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relates to detection technology of various exosomal biomarkers including proteins, protein modifications, sugars, RNA, DNA, lipids,
and metabolites, and combinations thereof.
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METHODS FOR ISOLATING AND ENRICHING POPULATIONS OF BIOFLUID-
DERIVED EXTRACELLULAR VESICLES, AND METHODS OF USE THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to and the benefit of U.S. Provisional Application Nos.
62/531,845, filed July 12, 2017 and 62/678,853, filed May 31, 2018, which applications are

herein incorporated by reference in their entireties.

BACKGROUND
[0002] Extracellular vesicles (EVs), e.g., exosomes and other microvesicles, are small, lipid
bilayer-encapsulated microparticles released by cells into the extracellular environment.
Extracellular vesicles are typically with diameter range in size from30 nm to 10 microns. EVs
are secreted from most if not all cell types and are found in body-fluids including plasma, serum,
urine and cerebrospinal fluid. EVs serve as a natural vector for delivering macromolecules
including protein, nucleic acids such as DNA and RNA, bioactive lipids and carbohydrates
between cells. EVs signaling has been shown to play important roles in a wide range of
physiological and pathological conditions including oncogenic disease, neurodegenerative
disease, cardiovascular disease, autoimmune disease and metabolic disorders. EV surface
contains markers (proteins / carbohydrates) inherited from the surface of the cell of origin
allowing for the classification and targeting of cell and tissue-specific EVs. EV cargo (inclusive
but not limited to proteins and RNA) depends on their cell of origin, the donor pathophysiological
status, cellular conditions such as oxidative or metabolic stress as well as the donor responses to
therapy interventions and therefore may serve as a source of biomarkers for specific body or
disease conditions. Blood circulates throughout the body and is routinely collected in clinical
practice, making it an ideal source of disease biomarkers. Serum and plasma, the liquid and cell-
free phase of the blood, contains EVs as well as other particles, circulating free proteins,
circulating free DNA and lipids. The abundance of certain components such as albumin and
complement system in plasma sample make detecting rare metabolites and proteins particularly
challenging. Protein detection is mostly based on antibody-antigen interaction, commonly
referred to as immunoassay. This principle is used by traditional methods like gel electrophoresis
(western  blot), and enzyme-linked immunosorbent assay (ELISA) and Immuno-
chemiluminescence as well as by newer digital methodology like Single Molecule Array (Simoa)

and Erenna. Immunoassay performance depends on the quality (sensitivity and specificity) of
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the antibody, regardless of detection method. Antibody-antigen interaction properties depend on
the antibody specificity and the environment of the interaction, which include: Buffer
concentration of salt and proteins, pH and the availability of the antigen. Plasma and serum are
rich in different components such as proteins and metabolites, and this complex milieu with
abundant proteins is a poor environment for protein immunoassays, especially if the target
analyte is less abundant. Using EVs overcomes this problem, since purification of EVs or a
subpopulation of EVs will reduce the complexity of the sample and allow detection of low
abundant targets or epitopes from the sample. Additionally, RNA in biofluids such as plasma or
serum by nature is labile and subject to various types of RNase enzymes that digest it.

[0003] Currently EVs are isolated by ultracentrifugation with or without density gradient. While
this process produces relatively pure EV population, it is labor intensive, inefficient and generates
high sample to sample variability. Other methods include chemical precipitation, which co-
isolates many non-vesicular components that can interfere in the detection assay. Isolation
methods with low EV purity is therefore suboptimal for immunoassay methods as well as other
detection methods. Moreover, these methods enrich many kinds of EVs that are found in the
plasma, representing highly heterogeneous populations of EVs secreted from large variety of cell
types. A large mixture of EV types from different cellular origins can interfere with
immunoassays or over represent protein and RNA signatures from normal tissues and cells that
mask profiles from disease EVs. For these reasons, a simple and reproducible method for
isolating either the total EV population or the purification of a specific subpopulation of EVs can
significantly enhance the detection of EV-associated protein and RNA based biomarkers.

[0004] Neurodegenerative diseases develop over decades and effective preventative therapy
must begin before irreversible neuronal damage occurs. Unfortunately, neurodegenerative
diseases are often not recognized until reaching late stages because diagnosis is based on clinical
symptoms which do not manifest until significant neurological damage has already occurred.
Verification of the diagnosis requires expensive bioimaging procedures and/or invasive studies
on cerebrospinal fluid. Even so a definitive diagnosis is only possible by postmortem
neuroanatomical and neurochemical analyses of brain tissue. The inability to medically intervene
a neurodegenerative disease at a late stage is manifested in many remarkable drug trial failures,
leading to no disease-modifying treatment yet for major neurodegenerative diseases such as
Alzheimer’s. EV-based biomarkers could potentially fill this gap to enable early detection, and
non-invasive continuous monitoring even before the disease symptoms occur.

[0005] Therefore, there is a need in the art for accurate, safe, inexpensive and precise tests that
can predict risk, identify diseases and monitor progression and responses to therapy of diseases

at early stages, including for neurodegenerative diseases.
2



10

I5

20

25

30

35

WO 2019/014486 PCT/US2018/041884

[0006] For the purpose of disclosure of the present invention, nucleic acids, proteins, lipids and
carbohydrates are referred to as either in an isolated pure form (either in monomer or in oligomer)
or in a complex(es) formed among these macromolecules. Additionally, EVs, exosomes, and

microvesicles are used interchangeably in this disclosure.

SUMMARY OF THE INVENTION

[0007[ The invention relates to a novel method of obtaining extracellular vesicles from a
biological sample which can be used in providing prognosis, monitoring the effectiveness of a
treatment and treatment response, and for use in patient stratification for clinical trials in a
disease, including, but not limited to cancers, metabolic diseases, cardiovascular diseases,
autoimmune, and neurodegenerative diseases. The invention further provides a method to
identify useful biomarkers in these diseases.

[0008] In one aspect, the invention relates to a method comprising:

a. contacting a biological sample with a functionalized capture surface under conditions
sufficient to form a complex between the functionalized capture surface and at least one EV cell
surface marker, wherein the capture surface is functionalized with a reagent that is specific for the
at least one cell surface marker;

b. separating the complex formed between the functionalized capture surface and the at least
one cell surface marker from an unbound portion of the biological sample to obtain a captured
complex, and retaining the captured complex;

c. washing the captured complex formed between the functionalized capture surface and the
at least one cell surface marker;

d. enriching one or more subpopulations of EVs having at least one cell surface marker
within the biological sample by repeating steps b.-c.; and,

e. isolating and purifying one or more subpopulations of EVs having at least one target
biomarker, performing the above a.-d. steps either sequentially or simultaneously if more than
one cell surface marker is used.
[0009] In some embodiments, step e. comprises eluting the one or more subpopulations of EVs
in an intact form. In some embodiments, step e. comprises lysing the one or more subpopulations
of EVs and extracting at least one target biomarker. In some embodiments, the at least one biomarker
comprise nucleic acid, protein, lipid, metabolite or a carbohydrate.
[0010] In arelated aspect, the enrichment method further comprises the steps of:

f. comparing the levels of at least one target biomarker from the isolated and purified

subpopulation of EVs, from a subject and one or more pre-defined threshold(s); and,



10

I5

20

25

30

35

WO 2019/014486 PCT/US2018/041884

g. identifying the subject as having a disease or condition; and/or identifying a risk of disease
progression in the subject; and/or identifying the subject as being suitable for a therapy if the
levels of the at least one biomarker exceeds or differ from one or more pre-defined threshold(s).

[0011] In one aspect, the invention relates to a method comprising;

a. contacting a biological sample with a functionalized capture surface under conditions
sufficient to form a complex between the functionalized capture surface and at least one EV cell
surface marker, wherein the functionalized capture surface comprises a reagent that is specific for
the at least one cell surface marker;

b. separating the complex formed between the functionalized capture surface and the at least
one cell surface marker from an unbound portion of the biological sample and retaining the
unbound portion;

c. depleting one or more subpopulations of EVs having at least one cell surface marker from
the biological sample, and performing steps a.-b. either sequentially or simultaneously if more
than one cell surface marker is used, by retaining the unbound portion of the biological sample;
and, optionally

d. contacting the unbound portion with a second functionalized capture surface under
conditions sufficient to form a complex between the second functionalized capture surface and at
least one cell surface marker present in the unbound portion;

e. enriching one or more subpopulations of EVs having at least one cell surface marker from
the unbound portion of the biological sample, either sequentially or simultaneously with step d.
if more than one cell surface marker is used; and,

f. isolating and purifying one or more subpopulations of EVs having at least one target
biomarker from the unbound portion of the biological sample.

[0012] EV surface contains markers (proteins / carbohydrates) inherited from the surface of the
cell of origin allowing for the classification and targeting of cell and tissue-specific EVs. This is
fundamental as when a complex is formed between capture material and an at least one cell
surface marker provided herein, the complex formed contains exosomes.

[0013] With the encapsulation within EVs, RNA molecules are protected and therefore provide
a unique class of biomarkers that reflect the disease/health state of the cells or tissues where EVs
originate. Another characteristic that EVs carry from their cells/tissues of origin is the surface
markers. Cell surface markers are typically membrane proteins expressed on the surface of cells
that often conveniently serve as markers of specific cell types. For example, T cell and B cell
surface markers identify their lineage and stage in the differentiation process. These lymphocytes
differentiate into multiple cell subtypes and consequentially express different surface receptors

or markers, which can be used to identify cellular subtypes, such as progenitor cells or terminally
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differentiated T helper cells. In cancer cells, oncogenic receptors especially the type of tyrosine
kinases that many drugs successfully target against play key roles in the development and
progression of many cancers, including but not limited to ¢cMET, EGFR, VEGFR, NGFR.
PDGFR, RET, ROS, and FGFR. These and other cell membrane markers carried on EV
membranes could be taken advantage of for interrogating the state of cells/tissues of where EVs
originate.

[0014] In one embodiment, EVs (especially exosomes) contain not only the RNA/protein cargo
but also the surface features/proteins that are used in an enrichment/depletion process disclosed
herein.

[0015] In some embodiments, the method comprises isolating total and subgroups of
extracellular vesicles that express at least one cell surface marker, including, for example,
exosomes and microvesicles, from biofluids in a way that is suitable for downstream specific
proteins, DNA, RNA, lipids, metabolites and carbohydrate (e.g. lectins) detection. Examples of
biofluids include plasma, serum, urine, saliva, seminal fluid and/or cerebrospinal fluid (CSF).
[0016] In some embodiments, the disclosure provides methods for isolating EVs from a
biological sample following a depletion process, where non-relevant EVs are excluded from a
biological sample based on the expression of one or more cell-surface markers.

[0017] In some embodiments, the disclosure also provides methods for enriching one or more
subpopulations of EVs using a process disclosed herein based on the expression of cell-surface
markers that may include proteins, lipids, or carbohydrates (sugars or oligosaccharides).

[0018] In some embodiments, the disclosure provides a method for isolating a purified
population of EVs from a biological sample comprising: (a) providing a biological sample; (b)
producing a functionalized capture surface (for example a plate or beads), wherein the capture
surface is functionalized with a reagent that is specific for at least one cell surface marker; (c)
contacting the biological sample with the functionalized capture surface under conditions
sufficient to form a complex between the functionalized capture surface and the at least one cell-
surface marker; (d) separating the complex formed between the functionalized capture surface
and the at least one cell surface marker from the unbound portion(s) of the biological sample;
and (e) isolating a purified population of EVs from the biological sample bound to the contact
surface (i.e. — a captured complex) by performing an enrichment process, or isolating a purified
population of EVs from the unbound portion of the biological sample by performing a depletion
process.

[0019] In some embodiments, the depletion process comprises removing the complex formed
between the reagent and the at least one cell-surface marker from the biological sample and

retaining the unbound portion(s) of the biological sample.
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[0020] In some embodiments, the depletion process is followed by contacting the unbound
portion(s) of the biological sample with a capture surface under conditions sufficient to retain at
least a portion of the EVs in the unbound portion(s) of the biological sample on or in the capture
surface.
[0021] In one embodiment, the enrichment process comprises retaining the complex formed
between the reagent and the at least one cell-surface marker from the biological sample.
[0022] In one embodiment, an enrichment process is exclusively performed, i.e. - it is not
preceded by, not carried out concomitantly with, nor followed by a depletion process. In some
embodiments, when a depletion process is first performed, the depletion process may be followed
by an enrichment process. In other embodiments, a depletion process is performed in combination
with an enrichment process.
[0023] In some embodiments, the method further comprises the step of extracting at least one
biomarker from a subpopulation of EVs. In some embodiments, the biomarker is enclosed within
the EVs. In other embodiments, the biomarker can include nucleic acid, proteins, lipids,
metabolites and/or carbohydrates. In yet another embodiment, the biomarker is on the cell
surface or the surface of EVs.
[0024] In some embodiments, the depletion process comprises removing the complex formed
between the reagent and the at least one cell-surface marker from the biological sample and
retaining the unbound portion(s) of the biological sample. In some embodiments, the depletion
process is followed by contacting the unbound portion(s) of the biological sample with a capture
surface under conditions sufficient to retain at least a portion of the EV's in the unbound portion(s)
of the biological sample on or in the capture surface.
[0025] In some embodiments, the extracted nucleic acids are subject to further downstream
analysis. Various nucleic acid sequencing techniques are used to detect and analyze nucleic acids
such as cell free DNA and/or RNA extracted from the EV fraction from biological samples.
Analysis of nucleic acids such as cell free DNA and/or nucleic acids extracted from EVs for
diagnostic purposes has wide-ranging implications due to the non-invasive nature in which EVs
can be easily collected.
[0026] In one aspect, the disclosure provides a method for isolating a purified total or
subpopulation of EVs from a biological sample comprising:

a. providing a biological sample;

b. producing a functionalized capture surface, wherein the capture surface is functionalized
with a reagent that is specific for at least one cell surface marker;

c. contacting the biological sample with the functionalized capture surface under conditions

sufficient to form a complex between the functionalized capture surface and the at least one cell-
6
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surface marker;

d. separating the complex formed between the functionalized capture surface and the at least
one cell surface marker from the unbound portion(s) of the biological sample to obtain a captured
complex and eitherretaining the captured complex for an enrichment process or retaining the
uncaptured portion(s) for a depletion process;

e. performing an enrichment process or a depletion process; and,

f. isolating and purifying a subpopulation of EVs from the biological sample.

[0027] In some embodiments, the depletion process comprises removing the complex formed
between the reagent and the at least one cell-surface marker from the biological sample and
retaining the unbound portion(s) of the biological sample including EVs.

[0028] In some embodiments, the depletion process is followed by contacting the unbound
portion(s) of the biological sample with a capture surface under conditions sufficient to retain at
least a portion of the EVs in the unbound portion(s) of the biological sample on or in the capture
surface. In some embodiments, the method further comprises extracting one or more nucleic
acids, proteins or lipids from the EVs. In some embodiments, the depletion process is followed
by an enrichment process. In another embodiment, the depletion process is carried out in
combination with an enrichment process. In some embodiments, the enrichment process
comprises retaining the captured complex formed between the reagent and the at least one cell-
surface marker from the biological sample.

[0029] In some embodiments, the enrichment process comprises retaining the captured complex
formed between the reagent and the at least one cell-surface marker from the biological sample.
In some embodiments, the method further comprises step extracting one or more nucleic acids,
proteins, carbohydrates, or lipids from the EVs.

[0030] In some embodiments, the depletion process comprises removing the complex formed
between the reagent and the at least one cell-surface marker from the biological sample and
retaining the unbound portion(s) of the biological sample. In some embodiments, the depletion
process is followed by contacting the unbound portion(s) of the biological sample with a capture
surface under conditions sufficient to retain at least a portion of the EV's in the unbound portion(s)
of the biological sample on or in the capture surface.

[0031] In some embodiments, the enrichment process comprises washing the functionalized
capture surface that has been contacted with the biological sample.

[0032] In some embodiments, the isolating and purifying step disclosed herein comprises eluting
the EVs in an intact form. In some embodiments, the isolating and purifying step disclosed herein
comprises lysing the EVs and extracting one or more nucleic acids, proteins, carbohydrates or

lipids from the lysed EVs.
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[0033] In some embodiments, the reagent that is specific for at least one cell surface marker
comprises one or more vitamin, protein, ligand, lectin, peptide, oligonucleotide, aptamer, and any
combination thereof.

[0034] In some embodiments, the reagent that is specific for at least one cell surface marker
selected from the group consisting of the markers shown in Tables 1A-1B and Fig. 11.

[0035] In another aspect, the invention relates to a method of identifying and isolating
extracellular vesicles of neuronal origin in plasma samples based on their surface antigen
decoration and then assaying the protein(s) and RNA cargo of the neuronal derived vesicles for
the identification or prognosis of neurodegenerative disorders. The method can include early
detection of subject risk for a neurodegenerative disorder, patient stratification for clinical
enrollment or prediction or monitoring of treatment response.

[0036] In some embodiments, the assay comprises enriching neuronal derived exosomes (NDE)
based on the presence of the neuronal marker GluR2 on the exosome surface and measuring
different groups of biomarkers consisting of specific proteins, including o-synuclein, Tau,
phosphorylated Tau, ubiquitinylated proteins and synaptic proteins as well as mRNA of different
disease-related genes to assess the level of one or more biomarkers associated with the GluR2
decorated exosomes. In some embodiments, the level of all RNA can be determined by RNAseq
or any other transcriptome profiling methodology. The discovered RNA signature may either
serve as a platform for further biomarker discovery, or guide medical intervention directly. In
other embodiments, the GluR2 decorated exosomes’ protein or lipid cargo can be characterized
by different -omic methods including, but not limited to, mass-spectrometry and antibody array.
[0037[ Various aspects and embodiments of the invention will now be described in detail. It will
be appreciated that modification of the details may be made without departing from the scope of
the invention. Further, unless otherwise required by context, singular terms shall include pluralities
and plural terms shall include the singular.

[0038] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the present invention, suitable methods and materials are
described below. All publications, patent applications, patents, and other references mentioned
herein are incorporated by reference in their entirety. In the case of conflict, the present
specification, including definitions, will control. In addition, the materials, methods, and
examples are illustrative only and are not intended to be limiting.

[0039] All patents, patent applications, and publications identified are expressly incorporated

herein by reference for the purpose of describing and disclosing, for example, the methodologies
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described in such publications that might be used in connection with the present invention. These
publications are provided solely for their disclosure prior to the filing date of the present
application. Nothing in this regard should be construed as an admission that the inventors are not
entitled to antedate such disclosure by virtue of prior invention or for any other reason. All
statements as to the date or representations as to the contents of these documents are based on the
information available to the applicants and do not constitute any admission as to the correctness of

the dates or contents of these documents.
BRIEF DESCRIPTION OF THE FIGURES.

[0040] Any of the above aspects and embodiments can be combined with any other aspect or
embodiment as disclosed here in the Summary and/or Detailed Description sections.

[0041] The patent or application file contains at least one drawing executed in color. Copies of
this patent or patent application publication with color drawings will be provided by the Office
upon request and payment of the necessary fee.

[0042] Various objects and advantages and a more complete understanding of the present
invention are apparent and more readily appreciated by reference to the following Detailed
Description and to the appended claims when taken in conjunction with the accompanying
Drawing wherein:

[0043] Fig. 1 is an overview of the process with the three different variants of EV isolation.
[0044 Fig. 2A and 2B are a series of graphs and Fig. 2C is a table depicting the ability of an
anti-GYPA (CD235) antibody to deplete, erythrocyte and reticulocyte-derived EVs as measured
by RNA and protein levels. The result of depleting reticulocyte and erythrocyte EVs is that the
most abundant mRNAs in plasma (HBB, HBA1 and HBA2) are removed by over 60% as seen
by RNASeq.

[0045] Fig. 3A and 3B are a series of graphs and Fig. 3C is a table depicting the ability of an
anti-SELP (CD62P) antibody to deplete platelet-derived EVs as measured by RNA and protein
levels. The result of depleting platelet EVs is that platelet-associated mRNAs in plasma (PPBP,
PF4V1, PF4) are removed by 60% to 99% as seen by RNASeq.

[0046] Fig. 4A is a graph depicting that depleting erythrocyte and platelet-derived EVs and
increased coverage of protein coding, IncRNA and tRNA in RNAseq of EVs. Fig. 4B and 4C are
a series of tables depicting a representative number of the protein-coding genes that were detected
in EVs following the EDDE process.

[0047] Fig. 5 is a graph the ability of the EDDE process using anti-CD44 and anti-CD184
antibodies to capture breast cancer-derived EVs fromsamples.

[0048] Fig. 6 is a series of graphs depicting the ability of the EDDE process to improve the

9
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specificity of an abundant biomarker.

[0049] Fig. 7A, 7B, 7C, and 7D are a series of graphs depicting the use ofthe EDDE process to
enrich for a subpopulation of EVs enabled the ability to measure previously undetectable proteins
and RNA in plasma samples.

[0050] Fig. 8 is an illustration of the ability of the EDDE process to accurately distinguish
patients who will respond to immunotherapy after only 2-4 weeks on ipilimumab using detected
plasma RNA levels.

[0051] Fig. 9 illustrates the EDDE depletion result using an anti-GYPA (CD235) antibody to
deplete erythrocyte and reticulocyte-derived EVs as measured by RNA levels. The result of
EDDE depletion of reticulocyte and erythrocyte EVs is that the most abundant mRNAs in plasma
(HBB, HBA1 and HBA2) were removed by over 50% as analyzed by RNASeq in transcripts per
million measurements.

[0052] Fig. 10 illustrates the EDDE enrichment result using cell surface markers CD63, CD81
as well as glioblastoma cell line (Gli36) surface marker EGFR1, as demonstrated in increased
amounts (in comparison to IgG controls) of GAPDHI using qPCR, by way of enriching for
specific subpopulations of EVs.

[0053] Fig. 11 illustrates a list summarizing potential cell surface proteins to be targeted with
EDDE platform for either depletion or for enrichment purposes.

[0054 Fig. 12 summarizes the result of EDDE depletion using platelet surface markers CD42
and CD62 as demonstrated by increased amount (in comparison to control IgG) of platelet
biomarker PPBP on the immune pulldown beads (Fig. 12A), but decreased amount in the plasma
supernatant (the unbound portion) (Fig. 12B).

[0055] Fig. 13 illustrates the EDDE enrichment resulting in an increased abundance of neuronal
genes analyzed by qPCR when using an anti-CD171 (L1CAM) antibody in comparison to an IgG
control.

[0056] Fig. 14 illustrates the EDDE enrichment resulting in an increased abundance of melanoma
surface protein marker cMET using anti-CD44 Ab, comparing plasma samples of normal and
plasma samples from two melanoma patients (right part), clearly distinguishing melanoma from
normal. The patients and the normal were otherwise indistinguishable by using plasma neat for
c¢MET analysis if the EDDE enrichment was not performed (left part).

[0057] Fig. 15A is a western blot analysis of exosome-unique surface markers (FLOT1 and
CDS81) and cell surface marker EGFRVIIL Fig. 15B summarizes the result of EDDE enrichment
of cMET protein biomarker from GBM patients in comparison to normal healthy using EGFR
antibody, with IgG as a control. EGFRvIIT EDDE did not enrich cMET in the same experiment

since the patient does not express EGFRVIII surface marker.
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[0058] Fig. 16 illustrates elevated Tau protein biomarker in senior plasma in comparison to
young plasma using LICAM (CD171)-based EDDE enrichment process. As a control, the senior
plasma was prior-depleted for EVs fraction through ultracentrifugation, which abolished the Tau
signal even when EDDE enrichment was performed. PBS was another sample control for the
EDDE process. In the absence of EDDE enrichment, the biomarker Tau protein level was
undetectable in plasma neat in all samples.

[0059] Fig. 17 illustrates the result of HBB gene analysis after EDDE depletion process using an
anti-CD235 antibody (left part). More than 4-fold (2.8 Ct change) reduction of HBB gene level,
as analyzed by qPCR in the EDDE supernatant (unbound portion), was observed when comparing
CD235-based EDDE with IgG-based EDDE. The right part of the figure demonstrates 3.6-fold
enrichment of p-181-Tau protein level in normal human plasma when LICAM EDDE was
performed (right part).

[0060] Fig. 18 A-D illustrates the EDDE enrichment result for biomarkers Tau (Fig. 18A) and
p-Tau (Fig. 18B) in human plasma using L1CAM cell surface marker, as controls, IgG EDDE,
EDDE-L1CAM using PBS as sample, and EDDE-L1CAM using EV-depleted plasma samples
were used. EDDE neuronal enrichment using L1CAM was compared for a manual process, a
semi-automated process (King Fisher Flex), and a 96-well EDDE manual process (Fig. 18C).
Neuronal biomarker protein levels for p-tau, Tau, ENO2, and SNCA were all enriched using
L1CAM-EDDE (EDDE-neurol) or GluR2-EDDE (EDDE-neuro2) platforms, in comparison to
IgG-EDDE. As a control, non-neuronal biomarker protein HBB was not enriched using
neuronal-specific EDDE processes (Fig. 18D).

[0061] Fig. 19A-D illustrates the EDDE enrichment result for neuronal-specific gene biomarkers
NEFL, NRGN, ENO2, SNSR4 and GRP139 (Fig. 19A) in human plasma using L1CAM-EDDE
(EDDE-neurol) or GluR2-EDDE (EDDE-neuro2) platforms. As controls, I[gG EDDE was used.
The qPCR analysis (Ct) was used to quantify the biomarkers (Fig. 19A), with recovery analysis
in comparison to total EVs (Fig. 19B), coefficient of variance analysis (Fig. 19C), and raw Cts
(Fig. 19D). Fig. 20 describes a robust EDDE biomarker enrichment protocol using L1CAM and
GIuR2 cell surface markers in plasma. The level of SNCA protein enrichment using L1CAM and
GluR2 increases in a plasma-dependent manner. Increasing volumes of input plasma increases
EDDE neuro enrichment of alpha-synuclein, but not EDDE-IgG control demonstrating
specificity of EDDE protocol (Fig. 20A). A two-operator reproducibility study robustly shows
increased abundance of alpha-synuclein protein (SNCA) in EDDE neuro samples (Fig. 20B) and
increased signal/noise ratio of SNCA/HBB protein levels through EDDE process (Fig. 20C).
[0062] Fig. 21A-D demonstrates the clinical utility of EDDE enrichment using either LICAM

(Fig. 21C) or GluR2 (Fig. 21D) in distinguishing Parkinson’s patients (10) from healthy
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individuals (10), through analysis of the protein biomarker SNCA (alpha-synuclein). As controls,
this distinction could not be achieved without EDDE enrichment in plasma neat (Fig. 21A), or
by 1gG-EDDE (Fig. 21B).
[0063] Fig. 22A-B describes EDDE enrichments using either L1CAM and GluR2 showing more
neuronal mRNA biomarkers as analyzed by qPCR (delta Ct between Ct from IgG-EDDE minus
Ct from a target Ab-EDDE), in comparison to EDDE process using IgG and EDDE using a non-
neuronal surface marker DRDS (Fig. 22A). Fig. 22B describes the digital readout using qPCR
for the non-abundant genes in the analysis.
Fig. 23 describes EDDE enrichments using either L1CAM or GluR2 showing enrichment in
abundance of Parkinson related mRNA biomarkers (but not HBB) as analyzed by qPCR, in
comparison to EDDE process using IgG. As a control, total exosome isolation was performed
to serve as a comparison of an enrichment starting point.
[0064] Fig. 24A-B demonstrates EDDE enrichment using either LICAM or GluR2 clearly
distinguishes Parkinson’s from healthy individuals through analysis of some Parkinson-related
genes by qPCR, in comparison to EDDE process using no specific antibody (Fig. 24A) and (Fig.
24B).
[0065] Fig. 25 illustrates EDDE enrichment of Parkinson’s biomarker alpha-synuclein protein
using either LICAM or GluR2. In the same process, GFAP whose protein level is not implicated

in Parkinson’s disease, remained relatively constant.
DETAILED DESCRIPTION OF THE INVENTION

[0066] The disclosure provides compositions, kits, and methods for extracellular vesicle (EV)
isolation using a process that increases the sensitivity of measuring expression levels of one or
more EV-associated protein(s), nucleic acid or metabolite in a biological sample, such as, for
example, a biofluid sample.

[0067[ Further, the present invention is related to the discovery that neuronal exosomes can cross
the blood-brain-barrier and are present in plasma samples. It relates to the finding that these
exosomes and their cargo can serve as the basis for identifying neurological diseases, disorders
or conditions.

[0068] In some embodiments, some non-limiting neurological disorders, diseases or conditions
include Parkinson Diseases (PD) Alzheimer's disease (AD), vascular disease dementia,
frontotemporal dementia (FTD), corticobasal degeneration (CBD), progressive supranuclear
palsy (PSP), Lewy body dementia, tangle-predominant senile dementia, Pick's disease (PiD),
argyrophilic grain disease, amyotrophic lateral sclerosis (ALS), other motor neuron diseases,

Guam parkinsonism-dementia complex, FTDP-17, Lytico-Bodig disease, multiple sclerosis and
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traumatic brain injury (TBI).

[0069] The processes provided herein start with a biological sample and result with a purified
population of total EVs. In some embodiments, the population of EVs is further refined to identify
and isolate a specific subpopulation or other subgroup based on detecting a particular surface
marker. The isolation of EV populations and any further isolation of subpopulation is performed
in a buffer suitable for most downstream measurements assays on proteins, protein modifications,
sugars, lipids, RNA, DNA, and metabolites, including, but not limited to, Western Blot, ELISA,
qPCR, RNASeq, DNASeq, flow cytometry, immune-fluorescence, immune-gold electron
microscopy, and mass spectrometry, and any combination thereof Any art-recognized
techniques for the analysis of the purified populations and/or subpopulations of EVs and their
extracted biomarkers provided herein are suitable for use in the processes described herein.
[0070] In some embodiments, the isolation of total EVs is based on capturing the EVs on
positively or negatively charged capture surface, such as, by way of non-limiting examples, beads
and/or columns. In some embodiments, the population of total EVs or one or more
subpopulations of EVs from a biological sample are captured or otherwise isolated using any
suitable capture surface that can be functionalized with a ligand against a surface protein or other
cell surface marker. In some embodiments, the cell surface marker can be used to identify a
desired subpopulation or combination of two or more desired subpopulations.

[0071] In some embodiments, the capture surface is functionalized with antibodies, recombinant
antibodies, co-enzymes, vitamins, proteins, peptides, aptamers, receptor ligands or lectins against
different cell surface marker(s) on the EVs. In some embodiments, the capture surface is a
population of beads that are functionalized with antibodies, aptamers, ligands or lectins against
one or more different surface epitopes on the EVs. In some embodiments, the capture surface is
magnetic, agarose, resin, latex, or silicon beads. In some embodiments, the capture surface is a
nanoparticle, a chip, sepharose, Sephadex, chromatography column, affinity column or
nanotubes.

[0072] In some embodiments, the terms “capture surface” and “capture material” are used
interchangeably here.

[0073] Other nonspecifically-bound plasma metabolites on the capture surface used to isolate
EVs, either total EVs or subpopulation(s) of EVs, are removed from the capture surface. In some
embodiments, the non-specifically bound plasma metabolites are washed with a modified TBST
buffer with 0.1%-5% tween, and a pH in the range of 6.0-9.0. In some embodiments, the non-
specifically bound plasma EVs are washed with PBS with 0.1%-3% tween or 0.1-8% BSA. In
some embodiments, detergents like 0.01-0.5% Triton x-100 are used to remove the non-

specifically bound plasma EVs. In some embodiments, reducing agents like 0.1-5% DTT or 0.5-
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8% 2-Mercaptoethanol are used to remove the non-specifically bound plasmaEVs.

[0074] In one embodiment, the EV cargo is eluted from the capture surface. In some
embodiments, intact EV cargo is eluted from the capture surface. In some embodiments, EV
cargo is eluted from the capture surface by incubation with a lysis buffer. In some cases, the
elution process can optionally contain at least one freeze-thaw cycle. In some embodiments, the
freeze-thaw cycle occurs at -20° C, sometimes at -80° C or some temperature in between. In some
embodiments, the incubation is at least 30 min up to 6 hrs at room temperature. In some
embodiments, the incubation is in the range of about 2-4 hrs. In some embodiments, the
incubation is in the range of about 6-24 hrs at a lower temperature, such as, for example, at +4°
C.

[0075] The processes provided herein allow the user to use different bio-fluids as starting
material. In some embodiments, the biological sample may suitably comprise a bodily fluid from
a subject. The bodily fluids can be fluids isolated from anywhere in the body of the subject, such
as, for example, a peripheral location, including but not limited to, for example, blood, plasma,
serum, urine, sputum, spinal fluid, cerebrospinal fluid, pleural fluid, nipple aspirates, lymph fluid,
fluid of the respiratory, intestinal, and genitourinary tracts, tear fluid, saliva, breast milk, fluid
from the lymphatic system, semen, intra-organ system fluid, ascitic fluid, tumor cyst fluid,
amniotic fluid and cell culture supernatant, and combinations thereof. Biological samples can
also include fecal or cecal samples, or supernatants isolated therefrom.

[0076] The processes provided herein allow the user to choose a differentselection of antibodies
for isolating specific subpopulations of EVs. The processes is suitable for the measurement of
proteins, protein modifications, sugars, lipids, RNA, DNA, RNA/DNA modifications and
mutations, as well as metabolites, and any combination thereof.

[0077] The processes disclosed herein are generally referred to as “EDDE process™ or “EDDE”.
Those of ordinary skill in the art will appreciate that the EDDE process can be used in any of a
variety of ways. For example, in some embodiments, the EDDE process is useful to enrich an
isolated EV population based on the detected presence of a cell surface marker on the enriched
subpopulation of EVs. This method is referred to herein as an EDDE enrichment process. In some
embodiments, the EDDE process is useful to deplete an isolated EV population from one or more
different subpopulations of EVs based on the detected presence of a cell surface marker on the
subpopulation of EVs to be depleted from the total EV population. This method is referred to
herein as an EDDE depletion process.

[0078] As used herein, the term “EDDE process™ or “EDDE” refers to the following general
method: 1) functionalizing a capture surface with a reagent that is specific to one or more cell

surface markers on EVs generally or is specific to one or more cell surface markers on one or
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more subpopulations of EVs to isolate the total EV population or one or more subpopulations of
EVs from a biological sample; ii) contacting the functionalized capture surface with the
biological sample; iii) performing a depletion step, or performing an enrichment step, or a
combination thereof to produce a purified total EV population or one or more subpopulations of
EVs; and iv) eluting the purified total EV population or one or more subpopulations of EVs, or
further manipulating the purified total EV population or one or more subpopulations of EVs, for
example, by lysing the EV's within the purified total EV population or one or more subpopulations
of EVs. In some embodiments, the eluted purified total EV population or one or more
subpopulations of EVs are then subjected to further downstream analysis (e.g., extraction of
target biomarkers, followed by analysis and/or comparison of the levels of each of these
biomarkers, or other analysis as further disclosed herein). In some embodiments, for a depletion
process, step iii) includes at least transferring the supernatant from step ii) to a new tube or other
container and isolating the EVs from the supernatant using a suitable capture surface. In some
embodiments, the EVs from the supernatant are eluted intact from the suitable isolation capture
surface. In some embodiments, the EVs from the supernatant are lysed, and the nucleic acids or
proteins from the lysed EVs are extracted. In some embodiments, the eluted intact EVs or the
nucleic acids or proteins extracted therefrom are then subjected to further downstream analysis.
In some embodiments, for an enrichment process, step iii) washing the functionalized capture
surface that has been contacted with the biological sample from step ii) and transferring the
washed capture surface to a new tube or other container. In some embodiments, the EVs are
eluted intact from the washed capture surface. In some embodiments, the EVs are lysed, and the
nucleic acids or proteins from the lysed EVs are extracted. In some embodiments, the eluted
intact EVs or the nucleic acids or proteins extracted therefrom are then subjected to further
downstream analysis, as described herein.
[0079] In one embodiment, through a series of enrichment or depletion steps further disclosed
herein, the enrichment and depletion processes employ the use of cell surface makers to capture
and arrive at a subpopulation of EVs that contain at least one biomarker. In one embodiment, at
least one biomarker disclosed herein are initially enclosed within EVs and these biomarkers are
extracted from an isolated and/or purified subpopulation of EVs following an enrichment and/or
depletion process disclosed herein. In one embodiment, the terms “biomarkers™ and “target
biomarkers™ refers to nucleic acids, proteins, lipids, metabolites, and/or carbohydrates that are
extracted following an enrichment or depletion process disclosed herein.
[0080] In one embodiment, provided is a method comprising:

a. contacting a biological sample with a functionalized capture surface under conditions

sufficient to form a complex between the functionalized capture surface and at least one cell
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surface marker, wherein the capture surface is functionalized with a reagent that is specific for the
at least one cell surface marker;

b. separating the complex formed between the functionalized capture surface and the at least
one cell surface marker from an unbound portion of the biological sample and retaining the
captured complex;

¢. washing the captured complex formed between the functionalized capture surface and the
at least one cell surface marker;

d. enriching one or more subpopulations of EVs having at least one cell surface marker
within the biological sample by repeating steps b.-c.; and,

e. isolating and purifying one or more subpopulations of EVs having at least one target
biomarker, performing the above a.-d. steps either sequentially or simultaneously if more than
one cell surface marker is used.

[0081] In one embodiment, at least one cell surface marker is used for EDDE enrichment for the
analysis of at least another cell surface protein as a biomarker(s).
[0082] In another embodiment, provided is a method comprising:

a. contacting a biological sample with a functionalized capture surface under conditions
sufficient to form a complex between the functionalized capture surface and at least one cell
surface marker, wherein the capture surface is functionalized with a reagent that is specific for the
at least one cell surface marker;

b. separating the complex formed between the functionalized capture surface and the at least
one cell surface marker from an unbound portion of the biological sample and retaining the
captured complex;

¢. washing the captured complex formed between the functionalized capture surface and the
at least one cell surface marker;

d. enriching one or more subpopulations of EVs having at least one cell surface marker
within the biological sample by repeating steps b.-c.; and,

e. isolating one or more subpopulations of EVs; and,

f.  purifying one or more subpopulations of EVs, wherein said EVs contain at least one target
biomarker.

[0083] In one embodiment, provided is a method comprising the steps of:

a. contacting a biological sample with a functionalized capture surface under conditions
sufficient to form a complex between the functionalized capture surface and at least one cell
surface marker, wherein the functionalized capture surface comprises a reagent that is specific for
the at least one cell surface marker;

b. separating the complex formed between the functionalized capture surface and the at least
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one cell surface marker from an unbound portion of the biological sample and retaining the
unbound portion;

c. depleting one or more subpopulations of EVs having at least one cell surface marker from
the biological sample, and performing steps a.-b. either sequentially or simultaneously if more
than one cell surface marker is used, by retaining the unbound portion of the biological sample;
and optionally,

d. contacting the unbound portion with a second functionalized capture surface under
conditions sufficient to form a complex between the second functionalized capture surface and at
least one cell surface marker present in the unbound portion;

e. enriching one or more subpopulations of EVs having at least one cell surface marker from
the unbound portion of the biological sample, either sequentially or simultaneously with step d.
if more than one cell surface marker is used; and,

f. isolating and purifying one or more subpopulations of EVs having at least one target
biomarker from the unbound portion of the biological sample.

[0084] In another embodiment, the method further comprises the steps of’

[0085] g. comparing the levels of at least one target biomarker from the isolated and purified
subpopulation of EVs, from a subject and one or more pre-defined threshold(s); and, h.
identifying the subject as having a disease or condition; and/or identifying a risk of disease
progression in the subject; and/or identifying the subject as being suitable for a therapy if the
levels of the at least one biomarker exceeds or differ from one or more pre-defined threshold(s).
In one embodiment, the methods disclosed herein further comprise comparing the levels of at
least one target biomarker from the isolated and purified subpopulation of EVs, from a subject
and one or more pre-defined threshold(s); and, identifying the subject as having a disease or
condition; and/or identifying a risk of disease progression in the subject; and/or identifying the
subject as being suitable for a therapy if the levels of the at least one biomarker exceeds or differ
from one or more pre-defined threshold(s).

[0086] Examples of thresholds include the presence/absence of a biomarker, presence of a
biomarker at an abundance above some noise-floor / limit of detection of an assay, presence of a
biomarker at an abundance above or below some pre-determined absolute level (such as a set
concentration or copy number) derived from knowledge of the disease, the abundance of a
biomarker relative to another molecule that can act as a normalizer/calibrator where an absolute
threshold may be compromised by variations in sample input amount/degradation/etc. Such
compromising factors may affect the biomarker and the normalizer molecules similarly and thus
divide out. In some embodiments, the relative biomarker/normalizer abundance may either

increase or decrease above/below some amount, which would constitute the threshold in this
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case.
[0087] In some embodiments, the methods include a depletion process in which the supernatant
from the incubated combination of the antibody/beads complex and the plasma sample is
transferred to a new tube and the EV population or RNA extracted from the EV population are
isolated as described above.

[0088] In some embodiments, the methods include an enrichment process in which the beads in
the tube from step iv) are washed one to three times with buffer at pH between 3 to 8, followed
by the addition of another buffer at pH 3 to 8. In some embodiments, the capture surface is
transferred to a new container.

[0089] Those of ordinary skill in the art will also appreciate that the general EDDE process can
include additional steps as necessary to isolate one or more EV subpopulations and/or to further
analyze the isolated EV population, either total EV population or one or more EV subpopulations.
[0090] In some embodiments, the EDDE process includes the following steps: 1) washing beads
or capture surface; ii) adding antibody, protein or ligand or a combination of antibodies specific
for one or more cell surface markers to the washed surface; iii) adding the activated surface or
bead complex to biological fluids and exposing the antibody protein or ligand to the antigen or
protein in the body fluid; iv) following step 1ii1) with a depletion process or an enrichment process,
or a combination thereof, v) eluting or lysing EVs from the capture surface and isolating the
supernatant; and vi) eluting the supernatant with acidic/basic buffer or competitive elution with
a soluble, competitive antigen or by cleaving the antibody connection to the beads or any other
chemical/physical way to strip the beads from antibody to strip antibodies from their antigen. In
some embodiments, elution is performed on intact exosomes for downstream analysis of EV
content, as described elsewhere herein. In some embodiments, elution with biotinylated antibody
against a desthiobiotinylated-antibody-bead-exosome complex can be alternatively used.

[0091] In some embodiments, the volume of beads used is varied, for example, in the range of
about 50 to 200 ul. In some embodiments, magnetic beads are used, e.g., Dynabeads 2.7um or
4 5um; EXO-Flow (SBI); exoCap (MBL), OceanNano (50 nm-100 nm beads), or any other
suitable commercially available magnetic bead. In some embodiments, resin, agarose, latex, or
silicon beads are used. In some embodiments, beads with protein A/G are used. In some
embodiments, beads with streptavidin are used. Any other suitable means for chemical coupling
of antibodies to beads can be used in the processes described herein.

[0092] In some embodiments, the beads are washed in a different wash buffer. In some
embodiments, the washing buffer does not contain BSA. In some embodiments, the washing
buffer contains TBST.

[0093] In some embodiments, the amount of antibody can vary between antigens and between
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depletion/enrichment processes. In some embodiments, the amount of antibody used to
functionalize the capture surface is in a range between 2-40ug. In some embodiments, the
incubation for the capture surface, e.g., beads, and the reagent, e.g., antibody, is in a range
between about 30 min to up to about 12 hours. In some embodiments, the incubation for the
capture surface, e.g., beads, and the reagent, e.g., antibody, is performed with or without rotation.
In some embodiments, the incubation for the capture surface, e.g., beads, and the reagent, e.g.,
antibody, is performed at room temperature. In some embodiments, the incubation for the capture
surface, e.g., beads, and the reagent, e.g., antibody, is performed at 4°C.

[0094] In some embodiments, following incubation of the capture surface, e.g., beads, and the
reagent, e.g., antibody, the functionalized capture surface is washed at least once with a buffer.
In some embodiments, the functionalized capture surface is washed between 1 to 8 times. In some
embodiments, the functionalized capture surface is washed with PBS or a PBS-based buffer, such
as, for example, a PBS buffer with 0.5-7.5% BSA incorporated therein. In some embodiments,
the functionalized capture surface is washed with TBST or a TBST-based buffer, such as, for
example, a TBST buffer with 0.5-7.5% BSA incorporated therein.

[0095] In some embodiments, the biological sample is varied. In some embodiments, the starting
material for the biological sample is cell culture condition media, urine, CSF or any other
biofluid. In some embodiments, the starting material is used with or without pre-processing of
the sample, such as, for example, centrifuging the sample, filtering the sample, or pre-clearing
the sample with a non-functionalized population of beads and/or depleting any abounded
proteins. In some embodiments, the starting material is a population of EVs isolated by any
suitable isolation method such as, for example, ultracentrifugation (UC), ExoQuick, exoEasy and
ultrafiltration, size exclusion chromatography, ultrafiltration and combinations thereof. In some
embodiments, the starting material is derived from any type of biofluid. In some embodiments,
the incubation for the functionalized capture surface, e.g., beads coupled to antibodies, and the
biological sample, e.g., a biofluid, is in a range between about 30 min to up to about 24 hours. In
some embodiments, the incubation for the functionalized capture surface, e.g., beads coupled to
antibodies, and the biological sample, e.g., a biofluid, is performed with or without rotation or
agitation. In some embodiments, the incubation for the functionalized capture surface, e.g., beads
coupled to antibodies, and the biological sample, e.g., a biofluid, is performed at room
temperature. In some embodiments, the incubation for the functionalized capture surface, e.g.,
beads coupled to antibodies, and the biological sample, e.g., a biofluid, is performed at 4° Celsius.
In some embodiments, the antibody or combination of antibodies is added directly to the plasma
or body fluid and the antibody-antigen interaction occurs before being exposed to the capture

surface. The capture surface then retrieves the antibody-EV complex from the body fluid.
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[0096] In some embodiments of a depletion process, the transferred supernatant is subjected to
further isolation or other purification. In some embodiments, the supernatant undergoes at least
a second round of depletion for the same or other target antigen. In some embodiments, the
supernatant is used as the starting material for enrichment process for any antigen of interest. In
some embodiments of a depletion process, the supernatant is directly used as the source of RNA,
protein or lipid extraction.

[0097] In some embodiments of an enrichment process, the number and pattern of washing steps
is varied depending on the antigen of interest and/or the sensitivity/specificity of the downstream
application. In some embodiments, the pH of the TBST buffer can vary from about pH 6 to about
pH 9. In some embodiments, the tween concentration of the wash buffer is in a range between
about 0.1-5%. In some embodiments, the NaCl concentration of the wash buffer is in the range
of about 150-1000mM. In some embodiments, the tween concentration of the wash buffer is in a
range between about 0.1-5%, and the NaCl concentration of the wash buffer is in the range of
about 150-1000mM. In some embodiments, the washing is performed without tube switching.
[0098] In some embodiments, the lysis buffer is used with or without proteinase, phosphatase or
RN Ase inhibitors. In some embodiments, the vortex is replaced by sonication, freeze-thaw cycle

or any physical perturbation.

[0099] In some embodiments, capture surface is functionalized with a reagent that specifically
binds or otherwise targets a specific cell surface marker or combination of cell surface markers
that are specific for a desired cell type or that are specific for a desired population of EVs that are
derived from a specific cell type.

[0100] The tables below and Figure 11 provide a list of exemplary cell surface markers that can
be used in the EDDE process described herein. Those of ordinary skill in the art will appreciate
that this list is not exhaustive, and that any suitable cell surface marker known in the art can be
used in the EDDE process described herein. Those of ordinary skill in the art will also appreciate
that some markers are useful for also identifying cells that are involved with certain biological
functions. For example, LAMP2 is known to be a marker for autophagy/lysosomal activity. Such

markers are also useful in the EDDE process described herein.

[0101] Table 1A.

Cell of origin IPossible markers
Immune cell CD138, CD38, CD45, CD70
T-cell CD28, CD3, CD4, CDS, CD215
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B-cell CD19, CD20

INK cell CD56, CD10, CD335

Monocyte CD11, CD123, CD14, CD163, CD33, CD303

Endothelial CD62E, CD146, CD71, CD144, CD90, CD309, CD31/PCAM,

E-Selectin, CD34, VEGFR, CD40L and CD154, VE-cadherin, von
\Willebrand factor, KDR, FLT1

Epithelial EpCAM, CD326, CD113, CD118

Platelet CD62, CD61, CD41, CD42, CD140

Erythrocyte CD235, CD233, CD234, CD236, CD241

Neuronal cell L1CAM, NCAM, DRD5, DRD2, GRIA2, SNAP25, SYP, GluR2

Cancer cell CD44, CD184, PSMA, C-MET, EGFR, CTLA4, PDL1, Glypican
1, EGFR v3, IDHI, PDI1

Embryo SSEA-4, SSEA-3, PODXL, HSPAS, CD324, KSPG

IAstrocyte GLAST-1, AQP4,

Oligodendrocyte PLP, O4, MOG

Various cell types GBM43, GBM6, LN18, GBM22, U118MG, GBM10, U128MG,

LN229, T98G, LN2308, GBM20/3, Follitin 1, Follitin 2, Integrin 1
Integrin 2, LAMP1, FOLR1, EPHA2, TSG101, Claudin3, HER2,
MUC18, CA125, D2-40, CD9, HSP90,C A19-9, CD24

[0102] Table 1B.

Other markers that could be used for enrichment or depletion
PECAMI1 ALCAM ICAM2 CD40 HSP70
RETN C5AR1 IL12RBI CD40LG Galectin 5
S100A8 CD160 IL1R2 CD5 Galectin 9

Heat shock 70kDa protein
SELP CD163 IL.2RA CD6 1-like

Heat shock 70kDa protein
ST6GALL CDI19 ITGAI1 CD63 4-like

Myeloid-associated
EPCAM CDI1A ITGA2 CD69 differentiation marker 2
TEK CD1C ITGA3 CD7 Aquaporin-1
TNFRSF4 CDI1D KLRBI1 CD70 Serglvcin
TNFRSF8 CD2 KLRC1 CD72 Aquaporin-4
TPSAB1.TPSB CD209 KLRD1 CD74 Tweety family member 1
VCAMI CD22 KRT18 CD79A Glvcophorin A

Peptidyl arginine
VWEF CD24 KRT5 CD79B deiminase. tvpe IV

Peptidoglycan recognition
CD3G CD244 KRTS8 CDS0 protein 1
CD4 CD247 MS4A1l CD83 Chloride channel protein 2
NOS3 CD28 MYHI10 CD86 Sialophorin, CD43
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A-125 (MUC-16) or

NTSE CD37 MYH9 CDSA CA19-9
NCAM1 CD38 MYOCD CDSB HER2/neu

A-125 (MUC-
CD96 CD3D 16) CA19-9 N-CAM
CA125 ITGB1 ITGB2 polvsaccharides  any CD marker
amvylose amylopectin cellulose lipopolysaccharid glycosaminoglycan
proteoglycans  oligosaccharide glycoproteins glycolipids lectins

[0103] In some embodiments, the disclosure provides methods for isolating EVs from a
biological sample following a depletion process, where non-relevant EVs are depleted from a

biological sample based on the expression, or lack thereof, of one or more cell-surface markers.

[0104] In some embodiments, the disclosure provides methods for isolating exosomes from a
biological sample using a depletion process, where non-relevant exosomes are excluded from a
biological sample based on the expression, or lack thereof, of one or morecell-surface markers.
In some embodiments, the one or more cell-surface markers is selected from the group consisting
of HSP70, Galectin 5, Galectin 9, Heat shock 70kDa protein 1-like, Heat shock 70kDa protein 4-
like, Myeloid-associated differentiation marker 2, Aquaporin-1, Serglycin, Aquaporin- 4, Tweety
family member 1, Glycophorin A, Peptidyl arginine deiminase, type IV, Peptidoglycan
recognition protein 1, Chloride channel protein 2, Sialophorin, CD43, and any combination(s)
thereof. In some embodiments, the exclusion strategy uses two or more cell-surface markers, e.g.,
three or more, four or more, five or more, six or more, seven or more, eight or more, nine or
more, and/or ten or more cell-surface markers.

[0105] In one embodiment, the disclosure also provides methods for efficient enrichment of a
cancer-specific exosome signature using a depletion process. In some embodiments, the
disclosure also provides methods for the efficient enrichment of a GluR2 biomarker for predicting
arisk of, identifying most useful drug targets for, or for monitoring progression and responses to
therapy of neurodegenerative diseases. In some embodiments, a method for enriching a GluR2
biomarker does not involve a depletion process.

[0106] In one embodiment, provided is a method of identifying and isolating or obtaining
extracellular vesicles of neuronal origin in plasma samples based on their surface antigen
decoration and then assaying the protein(s) and RNA cargo of the neuronal derived EVs for the
identification or prognosis of neurodegenerative diseases, disorders or conditions. The method
can include early detection of subject risk for a neurodegenerative disorder, patient stratification
for clinical enrollment or predict treatment response. The assay comprises enriching neuronal
derived exosomes (NDE) based on the presence of the neuronal marker GIuR2 on the exosome

surface and then measuring different groups of biomarkers consisting of specific proteins,
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including a-synuclein, Tau, phosphorylated Tau, ubiquitinylated proteins and synaptic proteins
as well as mRNA of different disease-related genes. The method can be based on the assessment
of the level of one or more biomarkers associated with the GluR2 decorated exosomes. In some
embodiments, the level of all RNA can be determined by RNAseq or any other transcriptomic
methodology. In other embodiments, the GluR2 decorated exosomes’ protein or lipid cargo can
be characterized by different -omic methods including mass-spectrometry and antibody array.
[0107] In some embodiments, the GIuR2 decorated exosomes can be enriched from different
biofluids including serum, plasma, urine, interstitial fluid, peritoneal fluid, cervical swab, tears,
saliva, buccal swab and cerebrospinal fluid. In yet other embodiments, a-synuclein is measured
in total, as an aggregate form or as an aggregate to monomer ratio. Post translation modification
of a~synuclein or other disease-related proteins including, but not limited to phosphorylation and
ubiquitination can be measured in GluR2 decorated exosomes. In further embodiments, the
method quantifies the number of isolated GluR2 decorated vesicles as the biomarker itself, alone
or in combination with any cargo. In other embodiments, the GluR2 decorated vesicles are
enriched from the general population of membrane vesicles existing in any body-fluid, including,
but not limited to exosomes, microparticles, microvesicles, nanosomes, extracellular vesicles,
and ectosomes.

[0108] In one embodiment, the present invention provides methods for isolating subgroups of
extracellular vesicles, including, for example, exosomes and microvesicles, from biofluids, such
as, for example, plasma, serum, urine, saliva, seminal fluid and/or CSF, to provide for
downstream detection of specific proteins RNA, lipids, metabolites and carbohydrates (e.g.,
lectins).

[0109] In some embodiments, the disclosure also provides methods for efficient enrichment of
one or more subpopulations of neuronal derived exosomes (NDE) using an enrichment process,
which is based on the expression of cell-surface marker GluR2.

[0110] In some embodiments, the neuronal exosome enrichment process comprises first removing
the complex formed between the reagent and one or more surface markers from non-neuronal
biological sample and retaining the unbound portion(s) of the biological sample for analysis.
[0111] In some embodiments, the depletion process is followed by contacting the unbound
portion(s) of the biological sample with a capture surface under conditions sufficient to retain at
least a portion of the EVs in the unbound portion(s) of the biological sample on or in the capture
surface.

[0112] In some embodiments, when a depletion process is initially performed, the depletion
process is followed by an enrichment process. In other embodiments, the enrichment process

comprises retaining the captured complex formed between the reagent and the at least one cell-
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surface marker from the biological sample.

[0113] In some embodiments, the method further comprises extracting one or more nucleic acids,
proteins, lipids or metabolites from the EVs for at least one biomarker in the biological sample.
[0114] In some embodiments, the methods disclosed herein further comprises a step of extracting
one or more nucleic acids from the EVs as a biomarker. Nucleic acids can be found in smaller
vesicles ranging in size from about 10 nm in diameter to about 10000 nm in diameter. For
example, "exosomes" have diameters of approximately 30 to 200 nm, with shedding
microvesicles and apoptotic bodies often described as larger. Exosomes, shedding microvesicles,
microparticles, nanovesicles, apoptotic bodies, nanoparticles and membrane vesicles co-isolate
using various techniques. Other nucleic acid-containing materials, such as RNA-protein
complexes, may co-isolate with cells and microvesicles using the various methods and techniques
described herein.

[0115] In some embodiments, the biological sample is selected from the group consisting of blood,
plasma, serum, urine, sputum, spinal fluid, cerebrospinal fluid, pleural fluid, nipple aspirates,
lymph fluid, fluid of the respiratory, intestinal, and genitourinary tracts, tear fluid, saliva, breast
milk, fluid from the lymphatic system, semen, cerebrospinal fluid, intra-organ system fluid, ascitic
fluid, tumor cyst fluid, amniotic fluid and combinations thereof. In some embodiments, the bodily
fluid is urine, blood, plasma, serum, or cerebrospinal fluid. In some embodiments, biological
sample is plasma or serum.

[0116] In some embodiments, the reagent that is specific for GIuR2 is specific for a cell type
selected from the group consisting of cells such as neuronal cells, peripheral nerve cells, central
nerve cells, nervous system-support cells such as endothelia cells, glia, immune cells,
oligodendrocytes, connective tissue-derived cells.

[0117] In some embodiments, the enrichment process comprises washing the functionalized
capture surface that has been contacted with the biological sample.

[0118] In some embodiments, the extracted nucleic acid is RNA or an RNA species.

[0119] In some embodiments, the extracted nucleic acid(s) are subjected to downstream analysis,
for example, to measure and/or compare levels of expression to predetermined thresholds. For
example, at least one biomarker (i.e. — one or more), such as a group of genes, may be identified
as a signature by analyzing clinical samples procured with stringent inclusion and exclusion
criteria for the intended clinical utility. On a per-sample basis, a continuous or discrete score
may be derived by performing a statistical classification analysis including but not limited to
random forest, logistic regression and neural network. On this score, a threshold is defined that
separates intended sample groups for the clinical utility with an acceptable clinical specificity

and sensitivity.
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[0120] In some embodiments, the functionalized capture surface comprises one or more
membrane, chip, nanoparticle or population of nanoparticles, nanotube or population of
nanotubes, slide, chromatography medium, and any combination thereof.

[0121] In some embodiments, the functionalized capture surface comprises a population of beads
or a mixture of a population of beads. In some embodiments, the beads are magnetic beads. In
some embodiments, the beads are agarose beads. In some embodiments, the beads are silicon
beads.

[0122] In some embodiments, the at least one cell surface marker is present on the surface of the
EVs or at least one biomarker is extracted from within the EVs. In some embodiments, the reagent
that is specific for at least one cell surface marker comprises an antibody or a mixture of
antibodies. In some embodiments, the reagent that is specific for at least one cell surface marker
comprises a peptide or any other receptor ligand.

[0123] In one embodiment, antibodies are coupled to beads or other rigid surfaces by
conventional methods like biotin-streptavidin interaction, or a strong covalent interaction. The
antibody-surface complex is exposed to plasma samples, other biofuels or exosomes isolated
from these fluids. Then the beads-surface-exosomes complex is isolated based on, physical
separation or centrifugation and washed until the desired signal to noise ratio is achieved.
[0124] In some embodiments, control particles may be added to the sample prior to EV isolation
and/or nucleic acid extraction to serve as an internal control to evaluate the efficiency or quality
of EV purification and/or proteins and nucleic acid extraction. The methods described herein
provide for the efficient isolation and the control particles along with the EV fraction.

[0125] These control particles include Q-beta bacteriophage, virus particles, or any other particle
that contains control proteins and nucleic acids (e.g., at least one control target gene or protein)
that may be naturally occurring or engineered by recombinant DNA techniques, or by liposome
vesicle encapsulation technologies such as with engineered at least one surface protein and at
least one control target nucleic acid or at least one control target protein being encapsulated inside
the liposomal vesicles. In some embodiments, the quantity of control particles is known before
the addition to the sample. The control target gene or control target protein can be quantified
using real-time PCR, ELISA, or Western blot analysis.

[0126] Quantification of a control target gene or a control target protein can be used to determine
the efficiency or quality of the EV purification, protein or nucleic acid extraction processes.
[0127] In some embodiments, the methods and kits described herein include one or more in-
process controls. In some embodiments, the in-process control is detection and analysis of a
reference gene that indicates plasma quality (i.e., an indicator of the quality of the plasma

sample). In some embodiments, the reference gene(s) is/are a plasma-inherent transcript. In some
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embodiments, the reference gene(s) is/are analyzed by additional qPCR. In some embodiments,
the in-process control is detection and analysis of extracellular vesicle protein. The reference
protein is/are analyzed by additional ELISA or Western blot.

[0128] In some embodiments, the reagent that is specific for at least one cell surface marker is
specific for a cell type selected from the group consisting of an immune cell, a T-cell, a B-cell,
an NK cell, a monocyte, an endothelial cell, an epithelial cell, a platelet, an erythrocyte, a
neuronal cell, a cancer cell, an embryonic cell, an astrocyte, an oligodendrocyte, and any
combination thereof.

[0129] In some embodiments, the biological sample is pre-processed prior to contacting the
biological sample and the functionalized capture surface.

[0130] In some embodiments, the nucleic acids described herein comprise DNA or RNA.
Examples of RNA include messenger RNAs, long non-coding RNAs, transfer RN As, ribosomal
RNAs, small RNAs (non-protein-coding RNAs, non-messenger RNAs), microRNAs, piRNAs,
snRNAs, snoRNAs, and Y-RNAs. In some embodiments, the nucleic acids are isolated from or
are otherwise derived from EVs or from one or more subpopulations of EVs. In some
embodiments, the nucleic acids are cell-free nucleic acids, also referred to herein as circulating
nucleic acids. In some embodiments, the cell-free nucleic acids are DNA or RNA.

[0131] As used herein, the term “nucleic acids™ refer to DNA and RNA unless otherwise
specified. The nucleic acids can be single stranded or double stranded. In some instances, the
nucleic acid is DNA. In some instances, the nucleic acid is RNA. RNA includes, but is not limited
to, messenger RNA, transfer RNA, ribosomal RNA, non-coding RNAs, microRNAs, and HERV
elements.

[0132] In some embodiments, the capture surface is positively charged. In another embodiment,
the capture surface is negatively charged. In yet another embodiment, the capture surface is
neutral. In some embodiments, the capture surface is functionalized with molecules such as

heparin or heparin sulfate proteoglycans.

GluR? cell surface marker for neuronal exosome enrichment

[0133] In one embodiment, the disclosure provides a method for isolating a subpopulation of EVs
from a biological sample comprising the steps of: (a) providing a biological sample from a human
subject; (b) producing a functionalized capture surface, wherein the capture surface is
functionalized with a reagent that is specific for the GluR2 protein; (c) contacting the biological
sample from the human subject with the functionalized capture surface under conditions sufficient

to form a complex between the functionalized capture surface and GIuR2 in the biological sample;
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(d) separating the complex formed between the functionalized capture surface and GluR2 from the
unbound portion(s) of the biological sample to obtain a captured complex and retaining the
captured complex for an enrichment process; (e) purifying the subpopulation of EVs from the
biological sample through an enrichment process disclosed herein; and optionally (f) extracting
one or more biomarker nucleic acids, proteins, carbohydrates or lipids from the purified
subpopulation of EVs.

[0134] In one embodiment, the methods for enriching exosomes are based on the presence of cell
surface markers such as GluR2. In some embodiments, exosomes are isolated from 0.1-3 ml of
plasma samples or other body fluids described herein.

[0135] In other embodiments, the isolated neuronal enriched exosomes are used for measurement
of protein(s), protein aggregates, protein complexes and/or protein modifications. In other
embodiments, the isolated neuronal enriched exosomes are used for RNA measurement. In other
embodiments, the neuronal enriched exosomes directly and/or their protein and RNA cargo is
isolated from healthy or diseases samples. In other embodiments, the neuronal enriched exosomes
directly and/or their protein and RNA cargo is used to identify neurodegenerative
disease/disorder/condition risk, treatment response or stratification.

[0136] In some embodiments, the disclosure also provides methods for the use of EV RNA
signatures to monitor treatment efficacy and/or to predict treatment efficacy. In some
embodiments, the methods are used to monitor treatment efficacy longitudinally.

[0137] As used herein, the term “biological sample™ refers to a sample that contains biological
materials such as DNA, RNA, lipids, carbohydrates, metabolites and proteins.

[0138] A suitable sample volume of a bodily fluid used in any EDDE process is, for example, in
the range of about 0.1 ml to about 30 ml fluid. The volume of fluid may depend on a few factors,
e.g., the type of fluid used. For example, the volume of serum samples may be about 0.1 ml to
about 4 ml, preferably about 0.2ml to 4ml. The volume of plasma samples may be about 0.1 ml
to about 4 ml, preferably 0.5ml to 4ml. The volume of urine samples may be about 2 ml to about
30 ml, e.g., about 10 ml to about 30 ml, preferably about 20 ml.

[0139] While the examples provided herein used plasma samples, the skilled artisan will
appreciate that these methods are applicable to a variety of biological samples. Other suitable
biological samples include urine, cerebrospinal fluid, blood including blood components, e.g.,
plasma and serum, sputum, pleural fluid, nipple aspirates, lymph fluid, fluid of the respiratory,
intestinal, and genitourinary tracts, tear fluid, saliva, breast milk, fluid from the lymphatic system,
semen, intraorgan system fluid, ascitic fluid, tumor cyst fluid, amniotic fluid, cell culture
supernatant and combinations thereof.

[0140] The methods and kits of the disclosure are suitable for use with samples derived from a
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human subject. The methods and kits of the disclosure are suitable for use with samples derived
from a human subject. In addition, the methods and kits of the disclosure are also suitable for use
with samples derived from a human subject. The methods and kits of the disclosure are suitable
for use with samples derived from a non-human subject such as, for example, a rodent, a non-
human primate, a companion animal (e.g., cat, dog, horse), and/or a farm animal (e.g., chicken).
[0141] The term “subject” is intended to include all animals shown to or expected to have nucleic
acid-containing particles. In particular embodiments, the subject is a mammal, a human or
nonhuman primate, a dog, a cat, a horse, a cow, other farm animals, or a rodent (e.g. mice, rats,
guinea pig. etc.). A human subject may be a normal human being without observable
abnormalities, e.g., a disease. A human subject may be a human being with observable
abnormalities, e.g., a disease. The observable abnormalities may be observed by the human being

EEINAS

himself, or by a medical professional. The term “subject,” “patient,” and “individual” are used

interchangeably herein.

Methods

[0142] A wide range of surfaces are capable of capturing EV's according to the methods provided
herein. While the working examples provided herein use beads as the capture surface, it should
be understood that the format of the capturing surface, e.g., plate, tube, membranes or other filter
does not affect the ability of the methods provided herein to efficiently capture EVs from a
biological sample.

[0143] In some embodiments, the capture surface is a membrane. In some embodiments, the
capture surface is a plastic or a glass. For example, the bottom of a plate or a slide. In some
embodiments, the capture surface is a tube. In some embodiments, the capture surface is a bead.
For example, the bead is magnetic. Alternatively, the bead is non-magnetic. In yet another
embodiment, the bead is functionalized with an affinity ligand.

[0144[ The present disclosure also describes a device for isolating and concentrating EVs from
biological or clinical samples using disposable plastic parts and centrifuge equipment. For
example, the device comprises a column comprising a capture surface (i.e., a membrane filter),
a holder that secures the capture surface between the outer frit and an inner tube, and a collection
tube. The outer frit comprises a large net structure to allow passing of liquid, and is preferably at
one end of the column. The inner tube holds the capture surface in place, and preferably is slightly
conus-shaped. The collection tube may be commercially available, i.e., 50ml Falcon tube. The
column is preferably suitable for spinning, i.e., the size is compatible with standard centrifuge

and micro-centrifuge machines.
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[0145] In embodiments where the capture surface is a membrane, the device for isolating the EV
fraction from a biological sample contains at least one membrane. In some embodiments, the
device comprises one, two, three, four, five or six membranes. In some embodiments, the device
comprises three membranes. In embodiments where the device comprises more than one
membrane, the membranes are all directly adjacent to one another at one end of the column. In
embodiments where the device comprises more than one membrane, the membranes are all

identical to each other, i.e., are of the same charge and/or have the same functional group.

[0146] It should be noted that capture by filtering through a pore size smaller than the EVs is not
the primary mechanism of capture by the methods provided herein. However, filter pore size is
nevertheless very important, e.g., because mRNA becomes stuck on a 20nm filter and cannot be
recovered, whereas microRNAs can easily be eluted off, and e.g. because the filter pore size is
an important parameter in available surface capture area.

[0147] The methods provided herein use any of a variety of capture surfaces. In some
embodiments, the capture surface is a membrane, also referred to herein as a filter or a membrane
filter. In some embodiments, the capture surface is a commercially available membrane. In some
embodiments, the capture surface is a charged commercially available membrane. In some
embodiments, the capture surface is neutral. In some embodiments, the capture surface is selected
from Mustang® Ion Exchange Membrane from PALL Corporation; Vivapure ® Q membrane
from Sartorius AG; Sartobind Q, or Vivapure® Q Maxi H; Sartobind® D from Sartorius AG,
Sartobind (S) from Sartorius AG, Sartobind ® Q from Sartorius AG, Sartobind ® IDA from
Sartorius AG, Sartobind® Aldehyde from Sartorius AG, Whatman® DES1 from Sigma, Fast
Trap Virus Purification column from EMD Millipore; Thermo Scientific* Pierce Strong Cation
and Anion Exchange Spin Columns.

[0148] In embodiments where the capture surface is charged, the capture surface can be a charged
filter selected from the group consisting of 0.65um positively charged Q PES vacuum filtration
(Millipore), 3-5um positively charged Q RC spin column filtration (Sartorius), 0.8um positively
charged Q PES homemade spin column filtration (Pall), 0.8um positively charged Q PES syringe
filtration (Pall), 0.8um negatively charged S PES homemade spin column filtration (Pall), 0.8um
negatively charged S PES syringe filtration (Pall), and 50nm negatively charged nylon syringe
filtration (Sterlitech). Preferably, the charged filter is not housed in asyringe filtration apparatus,
as QIAzol/RNA is harder to get out of the filter in these embodiments. Preferably, the charged
filter is housed at one end of a column.

[0149] In embodiments where the capture surface is a membrane, the membrane can be made

from a variety of suitable materials. In some embodiments, the membrane is polyethersulfone
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(PES) (e.g., from Millipore or PALL Corp.). In some embodiments, the membrane is regenerated
cellulose (RC) (e.g., from Sartorius or Pierce).

[0150] In some embodiments, the capture surface is a positively charged membrane. In some
embodiments, the capture surface is a Q membrane, which is a positively charged membrane and

is an anion exchanger with quaternary amines. For example, the Q membrane is functionalized

with quaternary ammonium, R-CH2-N+(CH3)3. In some embodiments, the capture surface is a
negatively charged membrane. In some embodiments, the capture surface is an S membrane,

which is anegatively charged membrane and is a cation exchanger with sulfonic acid groups. For

example, the S membrane is functionalized with sulfonic acid, R-CH2-SO3". In some

embodiments, the capture surface is a D membrane, which is a weak basic anion exchanger with

diethylamine groups, R-CH2-NH+(C2H5)2. In some embodiments, the capture surface is a metal

chelate membrane. For example, the membrane is an IDA membrane, functionalized with

minodiacetic acid —-N(CH2COOH)2. In some embodiments, the capture surface is a microporous
membrane, functionalized with aldehyde groups, -CHO. In other embodiments, the membrane is
a weak basic anion exchanger, with diethylaminoethyl (DEAE) cellulose. Not all charged
membranes are suitable for use in the methods provided herein, e.g., RNA isolated using
Sartorius Vivapure S membrane spin column showed RT-qPCR inhibition and, thus, unsuitable
for PCR related downstream assay. Additionally, certain membranes generate false positives in
downstream immunoassays for protein detection.

[0151] In embodiments where the capture surface is charged, EVs can be isolated with a
positively charged filter.

[0152] In embodiments where the capture surface is charged, the pH during EV capture is a pH
<7. In some embodiments, the pH is greater than 4 and less than or equal to 8.

[0153] Depending on the membrane material, the pore sizes of the membrane range from 3 um
10 20 nm.

[0154] The surface charge of the capture surface can be positive, negative or neutral. In some
embodiments, the capture surface is a positively charged bead orbeads.

[0155] The methods provided herein include a lysis reagent. In some embodiments, the reagent
used for on-membrane lysis is a phenol-based reagent. In some embodiments, the lysis reagent
is a guanidinium-based reagent. In some embodiments, the lysis reagent is a high salt- based
buffer with or without detergents. In some embodiments, the lysis reagent is a detergent. In some
embodiments, the lysis reagent is QIAzol. In some embodiments, the lysis reagent is M- PER or
RIPA buffer.

[0156] In some embodiments, the methods include one or more wash steps, for example, after
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contacting the biological sample with the capture surface. In some embodiments, detergents are
added to the wash buffer to facilitate removing the non-specific binding (i.e., contaminants, cell
debris, and circulating protein complexes or nucleic acids), to obtain a more pure EV fraction.
Detergents suitable for use include, but are not limited to, sodium dodecyl sulfate (SDS), Tween-
20, Tween-80, Triton X-100, Nonidet P-40 (NP-40),, Brij-35, Brij-58, octyl glucoside, octyl
thioglucoside, CHAPS or CHAPSO.

[0157] In some embodiments, the capture surface, e.g., membrane, is housed within a device
used for centrifugation; e.g. spin columns, or for vacuum system e.g. vacuum filter holders, or
for filtration with pressure e.g. syringe filters. In a preferred embodiment, the capture surface is
housed in a spin column or vacuum system.

[0158] In some embodiments, the capture surface, e.g., beads are placed in tubes in different sizes
and the procedure can be done with or without rotation. The beads or capture materials are
separated by magnet or centrifugation.

[0159] The isolation of EVs from a biological sample prior to extraction of nucleic acids is
advantageous for the following reasons: 1) extracting nucleic acids from EVs provides the
opportunity to selectively analyze disease or tumor-specific nucleic acids obtained by isolating
disease or tumor-specific EVs apart from other EVs within the fluid sample; 2) nucleic acid-
containing EVs produce significantly higher yields of nucleic acid species with higher integrity
as compared to the yield/integrity obtained by extracting nucleic acids directly from the fluid
sample without first isolating EVs; 3) scalability, e.g., to detect nucleic acids expressed at low
levels, the sensitivity can be increased by concentrating EVs from a larger volume of sample
using the methods described herein; 4) more pure or higher quality/integrity of extracted nucleic
acids in that proteins, lipids, cell debris, cells and other potential contaminants and PCR inhibitors
that are naturally found within biological samples are excluded before the nucleic acid extraction
step; and 5) more choices in nucleic acid extraction methods can be utilized as isolated EV
fractions can be of a smaller volume than that of the starting sample volume, making it possible
to extract nucleic acids from these fractions or pellets using small volume column filters.

[0160] The isolation of EVs from a biological sample prior to extraction of proteins or
metabolites is advantageous for the following reasons: 1) extracting proteins or nucleic acids
from population-specific EVs can reveal changes in their cell of origin and represent alterations
occurring in cancer, neurodegenerative diseases and other conditions, making it an accurate and
specific biomarker. 2) isolation of population-specific EVs separate the desired biomarker
(nucleic acid, lipid or protein) from some of the most abundant proteins, nucleic acids and lipids
in body fluid. Specifically, this separates EV specific proteins from albumin in plasma and tamm-

horsfall and albumin proteins in urine, improving the sensitivity downstream immune assay and
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RNA profiling assays. 3) isolation of EVs removes inhibitors of antibody-antigen interaction
improving the detection of proteins. 4) isolation of EVs allows for increased starting sample
volume. Concentrated EV-associated proteins increase the signal of rare disease relevant
proteins.

[0161] The isolation of a subpopulation of EVs based on their surface proteins from a biological
sample prior to extraction of proteins, nucleic acids or metabolites is advantageous for the
following reasons: 1) the selection of EVs that originate from a specific cell or tissue of origin
better reflect the mRNA and protein expression of their cell source. For example, isolation of
cancer EVs can reveal changes that occur specifically in the cancer, isolation of neuronal EVs
open a window into changes taking place within the brain. 2) isolation of subpopulation of EVs
can increase the sensitivity of any protein or nucleic acid biomarker as it removes the signal from
microvesicles, proteins, and RNAs secreted from all the tissues and cells in the body that are
relevant to the disease signal. 3) selection of subpopulation of EVs can also increase the
specificity to certain cellular processes, for example isolation EVs containing LAMP2 on their
surface reflect lysosomal function, while EVs containing VDAC reflect mitochondrial function.
Several methods of isolating EVs from a biological sample have been described in the art. For
example, a method of differential centrifugation is described in a paper by Raposo et al. (Raposo
et al., 1996), a paper by Skog et al. (Skog et al., 2008) and a paper by Nilsson et. al. (Nilsson et
al., 2009). Methods of ion exchange and/or gel permeation chromatography are described in US
Patent Nos. 6,899,863 and 6,812,023. Methods of sucrose density gradients or organelle
electrophoresis are described in U.S. Patent No. 7,198,923. A method of magnetic activated cell
sorting (MACS) is described in a paper by Taylor and Gercel Taylor (Taylor and Gercel-Taylor,
2008). A method of nanomembrane ultrafiltration concentration is described in a paper by
Cheruvanky et al. (Cheruvanky et al., 2007). A method of Percoll gradient isolation is described
in a publication by Miranda et al. (Miranda et al., 2010). Further, EVs may be identified and
isolated from bodily fluid of a subject by a microfluidic device (Chen et al., 2010). In research
and development, as well as commercial applications of nucleic acid biomarkers, it is desirable
to extract high quality nucleic acids from biological samples in a consistent, reliable, and practical
manner.

[0162] In some embodiment, the biological sample is pre-processed prior to an enrichment or
depletion method described herein. In some embodiment, the sample is pre-processed prior to
isolation and extraction of at least one biomarker disclosed herein. In some embodiment, the
sample is not pre-processed prior to isolation and extraction of at least one biomarker disclosed
herein. In some embodiments, the sample is not pre-processed prior to isolation and extraction of

nucleic acids, e.g., DNA and/or DNA and RNA, from the biological sample.
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[0163] In some embodiments, the sample is subjected to a pre-processing step prior to when
isolation, purification, enrichment or depletion of the EVs is performed to remove large unwanted
particles, cells and/or cell debris and other contaminants present in the biological sample. The
pre-processing steps may be achieved through one or more centrifugation steps (e.g., differential
centrifugation) or one or more filtration steps (e.g., ultrafiltration), or a combination thereof.
Where more than one centrifugation pre-processing steps are performed, the biological sample
may be centrifuged first at the lower speed and then at the higher speed. If desired, further suitable
centrifugation pre-processing steps may be carried out. Alternatively, in addition to the one or
more centrifugation pre-processing steps, the biological sample may be filtered. For example, a
biological sample may be first centrifuged at 20,000g for 1 hour to remove large unwanted
particles; the sample can then be filtered, for example, through a 0.8 um filter. In some
embodiments, a pre-clearing step is performed on the biofluids with an EDDE blank-depletion.
[0164] In some embodiments, the sample is pre-filtered to exclude particles larger than 0.8 um.
In some embodiments, the sample includes an additive such as EDTA, sodium citrate, and/or
citrate-phosphate-dextrose.

[0165] In some embodiments, one or more centrifugation steps are performed before or after
contacting the biological sample with the capture surface to separate EVs and concentrate the
EVs isolated from the biological fraction. For example, the sample is centrifuged at 20,000 g for
1 hour at 4°C. To remove large unwanted particles, cells, and/or cell debris, the samples may be
centrifuged at a low speed of about 100-500g, preferably about 250-300g. Alternatively or in
addition, the samples may be centrifuged at a higher speed. Suitable centrifugation speeds are up
to about 200,000g; for example, from about 2,000g to less than about 200,000g. Speeds of above
about 15,000g and less than about 200,000g or above about 15,000g and less than about 100,000g
or above about 15,000g and less than about 50,000g are preferred. Speeds of from about 18,000g
to about 40,000g or about 30,000g; and from about 18,000g to about 25,000g are more preferred.
Particularly preferred is a centrifugation speed of about 20,000g. Generally, suitable times for
centrifugation are from about 5 minutes to about 2 hours, for example, from about 10 minutes to
about 1.5 hours, or more preferably from about 15 minutes to about 1 hour. A time of about 0.5
hours may be preferred. It is sometimes preferred to subject the biological sample to
centrifugation at about 20,000g for about 0.5 hours. However, the above speeds and times can
suitably be used in any combination (e.g., from about 18,000g to about 25,000g, or from about
30,000g to about 40,000g for about 10 minutes to about 1.5 hours, or for about 15 minutes to
about 1 hour, or for about 0.5 hours, and so on). The centrifugation step or steps may be carried
out at below-ambient temperatures, for example at about 0-10°C, preferably about 1-5 °C, e.g.,

about 3 °C or about 4°C. In some embodiments, these ultracentrifugation steps are performed
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before EDDE. In other embodiments, these steps can be performed after EDDE depletion.
[0166] In some embodiments, one or more filtration steps are performed before or after
contacting the biological sample with the capture surface. A filter having a size in the range about
0.1 to about 1.0 um may be employed, preferably about 0.8 um or 0.22 um. The filtration may
also be performed with successive filtrations using filters with decreasingporosity.

[0167] In some embodiments, one or more concentration steps are performed, in order to reduce
the volumes of sample to be treated during the chromatography stages, before or after contacting
the biological sample with the capture surface. Concentration may be through centrifugation of
the sample at high speeds, e.g. between 10,000 and 100,000 g, to cause the sedimentation of the
EVs. This may consist of a series of differential centrifugations. The EVs in the pellet obtained
may be reconstituted with a smaller volume and in a suitable buffer for the subsequent steps of
the process. The concentration step may also be performed by ultrafiltration. In fact, this
ultrafiltration both concentrates the biological sample and performs an additional purification of
the EV fraction. In another embodiment, the filtration is an ultrafiltration, preferably a tangential
ultrafiltration. Tangential ultrafiltration consists of concentrating and fractionating a solution
between two compartments (filtrate and retentate), separated by membranes of determined cut-
off thresholds. The separation is carried out by applying a flow in the retentate compartment and
a transmembrane pressure between this compartment and the filtrate compartment. Different
systems may be used to perform the ultrafiltration, such as spiral membranes (Millipore,
Amicon), flat membranes or hollow fibers (Amicon, Millipore, Sartorius, Pall, GF, Sepracor).
Within the scope of the invention, the use of membranes with a cut-off threshold below 1000
kDa, preferably between 100 kDa and 1000 kDa, or even more preferably between 100 kDa and
600 kDa, is advantageous. In some embodiments, these steps are performed before EDDE. In
some embodiments, these steps are performed on EDDE depletion supernatant.

[0168] In some embodiments, one or more size-exclusion chromatography step or gel permeation
chromatography steps are performed before or after contacting the biological sample with the
capture surface. To perform the gel permeation chromatography step, a support selected from
silica, acrylamide, agarose, dextran, ethylene glycol-methacrylate co-polymer or mixtures
thereof, e.g., agarose-dextran mixtures, are preferably used. For example, such supports include,
but are not limited to: SUPERDEX® 200HR (Pharmacia), TSK G6000 (TosoHaas) or
SEPHACRYL® S (Pharmacia). In some embodiments, these steps are performed before EDDE.
In some embodiments, these steps are performed on EDDE depletion supernatant.

Optionally, control particles may be added to the sample prior to EV isolation or nucleic acid
extraction to serve as an internal control to evaluate the efficiency or quality of EV purification

and/or nucleic acid extraction. In some embodiments, the control particle is a Q-beta
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bacteriophage, referred to herein as “Q-beta particle.” The Q-beta particle used in the methods
described herein may be a naturally-occurring virus particle or may be a recombinant or
engineered virus, in which at least one component of the virus particle (e.g., a portion of the
genome or coat protein) is synthesized by recombinant DNA or molecular biology techniques
known in the art. Q-beta is a member of the leviviridae family, characterized by a linear, single-
stranded RNA genome that consists of 3 genes encoding four viral proteins: a coat protein, a
maturation protein, a lysis protein, and RNA replicase. Due to its similar size to average EVs, Q-
beta can be easily purified from a biological sample using the same purification methods used to
isolate EVs, as described herein. In addition, the low complexity of the Q-beta viral single-
stranded gene structure is advantageous for its use as a control in amplification-based nucleic
acid assays. The Q-beta particle contains a control target gene or control target sequence to be
detected or measured for the quantification of the amount of Q-beta particle in a sample. For
example, the control target gene is the Q-beta coat protein gene. After addition of the Q-beta
particles to the biological sample, the nucleic acids from the Q-beta particle are extracted along
with the nucleic acids from the biological sample using the extraction methods described herein.
Detection of the Q-beta control target gene can be determined by RT-PCR analysis, for example,
simultaneously with the biomarker(s) of interest. A standard curve of at least 2, 3, or 4 known
concentrations in 10-fold dilution of a control target gene can be used to determine copy number.
The copy number detected and the quantity of Q-beta particle added can be compared to
determine the quality of the isolation and/or extraction process.

[0169] In a preferred embodiment, the Q-beta particles are added to an urine sample prior to
nucleic extraction. For example, the Q-beta particles are added to the urine sample prior to
ultrafiltration and/or after the pre-filtration step.

[0170] In some embodiments, 50, 100, 150, 200, 250, 300, 350, 400, 450, 500, 1,000 or 5,000
copies of Q-beta particles added to a bodily fluid sample. In a preferred embodiment, 100 copies
of Q-beta particles are added to a bodily fluid sample. The copy number of Q-beta particles can
be calculated based on the ability of the Q-beta bacteriophage to infect target cells. Thus, the
copy number of Q-beta particles is correlated to the colony forming units of the Q-beta

bacteriophage.

Detection of nucleic acid biomarkers

[0171] In some embodiments, the extracted nucleic acid comprises DN A and/or DNA and RNA.
In embodiments where the extracted nucleic acid comprises DNA and RNA, the RNA is
preferably reverse-transcribed into complementary DNA (cDNA) before further amplification.

35



10

15

20

25

30

35

WO 2019/014486 PCT/US2018/041884

Such reverse transcription may be performed alone or in combination with an amplification step.
One example of a method combining reverse transcription and amplification steps is reverse
transcription polymerase chain reaction (RT-PCR), which may be further modified to be
quantitative, e.g., quantitative RT-PCR as described in US Patent No. 5,639,606, which is
incorporated herein by reference for this teaching. Another example of the method comprises two
separate steps: a first of reverse transcription to convert RNA into cDNA and a second step of
quantifying the amount of cDNA using quantitative PCR. As demonstrated in the examples that
follow, the RNAs extracted from nucleic acid-containing particles using the methods disclosed
herein include many species of transcripts including, but not limited to, ribosomal 18S and 28S
rRNA, microRNAs, transfer RNAs, transcripts that are associated with diseases or medical
conditions, and biomarkers that are important for diagnosis, prognosis and monitoring of medical
conditions.

[0172] For example, RT-PCR analysis determines a Ct (cycle threshold) value for each reaction.
In RT-PCR, a positive reaction is detected by accumulation of a fluorescence signal. The Ct value
is defined as the number of cycles required for the fluorescent signal to cross the threshold (i.e.,
exceeds background level). Ct levels are inversely proportional to the amount of target nucleic
acid, or control nucleic acid, in the sample (i.e., the lower the Ct level, the greater the amount of
control nucleic acid in the sample).

[0173] In another embodiment, the copy number of the control nucleic acid can be measured
using any of a variety of art-recognized techniques, including, but not limited to, RT- PCR. Copy
number of the control nucleic acid can be determined using methods known in the art, such as by
generating and utilizing a calibration, or standard curve.

[0174] In some embodiments, one or more biomarkers can be one or a collection of genetic
aberrations, which is used herein to refer to the nucleic acid amounts as well as nucleic acid
variants within the nucleic acid-containing particles. Specifically, genetic aberrations include,
without limitation, over-expression of a gene (e.g., an oncogene) or a panel of genes, under-
expression of a gene (e.g., a tumor suppressor gene such as p53 or RB) or a panel of genes,
alternative production of splice variants of a gene or a panel of genes, gene copy number variants
(CNV) (e.g.., DNA double minutes) (Hahn, 1993), nucleic acid modifications (e.g., methylation,
acetylation and phosphorylations), single nucleotide polymorphisms (SNPs), chromosomal
rearrangements (e.g., inversions, deletions and duplications), and mutations (insertions,
deletions, duplications, missense, nonsense, synonymous or any other nucleotide changes) of a
gene or a panel of genes, which mutations, in many cases, ultimately affect the activity and
function of the gene products, lead to alternative transcriptional splice variants and/or changes of

gene expression level, or combinations of any of theforegoing.
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[0175] The analysis of nucleic acids present in the isolated particles is quantitative and/or
qualitative. For quantitative analysis, the amounts (expression levels), either relative or absolute,
of specific nucleic acids of interest within the isolated particles are measured with methods
known in the art (described below). For qualitative analysis, the species of specific nucleic acids
of interest within the isolated EVs, whether wild type or variants, are identified with methods
known in the art.

[0176] The present invention also includes various uses of the new methods of isolating EVs
from a biological sample for high quality nucleic acid extraction from a for (i) aiding in the
diagnosis of a subject, (i1)) monitoring the progress or reoccurrence of a disease or other medical
condition in a subject, or (iii) aiding in the evaluation of treatment efficacy for a subject
undergoing or contemplating treatment for a disease or other medical condition; wherein the
presence or absence of one or more biomarkers in the nucleic acid extraction obtained from the
method is determined, and the one or more biomarkers are associated with the diagnosis, progress

or reoccurrence, or treatment efficacy, respectively, of a disease or other medical condition.

Kits for isolating EV's from a biological sample

[0177] One aspect of the present invention is further directed to kits for use in the methods
disclosed herein. The kit comprises a capture surface apparatus sufficient to separate EVs from a
biological sample from unwanted particles, debris, and small molecules that are also present in the
biological sample. The present invention also optionally includes instructions for using the
foregoing reagents in the isolation and optional subsequent nucleic acid extraction process. In
another aspect, the kit comprises a capture surface apparatus sufficient to separate a subpopulation
of EVs that contain surface marker GluR2 used for isolating EVs unwanted particles, debris, and
small molecules that present in a biological sample. The present invention also optionally includes
instructions for using the foregoing reagents in the isolation and optional subsequent nucleic acid

extraction process.

[0178] The present invention is further illustrated by the following examples that should not be
construed as limiting. The contents of all references, patents, and published patent applications
cited throughout this application, as well as the Figures, are incorporated herein by reference in
their entirety for all purposes.

EXAMPLES
[0179] While the examples provided herein use a variety of membranes and devices used for
centrifugation and/or filtration purposes, it is to be understood that these methods can be used

with any capture surface and/or housing device that allows for the efficient capture of EVs and
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release of the nucleic acids, particularly, RNA, contained therein.

Example 1: EDDE Process and Uses Thereof

[0180] As described throughout, the processes provided herein allow the user to choose a
different selection of antibodies for isolating specific subpopulations of EVs. The process is
suitable for the measurement of proteins, protein modifications, sugars, lipids, RNA, DNA,

RNA/DNA modifications and mutations, as well as metabolites, and any combination thereof.

[0181] The methods disclosed herein are generally referred to as “EDDE process™ or “EDDE”.
As used herein, the term “EDDE process™ or “EDDE” refers to the following general method: 1)
functionalizing a capture surface with a reagent that is specific to one or more cell surface markers
on EVs generally or is specific to one or more cell surface markers on one or more subpopulations
of EVs to isolate the total EV population or one or more subpopulations of EVs from a biological
sample; ii) contacting the functionalized capture surface with the biological sample; iii)
performing a depletion step, performing an enrichment step, or a combination thereof to produce
a purified total EV population or one or more subpopulations of EVs; and iv) eluting the purified
total EV population or one or more subpopulations of EVs or further manipulating the purified
total EV population or one or more subpopulations of EVs, such as, for example, by lysing the
EVs within the purified total EV population or one or more subpopulations of EVs. In some
embodiments, the eluted purified total EV population or one or more subpopulations of EVs are
then subjected to further downstream analysis.

[0182] For a depletion process, step iii) includes at least transferring the supernatant from step
i1) to a new tube or other container and isolating the EVs from the supernatant using a suitable
capture surface. In some embodiments, the EVs from the supernatant are eluted intact from the
suitable isolation capture surface. In some embodiments, the EVs from the supernatant are lysed,
and the nucleic acids from the lysed EVs are extracted. In some embodiments, the eluted intact
EVs or the nucleic acids extracted therefrom are then subjected to further downstream analysis.
In some embodiments, nucleic acids, proteins or lipids are isolated directly from the depleted
body fluids.

[0183] For an enrichment process, step iii) washing the functionalized capture surface that has
been contacted with the biological sample from step ii) and transferring the washed capture
surface to a new tube or other container. In some embodiments, the EVs are eluted intact from
the washed capture surface. In some embodiments, the EVs are lysed, and the nucleic acids from
the lysed EVs are extracted. In some embodiments, the eluted intact EVs or the nucleic acids

extracted therefrom are then subjected to further downstream analysis.
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[0184] The Fig. provided herein demonstrate various advantages and other aspects of the EDDE
isolation and purification processes provided herein.

[0185] As shown in Fig. 1, one exemplary process of the invention starts with a bio- fluid like
serum or plasma. Subpopulation of EVs are separated from the biofluids specifically by any bio-
affinity molecule. EVs can be separated by charge affinity. Total sample EVs may also be
isolated. Specific EVs isolated using capture surfaces are retrieved from the capture surface.
[0186] All specific and total exosomes are analyzed for biomarkers or profiles using downstream
assays. Fig. 2A depicts that HBB mRNA was significantly reduced by 81% following the
isolation processes referred to herein as EDDE as measured by quantitative PCR. Fig. 2B depicts
that HBB protein concentration in plasma EVs was significantly reduced by 55% as measured
by specific ELISA. Fig. 2C depicts the level of HBB, HBA1 and HBAZ2, which are the three most
abundant mRNA in plasma, are reduced by 67%, 63%, and 66% respectively following the
EDDE process as determined by RN Aseq.

[0187] Fig. 3A depicts how PPBP mRNA was significantly reduced by 81% following EDDE
(SELP) as measured by quantitative PCR. Fig. 3B depicts how SELP protein concentration in
plasma exosomes was significantly reduced by 80% as measured by specific ELISA. Fig. 3C
demonstrates that the level of PPBP, PF4v1 and PF4, which are the three most abundant platelet
mRNA in plasma EVs, was reduced by 67%, 63%, and 66% respectively following EDDE
(SELP) as determined by RN Aseq.

[0188] The next set of studies demonstrate the superior, sensitive ability of the EDDE process to
detect protein-coding genes in EVs. Prior to the EDDE process, in plasma samples, some
exosomal RNAs are present, but not typically detected due to the presence of non-relevant
background genes that are also sequenced. When EDDE was used to remove background EVs,
genes that were undetected in plasma were detected as seen in Fig. 4A. Several hundred of these
protein- coding genes were detected, and Fig. 4B and 4C present a representative few of the
protein-coding genes that were detected following EDDE.

[0189] Fig. 5 depicts that when T47D cell line condition media was spiked into healthy plasma
pool, the recovery level of various breast cancer specific genes, GATA3, KRT19, RABI13,
SAMD4A, ARHGAPI11a, ANP32B and TAF15, was higher when CD44 and CD184 was
targeted using anti-CD44 antibodies and/or anti-CD184 antibodies, separately or together, than
with a non-specific antibody.

[0190] Fig. 6 demonstrates that the EDDE process improved the specificity of an abundant
biomarker. Like many protein biomarkers, c-Met is present in most samples and lacks specificity.
Use of the EDDE process revealed relevant cancer-related signal from the non- relevant

background.
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[0191] As shown in Fig. 7, many biomarkers are expressed at levels too low to be efficiently
detected in total plasma. These biomarkers can be detected after EDDE enrichment. As an
example, PD-1 in Fig. 7A, Tau in Fig. 7C and p-Tau proteins (Fig. 7B) are barely detected in
total plasma, but after the novel enrichment (EDDE process) of a subpopulation of EVs from the
same sample, the biomarker is robustly detected. The Tau signal was detected after enrichment
of neuronal exosomes using specific antibody targeting markers such as L1ICAM. PD-1 was
detected after enriching for CD81 and CD3 containing EVs.

[0192] Fig. 7A demonstrates that enriching for EVs that contain CD81 on their surface using the
EDDE process significantly enabled the detection of PD-1 in plasma samples, and PD- 1 was
undetected in the unprocessed plasma sample. Fig. 7B and 7C demonstrate that enriching for EVs
containing CD171 on their surface enabled detection of total tau and p-tau in plasma samples by
regular ELISA. Fig. 7D demonstrates that enriching for EVs that contain CD171 on their surface
enabled the detection of NEFL mRNA in EVs from plasma sample and directly from plasma.
The process of enrichment using the EDDE process also increased the signal of NRGN and ENO2
by 2-4 fold.

[0193] Fig. 8 demonstrates that an EDDE plasma RNA panel accurately distinguished 100% of
patients who went on to achieve a 12-month durable response to immunotherapy (yellow bars)
after only 2-4 weeks on ipilimumab (study of 21 patients). In contrast, a total plasma exosomal

RNA signature had a 12.5% false positiverate.

Example 2: EDDE Depletion of Abundant Genes in Human Normal and Cancer Plasma.

[0194] Metastatic melanoma patient plasma drawn at baseline (before initiation of
immunotherapy) and taken at week 2/4 after initiation of immunotherapy was subjected to
preclearing using filtration method(s). EDDE immune capture procedure was performed on
plasma to remove abundant reticulocyte and pre-erythrocyte EVs expressing glycophorin A
(CD235A) that contain nonrelevant RNA transcripts. Exosomes were isolated from the
remaining unbound plasma, cleared of CD235A EVs, and exosomal RN A was isolated. An
mRNA panel of over 600 mRNA transcripts was used to examine the expression in samples
taken at baseline versus at week 2/4 post immunotherapy. Genes with the greatest expression
change between timepoints were identified. As seen in Fig. 8 the top ten differentially expressed
genes identified after EDDE depletion were able to separate samples from individuals who
responded to immunotherapy (yellow dendrogram) from those who did not respond to
immunotherapy (green dendrogram). This separation was not seen when differentially expressed
genes were identified in the same patient plasma samples not processed using EDDE CD235A

depletion.
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[0195] Human plasma although considered a cell-free medium for analyzing circulating tumor
biomarkers, has abundant genes that are typically not useful in oncology analysis especially for
solid tumors, among them, human hemoglobin and platelet-related genes. The EDDE depletion
process disclosed here could effectively deplete these irrelevant abundant genes to a significant
extent by virtue of EV depletion targeting against cell surface markers. As shown in Fig. 9, an
anti-GYPA (CD235) antibody, and an anti-CD42 (plus anti-CD62) antibody were used to deplete
erythrocyte/reticulocyte-derived EVs, and platelet-derived EVs, respectively. The result of
depleting reticulocyte/erythrocyte EVs is that some of the most abundant mRNAs in plasma
(HBB, HBA1, HBA2, MT-ND1, MT-ND4L and MT-CO1) were removed for downstream

analysis by over 50% as measured in transcripts per million by RNASeq.

[0196] Asshown in Fig. 12A and Fig. 12B for a platelet-derived EV depletion, the effect of
EDDE was demonstrated by PPBP RNA level analyzed by qPCR (Ct). It is clear that the
depletion using magnetic beads (e.g., from Thermo Fisher, Waltham, MA, USA) and EDDE
immuno pulldown resulted in platelet-derived EV signal being mostly on the beads, and
significantly reduced in the plasma supernatant after EDDE depletion process. Combination of
two surface markers for platelet-derived EVs (CD42 + CD62) resulted in an even greater

depletion in plasma supematant after EDDE, further enabling useful downstream RNA analysis.

[0197] In Fig. 17 (left part), 2 mL of human normal plasma was used in three independent
replicates each to undergo an EDDE depletion using a CD235 antibody-conjugated magnetic
beads (Thermo Fisher, Waltham, MA) with bead-washing using detergent-containing buffers for
multiple times. The unbound portion of human plasma after removing the complex formed
between the functionalized magnetic beads and cell surface marker CD235 was subject to RNA
extraction using QIAzol-based method for HBB gene copies measured by quantitative PCR. As
a control, IgG was used in EDDE process instead of the specific antibody for 235, and the same
HBB gene was also measured in the unbound portion of plasma. Total plasma neat was extracted
for RNA to measure the starting amount of HBB gene copy number. Depletion of HBB for more
than 4 fold (corresponding to Ct change of 2.8 Ct) was observed.

Example 3: EDDE Enrichment in Conditioned Cancer Cell Culture Media and Normal

Human Plasma.

[0198] As shown in Figure 10, a conditioned cell media from human glioblastoma cancer cell
line Gli36 wild-type, that is known to expresses wild-type EGFR membrane protein on the cell
surface, was used for immune pulldown using standard EDDE enrichment procedure disclosed
herein, with IgG as a control and antibodies against CD63, CD81, EGFRI cell surface markers,
respectively. After specific EVs were pulled down using these antibodies, RNA was extracted
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from the purified subpopulation of EVs, before subsequent analysis by quantitative PCR for the
GAPDH gene expression. It was clearly demonstrated that either exosome-specific markers
(CD63, CD81), or EGFR marker that is unique to this cancer cell line, could efficiently enrich
for subpopulations of EVs in the conditioned medium.

[0199] As shown in Fig. 11, a list of potential surface proteins on exosomes were targeted for
either enrichment or for depletion in human plasma using EDDE platform with a summarized

level of confidence.

Example 3: EDDE Enrichment In Normal Human Plasma Vs. Cancer Patient Plasma.

[0200] As shown in Figure 14, human melanoma patient plasma, and healthy subject plasma
were used for immune pulldown using standard EDDE enrichment procedure disclosed herein,
with IgG as a control and antibodies against CD44 cell surface marker. It was demonstrated that
only CD44 cell surface marker-based EDDE specifically enriched a subpopulation of EVs
(carrying biomarker of cMET protein on the surface, in this case) from the plasma of melanoma
patients A and B relative to the healthy subject, enabling clear separation of melanoma patients
from the healthy subject, potentially for the early detection of melanoma. The separation was
not seen in neat plasma detection of c-MET protein, if EDDE enrichment was not performed.

[0201] As shown in Figure 15A and 15B, human glioblastoma patient plasma, and healthy
subject plasma were used for immune pulldown using standard EDDE enrichment procedure
disclosed herein, with IgG as a control and antibodies against CD44, EGFR, and EGFRVIII cell
surface markers, respectively. It was demonstrated that only EGFR cell surface marker out of
these tested markers showed specificity in EDDE enrichment for a subpopulation of EVs from
the GBM patient plasma relative to the healthy. The enriched subpopulation of EVs showed

characteristic exosomal markers like FLOT1 and CD81, by western blot analysis.

Example 4: EDDE Enrichment of Neuronal Protein Biomarkers in Normal and
Neurodegenerative Disease Patient Plasma Samples.

[0202] Neuronal-associated proteins are detected in plasma EVs after specific enrichment of
neuronal-derived EVs. Individual or pooled healthy plasma was first pre-cleared using filtration
method(s). In Figure 17B, Figure 18 and Figure 20 EDDE immune pulldown procedure was
performed on plasma targeting EVs with either L1CAM or GluR2 protein on their surface. This
EDDE procedure was performed manually by human operator(s) or using automated bead/liquid
handling equipment. L1CAM or GluR2-expressing EVs from plasma were immuno captured on
a surface and separated away from the unbound portion of the plasma. These EVs were removed

from their capture surface and/or lysed to generate EV protein extracts. These EV extracts were
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then interrogated by standard or modified protein detection method for known neuronal-
associated proteins expressed in neuronal tissue, including Tau, p-Tau, p-181 Tau, SCNA and
ENOS2. Only the EV lysates from the enrichment process targeting L1CAM or GluR2 detected
the presence and/or increase of neuronal-associated proteins; EDDE control 1gG could not.
EDDE targeting L1CAM and GluR2 are specifically capturing neuronal-associated EVs and are
not indiscriminately retrieving EVs in the blood as HBB, an abundant blood protein found in
plasma and plasma exosomes, was not enriched by the L1ICAM and GluR2 EDDE process. As
seen in Fig. 16 and Fig. 21 plasma from patients with neurodegenerative disease or from
individuals having risk of neurodegenerative diseases (plasma from patients aged >60), undergo
EDDE procedure for immune capture of L1CAM and GluR2-expressing EVs in plasma. After
immune capture, LICAM or GluR2 positive EVs are physically separated from liquid plasma
and retained. These neuronal sub-type EVs are released from the immune capture surface and/or
lysed to generate neuronal EV lysates that are analyzed by standard or modified protein
identification methods. As seen in Fig. 21, Parkinson’s Disease (PD) samples can only be
distinguished from control healthy samples when neuronal-associated protein alpha synuclin
(SNCA) is measured after EDDE L1CAM or EDDE GluR2 process. Here for the GluR2 EDDE
enrichment, a threshold of a-synuclein in this EDDE enrichment assay is set at 9 pg/ML of plasma
to achieve 100% sensitivity and 100% specificity in distinguishing Parkinson’s patients from
normal healthy subjects. In unprocessed plasma and in unprocessed CSF, SNCA concentration
is not different between disease and health groups. Similarly, as seen in Fig. 16 when EDDE
L1CAM procedure is performed on senior plasma (aged >60 years) and young plasma (aged <50
years) and Tau concentration (a neuronal protein associated with AD) is measured on these EV
lysates, the concentration of Tau is higher in senior samples. Tau was not detected in plasma

depleted of exosomes by ultracentrifugation method.

Example 5: EDDE Enrichment of Neuronal RNA Biomarkers in Normal and
Neurodegenerative Disease Patient Plasma Samples

[0203] Up to 2 mL of human healthy donor plasma, that were pooled typically from 10 subjects,
was used in experiments leading to qPCR analysis on RNA extracted from EDDE enriched EV's
having target cell surface marker(s). In Fig. 13, neuronal specific genes such as NRGN ENO2
and NEFL were shown to achieve enrichment in human plasma after EDDE enrichment when
specific antibodies (biotinylated) were used to functionalize the contact surface in magnetic beads
with streptavidin attached. The complex formed between the beads and the EVs containing
surface marker of CD171 (L1CAM) was washed before being lysed using QIAzol reagent for

RNA extraction. The RNA was purified and subsequent qPCR analysis was conducted using
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primers and probe specific for the neuronal genes, respectively. The similar process was
conducted for experiments in Fig 19, where neuronal genes NEFL, NRGN, ENO2, SNSR4, and
GRP139 were analyzed, as a control, HBB was also analyzed for comparison. The EDDE
enrichment process was performed using CD171 (EDDE-neuro 1) and GluR2 (EDDE-neuro 2),
respectively. As shown in Fig. 22 and Fig 23, neuronal EDDE enrichment using L1CAM and
GluR2 significantly enriched for neuronal specific genes but not for HBB, as a control, a non-
neuronal DRD35 EDDE did not enrich for this set of neuronal genes.

[0204] In Fig. 24, ten Parkinson’s patient’s plasma and ten age-matched normal human plasma
were analyzed side by side for neuronal specific genes after EDDE enrichment using either
LI1ICAM or GluR2 antibody. In these candidate genes, without normalization, GluR2 EDDE
enrichment separated Parkinson’s patients from normal using neuronal genes PARK2 and

DLG4, with a pre-defined threshold Ct, respectively.

Other Embodiments

[0205] While the invention has been described in conjunction with the detailed description
thereof, the foregoing description is intended to illustrate and not limit the scope of the invention,
which is defined by the scope of the appended claims. Other aspects, advantages, and

modifications are within the scope of the following.
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What is claimed is:

1. A method comprising:

a. contacting a biological sample with a functionalized capture surface under conditions sufficient
to form a complex between the functionalized capture surface and at least one extracellular vesicle
(EV) cell surface marker, wherein the capture surface is functionalized with a reagent that is specific
for the at least one cell surface marker;

b. separating the complex formed between the functionalized capture surface and the at least

one cell surface marker from an unbound portion of the biological sample to obtain a captured

complex and retaining the captured complex;

c. washing the captured complex formed between the functionalized capture surface and the at
least one cell surface marker;

d. enriching one or more subpopulations of EVs having at least one cell surface marker within
the biological sample by repeating steps b.-c.; and,

e. isolating and purifying one or more subpopulations of EVs having at least one target
biomarker, performing the above a.-d. steps either sequentially or simultaneously if more than one
cell surface marker is used.

2. The method of claim 1, wherein the at least one target biomarker is a nucleic acid, protein,
carbohydrate, or lipid.

3. The method of any one of claims 1-2, wherein the at least one cell surface marker is present on
the surface of the EVs or wherein the biomarker is extracted from within the EVs.

4, The method of any one of claims 1-3, wherein the reagent that is specific for at least one cell
surface marker comprises an antibody or a mixture of antibodies.

5. The method of any one of claims 1-4, further comprising quantifying the presence of at least one
target biomarker in the subpopulation of EVs.

6. The method of any one of claims 1-5, wherein the presence of the at least one target biomarker
is directly correlated to the number of EVs in at least one of the isolated subpopulations from the
biological samples.

7. The method of claim 6, wherein the presence of the at least one biomarker is assayed using a
transcriptomic assay, proteomic assay, quantitative PCR, a nanostring assay, or a microarray.

8. The method of claim 1, further comprising step f., extracting at least one target biomarker from
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the isolated and purified subpopulation of EVs.
9. The method of claim 8, wherein the at least one target biomarker is selected from the list
consisting of a-synuclein with or without any modification, Tau, phosphorylated Tau, SODI,
TDP43, prions, HTT, SMA, amyloid beta, synaptic proteins, clusterin, and DRP1.
10. The method of any one of claims 1-9, further comprising the steps of’
g. comparing the levels of at least one target biomarker from the isolated and purified
subpopulation of EVs, from a subject and one or more pre-defined threshold(s); and,
h. identifying the subject as having a disease or condition; and/or identifying a risk of
disease progression in the subject; and/or identifying the subject as being suitable for a
therapy if the levels of the at least one biomarker exceeds or differ from one or more pre-
defined threshold(s).

11. The method of any one of claims 1-10, wherein the cell surface marker is GIuR2.

12. The method of any one of claims 1-11, wherein the reagent specific for at least one cell surface
marker comprises one or more vitamin, protein, ligand, lectin, peptide, oligonucleotide, aptamer,

or any combination thereof.

13. The method of any one of claims 1-7 or 10-12, wherein the enrichment process comprises
retaining the complex formed between the reagent and the at least one cell surface marker from the
biological sample.

14. The method of any one of claims 1-7 or 10-13, wherein the biological sample is selected from
the group consisting of blood, plasma, serum, urine, sputum, spinal fluid, cerebrospinal fluid,
pleural fluid, nipple aspirates, lymph fluid, fluid of the respiratory, intestinal, and genitourinary
tracts, tear fluid, saliva, breast milk, fluid from the lymphatic system, semen, cerebrospinal fluid,
intra-organ system fluid, ascitic fluid, tumor cyst fluid, amniotic fluid and combinations thereof.
15. The method of claim 1-7 or 10-14, wherein the biological sample is plasma or serum.

16. The method of any one of claims 1-7 or 10-15, wherein the step of purifying a subpopulation
of EVs comprises eluting the EVs inan intact form.

17. The method of any one of claims 1-7 or 10-16, wherein the step of purifying a subpopulation

of EVs comprises lysing the EVs and extracting at least one biomarker from the lysed EVs.
18. The method of claim 17, wherein the extracted biomarker comprises RNA or an RNA species.

19. The method of any one of claims 1-7 or 10-18, wherein the functionalized capture surface

comprises a population of beads or a mixture of a population of beads.
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20. The method of claim 19, wherein the beads are magnetic beads.
21. The method of any one of claims 1-7 or 10-20, wherein the functionalized capture surface
comprises one or more membrane, chip, nanoparticle or population of nanoparticles, nanotube or
population of nanotubes, slide, chromatography medium, or any combinationthereof.
22. The method of any one of claims 1-7 or 10-21, wherein the reagent that is specific for at least
one cell surface marker comprises an antibody or a mixture of antibodies.
23. The method of any one of claims 1-7 or 10-22, wherein the reagent that is specific for at least
one cell surface marker is specific for a cell type selected from an immune cell, a T-cell, a B-cell,
an NK cell, a monocyte, an endothelial cell, an epithelial cell, a platelet, an erythrocyte, a
reticulocyte, a neuronal cell, a cancer cell, an embryonic cell or tissue, an astrocyte, an
oligodendrocyte, or any combinations thereof.
24. The method of any one of claims 1-23, wherein the biological sample is from patients of
neurodegenerative diseases from the list consisting of Parkinson's disease (PD), Alzheimer's disease
(AD), vascular disease dementia, frontotemporal dementia (FTD), corticobasal degeneration
(CBD), progressive supranuclear palsy (PSP), Lewy body dementia, tangle-predominant senile
dementia, Pick's disease (PiD), argyrophilic grain disease, amyotrophic lateral sclerosis (ALS),
other motor neuron diseases, Guam parkinsonism-dementia complex, FTDP-17, Lytico-Bodig
disease, multiple sclerosis and traumatic brain injury (TBI).
25. The method of any one of claims 1-24, wherein the biological sample is pre-processed prior to
contacting the biological sample with the functionalized capture surface.
26. A kit for performing the method according to any one of claims 1-25, comprising at least one
reagent, buffers and instructions for use.
27. A method comprising:

a. contacting a biological sample with a functionalized capture surface under conditions
sufficient to form a complex between the functionalized capture surface and at least one cell
surface marker, wherein the functionalized capture surface comprises a reagent that is
specific for the at least one cell surface marker;

b. separating the complex formed between the functionalized capture surface and the at least
one cell surface marker from an unbound portion of the biological sample and retaining the
unbound portion;

c. depleting one or more subpopulations of EVs having at least one cell surface marker from
the biological sample, and performing steps a.-b. either sequentially or simultaneously if

more than one cell surface marker is used, by retaining the unbound portion of the biological
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sample; and optionally,

d. contacting the unbound portion with a second functionalized capture surface under
conditions sufficient to form a complex between the second functionalized capture surface
and at least one cell surface marker present in the unbound portion;

e. enriching one or more subpopulations of EVs having at least one cell surface marker from
the unbound portion of the biological sample, either sequentially or simultaneously with
step d. if more than one cell surface marker is used; and,

f. isolating and purifying one or more subpopulations of EVs having at least one target
biomarker from the unbound portion of the biological sample.

28. The method of claim 27, wherein the at least one biomarker is a nucleic acid, protein,
carbohydrate, or lipid.
29. The method of any one of claims 27-28, wherein the at least one cell surface marker is present

on the surface of the EVs or wherein the at least one biomarker is extracted from within the EVs.

30. The method of any one of claims 27-29, wherein the reagent that is specific for at least one cell
surface marker comprises an antibody or a mixture of antibodies.

31. The method of any one of claims 27-30, further comprising quantifying the presence of at least
one target biomarker in the subpopulation of EVs.

32. The method of any one of claims 27-31, wherein the presence of the at least one target biomarker
is directly correlated to the number of EVs in at least one of the isolated subpopulations from the
biological samples.

33. The method of claim any one of claims 27-32, wherein the presence of the at least one biomarker
is assayed using a transcriptomic assay, proteomic assay, quantitative PCR, a nanostring assay, or
a microarray.

34. The method of any one of claims 27-33, wherein the unbound portion(s) of the biological sample
comprises EVs.

35. The method of any one of claims 27-34, wherein the biological sample is selected from the
group consisting of blood, plasma, serum, urine, sputum, spinal fluid, cerebrospinal fluid, pleural
fluid, nipple aspirates, lymph fluid, fluid of the respiratory, intestinal, and genitourinary tracts, tear
fluid, saliva, breast milk, fluid from the lymphatic system, semen, cerebrospinal fluid, intra-organ
system fluid, ascitic fluid, tumor cyst fluid, amniotic fluid and combinations thereof.

36. The method of claim 35, wherein the biological sample is plasma orserum.
37. The method of any one of claims 27-36, further comprising the steps of’
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g. comparing the levels of at least one biomarker from the isolated and purified
subpopulation of EVs, from a subject and one or more pre-defined threshold(s); and,
h. identifying the subject as having a disease or condition; and/or identifying a risk of
disease progression in the subject; and/or identifying the subject as being suitable for a
therapy if the levels of the at least one biomarker exceeds or differ from one or more pre-
defined threshold(s).
38. The method of any one of claims 27-37, wherein the step of purifying a subpopulation of EVs
comprises eluting the EVs in an intact form.
39. The method of any one of claims 27-38, wherein step of purifying a subpopulation of EVs
comprises lysing the EVs and extracting at least one biomarker from the lysed EVs.
40. The method of claim 39, wherein the extracted biomarker comprises RNA or an RNA species.
41. The method of any one of claims27-40, wherein the functionalized capture surface comprises a
population of beads or a mixture of a population of beads.
42. The method of claim 41, wherein the beads are magnetic beads.
43, The method of any one of claims 27-42, wherein the functionalized capture surface comprises
one or more membrane, chip, nanoparticle or population of nanoparticles, nanotube or population
of nanotubes, slide, chromatography medium, and any combinationthereof.
44 The method of any one of claims 27-43, wherein the reagent specific for at least one cell surface
marker comprises one or more vitamin, protein, ligand, lectin, peptide, oligonucleotide, aptamer,
or any combination thereof.
45. The method of any one of claims 27-44, wherein the reagent specific for at least one cell surface
marker is specific for a cell type selected from an immune cell, a T-cell, a B-cell, an NK cell, a
monocyte, an endothelial cell, an epithelial cell, a platelet, an erythrocyte, a reticulocyte, a neuronal
cell, a cancer cell, an embryonic cell or tissue, an astrocyte, an oligodendrocyte, or any combination
thereof.
46. The method of any one of claims 27-45, wherein the reagent is specific for at least one cell
surface marker selected from the group consisting of the markers shown in Tables 1A-1B.
47. A kit for performing the method according to any one of claims 27-46, comprising at least one

reagent, buffers and instructions for use.
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INTERNATIONAL SEARCH REPORT International application No.
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A. CLASSIFICATION OF SUBJECT MATTER
IPC(8)- C12N 15/10; GO1N 33/48, GO1N 33/53; GO1N 33/543; GO1N 33/68 (2018.01)

CPC- C12N 15/1Q; C12N 15/1003; C12Q 1/6806; C12Q 1/6886; C12Q 2600/112; GO1N 33/48; GO1N
33/53; GO1N 33/543; GO1N 33/57484; GO1N 33/68; GO1N 2333/4709 (2018.08)

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

USPC - 435/7.1; 436/501; 506/9 (keyword delimited)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2014/0162888 A1 (KUSLICH et al) 12 June 2014 (12.06.2014) entire document 1-3, 8, 9, 26b
A == |KOLIHA et al. "A novel multiplex bead-based platform highlights the diversity of extracellutar 1-3, 8, 9, 26b

vesicles," J Extracell Vesicles, 19 February 2016 (19.02.2016), Vol. §, No. 29975, Pgs. 1-15.
entire document

A WO 2017/053516 A1 (TRUSTEES OF BOSTON UNIVERSITY) 30 March 2017 (30.03.2017) 1-3, 8, 9, 26b
entire document

A WO 2010/065765 A2 (AETHLON MEDICAL, INC. et al) 10 June 2010 (10.06.2010) entire 1-3, 8, 9, 26b
document

A WO 2007/127848 A1 (UNIVERSITY OF LOUISVILLE RESEARCH FOUNDATION, INC et al) 08{ 1-3, 8, 9, 26b

November 2007 (08.11.2007) entire document

D Further documents are listed in the continuation of' Box C. D See patent family annex.
*  Special categories of cited documents: “T"  [ater document published after the international! filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international «X» document of particular relevance; the claimed invention cannot be
filing date considered nove! or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
g't:gi;ﬂ::;zgh(i ;hgc?fl_:lg(lil)catlon date of another citation or other .y document of particular relevance; the claimed invention cannot be
P - P . L considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but laterthan  «g>» g4ocument member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
22 August 2018 24 § EP 20‘\8

Name and mailing address of the ISA/US Authorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver

P.O. .Bo?( 1450, Alexandria, VA 22313-1450 PCT Holpdosk: 5712724300

Facsimile No. 571.273-8300 PCT OSP: 571-272-7774
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 4-7, 10-25, 26a, 27-32, 34-47
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

I D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this intemational search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I_—_l No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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