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(54) Title: METHOD FOR THE ISOLATION OF MICRO VESICLES
(57) Abstract: The present disclosure relates to a method for the isolation of microvesicles comprising contacting the sample with at
least one polysaccharide to isolate the microvesicles.

TITLE: METHOD FOR THE ISOLATION OF MICROVESICLES

FIELD

This disclosure relates to a method for the isolation of microvesicles

[0001]

using polysaccharides.

BACKGROUND
[0002]

Microvesicles (MVs) are a spectrum of membrane-bound bodies

having a size of about 10 nm to about 5000 nm, more typically between 30 nm
and 1000 nm containing cytoplasmic material shed by cells during various

physiological conditions.
debris.

Microvesicles have long been regarded as cellular

Microvesicles contain and transport proteins and nucleic acids.

However, it has recently been demonstrated that microvesicles are distinguished
from mere debris and it has been established that microvesicles have normal, as
well as pathological, inter-cellular signalling functions.

Increased levels of

microvesicles are detected in blood and other body fluids in cancers and various
pathological conditions 1"11 . Thus the significance of microvesicles as diagnostic
tool is well established yet technologies for routine clinical diagnostic and

prognostic application of microvesicles are not well developed 12

.

SUMMARY
[0003]

This disclosure relates to methods for the isolation of microvesicles

from a sample containing microvesicles comprising contacting the sample with at
least one polysaccharide under conditions for the isolation of the microvesicles.
The disclosure also includes a method for the diagnosis of a

[0004]

pathological condition, such as cancer, comprising
(i) obtaining a biological sample from a subject;

(ii) isolating microvesicles from the sample using a method of the present

disclosure;

(iii)

detecting one or more pathological markers, such as a cancer

biomarker, and/or markers for a particular tissue or cell-type, wherein the
presence or absence of the pathological marker in the sample indicates the

presence of the condition in the subject.
[0005]

In addition, the present disclosure also includes a method for

monitoring the progression of a pathological condition, such as cancer, the
method comprising isolating microvesicles from the sample obtained from a

subject using a method of the present disclosure to obtain a reference value
comprising one or more markers, such as markers for a particular tissue or celltype and/or one or more cancer biomarkers and comparing them with the values
of microvesicles in samples taken from the subject at a plurality of time points,
wherein any difference in the level of marker(s) in those microvesicles relative to
the reference value over time indicates progression of the pathological condition,

such as cancer, and an opposite reading of the marker(s) in those microvesicles

relative to the reference value over time indicates amelioration of the cancer
and/or other pathological conditions.
The present disclosure also includes methods of determining the

[0006]

effectiveness of therapy in the treatment of a pathological condition, such as
cancer.

Accordingly, there is included a method for determining if a subject,

suffering from a pathological condition, is responsive to a therapy for treatment of
the condition, comprising,
(i) isolating a first amount of microvesicles in a first biological sample

obtained from a subject using a method of the present disclosure;
(ii) measuring for one or more markers, such as a cancer biomarker, in the

microvesicles from the first biological sample;
(iii) subsequently administering the therapy to the subject;

(iv) isolating a second amount of microvesicles in a second biological

sample from the subject using a method of the present disclosure;

(v) measuring for the one or more markers, such as a cancer biomarker, in

the microvesicles from the second biological sample,
wherein a difference in the one or more markers, such as a cancer biomarker, in
the second amount of microvesicles compared to the values of the first amount of

microvesicles

in

the

first

biological

sample

indicates

the

degree

of

responsiveness to the therapy in the subject.
[0007]

The present disclosure also includes an assay for detecting a

pathological condition in an animal, such as farmed animals, birds or fish,
comprising:
(i) isolating an amount of microvesicles in a control sample from a healthy

animal (an animal without the pathological condition) using a method of the
present disclosure;
(ii) measuring for one or more markers in the microvesicles from the

control sample;
(iii) isolating an amount of microvesicles in a test sample from the animal

using a method of the present disclosure;
(iv) measuring for the one or more markers in the microvesicles from the

test sample,
wherein a change (increase or decrease) in the one or more markers in the
microvesicles from the test sample compared to the control-sample indicates the
presence of a pathological conditions

in the animal.

Depending on the

pathological condition, the presence of one or more of the markers will increase
or decrease.

For example, an infection will result in the pathological marker

being higher in the test samples than the control, while a metabolic disease will

result in the marker being lower in test samples than the control. Examples of
biomarkers include, but are not limited to, metabolites, proteins, peptides, DNA,
RNA, mRNA, miRNA, LincRNA, misc-RNA, circular-RNA, etc.

[0008]

The present disclosure also includes an assay for analyzing food

quality, such as dairy and meat products. Accordingly, there is included a method
for determining the quality of a food sample, for example, a meat or dairy food
sample, comprising,
(i) isolating an amount of microvesicles from a safe control sample

or a

standard using a method of the present disclosure;
(ii) measuring for one or more markers in the microvesicles from the safe

control sample;
(iii) isolating an amount of microvesicles in a test sample using a method

of the present disclosure;
(iv) measuring for the one or more markers in the microvesicles from the

test sample,
wherein an increase in the one or more markers in the microvesicles isolated
from the test sample compared to the values of the control-sample indicates the
food sample has been contaminated with a pathogen.

Examples of biomarkers

include, but are not limited to, metabolites, proteins, peptides, DNA, RNA,
mRNA, miRNA, LincRNA, misc-RNA, circular-RNA, etc.
[0009]

The present disclosure also includes a method of isolation and

subsequent testing of microvesicles from the fluid, media or discharges from any
organism (unicellular to multicellular, wild or farmed).
[0010]

Further aspects and advantages of the embodiments described

herein will appear from the following

description

taken together with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[001 1]

For a better understanding of the embodiments described herein

and to show more clearly how they may be carried into effect, reference will now

be made, by way of example only, to the accompanying drawings which show at

least one exemplary embodiment, and in which:
Figure

[0012]

A are graphs showing the particle size of isolated

microvesicles from a healthy subject and a breast cancer patient's plasma using
a method of the disclosure from different cell lines
Figure 1B shows a series of transmission electron micrographs

[0013]

demonstrating the isolation of microvesicles from breast cancer cell-line
(MCF10A and MDA-MB-231 ) conditioned media, plasma of a healthy subject and
a breast cancer patient's plasma in an embodiment of a method of the
disclosure;
[0014]

Figure

1C

shows

a

of

series

atomic

force

micrographs

demonstrating the isolation of microvesicles from breast cancer cell-line (SKBR3)
conditioned media, plasma of a healthy subject and a breast cancer patient's
plasma in an embodiment of a method of the disclosure;
[0015]

cellular

Figure 2 shows a Venn diagram of numbers of identified intact

mRNAs

found

in

microvesicles

isolated

by

both

conventional

ultracenthfugation and microvesicles isolated using a method of the disclosure;
[0016]

Figure 3A is a Polyacrylamide gel electrophoresis photograph

demonstrating the detection of micro-RNA from microvesicles isolated using an
embodiment of a method of the disclosure;
[0017]

Figure 3B (insert) is a flow diagram of the molecular biological

techniques followed for the detection of miRNAs;
[0018]
Blue

Figure 4 is an immuno-blot analysis and corresponding Coomassie

stained

protein

polyacrylamide

gel

electrophoresis

photographs

demonstrating the detection of heat shock protein-70 in microvesicles isolated
using an embodiment of a method of the disclosure;

Figure 5 are a Coomassie Blue stained protein-polyacrylamide gel

[0019]

electrophoresis photographs of total protein content of microvesicles from healthy
human plasma, breast cancer and prostate cancer patients' plasma using an
embodiment of a method of the disclosure;
[0020]

Figure 6 is an immuno-blot analysis and corresponding stained

protein Polyacrylamide
detection of

gel electrophoresis

heat shock protein-90

photographs

in microvesicles

demonstrating

the

isolated using an

embodiment of a method of the disclosure;
[0021]

Figure 7 is an immuno-blot analysis and corresponding stained

protein Polyacrylamide
detection

of

gel electrophoresis

glyceraldehyde

3-phosphate

photographs

demonstrating

dehydrogenase

(GAPDH)

the
in

microvesicles isolated using an embodiment of a method of the disclosure;
[0022]

Figure 8 is a malignant transformation assay using non-transformed

mouse fibroblasts in soft agar demonstrating that microvesicles isolated using
polysaccharides in an embodiment of a method of the disclosure from normal
(MCF1 0A), less aggressive (MCF7) and more aggressive (MDA-MB-231 ) have

differential capabilities of transforming a normal cell to cancerous cell;
[0023]

Figure

9

are

immunofluorescence

micrographs

showing

internalization of microvesicles (isolated from conditioned media of breast cell
lines MCF10A and MDA-MB-231 ) using a method of the disclosure into normal
breast host cells (MCF-10A); and
[0024]

Figure

10

are

immunofluorescence

micrographs

showing

internalization of microvesicles isolated from normal subject's and breast cancer
patient's plasma using a method of the disclosure into normal host cells of
different tissue of origin.

DETAILED DESCRIPTION
(I) DEFINITIONS

[0025]

The term "microvesicles" as used herein refers to a membrane-

bound particle having a diameter (or largest dimension where the particle is not

spheroid) of between about 0 nm to about 5000 nm, more typically between 30
nm and 1000 nm, wherein at least part of the membrane of the microvesicle is

directly obtained from a cell of single or multicellular organism. Therefore,
microvesicles include those that are shed from a donor cell, and will typically also
include exosomes 1 12 . Therefore, and depending on the manner of generation
(e.g., membrane inversion, exocytosis, shedding, or budding), the microvesicles

contemplated

herein

may

exhibit

different

surface/lipid

characteristics.

Microvesicles are also referred to as "exosomes", "microsomes", "secretory
exosomes", "argosomes" and "microparticles", which are included within the
definition.
[0026]

The term "isolation" or "isolating" as used herein refers to a method

of the present disclosure to separate, enrich and/or purify microvesicles from a
particular sample.
[0027]

The term "sample" as used herein refers to a material or mixture of

materials containing microvesicles and includes biological samples and clinical
samples that contain microvesicles for isolation. Samples may be obtained from
human subjects or an organism, such as an animal, and may include a bodily

fluid (such as blood, blood serum, plasma, urine, milk and saliva) or tissue biopsy
or the fluid, media or discharges form any organism (unicellular to multicellular,
wild or farmed).

[0028]

The term "contacting" as used herein refers to the manner in which

a sample and at least one polysaccharide are mixed, or blended, such that the
polysaccharides

and

microvesicles

polysaccharide-microvesicle complex.

in

the

sample

are able to form

a

[0029]

The term "polysaccharide" as used herein in its ordinary sense

refers to polymeric carbohydrate

structures, formed of repeating units of

monosaccharides, such as six-carbon-monosaccharides,
bonds.

Polysaccharides

heteropolysaccharide

may

depending

be
on

the

a

joined by glycosidic

homopolysaccharide
monosaccharide

or

components:

a
a

homopolysaccharide consists of same types of monosaccharides whereas a
heteropolysaccharide is composed of different types of monosaccharides.
polysaccharides

The

may be linear, but may also include various degrees of

branching. The term polysaccharide includes those having typically 10 or more
repeat units. The polysaccharides can be from any source, for example, they can
be derived from plant material, animal material, bacteria (naturally-occurring or

genetically engineered), cultured mammalian cell-lines (naturally-occurring or
genetically engineered), cultured protozoa (naturally-occurring

or genetically

engineered), yeast (naturally-occurring or genetically engineered), insect-cells
(naturally-occurring or genetically engineered) or can be produced synthetically.
The polysaccharides can be subjected to one or more processing steps, for
example, purification, chemical-fuctionalization, attachment to solid supports, and
the like methods described in arts. Any suitable method known in the art for
synthesizing,

preparing,

and/or

purifying

suitable

polysaccharides

can be

employed.
[0030]

The term "conditions for the isolation of the microvesicles" as used

herein refers to the conditions in which the isolation of the microvesicles from the
sample is attained, for example, suitable temperatures, duration, dilution of
biological sample with physiological saline, pre-clearing, centrifugation force,
solid matrix assisted isolation, etc.

[0031]

The term "suitable" as used herein means that the selection of the

particular conditions would depend on the specific manipulation to be performed,
and the identity of the molecule(s) involved, but the selection would be well within

the skill of a person trained in the art. Unless otherwise indicated, all methods

and assays described herein are to be conducted under conditions sufficient to

achieve the desired result. A person skilled in the art would understand that all
such conditions, including, for example, solvent, time, temperature, pressure,

and/or molar, volume or weight ratios, can be varied to optimize the desired
result and it is within their skill to do so.
[0032]

The term "method of the disclosure" as used herein refers to a

method of isolating microvesicles using one or more polysaccharides, including
all of the various embodiments thereof, described herein.

[0033]

The term

"microfluidics"

refers to an apparatus

for

precise

manipulation of liquids in minute volume, typically 200 nano-liters to 100 micro¬
liters.

[0034]

The term "subject" as used herein refers to the source organism

from where a sample is obtained and includes but is not limited to human,
animal, fish, bird and other unicellular and multicellular organisms.
[0035]

The term "marker" when used in the context of a "marker",

"biomarker" or "pathological marker" as used herein refers to biological molecules
or cellular events that link to a specific health outcome and help in understanding
degree of risk for disease or pathological condition. A person skilled in the art
would understand that a marker is a characteristic that is objectively measured
and evaluated as an indicator of normal biological processes, pathogenic

processes, or pharmacologic

responses to a therapeutic

intervention 14 . Examples

of biomarkers include, but are not limited to, metabolites, proteins, peptides,
DNA, RNA, mRNA, miRNA, LincRNA, misc-RNA, circular-RNA,

etc.

The

markers are found within the microvescicles.
[0036]

In understanding the scope of the present disclosure, the term

"comprising" and its derivatives, as used herein, are intended to be open ended
terms that specify the presence of the stated features, elements, components,
groups, integers, and/or steps, but do not exclude the presence of other unstated

features, elements, components, groups, integers and/or steps. The foregoing
also applies to words having similar meanings such as the terms, "including",

"having" and their derivatives. Finally, terms of degree such as "substantially",
"about" and "approximately" as used herein mean a reasonable amount of

deviation of the modified term such that the end result is not significantly
changed. These terms of degree should be construed as including a deviation of
at least ±5% of the modified term if this deviation would not negate the meaning

of the word it modifies.
(II) METHOD FOR THE ISOLATION OF MICROVESICLES

[0037]

Increased levels and/or different populations of microvesicles are

detected in bodily fluids, such as blood, when pathological conditions, such as
cancer, are present in the body. Thus, methods for isolating microvesicles are
beneficial for the early diagnosis of pathological conditions, such as cancer.
[0038]

The

present

disclosure

relates

a

to

method

of

isolating

microvesicles from a sample. Accordingly, in one embodiment there is provided
a method for the isolation of microvesicles from

a sample containing

microvesicles, comprising:
(i) contacting the sample with at least one polysaccharide under conditions

for the isolation of the microvesicles.
[0039]

Without

being

bound

by

theory,

it

is

believed

that

the

polysaccharides used in the method of the present disclosure bind to one or
more proteins, glycoproteins, lipid and/or nucleic acid of the microvesicles

allowing for the isolation of the microvesicles.
[0040]

In some embodiments, the polysaccharide is a natural or synthetic

polysaccharide.

The polysaccharide for isolating the microvesicles may be a

linear or a branched polysaccharide.

The polysaccharide may be of any

molecular weight, but in some embodiments, the polysaccharide has a molecular
weight of at least 2 Kilodalton (KDa) to 10 Megadalton (MDa), optionally between

3 KDa and 7 MDa. In certain embodiment, the polysaccharide has a molecular
weight of at least 2 KDa, optionally 3 KDa, optionally 15 KDa, optionally 100
KDa, optionally 150 Kda, optionally 500 KDa, optionally 1 MDa, optionally 5 MDa,

optionally 7 MDa or above.
[0041]

Examples of the at least one polysaccharide encompassed by the

present disclosure, include, but are not limited to, amylose, cellulose, chitin,
agarose, dextran, dextran sulfate, callose, laminarin, chrysolaminarin, mannan,
fucoidan, glycogen, amylopectin, cellulose, chitin, a glycosaminoglycan, and
derivatives

of

any

of

the

above,

or mixtures

thereof.

Examples

of

glycosaminoglycan include, but are not limited to, chondroitin sulfate, dermatan
sulfate, keratan sulfate, heparin, heparan sulfate or hyaluronan.

In

one

embodiment, the at least one polysaccharide is hyaluronan.
[0042]

In other embodiments,

the polysaccharide is bonded to solid

supports which aid in the separation of the microvesicles from the sample. For
example, the polysaccharide

may be bonded to a solid-matrix such as

polystyrene or glass, which helps in the isolation of the microvesicles from the
sample.

In other embodiments, the solid matrix comprises polystyrene coated

paramagnetic particles which is then easily isolated using a magnetic field.
[0043]

In some embodiments, the polysaccharide is bonded to a ligand to

help in the purification of the microvesicles from the sample. For example, the

polysaccharide is bound to a component of the biotin-avidin system. For
example, the polysaccharide may be bound to biotin, and the microvesicles are
isolated from the sample by exposing the biotin-bound polysaccharide to avidin
or a solid matrix containing avidin. It is understood that the biotin label is stable
and small; it rarely interferes with the function of labeled molecules to be used for

the development of robust and highly sensitive assays. Avidin and other biotin-

binding proteins, including streptavidin and NeutrAvidin Protein. These biotin
binding proteins can be coated onto polystyrene, glass and paramagnetic
particles or matrix as described in arts.

[0044]

In some embodiments, the one or more polysaccharide is bonded

or printed to a matrix comprising silicons [for example Polydimethylsiloxane
(PDMS)] or other surface of microfluidic apparatus to help in the purification of
the microvesicles from the sample. In other embodiments, the micro-fluidic
apparatus includes downstream molecular analysis such as PCR, identification of
protein and/or nucleic acids, etc.

[0045]

The samples from which microvesicles are isolated may be any

sample which

contains

microvesicles,

for

example

a biological

sample.

Biological samples include, but are not limited to, whole blood, sputum, seminal
fluid, blood serum, plasma, urine, saliva, milk or any other bodily fluid containing
microvesicles. Other samples include biopsy from different organs, lymphs, bone
marrow and stool samples of subjects and fluid, media or discharges from any
organism (unicellular to multicellular, wild or farmed animals or fish) which are
pre-cleared before microvesicles isolation.
[0046]

When the method of isolating microvesicles

is used for the

diagnosis of a pathological condition, the biological sample is obtained from a
subject suffering from the pathological condition. Examples of pathological
conditions include, but are not limited to, cancer; infections caused by viruses,
bacteria, fungi, protozoa, multicellular organisms, and aberrant proteins such as
prions; non-infectious diseases such as autoimmune diseases, heart disease,

stroke, asthma, diabetes, chronic kidney disease, osteoporosis, Alzheimer's
disease, etc.

In one embodiment, the pathological condition is cancer.

For

example, bodily fluid such as blood is taken from a subject suspected of having
cancer and the microvesicles are isolated using method of disclosure and used
for early diagnosis. In one embodiment, microvesicles isolated from blood
contain biomarkers of vascular disorders, such as heart disease, and therefore,
blood is taken from a subject suspected of having a vascular disorder and the
microvesicles are isolated using method of disclosure and use for early diagnosis
(see Rautou, P., et al., Circulation. 2012; 125: 1601-1604; Xiong, J., et al., J

Cardiovasc. Pharmacol., 2012 Feb; 59(2):1 24-32).

In another embodiment,

increased levels of microvesicles are observed in certain pathological conditions
such as unstable angina, atherosclerosis and inflammatory vascular diseases,
and the increase in a sample is detected using a method of the disclosure.

[0047]

In one embodiment, the methods of the disclosure are used to

isolate microvesicles from small sample sizes. In one embodiment, the sample
size is from 100 micro-liters to 10 milliliters. In another embodiment, the methods

of the disclosure are used for samples using a micro-fluidic apparatus wherein
the sample size is between 2 micro-liters to 100 micro-liters.
[0048]

The isolation of the microvesicles from a sample is performed

under conditions for the isolation of the microvesicles.

In some embodiments,

the conditions include:
(a) contacting the sample with a solution comprising the at least one

polysaccharide to form a polysaccharide-microvesicle complex; and
(b) separating the polysaccharide-microvesicle complex from the solution.

[0049]

In

some

embodiments,

the

sample

is

contacted

with

the

polysaccharide(s) for a period of 10 minutes to 20 hours, optimally 10 to 30
minutes or 8 to 12 hours.
[0050]

In some embodiments, the sample is contacted with the solution at

a temperature of 2°C to 37°C, optionally 2°C to 10°C or 20°C to 25°C.
[0051]

In other embodiments, the polysaccharide-microvesicle

complex is

separated by subjecting the solution to centrifugal force or by filtering the
solution, or a combination thereof. In some embodiments, the centrifugal force is
3,000g to 20,000g, optionally about 17,000g.
[0052]

In other embodiments, the polysaccharide-microvesicle complex is

washed with saline by subjecting the solution to centrifugal force for 5 minutes to
30 minutes, or optionally about 15 minutes.

In other embodiments, the solution is filtered using a filter with a

[0053]

pore size of 0.45 µιτι to 2.0 µ ΐη to isolate the polysaccharide-microvesicle

complex.
[0054]

In

other

embodiments

of

the

disclosure,

one

or

more

polysaccharide bonded or printed to silicons [for example Polydimethylsiloxane
(PDMS)] or other surface of microfluidic apparatus to help in the purification of
the microvesicles from the sample.
In other embodiments of the disclosure, the body-fluid-type sample

[0055]

is first treated to prepare the sample for the isolation of the microvesicles.

To

prepare a cleared sample, for example, after a sample is obtained from a subject,
the sample is diluted to 2 to 100 times with physiological saline and subjected to
centrifugation at about 17,000g, or filtered with 0.45 µιη to 2.0
remove unwanted material from the sample.

µηη

filter paper, to

The cleared sample is then

subjected to a method of the disclosure for the isolation of the microvesicles.
(III) METHODS OF MEDICAL TREATMENT AND DIAGNOSIS

The present disclosure also includes methods of treating and/or

[0056]

diagnosing a pathological condition by administering a polysaccharide described
in the disclosure to a subject suffering from the condition.

The disclosure also

includes methods of diagnosing a pathological condition by the isolation of
microvesicles from a biological sample. .
[0057]

Accordingly, in one embodiment, there is included a method for the

diagnosis of a pathological condition comprising:
(i) obtaining a biological sample from a subject;

(ii) isolating microvesicles from the sample using a method of the present

disclosure;
(iii) measuring an amount of microvesicles in the sample;

(iv) comparing the measured amount of microvesicles with a reference

value, and if the amount of microvesicles is increased relative to the reference
value, identifying the subject as having an increased probability of having the
pathological condition.
[0058]

The reference value used in the diagnosis can be a standard value

known to those skilled in the art, or a value measured from a healthy subject or to
monitor the progression or regression of the pathological condition relative to the
reference value. For example, the reference value can be calculated from a
different subject who does not have the pathological condition, and a comparison
of the two reference values provides an indication whether the subject has the
pathological condition. Alternatively, the reference value can be calculated from
the same patient to monitor the progression or regression of the pathological
condition relative to the reference value.
[0059]

In some embodiments, the pathological condition is cancer.

If the

amount of microvesicles is increased in the sample relative to the reference
value, the subject can subsequently be treated with therapies to treat the
condition, or prevent the condition. Alternatively, if the amount of biomarkers in
the sample is changed (increased or decreased) relative to the reference value,
the subject can subsequently be treated with therapies to treat the condition, or
prevent the condition.

For example, when the pathological condition is cancer

and the diagnosis indicates that the subject suffers from cancer, the subject is

treated with chemotherapy, radiological therapy, or any other cancer treatment.
Examples of biomarkers include, but are not limited to, metabolites, proteins,
peptides, DNA, RNA, mRNA, m ' RNA, LincRNA, misc-RNA, circular-RNA, etc.
[0060]

In another embodiment, the disclosure also includes a method for

the diagnosis of a pathological condition comprising:
(i) obtaining a biological sample from a subject;

(ii) isolating microvesicles from the sample using a method of the present

disclosure; and
(iii) detecting and/or measuring:

(a) one or more pathological markers, and/or markers for a particular tissue or

cell-type, wherein the presence of the pathological marker in the sample
indicates the presence of the condition in the subject; and/or
(b) one or more healthy normal markers for a particular tissue or cell-type,

wherein the absence, or decrease compared to a reference value, of the healthy
normal marker in the sample indicates the presence of the pathological condition
in the subject.

Examples of biomarkers include, but are not limited to,

metabolites, proteins, peptides, DNA,

NA , mRNA, miRNA, LincRNA, misc-RNA,

circular-RNA, etc.
[0061]

In one embodiment, there is included a method for the diagnosis of

a pathological condition comprising:
(i) obtaining a biological sample from a subject;
(ii) isolating microvesicles from the sample using a method of the present

disclosure;
(iii)

detecting one or more pathological markers, such as a cancer

biomarker, and/or markers for a particular tissue or cell-type, wherein the
presence of the pathological marker in the sample indicates the presence of the
condition in the subject.
[0062]

The present disclosure also includes a method of identifying a

biomarker associated with a pathological condition, as a result of the biomarker
being present in the microvesicle. Accordingly, in one embodiment, the method

includes
(i) isolating microvesicles in a biological sample obtained from a subject by

using a method of the present disclosure;

(ii) screening the contents of the isolated microvesicles for biomarkers. It

will be understood that a biomarker is a molecule that allows for the differential

detection of healthy subjects and pathological conditions. For example, in one
embodiment, a cancer, or infection specific, mRNA,

iRNA , LincRNA, mis-RNA

or circular-RNA, protein, peptide, DNA or any other component is detected in
isolated microvesicles from subjects having the pathological condition but is not
present in the microvesicles of a healthy subject.
[0063]

In

some embodiments,

the pathological

condition

is cancer.

Comparing the molecular difference between the samples of a healthy subject
and the subject suspected of having for example cancer, for example by the

detection of one or more biomarkers for cancer, relative to the reference value,
indicates the presence of cancer in the subject, and therefore can subsequently
be treated with therapies to treat the condition, or prevent the condition.

For

example, when the pathological condition is cancer and the diagnosis indicates
that the subject suffers from cancer, the subject is treated with chemotherapy,
radiological therapy, or any other cancer treatment.
[0064]

In some embodiments, the pathological condition is an infection (for

example infections caused by viruses, bacteria, fungi, protozoa, multicellular
organisms, and aberrant proteins known as prions).

Comparing the molecular

difference between the samples of a healthy subject and the subject suspected
of having for example an infection, for example by the detection of one or more
biomarkers for the infection, relative to the reference value, indicates the
presence of the infection in the subject, and therefore can subsequently be
treated with therapies to treat the infection, or prevent an infection. For example,
when the pathological condition is bacterial or viral infection and the diagnosis
indicates that the subject suffers from infection, the subject is treated with
conventional treatment.

In other embodiments of the disclosure, there is also included

[0065]

development of an assay for detecting a pathological condition in a subject,
comprising,
(i) obtaining a biological sample from the subject;

(ii) isolating microvesicles from the sample using a method of the present

disclosure;
(iii) measuring one or more: (a) biomarkers for the pathological condition,

(b) other pathological markers; and/or (c) markers for a particular tissue or cell-

type,
(iv) comparing the level of markers defined in step (iii) to a reference

value, wherein if the level of markers is increased or decreased relative to the

reference value, identifying the subject as having an increased probability of
having the pathological condition.
[0066]

The present disclosure also includes a method for determining if a

subject, suffering from a pathological condition, is responsive to a therapy for

treatment of the condition, comprising
(i) performing an assay for detecting a pathological condition in a subject

as defined above;
(ii) subsequently administering the therapy to the subject;

(iii) performing a second assay as described above in a second biological

sample obtained from the subject, wherein a decrease in the level of markers in
the second biological sample indicates the subject is responsive to the therapy.

[0067]

In other embodiments, the pathological condition is cancer.

[0068]

The present disclosure also includes a method for determining if a

subject, suffering from a cancer, is responsive to chemotherapy, radiological

therapy, or any other cancer treatment, comprising,

(i) performing an assay for detecting a pathological condition in a subject

as defined above, wherein the pathological condition is cancer;
(ii) subsequently administering the chemotherapy, radiological therapy, or

any other cancer treatment to the subject;
(iii) performing a second assay as described above in a second biological

sample obtained from the subject, wherein a decrease in the level of cancer
markers and/or increase in normal healthy biomarkers in the second biological
sample indicates the subject is responsive to the therapy.
[0069]

In other embodiments there is included a method for determining if

a subject, suffering from a pathological condition, is responsive to a therapy for
treatment of the condition, comprising,
(i) isolating a first amount of microvesicles in a first biological sample

obtained from a subject using a method of the present disclosure;
(ii) measuring for one or more markers, such as a cancer biomarker, in the

microvesicles from the first biological sample;
(iii) subsequently administering the therapy to the subject;

(iv) isolating a second amount of microvesicles in a second biological

sample from the subject using a method of the present disclosure;
(v) measuring for the one or more markers, such as a cancer biomarker, in

the microvesicles from the second biological sample,

wherein a difference in the one or more markers, such as a cancer biomarker, in
the second amount of microvesicles compared to the values of the first amount of

microvesicles

in

the

first

biological

sample

indicates

the

degree

of

responsiveness to the therapy in the subject.
[0070]

In other embodiments, there is also included a method for the

treatment of a pathological condition comprising administering to a subject in
need thereof a therapeutically effective amount of a polysaccharide to sequester

or remove the level of microvesicles associated with the condition in the subject.
For example, when the pathological condition is cancer, and subjects suffering
from cancer have an increased level of pathological microvesicles or cancer

specific microvesicles. Administering one or more polysaccharides or applied as
external skin patch in accordance with the present disclosure results in the

neutralization of such microvesicles in vivo thereby causing a reduction in the
levels of the pathological microvesicles in the subject.
In other embodiments of the disclosure, there is also included an

[0071]

assay for food safety tastings, such as dairy and meat products. Pathogenic,
infectious

and

microvesicles.

other

disease

conditions

produce

differing

profiles

of

Accordingly, by isolating the microvesicles from the dairy and

meat samples using a method of the present disclosure, wherein a differing
molecular or physical difference in the dairy and meat sample compared to the
control (safe) sample indicates whether the sample meets safety standards for

further processing and consumption.
In one embodiment, there is included an assay for detecting a

[0072]

pathological condition in, or contamination of, a food product, comprising:
(i) obtaining a sample from the food product and/or source animal (for

example cattle, poultry and pigs) ;
(ii) isolating microvesicles from the sample using a method of the present

disclosure;
(iii) detecting one or more pathological markers, such as a pathogenic,

infectious or other disease condition, wherein the presence of the pathological
marker in the sample indicates the presence of the condition in the sample.
[0073]

In one embodiment, there is included an assay for detecting a

pathological condition in framed animals, birds and fish, comprising:

(i)

obtaining a sample from the source animal (for example cattle,
poultry, pigs, fish) ;

(ii)

obtaining a standard non-pathogenic sample from a healthy
animal;

(ii)

isolating microvesicles from the sample using a method of the

present disclosure;
(iii)

detecting one or more pathological markers, such as a pathogenic,

infectious or other disease condition, wherein the presence of the pathological
marker in the sample indicates the presence of the condition in the sample.
[0074]

For example, in one embodiment, a pathological marker, such as

mRNA, miRNA, LincRNA, mis-RNA or circular-RNA, proteins, glycoproteins or
other component is detected in isolated microvesicles from samples having the
pathological condition but is not present in the microvesicles of a healthy
samples.
[0075]

Although the disclosure has been described in conjunction with

specific embodiments thereof, if is evident that many alternatives, modifications
and variations will be apparent to those skilled in the art. Accordingly, it is

intended to embrace all such alternatives, modifications and variations that fall
within the spirit and broad scope of the appended claims. In addition, citation or
identification of any reference in this disclosure shall not be construed as an
admission that such reference is available as prior art to the present disclosure.

EXAMPLES
[0076]

The operation of the disclosure is illustrated by the following

representative examples. As is apparent to those skilled in the art, many of the
details of the examples may be changed while still practicing the disclosure
described herein.

Materials and Methods

[0077]

Samples from cell lines: Immortalized normal mammary epithelial

cells (MCF-1 0A), non-aggressive breast cancer cell line (MCF7 and SKBR3) and
aggressive breast cancer cell line (MDA-MB-231 ) were grown in bioreactor (from
CELLine, used CELLine 1000) in 37°C with 5% C0 2 . Thirty million cells were
resuspended in 15 ml of microvesicle free FBS (Fetal bovine serum) media.
Microvesicle free FBS was prepared by ultra centrifuging FBS at 100,000 to
120,000 g for 2 hours and collecting the FBS without touching the microvesicles

pellet. The above cell suspension was used to seed the lower compartment of
the bioreactor and 500ml of the regular media used in the upper compartment.

The two compartments

separate the bioreactor into a medium and cell

compartment by a 10 kDa semi-permeable membrane which allows a continuous
diffusion of nutrients into the cell compartment with a concurrent removal of any
inhibitory waste product. The microvesicles cannot pass through this membrane
and media enriched in cell and cell derived material were harvested regularly

from the lower chamber (called conditioned media) with continuous feeding both
the chambers. This method was used for the cell lines described in Tables 1-3
and Figures 1B , 1C , 2 , 4 , 6 , 7 , 8 and 9 .

[0078]

Plasma samples from human subjects: The clinical samples from

subjects were collected as per clinical and ethical approval of Atlantic Cancer
Research Institute. The plasma was diluted 5 or 10 times with saline and used for
isolation of microvesicles as described in the method of this disclosure. This
method was used for the samples shown in Figures 1A , 5 and 0 .
[0079]

Isolation of microvesicles by ultracentrifugation:

The conditioned

media from tissue culture bioreactor were collected and subjected to 17,000 g
centrifugation for 15 minutes at 4°C. The 'cleared' supernatant was used for ultra
centrifugation. The cleared liquid was overlaid onto 30% sucrose cushion and
centrifuged at 100,000 to 120,000 g for two hours. The bottom ring was aspirated
using a Pasteur pipette into a new ultracentrifuge tube and diluted 5 to 10 times
with PBS (phosphate buffered saline) and centrifuged again at 100,000 to

120,000 g for two hours. The microvesicles pellet were collected and stored for

protein and/or RNA isolation. Examples shown in Tables 1-3 and Figures 2 and
4 , as comparative conventional method of isolating microvesicles.

[0080]

Atomic Force Microscopy: Mechanically cleaved Muscovite Mica

was used to produce clean, atomically flat surfaces which have strong
electrostatic interactions and model substrate for adsorption of biological
materials. Microvesicles isolated by method in this disclosure were diluted and
spread on to freshly cleaved mica and dried with gentle blow of nitrogen. The
microvesicles absorbed mica slides were immediately analyzed for structural
studies with Atomic Force Microscopy. Examples shown in Figure 1C .
[0081]

Immunofluorescence Microscopy: The microvesicles were pre-

stained with PKH67 (green) followed by co-incubated with new target cells in

microvesicle free media for an indicated period followed by immuno-fluorescence
staining procedure. The cells were fixed with 3.7% formalin, block with 1% bovine
serum albumin and incubated with antibodies (for example Golgin and LAMP-1 ) .

The secondary antibody conjugated with Alexa Fluor fluorescent dyes were

subsequently incubated on to the cells and nucleus was stained blue with DAPI.
The permanently mounted slides were photomicrographed using a confocal
microscope. Examples shown in Figure 9 and 10.
[0082]

Transmission Electron Microscopy: The dispersed microvesicles

were deposited onto formvar/carbon-coated

EM grids and fixed with 3.7%

formalin followed by two washes with PBS and stained with 2% uranyl acetate.
The dried grids were then viewed. Examples shown in Figure B .
[0083]

Nanoparticle Tracking Analysis: The dispersed microvesicles were

diluted to 100 to 1000 times in PBS for this analysis. Nanoparticle tracking
analysis was done using LM1 0 unit and software v2.3 (Nanosight, Amesbury,
UK). Hydration-sphere-equivalent sizes are displayed as particle size distribution

with their relative abundance. Examples shown in Figure 1A.

[0084]

Example 1 - Sample Preparation

[0085]

Conditioned media from Bioreactor: As described in the Materials

section, conditioned media were regularly harvested for subsequent isolation of

microvesicles. The conditioned media was subjected to centrifugation (800g for
0 minutes at room temperature or 4°C) to remove the cells and cellular debris.

The samples were stored at 4°C with 15

µΙ

of protease inhibitor cocktail III (from

EMD Millipore) in 1 m l of media. The supernatants were then subjected to

another round of centrifugation

( 1 7,000g

for 15 minutes at 4°C) to remove finer

cellular partials. Examples shown in Table 1-4 and Figure 1B , 1C , 2 , 4 , 6 , 7 , 8
and 9 .

[0086]

Conditioned media from normal cell culture: Cells were grown to 80

to 90 % confluency in their respective media. The cells were then rinsed 3 times

with serum-free media and incubated at 37°C for 4 hours. The conditioned media

was subjected to centrifugation (800g for 10 minutes at room temperature or 4°C)
to remove the cells and cellular debris. The samples were stored at 4°C with
µΙ

5

of protease inhibitor cocktail III (from EMD Millipore) in 1 ml of media. The

supernatants were then subjected to another round of centrifugation (17,000g for
15 minutes at 4°C) to remove finer cellular partials. Examples shown in Figure 3 .
[0087]

Sample from subjects: Human plasma samples were collected as

per clinical procedures and approvals. The plasma samples were archived at 80°C in 0.5 or 1.0 m l aliquots. The fresh or thawed archived plasma were diluted
to 5-10 times in PBS (phosphate buffered saline). The diluted plasma was

subjected to centrifugation ( 1 500g for 10 minutes at room temperature or 4°C) to
remove the cells and cellular debris. The supernatants were stored at 4°C with
15

µΙ

of protease inhibitor cocktail III (from EMD Millipore) per 1 ml. The

supernatants were then subjected to another round of centrifugation

( 1 7,000g

for

15 minutes at 4°C) to remove finer cellular partials or particles formed by globular
proteins. Examples shown in Figure 1A, 1B, 1C , 5 and 10.

[0088]

Example 2 - Isolation of microvesicles with polysaccharide

[0089]

The cleared samples from Example 1 were then subjected to a

hyaluronic acid dextran, dextran sulfate, chondroitin sulfate A , chondroitin sulfate
B heparin sulfate.
[0090]

(i) Long period contacting: 20

g polysaccharide was

g to 100

added into 1 ml of cleared sample and rotated end-to-end overnight at 4°C (13 to
20 hours). The mixture was subjected to centrifugation

( 1 7,000g

for 15 minutes

at 4°C) to precipitate polysaccharide -microvesicles complexes. The palette were

transferred to a fresh tube with 1 ml of PBS and again subjected to centrifugation
(17,000g for 15 minutes at 4°C) to wash. The palette was washed again with
PBS and used for different analysis. This method was used for the results shown
in the following tables and figures:

Table 1 shows purification/enrichment of microvesicles from conditioned
media of Breast cancer cell line MDA-MB-231 . The table shows a

comparative total proteomic data analysis of isolated microvesicles using
hyaluronan, conventional ultracentrifugation (UCF) and a commercially
available kit (Exo)

from breast cancer cell-line (MDA-MB-231 ) in an

embodiment of a method of the disclosure.

The cleared conditioned

media was incubated with polysaccharides and enriched microvesicles
were analysed to identify the proteins in those microvesicles my massspectrometric analysis;
Table 2 shows p-values of cellular component

Ontology analysis using

proteomic data analysis from Table-1 of isolated

microvesicles using

polysaccharides (in an embodiment of a method of the disclosure),
conventional ultracentrifugation (UCF) and a commercially available kit
(Exo) from breast cancer cell-line (MDA-MB-231 ) in an embodiment of a
method of the disclosure;

Table 3 shows a comparative numbers of miRNAs (using next generation
sequencing

platform)

from

isolated

microvesicles,

conventional

ultracentrifugation (UCF) and a commercially available kit (Exo) from
breast cancer cell-lines (MCF7 and MDA-MB-231 ) in an embodiment of a
method of the disclosure;
Table

4

shows

differential

content

protein

of

purified/enriched

microvesicles from conditioned media of normal breast cell line MCF10A
and Breast cancer cell line MCF7. The table shows a percent of the total

protein identified by mass spectrometry analysis of isolated microvesicles
using hyaluronan, in an embodiment of a method of the disclosure;

Figure 1A demonstrates that polysaccharides

can enrich or purify

microvesicles from diluted (in saline) and cleared patients plasma in an
embodiment of a method of the disclosure. The figure shows particle size
distribution (using nanoparticle tracking analysis) of the isolation of
microvesicles from healthy subject and breast cancer patient's plasma.
Figure 1B demonstrates

that polysaccharides

can enrich or purify

microvesicles from diluted (in saline) and cleared patients plasma, in an
embodiment of a method of the disclosure. The figure shows transmission
electron micrographs demonstrating the isolation of microvesicles from a
breast cancer patient's plasma and plasma from healthy.
Figure

B also demonstrates

enrichment

of microvesicles

from cell line

conditioned media, in an embodiment of a method of the disclosure. The
figure

shows transmission

electron

micrographs

demonstrating

the

isolation of microvesicles from a breast cell lines (normal and cancerous).
Figure 1C shows the purification/enrichment

of microvesicles from

conditioned media of Breast cancer cell line SKBR3, in an embodiment of
a method of the disclosure. The cleared conditioned media was incubated
with polysaccharides and enriched microvesicles were visualized by

Atomic Force Microscopy. No microvesicles were enriched where no PS
was added. Here the PS used was hyaluronic acid.
Figure 1C also demonstrates that polysaccharides can enrich or purify

microvesicles from diluted (in saline) and cleared patients plasma, in an
embodiment of a method of the disclosure. The figure shows atomic force
micrographs demonstrating the isolation of microvesicles from a breast
cancer patient's plasma and plasma from healthy.
Figure 2 shows a Venn diagram with examples of intact cellular mRNAs

found in microvesicles isolated by both conventional ultracentrifugation
and microvesicles isolated from different breast cancer cell lines (using

micro-array analysis), in an embodiment of a method of the disclosure.
Figure 4 shows an immuno-blot analysis of cleared conditioned media
from breast cancer cell lines, in an embodiment of a method of the
disclosure.

Heat shock protein is a marker for microvesicles, which are

conserved in enriched microvesicles using the method of the disclosure.
Enriched/isolated microvesicles were visualized by Immuno-blotting with
Anti-HSP70 antibody (left) and Corresponding protein gel (right). Lane 1
shows 5% of the total conditions media input; lane 2 shows microvesicles
enriched by a commercial kit :Exoquick; and lane 3 shows microvesicles
isolated by polysaccharides .
Figure 5 is a Coomassie Blue stained protein- Polyacrylamide gel

electrophoresis photographs demonstrating the isolation of microvesicles
from

breast cancer and

prostate

cancer

embodiment of a method of the disclosure.
diluted

patients'

plasma,

in

an

50 micro-liter of plasma

0 times with saline was cleared and used to enrich microvesicles.

One-third of the total extract was loaded for the protein gel.
Figure 6 shows an immuno-blot analysis of cleared conditioned media

from

breast

cancer

cell

line

(MCF7)

incubated

with

different

polysaccharides, in an embodiment of a method of the disclosure.

Heat

shock protein is a marker for microvesicles, which are conserved in
enriched

microvesicles

using

the

method

of

the

disclosure.

Enriched/isolated microvesicles were visualized by Immuno-blotting with
Anti-HSP90 antibody (top) and Corresponding total protein gel (bottom).
[0091]

(ii)

Short period

contacting:

Twenty

to

100

g/

ml

of

polysaccharides were added into 1 ml of cleared sample and mixed by inverting
end-to-end for 20 times and incubated at 37°C or room temperature for

0 to 30

minutes. The mixture was subjected to centrifugation ( 1 7,000g for 15 minutes at
room temperature) to precipitate polysaccharide- microvesicles complexes. The

palette were transferred to a fresh tube with 1 ml of PBS and again subjected to
centrifugation (17,000g for 5 minutes at room temperature) to wash. The palette
was washed again with PBS and used for analysis. This method was used for the
results shown in the following figures:
Figure 7 shows an immuno-blot analysis of cleared conditioned media

from breast cancer cell line (MCF7) and enriched microvesicles in an
embodiment

of a method

of the disclosure.

Enriched/isolated

microvesicles using different polysaccharides were analysed by Immunoblotting with Anti- Glyceraldehyde 3-phosphate dehydrogenase antibody
(top) and corresponding total protein gel (bottom).
Figure 8 is a malignant transformation assay using non-transformed

mouse fibroblasts in soft agar demonstrating that isolated microvesicles
from normal (MCF10A), less aggressive (MCF7) and more aggressive
(MDA-MB-231 ) cell lines, in an embodiment of a method of the disclosure.
The isolated microvesicles have differential capabilities of transforming a
normal cell to cancerous cell. NIH3T3 cells are non-transformed fibroblast

mice cells and make colonies in soft-agar when they are induced to
oncogenic transformation.

Microvesicles from conditioned media were

isolated using the method of the disclosure and was added every 3rd day

for 3 times and let grow for

8 days. Microvesicles free defined stem-cell

media was used for all experiments.

Out of the three breast cancer cell

lines, MDA-MB-231 is the most aggressive and has metastatic potential.
Isolated microvesicles

conserved

their transformation

potential,

and

therefore, the degree of cancer aggressiveness could be measured with
the method of the disclosure.

Example 3 - Biotin Avidin System - Biotinylated Hyaluronic acid

[0092]

(bHA) was prepared following published protocol 15 . Conditioned media from
normal cell culture were used. The cleared media were incubated with bHA
ml of media) and rotated end-to-end overnight at 4°C.

incubated with 20

µΙ

(1

The mixture was

of Dynabeads MyOne Streptavidin C 1 (Life Technology) and

washed 3 times with PBS in separate tubes on magnetic stand. These beadsbHA- microvesicles complex were used to isolate miRNAs/ small RNAs using
mirPremier microRNA Isolation Kit (Sigma) and subjected to PCR identification of
specific miRNA using protocol described in Figure 3B. Figure 3 is an micro-RNA
analysis to demonstrate identification of indicated miRNAs were done from
biotinylated

polysaccharide-

microvesicles

complexes

using the indicated

molecular analysis, in an embodiment of a method of the disclosure.

In this

Figure, the hyaluronic acid was Biotinylated and captured by Avidin-beads.

Example 4 - RNA purification from isolated microvesicles and

[0093]

microarray analysis: The RNA was prepared combining Trizol (Invitrogen) and
Qiagen

RNeasy

kit

according

to

the

manufacturers'

protocol.

Isolated

microvesicles according to this disclosure were suspended in Trizol and stored at
-80 °C until RNA was isolated. For RNA isolation the frozen microvesicles+Trizol

tubes were thawed and 200 µ Ι chloroform was added per m l Trizol used. The
tubes were shaken vigorously for 20 sec, then allowed to sit at room temperature
for 2-3 min, span at 12,000xg for 15min at 4C and carefully removed aqueous
phase (top) and transfer to new sterile RNase-free tube
RNeasy kit.

( 1 .5

ml tube) for Qiagen

The total RNA isolated from microvesicles were used to amplify

mRNAs only and subsequently those cDNAs were labeled with Amino Allyl
Message Amp ii aRNA Kit from Ambion with both Alexa Fluor 555 and Alexa
Fluor 647 for each samples (from Invitrogen). The microarray used for these
experiments were printed by Atlantic Microarray Facility with 38,000 spots per
slide representing

coding

protein

sequences

of

entire

human

genome.

Hybridization was performed using Tecan Hyb station. Scanning and analysis
were done with Axon

GenePix4000B

scanner and Acuity 4.0 software

respectively. Examples shown in Figure 2 .
[0094]

Example

5

-

Mass

Spectrometry

(MS)

analysis

isolated

microvesicles by in-gel digestion: Microvesicles were isolated from cell culture
conditioned media; in an embodiment of a method of the disclosure Total
microvesicles were boiled in 4x lamilli buffer and run on SDS-PAGE. The gel was
stained with standard Coomassie Brilliant Blue. The destained gel was cut in 12

equal pieces per lane from top to bottom of the gel in clean hood and collected
individually. The gel-pieces were dehydrated using 100% acetonitrile, treated
with reducing agent (dithiothreitol), followed by treatment with iodoacetic acid and

digested with trypsin over-night. The digested peptides were extracted in 50%
acetonitrile/ 50% acetic acid and evaporated in vaccum centrifuge. The
evaporated samples were adjusted to 1% acetic acid for loading in MS.
[0095]

The protein identification platform consists of an Ultimate 3000

nano-liquid chromatograph

(Dionex, Sunnyvale,

CA) coupled to a linear

quadrupole ion trap mass spectrometer (Thermo-Fisher, San Jose, CA) via a
nanoelectrospray emitter. Small chromatography columns (75

µη

x 0.5 cm) are

packed with 5 urn particles into a commercial nanospray tip (New Objective,
Woburn, MA) with a 15um spray tip. Typically

5 microliters of peptide extracts

are loaded onto a short C 8 trap column at 20 µ _/ ι η and then eluted with a

water/acetonitrile solvent gradient through a second (analytical) C18 column at a
flow rate of 400 nL/min.

During the chromatographic elution, the mass

spectrometer is operated in "data-dependent acquisition" (i.e.,DDA) mode

whereby the mass spectrometer collects a first order mass spectrum and uses
software to target the five most abundant ions in the spectrum for sequencing by
collision induced dissociation (CID). Once a peptide mass has been selected for
fragmentation
implemented

twice,
for

dynamic

a duration

exclusion
of

30

of

the

seconds.

intact

peptide

Following

a

mass
70

is

minute

chromatographic run per sample, the data is submitted to Bioworks for peptide
matching and ultimately protein identification.

Bioworks uses the Sequest

algorithm to match the acquired peptide mass and fragmentation spectra to an
"in silico" tryptic digest of the public NCBI non-redundant protein database. The

results from the Sequest search are further processed using Scaffold for
statistical analysis. Example shown in Table 1, 2 and 4 .
[0096]

Example 6 - Western Blots: The protein samples isolated from

microvesicles and other sources were boiled for 0 minutes and loaded on SDSPAGE. The gel was transferred onto nitrocellulose membranes and was blocked
for 1-2 h in 10% milk in PBS plus 0.1% Tween 20 (PBS-T), treated with primary
antibody overnight at 4 °C in the blocking solution, washed three times with PBST , and finally incubated with horseradish peroxidase-conjugated

secondary

antibodies. The image was developed using a luminol-based chemiluminescence
reaction and photographed. Example shown in Figures 4 , 6 and 7 .

[0097]

Example 7 - Detection of miRNAs from purified microvesicles:

Conditioned media from breast cancer cell line MCF-7 was used for purification
of microvesicles with Biotinylated polysaccharides with avidin-beads according to
an embodiment of a method of the disclosure. Small RNAs from microvesicles

was isolated using Sigma miRNA kit and was polyadenylated with Poly(A)
Polymerase and Reverse transcribed using poly-T-adopter primers with reverse
transcriptase. The resulted cDNAs of miRNA was PCR amplified with one
universal primer (specific to the adaptor) and a forward miRNA specific primer
and visualized by Polyacrylamide gel electrophoresis.

Figures 3 .

Examples shown in

[0098]

Example

8

-

Anchorage-independent

Transformation

microvesicles derived from different breast cancer cell-lines:

by

mouse non-

transformed fibroblast NIH3T3 cells were used to determine transformation
induced cellular growth in semisolid medium. This assay indicate whether any

stimuli, genetic and/or epigenetic changes applied to these cells transform them
to cancerous cells and thus acquire anchorage-independent growth behavior in

semisolid medium like agar. Low melting agarose (Invitrogen) was autoclaved in
water at 1.2 % (W/V) and kept at 40 °C in a water bath. Medium of 2x
concentration was preheated in the same bath. In a 12-well plate, 0.5 ml/well
agarose/medium mixture in 1: 1 (0.6% agarose final) was layered and left to
solidify at room temperature for 40 min.

Microvesicles isolated using method

describe in this disclosure from 1 m l of conditioned media from different cell lines
were incubated with 0.25 m l of media with

0 4 NIH3T3 cells for 30 min at 37 °C

followed by mixing that with 0.6% agarose media and

layered onto solidified

0.6% agarose layer and kept at room temperature for 1 hour. The semisolid
medium with cells and

microvesicles were overlaid with 1 ml of medium and

incubated at 37 °C for 3 weeks, changing overlaying medium with same amount
of media with microvesicles isolated from indicated cells at every 3rd days for 3
times and photographed them on 18th day. Example shown in Figure 8 .
[0099]

Example 9 - Isolation of Microvesicles from Breast Cancer Sample

[00100]

Microvesicles were isolated according to an embodiment of a

method of the disclosure. Patients plasma (25

µ Ι)

was diluted 10 times with PBS

(or 0.5 ml of conditioned media) and cleared either by spinning at 17,000 g at
4°C for 15 minutes or by 0.22pm filters. The cleared plasma samples were

incubated with hyaluronan (100

g per ml of sample) either for 1 hour at room

temperate or 4°C overnight with end-to-end oration. The microvesicles were
pelleted spinning at 17,000 g at 4°C for 15 minutes followed by two washes with
PBS. The pellets were digested with 0.1

g of hyaluronidases (HAase) for

overnight followed by proteaseK digestion for 2 hours at 37°C to disperse to

individual microvesicles for nanoparticle tracking analysis (NTA), transmission
electron microscopy (TE ) and atomic force microscopy (AFM) as shown in
Figure 1A,

B and 1C. NTA profiles of microvesicles shows a major peak

representing the mode size and the bar scales of the TEM are 100 nm. The
diameter of each MV circled (white) are presented for the AFM. The sizes of the
microvesicles are comparable to published data.
[00101]

Example 10 - Comparative Proteomic Analysis of Breast Cancer

Microvesicles from MDA-MB-231 Breast Cancer Cell Line
[00102]

Shown in Table 1 is a proteomic analysis of breast cancer

microvescles with different isolation methods from indicated breast cancer cell
line conditioned media.

The isolation methods are as follows: conventional

ultracentrifugation method (UCF), with hyaluronan (HA) in accordance with the
present disclosure, and commercially available ExoQuick (Exo). Representative
proteomic data of microvesicles extracted from MDA-MB-231 with different
methods are shown here. The number of unique peptides from a protein are
indicated in this table.
[00103]
to associate

Table 2 shows a Gene Ontology analysis of the proteins of Table 1
the cellular components

using ToppGene

indicatesthe p-value for the specific cellular vesicles.

Suite.

Table 2

Proteomic data of

microvesicles extracted from MDA-MB-231 conditioned media obtained from
Table-1 using the indicated methods were used for cellular component Ontology
analysis. The proteomic data was extracted for 100% protein identification
probability for Ontology analysis. Conventional ultracentrifugation method (UCF),
hyaluronan

(HA), commercially

available

ExoQuick

(Kit) and Vn96 were

compared here. The p-value indicates the statistical significance of the proteome
of microvesicles extracted using different methods. The highly significant cellular
components indicate the 'proteomes' were originated from extracellular micro¬
vesicles or exosomes.

[00104]

Table 4 shows differential protein content of purified/enriched

microvesicles from conditioned media of normal breast cell line MCF10A and
Breast cancer cell line MCF7. The table shows a percent of the total protein
identified by mass spectrometry analysis of isolated

microvesicles using

hyaluronan, in an embodiment of a method of the disclosure;
[00105]

Example 11 - Comparative Transcriptomics Analysis of Breast

Cancer Hyaluronan-Microvesicles complexes
[00106]

Comparison of microvesicle isolation methods from indicated breast

cancer cell line conditioned media: ultracentrifugation method with hyaluronan
(HA), according to an embodiment of a method of the disclosure. Total RNA from

indicated microvesicles was isolated and subjected to cDNA microarray analysis
(38K Human Oligo microarray, Atlantic Microarray Facility). The numbers of fulllength mRNAs are shown in Venn diagram of Figure 2 .

[00107]

Comparison of microvesicle isolation methods from indicated breast

cancer cell lines' conditioned media: ultracentrifugation and hyaluronan (HA)
methods: miRNA sequences from microvesicles isolated from 2 different breast

cancer cell lines(MCF7 and MDA-MB-231 ) using ultracentrifugation (UCF), a
commercial kit (Exo) and method of the disclosure using Hyaluronan (HA). The
sequencing were performed

using ion-torrent

platform of next-generation

sequencing and aligned the reads on human genome Hg1 9 according to their
size and miRNAa were identified

using either human precursor miRNA

annotation (mirBase V 1 9), or human transcripts Hg19. The numbers shown in
Table 3 represent number of 'reads' or match with the particular miRNA
sequence in the samples.
[00108]

Example 12 - Enrichment of Microvesicles from Conditioned Media

Using Different Polysaccharides

[00109]

1.5 ml of conditioned media from breast cancer cell line MCF7 was

cleared from cellular debris by centrifugation at 5000xg for 10 minutes followed

by filtration through 0.2 µιη syringe filters. 100

g / ml of each indicated

polysaccharide, according to an embodiment of a method of the disclosure, as
shown in Figure 6 was mixed with the conditioned media and incubated overnight
with end-to-end rotation. The mixture was centrifuged at 17,000xg for 15 minutes
at 4°C. The precipitates were washed 3 times with PBS. The right most lane: 300
kDa cut demonstrates a spin-filter was used to remove any proteins less than
300 kDa. For all experiments, low protein binding plastic-ware was used. The
precipitates were subjected to Western blot analysis for HSP90 as shown in
Figure 6 , an abundant marker of extracellular microvescicles

or exosomes,

clearly demonstrating isolation of the microvesicles.
[001 10]

Example 13 - Enrichment of Microvesicles from Conditioned Media

Using Different Polysaccharides
[001 1 1]

1 .5 ml of conditioned media from breast cancer cell line MCF7 was

cleared from cellular debris by centrifugation at 5000xg for 10 minutes followed
by filtration through 0.2

m syringe filters. 66 pg / ml of each indicated

polysaccharide, according to an embodiment of a method of the disclosure, as
shown in Figure 7 was mixed with the conditioned media and incubated 25°C with
end-to-end rotation for 30 minutes. The mixture were centrifuged at
15 minutes at 25°C.

7,000xg for

The precipitates were washed 3 times with PBS. For all

experiments, low protein binding plastic-ware were used. The Precipitates were
subjected

to

dehydrogenase

Western

blot

analysis

for

glyceraldehyde

(GAPDH)

as shown in Figure 7 , an abundant

3-phosphate
marker of

extracellular microvescicles or exosomes.
[001 2]

Example

14

-

Biologically Active

Microvesicles

- Soft-agar

anchorage-independent growth assay with NIH/3T3 cells
[001 13]

NIH/3T3 cells are murine non-transformed fibroblasts which make

colonies in soft-agar only when they are induced to oncogenic transformation.
Microvesicles isolated in accordance with the above examples using hyaluronan

(HA) from indicated cells (according to an embodiment of a method of the
disclosure) were added onto target

IH/3T3 cells in soft-agar every 3rd day for 3

times and grown for 18 days (top panel), as shown in Figure 8 . Defined Stem cell
media was used as MV free medium. The cell-embedded soft-agar (top panel)
were pulverized with 1 m l pipette-tips and further inoculated in soft-agar, without
any newly added microvesicles (in Stem cell medium) for 3 weeks (lower panel of
Figure 8). The results indicated that the more invasive breast cancer line (MDAMB-231 )

derived

Hyaluronan-Microvesicles

transformed

NIH/3T3

cells

permanently (colonies) and can form colonies on soft-agar even after 40 days.
[00

4]

Example 15 - Biologically Active Microvesicles Internalized into

Host Cell
[001 15]

Internalization assay: (A) Hyaluronan-microvesicles complex (HA-

MVs) isolated from indicated breast cancer cell-lines' conditioned media using
hyaluronan (HA), according to an embodiment of a method of the disclosure, as
shown in Figure 9A, were treated with or without hyaluronidases (HAase) or
trypsin. The pre-stained HA-MVs co-incubated with target MCF-10A cells in MV
free media for 48 hours followed by immuno-fluorescence

microscopy. HAase

treatment did not show any difference in internalization but significantly reduced
for trypsinized HA-MVs derived from MCF-10A cells in comparison to the HAMVs from MDA-MB-231 cells. Golgin is a marker for Golgi body and LAMP-1 is a
marker for lysosome and exocytosis pathways. As shown in Figure 9B, a similar
internalization assay was performed as in (A) where HA-MVs were co-incubated
with MCF-10A target cells for almost 100 hours. A network of green membrane
tubules originating from HA extracted microvesicles' PKH67 (green) stained lipid
(resembling endoplasmic reticulum, ER) were observed, which indicates that the
microvesicles

were

internalized

and

also integrated

into components

of

cytoplasm (EpCAM is cell surface marker).
[001 16]

Example 16 - Biologically Active Microvesicles Internalized into

Human Host Cell

[001 17]

A similar internalization assay was performed as in Example 15

where HA-MVs from indicated plasma from subjects (as shown in Figure 10) with
or without breast cancer were isolated using hyaluronan (HA), according to an
embodiment of a method of the disclosure. The lipids were stained with PKH67
(green) and co-incubated with indicated target cells for 48 hours. We used 25

µΙ

of plasma dilute 10 times with PBS and then subjected to hyaluronan mediated
MV precipitation. One tenth of the total extracted HA-MVs were co-incubated with
target cells.
cells.

Figure 10 shows that the microvesicles were internalized into the

Table 1: Comparative Proteomic Analysis of Isolated Breast Cancer
Microvesicles
Number o f unique peptides
1 Serum albumin OS= Bos taurus G - A B PE=1 SV-4

32

23

2 Trypsin

10

11

13

3 Fib onec in OS- Homo sapiens G - F l PE-1 SV=4

42

57

186

4 Gale-tir»-3-binding protein OS-Homo sapiens GN-IGALS3BP PE-1 SV-1

35

9

30

5 ActinrSC OS-Orosophila me!anoeaster GN-ActSC PE-1 SV-4
6 Keratin, type II cytoskeietal 8 OS Homo sapiens GN RT8 PE-1 SV-7

16

13

19

0

0

0

7 Histone H A type 1-0 OS-Homo sapiens GN-HIST1H2AD PE-1 SV-2

3

3

20

18

23

10

15

S Sus scrofa PE-1 SV-1

S Alpha-2-macroglobuHn

S

taurus GN-A2M PE

SV-2

9 Alpha-enoiase OS-Homo sapiens G - NO PE-1 SV=2

32
D

10 Vitamin D-b nd ng protein OS-Bos taurus G =GC PE-2 SV-1

0

11 Pyruvate kinase isozymes M1/M2 OS-Homo sapiens GN-PKM PE-1 SV-4

5
0

1 Heat shock protein HSP 0-a p a OS=6os taurus GN-HSP90AA1 PE=2 SV-3
13 Glyceraldehyde-3-phosphate dehydrogenase OS-Homo sapiens GN-GAPDH
14 Keratin, type cytoskelettl 18 OS-Homo sapiens G - RT18 PE-1 SV-2

58

0
0
4

5

4

16

0

0

0

1

15 Keratin, type

cytoskeietal 1 OS-Homo sapiens GN-KRT1 PE-1 SV-6

5

16 Keratin, type

cytoskeietal 19 OS-Homo sapiens GN-KRT19 PE-1 SV-4

0

0

0

17 Phosphoglycerate ki ase 1 OS-Homo sapiens G - PG 1 PE-1 SV-3

6

15

20

18 Keratin, type
cytoskeietal 5 OS-Homo sapiens GN-KRT5 PE-1 SV-3
19 L-lattate dehydrogenase A chain OS-Homo sapiens GN-LDHA PE=1 SV-2

0
5

8

0
10

20 Aipha-2-HS-gtycoprotein OS- Bos taurus GN-AHSG PE-1 SV-2

5
0

4

4

17

16

0

0

0

0

0

0

25 Keratin, type f cytoskeietal 10 OS-Homo sapiens GN- RT1 PE-1 SV-6
26 Alpha-l-antiproteinase OS-3os taurus GN-SERPINA1 PE-1 SV-1
27 Annexin A2 OS-Homo sapiens G - A XA2 PE-1 SV-2

9
5
4

2
7

4
4

0

0

13

19

11

28 Throm

0

21 Vimentin OS-Pan troglodytes G - V

PE-2 SV-4
22 Filamin-A OS-Homo sapiens G - F NA PE-1 SV-4
23 Transforming growth factor-beta-induced

protein ig-h3 OS-Homo sapiens G

24 Filamtn-B OS-Homo sapiens GN-FLNB PE-1 SV=2

spo nd

29 Histone H2B type

OS-Homo sapiens GN-THBS1 PE=1 SV-2
- / E/ F G/ OS-Homo sapiens GN-HIST1H2BC PE-1 SV-4

i

21

0

13

7
7

Heat shock protein HSP 90-beta OS-Equus cabaiius GN-HSP90AB1 PE-2 SV31 Tubulin aipha-lA chain OS=Crketulus gr se s GN-TUBA1A PE-2 SV-1
32 Cathepsin 0 OS-Homo sapiens GN-CTSD PE-1 SV-1

4

0
9

0

0

8

33 tlbiquitm-60S ribosomai protein L40 OS-Bos taurus GN-UBA52 PE-1 SV-2

6

3

0

34 Laminin subunit gamma-2 OS- Homo sapiens GN-LAMC2 PE-1 SV-2

0

0

0

36 Tubulin beta-l chain OS-Gadus morhua PE=2 SV-1

0

5

7

37 Fatty acid synthase OS-Homo sapiens GN-FASN PE-1 V- 3
38 Actin-18 S- O t os i
dtscoideum GN=actlS PE-3 SV=3

0
0

0
0

39 PeptWyl-proly! cis-trans isomerase A OS=Chiorocebus aet h o p G - PP A P 40 Amyloid beta A4 protein OS-Homo sapiens GN-APP PE-1 SV-3
4 1 Transitional endoplasmic reticulum ATPase OS-Homo sapiens
- VCP PE-1

0
0
0

0
0
s
0
0

15

42 14-3-3 protein gm OS-Homo sapiens GN-SFN PE-1 SV-1
4 3 Integrin beta-l OS-Homo sapiens GN-ITGB1 PE-1 SV-2
44 Collagen alpha- {VI! chain OS-Homo sapiens GN-COL6A! PE-1 SV-3
4 5 Heat shock protein beta-l OS-Homo sapiens GN-HSPB1 PE-1 SV-2

0

0

0

17
0

7
3

0
24

46 Keratin, type

0

0

0

35 Heat shock cognate 7 1 kOa protein OS-Bos taurus GN-HSPA8 PE-1 SV-2

cytoskeietal 9 OS-Homo sapiens G

47 Elongation factor 2 OS- C l

KRT9 PE-1 SV-3

h x jacchus GN-EEF2 PE-2 SV-1

7

0

0

0

0

0

4

48 Keratin, type II cytoskeletal 6A OS-Homo sapiens GN-KRT6A PE-1 SV-3

0

0

0

49 Heat shock 70 kDa protein l A i 6 OS-Homo sapiens GN-HSPA1A PE-1 SV-5

0

0

4

2013/000650

43

13 000650

45

Table 2 : Comparative Gene Ontology for the Proteomic Data

p-val ues

Cellular

component

GO

HA
extracellular

vesicular

exosome

extracellular

membrane-bounded

extracellular

organelle

membrane-bounded

organelle

GO:0070062

8.1 7E-21

GO:0065010
60:00

vesicle

vesicle
cytoplasmic

membrane-bounded

cytoplasmic

vesicle

vesicle

ty
O
G
3230
4onenoge

UCF

Exo

2.20E-03

1 .73E-03

3.26E-20

1.87E-03

1 .18E-03

3.26E-20

7.36E-04

1.96E-05

GO:0031988

2.90E-15

1.62E-04

1 .75E-08

GO:0031982

2.74E-15

9.26E-05

4.24E-10

60:0016023

1.38E-05

4.09E-08

1 .30E-12

60:0031410

4.32E-05

1.29E-05

1.20E-1

1

Table 3 : Comparative microRNA Sequences from Isolated Microvesicles

hsa-mir-128-l
hsa -mir-128-2
hsa-mir-1301

83

hsa-mir-1306

1
5
6

hsa-mir-1307

247

h a -r r- Oa
hsa-mir-130b
hsa-mir-132
hsa-mir-135a-l

1
30
2
51
15
47
0
0
5
49

hsa-mir-135a-2
hsa-mir-135b
hsa-mir-138- ί
hsa-mir-138-2
hs3-mir-139
sa- 40
hsa-1
hsa- r 4
hsa-rmr-146a
hsa-mir-146b
hsa-mir-148a
hsa-mir-148b

242
4
0
13
121
51
22
449

11
3
0
1

17

28
1
1
2

67
5
8
6

72
21
1
14

113
0
28
5
36

9

76

114

2

1
54
1
91
8
0
0

301
8
11

457
22
8
0
0
7
214

254
43
0

7
21
2
0
2
39
225
4
0
17
126
37

0
0
74

0
9
196
32
74
170

0
1
4

2
6
140

1147
10
0
46
1

2
12
207
17
154

2
4
452
20
107

80
66
254
0

29
16
814
24

25
10
401
15

0
0
0
304
33
2
255
2
2
381
37
3
17
32
305
0

16

21
365
9

a

319

287

3

53

230

2

hsa-mir-15b
hsa-mir-16-1

22.4

249
6

283
0

68
218

675
84

825
155

139
320
695

242
2
857
189

hsa-mir-149
hsa-mir-151a
hsa-mir-152
h a-m r

42
646

132
6
4
3

50
22
30
17

66
6
81
15
2
31
1032
11
42
166

9
1
1S4
0
16
1

hsa-mir-191
hsa-mtr-192
hsa-mtr-193a
hsa-mir-193b

88
82
15
45
10
80
81
83
15
4
28
1157
17
48
240

0
70
324

523
10
654
175
70
5
80
37
44
5
1
19
1323
40
39
35

hsa-mir-195

74

5

0

25

hsa-mir-16-2
hsa-mir-17
hsa-mir-181a-l
hsa-rrnr 181a-2
hsa-mir b-2
hsa-mir-18 c
hsa-mir-182
hsa-mir-183
sahsa-mir-186
hsa-mir-188
hsa-mir-18a

hsa-mir-197

32

hsa-mir-19a
h a -mir-

99
370

225
730
310
104
13
48
30
31
18
2

58
730
21
39
21
29

322
528
102
5
7
0
0
1
25
59
0
42
51
0

27

27

101

52

235

307

319
547

77
656

173
72 S

162
345

Table 4 : Differential Protein Content of Isolated MIcrovesicles from
Different Breast Cancer Cell Condition Media: Proteomic Analysis

% of the protein covered by
peptides identified by MS

CF10A
Vs

Proteins

MCF7
MVs

Actin, cytoplasmic t

29%

46%

Keratin, type i cytosketetaJ

160%

52%

Giyceraldehyde-3-prtosph8te dehydrogenase

32%

4 %

Alpha-enolase GS=Homo sapiens

37%

38%

38%

23%

Histone H2A

36%

27%

Annexin A2

40%

25%

Heat shock protein HSP 90 >e a

3 60%

26%

33%

16%

50%

49%

14%

37%

Renin receptor

22%

25%

Ciat r n heavy chain 1

0%

Amino peptidase N

12%

Q

Cathepsin D

9.50%

24%

Heat shock cognate 7 1 kDa protein

6.30%

24%

SO

kDa heat shock protein, mitochondrial

Fatty acid synthase

-lactate dehydrogenase

A chain

Histone H
Pyruvate kinase isozymes

Transforming

2

growth factor-beta-induced

0

protein ig-h3

Peroxiredoxin-S

49%

22%

Tubulin aip a -1 B chain

7.50%

21%

Phosphoglycerate

12%

29%

1.00%

15%

Thrombospondir»-1

kinase
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CLAIMS :
1.

A method for the isolation of microvesicles from a sample containing

microvesicles, comprising:
(i) contacting the sample with at least one polysaccharide under conditions for

the isolation of the microvesicles.

2.

The method according to claim 1, wherein the polysaccharide is a natural

or synthetic polysaccharide.

3.

The method according to claim 1 or 2 , wherein the polysaccharide is a

linear or branched polysaccharide.

4.

The method according to any one of claims 1 to 3 , wherein the

polysaccharide has a molecular weight of at least 2 KDa.

5.

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

polysaccharide is dextran, dextran sulfate, amylose, cellulose, chitin, agarose,
callose, laminarin, chrysolaminarin, mannan, fucoidan, a glycosaminoglycan,

derivatives thereof, or mixtures thereof.

6.

The method according to claim 5 , wherein the glycosaminoglycan is

chondroitin sulfate, dermatan sulfate, keratan sulfate, heparin, heparan sulfate or
hyaluronan.

7.

The method according to any one of claims 1 to 6 , wherein the

polysaccharide is bonded to a solid-matrix.

8.

The method according to claim 7 , wherein the solid matrix comprises

polystyrene or glass or a paramagnetic particle or a microfluidic apparatus.

9.

The method according to any one of claims 1 to 8 , wherein the

polysaccharide is bonded to a ligand for the purification of the microvesicles.

10.

The method according to claim 9 , wherein the ligand comprises a

component of the biotin avidin system.

11.

The method according to any one of claims 1 to 10, wherein the sample

comprises a biological sample.

12.

The method according to claim

1, wherein the biological sample

comprises:
(a)

whole blood, blood serum, plasma, urine, saliva, milk, other bodily

fluid, or tissue biopsy,
(b) a fluid, media or discharge form a unicellular or multicellular organism,
(c) a bodily fluid from wild or farmed animals, birds or fish; or

(d) food products, wherein the product is a dairy or meat product.

13.

The method according to claim 11 or 12, wherein the biological sample is

derived from a subject with cancer or other pathological condition.

14.

The method according to any one of claims 1 to 10, wherein the

conditions for the isolation of the microvesicles comprise:
(a) contacting the sample with a solution comprising the at least one
polysaccharide to form a polysaccharide-microvesicle complex; and
(b) separating the polysaccharide-microvesicle complex from the solution.

5.

The method according to claim 14, wherein the sample is contacted with

the polysaccharide at a temperature of 2°C to 37°C for about 10 minutes to 20
hours.

16.

The method according to any one of claims 14 to 15 , wherein the

polysaccharide-microvesicle complex is separated by subjecting the solution to
centrifugal force or by filtering the solution, or a combination thereof.

17.

The method according to claim 16, wherein the solution is subjected to a

centrifugal force of 3,000g to 20,000g.

18 .

The method according to claim 16 , wherein the solution is filtered using a

filter with a pore size of 0.45 µ

19.

to 2.0 µ ΐη .

A method for the diagnosis of a pathological condition comprising:
(i) obtaining a biological sample from a subject;

(ii) isolating microvesicles from the sample using a method defined
in any one of claims 1 to

8;

(iii) detecting:

(a) one or more pathological markers, and/or markers for a
particular tissue or cell-type, wherein

the

presence

of the

pathological marker in the sample indicates the presence of the
condition in the subject; and/or
(b) one or more healthy normal markers for a particular
tissue or cell-type, wherein the absence or decrease of the healthy
normal marker in the sample indicates the presence of the

pathological condition in the subject.

A method for the diagnosis of a pathological condition comprising:
(i) obtaining a biological sample from a subject;
(ii) isolating microvesicles from the sample using a method defined
in any one of claims 1 to 18 ;

(iii) measuring the isolated microvesicles for one or more: (a)

biomarkers for the pathological condition, (b) other pathological markers;
and/or (c) markers for a particular tissue or cell-type,
(iv) comparing the level of markers defined in step (iii) to a

reference value, wherein if the level of markers is increased or decreased
relative to the reference value, identifying the subject as having an
increased probability of having the pathological condition.

2 1.

The method according to claim 19 or 20, wherein the pathological

condition is cancer, cardiovascular disease, genetic disease, liver disease,
chronic kidney disease, respiratory disease, autoimmune diseases, heart
disease, stroke, asthma, diabetes, osteoporosis, Alzheimer's disease, or an
infectious disease, wherein the infectious disease is caused by a virus, bacteria,
fungi, protozoa, multicellular organism or a prion.

22.

An assay for detecting a pathological condition in a subject, comprising,
(i) obtaining a biological sample from the subject;

(ii) isolating microvesicles from the sample using a method as defined in

any one of claims 1 to 18;
(iii) measuring the isolated microvesicles for one or more: (a) biomarkers

for the pathological condition, (b) other pathological markers; and/or (c) markers
for a particular tissue or cell-type,
(iv) comparing the level of markers defined in step (iii) to a reference

value, wherein if the level of markers is increased or decreased relative to the

reference value, identifying the subject as having an increased probability of
having the pathological condition.

23.

The assay according to claim 22, wherein the pathological condition is

cancer, cardiovascular disease, genetic disease, liver disease, chronic kidney
disease, respiratory disease, autoimmune diseases, heart disease, stroke,
asthma, diabetes, osteoporosis, Alzheimer's disease, or an infectious disease,

wherein the infectious disease is caused by a virus, bacteria, fungi, protozoa,
multicellular organism or a prion.

24.

A method for determining if a subject, suffering from a pathological

condition, is responsive to a therapy for the treatment of the condition,
comprising,
(i) performing an assay for detecting a pathological condition in a subject

as defined in claim 22;

(ii) subsequently administering the therapy to the subject;
(iii) performing a second assay as described in claim 22 in a second

biological sample obtained from the subject, wherein a decrease in the level of

markers in the second biological sample indicates the subject is responsive to
the therapy.

25.

The method according to claim 24, wherein the pathological condition is

cancer, cardiovascular disease, genetic disease, liver disease, chronic kidney
disease, respiratory disease, autoimmune diseases, heart disease, stroke,
asthma, diabetes, osteoporosis, Alzheimer's disease, or an infectious disease,

wherein the infectious disease is caused by a virus, bacteria, fungi, protozoa,
multicellular organism or a prion.

26.

A method for the treatment of a pathological condition comprising

administering to a subject in need thereof a therapeutically effective amount of a
polysaccharide to decrease the level of microvesicles associated with the
condition in the subject.

27.

An assay for detecting a pathological condition in, or contamination of, a

food product, comprising:
(i) obtaining a sample from the food product or source organism;

(ii) isolating microvesicles from the sample using a method as defined in

any one of claims 1 to 18;
(iii) detecting one or more pathological markers, such as a pathogenic,

infectious or other disease condition, wherein the presence of the pathological
marker in the sample indicates the presence of the pathological condition in the
sample.

28.

An assay for detecting a pathological condition in a wild, domestic or

farmed animal, bird or fish, comprising:
(i) obtaining a sample from the organism;

(ii) isolating microvesicles from the sample using a method as defined in

any one of claims 1 to 18;
(iii) detecting one or more pathological markers, such as a pathogenic,

infectious or other disease condition, wherein the presence of the pathological
marker in the sample indicates the presence of the pathological condition in the
sample.

29.

An assay for detecting and characterizing microvesicles from a fluid,

media or discharge from an organism, comprising:
(i) obtaining a sample from the organism;

(ii) isolating microvesicles from the sample using a method as defined in

any one of claims 1 to 18;
(iii) detecting one or more markers, wherein the marker is a microvesicle-

specific protein, RNA or other molecular characterization.
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