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METHOD OF CHARACTERIZING VASCULAR DISEASES
RELATED CASES

[0001] This application claims the benefit of Untied States Provisional
Application No. 61/354,117, filed on June 11, 2010, which is incorporated in its entirety by

reference herein.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present disclosure relates to diagnosis of disease and measurement of
homeostatic status from a sample of whole blood. More specifically, the present disclosure
relates to the field of characterizing RNA that is contained in vesicles from whole blood to

diagnose disease.

Description of Related Art

[0003] In many cases, physicians interpret a patient’s symptoms, medical history
and the results of a physical exam to derive an initial diagnosis. Medical tests are an integral
part of confirming or modifying an initial diagnosis. Such tests may include a range of
different tests, from simple, non-invasive tests such as blood pressure measurements,
monitoring the patient’s temperature, medical imaging (e.g., x-rays), to minimally invasive
tests such as, for example, blood tests, to more invasive tissue biopsies and even in-patient
surgical biopsies. Much of the decision tree that directs which tests are performed are based
on the clarity of the symptoms experienced by the patient, the physical exam, and the
information gained by non- or minimally-invasive diagnostic tests. However, some diseases
are difficult to diagnose, possibly because of vague, inconsistent, or overly common
symptoms and therefore require a more invasive and/or directed diagnostic approach.

[0004] Currently, some diagnostic medical tests are performed on blood extracted
from a patient to diagnose a disease from a biochemical pattern that is not present in healthy
patients or is altered from a previously obtained patient sample. These tests commonly
utilize plasma or serum and measure, for example electrolytes, urea, creatinine, and glucose,
among other analytes.  Other tests measure plasma proteins such as albumins,
immunoglobulins, fibrinogens, and regulatory proteins. Some tests measure other biological
compounds, such as, for example, thiamin, riboflavin, niacin, vitamin B6, folic acid, vitamin

D, biotin, iron, and clotting factors factor V and factor X.
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[0005] However, these diagnostic tests are typically based upon the presence of
known and well characterized markers in the blood. For instance, diagnostic tests for HIV
infection detect antibodies in the blood of a patient. However, there is a window soon after
infection where the immune system has not yet generated antibodies and the levels of
disease-associated marker proteins are minimal, making detection difficult. In some
circumstances, the use of an antibody based test, such as an ELISA or a western blot, may not
be feasible because it may not be possible to generate antibodies with adequate affinity or
avidity for their target protein. The target antigen or protein may also change conformation
or be unstable when taken out of the body. Moreover, antibodies may bind to other (non-
target) proteins non-specifically. Additionally, certain diagnostic tests employ chemical
reactions (e.g., colorimetric changes) to identify markers from blood or other fluid samples.
Such tests may also be affected by similar limitations as are described above (e.g., reliance on
known reactants, sensitivity, etc.). Thus, there exists a need for a sensitive, accurate and
reproducible diagnostic test for a variety of diseases that allows for early detection and/or

diagnosis of a disease.

SUMMARY

[0006] In several embodiments, there is provided a method for determining the
type of disease affecting a patient and disease status of a patient, the method comprising
obtaining a first sample of a biological fluid comprising vesicles associated with RNA from
the patient, capturing the vesicles from the sample, lysing the vesicles to release the vesicle-
associated RNA, the vesicle-associated RNA comprising an RNA associated with the disease
and an RNA associated with a specific tissue, quantifying the disease-specific and tissue-
specific RNAs, and determining the disease status of the patient by comparing the quantity of
the disease-specific RNA and the tissue-specific RNA to the quantity of corresponding RNAs
from subjects without the disease, wherein a difference between the quantity of the disease-
specific RNA from the patient as compared to the non-diseased subjects indicates a diseased
state, and wherein the type of disease affecting the patient is identified by the tissue-specific
identity of the tissue-specific RNA.

[0007] In several embodiments, there is also provided a method of monitoring the
ongoing health of a patient comprising determining the type of disease affecting a patient and
the disease status of the patient according to the method above, obtaining a second sample of
biological fluid from the patient at a later time as compared to the first sample, wherein the

second sample comprises vesicles that are associated with RNA, capturing the vesicles from
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the second sample, lysing the vesicles to release the vesicle-associated RNA, wherein the
vesicle-associated RNA comprises an RNA associated with the disease; and quantifying the
disease-specific RNAs, wherein a difference in the quantity of the disease-specific RNA is
between the first sample and the second sample is correlated with a progression or regression
of the disease. In one embodiment, a therapy is administered between obtaining the first and
the second samples. In several embodiments, the method, further comprises obtaining a
plurality of additional samples over time and monitoring the disease status of the patient over
time.

[0008] In several embodiments, the capturing comprises filtering the sample
through one or more filter membranes, wherein the vesicles associated with RNA are
captured on the one or more filter membranes. In several embodiments, the vesicles are
isolated by a method comprising loading at least a portion of the first sample of fluid into a
sample loading region of a vesicle capture device, passing the fluid from the sample loading
region through a vesicle-capture material in the vesicle capture device, the vesicle-capture
material comprising glass-like materials to produce a supernatant, passing the supernatant to
a sample receiving region of the vesicle capture device and discarding the supernatant,
wherein the passings result in capture of the vesicles from the fluid sample on or in the
vesicle-capture material, thereby capturing the vesicles. In some embodiments, the vesicle-
capture material comprises a plurality of layers of the material. In several embodiments the
plurality of layers of the vesicle-capture material comprises at least a first layer and a second
layer of glassfiber. In several embodiments, the biological fluid is passed through the first
layer of glassfiber so as to capture material from the biological sample that is about 1.6
microns or greater in diameter. In several embodiments, the biological fluid is passed
through the second layer of glassfiber so as to capture vesicles having a minimum size from
about 0.6 microns to about 0.8 microns in diameter, and having a maximum size of less than
1.6 microns.

[0009] In some embodiments, the method further comprises eluting the vesicle-
associated RNA released after the lysis to isolate extracellular RNA.

[0010] In several embodiments, the vesicle-associated RNA released by the lysis
is mRNA. In some embodiments, the method further comprises hybridizing the mRNA to
oligo-dT, synthesizing cDNA, and quantifying disease-specific and tissue-specific mRNA by
PCR amplification employing using primers directed to disease-specific markers and primers

directed to tissue-specific markers.
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[0011] In several embodiments, the disease-specific and the tissue-specific RNAs
are the same. However, in other embodiments, the disease-specific and the tissue-specific
RNAs are different RNAs. In some embodiments, the disease-specific and the tissue-specific
RNAs are the same type of RNA, while in other embodiments they are different types of
RNA.

[0012] In some embodiments, the biological fluid comprises whole blood. In one
embodiment, the method further comprises removing erythrocytes and cellular blood

components from the whole blood.

[0013] In some embodiments, the biological fluid comprises blood plasma.
[0014] In some embodiments, biological fluid comprises cerebrospinal fluid.
[0015] In some embodiments, the tissue-specific RNA is derived from endothelial

cells. In some embodiments, the disease-specific RNA is derived from endothelial cells. In
some embodiments, the tissue-specific RNA and the disease-specific RNA are derived from
endothelial cells.

[0016] In some embodiments, the tissue-specific RNA is derived from
atherosclerotic plaques. In some embodiments, the disease-specific RNA is derived from
atherosclerotic plaques. In some embodiments, the tissue-specific RNA and the disease-
specific RNA are derived from atherosclerotic plaques.

[0017] In some embodiments, the tissue-specific RNA is derived from adipose
tissue. In some embodiments, the disease-specific RNA is derived from adipose tissue. In
some embodiments, the tissue-specific RNA and the disease-specific RNA are derived from
adipose tissue.

[0018] In some embodiments, the tissue-specific RNA is selected from the group
consisting of: mRNA, viral RNA, microRNA, snRNA, and poly(A)+ RNA). In some
embodiments, the disease-specific RNA selected from the group consisting of: mRNA, viral
RNA, microRNA, snRNA, and poly(A)+ RNA).

[0019] In several embodiments, the disease and tissue-specific RNA encodes von
Willebrand Factor and the type of disease is a vascular disease. In several embodiments, the
vascular disease is selected from the group consisting of: atherosclerosis, hypertension,
cardiovascular diseases, obesity, hypercholesterolemia, diabetes, and collagen diseases.

[0020] In several embodiments, the type of disease is obesity and the disease and
tissue-specific RNA is selected from the group consisting of: adipose tissue marker

adiponectin (ADIPOQ), leptin, ghrelin, thyroid hormone T3, thyroid hormone T4, glucagon-
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like peptide-1 (GLP-1), and insulin. In one embodiment, the disease and tissue-specific RNA
is ADIPOQ.

[0021] In several embodiments, the type of disease is a lung disease and wherein
the disease and tissue-specific RNA is selected from the group consisting of: angiotensin I
converting enzyme (ACE), surfactant protein A, surfactant protein B, surfactant protein C,
surfactant protein D, and mucin.

[0022] In several embodiments, the type of disease is a bone disease and wherein
the disease and tissue-specific RNA is selected from the group consisting of: osteoblast
marker periostin (POSTN), type-1 collagen, osterix, collagen-1, bone sialoprotein,
macrophage colony-stimulating factor, and alkaline phosphatase.

[0023] There is also provided herein a method of isolating extracellular RNA
from plasma comprising obtaining a plasma sample comprising extracellular vesicles
associated with RNA, filtering the plasma samples through one or more filter membranes,
wherein the vesicles associated with RNA are captured on the one or more filter membranes,
lysing the captured vesicles with a lysis buffer to dissociate the RNA, and eluting the
dissociated RNA, thereby isolating extracellular RNA.

[0024] In several embodiments, the RNA is selected from the group consisting of:
mRNA, viral RNA, microRNA, snRNA, and poly(A)+ RNA).

[0025] There is also provided herein a method of quantifying extracellular RNA
from plasma comprising capturing extracellular RNA-containing vesicles from a plasma
sample on one or more membranes, lysing the vesicles with a lysis buffer to yield a lysate
comprising RNA on the one or more membranes, transferring lysate to oligo(dT)-
immobilized solid support, and quantifying the amount of the RNA from the sample.

[0026] In several embodiments, the RNA is selected from the group consisting of:
mRNA, viral RNA, microRNA, snRNA, and poly(A)+ RNA). In one embodiment, the RNA
is quantified by RT-PCR.

[0027] There is additionally provided herein a method of monitoring the ongoing
health of patient comprising obtaining a first sample of whole blood from the patient, wherein
the first sample comprises vesicles that are associated with a first RNA, lysing the vesicles to
release the first vesicle-associated RNA, wherein the first vesicle-associated RNA comprises
an RNA associated with the disease and with a specific tissue, quantifying the disease and
tissue-specific RNA, and obtaining a second sample of whole blood from the patient, wherein
the second sample is isolated at a later time as compared to the first sample, wherein the

second sample comprises vesicles that are associated with second RNA lysing the vesicles to
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release the second vesicle-associated RNA wherein the second vesicle-associated RNA is
associated with the same disease and tissue as the first vesicle-associated RNA, and
quantifying the first and second RNAs, wherein a difference in the quantity of the first and
second RNAs is correlated with a progression or regression of the disease.

[0028] In several embodiments, a therapy is administered between obtaining the
first and the second samples. In several embodiments, the RNA comprises one or more
markers of inflammation, wherein the markers are selected from the group consisting of IL-5,
IL-8, IL-13, RANTES, MIP-q, and eotaxin. In one embodiment, the RNA comprises RNA of
fetal origin. In some embodiments, the RNA comprises one or more markers of cell type,
wherein the markers are selected from the group consisting of angiotensin (AGT),
preprosinsulin, myostatin (MSTN), Renin, CD14, and CD3. In several embodiments, the
RNA is selected from the group consisting of SARS-associated coronavirus, influenza,
hepatitis C, influenza A, HIV, foot-and-mouth disease virus, Human bocavirus(HBoV) and
Trypanosoma brucei. In one embodiment, the patient is a pregnant mammal and wherein the
vesicles are of fetal origin. In one embodiment, the patient is a fetus. In several
embodiments, the markers of fetal origin are selected from the group consisting of placenta-
specific 1 (PLAC1), placenta-specific 4 (PLAC4), Chorion-specific transcription factor
GCMI1, ZDHHC1, pregnancy-associated plasma protein A (PAPPA), pregnancy-specific
beta-1-glycoprotein 9 (PSGY), tissue factor pathway inhibitor 2 (TFPI2), and metastasis
suppressor gene KISS1. In several embodiments, the RNA comprises one or more markers
associated with cholesterol metabolism, wherein the markers are ATP-binding cassette
(ABC) transporter ABCA GCN20, ATP-binding cassette (ABC) transporter ABCA white,
the ATP-binding cassette transporter, sub-family A, member 1 (ABCA1) and cholesterol
efflux regulatory protein (CERP).

[0029] In several embodiments, the RNA comprises one or more markers of blood
homoestasis, wherein the markers are selected from the group consisting of Willebrand factor
(VWEF), thrombin, factor VIII, plasmin, and fibrin. In several embodiments, the RNA
comprises one or more markers of basal cellular function, wherein the markers are selected
from the group consisting of transcription factor glyceraldehyde 3-phosphate dehydrogenase,
succinate dehydrogenase subunit A, NADH dehydrogenase [ubiquinone] 1 alpha subcomplex
subunit 1 , B actin, 2 microglobulin, and heat shock protein 90. In several embodiments, the
RNA comprises one or more markers of kidney cell origin, wherein the markers are selected
from the group consisting of Tamm-Horsfall glycoprotein (THP), angiotensinogenase,

angiotensin I converting enzyme, preproinsulin, glucagon, insulin, amylin, and ghrelin. In
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several embodiments, the RNA comprises one or more markers of cancer, wherein the
markers are selected from the group consisting of carcinoembryonic antigen (CEA), mucin,
alpha-fetoprotein, tyrosinase, melanoma associated antigen, tumor protein 53, prostate-
specific antigen (PSA) and thyroglobulin. In several embodiments, the specific RNA
comprises one or more markers of immune system function, wherein the markers are selected
from the group consisting of CD16, granzyme B, and TNF-alpha, CD25, forkhead box P3
(FoxP3), and cytotoxic T-lymphocyte antigen-4 (CTLA4). In several embodiments, the RNA
comprises one or more markers of adhesion mediated cardiovascular disease, wherein the
markers are selected from the group consisting of selectin (SELE), E-selectin, L-selectin, P-
selectin, and vascular endothelial marker cadherin 5 (CDHS5). In several embodiments, the
RNA comprises one or more markers of stem cell type, wherein the markers are selected
from the group consisting of fetal liver kinase-1 (Flk1), smooth muscle cell-specific myosin
heavy chain, vascular endothelial cell cadherin, alkaline phosphatase, hydroxyapatite,
osteocalcin, bone morphogenetic protein receptor, and stem cell marker prominin 1 (PROM1,
CD133).

[0030] In several embodiments, the RNA is hybridized to oligo-(dT).

[0031] There is also provided herein a method for determining disease status of a
patient, the method comprising obtaining a sample of whole blood from the patient, wherein
the sample comprises vesicles that are associated with RNA, concentrating the vesicles from
the sample, lysing the vesicles to release the vesicle-associated RNA, wherein the vesicle-
associated RNA comprises RNA associated with the disease, quantifying the RNA from the
vesicles; and determining disease status of the patient by comparing the quantity of the RNA
to corresponding RNA from patients without the disease.

[0032] There is also provided herein a method for diagnosing a disease
comprising concentrating RNA-associated vesicles from the cerebrospinal fluid of a patient,
quantifying RNA specific to cerebrospinal-associated diseases from the vesicles; and
determining disease status of the patient by comparing the quantity of specific RNA to a
control.

[0033] There is also provided herein a method for diagnosing a disease
comprising collecting whole blood from a patient, removing erythrocytes and cellular blood
components, concentrating vesicles by filtration on a filter membrane, lysing the vesicles on
the filter membrane to produce lysate that contains mRNA, hybridizing the mRNA to oligo-
dT, synthesizing cDNA, quantifying specific mRNA by PCR amplification employing using

primers directed to disease markers and primers directed to control markers, and determining
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disease status by comparing the level of specific mRNA associated with disease markers
with specific RNAs associated with a control.

[0034] There is also provided herein a method of monitoring patient health
comprising collecting blood from a patient at a first time point and quantifying specific RNA
from vesicles, collecting blood from the patient subsequent to the first time point and
quantifying specific RNA from the vesicles, wherein changes in RNA expression between the
time points reflects changes in the disease state of the patient. In several embodiments,
medication is administered to the patient subsequent to time zero.

[0035] There is additionally provided method for determining disease status and
tissues affected by a disease, the method comprising obtaining a sample of whole blood from
a patient, wherein the sample comprises vesicles that are associated with RNA, concentrating
the vesicles from the sample, lysing the vesicles to release the vesicle-associated RNA,
wherein the vesicle-associated RNA comprises a first RNA associated with the disease,
wherein the vesicle-associated RNA comprises a second RNA associated with a tissue
affected by the disease, quantifying the first RNA and the second RNA, determining disease
status of the patient by comparing the quantity of the first RNA to corresponding RNA from
patients without the disease; and determining tissue affected by the disease by identifying the

tissue associated with the second RNA.

BRIEF DESCRIPTION OF THE FIGURES
[0036] Figure 1 depicts measurement of naked RNA in plasma.
[0037] Figures 2A-2N depict ex vivo screening of various mRNA species for
detection of vascular disease. Samples are labeled as either being CTL (control) or DM

(DM/obesity). Each symbol is the mean of triplicate plasma samples in each subject tested.

DETAILED DESCRIPTION

General

[0038] A physician’s diagnosis is typically based upon the medical history of the
patient as well as current symptoms. In addition to a physical examination that may expose
signs of the underlying disease, diagnostic tests may be ordered to confirm an initial
diagnosis. Several embodiments of the methods described herein are applicable to a wide
range of disease states as well as to patients with healthy (normal) homeostasis.

[0039] Diagnostic techniques based on nucleic acid detection offer an alternative

to protein detection that, in many cases, provides a higher degree of sensitivity. For example,
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HIV viral load can be assessed by PCR using naked RNA from the plasma of a patient, in
some instances viral load as low as 40 HIV copies/mL can be attained. However, as
discussed below, naked RNA is rapidly degraded in plasma. Thus, there is a limitation to
even the most sensitive PCR-based assays when using highly labile naked RNA.
Additionally, mRNA concentrations in plasma are typically low, thereby requiring large
volumes of blood as a starting material. In some contexts, the high volume makes sample
manipulation difficult.

[0040] Diagnosis of certain types of diseases is particularly hindered by the
limitations of current diagnostic tests and assays. For example, many diseases that are
progressive in nature may not display markers that can be detected by traditional diagnostic
methods until the disease is well-established. In such cases, as the disease progresses, the
prognosis becomes increasingly poor. As such, early detection of the disease may lead to
easier treatment regimes and possibly a significantly improved patient outcome. For
example, cardiovascular disease, a leading cause of preventable death, may not be diagnosed
until a patient exhibits severe symptoms, such as a myocardial infarction or stroke.
Moreover, many cardiovascular diseases are associated with obesity or other disease states
that may mask the symptoms of the underlying cardiovascular disease.

[0041] Thus, there exists a need for a sensitive diagnostic test that does not rely
on the use of highly labile naked RNA or require large volumes of blood to be collected from
a patient. Moreover, there is a need for a more sensitive alternative to the diagnostic tests
currently used in the detection and characterization at early stages of diseases (e.g.,
atherosclerosis, hypertension, cardiovascular diseases, obesity, hypercholesterolemia,
diabetes, collagen diseases, cancers, etc.).

Vesicle-Associated RNA

[0042] In some embodiments disclosed herein, there are provided methods for the
capture of RNA from a patient blood sample and subsequent analysis of that RNA for disease
and/or tissue specific markers. In several embodiments, the method comprises isolated of
vesicles associated with RNA from the blood sample. As a result, a small sample of whole
blood may be obtained from a patient and be used in a rapid and sensitive diagnostic assay
that can detect low circulating levels of nucleic acids associated with a disease (e.g., a blood
borne disease marker or an infectious organism) or tissue-associated nucleic acids that are not
normally present in the blood. In some embodiments, a tissue/disease specific marker not
normally present in the blood is quantified, with increased levels in the blood being indicative

of disease. In other embodiments, detection of a reduced level of a tissue/disease specific
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marker is indicative of a disease. In some embodiments, disease specific markers are
analyzed from a sample, which is further analyzed to identify tissue specific markers,
allowing for a determination of what tissue is affected by a particular disease. Several
embodiments of the methods disclosed herein are advantageous because they do not require
large volumes of blood to be drawn and/or utilize vesicle associated RNA, which is more
resistant to degradation than free RNA in the blood. While the assay of blood associated
vesicles is in several embodiments disclosed herein, it will be appreciated by one of skill in
the art that other body fluids can serve as a source of vesicles. Vesicles may be obtained
from plasma, serum, urine, cerebrospinal fluid, sputum, saliva, mucus, tears etc.

[0043] Several embodiments quantify RNA which may be indicative of a disease
state and is therefore used to determine a patient’s disease status. According to various
embodiments, various methods to quantify mRNA are used, including Northern blot analysis,
RNAse protection assay, PCR, nucleic acid sequence-based amplification, branched-DNA
amplification, and DNA or RNA microarray analysis. Additionally, in some embodiments,
vesicle associated RNA may be analyzed using Chip-Sequencing, which combines chromatin
immunoprecipitation with nucleic acid sequencing to identify protein-nucleic acid
interactions. In several embodiments, RNA is used as a template for screening expression of
disease associated genes (for example, over time or as compared to a control) and/or is
screened for markers correlated to tissue or cell type. As such, not only can a patient’s
disease status be evaluated from a peripheral blood sample, but information regarding which
tissue is diseased is also obtained. In some embodiments, a single marker is used to indicate
both a disease state and the tissue affected. For example, a marker that is specific for a tissue
and is not present (or present at a certain level) in the blood under normal physiologic
conditions that is detected in the blood at an altered level (compared to normal conditions)
provides simultaneous information regarding disease state and the tissue affected. Thus,
several embodiments of the methods comprise a sensitive non-invasive technique to
determine the type of disease state or cellular injury suffered by the patient and, if desired, the
organ or location of the damage.

[0044] In several embodiments, diagnosis and characterization of disease are
performed by detection and quantification of specific RNA species from RNA-containing
vesicles isolated from blood samples. In some embodiments, such vesicles from whole blood
are trapped on a filter, thereby allowing RNA extraction from the vesicles. In some
embodiments, the vesicles comprise a tissue-specific marker, which allows the vesicles to be

traced back to their organ or tissue of origin. Thus, in some embodiments, markers of
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diseases that typically afflict internal organs are evaluated via collection of a peripheral
sample of blood.

[0045] RNAses, which degrade RNA, are known to be elevated in some disease
states, for example, in certain cancers. The extracellular environment, including the plasma
or serum, is known to contain substantial quantities of RNAses. Given this context,
extracellular RNA is often considered a meaningless degradation product in the blood, not
only because its levels may not be representative of the true levels of the intracellular
message, but also due to the instability and poor quality of the RNA. Amplifiable
extracellular DNA from some tumors has been found in plasma and serum but RNA is also
much less stable in the blood than freshly isolated intracellular DNA. Cellular tyrosinase
mRNA has been amplified in order to detect circulating malignant melanoma cells.
However, the detection of circulating cells is correlated with late stage disease or a high
tumor burden, both of which are associated with a negative patient prognosis. Other disease
modalities, such as cardiovascular diseases, would benefit from early detection of the
damage, inflammation, and structural defects in blood vessels that may be associated with,
for example, atherosclerosis, degenerative diseases, dysplastic disorders, vascular
inflammation and thrombosis, and thromboembolism. Several embodiments provide a more
sensitive method of detecting both localized disease and low concentrations of disease-
associated markers.

[0046] Due to the rapid rate of RNA degradation in the extracellular environment,
conventional understanding suggests that many organs and tissues are unable to provide
blood-borne RNA suitable as a diagnostic target, because RNA would be degraded in the
bloodstream well before it could be used as a template for detection. However, Applicant has
unexpectedly discovered that extracellular RNA, when evaluated according to several of the
methods disclosed herein, advantageously allows for the detection of disease specific markers
and/or tissue specific markers, from a sample of peripheral blood.

[0047] In many studies attempting to detect extracellular RNA in plasma, serum is
filtered through a small pore size filter, which removes intact cells, or by low speed
centrifugation. These methodologies fail to recognize that a valuable proportion of
extracellular RNA is vesicle associated. Extracellular RNA is associated with one or more of
membrane particles (ranging in size from 50-80 nm), exosomes (ranging in size from 50-100
nm), exosome-like vesicles (ranging in size from 20-50 nm), and microvesicles (ranging in
size from 100-1000nm). In several embodiments these vesicles are isolated and/or

concentrated, thereby preserving vesicle associated RNA despite the high RNAse
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extracellular environment. In several embodiments, these techniques utilized this unexpected
source of high quality RNA to increase the sensitivity of diagnostic methods. Even after the
recognition that some RNA is vesicle associated, many RNA purification techniques have not
been adapted to efficiently capture and preserve vesicle associated RNA. Typically, whole
blood components are separated by diluting the blood with an isotonic solution followed by
density centrifugation. The non-cellular plasma fraction is then subjected to high speed
centrifugation to cause vesicle sedimentation or pelleting. This approach is time consuming
and requires expensive and specialized equipment as compared to the format used in several
embodiments. Moreover, in some cases, RNA may be damaged by the high pressures that
accompanying ultracentrifugation. In some embodiments, the methods described herein are
fast, inexpensive, highly reproducible, and have low variability between replicated
measurements. Moreover, several embodiments therefore are particularly advantageous in
that they do not require lengthy protocols that risk RNA degradation.

[0048] In several embodiments, the methods and apparatus described herein use
different types of filters to capture vesicles of different sizes. In some embodiments,
differential capture of vesicles is made based on the surface expression of protein markers.
By having a filter that is reactive to a specific surface marker, such as a filter coupled to an
antibody that binds a marker on the surface of the vesicle, specific types of vesicles or
vesicles of different origins are isolated. The markers may be protein or peptides which may
additionally be modified by addition of, for example, lipids, carbohydrates, and other
molecules such as acylated, formylated, lipoylated, myristolylated, palmitoylated, alkylated,
methylated, isoprenylated, prenylated, amidated, glycosylated, hydroxylated, iodinated,
adenylated, phosphorylated, sulfated, and selenoylated, ubiquitinated. The vesicle markers
may also be, but are not limited to, non-proteins such as lipids, carbohydrates, nucleic acids,
RNA, DNA, etc. Such specialized purification of vesicles, and their associated RNA, is not
achievable with mere analysis of unaltered plasma or centrifuged plasma.

[0049] In some embodiments, vesicles from different organs or tissues are
specifically identified, fractionated into different samples, and analyzed separately. In
several embodiments, this approach captures cell markers based on expression of, for
example, CD66b-neutrophil, CD202b-endothelial, CD206-macrophage/dendritic, CD79a-B-
cell, CD14-monocyte, CD41a-platelet, CCR3-dendritic cell, CCR5-monocyte, or CD3-T-cell
markers on the surface of vesicles.

[0050] In several embodiments, the specific capture of vesicles based on their

surface markers also enables a “dip stick” format where each different type of vesicle is
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captured by dipping probes coated with different capture molecules such as antibodies with
different specificities into a blood sample. For example, probes with antibodies reactive to
vascular endothelial, liver, lung (or other) markers can be immersed into a sample of whole
blood to capture the different types of vesicles. In some embodiments, an invasive probe
accommodating several different specificities can be inserted into a vein or artery and directly
sample the bloodstream. This real time sampling serves to concentrate vesicles from a large
volume of blood without actually removing a large quantity of blood from the patient.

[0051] Such real time monitoring is also compatible with surgical techniques
where the blood is circulated as part of the operative procedure such as coronary artery
bypass surgery. In several embodiments, patient blood is monitored during a procedure (e.g.,
surgery), and vesicle capture is used to detect stresses placed on any organ by including a
specific organ capture as part of the probe.

Disease Applications and Cellular Markers

[0052] Several embodiments described herein are advantageous because vascular
endothelial markers associated with vascular diseases can be rapidly assessed in a high
through put protocol. Such an in vivo sampling approach is impossible with traditional
sampling techniques that require ultracentrifugation or other specialized and/or extensive
isolation procedures. Several embodiments are used to diagnose or monitor vascular diseases
including, but not limited to, atherosclerosis, hypertension, cardiovascular diseases, obesity,
hypercholesterolemia, diabetes, and collagen diseases. The main pathological site involved
with vascular disease is the blood vessel endothelium, which is the inner layer of blood
vessels. Thus, the endothelial cell-specific mRNA is a target for diagnosis in some
embodiments. As discussed above, in several embodiments a marker that is tissue specific
and present in the blood at a given level in a non-diseased state, when detected at an altered
level in the blood, provides information regarding both the tissue affected and the disease
status of the subject. In some embodiments, a disease specific marker and a second tissue
specific marker are evaluated independently from a sample to characterize disease status and
tissue identity.

[0053] Atherosclerosis (arteriosclerotic vascular disease) results from the build up
of fatty materials such as cholesterol in the arteries resulting in a thickening of the arterial
wall. Commonly referred to as “hardening of the arteries,” this condition is characterized by
the formation of multiple plaques in the arteries. The disease may progress asymptomatically
until plaque rupture which can lead to permanent debilitation or sudden death. Severe

narrowing of the arteries can be detected by angiography and stress testing although these
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methods do not detect the underlying atherosclerosis disease. However, it is more difficult to
detect minor narrowing of the arteries at early stages in the disease, at time at which
diagnosis could lead to lifestyle changes and/or medication that would prevent the more
serious effects later in the disease. Thus, there is need of a method for early diagnosis of
disease prior to onset of symptoms.

[0054] Several embodiments detect markers of atherosclerotic disease associated
with obesity such as, for example, adipose tissue marker adiponectin (ADIPOQ), leptin, pro-
opiomelanocortin, neuropeptide Y, agouti-related protein, orexin A and B, ghrelin, thyroid
hormones including T3 and T4, peptide YY (peptide tyrosin tyrosin), glucagon-like peptide-1
(GLP-1), oxyntomodulin, cholecystokinin, and insulin.

[0055] Leptin is a peptide hormone produced by fat cells that regulates appetite
and fat storage. Increased levels of leptin can cause long-term cardiovascular damage similar
to hypertension, arthrosclerosis, and diabetes. In some embodiments, vesicle-associated
RNA is obtained from a patient and levels of leptin mRNA are quantified. The level of leptin
mRNA is compared to healthy individuals or a control level so that obesity and/or
cardiovascular damage can be diagnosed.

[0056] Hypertension or high blood pressure is a persistent or intermittent
elevation of systolic, diastolic pressure, or both. Hypertension is a risk factor for heart
attacks, heart failure, strokes, arterial aneurysm, and chronic kidney failure. Elevation of
arterial blood pressure also reduces life expectancy. Most patients with primary hypertension
are asymptomatic until complications have occurred. Therefore, there is a need for a test that
can lead to early diagnosis of the condition. The method described herein can be applied to
the detection of markers, such as inflammatory markers, high-sensitivity C-reactive protein
(hsCRP), and soluble (s) E-selectin (among others) that may be associated with the
degenerative effects of hypertension.

[0057] Hypercholesterolemia is characterized by high levels of cholesterol in the
blood. Hypercholesterolemia may be a secondary consequence of other diseases such as
cardiovascular disease. Hypercholesterolemia is also related to hyperlipoproteinemia in
which there are elevated levels of lipids in the blood. Lipoproteins transport triglycerides and
cholesterol in the plasma and an elevated level of these components may cause or worsen
preexisting atherosclerosis. In some embodiments, markers associated with cholesterol
metabolism are quantified, for example, the ATP-binding cassette (ABC) transporters
including subfamilies (ABCA, MDR/TAP, MRP, ALD, OABP, GCN20, White), the ATP-
binding cassette transporter, sub-family A, member 1 (ABCA1l) or cholesterol efflux
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regulatory protein (CERP) as well as various mutated forms of the ABC family. In several
embodiments, the quantification of cholesterol metabolism markers is correlated with a
subject’s cardiovascular health and/or prognosis.

[0058] Mutations in the ABCA1 gene can cause a severe HDL-deficiency
syndrome characterized by cholesterol deposition and atherosclerosis. Thus, detection of
either impaired or altered expression of ABC cholesterol transporters is important to monitor
atherogenesis, preferably before significant narrowing of the artery has occurred. In several
embodiments, the levels of ABC transporter mRNA from a patient is compared with a known
healthy range or standard for diagnosis of atherosclerotic disease. A lower or higher level of
ABC transporter mRNA is indicative of disease.

[0059] Diabetes mellitus is characterized by high blood glucose levels and is a
chronic disorder of fat, protein, and carbohydrate metabolism. In some cases, diabetes
mellitus leads to development of or is associated with one or more types of cardiovascular
disease. In a healthy individual with normal functioning metabolism insulin is produced by
beta cells of the pancreas. The subsequent insulin release enables cells to absorb glucose. In
contrast, in a diseased state the cells do not absorb glucose and it accumulates in the blood,
leading to complications such as cardiovascular disease (coronary artery disease, peripheral
vascular disease, and hypertension), retinopathy, and renal failure. Depending on the type of
diabetes, a patient with diabetes either does not produce enough insulin or their cells do not
properly respond to the insulin that their body does produce. In many cases, pre-diabetic
individuals and/or those with diabetes live with early symptoms that are dismissed as being
associated with other aspects of their lives or health. For example, post-prandial nausea may
be ignored as heartburn, when in fact, the symptom is attributable to elevated blood glucose
levels. Ignoring such symptoms over time can lead to, among other symptoms, excessive
kidney damage prior to actual diagnosis. In several embodiments, the methods disclosed
herein can be implemented in routine physical examinations to detect early markers of
diabetes before the symptoms become so severe that irreversible damage is already sustained.

[0060] Several embodiments described herein are used to analyze cell-free
circulating fetal nucleic acids in maternal whole blood and plasma to provide non-invasive
prenatal diagnosis. Isolating or distinguishing fetally derived or cell-free nucleic acid
amongst a background of maternal nucleic acid has limited the applicability of fetal diagnosis
based on nucleic acid. In several embodiments, there is provided a means to capture fetal

specific vesicles and RNA via capture of fetal surface markers that are present on the surface
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of the vesicles. Epigenetic variations between mother and fetus are also used in some
embodiments.

[0061] For example, the promoter regions of tumor suppressor genes, maspin and
RASSFI1A are differentially methylated in the placenta compared to maternal cells. There are
also RNA species that are uniquely of fetal origin such as placenta-specific 1 (PLAC1),
placenta-specific 4 (PLAC4), Chorion-specific transcription factor GCM1, ZDHHCI,
pregnancy-associated plasma protein A (PAPPA), pregnancy-specific beta-1-glycoprotein 9
(PSG9), tissue factor pathway inhibitor 2 (TFPI2), metastasis suppressor gene KISS1. The
identification of fetal nucleic acid markers from captured vesicles links the associated disease
marker to the fetus rather than to the mother. One means of linking nucleic acid to the fetus
is by using single nucleotide polymorphisms or short tandem repeat polymorphisms that are
present in the fetus but not the mother. One embodiment of the invention can rapidly detect
fetal sex as well as single molecule, chromosomal aneuploidies, single nucleotide variations
and placental microRNAs in maternal plasma. The nucleic acid analyzed may be, but is not
limited to DNA, RNA, and mRNA. Examples of mRNA detected are human placental
lactogen (hPL mRNA) human chorionic gonadotropin (BhCG mRNA), and corticotropin
releasing hormone.

[0062] In some embodiments, fetally-derived vesicle-associated RNA 1is captured
from maternal blood. Particular species of fetal RNA are quantified as described herein to
diagnose maternal pre-eclampsia.  The mRNA species may be human chorionic
gonadotropin, corticotropin releasing hormone, human placental lactogen, KISS1, TPFI2,
PLACI, or GAPDH. The levels of fetally-derived RNA are compared to those of a known
standard or reference. The standard or reference may be derived from vesicles from woman
without pre-eclampsia. A higher or lower level of mRNA species indicates presence or risk
of developing pre-eclampsia. Several embodiments are particularly advantageous because
existing methods diagnosing preeclampsia may confuse the symptoms with other diseases,
while several embodiments provide a definitive test to diagnose this disease.

[0063] Moreover, fetal blood sampling is, at times, performed during pregnancy
for diagnosis, monitoring maternal treatment, and/or monitoring fetal problems throughout
different stages of pregnancy. Fetal blood may be removed from the umbilical cord or from a
fetal blood vessel such as the liver or heart. These procedures risk fetal bleeding, changes in
fetal heart rate, infection, leaking of amniotic fluid, and fetal death. In several embodiments,
sampling of maternal blood for fetal vesicle-associated RNA represents a safer means of

obtaining a prenatal diagnosis.
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[0064] Several embodiments of the methods disclosed herein provide unexpected
advantages over existing diagnostic and monitoring methods. For example, chronic liver
disease may have many different causes including alcoholism, hepatitis B and/or C,
autoimmunity, or toxicity associated with drugs. A recognized diagnostic test for liver
disease is the liver biopsy, which is typically performed via puncture of the organ with a
needle. The liver biopsy technique has the associated risks such as uncontrolled bleeding and
infection. The method described herein provides an opportunity to non-invasively identify
RNA which indicates disease and to correlate these disease markers with liver specific
markers, thus allowing the simultaneous diagnosis of a disease and identification of the
diseased tissue. Several embodiments therefore provide unforeseen methods to remotely
sample an organ which may either be inaccessible or present higher risks with direct
sampling as compared to the benign procedure of drawing a peripheral blood sample.

[0065] As an example of markers of disease that may be organ specific, cirrhosis
of the liver can present with elevated levels of aminotransferases and/or alkaline phosphatase
in the blood. Several embodiments of the invention are used to concentrate vesicles in whole
blood, thereby effectively concentrating a particular target marker RNA. This RNA is further
subjected to high-sensitivity tests that amplify the presence of the markers, for example, PCR.
The synergistic effect of concentrating target mRNA through isolation of vesicles and the
specific nature and highly sensitive PCR analysis enables detection of early stages of disease
prior to detection via conventional methods such as protein markers. Thus, several
embodiments provide a means diagnosing disease of an internal target organ such as the liver
(e.g., by measuring alkaline phosphatase RNA and correlating it to RNA for a liver-specific
marker, such as hepatocyte growth factor), yet sampling whole blood without the
concomitant risks associated with directly accessing the liver.

[0066] In other embodiments respiratory diseases such as pneumonia, chronic
obstructive pulmonary disease, asthma, or lung cancer may be diagnosed using certain
embodiments of the invention. For example, in several embodiments, RNA-associated
vesicles are captured from whole blood and RNA identifying specific inflammatory
molecules such as cytokines and chemokines is characterized. From this information,
diagnosis of a generalized inflammatory condition can be achieved. In several embodiments,
lung specific markers such as surfactant-associated proteins SP-A, AP-B, SP-D, and mucin-
associated antigens are concurrently analyzed, and when correlated in the same samples,

indicate lung-specific inflammation. As another example, cytokines IL-2, IL-3, IL-4, IL-5,
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IL-13 have been shown to have a role in asthma, as well as chemokines 1L-8, RANTES,
MIP-¢, and eotaxin.

[0067] In addition to the organ-specific diseases disclosed above, several
embodiments are used to diagnose systemic diseases. Such diseases include, but are not
limited to systemic autoimmune diseases such as rheumatoid arthritis, systemic lupus
erythematosus, and systemic sclerosis. These diseases often result from an overactive
immune response directed towards the patient’s body. In some embodiments, diagnosis of
systemic lupus erythematosus is made by obtaining vesicle-associated RNA and evaluating
the sample for expression of High Mobility Group Box 1 (HMGBI1). Elevated levels of
HMGBI1 are indicative of systemic lupus erythematosus. Systemic lupus erythematosus
mRNA is compared to a known standard or control and can therefore be used to diagnose or
track the progression of the disease. Because systemic lupus erythematosus is characterized
by a progressive immune attack on the body’s cells and tissues, thereby leading to
progressively greater damage to heart muscle, joints, lungs, liver, kidneys, etc., several
embodiments are particularly beneficial as detection of mild forms early in the disease
process help prevent more devastating tissue damage.

[0068] In several embodiments, markers may be used to identify stem cells and/or
to characterize differentiated cell types. Examples of these markers include, but are not
limited to, fetal liver kinase-1 (Flk1l) (endothelial progenitor), smooth muscle cell-specific
myosin heavy chain and vascular endothelial cell cadherin (smooth muscle cells in the wall of
blood vessels); osteoblast markers such as bone-specific alkaline phosphatase,
hydroxyapatite, osteocalcin (bone formation); bone marrow and blood markers such as bone
morphogenetic protein receptor (mesenchymal stem and progenitor cells), CD4 and CD8
(mature T lymphocytes), CD34 (hematopoietic stem cell (HSC)), CD34+Scal+ Lin- profile
(mesencyhmal stem cell (MSC)), CD44 (mesenchymal), c-Kit (HSC, MSC), leukocyte
common antigen -CD45 (white blood cell progenitor), lineage surface antigen (HSC,MSC),
Mac-1 (mature granulocyte and macrophage), stem cell antigen (mesenchymal precursor
cells), Thy-1 (HSC, MSC); cartilage markers such as collagens (chondrocyte), keratin
(keratinocyte); adipocyte markers such as adipocyte lipid-binding protein, fatty acid
transporter; liver markers such as albumin (maturing and fully differentiated hepatocytes, B-1
integrin (cell adhesion); nervous system markers such as CD133 (neural system, HSC), glial
fibrillary acidic protein (astrocyte), microtubule-associated protein-2 (neuron), myelin basic
protein (oligodendrocyte), nestin (neural progenitor), neural tubulin (neuron), neurofilament

(neuron), noggin (neuron), O4 and Ol (oligodendrocyte), synaptophysin (neuron), tau

18



WO 2011/156734 PCT/US2011/040015

(neuron); pancreas markers such as cytokeratin 19 (pancreatic epithelium), glucagon, insulin,
insulin-promoting factor-1, pancreatic polypeptide, somatostatin (pancreatic islet), and nestin
(pancreatic progenitor); pluripotent stem cell markers such as alkaline phosphatase
(embryonic stem), alpha-fetoprotein, GATA-4 gene, hepatocyte nuclear factor-4,
(endoderm), bone morphogenetic protein-4, brachyury (mesoderm), neuronal cell-adhesion
molecule, pax6 (Ectoderm); stage-specific embryonic antigen-3 and -4, stem cell factor,
telomerase, vimentin; skeletal muscle/cardiac/smooth muscle markers such as MyoD and
Pax7, myogenin and MR4, myosin heavy chain, myosin light chain, stem cell marker
prominin 1 (PROM1, CD133).

[0069] In some embodiments, the characterization of vesicle-associated mRNA
can be used to monitor stem cell treatment. Prior to stem cell treatment, vesicle-associated
mRNA from a patient is assessed for the level of stem cell marker. Subsequent to treatment
of the patient, the stem cell marker is quantified. An increase in vesicle associated stem cell
marker mRNA from the patient is indicative of successful grafting. Monitoring of fetally
derived vesicle-associated RNA also provides a non-invasive means to monitor the success of
in-utero cell transplantations.

[0070] In some embodiments of the invention the markers related to bone
formation such as osteoblast marker periostin (POSTN), osteoid, type-1 collagen, Osterix,
Collagen-1, bone sialoprotein, macrophage colony-stimulating factor, alkaline phosphatase,
osteocalcin, osteopontin, and osteonectin.

[0071] In some embodiments of the invention the markers are related blood
homeostasis such as endothelial cell marker von Willebrand factor (vWF), thrombin, factor
VIII, plasmin, and fibrin. Von Willebrand factor is a plasma glycoprotein that is a mediator
of platelet adhesion, as such it is released when the endothelium is damaged. VWF is
involved in platelet aggregation and thrombus formation. As shown in figure 2F, elevated
levels of von Willebrand factor are associated with an increased risk of ischemic heart
disease.

[0072] In other embodiments markers associated with cell adhesion may be used
to probe the state of cardiovascular pathology. Cells normally adhere to each other and to
proteins of the extracellular matrix to provide a suitable environment for cell growth,
differentiation, and migration. Aberrant adhesion is involved in the pathogenesis of
cardiovascular disease, thrombus formation, leucocyte infiltration and the deposition of
fibrotic tissue. Adhesion molecules such as integrins, selectins, and immunoglobulin

superfamily members are all potentially involved in cardiac disease. For example, integrin
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a3 is highly expressed in atherosclerotic plaques by medial and intimal smooth muscle cells
and endothelial cells of angiogenic microvessels. Also, increased soluble intercellular
adhesion molecule-1 (SICAM-1) is a predictor of future coronary events in patients with
chronic coronary heart disease. The levels of these markers of disease can be quantified from
vesicles from patients and compared to a known healthy range to diagnose disease stauts.
Examples of markers of adhesion mediated cardiovascular disease include, but are not limited
to, selectin (SELE), E-selectin, L-selectin, P-selectin, E-cadherins, N-cadherins, P-cadherins,
T-daherins, and vascular endothelial marker cadherin 5 (CDHS).

[0073] In some embodiments markers that are evaluated are associated with liver
cells such as transaminase, alkaline phosphatase, alanine amino transaminase, aspartate
amino transaminase, gamma glutamyl transpeptidase, o;-microglobulin/bikunin precursor,
albumin, and angiotensinogen (AGT).

[0074] In other embodiments, the markers may be kidney markers Tamm-Horsfall
glycoprotein (THP) also known as uromodulin, renin also known as angiotensinogenase
(REN); lung markers angiotensin I converting enzyme (ACE), surfactant proteins SP-A, SP-
B, SP-C, SP-D; islet markers preproinsulin (INS), glucagon, insulin, amylin, somatostatin,
pancreatic polypeptide, and ghrelin; muscle markers myostatin (MSTN) or growth
differentiation factor 8, activin type II receptor; inflammation markers tumor necrosis factor
o (TNF), interleukin-1 (IL-1), IL-6, IL-8, interferon-y, CC chemokines (or f-chemokines),
and CXC chemokines (or a-chemokines).

[0075] In some embodiments, house keeping gene products or constitutively
expressed gene products, or markers of basal cellular function can be used as markers or
controls including, but not limited to, transcription factor BTF3, paired box gene 8, E3
ubiquitin-protein ligase RINGI, double-stranded RNA-specific adenosine deaminase,
eukaryotic translation initiation factor 3 subunit C, isoleucyl-tRNA synthetase,
polyadenylate-binding protein 1, 60S ribosomal protein L3, DNA-directed RNA polymerase
IT subunit RPB1, peptidylprolyl isomerase A (cyclophilin A), core histone macro-H2A.1,
death-associated protein 1, scaffold attachment factor B, glyceraldehyde 3-phosphate
dehydrogenase, eolase, succinate dehydrogenase subunit A, catechol O-methyl transferase,
NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit 1, cytochrome c oxidase
subunit 4 isoform 1, ATP synthase subunit alpha, proteasome subunit beta type-1, alpha-
actinin-4, B actin (ACTB), B2 microglobulin (B2M),and heat shock protein 90.

[0076] In some embodiments, the status of the immune system, immune system

function or the body’s response to disease is measured by the amount of immune system
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marker mRNA. The markers may be indicative of immunodeficiency, genetic disease,
autoimmune disease, or progression of infectious disease. Such markers include, but are not
limited to CD16 (surface marker of NK cells), granzyme B (inducer of rapid apoptosis), and
TNF-alpha (inducer of slow apoptosis). In other embodiments the immune markers include,
but are not limited to CD25 (surface marker of T-reg), FoxP3 (T-reg marker), CTLA4
(Cytotoxic T-lymphocyte antigen), GARP (glycoprotein A repetitions predominant), IL-17
(putative negative regulator of T cell activation), and ARG mRNA (marker of myeloid-
derived suppressor cells).

[0077] In some embodiments the marker RNA is indicative of cancer such as
carcinoembryonic antigen (CEA), mucin, alpha-fetoprotein, tyrosinase, melanoma associated
antigen, and mutated tumor protein 53. In some embodiments the marker RNA is indicative
of specific tissue such as prostate-specific antigen (PSA) or thyroglobulin. For example CEA
is produced during fetal development but stops before birth. Elevated levels of CEA are
therefore not usually present in the bloodstream of healthy adults. By quantifying the level of
CEA RNA in a patient and comparing it with a known healthy range or standard the presence
of colorectal carcinoma, gastric carcinoma, pancreatic carcinoma, lung carcinoma and breast
carcinoma, can be detected. An elevated level of CEA RNA is also indicative of tumor
recurrence after removal of the tumor mass.

[0078] In other embodiments, diagnosis of infectious disease is achieved by the
detection of RNA or DNA from the infectious agent that is present in vesicles of blood and
body fluids. In some embodiments the infectious agent may be severe acute respiratory
syndrome (SARS)-associated coronavirus, influenza, and hepatitis C, influenza A, foot-and-
mouth disease virus, Human bocavirus(HBoV) and also parasites like Trypanosoma brucei.
Methodology

[0079] RNA present in plasma as free RNA is quickly degraded by nucleases,
making it a poor diagnostic marker. As described above, some extracellular RNA is
associated with particles or vesicles. This vesicle associated RNA, which includes mRNA, is
protected from the degradation process in the plasma. Microvesicles are shed from most cell
types and consist of fragments of plasma membrane. Microvesicles contain RNA, mRNA,
microRNA, and proteins and mirror the composition of the cell from which they are shed.
Exosomes are small microvesicles secreted by a wide range of mammalian cells and are
secreted under normal and pathological conditions. Theses vesicles contain certain proteins
and RNA including mRNA and microRNA. Exosome-like vesicles may also be found in

many body fluids such as blood, urine, ascities and amniotic fluid. Aberrant expression of
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microRNAs has been implicated in numerous disease states, and microRNA-based therapies
are under investigation. Exosomes can also be released into urine by the kidneys and their
detection may serve as a diagnostic tool. The embodiments described herein may also be
applied to other types of nucleic acids such as small interfering RNA (siRNA), tRNA, and
small activating RNA (saRNA).

[0080] In several embodiments the RNA is used as a template to make
complementary DNA (cDNA). In several embodiments, cDNA is amplified using the
polymerase chain reaction (PCR). In other embodiments, amplification of nucleic acid and
RNA may also be achieved by any suitable amplification technique such as nucleic acid
based amplification (NASBA) or primer-dependent continuous amplification of nucleic acid,
or ligase chain reaction.

[0081] In several embodiments, disease induces the expression of one or more
markers, as measured by the amount of mRNA encoding said markers. In some
embodiments blood is collected from a patient and erythrocytes and cellular components of
the blood are removed. The patient’s vesicles are concentrated by trapping them on a filter,
in some embodiments. Isolated vesicles are then incubated with lysis buffer to release the
RNA from the vesicles, the RNA then serving as a template for cDNA which is quantified
with methods such as quantitative PCR. The level of specific marker RNA from patient
vesicles is compared with a control such as, for example, RNA levels from a healthy patient
population, or the RNA level from an earlier time point from the same patient or a control
gene from the same patient.

[0082] In other embodiments, body fluids such as cerebrospinal fluid or urine are
collected from a patient and vesicles are concentrated by trapping them on a filter. The
vesicles are lysed and the RNA quantified by methods such as quantitative PCR. The level of
specific RNA from the body fluid from the patient is compared to a control to determine
disease status.

[0083] In some embodiments the health of a patient is monitored over time. In
these embodiments, blood or body fluid is collected from a patient and the level of vesicle or
particle associated RNA for a specific gene or genes is determined. A second or subsequent
sample is collected from the patient and the level of specific RNA is determined. The change
in health of the patient is determined by comparing the first sample RNA level with the
second sample RNA level or by comparing the samples to a control or standard. In some
embodiments medication may have been administered to the patient before or after the

collection of the first and/or second patient sample. In some embodiments, the medication
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may be a drug, nutritional supplement, vitamin, immunosuppressant, anti-inflammatory drug,
anesthetic or analgesic. In some embodiments the monitoring may relate to a change in
nutrition such as a reduction in caloric intake, or increased hydration, or change in exercise
routine, or a change in sleeping pattern of the patient.

[0084] In several embodiments, a small volume of plasma is processed to allow
determination of the levels of mRNA encoding one or more disease markers in the blood. In
some embodiments, the levels of mRNA encoding one or more markers will change
significantly in a patient depending upon the presence or absence of disease. To determine
these mRNA levels, the erythrocytes and other blood cells may be removed from the blood
sample. In some embodiments, mRNA-containing vesicles are isolated from plasma using a
device for isolating and amplifying mRNA. Embodiments of this device are described in
more detail in United States Patent Application Nos.: 10/796,298 (now US Patent 7,745,180),
11/525,515, 11/376,018, 11/803,593, 11/803,594, and 11/803,663, each of which is
incorporated in its entirety by reference herein.

[0085] Certain embodiments of this invention further comprise a multi-well plate
that contains a plurality of sample-delivery wells, a vesicle-capturing filter underneath the
wells, and an mRNA capture zone underneath the filter which contains immobilized
oligo(dT). In certain embodiments, the device also contains a vacuum box adapted to receive
the filter plate to create a seal between the plate and the box, such that when vacuum pressure
is applied, the plasma is drawn from the sample-delivery wells across the vesicle-capturing
filter, thereby capturing the vesicles and allowing non-vesicle plasma components to be
removed by washing the filters. In other embodiments, other means of drawing the plasma
samples through the sample wells and through across the vesicle-capturing filter, such as
centrifugation or positive pressure, are used. In some embodiments of the device, vesicles
are captured on a plurality of filter membranes that are layered together. In several
embodiments, the captured vesicles are then lysed with a lysis buffer, thereby releasing
mRNA from the captured vesicles. The mRNA is then hybridized to the oligo(dT)-
immobilized in the mRNA capture zone. Further detail regarding the composition of lysis
buffers that may be used in several embodiments can be found in United States Patent
Application No.:11/376,018, which is incorporated in its entirety by reference herein. In
several embodiments, cDNA is synthesized from oligo(dT)-immobilized mRNA. In some
embodiments, the cDNA 1is then amplified using real time PCR with primers specifically

designed for amplification of disease-associated markers. Primers that are used in such
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embodiments are shown in Table 1. Further details about the PCR reactions used in some

embodiments are also found in United States Patent Application No.:11/376,018.

Table 1: Primer Sequences for RT-PCR Amplification

SEQ
Tmaé?ﬁ SE\I%:ID Forward Sequence '\IIE)) Reverse Sequence
ACBTB 1 CCTGGCACCCAGCACAAT 2 GCCGATCCACACGGAGTACT
B2M 3 TGACTTTGTCACAGCCCAAGATA 4 AATGCGGCATCTTCAAACCT
ADIPOQ 5 GCCCTGGCTGGAGTTCAGT 6 GCTGAGGCAGGAGAATTGCT
CD133 7 CGGACAAAATTTAACGTTGATGTAAT 8 AACTGCAATCTGCACATGAAAAG
9 CCAGCAACGAGTCCTTCCTATAGA 10 CCATTCCCTGTGCGTTGAA
POSTN 11 TCAAATCGAAGAGTTGTGAACTGTT 12 TAATGGCTTGCGTGCATTTTA
13 TGAAGGTGGTGATGGTCATTTATT 14 TCACTGAGAACGACCTTCCCTTA
15 TGCATGGAGGGTTGTTAATGG 16 GGATGAAAGTGATTAAATTGTGCATAG
SELE 17 TCCGGGAAAGATCAACATGAG 18 CATTGAGCGTCCATCCTTCA
19 CCCTTGGTAGCTGGACTTTCTG 20 TTGCTTTCCGTAAGCATTTCC
CDH5 21 ACAATGTCCAAACCCACTCATG 22 TGACAACAGCGAGGTGTAAAGAC
23 GAGGGCTCCGAGTCCATAGC 24 CAGTCGTTAAGGAAGTCGTAATCCA
VWF 25 CCCTGGGTTACAAGGAAGAAAAT 26 AGTGTCATGATCTGTCCTCCTCTTAG
TNF 27 GGAGAAGGGTGACCGACTCA 28 TGCCCAGACTCGGCAAAG
AGT 29 CAGAGTCTACCCAACAGCTTAACAAG | 30 TTGATCATACACAGCAAACAGGAA
REN 31 GTGCACACTGGCCATCCA 32 AAACTCTGTGTAGAACTTTCGGATGA
ACET 33 CCGAAATACGTGGAACTCAT CAA 34 CACGAGTCCCCTGCATCTACA
INS 35 CATTGTGGAACAATGCTGTACCA 36 GCCTGCGGGCTGCGTCTA
MSTN 37 CCTCTAACTGTGGATTTTGAAGCTT 38 CTCCAGAGCAGTAATTGGCCTTA
ABCA1 39 CCTCAGTTTGATGCCATCACA 40 TCCTCTCAAAAGGGCAAAGAAC
CCL8 4 AGAGCTACACAAGAATCACCAACATC | 42 AGACCTCCTTGCCCCGTTT
TGFB1 43 CTGCTGAGGCTCAAGTTAAAAGTG 44 TGAGGTATCGCCAGGAATTGT
HBA2 45 GCCCTGGAGAGGATGTTCCT 46 CGTGGCTCAGGTCGAAGTG
THBS1 47 CGTCACATAGGCTGGAAAGATTT 48 CACTCTAATGAAACCCGTCTTTGG
ITGA2B 49 TGCTGCTGCTCACCATCCT 50 CCGGTTCCGCTTGAAGAAG
PFKP 51 CCTGTGGCAGAGCTGAAGAAG 52 GCTTGAGCCACCACTGTTCTTT
FABP4 53 GGAAAATCAACCACCATAAAGAGAA 54 GGAAGTGACGCCTTTCATGAC
LPL 55 CAGCATAATTCGGAAGGGAAAAC 56 GCACGATCATCTCTCTCAGAGAAA

[0086] After the completion of the PCR reaction, the mRNA (as represented by
the amount of PCR-amplified cDNA detected) for one or more disease markers is quantified.
In certain embodiments, quantification is calculated by comparing the amount of mRNA
encoding a disease marker to a reference value. In some embodiments the reference value
will be the amount of mRNA found in healthy non-diseased patients. In other embodiments,
the reference value is the expression level of a house-keeping gene. In certain such
embodiments, beta-actin may be used as the reference value. Numerous other house-keeping
genes that are well known in the art may also be used as a reference value. In other
embodiments, a house keeping gene is used as a correction factor, such that the ultimate

comparison is the expression level of marker from a diseased patient as compared to the same
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marker from a non-diseased (control) sample. In several embodiments, the house keeping
gene is a tissue specific gene or marker, such as those discussed above. In still other
embodiments, the reference value is zero, such that the quantification of the markers is
represented by an absolute number. In several embodiments a ratio comparing the expression
of one or more markers from a diseased patient to one or more other markers from a non-
diseased person is made.

[0087] In several other embodiments, marker expression is measured before
and/or after administration of a drug to a patient. In such embodiments, the expression
profiles may be used to predict the efficacy of a drug compound or to monitor side effects of
the drug compound. In some embodiments the drug monitored may have been administered
to treat atherosclerosis, hypertension, cardiovascular diseases, obesity, hypercholesterolemia,
diabetes, or collagen diseases. In other embodiments the treatment may be an anti-cancer
drug or an immunosuppressant drug. In some embodiments, a drug compound will induce
the expression of a distinctive mRNA profile. Likewise, in other embodiments, a drug may
inhibit one or more markers. In some such embodiments, the efficacy of drug treatment can
be monitored by the disappearance of markers associated with a particular disease state.

[0088] The mRNA analyses described herein are applicable to humans in some
embodiments, but in other are applicable to animals. In addition to blood-derived vesicles,
the method can be applied to blood-borne bacterial and viral markers. Thus, several
embodiments are useful in the diagnosis and identification of the tissue location of infections.
By selecting appropriate mRNAs, and organ/tissue/cell specific damages or pathological
conditions (such as obesity, metabolic diseases, inflammation, infection, cancer, etc.), a
qualitative and quantitative assessment can be made of the RNA and of the disease state. The
mRNA assay can be applied to lesions where appropriate markers are not yet identified. The
method can also be applied to lesions, cell damage, and homeostatic states in a range of
organs and cell types such as lung, pancreas, adipose tissue, muscle, bone/joint/cartilage,
stomach, intestine, endothelial cells, brain, etc. Furthermore, localization of damages within
an organ (glomerulus, proximal/distal tubules in kidney, bronchiole, trachea, type 2 cells in
lung, cortex, cerebellum, hippocampus in brain, a-, B-, and d-cells in pancreas, etc.) is

possible in several embodiments, by use of cell-specific mRNA.

EXAMPLES
[0089] Specific embodiments will be described with reference to the following

examples which should be regarded in an illustrative rather than a restrictive sense.
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Example 1- Measurement of Naked RNA in Plasma

[0090] In order to evaluate stability of extracellular RNA species, a synthetic
RNA standard was exposed to plasma to assess the degradation by RNAses. The stability of
naked RNA in plasma was assessed by comparing RNA which had been exposed to plasma
to unexposed RNA. Both samples were then quantified to determine the amount RNA
degradation in response to plasma exposure. The incubation of naked RNA with plasma
shows the high instability and rapid degradation of naked RNA in the blood.

[0091] Briefly, a 109 base long synthetic RNA was first incubated with human
plasma for 5 min, and then suspended in Lysis buffer (0.5% N-Lauroylsarcosine, 4x standard
saline citrate, 10 mM Tris-HCI1 (pH 7.4), 1 mM EDTA, 0.1% IGEPAL CA-630, 1.79 M
guanidine thiocyanate, 1% 2-mercaptoethanol, 0.5mg/ml proteinase K, 10 mg/ml sonicated
salmon sperm DNA, 10 mg/ml Escherichia coli tRNA 0.5% N-Lauroylsarcosine, 4x standard
saline citrate, 10 mM Tris-HCI1 (pH 7.4), 1 mM EDTA, 0.1% IGEPAL CA-630, 1.79 M
guanidine thiocyanate, 1% 2-mercaptoethanol, 0.5mg/ml proteinase K, 10 mg/ml sonicated
salmon sperm DNA, 10 mg/ml Escherichia coli tRNA). As a control, a separate sample of
synthetic RNA was directly suspended in Lysis buffer. Both samples were then used to
quantify RNA using real time PCR using iTag SYBR (BioRad, Hercules, CA) as fully
described below. As shown in Fig. 1, the amount of synthetic RNA from the plasma-treated
sample (Fig. 1, right) was significantly less than that of the control (Fig. 1, left) with a ACt of
around 6 (1/26=1/64), suggesting that naked RNA was digested quickly in plasma. Despite
this rapid degredation, in certain embodiments, isolation and quantification of naked RNA is

performed.

Example 2- Ex Vivo Screening of mRNA Species for Detection of Vascular Disease

[0092] In order to demonstrate the efficacy and sensitivity of several
embodiments of the methods disclosed herein, expression of disease markers from blood
samples from patients with vascular disease were compared with healthy patients. Several
markers related to vascular disease were used to validate the method and ensure that it could

be applied to a wide range of disease states using the protocol. Controls, such as B-actin and
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B2-microglobulin were used and the patient histories were correlated with disease marker
RNA:s.

[0093] Triplicate aliquots of 200 pL of plasma were applied to a vesicle capturing
filterplate (as described above), and centrifuged at 2,000 x g for 5 minutes to trap vesicles on
the membrane. After centrifugation, 50 puL. of Lysis Buffer was added to each well which
were then incubated at 37 °C for 10 minutes to lyse the vesicles. The Lysis buffer was
supplemented with 5 nM of reverse primers and/or antisense primers of target genes. The
Lysis buffer was also optionally supplemented with synthetic RNA which served as a control.
The filterplate was then placed onto a 96-well oligo(dT)-immobilized plate (GENEPLATE®)
and centrifuged at 2,000 x g for 5 minutes to transfer vesicle lysate to the GENEPLATE®.
After centrifugation, the GENEPLATE® was placed in a refrigerator overnight for the
hybridization between oligo(dT) and polyA-tails of mRNA. The GENEPLATE® was then
washed 6 times with 150 pL. of Wash Buffer (0.5 M NaCl, 10 mM Tris (pH 7.4), 1 mM
EDTA). The cDNA was synthesized at 37 °C for 2 hours by addition to each well of 30 pL
of reverse transcription buffer (50 mM KCI, 10 mM Tris-HCI (pH 8.3), 5.5 mM MgCl,, 0.1%
Tween 20) supplemented with 1.25 mM of each deoxynucleoside triphosphate, 4 units of
rRNasin, and 80 U of MMLYV reverse transcriptase.

[0094] The cDNA solution was then used for real time PCR using iTag SYBR
(BioRad, Hercules, CA). An aliquot of cDNA was mixed with an equal volume of 2x
reaction mix containing 0.4 mM each of dATP, dCTP, dGTP, and dTTP, 50 U/ml iTag DNA
polymerase, 6 mM Mg2+, SYBR Green I, ROX reference dye, stabilizers. This mixture was
supplemented with forward and reverse gene specific primers. The cycle threshold (Ct), at
which fluorescence exceeded background levels, was determined by analysis with SDS
software (Applied Biosystems). The Ct value was used to calculate the original relative
amount of the marker mRNA.

[0095] The plasma used for Figure 2 was obtained from three adult type 2
diabetes patients with morbid obesity and three healthy adult volunteers. The plasma samples
were subjected to the methods disclosed herein for quantifying various mRNA disease
markers. Diabetes patient #1 was a 72 year old male African American with morbid obesity
(294 1b and 5°7”), atrial fibrillation, hyperlipidemia, hypertension, anemia, and vitamin D
deficiency, with a history of heart bypass surgery. Diabetes patient #2 was a 57 year old
male African American with morbid obesity (322 1b and 5°7”), hypertension,
hypercholesterolemia, and glaucoma. Diabetes patient #3 was a 45 year old female

Caucasian with morbid obesity (213 %2 1b and 5°3”), hypertension, and hypercholesterolemia.
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Control subject #1 was a 52 year old female Caucasian, control subject #2 was a 41 year old
female Caucasian, and control subject #3 was a 48 year old female Caucasian.

[0096] As can be seen in Figures 2A and 2B, housekeeping genes B-Actin
(ACTB) and B2 microglobulin (B2M) were present in both control and diabetes/obesity
patients’ plasma, and the expression levels of these genes were significantly (p<0.001) higher
in diabetes patients compared to the control. Thus, in several embodiments, these (or other)
house keeping genes function as internal controls within a disease-having population or
within an individual subject over time. In some embodiments, certain housekeeping genes
that do not display alterations in expression between the control and diseased states are used.
Adipose tissue marker ADIPOQ (Figure 2C) and ABCA1 (Figure 2D) mRNA were also
present in both groups, however, the levels of ADIPOQ mRNA were significantly (p<0.001)
higher in diabetes patients compared to the control, whereas the levels of ABCA1 were
unchanged between the two groups. The discrepancy between ADIPOQ and ABCA1 may be
explained by the fact that ABCA1 is not adipose tissue specific compared to ADIPOQ. Thus,
in certain embodiments, characterization of ADIPOQ is used as a diagnostic indicator of
obesity related disease.

[0097] Endothelium marker vWF mRNA was not present in control plasma
except 1 of 3 aliquots in subject #2, whereas all diabetes patients showed amplification of
VWF mRNA (Figure 2F). Thus, in several embodiments, the presence of vWF expression in
the whole blood is indicative of a vascular disease condition. Other endothelium markers,
such as SELE and CDHS5 were not detected. Moreover, stem cell marker CD133, osteoblast
marker POSTN, liver marker AGT, kidney marker REN, lung marker ACE, islet marker INS,
muscle marker MSTN were not detected. Although the inflammation marker TNF was
detected from both groups (Figure 2E), the expression levels of TNF were unchanged
between the two groups.

[0098] Additionally, as shown in Figure 2G, the levels of erythrocyte-derived
HBA2 mRNA were not different between the control and diabetes groups. These data
suggest hemolysis of blood samples during collection and processing is negligible. Such data
bolster the validity of data wherein changes are detected, as sample to sample variation due to
processing is minimal. Moreover, levels of ITGA2B and PFKP (platelet-specific mRNAs;
Figures 2H and 21, respectively) were not different, also suggesting that the contamination of
platelets into plasma samples were not significantly different between the two groups.

THBS1 is a marker of platelets and/or endothelial cells. Levels of THBS1 were slightly
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higher in DM group, but not statistically significant. However, in some embodiments,
increased levels of THBSI1 are indicative of a vascular disease or damage.

[0099] As discussed above, the vascular inflammatory response involves
interactions  between inflammatory cells (neutrophils, lymphocytes, monocytes,
macrophages), endothelial cells, vascular smooth muscle cells, and extracellular matrix.
Thus, a wide variety of markers may be indicative of injury or disease. For example, in
several embodiments, vascular injury is associated with increased expression of adhesion
molecules by endothelial cells and/or recruitment of inflammatory cells, growth factors, and
cytokines. Cytokines include, but are not limited to, tumor necrosis factors, interleukins,
lymphokines, monokines, interferons, colony stimulating factors, and transforming growth
factors. Persistent increases in cytokines may be associated with vascular dysfunction and
vascular disease such as atherosclerosis, obesity, abdominal aortic aneurysm, varicose veins
and hypertension. As shown in Figure 2K and 2L, two inflammatory cytokines (IL8 and
TGFB, respectively) showed differing patterns of expression. Levels of IL8 were lower in
diabetic patients as compared to controls. However, TGFB was higher in diabetic samples.
The differences in expression between the two different markers may reflect the different
roles of IL8 and TGFB in the development and progression of diabetes in the subjects tested.
For example, IL8 has been shown to be produced and released from human adipose tissue
and/or adipocytes and to inhibit the phosphorylation of Akt, which is involved in the
initiation of several of insulin's metabolic effects, including glucose uptake and GLUT-4
translocation. Thus, IL-8 may be involved in the development of insulin resistance, which is
involved in development of Type 2 diabetes, which is common in obese individuals. As
such, in the subjects tested, IL8 levels may not be significantly different from control due to
the fact the diabetes has already developed and been diagnosed in the subjects tested. Thus,
in several embodiments, IL8 levels may be useful as an early marker of diabetes, the
associated vascular injuries and/or atherosclerosis. In contrast, TGFB levels were
significantly increased in the diabetic samples. TGFB has been implicated, for example, in
the development of kidney damage and sclerosis that results from diabetes. Thus, in several
embodiments, TGFB levels show a greater difference in expression (versus control) when
diabetes is established in a subject (as opposed to during the development of the disease, as
with IL8 in some embodiments). Thus, in several embodiments, TGFB is used as a marker of
monitoring the severity of diabetes, or its associated kidney and/or vascular damage. In some
embodiments, TGBF levels are also used to monitor the progression of the disease and/or

monitor the efficacy of treatment of the disease.
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[0100] As shown in Figures 2M and 2N, respectively, one of two adipose tissue-
specific mRNAs (fatty acid binding protein 4, FABP4) was significantly elevated in diabetes,
but LPL (lipoprotein lipase) was not. FABP4 is one member of a family of carrier proteins
that facilitate the transfer of fatty acids between extracellular and intracellular membranes of
cells. Elevated circulating FABP levels are indicative of tissue damage. For example,
increased FABP has been associated with disorders of lipid metabolism and atherosclerosis,
based on the resultant increased uptake of fatty acids. Both lipid metabolism disruption and
atherosclerosis are common in diabetes, particularly in obese diabetic subjects. Thus, in
several embodiments, increased FABP4 (as well as other family members, depending on the
embodiment) are used as markers tissue damage, vascular disease, and/or diabetes. As
discussed above, based on its increased expression in established disease states such as
diabetes, in several embodiments, FABP4 is used as a marker of monitoring the severity of
diabetes, or its associated atherosclerosis and/or vascular damage. In some embodiments,
FABP4 levels are also used to monitor the progression of the disease and/or monitor the
efficacy of treatment of the disease. LPL was not significantly different between control and
diabetic subjects (Figure 2N). LPL deficiency leads to hypertriglyceridemia (elevated levels
of triglycerides in the bloodstream). Often, diets high in refined carbohydrates have been
shown to cause tissue-specific overexpression of LPL, which is not only associated with
obesity, but also with tissue-specific insulin resistance and consequent development of type 2
diabetes mellitus. Thus, as with IL8 above, in several embodiments, LPL is used as a marker
of developing diabetes, obesity, or the consequent vascular side effects due to elevated lipid
levels.

[0101] Thus, the discrepancies between certain markers within a family (e.g.,
adipose tissue-specific markers) may, in several embodiments, be indicative of differential
roles of the various markers in certain stages of a disease (e.g., developing disease,
established disease, etc.).

[0102] These data suggest that the mRNA present in the vesicles reflects specific
physiological or pathological conditions, and not random events. For example, the detection
of endothelial cell marker VWF and adipose tissue marker ADIPOQ in plasma can serve as a
diagnostic for vascular diseases and obesity-related health problems. The detection of
elevated levels of TGFB or FABP4 can serve also serve similar functions for obese and/or
diabetic patients at risk or suffering from vascular injury or damage. Moreover, data that is

not significantly different between diabetic subjects and control subjects (such as HBA2,
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ITGA2B and PFKP) indicates that those results that are different are specific disease or
injury-induced changes, and not artifacts of the processing and analysis protocols.

[0103] Various embodiments of the present invention have been described above.
Although this invention has been described with reference to these specific embodiments, the
descriptions are intended to be illustrative of the invention and are not intended to be limiting.
Various modifications and applications may occur to those skilled in the art without departing

from the true spirit and scope of the invention as defined in the appended claims.
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WHAT IS CLAIMED IS:

1. A method for determining the type of disease affecting a patient and disease status
of a patient, the method comprising:

obtaining a first sample of a biological fluid from the patient,

wherein said sample comprises vesicles that are associated with RNA;

capturing the vesicles from said sample;

lysing said vesicles to release said vesicle-associated RNA;

wherein said vesicle-associated RNA comprises an RNA associated with said
disease and an RNA associated with a specific tissue;

quantifying said disease-specific and tissue-specific RNAs;

determining the disease status of the patient by comparing the quantity of said
disease-specific RNA and said tissue-specific RNA to the quantity of corresponding
RNAs from subjects without said disease,

wherein a difference between the quantity of said disease-specific RNA from
said patient as compared to said non-diseased subjects indicates a diseased state, and

wherein the type of disease affecting said patient is identified by the tissue-

specific identity of the tissue-specific RNA.

2. The method of Claim 1, wherein said disease-specific and said tissue-specific

RNASs are the same.

3. The method of Claim 1, wherein said biological fluid comprises whole blood.

4. The method of Claim 3, further comprising removing erythrocytes and cellular

blood components from said whole blood.

5. The method of Claim 1, wherein said biological fluid comprises blood plasma.

6. The method of Claim 1, wherein said biological fluid comprises cerebrospinal

fluid.
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7. The method of Claim 1,wherein said capturing comprises filtering said sample
through one or more filter membranes, wherein said vesicles associated with RNA are

captured on said one or more filter membranes.

8. The method of Claim 1, further comprising eluting said vesicle-associated RNA

released after said lysis to isolate extracellular RNA.

9. The method of Claim 1, wherein said vesicle-associated RNA released by said

lysis is mRNA.

10. The method of Claim 9, further comprising hybridizing the mRNA to oligo-dT,
synthesizing cDNA, and quantifying disease-specific and tissue-specific mRNA by PCR
amplification employing using primers directed to disease-specific markers and primers

directed to tissue-specific markers.

11. A method of monitoring the ongoing health of a patient comprising:

determining the type of disease affecting a patient and the disease status of the
patient according to the method of Claim 1;

obtaining a second sample of biological fluid from the patient at a later time as
compared to said first sample;

wherein said second sample comprises vesicles that are associated with RNA;

capturing the vesicles from said second sample;

lysing said vesicles to release said vesicle-associated RNA;

wherein said vesicle-associated RNA comprises an RNA associated with said
disease; and

quantifying said disease-specific RNAs,

wherein a difference in the quantity of said disease-specific RNA is between
said first sample and said second sample is correlated with a progression or regression

of the disease.

12. The method of Claim 11, wherein a therapy is administered between obtaining

said first and said second samples.

13. The method of Claim 11, further comprising obtaining a plurality of additional

samples over time and monitoring the disease status of the patient over time.
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14. The method of Claim 1, wherein the tissue-specific RNA is derived from

endothelial cells.

15. The method of Claim 1, wherein the disease-specific RNA is derived from

endothelial cells.

16. The method of Claim 2, wherein the tissue-specific RNA and the disease-specific
RNA are derived from endothelial cells.

17. The method of Claim 1, wherein the tissue-specific RNA is derived from

atherosclerotic plaques.

18. The method of Claim 1, wherein the disease-specific RNA is derived from

atherosclerotic plaques.

19. The method of Claim 2, wherein the tissue-specific RNA and the disease-specific

RNA are derived from atherosclerotic plaques.

20. The method of Claim 1, wherein the tissue-specific RNA is selected from the
group consisting of: mRNA, viral RNA, microRNA, snRNA, and poly(A)+ RNA).

21. The method of Claim 1, wherein the disease-specific RNA selected from the
group consisting of: mRNA, viral RNA, microRNA, snRNA, and poly(A)+ RNA).

22. The method of Claim 1, wherein the disease-specific and tissue-specific RNA

encodes von Willebrand Factor.

23. The method of Claim 22, wherein the type of disease is a vascular disease.

24. The method of Claim 23, wherein the vascular disease is selected from the group
consisting of:  atherosclerosis, hypertension, cardiovascular  diseases, obesity,

hypercholesterolemia, diabetes, and collagen diseases.

25. The method of Claim 1, wherein the tissue-specific RNA is derived from adipose

tissue.
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26. The method of Claim 1, wherein the disease-specific RNA is derived from

adipose tissue.

27. The method of Claim 2, wherein the tissue-specific RNA and the disease-specific

RNA are derived from adipose tissue.

28. The method of Claim 27, wherein the type of disease is obesity and the wherein
said disease-specific and tissue-specific RNA is selected from the group consisting of:
adipose tissue marker adiponectin (ADIPOQ), leptin, ghrelin, thyroid hormone T3, thyroid
hormone T4, glucagon-like peptide-1 (GLP-1), and insulin.

29. The method of Claim 28, wherein said disease-specific and tissue-specific RNA is

ADIPOQ.

30. The method of Claim 1, wherein the type of disease is a lung disease and wherein
said disease-specific and tissue-specific RNA is selected from the group consisting of:
angiotensin I converting enzyme (ACE), surfactant protein A, surfactant protein B, surfactant

protein C, surfactant protein D, and mucin.

31. The method of Claim 1, wherein the type of disease is a bone disease and wherein
said disease-specific and tissue-specific RNA is selected from the group consisting of:
osteoblast marker periostin (POSTN), type-1 collagen, osterix, collagen-1, bone sialoprotein,

macrophage colony-stimulating factor, and alkaline phosphatase.

32. The method of Claim 1, wherein the vesicle-associated RNA comprises one or
more markers of inflammation, wherein the markers are selected from the group consisting of

IL-5, IL-8, IL-13, RANTES, MIP-a, and eotaxin.

33. The method of Claim 1, wherein the vesicle-associated RNA comprises RNA of

fetal origin.

34. The method of Claim 1, wherein the vesicle-associated RNA comprises one or
more markers of cell type, wherein the markers are selected from the group consisting of

angiotensin (AGT), preprosinsulin, myostatin (MSTN), Renin, CD14, and CD3.
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35. The method of Claim 1, wherein the RNA is selected from the group consisting of
SARS-associated coronavirus, influenza, hepatitis C, influenza A, HIV, foot-and-mouth

disease virus, Human bocavirus(HBoV) and Trypanosoma brucei.

36. The method of Claim 1, wherein the patient is a pregnant mammal and wherein

the vesicles are of fetal origin.

37. The method of Claim 1, wherein the patient is a fetus and the vesicle-associated

RNA is of fetal origin.

38. The method of Claim 37, wherein the markers of fetal origin are selected from the
group consisting of placenta-specific 1 (PLACI), placenta-specific 4 (PLAC4), Chorion-
specific transcription factor GCM1, ZDHHCI1, pregnancy-associated plasma protein A
(PAPPA), pregnancy-specific beta-1-glycoprotein 9 (PSG9Y), tissue factor pathway inhibitor 2
(TFPI2), and metastasis suppressor gene KISS1.

39. The method of Claim 1, wherein the vesicle-associated RNA comprises one or
more markers associated with cholesterol metabolism, wherein the markers are ATP-binding
cassette (ABC) transporter ABCA GCN20, ATP-binding cassette (ABC) transporter ABCA
white, the ATP-binding cassette transporter, sub-family A, member 1 (ABCAIl) and
cholesterol efflux regulatory protein (CERP).

40. The method of Claim 1, wherein the vesicle-associated RNA comprises one or
more markers of blood homeostasis, wherein the markers are selected from the group

consisting of Willebrand factor (vWF), thrombin, factor VIII, plasmin, and fibrin.

41. The method of Claim 1, wherein the vesicle-associated RNA comprises one or
more markers of basal cellular function, wherein the markers are selected from the group
consisting of transcription factor glyceraldehyde 3-phosphate dehydrogenase, succinate
dehydrogenase subunit A, NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit
1, B actin, B2 microglobulin, and heat shock protein 90.

42. The method of Claim 1, wherein the vesicle-associated RNA comprises one or
more markers of kidney cell origin, wherein the markers are selected from the group
consisting of Tamm-Horsfall glycoprotein (THP), angiotensinogenase, angiotensin I

converting enzyme, preproinsulin, glucagon, insulin, amylin, and ghrelin.
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43. The method of Claim 1, wherein the vesicle-associated RNA comprises one or
more markers of cancer, wherein the markers are selected from the group consisting of
carcinoembryonic antigen (CEA), mucin, alpha-fetoprotein, tyrosinase, melanoma associated

antigen, tumor protein 53, prostate-specific antigen (PSA) and thyroglobulin.

44. The method of Claim 1, wherein the vesicle-associated RNA comprises one or
more markers of immune system function, wherein the markers are selected from the group
consisting of CD16, granzyme B, and TNF-alpha, CD25, forkhead box P3 (FoxP3), and
cytotoxic T-lymphocyte antigen-4 (CTLA4).

45. The method of Claim 1, wherein the vesicle-associated RNA comprises one or
more markers of adhesion mediated cardiovascular disease, wherein the markers are selected
from the group consisting of selectin (SELE), E-selectin, L-selectin, P-selectin, and vascular

endothelial marker cadherin 5 (CDHS).

46. The method of Claim 1, wherein the vesicle-associated RNA comprises one or
more markers of stem cell type, wherein the markers are selected from the group consisting
of fetal liver kinase-1 (Flkl), smooth muscle cell-specific myosin heavy chain, vascular
endothelial cell cadherin, alkaline phosphatase, hydroxyapatite, osteocalcin, bone

morphogenetic protein receptor, and stem cell marker prominin 1 (PROM1, CD133).

47. The method of Claim 1, wherein said vesicles are captured by a method
comprising:

(a) loading at least a portion of said first sample of biological fluid into a
sample loading region of a vesicle capture device;

(b) passing said biological fluid sample from said sample loading region
through a vesicle-capture material in said vesicle capture device, said vesicle-capture
material comprising glass-like materials to produce a supernatant; and

(c) passing said supernatant to a sample receiving region of said vesicle
capture device and discarding the supernatant,

wherein said passings result in capture of said vesicles from said biological

fluid sample on or in said vesicle-capture material, thereby capturing said vesicles.

37



WO 2011/156734 PCT/US2011/040015

48. The method of Claim 47, wherein said vesicle-capture material comprises a

plurality of layers of said material.

49. The method of Claim 47, wherein said plurality of layers of said vesicle-capture

material comprises at least a first layer and a second layer of glassfiber.

50. The method of Claim 47, wherein step (b) comprises passing said biological fluid
through said first layer of glassfiber so as to capture material from said biological sample that

is about 1.6 microns or greater in diameter.

51. The method of Claim 50, wherein step (b) further comprises passing said
biological fluid through said second layer of glassfiber so as to capture vesicles having a
minimum size from about 0.6 microns to about 0.8 microns in diameter, and having a

maximum size of less than 1.6 microns.
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