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METHODS FOR EVALUATING PATHOLOGIC CONDITIONS USING
| EXTRACELLULAR RNA

BACKGROUND OF THE INVENTION

This invention relates to methods for diagnosing, detecting, evaluating, and

monitoring non-neoplastic pathologic conditions and diseases within an animal,

 preferably a human. Said pathologic conditions and diseases include, inter alfa,

pathologic conditions and diseases affecting specific body organs ‘and those
’affecting multiple organs or bodily organ systems, and those pathologic conditions

that are associated with disease or injury, or that are predictive for a disease or that

‘can ultimately result in a disease. As set forth herein, the invention ‘provjdes

methods fof detecting mammalian ribonucleic acid (RNA) in said animal’s blood
plasma, sérum,r or other bodily fluid. The methods of the invention thereby enable
evaluation of gene expression that. is associated with, consequent t;i, or predictiﬁe
of pathologic conditions and ‘diseases or cellulé; injﬁry aﬁd trauma. The invention
also Lprovides methods that permit cellular response and recox}ery to pathologic
conditions and disease as well as cellular injury to be monitored. The invention
thereby provides methods for evaluating and. monitoring resﬁonse o specific
therapies for said pathologic conditions, diseases, and injuries. The mvention also
specifically f)rovides methods for evaluating and monitoring non-hematopoietic or

non-hematolo gical cells and tissues that are terminally differentiated. In these

methods, extracellular RNA derived from said cells and tissues is detected in a
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Bodily fluid. -The inirention also permits the diagnosing, detecting, evaluating,
and/or monitoring of pathologic conditions and diseases affécting non-proliferating
cells and tissues, such as those of :the heart, brain and muscle. The inventior.i 1S
thus particularly advantageous for evaluating pathologic conditions and diseases of

5  the cardiovascular system, the nervous system and of skeletal muscles. The
invention further aliows the detection of non-neoplastic cells and tissues that are
proliferating normaily or consequeht to disease or injury. The mmvention permits
detection of extracellular mammalian RNA associated with non-neoplastic dise:ase

- that 1s th transcribed: from a fragile site or does not contain viral or bacterial

10  nucleic acid sequences.

While the ei:iologies of non-neoplastic pathologic conditions and diseases
are iraried, the pathologic process is often : characteristically associated with
iﬁtracelluiar production or over-production, or escalie or release, of speciﬁq

15  proteins from the cell that can characterize the cell. Such proteins mé,y be involved
in cellular adapﬁve responses, or be indicative of cellular injury, or reflect the

- production of proteins associated with the disease state itself. Furthermore,
proteins normally associated' With a cell or tissue’s metabolism may be;
overproduced within a cell, or be secreted from the cell, or bé inappropriately

20 released from the cell. In clinical practice, detection of proteins in blood and other
bodily fluids has been utilized in the diagnosis and monitOring of disease.
However, liot all such proteins may be detectable in blood or bodily fluids, often

| because the protein is either not secreted or released irom the cell, or exists 1n
blood at levels below limits of detection for a given stage of disease, particularly at

25  early or subclinical stages of disease. There thus exists a need for new methods
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that provide for the analysis of cellular gene expression in a more sensitive

manner.

Ribonucleic acid (RNA) is essential for producing cellular proteins, and

‘detecting and monitoring mammalian RNA can be used to assess cellular gene

expression. Furthermore, since RNA and deoxyribonucleic acid (DNA) can be
hybridized and amplified in a qualitative or quantitative manner using nucleic acid
amplification methods, detection of RNA can be perfqnﬁed with high sensitivity.
Although the prior art contained sporadic reports suggesting that RNA might be
detected in plasma and serum (e.g., Wieczorek et al., 1985 Proc Natl Acad Sci
US4 82: 3455;-3459; Wieczorek et al., 1987 Cancer Res. 47: 6407-6412: |

Wieczorek et al., 1989 Schweiz med Wschr 119: 1342-1343; Kamm and Smith;

1972 Clin. Chem. 18: 519-522), until recently it was unknown whether specific

RNA species eﬁsted in plasma or serum with sufficient integrity to be amplifiedf
and.detected. Co-owned US Patent No. 6,329,179 B1 provide methods for detecting
extracellular tumor RNA in blood plasma, serum, and bodily fluids. After the
priority date of the co-owned application, several authors have confirmed that tumor
RNA can be amplified from plasma or serum, (Kopreski et al., 1999 Clin. Cancer
Res. 5: 1961-1965; Chen et al., 2000 Clin. Cancer Res. 6: 3823-3826; Dasi et al.,
2001 Lab. Invest. 81: 767-769; Hasselmann et al., 2001 Oncology Reports 8:
115-118; Kopreski et al., 2001 Clin. Chem. 47: 362, abstract 9; Fleishhacker et al.,
2001 Clin. Chem. 47: 369, abstract 48; Reinhold et al., 2001 Clin. Chem. 47; 369,
abstract 50; Gocke et al., 2001 Clin. Chem. 47: 369, abstract 51), and further that
fetal RNA 1s detectable in maternal plasma (Poon ef al., 2001 Clin. Chem. 47: 363, -

abstract 11). These findings are notable since it is well established in the art that

ribonucleases present
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~ in blood rapidly degrade rhammalian RNA (Reddi and Hollaﬁd, 1976 Proc Nat
Aead Sci USA 73: 2308-2310), and further that one consequently can not amplhfy

free RNA from plasma or serum following cellular lysis (Komeda et al., 1995 :
Cancer 75: 2214-2219; Pileiderer et al., 1995 Int. J. Cancer 64: 135-139).
5 Mammalian RNA has also been demonstrated in sera in association with \.riral
nucleic acid, and fragile 'sites, such as in association with hematologic cancer cells
(Urnovitz et al., 1999 Clin. 'D;'agﬁ Lab. Immunology 6: 330-335‘; Urnovitz, U.S.
Patent Serial No. 6,344,317). Since the etiology and physiology of extracellular
RNA remains unknown, detection Qf extracellular RNA in non-virally mediated,
10 non-neoplastic disease processes, and particularly from non-hematological cells
‘and tissues that include ﬁon~proliferating tissues and terminally diffe;‘entiated cells

and tissues of diseased or ihjured solid organs, was both unknown and unexpected.

)Neopiasia 1s characterized by pathophysiologic processes that often diffef
from those of non-neoplastic disease. Similarly, feta} development may be viewed
15 as a pfoliferative process of cells undergoing ditferentiation characterized by
: - physiologic processes that often differ from thosé occurring in non-neoplastic
disease. It was unknown 1in the art fhat extracellular mammalian RNA derived
from non-nebplastic solid organ tissué could be detected in ;che blood plasma,
serum, or other bodily fluids of individuals with disease at levels highg;r than
20  present in the blood plasma or serum of bodily fluid of healthy individuals. This is
particularly true for non-neoplastic, non-virally mediated RNA sp eoiﬁc to the non-
proliferating, terminally differentiated non-hematopoietic or non-hematological

cells and tissues of the heart and braim.

25




CA 02455731 2004-01-23
WO 03/009806 PCT/US02/23373

SUMMARY OF THE INVENTION

The present invention provides methods for diagnosing, evaluating,
monitoring or predicting within an animal, most preferably a human, the existence
-of a non-neoplastic disease or pathologic condition or injury. In preferred
5 efnbodiments, the method comprises the step of detectin g extracellular mammalian
RNA in a bodily fluid of an animal, prefefably blood and most preferably :blood
plasma or serum, urine, effusions, :ascites, saliva, cerebrospinal fluid, cervical
secretions, vaginal secretions, endometrial secretions, gastrointestinal secretions,
sputum and bronchial secretions, and/or associated lavages, wherein said RNA is .
10 present in the bodily fluid of an animal with a non-neoplastic disease or pathologic
condition or céllular injury, and not present in the bodily ﬂﬁid of a healthy animal,
or wherein said RNA 1is present in a bodily fluid of an animal with a non-neoplastic
diseésé or pathologic condition or cellular injury in quantitative amounts that are
oreater than are present in the bodily fluid of a healthy animal.
15 The invention provides methods for amplifying and detecting extracellular
" mammalian RNA associated with non-neoplastic disease in blood, more preferably
in blood plasma or serum, or in other bodily fluids, the method comprising the
steps of extracting RNA from said bodily fluid, in vftro amplifying or signal
amplifymg a ffaction of the extracted RNA or ¢cDNA derived therefrom, either
20  qualitatively or quantitatively, and: detectihg the amplified product or signal
produced thereby.

Tn a preferred embodiment, the RNA is derived from a non-hematopoietic

or noﬁ-hematological cell or tissue. In one aspect of this embodiment, the RNA 1s
derived from a non-proliferating cell or tissue. In a second aspect, the RNA 1s

25  derived from a terminally-differentiated cell or tissue. In a third aspect, the RNA
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does not contain viral nucleic acid sequences. In a fourth aspect, the RNA 1s not
derived from transcription of a fragile site.
The invention further provides methods for detecting organ-speoiﬁc. or

tissue-specific extracellular mammalian RNA present in plasma, serum, and/or

other bo dily flud by hybridization, wherein the RNA is derived from specific non-

neoplastic non-heﬁatopoietic or non-hematological cells and/or tissue from an
animal, most preferably a human, or cDNA derived therefrom, to a specific primer,
probe, solid substrate or bioelectrical interface, the method comprising the steps of
extrﬁcting RNA from said bodily ﬂuici, and hybridizing a portion of the extraéted
RNA or cDNA derived the;‘eﬁom tb a specific primer, probe, solid substrate, or
bioelectrical interface consistng of oligonucleotide sequenbes complimentary to
RNA or cognate cDNA from specific, non-neoplastic, non-hematopoigtic Or non-
hematologic cells and/or tissue. \

In preferred embodiments, the exiracellular RNA rietected using the
methods of this inventioh are not arﬁpliﬁed. In one aspect of this embodiment, the
RNA does not contain viral nucleic acid sequences. In a second aspect of this

embodiment, the RINA is not transcribed from a fragile site. In a third aspect of

this embodiment, the cellé or tissues are terminally differentiated. In a fourth

- aspect of this embodiment, the cells or tissues are non-proliferating.

The invention further provides methods for detecting and monitoring
mammalian RNA or ¢cDNA derived therefrom, in blood, pfeferably blood plasma,
serum, aﬁd other bodily fluids frpm an animal, most preferably a human, that 1s
associé.ted with non-hematopoietic or non-hematological cells or tissue affected by
a non-neoplastic disease or injury, wherein the method comprises the steps of

extracting RNA from said bodily fluid, in vitro amplifying or signal amplifying a
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fraction of the extractéd RNA or cDNA 'derivec:i therefrom, either qﬁalitatively or
quantitatively, and detecting the amplified product or signal nproduced thereby.
"In one aspect of this embodiment, the RNA ddes not contain viral or
retroviral nucleic acid sequences. In a second aspéct of this embodiment, the RNA
5 s not transcribed from a fragile site. In a third aspect of this embodiment, the cells
or tissues are terminally differentiated. In é fourth aspect of this embodiment, the
cells or tissues are non-proliferating.
" The invention further provides methods for detecting and mopitoring
mamrﬁalian RNA or cDNA derived therefrom,“ in blood, preferably blood plasma
10 or éerum, or othér bodily fluid from an animal, most preferably a hurﬁan, that is
~ derived from non-neoplasﬁc cells or tissues, wherein said mRNA produces a
~ protein that has a consequent deleterious effect upon other differing non-neoplastic
cells or tissues, thereby resulting in a disease or pathologic condition of the cells or
‘tissues or their organ(s) and organ system(s) thereby deleteriously affgcted. In this .
15 embodiment, the method comprises the steps of extracting RNA from blood
plasma, serum, or other bodily fluid, in ﬁitro amplifying or signal amplifying the
RNA or cDNA derived therefrom, either qualitatively or quantitatively, and
detecting the amplified product or signal producled' thereby. :
: In one aspect of this embodiment, the RNA does not contain viral or
20 retroviral nucleic acid sequences. In another aspect of this embodiment, the RNA
is not transcribed from a fragile site. In another aspect of this embodiment, the
cells or tissues are terminally differentiated. In énother aspect of this embodiment,
the cells or tissﬁes are non-proliferating.
The invention further provides methods for  detecting and monitoring

25  mammalian RNA or cDNA derived therefrom, in blood, most preferably plasma or




CA 02455731 2004-01-23
WO 03/009806 PCT/US02/23373

serum, and/or other bodily fluid from an 'animal, most preferably: a human, that 1s
associated with non-neoplastic, terminally differentiated non-hematopoietic or
non-hematological cells or tissues, including either healthy or diseased tissues, the
method comprising the steps of extracting RNA from said bodily fluid, in vitro
5 amplifyin g or signal amplifying the extracted RNA or cDNA derived therefrom
either qualitatively or quantitatively, and detecting the amplified pro du;;t or signal 1
produced thereby. |
In one aspect of this embodiment, the present invention provides methods
for detecting mammalian RNA :associated with non-hematopoietic or non-
10 hematological cells and tissues that are characteristic of specific tissue(s) or
organ(s) or orgén system(s), either diseased or healthy. In this aspéct, the me;thods
of the invention comprise the steps of extracting RNA from blood, most preferably
blood plasma or serum, or other bodily fhud, in vitro amplifyihg br signal
amplifying RNA comprising said extracted RNA or ¢DNA derived therefrom,
15 é.ssociated With non-hematological cells and tissues of specific organ(s) or organ
system(s), either qualitatively or quantitatively, and then detecting the amplified
product or signal. In a particularly ‘preferred embodiment, the cells and tissues are
those of the heart or cardiovascu&ar system. In another iaarticulérly prefefred
embodiment, the cells and tissues are those of the brain or nervous system. In
20  other particularly preferred embodimeﬁts, the cells and tissues are those of the
gastrointestinal system, endocrine system, genitourinary system, respiratory
system, musculo skeletal system, or skm ‘
In a second aspect of this embodiment, thé invention provides methods for
detecting mammalian RNA {rom a non-hematopoietic or non-hematological, non-

25  proliferative tissue in a bodily fluid such as blood, blood plasma, serum, or
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cerebrospinal fluid. In this aép ect, the méthods of the invention comprise the éteps :
of extracting mammalian RNA from said bodily fluid, in vitro amplifying or signai
amplifymmg a fraction of the extracted RNA or cDNA derived ‘therefrom,
bomprising said extracted RNA associated with 2 non-hematopoietic or non-

5  hematological non-prbliferative tissue, either qualitatively or quantitatively, and
then detecting the ampliﬁed product or signal thereby. In a particularly i)referred :
embodiment, the non-proliferative tissue is heart tissue, pfeferably cardiac muscle
tissue. In another particularly preferred embodiment, the non-proliferative tissue 1s
brain tissue, preferably neural tissue.

10 ‘In preferred emb odiment.s. of the mventive methods, éxtracellular
mammaiién RNA is extracted from a bodily fluid sucﬁ as whole blood, blood
plasma or serum, oOr cere:bros'pinal ﬂuid, using an extraction method such as gelatin
extraction method; silica, glass bead, or diatom extraction method; guanidinium
thiocyanate acid-phenol based extraction methods; guanidinium thiocyanate acid

15 based extraction methods; methods psing centrifugation through cesium chloride or
similar gradients; phenol-chloroform based extraction fnethods; or other
commercially available RNA ethaction methods. Extraction may further be
performed using pfobes that specifically “ hybridize to specific RNA, including
probes attached to solid sub strates 61' to magnetic beads or similar :particles. |

20 In preferred embodiments of the inventive methods, mammalian RNA or
¢cDNA derived therefrom, or a signal derived therefrom, 1s amplified using an-
amplification method such as reverse transcriptase polymerase chain reaction (RT-
PCR); ligase chain reaction; DNA signal amplification; amplifiable RNA reporteré;
Q-beta replication; transcription-based amplification; isothermal nucleic acid

25 sequence based amplification; self-sustained sequence replication assays;
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boomerang DNA ampliﬁcation; strand 'displacement activation; oyoling probev
technology; or any combination or variation thereof.

In Ipreferred embodiments of the inventive methods, detecting an
amplification product of the mammalian RNA or cDNA derived theretrom oi*
signal derived therefrom is accomplished using a detection inethod such as gel
eleotrophoresis; " capillary eleotrophoresis; conventional  enzyme-linked
irnmunosorbent assay (ELISA) or modifications thereof, such as amplification
using biotinylated or otherwise modified primers; nucleic acid hybridization osing

specific, detectably-labeled probes, such as tluorescent-, radioisotope-, or

chromogenically-labeled probe; laser-induced fluorescence detection; Northern

blot analysis; Southern blot analysis; eleotfoohemiluminesc ence; reverse dot blot
detection; and high-performance liquid chromatography.

In particularly preferred embodiments of the inventive methods,
mammalian RNA 18 converted to ¢cDNA using reverse transcriptase foliowing
extraction of RNA from a bodily fluid and prior to ampliﬁcation. ‘

The methods of the invention are advantageously used for providing a
diagnosis or prognosis of, or as a predictive indicator for a non-neoplastic disease
or pathologic condition or injury. The methods of the invention are particularly
useful for providing a diagnosis or prognosis of, or monitoring of, or for providing
a predictive indicator for, .diseases or pathollogio conditions of the heart and
cardiovascular system. Cardiovascular disease is one of the most common
potentially life-threatening non-neoplastic human diseases throughout the world.:
The methods on the invention enable diagnosis, detection, evaluaﬁon, and
monitoring of cardiovascular disease, including but not limited to diseases and

pathologic conditions of the heart such as myocardial infarction, myocardial

PCT/US02/23373
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‘ischemia, coronary insufficiency, coﬂgestive heart failure; cardiomyopathy;
atherosclerosis, intimal hyperplasia, and cardiac transplant | rejection,: and
conditions associated with angina, and conditions and diseases associated with
atherosclerdsis and intimal hyperplasia or smooth muécle cell hyperplésia, and

5  pathologic conditions and diseases associated with hypertension. The methods of
the invention provide qualitative or quantitative detection of extracellular RNA in
the blood plasma, serum, or other bodiiy fluid of a human, and wherein the RNA 1s
associated with cardiovascular disease or pathologic conditions, including those of
the heart and those of the vasculature, or with cells and tissues of the heart,

10 : arteries, and veins. Extracellular RNA associated with cardiovascular disease and
pathologic conditions and/or mjury iﬁcludés, but is not limited to cardiac troponin

T RNA (ngT RNA), céardiac tropoﬁin I RNA (c¢Tnl RNA), beta-myosin heavy
chain RNA, acidic fibroblast growth :factor RNA (heparin binding growth factor-
1), basic fibroblast growth factor RNA, and platelet-derived growth factor-A ana B

15 RNA (PDGF-A RNA and PDGF-B RNA). Itﬂ is to be understood that these RNA

' Species provide examples and not limitation of the invention.

The methods of the invention are further particularly useful for providing a
diagnosis or prognosis of, or for providing a predictive indicator for, diseases or
pathologic conditions. The methods of the mnvention are applicable to non-

20  neoplastic diseases and pathologic conditions affeéting other organ systems, such
as the nervous system. The methods of the invention enables diagnosing,
detecting, evaluating, énd monitoring of diseases and conditions of the central
nervous system, including but not limited to stroke, ischemic brain mnjury, hypoxic
conditions of the brain, head trauma, multiple sclerosis, Alzheimer’s disease,

25  encephalopathies, and neurodegenerative diseases. The inventive methods provide
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qualitative or quantitative detection of extracellular mammalian RNA in the
“cerebrospinal fluid or other bodily fluid of an animal, most preferably a human,
wherein the RNA is associated with a neurologic disease or condition such as
injury or trauma, or with cells and tissues of the central nervous system.
5 Extracellular RNA associated with neurologic disease and/or neurologic injury
“includes, but is not limited to the mutated presenilin 1 gene (PS1) RNA, mutated
presenilin 2 gene (PSZ) RNA, ahd Par 4 (prostaté apoptosis response — 4) RNA. It
is to be understood that these RNA species provide examples and not limitation of
th¢ invention.
10
The methods of the invention are also directed to non-neoplastic diseases
and pathologic conditions affectiﬁg other solid organs and ofgan systems, such as
those of the gastrointestinal system, the genitourinary system, the endocrine
system, the respiratory system, the musculo skeletal : sy}stem, and the skin. In these
15  applications the method provides qualitative or quantitative detection of
extracellular mammalian RNA in the blood plasmaz, serum, or other bodily fluid of
an animal, most preferably a human, wherein the RNA 1s associated with a disease
or pathologic condition of said organ or organ system and/or its :celzls and tissues.
For example, cardiac trop onin T mRNA (¢InT rﬁRNA) 1S furthgr detectable 1s
20 some cases of skeletal mﬁsole disease or pathologies such as Duchenne muscﬁlar
dystrbphy, polymyositis, and myopathy induced from end-stage renal disease.
In ceﬁrtain preferred embodiments of the methods of the imnvention,
mammalian RNA associated with non-neoplastic, hoﬁ-hemafopoietic Oor non-
hematological cells or . tissue, or cDNA derived therefrom, is amplified m a

25  quantitative manner, thereby enabling the quantitative comparison of said RNA or
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' ¢DNA presentin a bodily fluid such as blood plasma, serum, or cerebrbspinal fluid

from a non-?pregnant animal, preferably a human. In these embodiments, the
amount of said RNA detected in bodily fluid from a particular individuél animal is
compared with a range of amounts of said RNA detected in said bodily fluid in

5  healthy populations of animals, wherein increased amounts of RNA 1n said bodily
: fluid from tﬁe particular individual animal in .comparison to healthy animals is
iindicative of a disease or pathologic condition, or is a predictive indicator of a
disease or pathologic condition. In particularly preferred embodiments the non-
neoplastic, non-hematological cells or tissue are terminé.lly differentiated :cells or

10  tissue, or non-proliferative cells or tissue. In particularly preferred embodiments
the cells or tissue ére those of the heart, brain or muscle.

The methods of the invention further provide ways to identify animals,
most preferably humans, having non-neoplastic disease or pathologic conditions, |
thereby permitting rational, informed treatment options to be used for making

15  therapeutic decisions.

Another advantageous use for the methods of the invention is to provide a

“marker for assessing j:he adequacy 6f therapy, or for determining whether
additional or more advanced or éfﬁcacious therapy 1s required. The invention
| tﬁerefore provides methods for developing a prognoéis in such patients.

20 | Another advantageous use for the methods of the invention is to provide for
the screening of individuals as to determine their predisposition for a disease or
pathologic condition, and further to determine their need for further diagnostic
evaluation and/or for preventive therapj.

In a “particularly preferred embodiment, the present mvention provides

25  methods for detecting extracellular cardiac troponin T mRNA or cardiac troponin I
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mRNA and their isoforms in blood or blood fractidns, including plasma and serum,
or in other bodily fluid, in an animal, most preferably a human. As provided
herein, the methods comprise the stebs of extracting RNA from blood, blood
plasma, serurﬁ, or other bodily fluid, in vitr;; aﬁlplifying cardiac troﬁonih T mRNA

5  or cDNA derived therefrom, and/or in vitro amplifying cardiac troponin I mRINA
or cDNA derived therefrom, either qualitativeiy or quantitatively, and detecting the
amplified product of cardiac troponin T mRNA or ¢cDNA and/or of cardiac
troponin I mRNA or cDNA.

In a first aspect of this embodiment, the present invention provides methods

10  for detecting cardiac tropoﬁin T mRNA aﬁd/or cardiac troponin I mRNA in blood
or blood fractions, including plasma and serum, or other bodily fluid in a human as
a method for detecting, diagnosing, monitoring, prognosticating, or providing a
prédictive indicator for a disease or pathologic condition of the héart such as
clinical or subclinical myocardial infarction or ischemic heart disease or coronary
15 insufficiency.

In d particularly preferred embodiment, the present invention provides a
method for detecting extracellular befa-myosin heavy chain mRNA in blood or
blood fractions, mcludmg plasma and serum, or in other bodily ﬂuid, In an animal,
most preferably a Ehumari, the method comprisiné thé steps of extracting RNA from

20  blood, blood plasma, serum, or other bodily fluid, in vifro aﬁlplifying beta-myosin
heavy chain mRNA or cDNA derived therefrom, either qualitatively or
quantitatively, and detecting the amplified product of lb;eta—myosin heavy; chain

mRNA or cDNA.

In a first aspect of this embodiment, the present invention provides methods

25  for detecting beta-myosin heavy chain mRNA in blood or blood fractions,
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including plasma and serum, or other bodily: fluid in a human as a method for
detecting, diagnosing, monitoring, progﬁo_sticating, or providing a predictive
indicator for a disease or Ipathologic éondition of the heart such as those éssociated
with myocardial i.nj;ury.

5 In a particularly preferred embodiment, the present invention provides a
method for detecting extracellular acidic ﬁbroblast growth factor mRNA (heparin-
binding growth factor-1 mRNA) and/or eXtracéllular basic ﬁbroblast growth factor
mRNA in blood or blood fractions, including blood plasma and serum, or other
bodily fluid, in an animal, most preferably a human, the method comprising the

10  steps of extracting RNA from blood, blood:plasma, serum, or other bodily fluid, in
Vitro ampiifying acidjc fibroblast growth factor niRNA or ¢cDNA derived
therefrom, and/or basic fibroblast growth factor mRNA or cDNA derived
therefrom, either qualitatively . or quaﬁtitatively, and detectin g the amplified
product of acidic ‘ﬁbroblast growth factor mRNA or ¢cDNA and/or basic fibroblast
15  growth factor mRNA or cDNA.
: In a first aspect of this embodiment, the present invention prbvi'des methods
for detecﬁng aéidic ﬁbrqblast growth factor mRNA or basic fibroblast growth
factor mRNA in blo;)d or blqod fractions, including blood plasma and serum, or
other bodily fluid in an animal, most preferably a :human, as a :method for
20  detecting, diagnosing, monitoring, prognosticating, or providing a predicﬁ\}e
indicator for a disease or pathologic condition of vascular smooth muﬂscle, most
preferably atherosclerosis and/or intimal hyperplasia.
In a particularly preferred embodiment, the present mvention provides a
mejchod for detecting extracellular prostate apoptosis response — 4 (Par-4) mRNA

25  in cerebrospinal fluid, blood or blood fractions including plasma and serum, or
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other bodily fluid, in an animal, most preferably”a human, the method comprisingﬁ

the steps of extracting RNA from cerebrospinal ﬂﬁid, blood; plasma, serum, or

other bodily ﬂuid, in vifro arﬁf)liﬂfing Par-4 mRNA or ¢cDNA derived therefrom,

either qualitatively or quantitatively, and deteeting' the amplified product of Par-4
5 mRNA or cDNA. :

Ina ﬁrst‘ aspect of this embodiment, the present invention provides methods
for detecting | Par-4 mRNA in cerebrospinal ﬂﬁid, blood or blood {fractions
including plasma and serum, or other bodily fluid in a human as a method for
detecting, diagnosing, monit:oring, prognosticating, or providiﬁg a predictive

10  indicator for : a disease or pathologic coﬁdition or injury of the bram. In a
particularly advantageous use of the invention, the disease or pathologic condition
or injury of the bramn 1s stroke; ischemia of the brain, hypoxia of the bram,
traumatic brain injury, and/or neurodegenerative diseases.

- The invention also provides diagnostic kits for use in the practice of the

15 methods of the invention, specifically for the detection, diagnosis, monitoring,
prqgnosticating,ﬁor_ predicting of noﬁ-—neoplastic disease or pathologic disease or
Injury, ﬁvherein the di:agnostic: kit provides reagents for the extraction of
mammalian RNA from plasma, serum, or other bodily fluid, and primers or probes
used in the detection of the extracted RNA or cDNA‘ derived therefrom. ‘

20

Specific preferred embodiments of the present invention will become
evident from the following more detailed description of certain preferred

embodiments and the claims.
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DETAILED DESCRIPTION OF THE INVENTION

The invention provides mef;hods for diagnosing, evaluaﬁﬁg; predicting
within, or monitoring an animal, most preferably a human, for non-neoplastic
diseases or pathologic conditic;ns or injury by detecting extracellular mammalian

:5 RNA associated with said disease or pathologic condition or injury, such as but not

limited to RNA derived from non-neoplastic, non-hematopoietic or - non-
hematological cells or tissue; RNA from terminally differentiated cells or tissue;
RNA from non-proliferative cells, and/or RNA specific to cells or tissues of an
organ(s) or organ system(s), Wherein the RNA is detected 1n xa bodily fluid of said

10 . animal, preferably blood énd most preferably :blood plasma and serum as well as

in bthe.r bodily fluids, preferably cerebrospinal fluid, urine, saliva, effusions

including pleural effusion, pericardial effusion, and joint effusion, ascites, cervical'
secretions, vaginal sécretions, endometrial secreﬁons, gastrointestinal secretions,
sputum and bronchial secretions, and fluids associated with tissue lavages.

15 f * The invention further aprovides a method for detecﬁn g and/or monitoring
‘mammalian RNA in blood plasma, serum, and/dr bodily fluid from an animal,
“most preferably a human, or cDNA:derived therefrom, that is associated with non-

hematopoietic or non-hematological cellg or tissue affected b:y a non-neoplastic
disease or injury, wherein thé method comprises the steps of extracting RNA from

20 blood plasma, serum, or other bodily fluid, in vifro amplifying or signal amplifying

a fraction of the extracted RNA or ¢cDNA derived therefrom, either qualitatively or
quantitatively, and detecting the amplified product or signal of the RNA or cDNA
derived therefrom.

The invention provides for the detection of mammalian RNA that does not

25  contain viral or retroviral nucleic acid sequences within its own sequence. - The
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ihveﬁtion furthér provides for the detection of mammalian RNA that 1s not
transcribed from a fragile site of genomic DNA, wherein a fragile site is a locus
thatis a freqﬁent site of DNA strand breakage. Thus the invention further provides
for detectiona of RNA that 1s transcribed from wild-type genomic DNA, in addition

5  to detection of RNA franscribed from a mutated, deleted, translocated, methylated,
or otherwise altered genomic DNA. The invention allows for the detection of
messenger RNA, in addition to non-messenger RNA species such as ribosomal
RNA, transfer RNA, ribonucléoprotein, and RNA transcribed from non—nucleaf
DNA.

10 ~ The invention further provides a method for detecting and/ or monitoring
mammalian RNA in blood plasma, serum,' and/or other bodily fluid from an
animal, most preferably a human, or cDNA derived therefrom, that is associated
with non-neoplastic, non-hematopoietic or non-hematological : terminally
differentiated cells or tissues or non-proliferative cells or tissues, including either

15  healthy or diseased tissues, the method comp;ising the steps of extracting RNA
from. blood plasma, serum, or other bodily fluid, in. vitro amplifying or signal
amplifying a fraction of the exiracted RNA or ¢cDNA deri;ved therefrbm either
qualitatively or quantitatively, and detécting the amplified product or si gnal of
RNA or cDNA derived therefrom, wherein the amplified product or signal is

20  produced from an mRNA that is specific for non-neoﬁlastic, non-hematopoietic or
non-hematological terminally differentiated cells or tissues or non-pro}iferative
cells or tissues. .

The invention further provides ‘methods for detecting and/or monitoring
nlammaiian RNA associated with non-neoplastic, non-hematopoietic or non-

25  hematological cells and tissues that are characteristic of specific tissue(s) and/or
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organ(s) and/or ‘organ system(s), either diseased or healthy, ‘ the methods

coﬁprising the steps of extracting RNA :from blood plasma, serum, or othér bodily

fluid, in vitro afnplifying-or signal amplifying a fraction of the extracted RNA or

: cDNA derived therefrom- either qualitatively or quantitatively, and detecting the

5 amplified product or signal of RNA or cDNA derived therefrom, wherein the

amplified product or signal is produced from an rnRNA that 1s specific for non-

neoplastic, non-hematopoietic or non-hematological terminally differentiated cells

or tissues or non-proliferative cells or tissues that are characteristic of specific
ﬁssue(S) and/or organ(s) and/or organ system(s), either diseased 61' healthy.

10 The invention further provides methods for detecting and/ or rnonitoring
mammalian RNA i blood, blood plasma, sérum, and/or other bodily fluid from an
animal, most prefer:ably a human, or cDNA derived therefrom, tﬁat is derived from
non-neoplastic cells or tissues, when said RNA produces a protein that has é
consequent deleterious effect upon other differing non-nedplastic cells or tissugzs,

15  thereby reéulting in a disease or pathologic condition of the cells or tissues or their:
organ(s) and organ system(s) deleteriously affected, wherein the method comprises
the steps of extracting RNA from blood plasma, sérum, or other bodily fluid, in |
yitro amplifying or signal amplifying a‘fraction of the extracted RNA or ;cDN.A
derived therefrofn, either 'qualitativély or quantitatively, and detectin g the

20  amplified product or signal of the RNA or cDNA derived theretrom. For:example,
the methods of the invention may be used to (}etect within a' bodily fluid mRNA
aésociated with production of lipoproteins, wherein said mRNA is derived from
cells of the liver, and wherein said protein has a deleterious effect upon the cells of

the vascular system such as the arteries, thereby resulting in atherosclerosis.




CA 02455731 2004-01-23

WO 03/009806 PCT/US02/23373
20

In preferred embodiments of the methods of the invention, extracellular
mammalian RNA is extracted from a bodily fluid of an | animat, most preferably a
human. From this extracted RNA, mRNA associated with a non-neoplastic disease
ot pathologic condition or injury, or derived from si)eciﬁc non-neoplastic cells,

S tisstles, or organs of the animal, 1s then >amp1iﬁed, either after conversion into
¢cDNA or directly, using in vitro amplification methods in either a qualitative or |
quantitative manner, or by ampliﬁcation of a signal associated with the mRNA or :
cDNA derived therefrom in a qualitative or quantitative manner. The amplified
product 1s then detected in either a qualitative or quantitative manner.

10 In additional preferred embodiments of the methods of the mvention,
organ-specific or tissue-specific or tissue-identifiable extracellulaf ‘mammalian
RNA present in a bodily fluid, most preferably blood plasma andu serum, that is
derived from specific non-neoplastic non-hematop.oietic or non-hematological cells :
or tissue of an animal, most preferably a human, or eDNA derived therefrom, 1s

15  hybridized to a specific primef, probe; solid substrate, or bioelectrical interface, the
method comprising the extraction of RNA from a bodily fluid, most preferably
plasma or serum, and hybridizing the RNA or cDNA derived therefrom to a
specific primer, probe, solid sobstrate, or bioelectrical interface that consists of |

' oligooucleotide sequences complimentary to RNA from specific non-neoplastic

20 non-hematological cells and/or tissue, or cDNA derived therefrom. The invention
thereby provides for the products of the hybridization.

In the practice of the methods of the invention, extracellular ﬁlammalian
RNA may be extracted from any bodily fluid, including but not limited to whole
blood, plasma, serum, cerebrospinal fluid, urine, saliva, effusions including pleural

25  effusion, pericardial effusion, and joint effusions, ascites, cervical secretions,
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vaginal secretions, endometrial secretions, gastrointestinal secretions, sputum and
bronchial secretions, and fluids associated with tissue lavages, using, for example,

extraction methods described in co-owned U.S. Patent No. 6,329,179 B1.

In the practice of the

methods of the invention, extracellular mammalian RNA may be extracted from

‘the bodily fluid using methods such as, but not limited to, gelatin extraction

method; silica, glass bead, or diatom extraction method; guanidinium thiocyanate
acid-phenol based extraction methods; guanidinium thiocyanate acid based
extraction meth(;ds; methods using centrifugation through cesium chloride or
similar gradients; phenol-chloroform based exiraction methods; aﬁd/or other
available RNA exh'gction methods, as are known in the art for use in extraction of
intracellular RNA, including commercially available RNA extraction methods, for
example, by using or adapting or modi.fying the methods of Boom et al. (1990 J.
Cliﬁ. Micfobiolog)) 28: 495-503); Cheung et al. (1994 J. Clin. Microbiology 32:
2593-2597); Boom et al. (1991 J. Clin. Microbiology 29: 1804-1811);
Chomczynski and Sacchi (1987 Analytical Biochem. 162:156-,159); Chomczynski,
(1993 Biotech. 15: 532-537); Chomczynski and Mackey (1995 Biotechniques 19:
942-945); Chomczynéki and Mackey (1995 Analytical Biochem. 225: 163-164);‘
Chirgwm et al. (1979 Biochem. 18: 5294-5299j; Fournie et al. (1986 Analytical -
Biochem: 158: 250-256); and further as described in co-owned U.S. Patent No.
0,329,179 B1. It is further to be understood that any RNA extraction method that has
demonstrated suitability for the extraction of tumor-derived or tumor-associated RNA

from plasma or serum or other bodily
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ﬂuid is hereby recognized as beiﬁg suitable for the extraction of non-ﬁeoplasltrizc
mémmalian RNA from bodily fluid. ‘
In particularly preferred embodiments of the invention, the ex&acﬁon
method used for extraction of extracellular mammalian RNA is a commercially
5 available extraction method suitable for ¢xtrac‘rion of imtracellular RNA, for
example, TRIzol ™ (Life Technoldgies); Trisolv TM (BioTecx Laborafories);
ISOGEN ™ (Nipbon éene); RNA Stat "™ (Tel-test); TRI Reagent ' (Sigma); SV
Total RNA Isolation System (Promega); RNeasy Mini Kit (Qiagen); Perfect RNA:
Total RNA Isolatilon Kit (Five Prime-Three Prime Inc., Boulder, Colorado); or ..
10  similar commercially available kit, wherein extraction of RNA may be ﬁerfonﬁed
aécofding to manufacturer’s directions, aaapted to the bodily fluid.

In a preferred embodimént, RNAQisI extracfed from a bodily‘ﬂui(_;l using a
probe or probes that specifically hybridize to specific RNA species, such as but not -
limited to probes attached to solid substrates or probes attached to magnetic beads

15  or particles, or probes wherein upon hybridization to a nucleic acid, an electrical
gradient or magnetic gradient or density gradient can thereby enable extraction
and/or sepai‘ation of specific RNA species from the remainder of :bodily fluid.
Further? the RNA or cDNA d¢rived therefrom may be hybridized. to a soﬁd
substrate at a bib-elech'icai iterface whe;*eupon hybridization of a specific RNA,

20  or cDNA derived therefrom, generates an electrical signal which may further be
amplified and detected. ]

: In a preferred embodiment, the bodily fluid is either blood plasma or
serum. It 1s preferred, but not required, that blood be processed soon aftet

drawing, and preferably within three hours, as to minimize any nucleic acid

25 degradation in the sample. In a preferred embodiment, blood 1s first collected by
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venipuncture and kept on ice until further processing. Preferably, within 30
minutes to one hour of drawing the blood, serum is separated by centrifugation, for

example at 1100 x g for 10 mmutes at 4 degrees C. Wheh using plasma, the blood

is not permitted to coagulate prior o separation of the cellular and acellular

componénts. Serum or plasma can be frozen, for example at —70 degrees C, after
separation from the cellular portion of blood until further assayed, whereupon
freezing the specimeh can be maintained for extended periods (for example, .
several years) prior to assaying. When using frozen blood plasma or serum or
other bodily fluid, the frozen serum or plasma or bodily fluid is rapidly thawed, for -
example in a 37 ".degree C water Bath, and RNA is extracted therc;from without
delay using' methods as described above.

Following ﬁe extraction of RNA from a bodily fluid of an animal, a |
fraction of which contains a mammalian RNA associated with a non-neoplastic
disease or pathologic disease or imjury, or a fraction of which contains a
mammalian RNA derived from cells or tissues of an organ or orgar; system of said
animal, including but not limited to RNA derivcf:d from non-proliferating cells' and
tissues, and/or RNA deriv;ed from terminally differentiated éells and tissues, the -
RNA or cDNA derived mereﬁom is preferably amplified in vitro. ‘App lilcable.

amplification assays include but are not limited to ampliﬁcdﬁons assays detailed in

co-owned U.S. Patent No. 6,329,179 B1, and include but are not limited to reverse
transcriptase polymerase chain reaction (RT-PCR), ligase chain reaction, RNA and
cDNA signal amplification methods including branched chain signal amplification,
amplifiable RNA reporters, Q-beta replication, transcription-based amplification,
boomerang DNA amplification, strand displacement activation, cycling probe

technology, 1sothermal
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nucleic acid sequence based amplification, other self sustained sequence
replication assays, and other nucleic acid amplification assays as known in the art,
and/or any variations or combinations thereof, performed in either qualitative or

quantitative fashion. For example, the methods of the invention can utilize nucleic

acid amplification methods as known in the art, such as but not limited to adapting

~ those described by Edmands et al. (1994 PCR Methods Applic. 3: 317-319);

Abravaya et al. (1995 Nucleic Acids Res. 23: 675-682); Urdea et al. (1993 AIDS 7
(suppl 2): S11-S14); and/or Kievits et al. (1991’ J. Virological Methods 35: 273-

286).

~ In preferred embodiments of the methods of the invention, mammalian

RNA is converted into ¢cDNA using reverse iranscriptase prior to in vitro

“amplification using methods known in the art. For example, a sample, such as 10

microl extracted serum RNA is reverse transcribed in a 30 microl. volume
containing 200 Units of Moloney murine leukemia virus (MMLYV) reverse
transcriptase (Promega, Madison, WI), a reaction buffer supplied by the

manufacturer, 1 mM dNTPs, 0.5 micrograms random hexamers, and 25 Units of

- RNAsin (Promega, Madison, WI). Reverse transcription is typically performed

20

25

under an overlaid mineral oil layer to inhibit evaporation and incubated at room
temperature for 10 minutes followed by incubation at 37 degrees C for one hour.
Alternatively, other methods well known in the art can be used to reverse

transcribe the mammalian RNA to cDNA.

In the preferred embodiment, amplification primers or probes are specific

for amplifying the mammalian RNA or cDNA derived therefrom associated with a

non-neoplastic disease or pathologic condition, and/or associated with a non-
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neoplastic and/or terminally differentiated and/ or non-proliferative tissue from an
organ or organ system. In a preferred embodiment, amplification is performed by
RT-PCR, wherein amplification primers are specific for amplifying the cDNA. It
is to be recognized that the design of said primers or probes is based upon the
nucleic acid sequence of the RNA or cDNA, as known in the art, using methods as
known in the art, and further as detailed in co-owned U.S. Patent No. 6,329,179

B1.

In preferred embodiments of the inventive . methods, following

amplification the amplification product of the RNA or ¢DNA, or the amplified

signal product of the RNA or cDNA, is then detected in either a qualitative or
quantitative fashion. In preferred embodiments of the inventive methods, detecting
an amplification product of the Imammalian RINA or ¢cDNA. derived therefrqm, or
signal derived therefrom, is accomplished using a detection method such as but not
limited to gel electrophoresis; capillary electrophoresis; conventional enzyme-
linked immunosorbent assay (ELISA) or modiﬁcaﬁons thereof, subh as
amplification using biotinylated or otherwise modified primers; nucleic acid
hybridization using specjﬁc, detectably-labeled probes, such as fluorescent-,
radioisotope-, or chromogenically-labeled ﬁrobe; laser-induced fluorescence
detection; Northern blot analysis; Southern blot analysis;
electrochemiluminescence; reverse dot blot detection; and high-performance liquid
chromatography, wherein the methods of detection are performed using methods
known in the art.

In one example of a preferred embodiment of the invention, cardiac

troponin T mRNA is detected in a bodily fluid, most preferably blood, blood

plasma, or serum, or in other bodily fluid. Detection of cardiac troponin T mRNA
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in a bodily fluid is advantageous for the detection, diagnosis, monitoring,
prognosticating, or providing a predictive indicator of nbn-neOplastic diseases and
pathologic conditions of the heart, most preferably myocardial infafctipn,
subclinical hlyocardial infarction and mjury, and/or coronary insufficiency, |
including that associated with angina and unstable angina. In a preferred
embodiment, amplification is performed b)f RT-PCR, preferably by the method‘ of
Townsend et al. (1995 J. Mol. Cell. Cardiol. 27: 2223-2236), or Meséner et al.
(2000 Am. J. Clin. I-'fathol. 114: 544-549) or Ricchiuti and Apple (1999 Clin. .

Chem. 45; 2129-2135). In a preferred embodimeht, the method set forth by Messner

et al. (2000 Am. J. Clin. Pathol. 114: 544-549) is used, wherein nested RT-PCR is
performed, wherein the preferred oligonucleotide primer sequences used in the first

RT-PCR amplification reactions are as follows:

Primer 1: 5’ GTTCTGAGGGAGAGCAGA (Sense; SEQ ID No. 1)

Primer 2: 5* AAGTGGTTTCTAGACGAGGA (Antisense; SEQ ID No. 2)

And wherein the preferred oligonucledﬁde primer sequences used in the

‘second RT-PCR amplification reactions are as follows:

Primer 3: 5’ GACCATGTCTGACATAGAAG (Sense; SEQ ID No. 3)
Primer 4: 5" CCGTCTCGTAGATATTGAAC (Antisense; SEQ ID No. 4)

In one example of a preferred embodiment of fhe inv&ﬂ:ion, cardiac
troponin T mRNA i1s harvested from serum or plasma, for example from an
aﬁproximately 1.5 mL ahquot of serum or plasma, and RNA extracted therefrom

the Perfect RNA Total RNA Isolation Kit (Five Prime-Three Prime) according to
manufacturer’s directions. From this extracted RNA preparation, 10 microL are

then reverse transcribed to ¢cDNA as described above. Nested RT-PCR for the
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cardiac troponin T ¢cDNA is performed using the method of Messner et al. (2000 4.
J. Clin. Pathol. 114: 544-549), wherein PCR is performed using Tag DNA
Polymerase and the Incubation Mix (with 1.5 mmol/L. MgCl,) from Appligene Oncor
(Illkirch Cedex, France). Primers 1-4 as described above (SEQ ID Nos. 1-4) are
utilized, with Primers 1 and 2 (SEQ ID Nos. 1 and 2) added to the mixture for the
first stage of the PCR reaction, and Primers 3 and 4 (SEQ ID Nos. 3 and 4) added to
the mixture for the second stage of the PCR reaction, for example using 10 picomoles
each of Primer 1 and 2 (SEQ ID Nos. 1 and 2), and 10 picomoles each of Primer 3
and 4 (SEQ ID Nos. 3 and 4). The appropriate mixtures for each stage reaction are
amplified in a thermocycler under a temperature profile consisting of 30 cycles of
denaturation at 94 degrees C for 30 seconds, annealing at 60 degrees C for 30
seconds, and extension at 72 degrees C for 1 minute. Detection of the amplified
product is then achieved, for example, by gel electrophoresis through a 1.5% agarose
gel (Molecular Biology Grade Agarose, Gibco BRL), using ethidium bromide
staining for visualization and identification of the product fragment, wherein the
expected length for the ¢cTnT3 isoform 1s 733 base pairs, and the expected length for
the ¢TnT4 isoform is 634 base pairs.

The invention also provides alternative methods of amplification of cardiac
troponin T mRNA or ¢cDNA known in the art, including but not limited to the

methods of Ricchiuti and Apple (1999 Clin. Chem. 45: 2129-2135), and of Townsend

et al. (1995 J. Mol. Cell. Cardiol 27: 2223-2236).
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The invenﬁ;)n further provides for the clonin g of the amplified product

fragments into recombinant DNA replication vectors using stan dérd techniques, for
example for the cloning of ¢TnT mRNA or ¢cDNA amplified products mto ISGEM-
T vectors. as described by Townsend et al (1995 J. Mol. Cell. Cardiol. 27: 2223-
2236).
RNA can be produced from cloned PCR products, and in some instances the RNA
expressed thereby, for example by wusing the Quick Coﬁpled .
Transciption/Translation kit (Promega, Madison, WI) as directed by the
manufacturer.

The invention further provides restriction enzyme digestion of an amplified
product, such as the restriction enzyme digestion of a ¢TnT mRN A or cDNA
ampliﬁed product and/or ¢cTnl mRNA or ¢cDNA amplified product, such as ﬁsipg
the restriction enzymes Hinfl and Mspl (New England BioLabs, Beverly, MA), as
described by Méssner et al. (2000 Clin. Chém. 114: 544-549),

It will further be
recognized that amplified products can be restriction enzyme digested prior to a
second stage of ampliﬁcatibn. Amplification methods can also be performed using
primérs speciﬁc for an internal cdntrol sequence, such as glyceraldeh)lrde-3-
phosphate dehydrogenase or c-_abl, psing methocis as known to the art.

In another example of a preferred embod;lment of the invention, cardiac
troponin I mRNA (cTnl mRNA) is detecied in a bodily fluid, most preferably
blood, blood plasma, ' or serum, or in other bodily. fluid. Detection of cardiac
troponin I mRNA in a bodily fluid is advantageous for ﬁe detection, diagnosis,
monitoring, prognosticating, or providing a predictive indicator of non-neoplastic

diseases and pathologic conditions of the heart, most preferably myocardial
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infarction, subclinical myocardial infarction or inj ury, and/or coronary
insufficiency, including that associated with angina and unstable angina. In a
preferred embodiment, amplification i§ performed by RT-PCR, preferably by the 1
method of Messner et al. (2000 Am. J. Clin. Pathol. 114: 544-549), or Ricchiuti and
Apple (1999 Clin. Chem. 45: 2129-2135). In a preferred embodiment, the method of
by Messner et al. (2000 Am. J. Clin. Pathol. 114: 544-549) is used, wherein nested
RT-PCR is performed, wherein the preferred oligonucleotide primer sequences used

in the first RT-PCR ampliﬁcaﬁon reactions are as follows:

Primer1: 5’ AACCTCGCCCTGCACCAG (Sense; SEQ ID No. 5)
Primer 2: 5" CCCGGGACTCCTTATTTCG (Antisense; SEQ ID No. 6)
And wherein the preferred oligonucleotide primer sequencés used i the
second RT-PCR ampliﬁcatioh reactions are as folléws:
Primer3:  5° CCTCCAACTACCGCGCTTA (Sense; SEQ ID No. 7)
Primer 4: 5" GACTCGGAAGGACGGATGA (Antisense; SEQ ID No. 8)
In one exampie of a preferred embodiment of ‘the | invention, cardiac

troponin I mRNA is harvested from serum -or plasma, for example from an
approximately 1.5 mL aliquot of serum or plasma, and RNA extracted therefrom

the Perfect RNA Total RNA Isolation Kit (Five Prime-Three Prime) according to -

the manufacturer’s directions. From this extracted RNA preparation, 10 microl.

are then reverse transcrib ed to cDNA as described above. Nested RT-PCR for the

cardiac troponin I ¢cDNA is performed using the method of Messner et al. (2000

Am. J. Clin. Pathol. 114: 544-549), wherein PCR is performed using Tag DNA

polymerase and the Incubation Mix
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(Wifh 1.5 mmol/LL MgCl,) from Appiigene Oncor (Illkirch. Cedex, France).
Primers 1-4 as described above (SEQ ID Nos. 5-8) are utilized, with ?rirrwrs 1 and
2 (SEQ ID Nos. 5 and 6) aﬁded to the mixture for the first stage of the PCR
reaction, and Primers 3 and 4 (SEQ ’ID Nos. 7 and 8) added to the mixture for the
second stage of the PCR reaction, for example using 10 picomoles each of Primer
1 and 2 (SEQ ID Nos.-5 and 6), and 10 picomoles each of Primer 3 and 4 (SEQ ID
Nos. 7 and 8). The appropriate mixtures for each stage reaction are amplified in a
thermocycler under a temperature broﬁle consisting of 30 cycles of denaturation at .
94. degrees C for 30 seconds, annealing at 60 degrees C for 30 seconds, and
extension at 72 degrees C for 1 minute. Detection of the amplified product is then
achieved, for example, by gel -electrophoresis through a' 1.5% agarose gel
(Molecular Biology Grade'Agarose, Gibco BRL), using ethidium bromide staining
for visualization and identification of the pi‘b‘duct fragment, wherein the expected
lengtﬁ for the ¢Tnl amplification product is 581 base pairs.

The invention provides for alternative methods of amplification of cardiac
troponin I mﬁNA or cDNA known in the art, including but not limited to the

methods of Ricchiuti and Apple (1999 Clin. Chem. 45: 2129-2135)

In another example of a preferred embodiment of the invention, beta-
myosin heavy chain mRNA is detected in a bodily fluid of an animal, most
preferably m blood, blood plasﬁa, or serum ot in other bodily fluid. Detection of
beta-myosin heavy chain mRNA in a bodily fluid is advantageous for the
detéction,. diagnosis, moniforing, prognosticating, or providing a predictive
indicator of non-neoplastic diseases and pathologic conditions of muscle, most

advantageously cardiac muscle of the heart. In one example of a preferred
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embodiment of the invention, beta:—myosin hearfy chain mRNA is hervested serum
or plasma, for exarnple from an approximately 1.5 mL aliquot of serum or plasma,
and RNA extracted therefrom using the Perfeet RNA Total RNA Isolation "Kit
(Five Prime- Three Prime) according to the manufacturer’s directions. From this
5  extracted RNA preparation, 10 microL are then reverse transcribed to cDNA as
described above. The cDNA is then hybridized to a primer or probe specific to
beta-myosin heavy chain ¢cDNA, most preferably an ol gonucleotide primer or
probe, wherein the primer or probe is specific to the nucleotide sequence of a
fragment of beta-myosin heavSI chain cDNA. Altematirely, extracted mRNA may

10 be hybrrdlzed dlrectly. toa probe specific to the nucleotide sequence of a fragment
of the mRNA Hybrldlzed primers or probes may thereby enable either qualrtatlve
or quantitative amplification or signal amplification of the mRNA or cDNA
derived therefrom, such as beta-myosin heavy chain cDNA, fellowed by detection
of the product, by methods of the art as previously described. :

15 In another example of a preferred embodiment of the mvention, acidie
flbroblast g‘rowth factor mRNA and/or basic fibroblast growth factor mRNA 1s
detected 1n a bodlly fluid, most preferably blood, blood plasma and serum, or other
bozdily fluid. Detection of acidic fibroblast growth factor mRNA and/or basrc
fibroblast growth factor mRNA in a bedily fluid is advantageous for the detection,

20  diagnosis, monitering, prognosticating, or providing 2 predictive indicator of non-
neoplastic diseases and pathologie cenditions of the cardiovascular system, most
preferably nen-neoplastic diseases and pathologic conditions releting to

atherosclerosis and intimal hyperplasia. In a preferred embodiment, amplification

is performed by RT-PCR, preferably by the method of Zhao et al. (1994
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Circulation 90: 677-685) but preferably for 45 cycles.

In one example. of a . preferred embodiment of the invention, acidic

ﬁbrbblast growth factor mRNA and/or basic fibroblast growth factor mRNA is
harvested from blood, most preferably blood plasma or serum, or other Bodily
fluid, for example from an approximately 1.5 mL aliquot of serum or plasma, and
RNA extfacted therefrom using the Perfect RNA Total RNA Isolation Kit (Five
Prime- Three Prime) according to the manufacturer’s directions. From' this
extracted RNA. preparation, 10 microl. are then reverse transcribed to ¢cDNA as
described above. RT-P CR for acidic fibroblast growth factor cDNA and/or basic
fibroblast growth factor cDNA 1is performed using the method of Zhao et al. (1994
Circulation 90: 677-685) but preferably for 45 cycles, with the amplified product
detected as previously described, for example by gel electrophoresis with ethidium

bromide staining.

In another example of a preferred embodiment of the invention, prostate
apoptosis response-4 (Par-4) mRNA is detected in a bodily fluid, most preferably
cerebrospinal fluid, or blood, blood plasma, serum, or other bodily fllud. Detection
of Par-4 mRNA 1in a bodily fluid is advantageous for the detection, diagnosis,
monitoring, prognosticating, or providing a predictive indicator of non-neoplastic
diseases and pathologic conditions and injuries of the brain and nervous system,
such as stroke, ischemia of the brain, hypoxia of the brain, traumatic brain injury,

and neurodegenerative disease. In a preferred embodiment, amplification is

performed by RT-PCR, preferably by the method of Dhillon et al. (2001 Exp.



10

15

20

CA 02455731 2008-02-29

33

Neurol. 170: 140-148) but preferably for 45 cycles.

In one example of a preferred embodiment of the invention, Par-4 mRNA is
harvested from cerebrospinal fluid or serum or plasma, for example from an
aliquot of cerebrospinal fluid, and RNA extracted therefrom using the Perfect RNA
Total RNA Isolation Kit (Five Prime-Three Prime) according to manufacturer’s
directions. From this extracted RNA ’preparation, 10 microl. are then reverse
transcribed to cDNA as described above. RT-PCR for Par-4 cDNA is performed
using the method of Dhiﬁon et al. (2001 Exp. Neurol. 170: 140-148) but preferably
for 45 cycles, with the a?npliﬁed product detected as previously described, for

example by gel electrophoresis with ethidium bromide staining.

In particularly advantageous methods . of the invention, a ﬁlultiplexed panel

or sequential analysis or cDNA chip approach 1is employed to allow the concurrent

or sequential analysis of muliiple RNA from a bodily fluid specimen. In one
aspect of this embodiment, multiple mammalian RNA associated with a particular
6rgan‘ or organ system are thereby detected in a bodily fluid, most preferably
blood, bléod plasma, sérum, or other bodily ﬂuid, as a method for detecting,
diagnosing, monitoring, predicting, or prognosticating a non-neoplastic disease or
pathdlo gic conditioﬁ or injury. In a particularly advantageous embodiment of the
invention, cardiac troponin T mRNA and cardiac troponin I mRNA or other

myocardial-derived RNA such as beta-myosin heavy chain mRNA are detected in
sequential, concurrent, multiplexed, or chip fashion from the same bodily fluid

specimen, most preferably blood, blood plasma, serum, or other bodily fluid.



WO 03/009806

10

15

20

25

CA 02455731 2004-01-23

34

In an embodiment of the invention, the RNA of interest is compared to
RNA from a housekeeper gene or genes similaﬂy extracted from the bodily ﬂuid in
either quantitative or qualitative fashion. . [

In another embodiment of the invention, mammalian RNA from a bodily
fluid specimen of an animal, most preferably a human, is concurrently or
sequentially analyzed m comp ari;on With protein markers or lipoprotein markers
or DNA markers from said bédily fluid specimen in qualitative or quantitative
fashion; wherein comparative analysis of the presence of mammalian RNA in said
bodily fluid specimen to the presence of the protem or DNA in said bodily
specimen facilitates  the diagnosis, detection, evaluati;)n, ‘monitoring,
prognosticating, or predicting of a non-neoplastic disease 61‘ pathologic condition
or injury in said animal. For exémple, mammalian RNA such as but not limited to
acidic fibroblast grthh factor mRINA and/ or basic fibroblast growth factor mRNA

and/or platelet-derived growth. factor mRNA may be detected in blood and

sequentially or concurrently compared with serum lipoproteins and/or serum

“cholesterol as a method of prognosticating or predicting atherosclerotic disease.

The examples of preferred embodiments of the mvention provided herein
whereby cardiac troponin T mRNA or cardiac troponin I mRNA or beta-myosin

heavy chain mRNA or ac:izdic fibroblast growth factor mRNA or basic fibroblast N

srowth factor mRNA or Par-4 mRNA are detected in bodily fluid are provided as

examples and not as limitations on the methods of the invention. It 1s to be
understood that the invention generally encompasses | detection of extracellular
mammalian RNA associated with non-neoplastic disease or pathologic condiﬁon Or
injury in an animal, and/ or RNA derived from non—neoplastic terminally

differentiated or non-proliferative tissue of an animal, and/or RNA derived from

PCT/US02/23373
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non—neoplastié orgz«in-speciﬁc tissue of an animal, wherein the RNA :is defec'ted na
: bodily fluid taken from said animal. Tt will be understood the: art that other “
RNA may provide markers of pathologic conditions or disease or injury, and it is
within the scope and spirit of the invqention that these RNA may be extracted as
5 extracellular RNA- from blood plasma, serum, or other bodily ﬂuid, the RNA
species of interest or cDNA derived therefrom can be amplified or signal amplified
using primers or probes specific to the RNA or cDNA of interest, and thé ;ampl.iﬁed
product or signal be detected, as is taught by the invention herein.
In a particularly preferred embodiment, the mammalian RNA associated
10  with a non-neoplastic disease or pathologic condition or cDNA derived therefrom
is amplified or signal amplified mm a qﬁéntitative amplification reaction.
Quantitative amplification of the mammalian RNA or cDNA 1s particularly
advantageous when said RNA is present at lower levels in a bodily tluid of healthy
animals, but present aj: higher levels in a bodily fluid of animals with a diséase or
15  pathologic condition or injury. The method thereby eﬁables statistically-based
discrimination between individuals with a disease or pathologic condition and
healthy populations or populations without the diseasé or pathologic condition.
The quantitativeﬁ method further enables comparison between ihdividuals having
the disease or condition, wherein higher levels of said RNA i a bodily fluid 1s
20 indicative of a disease or pathologic condition of greater severity, or of earlier
onset. Thé quanﬁtative method thereby provides a method fo;' monitoring a
disease or pathologic condition, or monitoring a response to therapy for a disease
or pathologic conditioﬁ, or for determining a prognosis. 'The methods of the
invention thereby providé a marker for assessing the adequacy of therapy, or for

25  determining whether additional or more advanced therapy is required. It 1s
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particularly advantageouo to perform the methods .of the invention in a serial
manner to monitor an animal’s disease or condition, and to assess the adequacy of
therapy or the need to change therapy. The methods of the inoention theroby
further permit rational, informed treatment: options to be used for making

therapeutic decisions.

The methods of the invention are thereby advantageously used for
providing a diagnosis or prognosis of, or as a predictive indicator for a non-
neoplastic disease or pathologic condition or injury. The methods of the invention
are particularly useful for providing a diagnosis or prognosis of, or monitoring of,
or for providing a predictive indicator for cardiofascular diseases and conditiono.
Thus, the methods of the invention will be useful in the assessment of individuals
ha.ving' symptoms that might be consequent to a cardiovascular disease or
condition. The methodo of the invention will further be useful in the assessment of
individuals having risk factors for a cardiovascular. disease or condition. The
methods of the invention will further be useful for the monitoring or determining
prognosis of individuals known to have a cardiovascular disease or condition. The
methods of the invention_ will thus be useful either alone or in conjunction with
other tests, assays, procedures, or exams that enable tho evaluation of
cardiovascular diseases ond conditions, such as but not limited to stress tests,
radiologic scans, echocardiogrom, and electrocardiograms. The methods of the
invention will further be useful to monitor an individual during or following
surgery.

The methods of the invention are further particularly useful for providing a

diagnosis or prognosis of, or as a predictive indicator for a non-neoplastic

neurologic disease or neurologic pathologic condition or injury. Thus, the methods

PCT/US02/23373
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of ;che inveﬁtion will be useful m the assessment of individuals having symptoms
that might be consequent to a neurologic disease or condition. The me;thods of the
invention will further be useful in the assessment of individuals having risk factors.
for a neurologic disease or condition. oThe méthods of the invention will further be

5  useful for the monitoring or determining prognosis of ipdividﬁals known to have a
neurologic disease or condition. Thé methods of the invention will thus be useful
either alone or in conjunction with other tests, assays, procedures, or exams that
enable the evaluation of neurologic diseases and conditions, such as but not limited
to radioiogic exams such as CT scan and MRI scan, electroencephalogram, and

10  lumbar puncture. The methods of tﬁé invention will further be uséful to monitor an
| individual’durin'g or following surgery.

The methods of the invention will further be advantageous in the screening
of individuals for predisposition to diseéses and pathologic conditions, thercby
enabling the institution of preventive therapy. |

15 The methods of the invention provides for diagnostic kats for the detection,
diagnosis, monitormg, prognosticatiﬁg, or predicting of non-neoplastic disease or
pathologic condition or injury, wherein the diagnostic: kit provides for the
extracﬁon of mammalian RNA' from plasma, serum, or pther bodily fluid, and/or

provides primers or probes used in the detection of the extracted RNA of mnterest

20 or cDNA derived therefrom.

The methods of the invention and preferred uses for the methods of the
invention are more fully 1illustrated i the following Example. This Example
illustrates certain aspects of the above-described method and advantageous results.

25  This Example is shown by way of illustration and not by way ot limitation.
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EXAMPLE 1
A 52 year-old man presents to his doctor with complaints of recent onset of

increasingly frequent episodes of mild chest discomfort. His doctor suspects a

- possible cardiac etiology, and orders further cardiac evaluation. The man

undergoes a “stress test” consisting of an electrocardiogram test during and
following controlled treadmill exercise. Peripheral venous blood i1s drawn from the
man one hour and six hours following the stress test to evaluate for the presence of

cardiac troponin T mRNA and cardiac troponin I mRNA using the methods of the

invention. Five ml of blood plasma is collected for each time period, maintained

on ice until separation of plasma from the cellular blood fraction, and then frozen
ﬁntil further testing. Both plasma samples are evaluated in a laboratory at the san;ie
time by rapidly thawing the frozen samples, extracting RNA from the plasma using |
a commercial RNA extraction kit such as the Perfect RNA Total RNA Isolation Kit
(Five Prime-Three Prime) according to ‘manufaoturer’ S direction's, reverse
transcribing the extracted RNA to cDNAe as previously described, and amplifying
the cDNA. with i)rimers specific for cardiac troponin T ¢cDNA and cardiac teronin
I cDNA by the methods of the inventioh, such as by using the method of Messner
et al. (2000 Am. J. Clin. Pathol.' 114: 544-549), performed in a qualitative fashion.
The amplified product 1s then detected,. such as by using gel electrophoresis.
Detection of cardiac troponin T mRNA and/or cardiac troponin I mRINA in the
peripheral blood would indicate an underlying cardiovascular disease associated
with pellular injury during the stress test, and the doctor in this case would thereby
make a diagnosis of unstable angina and would thereby mstitute therapeutic

measures.
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" Five weeks following the treadmill the patient presents to the emergency room

with complaints of sustained substernal chest discomfort and shortness of breath. |
The émergency doctor suspects a possible myocardial infarction. To confirm this,
he obtains peripheral venous blood from the patient and evaluate the blood for the
presence of cardiac troponin T mRNA and/or cardiac troponih I mRNA in the
peripheral blood, using the methods of the invention descﬁbed. The presence of
cafdiac troponin T mRNA and cardiac troponin 1 mRNA is thereby confirmed and

a diégnosis of myocardial infarction thereby made, and the man is admitted to the

ho épital cofonary care unit. There, cardiac troponin T mRNA and cardiac troponin

I mRNA in blood would be serially quantitatively "monitoroed using the methéd of
the invention as a means of monitoring the progression of the myocardial
infarction, the severity of the myocardial tissue injury, and the pro onosis for the
patient. In addition, plésma beta-myosin heavy cham ’mRNAl is monitored using

the method of the invention to further evaluate the severity of the myocardial tissue |

mnjury.
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THE EMBODIMENTS OF THE INVENTION FOR WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for detecting extracellular cardiac RNA in a human, the method comprising
the step of detecting extracellular mammalian RNA in plasma or serum from a human,
wherein said RNA corresponds to a human ribonucleic acid sequence expressed in

cardiac cells.

2. A method for detecting extracellular neural RNA in a human, the method comprising
the step of detecting extracellular mammalian RNA in plasma or serum or cerebrospinal
fluid from said human, wherein said RNA corresponds to a human ribonucleic acid

sequence expressed in brain cells.

3. A method for detecting mammalian extracellular cardiac RNA 1in blood plasma or
serum from a human, wherein said RNA corresponds to a human nucleic acid sequence,

the method comprising the steps of:

a) extracting extracellular RNA from blood plasma or serum from a
human;
b) in vitro amplifying or signal amplifying a fraction of the extracted

RNA or cDNA derived therefrom in a quantitative or qualitative
fashion using primers or probes specific for a human nucleic acid
sequence of RNA from cardiac cells, or cDNA derived therefrom;

and

c) detecting the amplified product or signal produced thereby.
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4. A method of detecting mammalian extracellular neural RNA in blood plasma or
serum or cerebrospinal fluid from a human without cancer, wherein said RNA
corresponds to a human nucleic acid sequence, the method comprising the steps of:
a) extracting extracellular RNA from blood plasma or serum or
cerebrospinal fluid from a human;
b) in vitro amplifying or signal amplifying a fraction of the extracted
RNA or cDNA denved therefrom in qualitative or quantitative
fashion using primers or probes specific for a human nucleic acid
sequence of RNA from brain cells, or cDNA derived therefrom; and

C) detecting the amplified product or signal produced thereby.

5. A method according to claim 3, whereby a disease or pathologic condition or injury
of the heart 1s detected, diagnosed, monitored, prognosticated, or predicted when a
cardiac RNA from a diseased or injured heart is detected in the plasma or serum of a
human 1n an amount or concentration greater than the amount or concentration of said
RNA determined from the plasma or serum of a group of humans without a disease or

pathologic condition or injury of the heart.

6. A method according to claim 4, whereby a disease or pathologic condition or injury
of the brain 1s detected, diagnosed, monitored, prognosticated, or predicted when a neural

RNA trom a diseased or injured brain is detected in the plasma or serum of a human in an
amount or concentration greater than the amount or concentration of said RNA
determined from the plasma or serum of a group of humans without a disease or

pathologic condition or injury of the brain.
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7. A method of hybridizing mammalian extracellular cardiac RNA or cDNA derived
therefrom from a human, wherein said RNA corresponds to a human ribonucleic acid
sequence expressed in cardiac cells, to a primer, probe, solid substrate, or bioelectrical
interface, the method comprising the steps of:

a) extracting extracellular RNA from blood plasma or serum from a
human, wherein a portion of the extracted RNA comprises
mammalian extracellular cardiac RNA; and

b) hybridizing a portion of the extracted RNA or cDNA derived
therefrom to a primer, probe, solid substrate, or bioelectrical
interface, wherein the primer, probe, solid substrate, or bioelectrical

interface consists of oligonucleotide sequences complementary to

human cardiac RNA or cDNA derived therefrom.

8. A method of detecting mammalian extracellular RNA in blood plasma or serum from
a human, wherein said RNA is translatable into a protein that has a deleterious ettect
upon cells or tissues of the vasculature within the human, thereby resulting in a disease or

pathologic condition of the vasculature in the human, the method comprising the steps of:

a) extracting extracellular RNA from blood plasma or serum from a
human;
b) in vitro amplifying or signal amplifying a fraction of the extracted

RNA or cDNA derived therefrom in a qualitative or quantitative
fashion using primers or probes specific for a RNA that 1s
translatable into a protein having a deleterious effect upon cells or
tissues of the vasculature of a human, or cDNA derived therefrom:;
and

C) detecting the amplified product or signal produced thereby.
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9. A method according to claim 8, whereby a disease or pathologic condition 1s
detected, diagnosed, monitored, prognosticated, or predicted when a RNA that translates
a protein having a deleterious effect upon the vasculature is detected in the plasma or

serum of a human, wherein said disease or pathologic condition is atherosclerosis.

10. The method of claim 3, wherein the amplification in step (b) is performed by an RNA
amplification method that amplifies RNA directly or wherein the RNA 1s first reverse
transcribed to cDNA, whereby the cDNA is amplified, wherein the amplification method
1S reverse transcriptase polymerase chain reaction, ligase chain reaction, branched DNA
signal amplification, amplifiable RNA reporters, Q-beta replication, transcription-based
amplification, i1sothermal nucleic acid sequence based amplification, self-sustained
sequence replication assays, boomerang DNA amplification, strand displacement

activation, cycling probe technology, and/or modifications or variations thereof.

11. The method of claim 4, wherein the amplification 1n step (b) 1s performed by an RNA
amplification method that amplifies the RNA directly or wherein the RNA 1s first reverse
transcribed to cDNA, whereby the cDNA 1s amplified, wherein the amplification method
1S reverse transcriptase polymerase chain reaction, ligase chain reaction, branched DNA
signal amplification, amplifiable RNA reporters, Q-beta replication, transcription-based
amplification, 1sothermal nucleic acid sequence based amplification, self-sustained

sequence replication assays, boomerang DNA amplification, strand displacement

activation, cycling probe technology, and/or modifications or variations thereof.
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12. The method of claim 8, wherein the amplification 1n step (b) is performed by an RNA

amplification method that amplifies the RNA directly or wherein the RNA 1is first reverse
transcribed to cDNA, whereby the cDNA 1s amplified, wherein the amplification method
1S reverse transcriptase polymerase chain reaction, ligase chain reaction, branched DNA
signal amplification, amplifiable RNA reporters, Q-beta replication, transcription-based
amplification, isothermal nucleic acid sequence based amplification, self-sustained
sequence replication assays, boomerang DNA amplification, strand displacement

activation, cycling probe technology, and/or combinations or variations thereof.

13. A method of producing cDNA from extracellular human cardiac RNA extracted from
plasma or serum from a human, the method comprising the step of incubating said human

cardiac RNA with a reverse transcriptase, whereby cDNA 1is produced.

14. A method of producing cDNA from extracellular human neural RNA extracted from

plasma or serum from a human, the method comprising the step of incubating said human

neural RNA with a reverse transcriptase, whereby cDNA i1s produced.

15. A method of producing cDNA from extracellular human neural RNA extracted from
cerebrospinal fluid from a human, the method comprising the step of incubating said

human neural RNA with a reverse transcriptase, whereby cDNA is produced.

16. The method of claim 3, wherein detection of the amplified product in step ¢ is
performed using a detection method that is gel electrophoresis, capillary electrophoresis,
ELISA detection, labeled fluorescent or chromogenic probes, laser-induced fluorescence,
Northern blot analysis, Southern blot analysis, electrochemiluminescence, reverse dot

blot detection, or high-performance liquid chromatography.
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17. The method of claim 4, wherein detection of the amplified product in step c is
performed using a detection method that is gel electrophoresis, capillary electrophoresis,
ELISA detection, labeled fluorescent or chromogenic probes, laser-induced fluorescence,
Northern blot analysis, Southern blot analysis, electrochemiluminescence, reverse dot

blot detection, or high-performance liquid chromatography.

18. The method of claim 8, wherein detection of the amplified product in step ¢ is
performed using a detection method that is gel electrophoresis, capillary electrophoresis,
ELISA detection, labeled fluorescent or chromogenic probes, laser-induced fluorescence,
Northern blot analysis, Southern blot analysis, electrochemiluminescence, reverse dot

blot detection, or high-performance liquid chromatography.

19. A method of detecting extracellular cardiac troponin T mRNA in blood plasma or

serum from a human or animal, the method comprising the steps of:

a) extracting RNA from blood plasma or serum from a human or
animal;
b) in vitro amplifying or signal amplifying a fraction of the extracted

RNA or cDNA prepared therefrom, wherein said fraction comprises
extracellular cardiac troponin T mRNA, and wherein amplification is
performed in either a qualitative or quantitative fashion; and

C) detecting the amplified extracellular cardiac troponin T mRNA or

cDNA product or signal.
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20. A method according to claim 19, wherein a cardiovascular disease, condition, or
injury is detected, diagnosed, monitored, prognosticated, or predicted when cardiac

troponin T mRNA 1s detected in blood plasma or serum.

21. A method of detecting extracellular cardiac troponin I mRNA 1n blood plasma or

serum from a human or animal, the method comprising the steps of:

a) extracting RNA from blood plasma or serum from a human or
animal;
b) in vitro amplifying or signal amplifying a fraction of the extracted

RNA or cDNA prepared therefrom, wherein said fraction comprises
extracellular cardiac troponin I mRNA, and wherein amplification is
performed in either a qualitative or quantitative fashion; and

C) detecting the amplified extracellular cardiac troponin I mRNA or

cDNA product or signal.

22. A method according to claim 21, wherein a cardiovascular disease, condition, or
injury is detected, diagnosed, monitored, prognosticated, or predicted when cardiac

troponin I mRNA 1s detected 1n blood plasma or serum.

23. A method of detecting extracellular beta-myosin heavy chain mRNA 1n blood plasma

or serum from a human or animal, the method comprising the steps of:

a) extracting RNA from blood plasma or serum from a human or
animal;
b) in vitro amplifying or signal amplifying a fraction of the extracted

RNA or cDNA prepared theretfrom, wherein said fraction comprises
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extracellular beta-myosin heavy chain mRNA, and wherein
amplification is performed in either a qualitative or quantitative
fashion; and

detecting the amplified extracellular beta-myosin heavy chain

mRNA or cDNA product or signal.

24. A method according to claim 23, wherein a cardiovascular disease, condition, or

injury is detected, diagnosed, monitored, prognosticated, or predicted when beta-

myosin heavy chain mRNA is detected in blood plasma or serum.

25. A method of detecting extracellular acidic fibroblast growth factor mRNA in plasma

or serum from a human or animal, the method comprising the steps of:

a)
b)

extracting RNA from plasma or serum from a human or animal;

in vitro amplifying or signal amplifying a fraction of the extracted
RNA or cDNA prepared therefrom, wherein said fraction comprises
extracellular acidic fibroblast growth factor mRNA, and wherein
amplification is performed in either a qualitative or quantitative

fashion; and

detecting the amplified extracellular acidic fibroblast growth factor

mRNA or cDNA product or signal.

26. A method according to claim 25, wherein a cardiovascular disease, condition, or

injury is detected, diagnosed, monitored, prognosticated, or predicted when acidic

fibroblast growth factor mRNA 1is detected 1n plasma or serum.
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27. A method of detecting extracellular basic fibroblast growth factor mRNA 1n plasma

or serum of a human or animal, the method comprising the steps of:

a)
b)

extracting RNA from plasma or serum from a human or animal;

in vitro amplifying or signal amplifying a fraction of the extracted
RNA or cDNA prepared therefrom, wherein said fraction comprises
extracellular basic fibroblast growth factor mRNA, and wherein
amplification is performed in either a qualitative or quantitative
fashion; and

detecting the amplified extracellular basic fibroblast growth factor

mRNA or cDNA product or signal.

28. A method according to claim 27, wherein a cardiovascular disease, condition, or

injury is detected, diagnosed, monitored, prognosticated, or predicted when basic

fibroblast growth factor mRNA is detected in plasma or serum.

29. A method of detecting extracellular Par-4 mRNA 1n cerebrospinal fluid, blood

plasma or serum from a human or animal, the method comprising the steps of:

a)

b)

extracting RNA from cerebrospinal fluid, blood plasma or serum

from a human or animal;

in vitro amplifying or signal amplifying a fraction of the extracted
RNA or cDNA prepared therefrom, wherein said fraction comprises
extracellular Par-4 mRNA, and wherein amplification 1s performed
in either a qualitative or quantitative fashion; and

detecting the amplified extracellular Par-4 mRNA or cDNA product

or signal.
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30. A method according to claim 29, wherein a neurologic disease, condition, or injury 1s
detected, diagnosed, monitored, prognosticated, or predicted when Par-4 mRNA 1s

detected in blood plasma or serum.

31. The method of claim 2, wherein a housekeeper gene RNA is additionally detected.

32. The method of claim 3, wherein a housekeeper gene RNA is additionally amplified

and detected.

33. The method of claim 4, wherein a housekeeper gene RNA is additionally amplified

and detected.
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