), or glycosylated or phosphorylated
forms of these molecules, molecules can be prepared
using techniques well established in the art (e.g., utilizing
approaches employed by Millipore™ Rapid Lateral Flow
Test Strips and Bangs Laboratories, Inc. TechNote 303).
Exemplary binding agents that are used in this example
include antibodies such as: β-amyloid antibody (clone
20.1), which is a mouse monoclonal IgG2b raised against
amino acids 1-40 of human β-amyloid; tau antibody
(clone D-8), which is a mouse monoclonal IgG2b raised
against amino acids 1-150 of human tau; S100 β chain
antibody (clone 9A11B9), which is a mouse monoclonal
IgG1 raised against the full length recombinant human
S100 β chain protein; anti-A2B5 antibody [clone 105],
which is a mouse monoclonal antibody raised against full
length human A2B5 and binding fragments of said anti-
bodies (e.g., the CDR domains or Fab fragments). By
one approach a first binding agent such as monoclonal
antibodies, or binding fragments thereof (e.g., a Fab frag-
ment or a fragment having a CDR domain), which are
specific for an antigenic site or epitope present on tau,

β-amyloid, S100 β, neuron-specific enolase, glycoprotein
A2B5, CD133, NQ01, synaptophysin, neuronal nuclei,
MAB1569, polysialic acid-neural cell adhesion molecule
(PSA-NCAM), or neurogenic differentiation 1 (NeuroD or
Beta2), or glycosylated or phosphorylated forms of these
molecules, molecules) having a detectable moiety (e.g.,
a colored bead) is immobilized to the nylon membrane
at a discrete zone and a second binding agent, which
may be an antibody, fragment thereof or lectin that is
specific for an epitope or antigen on MHC I or II is immo-
bilized to the nylon membrane at a second discrete zone.
The nylon membrane having the binding agents is then
incorporated into a lateral flow device. When the nylon
is contacted with a biological sample, including urine,
blood, plasma, or cerebral spinal fluid that comprises a
brain-specific extracellular vesicle or exosome, a biolog-
ical complexes comprising the first binding agent joined
to the brain-specific extracellular vesicle or exosome and
the second binding agent are formed.

Example 7 Removal of Exosomes from Blood Using Plas-
mapheresis

[0196] Selective removal of exosomes from blood may
be accomplished using plasmapheresis combined with
affinity capture using any of the matrices described in
Examples 1-6. Exemplary binding agents that are used
in this example include antibodies such as: β-amyloid
antibody (clone 20.1), which is a mouse monoclonal
IgG2b raised against amino acids 1-40 of human β-amy-
loid; tau antibody (clone D-8), which is a mouse mono-
clonal IgG2b raised against amino acids 1-150 of human
tau; S100 β chain antibody (clone 9A11B9), which is a
mouse monoclonal IgG1 raised against the full length re-
combinant human S100 β chain protein; anti-A2B5 anti-
body [clone 105], which is a mouse monoclonal antibody
raised against full length human A2B5 and binding frag-
ments of said antibodies (e.g., the CDR domains or Fab
fragments). Plasmapheresis is done using either centrif-
ugal separation or hollow-fiber plasma separation meth-
ods. The blood circuit is anticoagulated with a continuous
heparin infusion in the afferent limb. The activated clot-
ting time (ACT) is measured every hour, and the heparin
infusion is adjusted to maintain the ACT between 160
and 180 seconds.
[0197] The plasma obtained from the patient may be
discarded and replaced with a combination of normal sa-
line and fresh plasma from healthy donors (i.e. plasma
exchange). Alternatively, the plasma containing the mi-
crovesicles can be pumped at 60-100 ml/min over the
affinity matrix which captures the exosomes. The cleaned
plasma may then be reinfused into the patient. The clear-
ance of the microvesicles may be monitored based on
the concentration of microvesicles remaining in circula-
tion
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Example 8: Identification of Circulating Exosomes Using 
Streptavidin-conjugate Qdots and NS300

[0198] Exosomes in circulation of a patient with brain
cancer were labeled with biotinylated primary antibody.
The exosomes were then visualized with streptavidin-
conjugated quantum dots (Qdots). The streptavidin
Qdots, which are fluorescent at 655nm, specifically bind
to the biotin on the primary antibody. The circulating ex-
osomes were then quantitated using NanoSight NS300.
Figure 1 depicts the total exosomes defined in light scat-
ter mode. Figure 3 depicts quantification of total circulat-
ing exosomes in a 3-dimensional Cartesian plot with "par-
ticle size" on the x-axis, "relative intensity" on the y-axis,
and "total circulating exosomes" on the z-axis.

Example 9: Identification of Circulating Brain Derived Ex-
osomes Identified by β-Amyloid Expression Using 
Streptavidin-conjugate Qdots and NS300

[0199] Exosomes in circulation of a patient with brain
cancer were labeled with biotinylated primary antibody
specific for an antigen present on β-amyloid (β-amyloid
antibody (clone 20.1), which is a mouse monoclonal
IgG2b raised against amino acids 1-40 of human β-amy-
loid). The exosomes were then visualized with streptavi-
din-conjugated quantum dots (Qdots). The streptavidin
Qdots, which are fluorescent at 655nm, specifically bind
to the biotin on the primary antibody. The circulating ex-
osomes were then quantitated using NanoSight NS300.
Figure 2 depicts brain-derived exosomes identified by β-
amyloid expression, determined in fluorescent mode.
Figure 5 depicts brain-derived exosomes identified by β-
amyloid expression, determined in fluorescent mode in
a 3-dimensional Cartesian plot with "particle size" on the
x-axis, "relative intensity" on the y-axis, and "Circulating
Exosomes of Brain Origin β-Amyloid" on the z-axis.

Example 10: Identification of Circulating Brain Derived 
Exosomes Identified by Tau Expression, S100 Expres-
sion, and A2B5 Expression Using Streptavidin-conjugate 
Qdots and NS300

[0200] Exosomes in circulation of a patient with brain
cancer were labeled with biotinylated primary antibody
specific for an antigen present on tau (tau antibody (clone
D-8), which is a mouse monoclonal IgG2b raised against
amino acids 1-150 of human tau), S100(S100 β chain
antibody (clone 9A11B9), which is a mouse monoclonal
IgG1 raised against the full length recombinant human
S100 β chain protein) and A2B5(anti-A2B5 antibody
[clone 105], which is a mouse monoclonal antibody
raised against full length human A2B5). The exosomes
were then visualized with streptavidin-conjugated quan-
tum dots (Qdots). The streptavidin Qdots, which are flu-
orescent at 655nm, specifically bind to the biotin on the
primary antibody. The circulating exosomes were then
quantitated using NanoSight NS300. Figure 4 depicts

brain-derived exosomes identified by Tau expression,
determined in fluorescent mode in a 3-dimensional Car-
tesian plot with "particle size" on the x-axis, "relative in-
tensity" on the y-axis, and "Circulating Exosomes of Brain
Origin Tau" on the z-axis. Figure 6 depicts brain-derived
exosomes identified by A2B5 expression, determined in
fluorescent mode in a 3-dimensional Cartesian plot with
"particle size" on the x-axis, "relative intensity" on the y-
axis, and "Circulating Exosomes of Brain Origin Tau" on
the z-axis. Figure 7 depicts brain-derived exosomes iden-
tified by S100 expression, determined in fluorescent
mode in a 3-dimensional Cartesian plot with "particle
size" on the x-axis, "relative intensity" on the y-axis, and
"Circulating Exosomes of Brain Origin Tau" on the z-axis.

Example 11: Identification of Lectins that selectively bind 
to Brain Derived Exosomes

[0201] Exosomes in circulation of a patient with brain
cancer can be isolated and characterized as follows. A
biological sample, preferably blood, urine, or cerebros-
pinal fluid, is obtained from a patient with brain cancer.
The biological sample is then contacted with a support,
preferably a filter, membrane, polymer, or bead, that
comprises a lectin joined thereto (e.g., Galanthus nivalis
agglutinin (GNA), Narcissus pseudonarcissus agglutinin
(NPA), Concanavalin A or cyanovirin, Sambucus nigra
lectin, ricin from Ricinus communis (RCA), Dolichos bi-
florius lectin, Ulex Europaeus lectin, Vicia villosa lectin,
Griffonia simplicifolia lectin, Solanium tuberosum lectin,
Lycopersicon esculentum lectin, Datura stramonium lec-
tin, Erythrina cristagalli lectin, Soybean lectin, Peanut ag-
glutinin, Wheat germ agglutinin, or Jacalin lectin). The
non-binding materials are washed from the support and
the exosomes that remain bound to the lectin and support
are identified. By one approach, biotinylated antibodies,
which bind to an antigenic epitope present on an MHC I
molecule, are contacted with the bound exosomes, as
these antibodies are contemplated to bind to all exo-
somes that would be present on the lectin bound support.
Detection, identification, and quantification of the total
number of exosomes bound to the lectin and support can
be accomplished with streptavidin having a detectable
moiety such as nanogold or Qdots. A second binding
reaction is then conducted, wherein exosomes that are
bound to the lectin and support are contacted with a sec-
ond biotinylated antibody specific for an antigenic epitope
present on tau, β-amyloid, S100 β, neuron-specific eno-
lase, glycoprotein A2B5, CD133, NQ01, synaptophysin,
neuronal nuclei, MAB1569, polysialic acid-neural cell ad-
hesion molecule (PSA-NCAM), or neurogenic differenti-
ation 1 (NeuroD or Beta2), or glycosylated or phospho-
rylated forms of these molecules, or an antigenic frag-
ment of these molecules. The binding of the second an-
tibody to the exosomes that remain on the support can
then be identified and quantified using a streptavidin hav-
ing a detectable moiety such as nanogold or Qdots. By
comparing the amounts of exosomes detected after the
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first binding agent (the anti-MHC I antibody) to the
amounts of exosomes detected after the second binding
agent (the antibody specific for an antigen present on
tau, β-amyloid, S100 β, neuron-specific enolase, glyco-
protein A2B5, CD133, NQ01, synaptophysin, neuronal
nuclei, MAB1569, polysialic acid-neural cell adhesion
molecule (PSA-NCAM), or neurogenic differentiation 1
(NeuroD or Beta2), or glycosylated or phosphorylated
forms of these molecules, or an antigenic fragment of
these molecules), one can determine the ability of a par-
ticular lectin (e.g., Galanthus nivalis agglutinin (GNA),
Narcissus pseudonarcissus agglutinin (NPA), Concana-
valin A or cyanovirin, Sambucus nigra lectin, ricin from
Ricinus communis (RCA), Dolichos biflorius lectin, Ulex
Europaeus lectin, Vicia villosa lectin, Griffonia simplici-
folia lectin, Solanium tuberosum lectin, Lycopersicon es-
culentum lectin, Datura stramonium lectin, Erythrina
cristagalli lectin, Soybean lectin, Peanut agglutinin,
Wheat germ agglutinin, or Jacalin lectin) to preferentially
bind to exosomes that have an antigen present, wherein
the antigen is tau, β-amyloid, S100 β, neuron-specific
enolase, glycoprotein A2B5, CD133, NQ01, synapto-
physin, neuronal nuclei, MAB1569, polysialic acid-neural
cell adhesion molecule (PSA-NCAM), or neurogenic dif-
ferentiation 1 (NeuroD or Beta2), or glycosylated or phos-
phorylated forms of these molecules, or an antigenic frag-
ment of these molecules. It is contemplated that one or
more of: Galanthus nivalis agglutinin (GNA), Narcissus
pseudonarcissus agglutinin (NPA), Concanavalin A or
cyanovirin, Sambucus nigra lectin, ricin from Ricinus
communis (RCA), Dolichos biflorius lectin, Ulex Euro-
paeus lectin, Vicia villosa lectin, Griffonia simplicifolia lec-
tin, Solanium tuberosum lectin, Lycopersicon esculen-
tum lectin, Datura stramonium lectin, Erythrina cristagalli
lectin, Soybean lectin, Peanut agglutinin, Wheat germ
agglutinin, or Jacalin lectin will preferentially bind exo-
somes having an antigen present, wherein the antigen
is one or more of tau, β-amyloid, S100 β, neuron-specific
enolase, glycoprotein A2B5, CD133, NQ01, synapto-
physin, neuronal nuclei, MAB1569, polysialic acid-neural
cell adhesion molecule (PSA-NCAM), or neurogenic dif-
ferentiation 1 (NeuroD or Beta2), or glycosylated or phos-
phorylated forms of these molecules. For example, it is
contemplated that at least, equal to, or a range generated
by any number in between 50%, 51%, 52%, 53%, 54%,
55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%,
65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%,
75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% of the exosomes bound
by one or more of the lectins: Galanthus nivalis agglutinin
(GNA), Narcissus pseudonarcissus agglutinin (NPA),
Concanavalin A or cyanovirin, Sambucus nigra lectin,
ricin from Ricinus communis (RCA), Dolichos biflorius
lectin, Ulex Europaeus lectin, Vicia villosa lectin, Griffonia
simplicifolia lectin, Solanium tuberosum lectin, Lycoper-
sicon esculentum lectin, Datura stramonium lectin, Eryth-
rina cristagalli lectin, Soybean lectin, Peanut agglutinin,

Wheat germ agglutinin, or Jacalin lectin will comprise an
antigen present on one or more of tau, β-amyloid, S100
β, neuron-specific enolase, glycoprotein A2B5, CD133,
NQ01, synaptophysin, neuronal nuclei, MAB1569, poly-
sialic acid-neural cell adhesion molecule (PSA-NCAM),
or neurogenic differentiation 1 (NeuroD or Beta2), or gly-
cosylated or phosphorylated forms of these molecules.
[0202] Furthermore, although the foregoing has been
described in some detail by way of illustrations and ex-
amples for purposes of clarity and understanding, it will
be understood by those of skill in the art that numerous
and various modifications can be made without departing
from the spirit of the present disclosure. Therefore, it
should be clearly understood that the forms disclosed
herein are illustrative only and are not intended to limit
the scope of the present disclosure, but rather to also
cover all modification and alternatives coming with the
true scope and spirit of the invention.

Claims

1. A diagnostic device, comprising:

a substrate comprising a sample reservoir,
wherein said sample reservoir is configured to
receive an amount of a biological sample and
said sample reservoir comprises an amount of
one or more mobilizable labeled antibodies or
binding fragments thereof specific for tau, glyc-
osylated tau, phosphorylated tau, β-amyloid,
glycosylated β-amyloid, phosphorylated β-amy-
loid, and/or a fragment thereof or any combina-
tion thereof;
an absorbent material in fluid communication,
such as by capillary flow, with said substrate dis-
tal from said sample reservoir;
a lectin immobilized to said substrate at a test
zone, wherein said test zone is in fluid commu-
nication, such as by capillary flow, with said sam-
ple reservoir and said absorbent material;
a first amount of tau, glycosylated tau, phospho-
rylated tau, β-amyloid, glycosylated β-amyloid,
phosphorylated β-amyloid, and/or a fragment
thereof or any combination thereof immobilized
to said substrate at a first control/standard zone,
wherein said first control/standard zone is in fluid
communication, such as by capillary flow, with
said sample reservoir and, wherein the first
amount of protein in the first control/standard
zone is an amount detectable by said mobiliza-
ble labeled antibodies or binding fragments
thereof in a biological sample obtained from a
healthy subject; and/or
a second amount of tau, glycosylated tau, phos-
phorylated tau, β-amyloid, glycosylated β-amy-
loid, phosphorylated β-amyloid, and/or a frag-
ment thereof or any combination thereof immo-
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bilized to said substrate at a second con-
trol/standard zone, wherein the second amount
of protein in the second control/standard zone
is an amount detectable by said mobilizable la-
beled antibodies or binding fragments thereof in
a biological sample obtained from a subject that
has a brain pathology, such as Alzheimer’s dis-
ease or chronic traumatic encephalopathy
(CTE); and preferably, the first and/or second
amounts of tau, glycosylated tau, phosphorylat-
ed tau, β-amyloid, glycosylated β-amyloid,
phosphorylated β-amyloid, and/or a fragment
thereof or any combination thereof is the detect-
able amount of said proteins in the same volume
of the same biological sample from said healthy
subject and said subject that has a brain pathol-
ogy, respectively, as the biological sample from
said tested subject.

2. The device of claim 1, wherein the substrate is a
membrane selected from the group consisting of
polysulfone, polyethersulfone, polyamide, polyim-
ide, nitrocellulose, PVDF, nylon and cellulose ace-
tate.

3. The device of claim 1-2, wherein the biological sam-
ple is selected from the group consisting of blood,
plasma, urine, sweat, milk, cerebrospinal fluid, and
saliva.

4. The device of claim 1-3, wherein the lectin is a Ricin
lectin.

5. The device of claim 1-4, wherein the label on the
antibodies is colloidal carbon, colloidal gold, a fluo-
rescent label, a quantum dot, a phosphor, a colored
particle, a bioluminescent marker, an enzyme label,
a paramagnetic particle, or a colored latex particles.

6. The diagnostic device of any one or more of claims
1-5, wherein the tau, β-amyloid, or glycosylated or
phosphorylated forms of these molecules, which are
immobilized on the device, is in the amount of 1 pg/ml
to 500 mg/ml, 1 pg/ml to 100 pg/ml, 100 pg/ml to
1,000 pg/ml, 1 ng/ml to 100 ng/ml, 100 ng/ml to 1,000
ng/ml, and 1 mg/ml to 500 mg/ml, or an amount that
is within a range defined by any two amounts within
one or more of the aforementioned ranges of
amounts or if the control zone comprises tau, the
amount of tau immobilized is at a concentration
greater than or equal to 7, 8, 9, or 10 x 108/ml.

7. The device of claim 1-6, wherein the brain pathology
is chronic traumatic encephalopathy.

8. The device of claim 1-6, wherein the brain pathology
is Alzheimer’s disease.

9. The device of claim 1-8, wherein the first and second
amounts is tau immobilized to the substrate.

10. The device of claim 1-9, wherein the first and second
amounts is β-amyloid immobilized to the substrate.

11. The device of claim 1-6, wherein the device compris-
es tau.

12. The device of claim 1-6, wherein the device compris-
es β-amyloid.

Patentansprüche

1. Diagnosevorrichtung, umfassend:

ein Substrat, umfassend ein Probenreservoir,
wobei das Probenreservoir dazu ausgelegt ist,
eine Menge einer biologischen Probe aufzuneh-
men, und das Probenreservoir eine Menge ei-
nes oder mehrerer mobilisierbarer markierter
Antikörper oder Bindungsfragmente davon um-
fasst, die für Tau, glykosyliertes Tau, phospho-
ryliertes Tau, β-Amyloid, glykosyliertes β-Amy-
loid, phosphoryliertes β-Amyloid und/oder ein
Fragment davon oder eine beliebige Kombina-
tion davon spezifisch sind;
ein Absorptionsmaterial, das sich in Fluidverbin-
dung, wie etwa durch Kapillarströmung, mit dem
Substrat befindet, distal zu dem Probenreser-
voir;
ein Lektin, das auf dem Substrat in einer Test-
zone immobilisiert ist, wobei sich die Testzone
in Fluidverbindung, wie etwa durch Kapillarströ-
mung, mit dem Probenreservoir und dem Ab-
sorptionsmaterial befindet;
eine erste Menge von Tau, glykosyliertem Tau,
phosphoryliertem Tau, β-Amyloid, glykosylier-
tem β-Amyloid, phosphoryliertem β-Amyloid
und/oder einem Fragment davon oder einer be-
liebigen Kombination davon, die auf dem Sub-
strat in einer ersten Kontroll-/Standardzone im-
mobilisiert ist, wobei sich die erste Kon-
troll-/Standardzone in Fluidverbindung, wie et-
wa durch Kapillarströmung, mit dem Probenre-
servoir befindet und wobei die erste Menge von
Protein in der ersten Kontroll-/Standardzone ei-
ne Menge ist, die durch die mobilisierbaren mar-
kierten Antikörper oder Bindungsfragmente da-
von in einer biologischen Probe nachweisbar ist,
die von einem gesunden Individuum stammt;
und/oder
eine zweite Menge von Tau, glykosyliertem Tau,
phosphoryliertem Tau, β-Amyloid, glykosylier-
tem β-Amyloid, phosphoryliertem β-Amyloid
und/oder einem Fragment davon oder einer be-
liebigen Kombination davon, die auf dem Sub-
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strat in einer zweiten Kontroll-/Standardzone im-
mobilisiert ist, wobei die zweite Menge von Pro-
tein in der zweiten Kontroll-/Standardzone eine
Menge ist, die durch die mobilisierbaren mar-
kierten Antikörper oder Bindungsfragmente da-
von in einer biologischen Probe nachweisbar ist,
die von einem Individuum stammt, das an einer
Hirnerkrankung, wie z. B. Alzheimer-Krankheit
oder chronisch-traumatischer Enzephalopathie
(CTE), leidet; und bevorzugt die erste und/oder
zweite Menge von Tau, glykosyliertem Tau,
phosphoryliertem Tau, β-Amyloid, glykosylier-
tem β-Amyloid, phosphoryliertem β-Amyloid
und/oder einem Fragment davon oder einer be-
liebigen Kombination davon die nachweisbare
Menge der Proteine in dem gleichen Volumen
der gleichen biologischen Probe von dem ge-
sunden Individuum bzw. dem Individuum mit ei-
ner Hirnerkrankung wie der biologischen Probe
von dem getesteten Individuum ist/sind.

2. Vorrichtung nach Anspruch 1, wobei das Substrat
eine Membran ist, die ausgewählt aus der Gruppe,
bestehend aus Polysulfon, Polyethersulfon, Polya-
mid, Polyimid, Nitrocellulose, PVDF, Nylon und Cel-
luloseacetat.

3. Vorrichtung nach Anspruch 1-2, wobei die biologi-
sche Probe ausgewählt ist aus der Gruppe, beste-
hend aus Blut, Plasma, Urin, Schweiß, Milch, Liquor
und Speichel.

4. Vorrichtung nach Anspruch 1-3, wobei das Lektin
ein Rizin-Lektin ist.

5. Vorrichtung nach Anspruch 1-4, wobei es sich bei
der Markierung der Antikörper um kolloidalen Koh-
lenstoff, kolloidales Gold, eine Fluoreszenzmarkie-
rung, einen Quantenpunkt, einen Leuchtstoff, ein
Farbpartikel, einen biolumineszierenden Marker, ei-
ne Enzymmarkierung, ein paramagnetisches Parti-
kel oder farbige Latexpartikel handelt.

6. Diagnosevorrichtung nach einem oder mehreren der
Ansprüche 1-5, wobei das Tau, β-Amyloid oder gly-
kosylierte oder phosphorylierte Formen dieser Mo-
leküle, die auf der Vorrichtung immobilisiert sind, in
der Menge von 1 pg/ml bis 500 mg/ml, 1 pg/ml bis
100 pg/ml, 100 pg/ml bis 1.000 pg/ml, 1 ng/ml bis
100 ng/ml, 100 ng/ml bis 1.000 ng/ml und 1 mg/ml
bis 500 mg/ml oder einer Menge vorliegen, die inner-
halb eines Bereichs liegt, der durch beliebige zwei
Mengen innerhalb eines oder mehrerer der vorge-
nannten Mengenbereiche definiert ist, oder, wenn
die Kontrollzone Tau umfasst, die Menge an mobi-
lisiertem Tau bei einer Konzentration größer gleich
7, 8, 9 oder 10 x 108 /ml liegt.

7. Vorrichtung nach Anspruch 1-6, wobei es sich bei
der Hirnerkrankung um chronisch-traumatische En-
zephalopathie handelt.

8. Vorrichtung nach Anspruch 1-6, wobei es sich bei
der Hirnerkrankung um die Alzheimer-Krankheit
handelt.

9. Vorrichtung nach Anspruch 1-8, wobei es sich bei
der ersten und zweiten Menge um auf dem Substrat
immobilisiertes Tau handelt.

10. Vorrichtung nach Anspruch 1-9, wobei es sich bei
der ersten und zweiten Menge um auf dem Substrat
immobilisiertes β-Amyloid handelt.

11. Vorrichtung nach Anspruch 1-6, wobei die Vorrich-
tung Tau umfasst.

12. Vorrichtung nach Anspruch 1-6, wobei die Vorrich-
tung β-Amyloid umfasst.

Revendications

1. Dispositif de diagnostic, comprenant :

un substrat comprenant un réservoir d’échan-
tillon, dans lequel ledit réservoir d’échantillon est
conçu pour recevoir une quantité d’un échan-
tillon biologique et ledit réservoir d’échantillon
comprend une quantité d’un ou de plusieurs an-
ticorps marqués mobilisables ou de fragments
de liaison de ceux-ci spécifiques pour la tau, la
tau glycosylée, la tau phosphorylée, la β-amy-
loïde, la β-amyloïde glycosylée, la β-amyloïde
phosphorylée et/ou un fragment de celles-ci ou
toute combinaison de celles-ci ;
un matériau absorbant en communication flui-
dique, comme par écoulement capillaire, avec
ledit substrat distal par rapport audit réservoir
d’échantillon ;
une lectine immobilisée sur ledit substrat au ni-
veau d’une zone de test, dans lequel ladite zone
de test est en communication fluidique, comme
par écoulement capillaire, avec ledit réservoir
d’échantillon et ledit matériau absorbant ;
une première quantité de tau, de tau glycosylée,
de tau phosphorylée, de β-amyloïde, de β-amy-
loïde glycosylée, de β-amyloïde phosphorylée
et/ou d’un fragment de celles-ci ou de toute com-
binaison de celles-ci immobilisée sur ledit subs-
trat au niveau d’une première zone témoin/stan-
dard, dans lequel ladite première zone té-
moin/standard est en communication fluidique,
comme par écoulement capillaire, avec ledit ré-
servoir d’échantillon et, dans lequel la première
quantité de protéine dans la première zone té-
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moin/standard est une quantité détectable par
lesdits anticorps marqués mobilisables ou les
fragments de liaison de ceux-ci dans un échan-
tillon biologique obtenu à partir d’un sujet en
bonne santé ; et/ou
une seconde quantité de tau, de tau glycosylée,
de tau phosphorylée, de β-amyloïde, de β-amy-
loïde glycosylée, de β-amyloïde phosphorylée
et/ou d’un fragment de celles-ci ou de toute com-
binaison de celles-ci immobilisée sur ledit subs-
trat au niveau d’une seconde zone témoin/stan-
dard, dans lequel la seconde quantité de protéi-
ne dans la seconde zone témoin/standard est
une quantité détectable par lesdits anticorps
marqués mobilisables ou les fragments de
liaison de ceux-ci dans un échantillon biologique
obtenu à partir d’un sujet atteint d’une pathologie
cérébrale, comme la maladie d’Alzheimer ou
une encéphalopathie traumatique chronique
(CTE) ; et de préférence, les première et/ou se-
conde quantités de tau, de tau glycosylée, de
tau phosphorylée, de β-amyloïde, de β-amyloï-
de glycosylée, de β-amyloïde phosphorylée
et/ou d’un fragment de celles-ci ou de toute com-
binaison de celles-ci est la quantité détectable
desdites protéines dans le même volume du mê-
me échantillon biologique dudit sujet en bonne
santé et dudit sujet atteint d’une pathologie cé-
rébrale, respectivement, comme l’échantillon
biologique dudit sujet testé.

2. Dispositif selon la revendication 1, dans lequel le
substrat est une membrane choisie dans le groupe
constitué de polysulfone, de polyéthersulfone, de
polyamide, de polyimide, de nitrocellulose, de
PVDF, de nylon et d’acétate de cellulose.

3. Dispositif selon la revendication 1 à 2, dans lequel
l’échantillon biologique est choisi dans le groupe
constitué de sang, de plasma, d’urine, de sueur, de
lait, de liquide céphalorachidien et de salive.

4. Dispositif selon la revendication 1 à 3, dans lequel
la lectine est une lectine de ricin.

5. Dispositif selon la revendication 1 à 4, dans lequel
le marqueur sur les anticorps est le carbone colloï-
dal, l’or colloïdal, un marqueur fluorescent, un point
quantique, un phosphore, une particule colorée, un
marqueur bioluminescent, un marqueur enzymati-
que, une particule paramagnétique ou une particule
de latex colorée.

6. Dispositif de diagnostic selon l’une quelconque ou
plusieurs des revendications 1 à 5, dans lequel la
tau, la β-amyloïde ou les formes glycosylée ou phos-
phorylée de ces molécules, qui sont immobilisées
sur le dispositif, est de la quantité de 1 pg/ml à 500

mg/ml, de 1 pg/ml à 100 pg/ml, de 100 pg/ml à 1 000
pg/ml, de 1 ng/ml à 100 ng/ml, de 100 ng/ml à 1 000
ng/ml et de 1 mg/ml à 500 mg/ml, ou une quantité qui
est comprise dans une plage définie par deux quan-
tités quelconques comprises dans une ou plusieurs
des plages de quantités susmentionnées ou si la zo-
ne témoin comprend la tau, la quantité de tau immo-
bilisée se situe à une concentration supérieure ou
égale à 7, 8, 9 ou 10 x 108/ml.

7. Dispositif selon la revendication 1 à 6, dans lequel
la pathologie cérébrale est une encéphalopathie
traumatique chronique.

8. Dispositif selon la revendication 1 à 6, dans lequel
la pathologie cérébrale est la maladie d’Alzheimer.

9. Dispositif selon la revendication 1 à 8, dans lequel
les première et seconde quantités sont immobilisées
par la tau au substrat.

10. Dispositif selon la revendication 1 à 9, dans lequel
les première et seconde quantités sont immobilisées
par la β-amyloïde au substrat.

11. Dispositif selon la revendication 1 à 6, dans lequel
le dispositif comprend la tau.

12. Dispositif selon la revendication 1 à 6, dans lequel
le dispositif comprend la β-amyloïde.
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摘要(译)

公开了用于分离脑特异性外泌体的方法，组合物，装置和试剂盒。具体
而言，方法，组合物，装置和试剂盒包括与第一结合剂结合的分离的脑
特异性细胞外囊泡或外泌体，该第一结合剂对tau，β-淀粉样蛋白，
S100β，神经元特异性烯醇酶，糖蛋白A2B5，CD133，NQ01具有特异
性提供了突触素，神经元核，MAB1569，多唾液酸-神经细胞粘附分子
（PSA-NCAM）或神经原性分化1（NeuroD或Beta2）或这些分子的糖
基化或磷酸化形式。
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