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DESCRIPTION
ISOLATION OF MEMBRANE VESICLES FROM BIOLOGICAL FLUIDS AND
METHODS OF USING SAME

RELATED APPLICATIONS
The presently disclosed subject matter claims the benefit of U.S.
Provisional Patent Application Serial No. 60/795,063, filed April 26, 2006; the

disclosure of which is incorporated herein by reference in its entirety.

TECHNICAL FIELD
The presently disclosed subject matter relates to isolating membrane
vesicles from biological fluids. In particular, the presently disclosed subject
matter relates to isolating membrane vesicles and membrane vesicle-associated
polypeptides from biological fluids for identification and/or quantitation of the
polypeptides.

BACKGROUND
Analyses of the human proteome hold the promise of the ability for early
identification of disease and for insights into the pathological processes involved
(Berhane et al., 2005; Zhao et al., 2005; Veenstra et al., 2005). A difficult

problem associated with this goal is the need to sample the proteins involved

easily and to do so over a wide dynamic range (Anderson & Hunter, 2005; Vidal

et al., 2005). For screening large populations, urine and plasma provide a
convenient access to fluids equilibrated with total body metabolism. However,
each of these sources presents unique problem sets in sample preparation.
Plasma contains high concentrations of both albumin and IgGs so that the
detection and identification of non-(Alb+IgG) proteins is made difficult if the highly
predominant species are not selectively removed. Affinity methods for their
reduction in intact or diluted plasma have been reported (Echan et al., 2005;

Greenough et al., 2004), but this removal may be accompanied by loss of

peptides or other metabolites complexed to the highly abundant species (Zhou et

al., 2004). Despite this problem, plasma offers a rich and relatively constant
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concentration of proteins in a milieu suitable for various analytical methods used
in proteomic analysis.
Urine also provides a simple access to body fluids, but the analytical

difficulties are quite different than plasma (Haubitz et al., 2005). Urine has

temporal variations in urine protein, peptide, and metabolomic content that must
be overcome by sampling pooled collections (Lenz et al., 2005). Excluding
breach of the glomerular filtration unit, protein concentrations are generally much
lower than in plasma and can be accompanied by highly variable electrolyte
levels so that simple concentration without electrolyte separation is not indicated.
More recently, the presence of hydrophobic, membrane proteins

(Thongboonkerd et al., 2002), whose source has been traced to urinary

exosomes (Pisitkun et al., 2004), has opened the possibility of preliminary

separation of these particles from high molecular weight, but soluble, proteins
and both of these from low molecular weight proteins and peptides.

Thus, there is an unmet need in the art for improved methods of isolating
polypeptides from biological fluids for proteomic analysis. Further, there is an
unmet need for improved methods of isolating exosomes from biological fluids,
wherein the exosomes comprise a useful subset of biomarker polypeptides
having applications in proteomic analysis generally and disease diagnosis and

progression in particular.

SUMMARY

This Summary lists several embodiments of the presently disclosed
subject matter, and in many cases lists variations and permutations of these
embodiments. This Summary is merely exemplary of the numerous and varied
embodiments. Mention of one or more representative features of a given
embodiment is likewise exemplary. Such an embodiment can typically exist with
or without the feature(s) mentioned; likewise, those features can be applied to
other embodiments of the presently disclosed subject matter, whether listed in
this Summary or not. To avoid excessive repetition, this Summary does not list
or suggest all possible combinations of such features.

In one embodiment of the presently disclosed matter, a method of
isolating membrane vesicles from a biological fluid sample is provided. In some

embodiments, the method comprises providing a biological fluid sample
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comprising membrane vesicles; filtering the biological fluid sample through a
filtration module comprising a filter having an average pore diameter of between
about 0.01 ym and about 0.15 um; and collecting from the filtration module a
retentate comprising the membrane vesicles, thereby isolating the membrane
vesicles from the biological fluid sample.

In another embodiment of the presently disclosed subject matter, a
method of identifying biomarker polypeptides and/or quantitating biomarker
polypeptides in a biological fluid sample is provided. In some embodiments, the
method comprises providing a biological fluid sample comprising membrane
vesicles, wherein the membrane vesicles comprise biomarker polypeptides;
filtering the biological fluid sample through a filtration module comprising a filter
having an average pore diameter of between about 0.01 um and about 0.15 um;
collecting from the filtration module a retentate comprising the membrane
vesicles; isolating the biomarker polypeptides from the membrane vesicles; and
identifying and/or quantitating the isolated biomarker polypeptides.

In still another embodiment of the presently disclosed subject matter, a
method of isolating membrane vesicle biomarker polypeptides from a biological
fluid sample is provided. In some embodiments, the method comprises providing
a biological fluid sample comprising membrane vesicles, wherein the membrane
vesicles comprise biomarker polypeptides; filtering the biological fluid sample
through a filtration module comprising a filter having an average pore diameter of
between about 0.01 um and about 0.15 um; collecting from the filtration module a
retentate comprising the membrane vesicles; and isolating the biomarker
polypeptides from the membrane vesicles. In some embodiments, the biomarker
peptides are isolated by electrophoretic separation, immunoisolation,
chromatography, or combinations thereof.

In still another embodiment of the presently disclosed subject matter, a
method of diagnosing a disorder or measuring a disorder state in a subject is
provided. In some embodiments, the method comprises providing a biological
fluid sample comprising membrane vesicles, wherein the membrane vesicles
comprise biomarker polypeptides; filtering the biological fluid sample through a
filtration module comprising a filter having an average pore diameter of between
about 0.01 um and about 0.15 um; collecting from the filtration module a

retentate comprising the membrane vesicles; isolating the biomarker
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polypeptides from the membrane vesicles; and identifying, quantitating, or both
the isolated biomarker polypeptides, wherein the identified and/or quantitated
biomarker polypeptides indicates the presence of a disorder or is a measure of a
disorder state in the subject. In some embodiments of the diagnostic method,
the disorder is selected from the group consisting of diabetes, water-balance
disorders, acute kidney injury, glomerulonephritis, drug-induced acute renal
failure and allergy, acute and chronic kidney transplant rejection, inherited renal
diseases, myocardial ischemia, cardiovascular risk, prostatic hypertrophy and
prostatic cancer, systemic lupus erythematosus, and rheumatoid arthritis.

In some embodiments of the methods disclosed herein, the biological fluid
sample provided is a clarified biological fluid sample, such as for example by low-
speed centrifugation (e.g., 3,000 xg or less) and collection of a supernatant
comprising the clarified biological fluid sample. In some embodiments, the
biological fluid sample is selected from the group consisting of blood, blood
plasma, and urine. In some embodiments, the biological fluid sample is urine,
which is treated with a protease inhibitor.

In some embodiments of the methods disclosed herein, the membrane
vesicles are exosomes. In some particular embodiments, the exosomes are
urinary exosomes. In some embodiments, the retentate comprising the
membrane vesicles is collected by washing the retentate from the filtration
module. Further, in some embodiments, the collected retentate is resuspended
in a buffer solution.

In some embodiments of the methods disclosed herein, the filtration
module is a fiber-based filtration cartridge, which can in some embodiments
include a filter comprising polypropylene hollow fibers. In some embodiments,
the filtration module is a membrane filtration module, which can in some
embodiments include a filter comprising a filtration disc composed of hydrophilic
polyvinylidene difluoride. In some embodiments, the filter has an average pore
diameter of about 0.1 um. In some embodiments, the filter comprises a material
selected from the group consisting of polypropylene, polyvinylidene difluoride,
polyethylene, polyfluoroethylene, cellulose, secondary cellulose acetate,
polysulfone and polyethersulfone, polyvinylalcohol and ethylenevinyl alcohol.

In some embodiments of the methods, the biomarker peptides are

identified, quantitated, or both by immunoassay, mass spectrometry, or both.
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In some embodiments, the mass spectrometry is matrix-assisted laser desorption
ionization time-of-flight mass spectrometry (MALDI MS). In some embodiments,
the biomarker polypeptides are separated by liquid chromatography (LC)
methods. In some embodiments the biomarker polypeptides are analyzed in line
with LC methods using electrospray ionization (ESI) MS methods. In some
embodiments the biomarker polypeptides are analyzed directly or off line by LC
methods using matrix-assisted laser desorption ionization time-of-flight mass
spectrometry (MALDI MS). Further, in some embodiments, the immunoassay is
selected from the group consisting of Western blot, enzyme-linked immunoassay
(ELISA), radioimmunoassay (RIA), and competitive binding assay.

Accordingly, it is an object of the presently disclosed subject matter to
isolate membrane vesicles from biological fluids. This object is achieved in
whole or in part by the presently disclosed subject matter.

An object of the presently disclosed subject matter having been stated
hereinabove, and which is achieved in whole or in part by the presently disclosed
subject matter, other objects and advantages will become evident to those of
ordinary skill in the art after a study of the following description of the presently

disclosed subject matter, [DRAWINGS?], and non-limiting examples.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic drawing showing sample handling and workflow.

Figure 2 is a transmission electron micrograph (TEM) of filtered urinary
exosomes from fresh urine. Urine is collected by the clean catch method and 1X
protease inhibitors added. Urine was spun at 3,000 xg to remove
debris/casts/bacteria and subsequently filtered using a membrane fiber-based
filtration cartridge as disclosed herein. Filtered vesicles are washed with 10mL
PBS and then collected (back-flushed) from the cartridge with 3.5mL PBS. The
PBS back-flush is spun at 200,000 xg to pellet low density vesicular bodies. The
low-density vesicular pellet is cross-linked in a 4% glutaraldehyde/PBS solution
and analyzed by TEM. The fiduciary mark is in units of nm. Imaged spheroids
have diameters consistent with known exosomal diameters (30-80nm).

Figure 3 is a transmission electron micrograph (TEM) of filtered urinary
exosomes from frozen urine. Urine is collected by the clean catch method, 1X

protease inhibitors added, and frozen for >8 months at —=80° C. The urine is
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thawed at room temperature, spun at 3,000xg to remove
cryoglobulin/debris/casts/bacteria and subsequently filtered using a disc filter
membrane as disclosed herein. Filtered vesicles are washed with 10 mL PBS
and then collected (by rinsing) from the filtration disc with 3.5mL PBS. The PBS
rinse is spun at 200,000 xg to pellet low density vesicular bodies. The low-
density vesicular pellet is cross-linked in a 4% glutaraldehyde/PBS solution and
analyzed by TEM. Fiduciary mark is in units of nm. Imaged spheroids have
diameters consistent with known exosomal diameters (30-80nm).

Figure 4 is an immunoblot image showing the peripheral membrane
protein ezrin co-purifies with urinary exosomes. Exosomal pellets were re-
solubilized with 1X LDS Laemmli buffer and separated on a 4-12% gradient gel.
Proteins were transferred to nitrocellulose (0.45um) by tank transfer (25V, 1h)
and blotted in 5% non-fat milk TTBS. Primary rabbit anti ezrin (human) Ig was
incubated with the blot at 4°C overnight. Following three 5min TTBS rinses,
secondary goat anti-rabbit Ig-HRP conjugate was incubated with the blot at room
temperature for 2h. Following three 5min TTBS rinses, the blot was reacted with
SUPERSIGNAL WEST PICO® chemiluminescent substrate (Pierce
Biotechnology, Inc., Rockford, lllinois, U.S.A.) for 1Tmin and exposed to film.
Ezrin MW = 80 kDa (Lane A, positive control-HEK plasma membrane; Lane B,
morning void; Lane C, mid-day void 1; Lane D, mid-day void 2).

Figure 5is a series of immunoblot images showing the integral membrane
protein Na+/K+ ATPase, a-subunit copurifies with urinary exosomes. An
exosomal pellet isolated by fiber filtration from fresh normal male urine was re-
solubilized with 1X LDS Laemmli buffer and separated on a 4-12% gradient gel.
Proteins were transferred to nitrocellulose (0.45um) by tank transfer (25V, 1h)
and blotted in 5% non-fat milk TTBS. After blotting, the gel was stained with
Coomassie brilliant blue overnight and imaged using a LI-COR Odyssey Infrared
Imaging Station. (Lane 1, residual exosomal pellet protein; Lane 2 Residual
Filter fiber rinse protein; Lane 3, residual molecular weight standards). Primary
mouse anti Na+/K+ ATPase a-subunit (human) Ig was incubated with the blot at
4° C overnight. Following three 5min TTBS rinses, secondary rabbit anti-mouse
Ig-HRP conjugate was incubated with the blot at room temperature for 2h.
Following three 5min TTBS rinses, the blot was reacted with SUPERSIGNAL

WEST PICO® chemiluminescent substrate (Pierce Biotechnology, Inc.) for 1min
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and exposed to film. Na+/K+ ATPase a-subunit MW = 90kDa (Transferred Gel:
Lane 1, Exosomal pellet; Lane 2, Filter fiber rinse; Lane 3, Molecular Weight
Standards; Western Blot: Lane A Exosomal pellet; Lane B, Filter fiber rinse; Lane
C, Molecular Weight Standards).

Figure 6 is an immunoblot image showing the integral membrane protein
neprilysin (CD10) co-purifies with urinary exosomes. An exosomal pellet isolated
by disc filtration from fresh normal male urine was re-solubilized with 1X LDS
Laemmli buffer and separated on a 4-12% gradient gel. Proteins were
transferred to nitrocellulose (0.45um) by tank transfer (25V, 1h) and blotted in 5%
non-fat milk TTBS. Primary mouse anti CN10 (human) |g was incubated with the
blot at 4°C overnight. Following three 5min TTBS rinses, secondary rabbit anti-
mouse Ig-HRP conjugate was incubated with the blot at room temperature for 2h.

Following three 5min TTBS rinses, the blot was reacted with SUPERSIGNAL
WEST PICO® chemiluminescent substrate (Pierce Biotechnology, Inc.) for 1min
and exposed to film. Na+/K+ ATPase a-subunit MW = 90kDa (Lane A, Exosomal
proteins following sucrose density spin; Lane B, Exosomal proteins following DTT
reduction with subsequent sucrose density spin; Lane C, Exosomal pellet; Lane
D, Filtered-urine urinary proteins; Lane E, Unfiltered-urine urinary proteins).

Figure 7 is an immunoblot image showing neprilysin (CD10) co-purifies
with urinary exosomes isolated using either an exosomal filtration cartridge or a
filtration disc and from either fresh or frozen urine. An exosomal pellet isolated
using cartridge filtration or using disc filtration from fresh normal male urine or
previously frozen normal male urine was re-solubilized with 1X LDS Laemmli
buffer and separated on a 4-12% gradient gel. Proteins were transferred to
nitrocellulose (0.45um) by tank transfer (25V, 1h) and blotted in 5% non-fat milk
TTBS. Primary mouse anti CN10 (human) Ig was incubated with the blot at 4°C
overnight. Following three 5min TTBS rinses, secondary rabbit anti-mouse Ig-
HRP conjugate was incubated with the blot at room temperature for 2h.
Following three 5min TTBS rinses, the blot was reacted with SUPERSIGNAL
WEST PICO® chemiluminescent substrate (Pierce Biotechnology, Inc.) for 1min
and exposed to film. Na+/K+ ATPase a-subunit MW = 90kDa (Lane A, fresh
urine & disc filtration; Lane B, frozen urine & disc filtration; Lane C, fresh urine &
fiber filtration; Lane D, frozen urine & fiber filtration).

Figure 8 is a 1D-SDS PAGE gel image showing expected urinary
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exosomal proteins are identified by MALDI-MS following 1D SDS-PAGE
separation. Isolated exosome filtrate is re-solubilized with 1X LDS Laemmli
buffer and separated on a 4-12% gradient gel. The sample lane is divided into
2.5mm cubes, conditioned, reduced, alkylated, and digested with trypsin.
Trypsin digests are analyzed by MALDI-TOF MS and MALDI-TOF MS-MS.
Representative proteins identified are annotated on the gel image; the

annotations are positioned to illustrate the gel slice origin of the identified protein.

DETAILED DESCRIPTION

The details of one or more embodiments of the presently disclosed
subject matter are set forth in the accompanying description below. Other
features, objects, and advantages of the presently disclosed subject matter will
be apparent from the detailed description, figures, and claims. All publications,
patent applications, patents, and other references disclosed herein are
incorporated by reference in their entirety. Some of the polypeptides disclosed
herein are cross-referenced to public database accession numbers. The
complete sequences cross-referenced in the database are expressly
incorporated by reference as are equivalent and related sequences present in
other public databases. Also expressly incorporated herein by reference are all
annotations present in the database associated with the sequences disclosed
herein. In case of conflict, the present specification, including definitions, will
control. Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood to one of ordinary skill in the
art to which the presently disclosed subject matter belongs. Although any
methods, devices, and materials similar or equivalent to those described herein
can be used in the practice or testing of the presently disclosed subject matter,
representative methods, devices, and materials are now described.

Following long-standing patent law convention, the terms “a”, “an”, and
“the” refer to “one or more” when used in this application, including the claims.
Thus, for example, reference to "a cell” includes a plurality of such cells, and so
forth.

Unless otherwise indicated, all numbers expressing quantities of
ingredients, reaction conditions, and so forth used in the specification and claims

are to be understood as being modified in all instances by the term “about”.
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Accordingly, unless indicated to the contrary, the numerical parameters set forth
in this specification and attached claims are approximations that can vary
depending upon the desired properties sought to be obtained by the presently
disclosed subject matter.

As used herein, the term “about,” when referring to a value or to an
amount of mass, weight, time, volume, concentration or percentage is meant to
encompass variations of in some embodiments +20%, in some embodiments
£10%, in some embodiments 5%, in some embodiments 1%, in some
embodiments +0.5%, and in some embodiments +0.1% from the specified
amount, as such variations are appropriate to perform the disclosed method.

Biological fluids are valuable as indicators of a subject’s well-being and
can be analyzed for data indicative of the presence or absence and progression
of disease. For example, urine is one biological fluid that has clinical diagnostic

value (Snyder & Pendergraph, 2005). In addition to low molecular weight

species like glucose, bilirubin, ketones, sodium, potassium, and nitrites, urine
contains specific proteins and peptides that have significant diagnostic value.
One problem with the development of diagnostic protein or peptide markers
(biomarkers) is the relative (low) concentration of the species that is sensitive
and specific for a given disease; especially for the detection of a disease in the
pre-pathologic state.

Considerable effort has been applied toward pre-fractionation of biological
fluid samples with the goal of increasing the relative concentration of all peptide

species in a given sample fraction (Anderson & Hunter, 2005; Vidal et al., 2005).

Certain tissues through normal biological processes produce membrane vesicles

containing a variety of polypeptides. In certain disease states, particular
systems, such as for example the immune system can increase production of
membrane vesicles.

The terms “polypeptide”, “protein”, and “peptide”, which are used
interchangeably herein, refer to a polymer of the 20 protein amino acids, or
amino acid analogs, regardless of its size or function. Although "protein® is often
used in reference to relatively large polypeptides, and "peptide” is often used in
reference to small polypeptides, usage of these terms in the art overlaps and
varies. The term “polypeptide” as used herein refers to peptides, polypeptides,

11) 13

and proteins, unless otherwise noted. The terms “protein”, “polypeptide” and
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“‘peptide” are used interchangeably herein when referring to a gene product.
Thus, exemplary polypeptides include gene products, naturally occurring
proteins, homologs, orthologs, paralogs, fragments and other equivalents,
variants, and analogs of the foregoing.

The terms “polypeptide fragment” or “fragment”, when used in reference to
a reference polypeptide, refers to a polypeptide in which amino acid residues are
deleted as compared to the reference polypeptide itself, but where the remaining
amino acid sequence is usually identical to the corresponding positions in the
reference polypeptide. Such deletions can occur at the amino-terminus or
carboxy-terminus of the reference polypeptide, or alternatively both. Fragments
typically are at least 5, 6, 8 or 10 amino acids long, at least 14 amino acids long,
at least 20, 30, 40 or 50 amino acids long, at least 75 amino acids long, or at
least 100, 150, 200, 300, 500 or more amino acids long.

A fragment can retain one or more of the biological activities or diagnostic
characteristics of the reference polypeptide. In some embodiments, a fragment
can comprise a domain or feature, and optionally additional amino acids on one
or both sides of the domain or feature, which additional amino acids can number
from 5, 10, 15, 20, 30, 40, 50, or up to 100 or more residues. Further, fragments
can include a sub-fragment of a specific region, which sub-fragment retains a
function of the region from which it is derived.

The term “membrane vesicle” as used herein refers to essentially
spherical vesicles, generally less than about 130 nm in diameter, comprising of a
lipid bilayer containing a cytosolic fraction and secreted from cells. Particular
membrane vesicles are more specifically produced by cells, from intracellular
compartments through fusion with the plasma membrane of a cell, resulting in
their release in biological fluids or in the supernatant of cells in culture. Such
vesicles are generally referred to as exosomes. Exosomes can be between
about 30 and about 120 nm, and more specifically between about 50 and 90 nm
in diameter and, advantageously, carry membrane proteins. In addition,
depending on their origin, exosomes comprise membrane proteins such as for
example MHC |, MHC |l, CD63, CD81 and/or HSP70 and have no endoplasmic
reticulum or Golgi apparatus. Furthermore, exosomes are typically devoid of
nucleic acids (e.g., DNA or RNA).

10
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Exosome release has been demonstrated from different cell types in
varied physiological contexts. For example, it has been demonstrated that B
lymphocytes release exosomes carrying class || major histocompatibility complex
molecules, which play a role in antigenic presentation. Similarly, it has been
demonstrated that dendritic cells produce exosomes (i.e.,” dexosomes” or “Dex”),
with specific structural and functional characteristics and playing a role in
immune response mediation, particularly in cytotoxic T lymphocyte stimulation. It
has also been demonstrated that tumor cells secrete specific exosomes (i.e.,
“texosomes” or “Tex”) in a regulated manner, carrying tumor antigens and
capable of presenting these antigens or transmitting them to antigen presenting
cells (see e.g., PCT International Patent Application No. W099/03499, herein
incorporated by reference in its entirety). Also, mastocyte cells accumulate
molecules in intracellular vesicular compartments, which can be secreted under
the effect of signals. The kidneys also produce exosomes (i.e., urinary
exosomes) (Pisitkun et al., 2004).

Therefore, as a general rule, cells appear to emit signals and
communicate with each other via membrane vesicles that they release, which
may carry proteins or any other signal with specific structural and functional
characteristics, produced in different physiological situations. The exosome in
effect is the end result of a pre-fractionation process by tissues. The vesicles are
then delivered to various biological fluids, including for example blood and urine.
As such, disease biology might produce a diagnostic species in increased
concentration localized in membrane vesicles, including for example exosomes.
Therefore membrane vesicles have value as polypeptide biomarker reservoirs
and efforts to simplify the purification of membrane vesicles (e.g., exosomes)
from biological fluids, including blood and urine, have diagnostic and health
assessment value.

Accordingly, the presently disclosed subject matter provides methods of
isolating membrane vesicles from biological samples. In some embodiments, the
methods comprise providing a biological fluid sample comprising membrane
vesicles; filtering the biological fluid sample through a filtration module
comprising a filter having an average pore diameter of between about 0.01 pm
and about 0.15 um; and collecting from the filtration module a retentate

comprising the membrane vesicles, thereby isolating the membrane vesicles

11
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from the biological fluid sample. In some embodiments, the biological sample
can be treated at some point after sample collection with one or more protease
inhibitors to prevent degradation of the proteins in the biological sample prior to
isolation (e.g., serine protease inhibitors, chymotrypsin inhibitors, trypsin
inhibitors, etc.).

The term "isolated”, when applied to a nucleic acid or polypeptide,
denotes that the nucleic acid or polypeptide is essentially free of other cellular
components with which it is associated in the natural state. It can be in a
homogeneous state although it can be in either a dry or aqueous solution.
Homogeneity and whether a molecule is isolated can be determined using
analytical chemistry techniques such as polyacrylamide gel electrophoresis or
high performance liquid chromatography. A polypeptide thatis the predominant
species present in a preparation is substantially isolated. The term "isolated"
denotes that a nucleic acid or polypeptide gives rise to essentially one band in an
electrophoretic gel. Particularly, it means that the nucleic acid or polypeptide is
in some embodiments at least about 50% pure, in some embodiments at least
about 85% pure, and in some embodiments at least about 90%, 95%, 96%, 97 %,
98% or 99% pure.

As demonstrated in the present Examples, the presently disclosed
methods can be used to isolate membrane vesicles that maintain the presence of
peripheral and integral membrane proteins, as well as globular membrane
proteins. The presence of globular membrane proteins is indicative of the
maintenance of the membrane vesicle structure, and little to no loss of vesicle
contents.

The term “biological sample” as used herein refers to a sample that
comprises a biomolecule and/or is derived from a subject. The biological sample
can be utilized for the detection of the presence and/or quantitative level of a
polypeptide of interest. Representative biomolecules include, but are not limited
to DNA, RNA, mRNA, and polypeptides. As such, a biological sample can
comprise a cell, a group of cells, fragments of cells, or cell products, including for
example membrane vesicles (e.g., exosomes). Any cell, group of cells, cell
fragment, or cell product can be used with the methods of the presently claimed
subject matter, although cell-types and organs that would be predicted to show

differential gene and/or polypeptide expression in subjects with disorders versus

12
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normal subjects are best suited. In some embodiments, the biological fluid can
be blood, blood plasma, cerebrospinal fluid, saliva, tears, alveolar isolates,
pleural fluid, pericardial fluid, bile, pancreatic exocrine fluid, ascites, cyst fluid
and/or urine

In embodiments of the presently disclosed subject matter where the
biological fluid is urine, the urine can be freshly collected or previously frozen
urine. Additionally, the urine can be collected as a morning void/spot urine
sample and/or as a mid-day void/spot urine sample. As shown in the Examples,
membrane vesicles are present in urine collected at various timepoints during a
day and can be isolated from both freshly collected and previously frozen urine
samples. In some embodiments, the urine can also be clarified to remove, for
example, casts, bacteria, and cell debris, prior to isolation of membrane vesicles
by filtration. In some embodiments, the urine is clarified by low-speed
centrifugation, such as for example at about 3,000 xg, 2,000 xg, 1,000 xg, or
less. The supernatant can then be collected, which contains the membrane
vesicles, and further processed using the methods disclosed herein to isolate the
exosomes.

The major components of diagnostic interest in urine are, in decreasing
size order:

a) Urinary casts and bacteria

b) Membrane vesicles (e.g., exosomes)

c) Cryoglobulins

d) Soluble, high molecular weight proteins

e) Low molecular weight proteins and peptides

f) Electrolytes and low molecular weight metabolites.
Each of these component categories can have diagnostic value and can each be
separated from the others and either processed immediately for analysis or for
storage or later analysis. Thus, the presently disclosed subject matter
encompasses the separation of membrane vesicles from biological fluids as well
as other components from one another. Each of these components can then be
analyzed individually by techniques generally known in the art to provide data
useful in diagnosing or characterizing the progression of a disorder.

The structures purified from urine by the presently disclosed methods, as

demonstrated in the Examples, have the correct distribution of diameters and
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morphology as provided within the scientific literature for urinary exosomes. The
membrane vesicles’ protein contents are demonstrated in the Examples by mass
spectrometric and immunologic methods to be further consistent with literature
documentation for exosomal proteins.

In some embodiments, the filtration module utilized to isolate the
membrane vesicles from the biological sample is a fiber-based filtration cartridge.

In some embodiments, the fibers are hollow polymeric fibers, such as for
example polypropylene hollow fibers. In these embodiments, sample can be
introduced into the filtration module by pumping the sample fluids into the module
with a pump device, such as for example a peristaltic pump. The pump flow rate
can vary, but in some embodiments, the pump flow rate is set at about 2
mL/minute.

In some embodiments, the filtration module utilized to isolate the
membrane vesicles from the biological sample is a membrane filtration module.
For example, in some embodiments, the membrane filtration module comprises a
filter disc membrane (e.g., a hydrophilic polyvinylidene difluoride (PVDF) filter
disc membrane) housed in a stirred cell apparatus (e.g., comprising a magnetic
stirrer). In some embodiments, the sample moves through the filter as a result of
a pressure gradient established on either side of the filter membrane.

In some embodiments, the filter within the filtration module that retains the
membrane vesicles (i.e., the retentate) from the biological fluid sample (i.e., the
filtrate) has an average pore diameter sufficient for exosome retention and
permeation of all but the largest proteins. For example, in some embodiments,
the filter has an average pore diameter of about 0.01 um to about 0.15 ym, and
in some embodiments from about .05 uym to about 0.12 ym. In some
embodiments, the filter has an average pore diameter of about 0.06 um, 0.07
pm, 0.08 pym, 0.09 ym, 0.1 pym, or 0.11 uym. In some embodiments, the filter
utilized comprises a material having low hydrophobic adsorptivity and/or high
hydrophilic properties. In particular embodiments, the filter has an average pore
size for exosome retention and permeation of most proteins as well as a surface
that is hydrophilic, thereby limiting protein adsorption. Similar filters with these
properties can also be suitably used with the presently disclosed subject matter.
For example, in some embodiments, the filter comprises a material selected from

the group consisting of polypropylene, PVDF, polyethylene, polyfluoroethylene,
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cellulose, secondary cellulose acetate, polyvinylalcohol, and ethylenevinyl
alcohol (EVAL®, Kuraray Co., Okayama, Japan). Additional materials that can be
utilized in filters of certain embodiments include, but are not limited to,
polysulfone and polyethersulfone.

The retentate comprising the isolated membrane vesicles is collected from
the filtration module. In some embodiments, the retentate is collected by flushing
the retentate from the filter. Selection of a filter composition having hydrophilic
surface properties, thereby limiting protein adsorption, can facilitate easier
collection of the retentate and minimize use of harsh or time-consuming
collection techniques. Once collected the membrane vesicles and/or associated
polypeptide biomarkers can be further purified and/or concentrated and finally
suspended in a suitable buffer solution, such as for example phosphate buffered
saline (PBS), depending on how the vesicles and/or polypeptides will be utilized.

Once isolated, the membrane vesicles can be analyzed to identify
characteristics of the vesicles, including identification and/or quantitation of
exosomal polypeptides. Identification and/or quantitation of polypeptides within
the vesicle can provide information related to biomarkers expressed within a
subject. The identification of biomarkers expressed in a subject can be utilized to
diagnose a disorder in a subject, monitor the progress of treatment of a disorder
in a subject, and generally determine the state of health of a subject as a
baseline, or as compared to a previously determined biomarker analysis.

As such, the presently disclosed subject matter provides methods of
identifying and/or quantitating biomarker polypeptides from a biological fluid
sample using the membrane vesicle isolation methods disclosed herein. The
isolated membrane vesicles can then be subjected to polypeptide separation
and/or analysis procedures generally known in the art to identify and quantitate
the biomarker polypeptides associated with the isolated vesicles.

The presently disclosed subject matter further provides methods of
diagnosing a disorder or measuring a disorder state in a subject utilizing the
membrane vesicle isolation techniques disclosed herein in combination with
polypeptide isolation and quantitation techniques. For example, water channel
aquaporin 2 (AQP2) is a biomarker for certain water-balance disorders and
identification of peptide variants expressed by a subject can provide information

related to diagnosis of the disorders. Other non-limiting examples of disorders
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that can be diagnosed and/or monitored based on biomarker identification and/or
quantitation include, but are not limited to diabetes, myocardial ischemia
(troponin); cardiovascular risk (C-reactive protein, homocysteine); prostatic
hypertrophy and prostatic cancer (PSA); systemic lupus erythematosus (ANA);
and rheumatoid arthritis (Rheumatoid factor), with non-limiting exemplary
biomarkers listed in parenthesis.

Further with respect to the diagnostic methods of the presently disclosed
subject matter, a preferred subject is a vertebrate subject. A preferred vertebrate
is warm-blooded; a preferred warm-blooded vertebrate is a mammal. A
preferred mammal is most preferably a human. As used herein, the term
“subject” includes both human and animal subjects. Thus, veterinary therapeutic
uses are provided in accordance with the presently disclosed subject matter.

As such, the presently disclosed subject matter provides for the diagnosis
of mammals such as humans, as well as those mammals of importance due to
being endangered, such as Siberian tigers; of economic importance, such as
animals raised on farms for consumption by humans; and/or animals of social
importance to humans, such as animals kept as pets or in zoos. Examples of
such animals include but are not limited to: carnivores such as cats and dogs;
swine, including pigs, hogs, and wild boars; ruminants and/or ungulates such as
cattle, oxen, sheep, giraffes, deer, goats, bison, and camels; and horses. Also
provided is the treatment of birds, including the treatment of those kinds of birds
that are endangered and/or kept in zoos, as well as fowl, and more particularly
domesticated fowl, i.e., poultry, such as turkeys, chickens, ducks, geese, guinea
fowl, and the like, as they are also of economic importance to humans. Thus,
also provided is the treatment of livestock, including, but not limited to,
domesticated swine, ruminants, ungulates, horses (including race horses),
poultry, and the like.

As disclosed, polypeptides from the isolated membrane vesicles can be
separated and analyzed to identify and/or quantitate the polypeptides.
Polypeptide separation techniques are generally known in the art and include, for
example, electrophoretic and/or chromatographic techniques (e.g., liquid
chromatography) and immunoisolation. Polypeptide identification and

quantitation techniques are also well-known in the art.
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Numerous methods and devices are well known to the skilled artisan for
the detection and analysis of polypeptides, which are applicable to detection and
analysis of isolated biomarker peptides associated with isolated exosomes. For
example, mass spectrometry and/orimmunoassay devices and methods can be
used, although other methods are well-known to those skilled in the art. See,
e.g., U.S. Pat. Nos. 6,143,576; 6,113,855; 6,019,944; 5,985,579; 5,947,124,
5,939,272; 5,922,615; 5,885,527; 5,851,776; 5,824,799; 5,679,526; 5,525,524,
and 5,480,792, each of which is hereby incorporated by reference in its entirety.
These devices and methods can utilize labeled molecules in various sandwich,
competitive, or non-competitive assay formats, to generate a signal that is
related to the presence and/or amount of a biomarker polypeptide of interest.
Additionally, certain methods and devices, such as biosensors and optical
immunoassays, can be employed to determine the presence or amount of
analytes without the need for a labeled molecule. See, e.g., U.S. Pat. Nos.
5,631,171; and 5,955,377, each of which is hereby incorporated by reference in
its entirety.

In certain embodiments of the presently disclosed subject matter, the
biomarker peptides are analyzed using an immunoassay. The presence or
amount of a biomarker peptide can be determined using antibodies or fragments
thereof specific for each marker and detecting specific binding. For example, in
some embodiments, the antibody specifically binds a polypeptide of Table 1. In
some embodiments, the antibody is a monoclonal antibody. Any suitable
immunoassay can be utilized, for example, Western blots, enzyme-linked
immunoassays (ELISA), radioimmunoassays (RIAs), competitive binding assays,
and the like. Specificimmunological binding of the antibody to the marker can be
detected directly or indirectly. Direct labels include fluorescent or luminescent
tags, metals, dyes, radionuclides, and the like, attached to the antibody. Indirect
labels include various enzymes well known in the art, such as alkaline
phosphatase, horseradish peroxidase and the like.

The use of immobilized antibodies or fragments thereof specific for the
markers is also contemplated by the present subject matter. The antibodies can
be immobilized onto a variety of solid supports, such as magnetic or
chromatographic matrix particles, the surface of an assay plate (such as

microtiter wells), pieces of a solid substrate material (such as plastic, nylon,
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paper), and the like. An assay strip can be prepared by coating the antibody or a
plurality of antibodies in an array on solid support. This strip can then be dipped
into the test biological sample and then processed quickly through washes and
detection steps to generate a measurable signal, such as for example a colored
spot.

The analysis of a plurality of markers is contemplated by the presently
disclosed subject matter and can be carried out separately or simultaneously with
one or more test samples. Several markers can be combined into one test for
efficient processing of a multiple of samples. In addition, one skilled in the art
would recognize the value of testing multiple samples (for example, at
successive time points) from the same subject. Such testing of serial samples
provides for the identification of changes in biomarker polypeptide levels over
time. Increases or decreases in marker levels, as well as the absence of change
in marker levels, can provide useful information about the disease status that
includes, but is not limited to identifying the approximate time from onset of the
event, the presence and amount of salvageable tissue, the appropriateness of
drug therapies, the effectiveness of various therapies as indicated by reperfusion
or resolution of symptoms, differentiation of the various types of a disorder,
identification of the severity of the event, identification of the disease severity,
and identification of the subject's outcome, including risk of future events.

A panel consisting of biomarkers associated with a disorder can be
constructed to provide relevant information related to the diagnosis or prognosis
of the disorder and management of subjects with the disorder. Such a panel can
be constructed, for example, using 1, 2, 3,4, 5,6, 7, 8, 9, 10, 15 or 20 individual
biomarkers. The analysis of a single marker or subsets of markers comprising a
larger panel of markers could be carried out by one skilled in the art to optimize
clinical sensitivity or specificity in various clinical settings. These include, but are
not limited to ambulatory, urgent care, critical care, intensive care, monitoring
unit, insubject, outsubject, physician office, medical clinic, and health screening
settings. The analysis of biomarker polypeptides could be carried out in a variety
of physical formats as well. For example, the use of microtiter plates or
automation could be used to facilitate the processing of large numbers of test

samples. Alternatively, single sample formats could be developed to facilitate
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immediate treatment and diagnosis in a timely fashion, for example, in
ambulatory transport or emergency room settings.

In some embodiments, a kit for the isolation and analysis of biomarker
polypeptides is provided that comprises a filtration module comprising a filter
having an average pore diameter of between about 0.01 um and about 0.15 ym
and antibodies or fragments thereof having specificity for one or more biomarker
polypeptides of interest. Such a kit can comprise devices and reagents for the
analysis of at least one test sample. The kit can further comprise instructions for
using the kit and conducting the analysis. Optionally the kit can contain one or
more reagents or devices for converting a marker level to a diagnosis or
prognosis of the subject.

Further, mass spectrometry is a useful and well-characterized tool for
polypeptide identification and quantitation, alone or in combination with
polypeptide separation techniques, particularly when coupled with bioinformatics
analysis. Peptide molecular weights and the masses of sequencing ions can be
obtained routinely using mass spectrometry to an accuracy which enables mass
distinction amongst most of the 20 amino acids in the genetic code, as well as
guantitation of peptides in a sample. Single or tandem mass spectrometry can
be used. Intandem mass spectrometry, a peptide sample is introduced into the
mass spectrometer and is subjected to analysis in two mass analyzers (denoted
as MS1 and MS2). In MS1, a narrow mass-to-charge window (typically 2-4 Da),
centered around the m/z ratio of the peptide to be analyzed, is selected. The
ions within the selected mass window are then subjected to fragmentation via
collision-induced dissociation, which typically occurs in a collision cell by applying
a voltage to the cell and introducing a gas to promote fragmentation. The
process produces smaller peptide fragments derived from the precursor ion
(termed the 'product’ or 'daughter' ions). The product ions, in addition to any
remaining intact precursor ions, are then passed through to a second mass
spectrometer (MS2) and detected to produce a fragmentation or tandem
(MS/MS) spectrum. The MS/MS spectrum records the m/z values and the
instrument-dependent detector response for all ions exiting from the collision cell.

Fragmentation across the chemical bonds of the peptide backbone produces
ions that are either charged on the C-terminal fragment (designated as x, y or z

ions) or on the N-terminal fragment (a, b or c ions). Peptides are fragmented
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using two general approaches, high and low energy collision-induced
dissociation (CID) conditions. Inlow energy CID experiments, signals assigned
to y and b ions and from losses of water and ammonia are usually the most
intense. During high energy CID, peptide molecules with sufficient internal
energy to cause cleavages of the amino acid side chains are produced. These
side chain losses predominantly occur at the amino acid residue where the
backbone cleavage occurs. The general designations for these ions are d for N-
terminal and w for C-terminal charged fragments, respectively. Other useful
sequencing ions occur which result from a y-type cleavage at one residue and a
b type cleavage at another residue along the polypeptide backbone (internal

fragment ions) (Biemann, 1990; Papayannopoulos, 1995).

In one embodiment of the presently disclosed subject matter, the
polypeptides are separated and analyzed using matrix-assisted laser-desorption
time-of-flight mass spectrometry (MALDI-TOF). This instrument configuration is
used to generate a primary mass spectrum in order to determine the molecular
weight of the polypeptide. Other mass spectrometric techniques include, without
limitation, time-of-flight, Fourier transform ion cyclotron resonance, quadrupole,
ion trap, and magnetic sector mass spectrometry and compatible combinations
thereof. See for example U.S. Patents 6,925,389; 6,989,100; and 6,890,763 for
further guidance, each of which is incorporated by reference herein in its entirety.

With regard to proteomic analysis, various computer-mediated methods
are known for deducing the sequence of a peptide from an MS/MS spectrum. In
one approach, 'sub-sequencing' strategies are used whereby portions of the total
sequence, (i.e., sub-sequences) are tested against the mass spectrum (see

Ishikawa et al., 1986; Siegel et al., 1988; Johnson et al., 1989, each of which is

hereby incorporated by reference in its entirety). In this approach, sub-
sequences that read or correlate to ions observed in the MS/MS spectrum are
extended by a residue and the whole process is then repeated until the entire
sequence is obtained. During each incremental extension of the sequence, the
possibilities are reduced by comparing sub-sequences with the mass spectrum
and only permitting continuation of the process for sub-sequences giving the
most favorable spectral matches. Determination of amino acid composition has
also been utilized to limit sequence possibilities (Zidarov et al., 1990, hereby

incorporated by reference in its entirety).
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Another approach utilizes computer programs for de novo peptide

sequencing from fragmentation spectra based on graph theory (Fernandez-de-

Cossjo et al., 1995; Hines et al., 1995; Knapp, 1995, which are hereby
incorporated by reference in their entirety). The basic method involves
mathematically transforming an MS/MS spectrum into a form where fragment
ions are converted to a single fragment ion type represented by a vertex on the
spectrum graph (Bartels, 1990, the contents of which is hereby incorporated by
reference in its entirety). Peptide sequences are then determined by finding the
longest series of these transformed ions with mass differences corresponding to
the mass of an amino acid.

Other methods match spectral information with sequences in protein and
translated nucleotide sequence databases. An algorithm has been described for
searching protein and nucleotide databases with mass and sequence information
from fragmentation spectra of tryptic peptides (MS-TAG) (Mann and Wilm, 1994;

Clauser et al., 1996, which are hereby incorporated by reference in their

entirety). A comparison with the fragmentation spectra of the same peptide after
methylation of the carboxyl groups or enzymatic digestion in the presence of O

water to incorporate "0 into the C-terminal carboxy groups (Shevchenko et al.,

1997, which is hereby incorporated by reference in its entirety) can provide even
more accurate results. A similar approach has been extended to the analysis of
intact proteins using laser fragmentation and Fourier-transform mass

spectrometry (Mortz, E. etal., 1996, which is hereby incorporated by reference in

its entirety).

Another approach has been described for identifying peptide sequences
from database interrogation by comparing the experimental fragmentation
spectrum with theoretical spectra from a mass-constrained set of database
sequences (SEQUEST) (U.S. Pat. No. 5,538,897; Yates et al., 1991, which are
hereby incorporated by reference in their entirety). For each candidate sequence
within the database spectrum, a theoretical fragmentation spectrum is formed
according to a selected ion model of peptide fragmentation. The predicted
theoretically derived mass spectra are compared to each of the experimentally

derived fragmentation spectra by a cross-correlation function for scoring spectra.

EXAMPLES
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The following Examples provide illustrative embodiments. In light of the
present disclosure and the general level of skill in the art, those of skill will
appreciate that the following Examples are intended to be exemplary only and
that numerous changes, modifications, and alterations can be employed without

departing from the scope of the presently claimed subject matter.

MATERIALS AND METHODS FOR EXAMPLES

Urine collection. A 50-200mL waste specimen void was collected using a)

sample containers prealiquoted with protease inhibitors (PEFABLOC® SC
(Pentapharm Ltd., Basel, Switzerland) 0.1mg/mL and aprotinin 0.01mg/mL) and
bacteriastat (sodium azide; 0.5mM final concentration) and/or b) immediately
centrifuged at 3000xg to sediment particulate matter (e.g. cells and casts). The
clarified urine was decanted and the samples not intended for use in exosome
sampling were stored at —80°C until analysis.

Exosome sampling. To avoid differential loss of exosomes during

cryoprecipitate formation and collection, the freshly centrifuged, protease
inhibited supernatant is filtered through a dead-end hollow fiber module
containing polypropylene hollow fibers with an average pore diameter of 0.1 um.
(Membrana Gmbh., Wuppertal, Germany). The urine is introduced into the
exosome-filtration module using a peristaltic pump operating at a 2mL/min flow
rate. The dead volume of the entire module is less than 1.5 ml, so that the
exosome proteins (the retentate) can be harvested by introducing that volume of
a) PBS- for exosome recovery or b) IEF equilibration buffer, fortified with
trifluoroethanol for direct dissolution of exosomal proteins.

Alternatively, the clarified urine is filtered through a Millipore (Bedford,
Massachusetts, U.S.A.) 45mm diameter, 0.1um pore size type VVLP filtration
disc housed in an AMICON® (Millipore) 50mL stirred cell apparatus with 60psi N2
and magnetic stirrer. Filtered material is rinsed with 50mL phosphate buffered
saline (PBS), pH 7.4. The retained rinse volume (2-3mL) is saved and the filter
is sonicated in 4mL PBS for 10 min. The filter rinse volumes are combined and
then divided between to ultracentrifuge tubes. Exosomes are pelleted as
described below. Alternatively, proteins from the four (4) mL sample containing
the exosomes can be isolated using precipitation (such as with trichloroacetic

acid/acetone) or the exosomes can be concentrated by spin ultrafiltration
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(Millipore Ultra 4 spin filters) using a bench-top centrifuge (at 4,000 x g). To
evaluate the effects of storage, urine is collected and immediately frozen at -
80°C. Urine is maintained for 2-6 months before thawing and processing as
described above.

Exosome samples recovered in PBS were used for TEM characterization.
PBS containing exosomes were pelleted by high speed ultracentrifugation at
200,000 xg. PBS was removed by pipetting and 4% glutaraldehyde in PBS was
layered onto the exosomal pellet. Exosomal-protein glutaraldehyde-crosslinking
was allowed to proceed for 1h. The cross linked pellet was submitted for TEM
analysis. (Figure 2 & 3)

Post-Exosome Sample Handling. Samples previously frozen at -80°C

were thawed at room temperature. Cryoprecipitate formed upon thawing is
pelleted by centrifugation (3000 xg; 15 min). Urine was concentrated with
AMICON® stirred cell concentrators (Millipore) using 10,000 MWCO YM-type
(regenerated cellulose) membrane filters and N gas for positive pressure. Urine
samples were routinely concentrated from the original starting volume down to 1-
2mL final volume. The concentrated urine samples (retentates) were transferred
into 0.5-3.0mL, 10,000 Dalton MWCO SLIDE-A-LYZER® (Pierce Biotechnology,
Inc., Rockford, lllinois, U.S.A.) for standardization of pH and ionic strength.
Samples were dialyzed overnight at 4°C against 4L 2-5mM Tris pH 7.4. The
urine filtrate containing low molecular weight species such as peptides,
intermediary metabolites from carbohydrate and protein degradation, and also
salts is labeled and frozen at -80°C for future studies.

The urinary protein, following removal of cellular debris, exosomes,
cryoglobulins, and peptides now can be concentrated by conventional methods in
order to allow high molecular weight protein a) electrophoretic separation or b)
trypsinization followed by direct peptide separation using capillary HPLC. Protein
concentration values for the standardized urine protein samples were determined
by either a Biorad (Bradford) protein microassay or Pierce (UBCA) protein
microassay against a bovine serum albumin (BSA) standard.

One-dimensional, denaturing, reducing electrophoresis and Western

blotting. Exosomal protein and urinary protein is reduced and denatured by
heating to 90°C for 5min in the presence of 1X LDS gel loading buffer (Invitrogen,
California, U.S.A.) supplemented with dithiothreitol 20mM (DTT). Protein is
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loaded into 4-12% NUPAGE® gels (Invitrogen, Carlsbad, California, U.S.A.) and
electrophoresis at 200V until the bromophenol blue running dye migrated to the
end of the gel.

Protein samples were quantified using a Pierce uBCA protein assay.
Protein samples (5-20ug) were resolved on 4-12% SDS- NUPAGE® gels
(Invitrogen) using Mark12 molecular weight standards and HK2 cell lysates or
total urine protein as positive controls when possible. Proteins were
electroblotted onto 0.45um nitrocellulose membranes for 60min at 20V.
Electroblotted gels were stained with colloidal Coomassie blue stain to evaluate
transfer. Blotted membranes were blocked in 5% milk proteins dissolvedina 1X
Tris-Tween 20 (TTBS) solution for 2h at room temperature or overnight at 4°C.
Primary antibody (0.2ug/mL — 1.0ug/mL) was dissolved in 5% albumin in TTBS
and incubated on the blocked membrane for 1h at room temperature or overnight
at 4°C. Secondary antibody (0.05ug/mL — 0.2ug/mL) was dissolved in 5%
albumin in TTBS and incubated on the blocked membrane for 2h at room
temperature or overnight at 4°C. The blotted membrane was rinsed 5-times for
5min between all steps. Secondary antibody conjugated with horseradish
peroxidase (HRP) was visualized using the Pierce Femto-Super Signal Kit.
Membranes were used to expose x-ray film and resulting images were developed
and scanned and bands quantified.

Protein digestion, peptide mass fingerprinting and sequence tagging. The

stained gel slabs were washed with 18MQ water and each spot was punched
with a clean pipette tip trimmed to produce a 1-3 mm® punch. Gel pieces were
conditioned at room temperature for 15min with 20uL 0.1M ammonium
bicarbonate (NH4sHCO3) followed with direct addition of 30uL acetonitrile (99.9%).
The solution was removed after 15min and the gel pieces were dried using a
Jouan Model RC 10.10 speed vacuum centrifuge. The gel pieces were
rehydrated with 20uL of 0.02M dithiothreitol in 0.1M NH4HCOs3 and incubated at
56°C for 45min to reduce the protein. The sample was cooled to room
temperature and the solution was removed and replaced by 0.055M
iodoacetamide in 0.1M NH4HCOs. The alkylation of the gel plugs proceeded for
30min in the dark whereupon the solution was replaced by 200uL 0.05M
NH4HCO; and incubated for 15min. The gel plugs were dehydrated by the

addition of 200uL 99.9% acetonitrile. After 15min, the solution was removed and
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the gel plugs were dried by vacuum centrifuge and re-hydrated with 5uL of
20ng/uL modified trypsin (Promega, Madison, Wisconsin, U.S.A.) in 0.05M
NH4HCO;. Re-hydrated gel pieces were covered with SuL 0.05M NH4HCO;
solution and incubated overnight at 37°C. The digested samples were cooled
and the trypsinization reaction was stopped by the addition of 1uL 0.1%TFA.

MALDI matrix used throughout analysis was a-cyano-4-hydroxycinnamic
acid (a-CN) containing 10mM NH4H,PO4. Samples were a) spotted as 1:1 (v/v)
samples of protein digest: a-CN (or b) desalted sample aliquots (0.7uL - 1.0uL,
4mg/mL a-CN, 50% acetonitrile 0.1% TFA) spotted directly onto MALDI sample
targets using C18 Zip Tips. Samples were air-dried in the dark and were cleared
of particulate matter with compressed gas prior to sample plate loading into the
mass spectrometer.

Positive ion MALDI-TOF mass spectra were acquired using an Applied
Biosystems (Foster City, CA) AB4700 protein analyzer operating in reflectron
mode and with ion source pressure ~0.5 pTorr. After a 400ns time-delayed ion
extraction period, the ions were accelerated to 20kV for time-of-flight (TOF) mass
spectrometric analysis. A total of 600 to 1000 laser shots (355nm Nd:YAG solid
state laser operating at 200Hz) were acquired and signal averaged. Data was
analyzed using Mascot (version 1.9) assuming a) monoisotopic peptides masses,
b) cysteine carbamidomethylation, b) variable oxidation of methionine, c)
maximum of one missed trypsin cleavage, and d) a mass accuracy of greater
than 150ppm. Limitation of the original protein mass was not employed within
the Mascot search.

EXAMPLE 1
URINE COLLECTION AND EXOSOME CHARACTERIZATION

Spherical membrane vesicles (e.g., exosomes) were purified from fresh

and from previously-frozen urine using two independent filtration methods- 1)
tangential filtration with fiber-based filtration cartridges and 2) membrane filtration
with disc-membranes, as disclosed herein. See Figure 1. Exosomes were
recovered from a) thawed, previously frozen urine despite formation of
cryoprecipitate and b) urine collected as morning or day-time voids. Exosome
collection methods allowed for desalting and rinsing of residual urine volume

from the exosomes. Recovered exosomes were characterized for physical

25



WO 2007/127848 PCT/US2007/067509

morphology using transmission electron microscopy (TEM) (Figures 2 and 3) and
for protein composition using 1-dimensional, denaturing-reducing polyacrylamide
electrophoresis (1D SDS PAGE) and subsequent protein identification by mass

spectrometry and bioinformatic analysis (Pisitkun et al., 2004; Caby et al., 2005;

Gatti et al., 2005). Protein identification was achieved by mass spectrometric
methods (peptide sequence tagging) and by antibody based methods (Western
blotting).

EXAMPLE 2
ONE-DIMENTSIONAL ELECTROPHORESIS AND WESTERN BLOTTING

Exosomal proteins were denatured, reduced, and resolved by mass using

a 4-12% NUPAGE® gel (Invitrogen). Separated proteins were electro-blotted
onto nitrocellulose membranes and proteins detected with antibodies specific to
proteins previously identified to be present in urinary exosomes (ezrin, neprilysin,
and the a-subunit of the Na'/K* ATPase).

Ezrin is a peripheral membrane protein that physically interacts with
integral membrane proteins such as CD43 or CD44 at the cytoplasmic face of
the plasma membrane. The data demonstrate that ezrin co-purifies with urinary
exosomes filtered from morning and also from mid-day void urine samples
(Figure 4). The identification of ezrin co-purification is consistent with established
literature (Pisitkun et al., 2004; Gatti et al., 2005; Hegmans et al., 2004).

The a-subunit of the Na*/K* ATPase catalyzes the hydrolysis of ATP,

coupled with the exchange of sodium and potassium ions across the plasma

membrane. The proteins are located in the cell membrane and are members of
the P-type cation-transporting ATPase superfamily, and as such have 10
transmembrane (TM) helices. It was demonstrated by Western blotting that the
a-subunit of the Na+/K+ ATPase co-purifies with urinary exosomes using
tangential fiber filtration (Figure 5). Furthermore, the data demonstrate that the
exosome recovery is complete as the protein is absent in the filter fiber stripping
solution [Laemmli buffer supplemented with an organic co-solvent (40%
trifluoroethanol; TFE)] designed to maximize the recovery of hydrophobic

proteins and peptides. Identification of the a-subunit of the Na+/K+ ATPase is
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consistent with the scientific literature (Mellegol et al., 2005; van Niel et al.,
2001).

Neprilysin is a Type || membrane protein and has a single transmembrane

helix. Neprilysin is a major constituent of the renal brush border membrane. It
was demonstrated by Western blotting that neprilysin co-purifies with exosomes
using both fiber and membrane filtration methods and including both fresh and
frozen urine. Additionally, using neprilysin immunoblots, it was demonstrated
that the exosome filtration method depletes the urine of the neprilysin co-
purifying material (exosomes) (Figures 6 and 7). The co-purification of neprilysin
is consistent with the scientific literature (Pisitkun et al., 2004; Gatti et al., 2005).

The most abundant urinary protein (the Tamm-Horsfall protein; THP) is

heavily glycosylated and is predisposed to the formation of aggregates. These
aggregates have molecular weight distribution from ~90kDa up to >1,000 kDa.
Published procedures for removal of THP aggregates include chemical
denaturation via hot DTT and differential sucrose-density ultracentrifugation. By
Western blotting it was demonstrated that either method can be used as a

sample pre-treatment without significant loss of neprilysin.

EXAMPLE 3
PROTEIN DIGESTION, PEPTIDE MASS FINGERPRINTING AND
SEQUENCE TAGGING

Isolated exosomes were dissolved into Laemmli buffer and separated on a

4-12% gradient gel (Figure 8). The length of the sample lane was cut into
2.5mm? cubes, protein content reduced and alkylated, and digested with trypsin.
The trypsin digest were analyzed by MALDI-TOF MS with selective
fragmentation of dominant precursorions. Peptide sequence tagging supported
by peptide mass fingerprint analysis was used to identify proteins co-purifying
with urinary exosomes.

Included in the list of identified proteins are a) transmembrane (TM)
proteins, b) ubiquinated proteins, ¢) ligands of advance glycosylation end product
(AGE) modified proteins and d) membrane associated proteolytic enzymes. The
identified proteins include several proteins with documented relevance to human

diseases were identified within the analyzed samples.
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EXAMPLE 4
DIRECT ANALYSIS, ONE DIMENSIONAL REVERSED-PHASE LIQUID
CHROMATOGRAPHY AND ELECTROSPRAY IONIZATION MASS
SPECTROMETRY

Isolated exosomes were dispersed into a solution adjusted to contain a

buffering solution of 0.1 M triethylammonium bicarbonate, pH 8.5 and a
detergent solution of 0.1 % NP-40. Proteins co-isolated with the exosomes were
reduced by addition of 2mm tris-carboxyethylphosphine/0.1 M triethylammonium
bicarbonate, pH 8.5 with heating to 5°C for 30min. Protein samples were then
cooled and reduced by 1 h incubation in the dark with addition of 20mM
iodoacetamide/0.1 M triethylammonium bicarbonate, pH 8.5. Proteins were then
digested by addition of 250ng mass spectrometry grade, modified trypsin, and
incubation at 37°C for 1 hr with shaking. After 1 h a second aliquot (250ng) of
mass spectrometry grade trypsin was added and incubation continued overnight
for a total digestion time of 20h.

The trypsin digest was separated by one-dimensional reversed-phase
liquid chromatography and eluting peptide ions mass quantified, fragmented and
fragments mass analyzed by linear ion trap mass spectrometry. The
fragmentation spectra were analyzed using SEQUEST SORCERER™ (Sage N
Research, San Jose, California, U.S.A.) and PEPTIDE PROPHET & PROTEIN
PROPHET™ (Institute of Systems Biology, Seattle, Washington, U.S.A.) to filter
the SEQUEST data. ldentified proteins included membrane proteins identified in
EXAMPLE 2 and annotated on Figure 8. (See also Table 1.)

PCT/US2007/067509

TABLE 1
% No.
Sequence | Unique | Total No. Protein Name and
No. | Accession No. | Coverage | Peptides | Peptides Description
Polymeric immunoglobulin
1 31377806 11.6 8 17 receptor [Homo sapiens]

Membrane alanine
aminopeptidase M [Homo
2 4502095 121 10 12 sapiens]

Membrane metallo-
endopeptidase; neprilysin
3 6042200 12.3 7 8 [Homo sapiens]
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GPCR Family C-5-C-b;
retinoic acid responsive gene

4 40217833 19.9 6 7 protein [Homo sapiens]
Mucin 1; episialin [Homo
5 28916691 121 4 5 sapiens]
Prostasin preproprotein
6 4506153 7.6 2 4 [Homo sapiens]

Sodium potassium chloride
cotransporter 2 [Homo

7 4557849 3.8 3 3 sapiens]

GPCR Family C-5-B
precursor; retinoic acid
responsive gene protein

8 7706451 3 1 1 [Homo sapiens]

9 11386147 29 1 1 Prosaposin [Homo sapiens]
Tetraspan 1; TM4SF [Homo

10 21264578 54 1 1 sapiens]

11 4557503 3.3 10 15 Cubilin [Homo sapiens]

12 6806919 2.7 9 12 Megalin [Homo sapiens]

13 5174387 4 2 3 Prominin 1 [Homo sapiens]
Roundabout homolog 4

14 17511435 3.7 2 2 [Homo sapiens]
Dipeptidylpeptidase IV

15 18765694 3.1 2 2 (CD26) [Homo sapiens]
Cytochrome b reductase 1

16 19923603 3.5 1 2 [Homo sapiens]
Mannosidase, alpha, class
1A, member 1 [Homo

17 24497519 41 2 2 sapiens]
Olfactomedin 4 precursor

18 32313593 6.9 2 2 [Homo sapiens]

19 4502179 7.7 1 1 Aquaporin 2 [Homo sapiens]
Dipeptidase 1 (renal) [Homo

20 4758190 24 1 1 sapiens]

Solute carrier family 9
(sodium\hydrogen
exchanger), isoform 3

21 4759140 3.9 1 1 regulator 1 [Homo sapiens]
NG22 protein; choline
transporter-like protein 4

22 13376868 2 1 1 [Homo sapiens]
23 14150145 29 1 1 Limitrin [Homo sapiens]
Thy-1 T-cell antigen [Homo
24 19923362 9.3 1 1 sapiens]
Podocalyxin-like precursor
25 33598950 3.8 1 1 [Homo sapiens]

TABLE 1. Membrane proteins identified by direct analysis of trypsin digested
exosomes using one-dimensional reversed phase liquid chromatography and
electrospray ionization linear ion trap mass spectrometry with peptide
fragmentation analysis using SEQUEST SORCERER™ and PEPTIDE
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PROPHET & PROTEIN PROPHET™ to filter the SEQUEST data. Proteins

identified are indicative of exosome isolation.

DISCUSION OF EXAMPLES 1-4

As illustrated by the Examples herein, the present methods were
successfully utilized to isolate exosomes from biological samples and identify
proteins associated with the isolated exosomes. The present methods thus allow
for isolation and enrichment of particular protein populations of interest that can
provide information as to biological processes within a subject, such as for
example the presence or absence of disease and responses to therapeutic
treatments. For example, exosome protein compositions have been
demonstrated to include transmembrane proteins such as CD10, the alpha
subunit of the Na+/K+ ATPase and peripheral membrane protein such as ezrin
by immunochemical methods. Further demonstration of selective enrichment for
low abundant urine proteins can be achieved using the presently disclosed
exosome isolation methods.

Tables 2 and 3 provide exemplary data of proteins isolated and identified
from either exosome isolates using the presently disclosed methods or from
human urine samples, respectively. Proteins listed in both tables were identified
using computer aided data analysis (PEPTIDE PROPHET & PROTEIN
PROPHET™) of exosome protein tryptic digests developed using 1D-LC-MS/MS
sample analysis. A comparison between Tables 2 and 3 of the proteins identified
and quantities of the proteins demonstrate selective enrichment for proteins of
interest associated with urinary exosomes. Four such proteins are discussed
hereinbelow as non-limiting examples demonstrating the selective enrichment of
exosomal proteins from urine. Two transmembrane proteins (megalin and
cubulin) are selected to demonstrate enrichment of exosomal proteins from
urine. Two serum proteins (albumin and kininogen-1) are selected to

demonstrate selective filtering of proteins from the exosomal protein preparation.

Megalin and cubulin are two proteins resident in the apical membrane of
the renal proximal tubule. The functions of these proteins are well documented.
These proteins are known to function as protein scavengers and are responsible

for recycling of urinary albumin from urine. Further, presence of these proteins in
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urinary exosomes is well documented. As demonstrated in Table 2, megalin
represents 4.84 percent of the total share of all MS/MS spectral identifications
from the LC-MS/MS analysis of tryptic exosome protein fragments. Additionally,
cubulin represents 2.96 percent of the total share of all MS/MS spectral
identifications from the LC-MS/MS analysis of tryptic exosome protein fragments.
In contrast, and as demonstrated in Table 3, megalin represents only 0.47
percent of the total share of all MS/MS spectral identifications from the LC-
MS/MS analysis of tryptic urine protein fragments. Additionally, cubulin
represents only 0.4 percent of the total share of all MS/MS spectral identifications
from the LC-MS/MS analysis of tryptic urine protein fragments. Thus, use of the
presently disclosed novel methods resulted in a several-fold enrichment of these
two integral-membrane proteins.

Albumin and kininogen-1 are well documented plasma proteins and are
known to be in the urine at low levels in normal conditions. Renal damage
resulting from trauma or from genetic factors can present with increased levels of
these two plasma proteins in the urine. As demonstrated in Table 2, albumin
represents 4.88 percent of the total share of all MS/MS spectral identifications
from the LC-MS/MS analysis of tryptic exosome protein fragments. Additionally,
cubulin represents 0.66 percent of the total share of all MS/MS spectral
identifications from the LC-MS/MS analysis of tryptic exosome protein fragments.
In contrast, and as demonstrated in Table 3, albumin represents 32.05 percent
of the total share of all MS/MS spectral identifications from the LC-MS/MS
analysis of tryptic urine protein fragments. Additionally, kininogen-1 represents
3.03 percent of the total share of all MS/MS spectral identifications from the LC-
MS/MS analysis of tryptic urine protein fragments. Albumin and kininogen-1 are
not selectively depleted from the urine. Thus, use of the presently disclosed
novel microfiltration methods provided for depletion of otherwise very abundant
plasma proteins found in the urine. The small presence of the two proteins in the
exosome protein preparation is presumed to be from normal biology and the

renal-urine protein recycling mechanisms.
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CLAIMS
What is claimed is:

1. A method of isolating membrane vesicles from a biological fluid
sample, the method comprising:

(a) providing a biological fluid sample comprising membrane vesicles;

(b) filtering the biological fluid sample through a filtration module
comprising a filter having an average pore diameter of between
about 0.01 ym and about 0.15 um; and

(c) collecting from the filtration module a retentate comprising the
membrane vesicles, thereby isolating the membrane vesicles from
the biological fluid sample.

2. The method of claim 1, wherein the biological fluid sample provided is
a clarified biological fluid sample.

3. The method of claim 2, wherein the biological fluid sample is clarified
by low-speed centrifugation and collection of a supernatant comprising
the clarified biological fluid sample.

4, The method of claim 3, wherein the biological fluid sample is
centrifuged at about 3,000 xg or less.

5. The method of claim 1, wherein the biological fluid sample is selected
from the group consisting of blood, blood plasma, and urine.

The method of claim 5, wherein the biological fluid sample is urine.
The method of claim 6, wherein the urine has been treated with a
protease inhibitor.

The method of claim 6, wherein the urine has been previously frozen.
The method of claim 1, wherein the membrane vesicles are
exosomes.

10.  The method of claim 9, wherein the exosomes are urinary exosomes.

11.  The method of claim 1, wherein the filtration module is a fiber-based
filtration cartridge.

12.  The method of claim 11, wherein the filter comprises polypropylene
hollow fibers.

13.  The method of claim 1, wherein the filtration module is a membrane

filtration module.
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14. The method of claim 13, wherein the filter is a filtration disc comprising
hydrophilic polyvinylidene difluoride.

15.  The method of claim 1, wherein the filter has an average pore
diameter of about 0.1 pm.

16. The method of claim 1, wherein the filter comprises a material
selected from the group consisting of polypropylene, polyvinylidene
difluoride, polyethylene, polyfluoroethylene, cellulose, secondary
cellulose acetate, polysulfone, polyethersulfone, polyvinylalcohol and
ethylenevinyl alcohol.

17.  The method of claim 1, wherein the retentate comprising the
membrane vesicles is collected by washing the retentate from the
filtration module.

18.  The method of claim 1, wherein the collected retentate comprising the
membrane vesicles is resuspended in a buffer solution.

19. A method of identifying biomarker polypeptides, quantitating biomarker
polypeptides, or both in a biological fluid sample, the method
comprising:

(a) providing a biological fluid sample comprising membrane vesicles,
wherein the membrane vesicles comprise biomarker polypeptides;

(b) filtering the biological fluid sample through a filtration module
comprising a filter having an average pore diameter of between
about 0.01 um and about 0.15 um;

(c) collecting from the filtration module a retentate comprising the
membrane vesicles;

(d) isolating the biomarker polypeptides from the membrane vesicles;
and

(e) identifying, quantitating, or both the isolated biomarker
polypeptides.

20.  The method of claim 19, wherein the biological fluid sample provided
is a clarified biological fluid sample.

21.  The method of claim 20, wherein the biological fluid sample is clarified
by low-speed centrifugation and collection of a supernatant comprising

the clarified biological fluid sample.
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22. The method of claim 21, wherein the biological fluid sample is
centrifuged at about 3,000 xg or less.

23.  The method of claim 19, wherein the biological fluid sample is selected
from the group consisting of blood, blood plasma, and urine.

24.  The method of claim 23, wherein the biological fluid sample is urine.

25. The method of claim 24, wherein the urine has been treated with a
protease inhibitor.

26. The method of claim 24, wherein the urine has been previously frozen.

27. The method of claim 19, wherein the membrane vesicles are
exosomes.

28.  The method of claim 27, wherein the exosomes are urinary exosomes.

29.  The method of claim 19, wherein the filtration module is a fiber-based
filtration cartridge.

30. The method of claim 29, wherein the filter comprises polypropylene
hollow fibers.

31.  The method of claim 19, wherein the filtration module is a membrane
filtration module.

32.  The method of claim 31, wherein the filter is a filtration disc comprising
hydrophilic polyvinylidene difluoride.

33. The method of claim 19, wherein the filter has an average pore
diameter of about 0.1 um.

34. The method of claim 19, wherein the filter comprises a material
selected from the group consisting of polypropylene, polyvinylidene
difluoride, polyethylene, polyfluoroethylene, cellulose, secondary
cellulose acetate, polysulfone, polyethersulfone, polyvinylalcohol, and
ethylenevinyl alcohol.

35. The method of claim 19, wherein the retentate comprising the
membrane vesicles is collected by washing the retentate from the
filtration module.

36. The method of claim 19, wherein the collected retentate comprising
the membrane vesicles is resuspended in a buffer solution.

37.  The method of claim 19, wherein the biomarker peptides are identified,

guantitated, or both by immunoassay, mass spectrometry, or both.
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38. The method of claim 37, wherein the mass spectrometry is matrix-
assisted laser desorption ionization time-of-flight mass spectrometry
(MALDI MS).

39. The method of claim 37, wherein the immunoassay is selected from
the group consisting of Western blot, enzyme-linked immunoassay
(ELISA), radioimmunoassay (RIA), and competitive binding assay.

40. A method of isolating membrane vesicle biomarker polypeptides from
a biological fluid sample, the method comprising:

(a) providing a biological fluid sample comprising membrane vesicles,
wherein the membrane vesicles comprise biomarker polypeptides;

(b) filtering the biological fluid sample through a filtration module
comprising a filter having an average pore diameter of between
about 0.01 um and about 0.15 um;

(c) collecting from the filtration module a retentate comprising the
membrane vesicles; and

(d) isolating the biomarker polypeptides from the membrane vesicles.

41.  The method of claim 40, wherein the biological fluid sample provided
is a clarified biological fluid sample.

42.  The method of claim 41, wherein the biological fluid sample is clarified
by low-speed centrifugation and collection of a supernatant comprising
the clarified biological fluid sample.

43. The method of claim 42, wherein the biological fluid sample is
centrifuged at about 3,000 xg or less.

44.  The method of claim 40, wherein the biological fluid sample is selected
from the group consisting of blood, blood plasma, and urine.

45. The method of claim 44, wherein the biological fluid sample is urine.

46. The method of claim 45, wherein the urine has been treated with a
protease inhibitor.

47.  The method of claim 45, wherein the urine has been previously frozen.

48. The method of claim 40, wherein the membrane vesicles are
exosomes.

49.  The method of claim 48, wherein the exosomes are urinary exosomes.

50. The method of claim 40, wherein the filtration module is a fiber-based

filtration cartridge.
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51.  The method of claim 50, wherein the filter comprises polypropylene
hollow fibers.

52. The method of claim 40, wherein the filtration module is a membrane
filtration module.

53. The method of claim 52, wherein the filter is a filtration disc comprising
hydrophilic polyvinylidene difluoride.

54. The method of claim 40, wherein the filter has an average pore
diameter of about 0.1 um.

55. The method of claim 40, wherein the filter comprises a material
selected from the group consisting of polypropylene, polyvinylidene
difluoride, polyethylene, polyfluoroethylene, cellulose, secondary
cellulose acetate, polysulfone, polyethersulfone, polyvinylalcohol, and
ethylenevinyl alcohol.

56. The method of claim 40, wherein the retentate comprising the
membrane vesicles is collected by washing the retentate from the
filtration module.

57. The method of claim 40, wherein the collected retentate comprising
the membrane vesicles is resuspended in a buffer solution.

58. The method of claim 40, wherein the biomarker peptides are isolated
by electrophoretic separation, immunoisolation, chromatography, or
combinations thereof.

59. A method of diagnosing a disorder or measuring a disorder state in a
subject, the method comprising:

(a) providing a biological fluid sample comprising membrane vesicles,
wherein the membrane vesicles comprise biomarker polypeptides;

(b) filtering the biological fluid sample through a filtration module
comprising a filter having an average pore diameter of between
about 0.01 um and about 0.15 um;

(c) collecting from the filtration module a retentate comprising the
membrane vesicles;

(d) isolating the biomarker polypeptides from the membrane vesicles;
and

(e) identifying, quantitating, or both the isolated biomarker

polypeptides, wherein the identified and/or quantitated biomarker
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polypeptides indicates the presence of a disorder or is a measure
of a disorder state in the subject.

60. The method of claim 59, wherein the biological fluid sample provided
is a clarified biological fluid sample.

61.  The method of claim 60, wherein the biological fluid sample is clarified
by low-speed centrifugation and collection of a supernatant comprising
the clarified biological fluid sample.

62. The method of claim 61, wherein the biological fluid sample is
centrifuged at about 3,000 xg or less.

63. The method of claim 59, wherein the biological fluid sample is selected
from the group consisting of blood, blood plasma, and urine.

64. The method of claim 63, wherein the biological fluid sample is urine.

65. The method of claim 64, wherein the urine has been treated with a
protease inhibitor.

66. The method of claim 64, wherein the urine has been previously frozen.

67. The method of claim 59, wherein the membrane vesicles are
exosomes.

68. The method of claim 67, wherein the exosomes are urinary exosomes.

69. The method of claim 59, wherein the filtration module is a fiber-based
filtration cartridge.

70.  The method of claim 69, wherein the filter comprises polypropylene
hollow fibers.

71.  The method of claim 59, wherein the filtration module is a membrane
filtration module.

72.  The method of claim 71, wherein the filter is a filtration disc comprising
hydrophilic polyvinylidene difluoride.

73. The method of claim 59, wherein the filter has an average pore
diameter of about 0.1 um.

74.  The method of claim 59, wherein the filter comprises a material
selected from the group consisting of polypropylene, polyvinylidene
difluoride, polyethylene, polyfluoroethylene, cellulose, secondary
cellulose acetate, polysulfone, polyethersulfone, polyvinylalcohol, and

ethylenevinyl alcohol.
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75.  The method of claim 59, wherein the retentate comprising the
membrane vesicles is collected by washing the retentate from the
filtration module.

76.  The method of claim 59, wherein the collected retentate comprising
the membrane vesicles is resuspended in a buffer solution.

77.  The method of claim 59, wherein the biomarker peptides are identified,
guantitated, or both by immunoassay, mass spectrometry, or both.

78.  The method of claim 77, wherein the mass spectrometry is matrix-
assisted laser desorption ionization time-of-flight mass spectrometry
(MALDI MS).

79.  The method of claim 77, wherein the immunoassay is selected from
the group consisting of Western blot, enzyme-linked immunoassay
(ELISA), radioimmunoassay (RIA), and competitive binding assay.

80. The method of claim 59, wherein the disorder is selected from the
group consisting of diabetes, water-balance disorders, acute kidney
injury, glomerulonephritis, drug-induced acute renal failure and allergy,
acute and chronic kidney transplant rejection, inherited renal diseases,
myocardial ischemia, cardiovascular risk, prostatic hypertrophy and
prostatic cancer, systemic lupus erythematosus, and rheumatoid
arthritis.

81. A kit for identifying biomarker polypeptides, quantitating biomarker
polypeptides, or both in a biological sample, the kit comprising:

(a) a filtration module comprising a filter having an average pore
diameter of between about 0.01 ym and about 0.15 pm;
(b) one or more antibodies or fragments thereof that specifically
recognizes a biomarker polypeptide of interest; and
(c) instructions for using the kit.
82.  The kit of claim 81, wherein the one or more antibodies or fragments

thereof are bound to a substrate.
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