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BIOVMARKERS OF CARDIOVASCUL AR STATUS AND USES THEREQF

STATEMENT AS TQO FEDERALLY SPONSQORED RESEARCH
This invention was made with government support under grant number TRO00B awarded by

the National Institutes of Health, The government has certain rights in the invention.

FIELD OF THE INVENTION
The invention pertains to methods of using biomarkers {0 assess, determing, or predict a

cardiovascular condition in a subjectl.

BACKGROUND
Cardiac injuriss and diseasss associaied with cardiac ramodeling and subsequent development
of heart failure {(HF) can detrimentally impact function and guality of lifs. There is a need for new
technologies to determine, assess, pradict, or infer various cardiovascular conditions, in particuiar as they

relate to cardiac ramodsiing.

SUMMARY OF THE INVENTION

in ong aspect, disclosed is a method for asssasing, delermining, predicting, or inferring a
cardiovascular condition in a subject {e.g., a human}, the method comprising determining, in at least one
sample from the subject, exprassion of at least one biomarker {(8.g., one, two, three, four, five, len,
twenty, thirty, forty, fifty, sixly, or seventy-four biomarkers, such as a biomarker having the sequence of
any cne of SEQ 1D NGs 1-74, or a complement thersof, and variants thersof). The biomarker{s} may
have at least 80% (e.g., BS%, 80%, 85%, 87%, 89%, or 100%) sequence identity to any one of SEQ 1D
NOs:1,2,8,4,5,6,7,8, 8,10, 11,12, 13, 14, 15, 16, 17, 18, 18, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 338, 34, 35, 36, 37, 3B, 39, 40, 41, 42, 43, 44, 45, 48, 47, 48, 49, 50, 51, 52, 53, 54, 85, 58, 57,
58, 58, 60, 61, 62, 63, 64, 65, 66, 67,68, 69,70, 71,72, 73, or 74, or a complemaeant thereof; e.q., the

biomarker{s} may be one or more of the biomarkers of FO1, FC2, and/or PC3 {ses Figure 5) or one oy

s

more of SEG 1D NOs: 1-12). Also featured are methods of freating a cardiovascular condition in a subject
{e.g., heart fallure or myocardial infarction (M) by administering a cardiac therapy to the subject, in which
the subject has been determined 10 be in need of the cardiac therapy according to the diaghostic methods
described herein.

The subject may be one that has experienced cardiovascular injury or dissase {e.g., vascular
cardiovascular injury or dissase, traumatic cardiovascuiar injury or disease, infectious cardiovascular
injury or disease, autolmmune cardiovasaular injury or disease, metabolic cardiovascular injury or
disease, inflammatory cardiovascular injury or disease, degenerative cardiovascular injury or disease, or
neoplastic cardiovascular injury or disease}. In another embodiment, the method further comprises
collecting at least one sample from the subject {e.q., two or more samples {e.g., 2, 3, 4, 5, §, or moreg
samples, which may be collected at the same time or al different timss and/or from the same lissue or

different tissues}. In another embodiment, the method further comprises computationally predicting or
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determining a cardiovascular staius of the subject bassd on the expression level of one or mors of the
biomarkers.

Also featured is a method for detecting a level of a biomarker {g.q., one, two, three, Tour, five, len,

dwenty, thirty, Torty, fifty, sixly, or seventy-four of the biomarkers of SEQ 1D NQs: 1-74, or a compisment
therecf, and variants thereof having at least 80% {s.¢., 85%, 80%, 95%, 87%, 39%, or 100%) sequsance
identity {o any ons of SEGQ 1D NOs: 1-74, or a complement thereof; e.q., the biomarker(s) detected may
be one or more of the biomarkers of PC1, PC2, and/or PC3 (see Figure 3) or one or more of SEQ D
NQs: 1-12)) in a sample from a sublect having a cardiovascular diseass or injury, such as a subisct who
has had a myocardial infarction (M1} or a subject with heart failure. The method inciudes {a} contacting
the sample {e.g., a blood sampie} from the subject including one or maore nuclsic acid molectiles with: i
one or more singls-stranded nuclsic acid moleculss {e.g., single-stranded nucleic acid moleculas having
a length in the range of 1 10 200 {e.g., 1-100, 1-50, 1-30, 1-25, 1-20, or 1-15) nucleotides) capable of
specifically hybridizing with nucieotides of one or more of the biomarkers selacted from any one or morg
of SEQ 1D NOs: 1-74, or a complemant thereof {(a.g., the single-strandad nucleic acid molecules may ba
afiixed to, e.4., a solid support, .¢., a davice, such as a microarray); and (B detecting a lavel of the one
ar more biomarkers or the complament thersof in the sample by detecting hybridization between the one
ar more single-stranded nucleic acid molecules and the one or more nucleic acid molecules of the sampls
{e.g., by parforming microarray analysis or guantitative reverse transoriptase polymaerase chain reaction
{GRT-PCRY). The expression level of the biomarker{s} may be detected by delermining the level of a
messenger RNA (mRNA) corresponding to the biomarker{s}; or a complamentary DNA (CDNA) thereof,
in another embaodiment, the method comprises collecting two samples at two distinet times and/or from
one or more tissue sources. in another embadiment, the method comprises determining exprassion of
the biomarker(s) based on RNA sequencing or by measurement on a platform, e.g., Fireplex (ABCAM).
In an embaodiment, the level of expression of one or more of the biomarkers {(e.g., an increase in the level
of expression of one or more of the biomarkers (.4, a two-fold or more {e.g., 3-, 4-, 5-, 6-, 7-, 8-, 8-, 10-,
50-, 10{-, or 1000-foid} increase refative 1o a reference leveal) indicates the cardiovascuiar status of the
subject {e.g., a human), .g., whether the subject will experience beneficial or adverse cardiac (e.g., LV}
remadeling {(e.g., alter a cardiovascuiar event {e.g., M}, the Ekely response of a subject to a realment
{s.g., for a cardiovascular condition), the presence of a disease condition {&.9., a cardiovascuiar diseass
or condition), likely recovery from a dissase condition {a.g., a cardiovascular disease or condition), an
improvement in a prior determination of a cardiovascular status, or combinations thereof).

A second aspect of the invention {eatures a method of delermining cardiovascular stalus of a
subject {e.g., a human), .g., whether the subject will experience beneficial or adverse cardiac (e.g., LV}
remadeling {(e.g., alter a cardiovascuiar event {e.g., M}, the Ekely response of a subject to a realment
{a.g., for a cardiovascular condition}, the presence of a disease condition {8.¢., a cardiovascular diseass
or candition), likely recovery from a disgase condition {a.g., a cardiovascular diseass or condition), an
improvement in a prior determinatlion of a cardiovascular status, or combinations therecf). The method
includes: i) maeasuring {8.g., tha expression level of) one or mors biomarkers selecied from SEQ 1D NGs:
1-74 {e.g., biomarkars of SEQ 1D NGs: 1-74 or variants thereof having at lsast 80% (e.g., 85%, 890%,
5%, 97%, 98%, or 100%;) seqguence idaniity 1o SEQ ID NOs: 1-74, or a complemant thareof; e.g., ong or

more of the biomarkers of PC1, PC2, and/or PC3 {see Figure ) or one or more of SEQ 1D NOs: 1-12)); 1)

2
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measuring cardiac function in the sublecl, e.g., using imaging {s.g., magnelic resonance imaging (CMR))
and/or ventricular ejection fraction {8.g., left ventricular gjection fraction); and/or iily msasuring cardiac
sfructure, e.4., using

imaging (e.g., CMR, &.q., segmentatlion of veniricular myocardium). in anothser

b s

embodiment, the method includes computationally predicting or determining cardiovascular staius in the
subject by: i} evalualing medication information; i} evalualing in a sampie from the subjsct for a change in
exprassion of one or more of the biomarkers relative fo one or more control samples {e.¢., showing a two-
fold or more (e.g., 3-, 4-, 5+, 8-, 7-, 8-, 8-, 10-, 50, 100-, or 1000-fold) increass in exprassion of the
Biomarker{s} in a sample from the subject relative 10 a control sample); iily using a statistical model 1o
predict or determing the cardiovascidar status; using a principal component analysis; and/or analyzing
ane of more cardiac images of the subject. The method of ths sscond aspact can further include
determining an elevation of biomarker level. The method of the second aspect can further include

;

determining a cardiovascular status of the subject {(e.g., whether the subject will experience or has had
beneficial or adverss cardiac {e.g., LV) ramodeling (e.g., after a cardiovascuiar event {a.g., Mil}at a
current time {e.g., substantiaily concurrent with a cardiac event {e.g., an M)}, or at a future time {e.g.,
subsequent 1o a cardiovascular event {e.g., 1-4 days, weeks, months, or years after a cardiac svent (8.4,
an M)}, following a treatment {(e.g., administration of an anti-inflammatory agent}, after development of a
disease condition {e.g., a cardiovascular condition), following recovery from a diseass condition {e.g., a
cardiovascular condition), or foliowing an improvement in a prior determination of a cardiovascular staus
int the subject, or combinations thereof. The method of the second aspect can further comprise analyzing
the OMR of the subject for one or more or ali of the following: segmenting a myocardial region,

egmenting a ventricular region, quantifying an gjection volume, quantifying an infarct size, or quantifying
a mass indax.

A third aspedct fealures a method for using measured cardiovascular status to determine a cardiac
therapy for the subject {e.g., an anti-inflammatory agent, such as an interleukin 1-beta recepior antagonist
{e.g. anakinra), a beta blocker, an angiotensin-converting enzyme inhibitor, or an angiotensin-2 receptor
Bocker) or the need of the subject for a cardiac therapy. The cardiovascular stalus can be measurad
according to a method of the first or second aspect of the invention.

A fourth aspect of the invention fealures a method {or determining a response of the subject (e.g.,
a positive or negative response of the subject) to a cardiac therapy (e.g., an anti-inflammatory ageni,
such as an interleukin 1-beta receptor anfagonist {e.g. anakinra}, a betla blocker, an angiolensin-
converling enzyme inhibilor, or an angiolensin-2 receplor blocker) or the need of the subjsd! for a cardiac
therapy. The method inciudes i) measuring one or mors biomarkers selecied from SEQ 1D NOs: 1-74, or
a complement or variant thereof, iy measuring cardiac function, e.Q., using magnsiic resonance imaging
{CMRB} (eq., iefl ventricular gjection fraction); and/or i) measuring cardiac siructure, e.q., using CMR
{s.g. segmeniation of ventricular myocardium). The method may be performed before a treatment, afler a
freatment or a course of treatment, or combinations thereof. The cardiovascuiar status can be measurad
according to a method of the first or second aspect of the invention.

A fifth aspect of the invention features a kil {e.g., for determining a cardiovascular status of a
subject) with one or more reagents for collecting nucleic acid molecules from a sample from a subiject,
ong or more reagents for amplifying the nucleic acid molecules 1o producs an amplified sample, and one

or more reagenis for measuring exprassion of a biomarksr, e.g., a biomarker having at least 80% {e.g.,

3
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85%, 80%, 85%, 87%, 99%, or 100%)} sequence idsniity 10 ths ssguencs of any ons of SEQ ID NOs: 1-
74, or a complemsnt thereof; e.g., reagenis for measuring one or more of the biomarksrs of PC1, PC2,
and/or PC3 (see Figurs 5) or one or more of SEQ 1D NOs: 1-12). In an embodiment, the kit may be used
{0 assess at least one sample or multiple samples, e.g., two samples may be collected, e.g., at the same
time or at two or more diffsrent times. Implementations of the it may include compulsr readable {a.g.,
non-transitory compuler readable) instructions for predicting or delermining a cardiovascular siatus of a
subject based on, e.q., the level of expression of one or mors of the biomarker{s}. Determining
exprassion of at lsast one of the biomarker{s) may comprise extracting BRNA from the at least ohe sample.
Determining expression of at least one of the biomarkers may comprise consiructing BNA libraries from
the at least one sample. Delermining expression of al least one of the biomarkers may comprise
performing gel electrophoresis. Datermining expression of at lgast ong of the biomarker may comprisg
determining expression of two or more biomarkers. Determining expression of at least one of the
biomarkers may be basad on RNA sequencing {e.g., RNA-Seg}. Determining exprassion of at least one
of the biomarkers may be hased on guantitative reverse transcription-polymerass chain reaction (gRT-
PCR) and/or by measurement on a platform, e.g., Fireplex (ABCAM}. Determining expression of at ieast
ane of the biomarkers may comprise the use of a device, 8.¢. a microarray, 1o which one or more single-
stranded nucisic acid molecules are attached (e.g., nucleic acid molacules having a length in the range of
110 1000 nucieotides, e.g., 1-15, 1-20, 10-20, 20-40, 40-6Q, 60-100, 100-150, 154-200, 200-350, 350
500, 500-850, 8650-800, or 800-1000 nucieotides), in which the singie-stranded nucieic acid molecuies
specifically hybridize 10 at ieast one of the biomarkers of SEQ 1D NQs: 1-74, or a compiement thereof or a
variant thereof having at least 80% (e.g., 85%, 0%, 95%, 97%, 99%, or 100%:) seguence identity to the

equence of any one of SEQ 1D NGOs: 1-74; e.g., the single-stranded nucisic acid molecules specifically
hybridize to at least one of the biomarkers of PC1, PCZ, and/or PCS (see Figure 5} or one or more of
SEGHD NOs: 1-12). The single-siranded nucleic acid molecules of the device may be labsled or
immobilized on a solid substrate. The cardiovascular slatus of the subject includes whether the subject
will experience beneficial or adverse cardiac {e.q., LV} remodeling {e.q., afler a cardiovascular event
{a.g., M}, the likely regponse of a subject v a trealment {e.¢q., for a cardiovascular condition), the
presence of a dissase condition {e.g

a cardiovascular disease or condition), likely recovery from a

\J’

disgase condition {e.g., a cardiovascular disease or condition), an improvement in a prior determination of

a cardiovascular stalus, or combinations thereofy.
fn some embodiments, a biomarker {e.q., a biomarker having the sequencs of any one of SEQ

0 NOs: 1-74, or a complement thereof or a variant thersof having at least 80% (e.q., 85%, 90%, 895%,
97%, 98%, or 100%:) ssquence identity o the seqguence of any one of SEQ ID NGs: 1-74y maybe ina
form of & nucleie acid molecule, such as DNA, BNA, non-coding BNA, sxdracellular RNA, or miBNA  or a
protein, or combinations thereof. The biomarkar may have a nticleic acid sequence with at least 80%
{8.9., 80%, BH%, 80%, 95%, 87%, 88%, or 100%) sequence identity 1o SEQID NO: 1,2, 3,4, 5,86, 7, 8,
S, 10, 11,12, 13, 14, 15,16, 17, 18,18, 20, 21, 22, 23, 24, 25, 26, 27, 28, 28, 30, 31, 32, 33, 34, 35, 34,
37, 38,388, 40, 41, 42, 43, 44, 45, 46, 47, 48, 48, 50, 51, 52, 53, 54, b5, 86, 57, 58, 59, 60, 61, 62, 83, 64,
65, 86, 67, 68, 88,70, 71, 72, 73, or 74, or a complemeant thareof.

in some embodiments, a biomarker may comprise a RNA having at least 80% (e.g., 80%, 85%,
0%, 95%, 87%, 99%, or 100%) sequence identity to SEQIDNO: 1,2, 3,4, 5,6,7, 8,8, 10, 11,12, 1§,

4
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4,015,016, 17, 18, 18, 20, 21, 22, 23, 24, 25, 26, 27, 28, 28, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 6,87, 58, 59, 80, 61, 62, 63, 64, 65, 66, 67, 68, 69,

70,71, 72,73, or 74, or a complement thereof,

31
3
foq}

5

in some embodimentis, a biomarker may comprise a nucleic acid (g.g., BNA} having al least 80%
{2.g., 80%, B85%, 0%, 85%, 97%, 99%, or 100%) sequsnce identity o SEQID NG 1, 3,5, 7, 9,11, 18
15,117,189, 21, 23, 25, 27, 28, 31, 33, 35, 37, 38, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69,
70,7, 72,73, or 74, or a complement thereof.

in some embodimaenis, a biomarker may be in a form of non-coding BNA, extracsiiular BNA,
miRNA, or a protein, or combinations thareof. A biomarker may comprise a nucleic acid having at least
80% (e.g., BO%, 85%, 80%, 8h%, 979%, 98%, or 100%) saquence identity to at least one seguance of
SEQIDNODT,2,3,4,5,6, 7,8 810, 11,12, 13, 14,15, 16, 17,18, 18, 20, 21, 22, 23, 24, 25, 26, 27,
28,28, 30, 31,32, 33, 34, 35, 36, 37, 38, 39, 40, 41,42, 43, 44, 45, 48, 47, 48, 49, 50, 51, 52, 53, 54, 55,
56, 57, 58, 59, 60, 61, 82, 63, 64, 85,66, 67, 68,69, 70, 71, 72, 73, or 74, or a complement thersof.

Implementations of computationally predicting or determining a cardiovascular status of a subject
{whether the subject will expertiance beneficial or adverse cardiac {g.g., LV} remodeling {e.g., after a
cardiovascular event {e.g., M), the likely responss of a subject to a treatment (e.g., for a cardicvascular
condition), the presence of a diseass condition {e.g., a cardiovascular disease or condition), likely
recovery from a dissase condition {e.g., a cardiovascular disease or condition)}, an improvemeant in a prior
determination of a cardiovascular status, or combinations thereof) may comprise using a demographic
profile. in some applications, computationally pradicting a cardiovasoular status may comprise using
medication information {e.g., of the subject). In some cases, computationally predicting or determining a
cardiovascular status of the subject may comprise evaluating in a sample from the subject a change in
the expression level of a biomarker relative 1o the expression lgvel of the biomarker in one or mors control
samples. In an embodiment, the biomarker has the sequence of any one of SEQ IDNOs: 1-74, 0r a
complemeant thereof or a variant thereof having al least 805 {(2.q., 85%, 9%, 85%, §7%, 98%, or 100%;)

equencs identity to the sequence of any one of SEQ 1D NOs: 1-74; e.g., the biomarker has the
ssquencs of one or more of the miRNAs of PC1, PC2, and/or P8 (see Figure 5), such as the segusnce
of one or more of SEQ D NOs: 1-12)). In some smbodiments, computationally predicting or delsrmining
a cardiovascular stafus of the subject may compriss using a statistical model 10 predict the subject’s
cardiovascular status. Implementations of compuiationally predicling or defermining a cardiovascular
status may comprise using a principal component analysis. Implementations of computationally
predicting or determining a cardiovascular status may comprise analyzing ons or more cardiac images
from the subject {e.g., a human). Implementations of analyzing one or more cardiac images may

comprise one or more or all of the following: segmenting a myocardial ragion, segmenting a veniricuiar

ragion, quantifying an ejection volums, quantifying an infarct size, or quantifying a mass index.

In some cases, the cardiovascular status may include a cardiovascular siatus of the subiect {e.g.,
whather the subject will exparience or has had beneficial or adverse cardiac {e.g., LV) ramodeling {e.g.,
afigr a cardiovascular event {e.g., Mi)) at a current time {e.g., substantiaily concurrent with a cardiac
event {e.¢., an Mi)), at a fullre time {8.qg., subsequent 10 a cardiovascular event {e.¢., 1-4 days, weeks,
months, or years afler a cardiac svent {e.g., an Mi), foliowing a treaiment {s.g., adminisiralion of an anti-
inflammatory agent), after development of a dissase condition {e.g., a cardiovascular condition}, following

2
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recovery from a disease condition {e.g., a cardiovascular condition), or following an improvement in a

prior determination of a cardiovascular status in the subject, or combinations thereol. In some
embodiments, the freatment may includs a cardiac therapy. The response of the subjsct maybe a
positive rasponse of the subject or a negative response of the subject

The kit may be used for evalualing cardiovascuiar stalus of the subjec! before a trealment, aftera
freaiment or a course of a trealment, or combinations thereol

i an embodiment of all aspects of the invention, the subjsct is a human. In anothsr embodiment
of all aspects of the invention, the mathods may include determining the expression level of one or more
{e.g., all} of the PC1 blomarkers, the PCZ biomarkers, or the PC3 biomarksrs {sas, e.g., Fig. 5} or the kit
may include reagents for determining the expression level of ona or more {e.g., all} of the PG

bomarkers, the PC2 biomarkers, or the PC3 biomarkers.

DEFINITIONS

as used hergin rafers to, for example, administering 10 a subject {e.g., a

&7

The term “treatment
human} a therapy (€.g., cardiac regynchronization therapy, a compound or a drug (e.g., for treating a
cardiac diseass or condition, such as, 8.¢., an anti-inflammatory agent, such as an interlaukin 1-beta
receptor antagonist {(e.g. anakinra}, a beta blocker, an angiotensin-converting enzyme inhibitor, or an
angiotensin-2 receptor blocker), or combinations thereof) or a form of medical intervention fo treat a
cardiac disease or symplom thersof of the cardiovascular system {e.q., a cardiac disease or symplom
thereof that affects the heart {e.g., an M},

The term “cardiovascular injury or disease” refers to a pathological process or condition of any
etiology {2.9.. vascular cardiovascular injury or dissase, raumatic cardiovascuiar injury or disease,
infectious cardiovascular injury or disease, auloimmune cardiovascular injury or disease, metabolic
cardiovascular injury or dissase, inflammatory cardiovascular injury or disease, degenerative
cardiovascular injury or dissase, or neoplastic cardiovascular injury or disease).

The term "sample” as used herein refers 10 a subject’s biological sample (2.q., tissues, biofluids,
bioods, plasmas, urines, discharges, sputa, or genetic materials, or combinations of them)

The ferm "biomarker” as usad herein refers (o, for example, a biomolscule or a portion of a
subject’s biclogical sample thatl is expressed in a form being measured {e.g., a nucleic acid {8.g., a DNA,
an RNA, a non-coding BNA, a mBNA, a miRNA, and a precursor-miBNA}, a protein, and combinations
thereof, whose pressnce, absencs, or exprassion level indicates an association with a current or fulure
status of g heart condition {e.g., beneficial or adverse cardiac {e.g., LV} remodeling). The hearl may or
may not have undergons a cardiac therapy.

The term "cardiac remodeling” as used herein refars {o changes that cccur in the hsart afier
cardiac injury or disgase. Beneficial cardiac remodeling refers 10 changes in the hearl {e.g., the left
vaniricle) that may not causs dissase or have an adverse effect on {(s.g., a reduction in) cardiac function
{s.9., a reduction in LVEF}. Adverse cardiac remodsling refers to changes in the heart {e.g., the laft
vaniricle) that may cause disease or have an adverse effact on {e.¢., a reduction in} cardiac function
{s.g., a reduction in LVEF}.

The term "compuiational prediction” refers to the use of computer-based analysis of one or mors

largs data sets.
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The term “cardiovascuiar condition” refers {o the sfale of a subject’s cardiovascular system {s.g.,
the prasence or absence of a cardiovascular disease or injury, such as the presence or abssence of
beneficial or adverss cardiac (2.g., LV} ramodeling).

The term “cardiovascuiar status” refers o a condition of the subject’s cardiovascuiar system (8.g.,
the hearty, e.¢., at a particular point in time, such as substantially currenily with the occurrence of a
cardiovascular injury or disease {a.g., an M) or after a cardiovascular injury or disease {e.g., an Mi)., for
1-4 hours, days, weeks, months, or years afler the cardiovascular injury or disease. For example, the
subject’s cardiovascular status indicatas, e.g., the presencs or absance of heart fallurs, a.g. left
ventrictilar failure.

The term “post-Ml time course” refers fo a periad following an Mi, 8.g., an acute paried, a
subacute period, or a chronic period.

The term “positive response” raefers 1o a rasponse of a subject {(8.g., a human} that improves the
function or struciure of the subject’s heart, as determined by, &.g., clinical assassment, imaging, or
laboratory studies {8.9., a determination of the expression level of one of more of the biomarkers
described herein}.

The term “negative response” rafers 1o a rasponse of the subject {e.g., a human) that worsens the
function or struciure of the subject’s heart, as determined by, &.g., clinical assassment, imaging, or
laboratory studies {8.9., a determination of the expression level of one of more of the biomarkers
described herging.

The term “control” or “control sample” as used herein refers to, for example, a sample from a
subject {e.g., human, animal, or celi lines) who is normal {8.q., a subject with no clinical symptomis) of a
cardiac disease or condition, such as M) or who has undergone a cardiac therapy that resulis in any
combination of alleviation of symptoms of the cardiac diseass, reduction in risk of mortality, or delay in
mortality.

The term “reference level” as used herein refers o the level of expression of one or more of the
biomarkers described herein in a popuiation of subjects following a cardiovascular event {e.g., an Mi} who
have undergons adverse or bengficial cardiac {a.g., LV) remodeling or in a population of normal subjecis
an M.

i

The term "level of expression” or "expression ievel

{a.g., without a history of a cardiovascular event {a.g.,
or “expression” as used herein refers fo, for
example, an amount of a biomarker described herein present in a sample {g.q., a sample from a subjec
such as a human, e.g., following a cardiovascular event {e.q., an M) relative to the amount of that

biomarker in a control sample {e.g., a sample from a normal subject (2., a subject without a history of a

cardiovascular event {g.g., an M) or relative 1o a culoff value {e.q., a cutoff value established based on
the expression level in a population of normal subjects, e.g., subjects without a history of a cardiovascular
event {e.¢., an Mi}}. An "increass” in a “level of expression” of a biomarker maans an increased amount
of a biomarker present in a sample relative to the amount of that biomarkar in a control sample or refative
to a culoff valus for the refarence level. A “decrgase” in a "level of gxpression” means a decrsased
amount of a biomarker presant in a sample relative 1o the amount of that biomarker in a control sample or
relative to a cuteff value for raferance level,

The terms “miBNA” and "miR” as used interchangeably herain refer {0 a small non-coding BNA

{s.g., an BNA that is incorporated inte RNA induced silencing complexes and plays an important rols in
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post-transcriptional gens regulation either by transcriptional degradation or transiational reprassion of
mHANAY.

The term "miB-17 as used in this document indicates a mature mil-1 {8.g., a nucleic acid having
a sequence at lsast 80% (s.g., 85%, B0%, 95%, 98%, 100%) identily to the segusnce of SEQ 1D NO: 1
(UGGAAUGUAAAGAAGUAUGUAL) or 2 miR-1 precursor {e.g., a nucleic acid having a sequence al
lsast 80% {(e.g.,85%, 90%, 85%, 88%, 100%, identity io the sequence of SEQID NO: 2
{UGGGAAACAUACUUCUULALAUGCCCAUAUGGACCUGCUAAGCUAUGGAAUGUAAAGAAGUAUG
UAUCUCGAY.

The term “miR-100-5p” as used in this document indicatss a mature miR-100-5p {e.g., a nucleic
acid having a sequence al [sast 80% (e.g., 85%, 80%, 85%, 98%, 100%) identity to the sequsnce of SEQ
1D NG: 3 (AACCCCUAGAUCCGAACUUGUGY) or a miR-100-5p precursor {(e.g., & nucleic acid having a
sequence at least 80% {e.g.,85%, 80%, 95%, 98%, 100%;} identity o the sequence of SEQ ID NO: 4
(CCUGUUGCCACAAACCCGUAGAUCCGAACUUGUGGUAUUAGUCCGCACAAGCUUGUAUCUAUAG
GUAUGUGUCUGUUAGG)).

The term “miR-133a-5p" as used in this document indicates a mature miR-133a-5p {e.g., a
nucleic acid having a sequence at least 80% {e.g., B5%, 80%, 85%, 88%, 1009} ideniity {o the sequencs
of SEQ 1D NC: 5 (AGCUGGUAAAAUGCGAACCAAALY) or a miR-138a-5p precursor (e.4., a nucleic acid
having a seqguence at least 80% {(e.g.,B5%, 80%, 85%, 8%, 100%:) identity {o the sequence of BEQ ID
NO: 6
{(ACAAUGCUUUGCUAGAGCUGGUAAAALIGGAACCAAAUCGCCUCUUCAAUGGALIUUGGUCCCCUU
CAACCAGCUGUAGCUAUGCAUIUGAY.

The term "miR-146a-5p” as used in this document indicates a mature miR-146a-5p (e.¢., a
nucieic acid having a sequence at least 80% {e.g., 85%, 80%, 95%, 98%, 100%,) identity {0 the seqguencs
of SEQ D NO: 7 (UCGAGAACUGAAUUCCAUGGG UL or a miR-1468a-5p precursor {e.g., a hucleic acid
having a seguence at least 80% {e.q.,B5%, 80%, 85%, 98%, 100%,) identily fo the sequence of SEQ ID
NO: 8
{CCCALIGUGUALICCUCAGCUUUGAGAACUGAAULICCAUGGGUUGUGUCAGUGUCAGACCUCUGAA
AUUCAGUUCUUCAGCUGGGAUALICUCUGUCAUCGEU)).

The term "miR-146b-5p” as used in this document indicates a mature miB-146b-5p (e.g., a
nucleic acid having a sequence at least 80% {s.¢., 85%, 80%, 95%, 88%, 100%,) identily o the seguence
of SEQ ID NO: 9 (UGAGAACUGAAUUCCAUAGGCU)) or a miR-1465L-Bp precursor {g.g., a nucleic acid
having a ssquence at least 80% (e.q.,85%, 80%, 85%, 98%, 100%) identily fo the sequsnce of SEQ ID
NO: 0
{CCUGGCACUGAGAACUGAAULICCAUAGGCUGUCAGCUCUAGCAAUGCCOUGUGRACUCAGUUICU
GEUGCCCEGE)).

The term "miR-150-5p” as usad in this document indicates a mature miR-150-5p {s.g., a nucleic
acid having a ssquencs at least 80% (e.g., 85%, 90%, 95%, 38%, 100%;) identity to the sequencs of SEQ
D NO: 11 {UCUCCCAACCCUUGUACCAGUGR)) or a miR-150-8p precursor {e.¢., a nucleic acid having a
ssquence at least 80% {8.g.,85%, 80%, 895%, 98%, 100%) identity to the sequence of SEQ 1D NO: 12
{CUCCCCAUGGCCOUGRUCUCCCAACCCUUGUACCAGUGCUGGGCUCAGACCCUGCGUACAGGCCU
GCCGCACAGGGACCUGGGGAL)).
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The term "miB-155-5p” as used in this document indicales a mature miR-155-5p (2.4q., a nucleic
acid having a sequence al Isast 80% (s.g., 85%, 80%, 95%, 98%, 100%) identily to the sequsnce of SEQ
10 NG 13 (UUAAUGCUAAUCCUGAUAGGGGL) or a miR-155-8Bp precursor {&.g., a nucieic acid having
a sequence at lsast 80% (s.g.,85%, 80%, 85%, 98%, 1009%;) idsniity 1o ths ssguencs of SEQ ID NO: 14
(CUGLIUAAUGCUAAUCGUGAUVAGGGGUUUUUGCCUCCAACUGACUCCUACAUAUUAGCALIUAACA
G}

The term "‘miB-15a-5p” as used in this document indicales a malure miR-15a-5p (2.49., a nucleic
acid having a sequence al [sast 80% (e.g., 85%, 80%, 85%, 98%, 100%) identity to the sequsnce of SEQ
I NG 15 (UAGCAGCACAUAAUGGUUUGUGRY) or a miR-15a-bp precursor {8.g., a nucleic acid having a
sequence at least 80% {e.g..85%, 80%, 895%, 98%, 100%; identity to the sequence of SEQ 1D NO: 16
{(CCUUGGAGUAAAGUAGCAGCACAUAAUGGUUUGUGGAUUUUGAAAAGG UG CAGGLCAUAUUGUG
CUGCCUCAAAAAUACAAGE)).

The term “miR-183b-5p" as used in this document indicates a mature miR-193b-5p {e.g., a
nucleic acid having a sequence at least 80% {e.g., B5%, 80%, 895%, 88%, 100%; identity o the sequence
of SEQ 1D NG 17 (CGEGGGUUUUGAGGGCGAGAUGA)) or a miR-1383b-8p precursor {e.g., a nucleic
acid having a sequence at [aast 80% (e.g.,85%, 90%, 95%, 38%, 100%;) identity 1o the seguence of SEG
1D NG 18
(GUGGUCUCAGAAUCGGGGOUUUUGAGGGCCAGAUCGAGUUUAUGUUUUAUCCAACUGGOCCUCAA
AGUCCCGCUUUUIGGGGUCALY.

The term "miR-184-5p" as used in this document indicates a mature miR-194-5p (e g., a nucleic
acid having a sequence at least 80% (e.q., 85%, 80%, 95%, 98%, 100%) identity fo the sequence of SEQ
1D NO 19 {UGUAACAGCAACUCCAUGUGGA)) or a miR-184-5p precursoer {e.g., a nucisic acid having a

equence at least B0% {e.g.,85%, 8%, 85%, 98%, 100%)} identily to the seguence of SEQ 1D NO: 20
(AUGGUGUUAUCAAGUGUAACAGCAACUCCAUGUGCACUGUGUACCAALIUUCCAGUGGAGAUGCU
GUUACUUUUGAUGGUUACCAAY.

The term "miR-200a-3p” as used in this document indicates a mature miR-200a-3p (e.g., a
nucleic acid having a sequence at least 80% {s.¢., 85%, 80%, 95%, 88%, 100%,) identily o the seguence
of SEQ D NO: 21 (UAACACUGUCUGGUAACGAUGUL)) or a miR-200a-3p precursor (e.q., a nucleic acid
having a ssquence at least 80% (e.q.,85%, 80%, 85%, 98%, 100%) identily fo the sequsnce of SEQ ID
NG 22
{CCERGCCCCUGUGAGCALICUUACCGGACAGLIGCUGGALIUUCCCAGCUUGACUCUAACACUGUCH
GGUAACGAUGUUCAAAGGUGACCCGO)).

The ferm "miR-208a-3p” as used in this document indicates a mature miR-208a {(e.g., a nucleic
acid having a ssquencs at least 80% (e.g., 85%, 90%, 95%, 38%, 100%;) identity {o the sequence of SEQ
ID NO: 23 (AUAAGACGAGCAAAAAGCUUGU) or a miR-208a precurser {e.g., a nuclsic acid having a
saquence at least 80% {8.g.,85%, 80%, 85%, 98%, 100%) identity to the sequence of SEQ 1D NO: 24
{UGACGGGCGAGCUUUUGGCCCGRGUUAUACCUCAUGCUCACGUAUAAGACGAGCAAAAAGCUIUG
UUGGUCAY.

The term "miR-208b-3p” as used in this document indicates a mature miB-208b-8p {e.g., a
nuclaic acid having a sequence at lgast 80% {8.q., 85%, B30%, 95%, 88%, 100%) identity fo the sequence
of SEQ D NO: 25 (AUAAGACGAACAAAAGGUIUUGLY) or a miR-208b-3p precursor {e.g., a nuclsic acid
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having a sequence atl least 80% {(e.g.,85%, 90%, 85%, 88%, 100%, ideniity io the sequence of SEQ 1D
NO: 28
{CCUCUCAGGRAAGCUULIBUGCUCGAAUUAUGUUICUGAUCCGAALAUAAGATGAACAAAAGGLIU
UCGUCUGAGGGCAG)).

The term "miB-21-5p” as used in this document indicales a maiure miR-21-5p {e.g., a nuclsic
acid having a sequence al Isast 80% (s.g., 85%, 80%, 95%, 98%, 100%) identily to the sequsnce of SEQ
10 NG: 27 (UJAGCUUAUCAGACUGAUGUUGA)) or a miR-21-5p precursor {8.g., a nucleic acid having a
sequence at least 80% {e.g..85%, 80%, 895%, 98%, 100%; identity to the sequence of SEQ 1D NO: 28
(UGUCGGGUAGCUUAUCAGACUGAUGUUGACUGUUGAAUCUCAUIGGCAACACCAGUCGAUGGGCU
GUCUGACA)).

The term “miR-215-5p” as used in this decument indicates a mature miR-215-5p {e.g., a nucleic
acid having a sequence at [aast 80% {(e.g., 85%, 80%, 95%, 98%, 100%) identity to the sequance of SEQ
1D NG 28 (AUGACCUAUGAAUUGACAGAG)) or a miR-215-Bp precursor {8.g., & nucieic acid having a
sequence at least 80% {e.g.,85%, B0%, 95%, 98%, 100%; identity to the sequence of SEQ 1D NO: 30
{(AUCAUUCAGAAAUGGUAUACAGGAAAAUGCACCUAUGAAUUCACAGACAAUAUAGCUGAGUUUGUC
UGUCAUUUCUUUAGGOCAAUAUUCUGUAUGACUGUGCUACUUCAA)).

The term “miR-223-3p” as used in this document indicates a matwre miR-223-3p (e.g., a nucleic
acid having a sequence at [aast 80% {(e.g., 85%, 80%, 95%, 98%, 100%) identity to the sequance of SEQ
1D NG 31 {UGUCAGUUUGUCAAAUACCCCA)) or a mil-223-8p precursor {8.g., a nucleic acid having a

equence at least B80% {e.g.,B85%, 8%, 85%, 98%, 100%) identity to the seguence of SEQ 1D NO: 32;
COUGGCCUCCUGCAGUGCCACGCUCCGUGUAULIUGACAAGCUGAGUUGGACACUCCAUGUGGEUA
GAGUGUCAGUUUGUCAAAUACCCCAAGUGCGGCACAUGCUUACCAG),

The term "miR-28a-3p” as used in this document indicates a mature miR-2%a-3p (e .g., a nucleic
acid having a sequence at least 80% (e.q., 85%, 80%, 95%, 98%, 100%) identity fo the sequence of SEQ
1D NG 33 {UAGCACCAUCUGAAAUCGGEUUA) or a mil-29a-8p precursor {8.g., a nucieic acid having a

equence at least 80% {e.g.,B85%, 8%, 85%, 98%, 100%) identity to the seguence of SEQ 1D NO: 34;
AUGACUCALILUCULILUGGUGUIUCAGAGUCAAUAUAAUUUUCUAGCACCAUCUGAAALICGGEUUALY.

The ferm "miR-28a-5p” as used in this document indicates a mature miB-28a-5p {s.g., a nucleic
acid having a ssquencs at least 80% (e.g., 85%, 90%, 95%, 38%, 100%;) identity {o the sequencge of SEQ
10 NO: 35 (ACUGAULUCUUILUGGUGUUCAG)) or a miB-28a-8p precursor {8.g., a nucieic acid having a
ssquencs at least 80% {8.q.,85%, 80%, 85%, 98%, 100%) ideniity {0 the ssquence of SEQ 1D NO: 36;
AUGACUCALILUCULILUGGUGUIUCAGAGUCAAUAUAAUUUUCUAGCACCAUCUGAAALICGGEUUALY.

The term "miR-28b-3p” as used in this document indicates a mature miB-28b-3p {s.g., a nucleic
acid having a ssquencs at least 80% (e.g., 85%, 90%, 95%, 38%, 100%;) identity {o the sequencge of SEQ
ID NO: 37 (UAGCACCAUUUGCAAAUCAGUGUL)) or a miR-280-3p precursor {e.¢., a nucleic acid having
a sequance af least 80% (e.g. 85%, 80%, 95%, 98%, 100%) identily to the seguence of SEQ ID NO: 38;
CUUCAGGAAGCUGGUUUCAUAUGGUGGUUUAGAUUUAAAUAGUGAUUGUCUAGCACCALIUUGAAA
UCAGUGUUCUUGGGEGG).

The term "miR-28¢-3p” as used in this document indicates a malure miR-28c-3p {e.g., a nugleic
acid having a ssquencs at least 80% (e.g., 85%, 90%, 95%, 38%, 100%;) identity {o the sequencs of SEQ
ID NO: 38 (UAGCACCAUIUUGCAAAUCGEUUA)) or a miR-28¢-3p pracursor (8.9., a nuclsic acld having a
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sequsnce at least 80% {e.g.,85%, 80%, 85%, 98%, 100%: identily o the sequenge of SEQ 1D NQO: 40;
AUCUCUUACACAGGCUGACCGALIUUCUICCUGGUGUUCAGAGUCUCGUUULILGUCUAGTCACCAUUL
GAAAUCGGUUALGAUGUAGGGGGA).

The term “miB-30a-5p” as used in this document indicates a mature miR-30a-5p (2.q., a nugleic
acid having a sequence al Isast 80% (s.g., 85%, 80%, 95%, 98%, 100%) identily to the sequsnce of SEQ
10 NG 41 (UGUAAACAUCCUCGACUGGAAG)) or a miB-30a-5p pracursor {e.9., a nuclsic acid having a
sequsnce at least 80% {e.g.,85%, 80%, 95%, 98%, 100%; identily o the sequence of SEQ 1D NQO: 42
{GCGACUGUAAACAUCCUCGACUGGAAGCUGUGAAGCCACACAUGGRCUUUCAGUCGRAUGUUIUG
CAGCUGCY).

The term “miR-30d-5p” as used in this decument indicates a mature miRB-30d-5p {e.q., a nucleic
acid having a sequence al [sast 80% (e.g., 85%, 80%, 85%, 98%, 100%) identity to the sequsnce of SEQ
1D NG 43 {UGUAAACAUCCCCCACUGGAAG) or a miR-30d-5p precursor (e.g., a nucieic acid having a
sequence at least 80% {e.g.,85%, 90%, 85%, 88%, 100%; identity to the sequence of SEQ 1D NO: 44
{GUUGUUGUAAACAUCCOCGACUGGAAGCUGUAAGACACAGCUAAGCUUUCAGUCAGAUGUUUGC
UGCUACH.

The term “miR-3168" as used in this document indicates a mature miR-3168 {8.¢., a nucleic acid
having a seqguence at least 80% {(e.g., 85%, 80%, 95%, 98%, 100%) identity to the sequence of SEQ D
NO: 45 (CAGUUCUACAGUCAGACY) or 2 miR-3168 precursor {e.g., a nucleic acid having a sequence at
ieast 80% {e.q.,B5%, 80%, 85%, 98%, 100°%,) identily fo the sequence of SEQ ID NO: 46
{(AAGAUCAUGAGUUCUACAGUCAGACAGCCUGAGUUGGAGGCUCAUCUUCACUUCUUGCUGUGUG
ACCCUGGGCCAGUGACULY.

The term "miR-378¢7 as used in this document indicates a mature miR-378¢ {e.9., a nuciaic acid
having a seqguence at least 80% {e.q., 85%, 90%, 85%, 98%, 100%) identity io the sequence of SEQ 1D
NO: 47 (ACUGGACUUGGAGUCAGAAGAGUGS)) or a miR-378¢ precursor {e.g., a nuclein acid having a

equence at least B0% {e.g.,85%, 8%, 85%, 98%, 100%)} identily to the seguence of SEQ 1D NO: 48
(GGAGGCCAUCACUGGACUUGGAGUCAGAAGAGUGGAGUCGGGUCAGACUUCAACUCUGACULIU
GAAGGUGGUGAGUGCCUG)).

The term "miR-378e” as used in this document indicatss a malure miR-378e (e.g., a nuclsic acid
having a ssquence at least 80% (e.q., 85%, 90%, 85%, 88%, 100%,) identity {o the sequence of SEQ 1D
NO: 42 (ACUGGACUUGGAGUCAGGEA)) or a miR-373s pracursor {2.g., a nucisic acid having a
ssquencs at least 80% {8.q.,85%, 90%, 85%, 98%, 100%) identity to the sequence of SEQ 1D NO: 50
{CUCACUCCAGUGUCCAGGUCAGGCGECAGACACGUGGACAGAGAACAGUGCCCAAGACCACUGGAC
UUGGAGUCAGGACALR).

The ferm "miR-381-3p” as used in this document indicates a mature miB-381-3p {s.g., a nucleic
acid having a ssquencs at least 80% (e.g., 85%, 90%, 95%, 38%, 100%;) identity to the sequencs of SEQ
D NO: 51 {UAUACAAGGGCAAGCUCUCUGU)) or a miR-381-3p precursor (2.¢., a nugleic acid having a
ssquence at least 80% {8.g.,85%, 80%, 895%, 98%, 100%) identity to the sequence of SEQ 1D NO: 52
UAGUUAAAGCOAGGUUGCCCOULIUGUAUALIUCGEUUUAUUGACAUGGAAUAUVACAAGGGCAAGCU
CUCUGUGAGUA)).

The term "miR-423-5p” as usad in this document indicates a mature miR-423-5p {s.g., a nucleic

acid having a ssquencs at least 80% (e.g., 85%, 90%, 95%, 38%, 100%;) identity to the sequencs of SEQ

1
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10 NOG: 53 (UGAGCGCCCAGAGAGCGAGACULILE) or a miR-423-5p precursor {8.g., a nucleic acid having
a sequence at lsast 80% (s.g.,85%, 80%, 85%, 98%, 1009%;)} idsniity 10 ths ssguencs of SEQ ID NO: 54
(AUAAAGGAAGUUAGGCUGACGAGECAGAGAGCGAGACUULUCUAUULIUCCAAAAGCUCGEUCUIGA
GGCCCCUCAGUCUUGCUUCCUAACCOGCGE)).

The term "miB-4306” as usad in this document indicales a mature miR-4306 {e.g., a nucleic acid
having a sequence al least 80% {e.g., 85%, 80%, 85%, 98%, 100%) identily to the sequence of SEQ D
NO: 55 (UGGAGAGAAAGGCAGUA)) or a miR-4306 precursor {8.g., a nucieic acid having a segusnce at
lsast 80% (e.g. .BS%, 80%, 895%, 88%, 100%) identity {0 the sequence of SEQ ID NO: 56
{AAGCUGCUUAGUGUCCUUAGAGUCUCCAGAGGCAUCCCUAACCCAGAAUCUUUUGACUGUCCUC
UGGAGACAAAGGCAGUAGGUCUGUACO)).

The term “miR-4326" a3 used in this document indicates a mature miR-43286 {s.g., a nucleic acid
having a seqguence at least 80% {(e.g., 85%, 80%, 95%, 98%, 100%) identity to the sequence of SEQ D
NO: 57 (UGUUCCUCUGUCUCCCAGAS)) or a miR-4328 precursor {e.g., a nucieic acid having a
sequence at least 80% {e.g.,85%, B0%, 95%, 98%, 100%; identity to the sequence of SEQ 1D NO: 58
(GCUGCUCUGCUGUUCCUCUGUCUCCCAGACUCUGGCGUGGAUGGAGCAGGUCGGGGGLCA).

The term “miR-4443" as used in this document indicates a mature miR-4443 {s.¢., a nucleic acid
having a seqguence at least 80% {(e.g., 85%, 80%, 95%, 98%, 100%) identity to the sequence of SEQ D
NO: 58 (UUGGAGGCGUGGGUUULY) or a miR-4443 precursor {8.g., a nucieic acid having a sequance
at least 80% {e.9.,85%, 9%, 85%, 98%, 100%) identity to the sequence of SEQ 1D NO: 60
(GGUGGGGGUUGGAGGCGUGGGUUUUAGAACCUAUCCCUUUCUAGCCCUGAGCAY 1.

The term "miR-489a-5p” as used in this document indicates a mature miR-48%a-5p (e.g., a
nucieic acid having a sequence at least 80% {.q., 85%, 80%, 95%, 98%, 100%,) identity o the sequence
of SEQ D NO: 81 (UUAAGACUUGCAGUGAUGUULR) or a miR-488a-5p precursor {e.g., a nuclsic acid
having a seguence at least 80% {e.q.,B5%, 80%, 85%, 98%, 100%,) identily fo the sequence of SEQ ID
NO: 62
(GOCCUGUCCCCUGUGCCUUGGGECGEGCEECUGUUAAGACUUGCAGUCAUGUUUAACUCCUCUC
CACGUGAACAUCACACGCAAGUCUGUGCUGCLIUCCCEUCCCUACGCUGCCUGRGCAGGGL).

The ferm "miR-658" as used in this document indicates a malure miR-658 {a.g., a nucleic acid
having a ssquence at least 80% (e.q., 85%, 90%, 85%, 88%, 100%,) identity {o the sequence of SEQ 1D
NO: 83 (GGCGGAGCCAAGUAGGUCCGULUIGEUY) or a miR-688precursor {8.g., 2 nucleic acid having a
ssquencs at least 80% {e.q.,85%, 90%, 85%, 98%, 100%) identity to the sequence of SEQ 1D NO: 64
{(GCUCGEGUUGCCGUGCUUGCGGGCCCUGRCCCEGUCCEUCAGCUCGCUGCACAGCACGACUCAGBGGC
GCAGGGAAGUAGGUCCRUUGGUCGGLICCERAATGAGE)).

The term "miR-744-5p" as used in this document indicates a mature miR-744-5p {s8.g., a nucleic
acid having a ssquencs at least 80% (e.g., 85%, 90%, 95%, 38%, 100%;) identity {o the sequencs of SEQ
ID NO: 85 (UGCGGGGCUAGCGCUAACAGCA)) or a miR-744-8p precursor {e.g., a nucisic acid having
a sequance af least 80% (e.g. 85%, 80%, 95%, 98%, 100%) identily to the seguence of SEQ ID NO: 66
{LUGGGCAAGCGUGCGGGGCUAGGGCOUAACAGCAGUCUUVACUGAAGGUUUCCUGGAAACCACGCA
CAUGCUGUUGCCACUAACCUCAACCUUACUCGGUC)).

The term "miR-88-5p” as usad in this documesnt indicates a mature miR-88-5p {8.¢., a nucleic

acid having a ssquencs at least 80% (e.g., 85%, 90%, 95%, 38%, 100%;) identity {o the sequencs of SEQ
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10 NG: 687 (UGAGGUAGUAAGUUGUAUUGULY) or a miR-98-5p precursor {e.g., a nucleic acid having a
sequsnce at least 80% {e.g.,85%, 80%, 95%, 98%, 100%; identily o the sequence of SEQ 1D NQO: 68
(AGGAUUCUGCUCAUGCCAGGGUGAGGUAGUAAGUUGUAUUGUUGUCGGEERUAGGRGAUALUAGGC
CCCAALIUAGAAGAUAACUAUACAACLIVACUACUUUCCCUGGUGUG UGGCAUAUUCA)}.

The term “PIRS7322" as used in this document indicates a mature PIRL7322 (e.q9., a nucleio acid
having a sequence al least 80% {e.g., 85%, 80%, 85%, 98%, 100%) identily to the sequence of SEQ D
NO: 89 (CACAACAACGGCGGCOGTGACTAT GC;,.

The term “PIR511247 as used in this document indicates a mature PIRE1124 {e.¢., a nucleic acid
having a sequence al least 80% (e.g., 85%, 80%, 85%, 98%, 100%) identity to the sequence of SEQ D
NO: 70 (TOGGTCOTGGTTGTAGTCCGTGCGAGA)).

The term “PIR43376" as used in this document indicates a mature PIR43376 (e.¢., a nucleic acid
having a seqguence at least 80% {(e.g., 85%, 80%, 95%, 98%, 100%) identity to the sequence of SEQ D
NO: 71 (CAGAGTGTAGCTTAACACAAAGCACCCAACTY).

The term “PIRS75847 as used in this document indicates a mature PIRE7584 {e.¢., a nucleic acid
having a seqguence at least 80% {(e.g., 85%, 80%, 95%, 98%, 100%) identity to the sequence of SEQ D
NO: 72 (GAGAAAGCGAAAACACCCOTGAGCCTCAGAL)).

The term “plasma” as usad harein refers 1o, for example, the straw-colored/pale-vellow liguid
component of blood that normally contains blood cells in whole blood in suspension. Blood plasma may
be prepared by spinning a tube of frash binod containing an anti-coaguiant in a centrifuge until the blood
ceils fall to the bottom of the tube; the blood plasma may then be poured or drawn off.

The term “response” as used herein refers to, for example, an oulcome in a subject following
administration of a therapy. For instances of cardiac therapy, a response can be a positive response
resufling in an improvement in cardiovascular function or siructure {(e.g., heart function or structure), such
as an improvemeant in LV ejaction fraction by »10%, e.g., at a certain period inlime {e.g., al leasi or at
most 1 week, 2 weeks, 4 weeks, 3 months, 6 months, 8 months, or 1 yean)) post-therapy. A response
can also be a negative response resuiting in a decline in cardiovascular function or structure {(e.q., heart
function or structure), such as a decrease in LV gjsclion fraction o less than 50%, e.q., ai a certain pseriod
in time {e.g., at least or al most 1 week, 2 weeks, 4 weeks, 3 months, 8 months, 9 months, or 1 year))
post-therapy.

The term "BNY1-2017 as used in this document indicates a mature RNY1-201 {s.g., a nucleic
acid having a ssquencs at least 80% (e.g., 85%, 90%, 95%, 38%, 100%;) identity {o the sequencge of SEQ
IDNOQ: 74

(GGCTGGTCCGAAGGTAGTGAGTTATCTCAATTCGATTIGTTCACAGTCAGTTACAGATCGAACTCCTTG
TTCTACTCTTTICCCCCC CACTACTGCACTTGACTAGYCTTTT

The term "sequence identity” as used hersin refers to, for example, a molecular sequsnce {e.g.,
nuclaic acid sequence) that has the same molscular sequence as a refarencs saquences, or has a
spacifisd percentage of molscular sequances that ars the sams at the corresponding location within a
refersnce sequence when the two sequences ars optimally aligned. For instance, a nuclsic acid
saquencs may have at least 50%, 80%, 709, 75%, 80%, 85%, 80%, B5%, B6%, 87%, 98%, 88%, or
100% identity 1o the reference nucieic acid sequeance, or a complement thereot. A length of compariso

sagquencas may genarally be at lsast 5 contiguous nuclectides, preferably at lsast 16, 11, 12, 13, 14, 15,
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16, 17,18, 18, 20, 21, 22, 23, 24, or 25 conliguous nucieotides, and most preferably the full-length
nucleotide sequence. Sequsnce identity may be measured using sequsnce analysis software on the
defaull setling (e.q., Sequence Analysis Software Package of the Genelics Compuier Group, University of
Wisconsin Bictechnology Center, 1710 University Avenue, Madison, Wis. 83705). Such software may
match similar sequences by assigning degrees of homology to various substiiutions, deletions, and other
modifications. In some embodimenis, sequsnce identify may be determined with respect 1o a relference
sequence or with respect to a complemaent of the reference sequence.

The term “SNO1291” as usad in this documaent indicates a mature SNO1291 {e.g., a nucleic acid
having a sequence al least 80% (e.g., 85%, 80%, 85%, 98%, 100%) identity to the sequence of SEQ D
NO: 73
{(GCTGTACATGATCACAACTGGCTCOCTCTACTCAACTGOCATCAGGAAACTGOCATGTCACCCTTICT

GATTACAG)H.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the disclosed technologies are set forth with particularity in the appendead claims.
A better understanding of the features and advantages of the present disclosure will be obtained by
refarence to the following detailed description that sets forth Hlustrative embodimeants, in which the
principles of the technologies are utllized, and the accompanying drawings of which:

Figure 1 shows graphs of BNA levels of celi-spseciiic markers.

Figure 2 is g histogram showing the percent change in LVESVY and LVM.

Figure 3 is a graph showing Top BNA species detected by sequencing.

Figure 4 is a flow chart showing an exemplary analysis flow,

Figure § is a Venn diagram showing the miBNAs associated with the top principal components,

Figure & shows graphs of siatistically significant associations between principal componenis and
myocardial structure/function.

Figurs 7 shows a Venn diagram of miBNA targeis.

Figures BA, 8B, and BC show the top three principal component groups: Fig. 8A (PC1), Fig. 88
{(PC2}, and Fig. 8C (PC3).

Figures SA and 9B are heal maps showing temporally distinet expression patterns of miRNA,

Figure 10 is a heal map showing miRNA expression in non-cardiomyocyles, endothalial cells,
cardiomyocyles, and fibroblasts.

Figure 11 shows graphs of miBNA expression levels in EVs released in the media.

Figure 12 is a graph showing a principle components analysis plot of miBNAs in the post-Mi
cohort and healthy controls,

Figure 13 shows box-piot graphs of differentially expressed non-microBNA exBNAs in "adverse”

vs “beneficial” remodelers. Datla reprasents mean + SEM, p values stated balow plots.

DETAILED DESCRIPTION
Although sarly mortality following acute myocardial infarction (M1 has declined due to
ravascularization, subseguant cardiac remodeling and the development of heart failure remaing a

significant long-term complication in post-Mi subjects. Post-MI cardiac remodeling is a complex process
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and the molscuiar mechanisms and markers of differential remuodeling have not been {ully characterized.
Small non-coding RNAs that modulals networks of gene expression have bsen implicated in cardiac
ramadeling, specifically myocardial fibrosis and inflammation. The technologies disclosed in this
documaent associate one or more cardiovascular conditions with ong or mors biomarkers (2.4, a
biomarker signaturs) derived from one or more of the following: plasma extracsliular small non-coding
BNAs (exBNAs), cardiae magnetic resonance imaging, and signaling networks. The signature exBNAs
may temporally regulate, or be regulated, or both, during a period {e.q., a post-Mi course}.

Cardiac remodeling {e.g., post-Ml cardiac remodeling} and heart fallure remain a significant
source of morbidity. Cardiac remodeling in any portion of the myocardium, such as the left veniricle (LV),
is a multifaceted and dynamic process that may be the product of the complex interplay betwesn infarct
size, genetic and epigenstic influences on call bislogy, and effecis of ngurchormonal antagonism.

Early identification of pathological LY remodeling is a significant clinical challenge in the
ireatment of post-Mi subjects. Natriuretic peplides may be used as a biomarker for heart failure; however,
their imitations include that: levels are elevated once therg is a changs in the LV function but significant
remadeling has already occurred. There may be an inverse relationship between LV ejection fraction and
likelinood of adverse remodeling, but many subjects with a presarved LV gjection fraction post-Mi can still
go on to develop adverse remadeling. The majority of post-Mi heart failure cases in the modern era may
accur with preserved LV function and may not be captured by alterations in natrivretic peptides. Finally,
natriuretic peplides have not been shown 1o identify or predict post-Mi heart failure or arrhythmias in large
popuiation studies.

Cardiac diseases (e.g., myocardial infarction and post-Mi LV remodeling) may include distinct
phases involving multiple cell types in the heart including cardiomyocytes, fibroblasts, endothelial cells,
and leukocytes. The acuie post-Mi phase may be hailmarked by cardiomyocyte death and subseguent
recrultment of inflammatory cells {o remove dead cells and begin the repair process. Distinet from this
pericd may be a sub-acude phase where the inflammatory response is lkely rescived. In some cases of
the sub-acute phase, fibroblast proliferation and secretion of exiraceliular matrix proteins may lead to the
formation of scar. Chronically, continuation of these processes angd the global impact of molecuiar
changes on cardiac function may lead to what is termed "beneficial” or "adverse” LV remodeling.
Differences in celiuiar responss [0 events, fiming of the resoiution of inflammaltory response, and the
degree of fibrosis all coniribule to driving LV remodeling down either beneficial or adverse paths. The
technologies described in this document may characterize molecular mechanisms and markers of these
stages and processes, and will offer the opportunity o identify potential early markers of adverse LV
remodeling and to prevent the development of post-Mi heart faillure or other cardiovascular conditions.

The technologies disclosed in this document inciude the use of non-coding BNAs and/or
information regarding the expression level {s.9., exact or relative or sstimated sxpression levels, sxact or
ralative or estimated abundance lgvels, complamentary bases, intermediate products, or associatad
enzymes, or combinations of them) of non-coding RNAs 1o predict or determing the presence of or the
amelioration of a cardiovascular dissase and/or the beneficial or adverse cardiac (2.g., LV} remodsiing in
a subject {e.g., a subjact that has experienced a cardiovascular event {e.g., Mi}. Non-coding RNAs
disclosed in this document may inciude small non-coding RNAs, which are short regulatory transcripis
{8.g., less than 10, 20, 30, 40, 50, 100, 150, 200, 300, 400, 500, 600, 700, 800, 800, or 1000 nt). Non-
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coding RNAs may include other BNAs, such as microBRNAs (miBNA), piwi-inferacting BNA (piRNA), small
nucieclar BNA {snoBNA), IBNA fragmenis, and Y BNA fragments. These BNA species may be capable
of affecting the expression of gene nelworks relgvant to cardiovascular diseasss, for sxample, myocardial
fibrosis, coronary atheroscigrosis, and cardiac arrhythmias. Non-coding BNAs may be stably expressed
in the cireulation {extraceliular BNA; exRNA)Y as well as in tissues, leading 1o the rise of their ulility as
diagnostic and prognostic biomarkers of cardiovascular dissases {e.q., cardiac {e.g., LV) remodeling).

The technologies disclosad in this document may include plasma exBNAs as biomarkers for
various cardiovascuiar diseasss, such as acute coronary syndrome, coronary artery diseass, and cardiac
ischemia. The {schnologies may include examining exRBNAs in human circulation by BNA sequencing

{(RNA-Seq) o determine whethar changes in plasma exRNAs associated with cardiovascuiar diseases;
for instance, examining the temporal, structural, and functional aspecis of cardiac remodeling post-Mi In
ome implemeantations, the callular origin and temporal reguiation of candidate exRNAs may be examined

in animal and cell models. Call models may be representations of some cardiovascular diseases.

Biomarkers

The one or more biomarkers detacted in the methods described herein may include one or mors
non-coding BNAs (e.g., one or more non-coding RNAs having at least 80% seguence identity {e.g., at
ioast 85%, 80%, 85%, 87%, 89%, or 100% sequence identity) to the sequence of SEQ D NCs: 1-74 or a
complemeant thereof}, Non-limiting examples of non-coding BNAs inciude short reguiatory transcripts
{e.g., less than 10, 20, 30, 40, 50, 100, 150, 200, 300, 400, 500, 600, 700, 800, 900, or 1000 nt),
microRNAs (miRNA), a miRNA precursor, piwi-interacting RNA (piRNA), small nucleclar BNA {(snoRNA},
IRNA fragments, Y BNA fragmenis, or a combination thereof. These RNA species may be capabiz o
afiecting the expression of gene networks relevant to cardiovascuiar diseases, for example, myoccardial
fibrosis, coronary atheroscieresis, and cardiac arrhythmias, Non-coding BNAs may be stably or
fransisntly expressed in the circulation (exiraceilular BNA; exRNA}, as well as in tissues. For example,
the biomarkers presentiy disclosed may inciude plasma exBNAs {8.g., one or more non-coding BNAs
having at lsast B0% sequence identily {e.g., al least 82%, 80%, 95%, 97%, 38%, or 100% sequence
identity) to SEQ 1D NO: 1-74 or a complement thereof) as biomarkers for a cardiovascular disease, such
as acute coronary syndrome, coronary artery dissase, and cardiac ischemia, or for the prasence of
adverss cardiac {e.g., LV) remodeling. In certain instances, the methods described herein may includs
determining sxpression of exBNAs in human circulation, such as by RNA sequencing {e.g., BNA-Seq) or
other methodologies known in the art {e.g., as oullined helow). The methods can be used 1o determineg a
subject’s risk of cardiovascular dissase {(2.g., post-Ml and/or during cardiac remodsiing).

in particular, the methods disclosed hersin may involve detection of one or more biomarkers
{3.g., 1 hiomarkeror 2,3, 4,5,6,7, 8,8, 10,12, 14,16, 18, 20, 25, 30, 40, 50,80, 70, or all 74
biomarkers) having at isast 80% {&.g., 80%, 85%, 80%, 85%, B7%, 98%, or 100%} sequence idaniity 1o
SEQIDNG:T, 2,8, 4,5, 8 7,8 8,10, 11,12, 13, 14,15 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 28, 27,
28, 29, 30, 31, 832, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 48, 47 48, 48, 50, 51, 52, 53, 84, Bb,
56, 57, b8, 59, 80, 61, 62, 63, 64, £65, 68, 67, 68, 688, 70, 71,72, 73, or 74. The biomarkers described
herein may be assessed either singly or in combinalion. For exampie, the delermination stap of the

methods described herein may include delsrmining the expression igvel of one Biomarker having at least

16



(9]

10

15

el
[$3]

30

44

WO 2019/143828 PCT/US2019/014026

80% (e.q., B0%, 85%, 80%, 85%, 97%, 99%, or 100%) sequence identily fo any one of SEQ 1D NO: .74,
Alternatively, the deferminalion step may include determining the exprassion level of mulliple (8.q., two or

mare} biomarkers having al least 80% (e.g., 80%, 85%, 80%, 95%, 97%, 89%, or 100%;) sequsnce
identity o any mulliple of (2.g., any two of) SEQ 1D NOs: 1-74 or a complement thereof. Ininstances
where mullipie {e.q., two or morg} biomarkers are examingd, the biomarkers may be axamined in
agoregale as a biomarker panel, profile, or signature, as further described herein. The process by which
the biomarkers may be assessed is described in further detall below. The methods may include
detarmining the expression lavel of one or mors {8.g., all} of the PC1 biomarkers, the PC2 biomarkers, or

the PC3 biomarkers {see, e.g., Fig. &

Sample coliection

The sample (8.49., a plasma sample or tissus sample) collected from a subject may be acguired or
collected via any method known in the art. Sampies may be collected from one or mors subjscts for
diagnostic testing, 1o serve as control samples, or both. Accordingly, in some instances, samplss are
collected from one or mors human subjects, animal subjects, or both. Bamples may be collscted from
subjects who are considerad clinically normal (e.g., healthy; e.g., for the purpose of establishing a
refarence level or control cutoff value), abnormal {(e.g., subjects who have or have had a cardiovascular
disease, for exampie, myocardial fibwosis, coronary atherosclerosis, and cardiac arrhythmias), or both.
Sample collection may be double-biind. Sample collection may be placebo-controlled designed to test
the effects of a therapy {a.q., an anti-inflammatory agent; such as omega-3 fatly acid reatment {8.q., 4
grams/day for 6§ manths)), for example, after acuie M, {0 assess, e.g., an effect on adverse LV
remadeiing.

In some instances, more than one sample may be coliected from the same subject. For example,
in cartain instances, sample collection may iake place at multipie sites from a subject {e.g., a plasma
sample and a tissue sampie may be collected from a subject). Further, samples may be coliscted from a
subject at one or more time poinis {e.g., Ttime point, 2,3, 4, 5, 6,7, 8,9, 10, or more than 10 time
points). For example, sampiss may be collected as a time series, such as at an inifial limepointas a
baseline, and at one or more times after the baseline. For example, the sample may be collecied at a
fimepoint at, atleast, oratmost 1, 2,3, 4,5,6, 7,8, 8,10, 11,12, 13, 14, 15,16, 17, 18, 18, 20, 24, 28,
or 30 days affer the bassling. In some ingtanceas, the sample may be coliected at a time point af, al lsast,
oratmost1,2,3,4,5,6,7,8,9,10, 11,12, 18, 14, 15, 18,17, 18,19, 20, 24, 28, 32, 36, 40, 44, 48, or 52
wesks after the baseline. In some instances, the sample may be collected at a time point at, at least, or
atmost1,2,3,4,5,8,7,8,9,10, 11, or 12 months afier the bassline.

In particular, a sample may be coliscled from a subject during or immediately after a
cardiovascular event {g.¢., after acute coronary syndrome, coronary ariery diseass, and cardiac
ischemia) and assessed for the lavel of one or mors of the biomarkers of SEQ 1D NOs: 1-74 or a subset
thereof {e.g., one or more of the biomarkers of PC1, PC2, and/or PCE (see Figure 5) or one or more of
SEQ D NOs: 1-12). During an aculs phase of the cardiovascular event, ons or more samples may be
taken evary hour, gvery two, thres, four, five, or six hours, every 12, 24, or 36 hours, or ong or more timss
per day, every othar day, every third day, every fourth day, every fifth day, svery sixth day, or every

saventh day {e.q., for one, two, three, four, five, six, seven, or sight weeks or moreg following the
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cardiovascular event). Sampiles may continue o be collected from the subject during treatmeant for the

cardiovascular event {e.g., during an acule phass or chronic phase of the cardiovascular event) and/or

\J’

subsequent to treatment for the cardiovascuiar event {e.9., after resolution of the acule phase of the
cardiovascular eavent). For example, one or more samples may be faken from the subject during a
chronic phase of the cardiovascular ong or more times per monih, bi-monthly, quarterly, semi-annually, or
vearly (a.q., for one, two, three, four, five, six, seven, sight, nine, ten, eleven, twelve, twenty-four, thirty-
six, forty-aight, or sixly months or more following the cardiovascular eveni).

in some instancas, the sampils from the individual is a tissue sampile, a whole blood sample, a
plasma sampls, a serum sampls, or a combination thereof. In some instances, the sample is a tissue
sample. For exampis, the tissus sampie may be a cardiac tissue sample. Samples may additionally or
afternativsly include Blood, venous blood, or plasma, or combinations thereof. Samples may include one
or more call types. The sample may inciude cardiomyocytes or non-cardiomyocytas, such as non-

cardiomyacyte cardiac cells {e.g., cardiac immune cails), fibroblasts, and endothelial cells.

The sample may undergo processing. For example, blood may be centrifuged at 2000 xg for a
pericd (e.g., 10 min} for plasma separation, and immadiately stored at a iow tamperature {e.g., -80°C}.
The sample may be frozen, fresh, fixed {o.g., formalin fixed), centrifuged, and/or embedded (e.g., paraffin
embeadded}, etc. The cell sampie can be subjected to a variety of well-known post-collection preparative
and storage techniques {(8.¢., nucleic acid and/or protein extraction, fixation, storage, freszing,
ultrafiltration, concentration, evaporation, centrifugation, etc.) prior 1o assessing the amount of the
Biomarker in the sampie. Likewise, biopsies may also be subjected to post-collection preparative and
storage technigues, e.g., fixation, such as formalin fixation.

In some implementations, the cellular origin and temporal reguiation of the one or more
Biomarkers may be detecied in samples from an animal and ceil model of a cardiovascular disease {s.g.,
acute coronary syndrome, coronary artery disease, and cardiac ischemia) o inform the diagnostic or
freatment oriteria described herein. For example, the biomarker may be detected in cardiomyocyles
Alternatively, the biomarker may be detected in norn-cardiomyoocytes, such as non-cardiomyocyte cardiac

slls {e.g., cardiac immune celig}, fibroblasts, and endothelial celis.

Sample colisction may include collecting cardiac images of subjects using, for example, cardiac
magnetic resonance imaging {CMB) or echoecardiography or both, to delerming cardiac status. Cardiac
imaging may be used at the lime of baseling or at one or more times after the baseling; e.g., a time point
may be ai, orat least, oraimost 1,2, 3,4, 5 7,8,9 10, 11,12, 13, 14,15, 16, 17, 18,18, 20, 24, 28,

2,36, 40, 44, 48, or 52 weeks afier the baseline.

Sample colisctions may inciude phanotyping. Examples of phenolyping tools include cardiac
maging, physician evaluation, or an existing diagnostic tool, or combinations of them. In some instances,
phenotypes may include LV end-systolic volume indest (LVESVI), LV gjeclion fraction, myocardial mass,
and extraceliular volumes fraction (ECV,; a validated surrogate of myocardial interstitial expansion).

In seme instances, the subjecis may undsrgo post-treatment follow-up; e.g., CMR for serial
comparison for LV remodeling. Infarct size by laie gadolinium enhancement may be quantified using, for
exampls, ai least one, two, three, or four standard deviations beyond mean remols mvocardial signal
intensity and full width half maximum meathod. Baseline characteristics may be compared via chi-squarsd

{catsgorical) or Wilcoxon tests {(continuous).



(9]

10

15

el
[$3]

30

44

WO 2019/143828 PCT/US2019/014026

Biomarker delsction

The presence and/or exprassion lavel or amount of one or more of the biomarkers described
herein {2.¢., one or morg non-coding BNAS having at least 80% seqguence identity (e.q., al lsast 85%,
B0%, 85%, 87%, 89%, or 100% sequence idsniity} (o the sequence of SEQ D NQs: 1-74 or a

complemsni thereof) can be determined qualitatively and/or quantitatively using matsrial that includss,
but is not limited o, DNA, mRNA, ¢cDNA, proteing, protsin fragments, and/or gene copy number. For
example, the dstection of the biomarkers described hersin can involve a determination of the presence or
expraasion level of ong or more Biomarkers based on, e.0., an exact gxpression lgvel, an expression level
relative 1o a reference level, or an estimated expression level of a non-coding BNA, or complemeniary
sequaence thereln. Alternatively or additionally, the biomarker may be detecied based on an exadt,
relative, or estimated abundance; the levels of intermadiate products; levels of protains that can associats
with the biomarker, or combinations thereof.

It some instances, nucisic acid expression levels of the biomarkers described herein may be
measured by polymerase chain reaction (PCR}-based assays, e.g., quantitative PCR, real-time PCR,
guantiiative real-time PCR (gRT-PCR}, reverse franscriptase POR (RT-PCR), and reverss transcriptase
guantitative PCR {RT-gPCR). Platforms for performing quantitative PCR assays inciude Fiuidigm {8.g.,
BIOMARK™ HD System). Other amplification-based methods include, for example, transoript-mediated
amplification {TMA), strand displacement ampiification {SDA), nucleic acid sequence based amplification
{(NASBA), and signal amplification methods, such as bRNA,

In some instances, the biomarkers describad herein may be measured by sequencing-basad
technigues, such as, for example, RNA-Seq, serial analysis of gene exprassion {SAGE), high-throughput

equencing technologies (e.g., massively paralisl sequencing), and Sequenom MassARRAY®

technology. Biomarker expression also may be measured by, for exampie, NanoSiring nCounter, and

high-coverage expression profiling (HICEP). Additional protocols for svaluating the status of genes and
gens products are iound, for exampls in Ausubel st al., eds., 1885, Current Profocols in Molscular
Biology, Units 2 (Northern Blolting}, 4 (Southern Blotting), 15 (mmunoblolting), and 18 (PCR Analysis).

Cther mathods for detecting the biomarkers described herein include protocols which examing or
detect mRNAs, such as target mRNAs, in a tissue or cell sample by microarray technoiogies. Using
nucleic acid microarrays, test and control mRNA samples from test and control lissue samples are
raverse transeribed and iabeled {o generale ¢DNA probes. Ths probes are then hybridized to an array of
nucleic acids immobiiized on a solid support. The array is configured such that the sequence and
position of each member of the array is known. Hybridization of a labeled probe with a particular array
member indicales that the sample from which the probe was derived expresses thal gene.

Primers and probss may be labeled with a detsctable markar, such as, for example, a
radinisotope, filiorescent compound, biclumingscent compound, a chamiluminaescant compound, metal
chelator, or enzymes. Such probas and primers can be used o detect the pressnce of the biomarkar. As
will bs understoed by the skilled artisan, many diffsrent primers and probes may be preparsd based on
the sequences provided harein {or, in the case of genomic DNA, thair adjacent seguencss) and used
effectively 1o amplity, clone, and/or determing the pressence and/or axprassion levels of the genes

described herain.
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Meathodologies for detection of BRNA expression levels are weil-known in the ari, and a skilled
arfisan will appraciate that any such method may be usead in the present methods. Non-limiting examples
of msthodoiogiss (e.g., RMA-Beq) thal may be used o detect the pressnce or isvel of the biomarksrs

dascribed herein are further dascribad in the sub-seciions balow.

RNA-Seq

The methods describad hersin may include BNA-Seq for identifying one or more of the
biomarkers dascribed harein in a sample{s) from a subjsct. To identify exBNAs {s.g., one or more non-
coding RNAs having at least 80% ssquence identity {(8.¢., al least 85%, 80%, 95%, 87%, 99%, or 100%
sequaence identity) o SEQ 1D NOG: 1-74 or a complement thereof) associated with cardiovascular stalus
{e.g., LV remodeling) by plasma BNA-Seq, samplas may bs selsctad for running RNA-Seq. Tha subjects
from which the samples are obitained may be assassad for the presence of bengficial cardiac remodeling
{e.g., beneficial LY remodeling; 8.g., a decrsase in LVESVI of 210%, 18%, 20%, 30%, 40%, or 50%;), or
adverse cardiac remodeling (8.9., adverss LV remodsling; 8.g., an increase in LVESVI of 210%, 15%,
20%, 30%, 40%, or 50%;}. The subjects in different conditions {e.g., beneficial vs. adverse cardiac
remadeling) may be malched for age, sex, diabelss status, LVEF, or infarct size by CMR, or
combinations thereof.

RNA may be exiracted from plasma {e.g., atleast 0 mbL, 0.2 mL, 8.3 mL, 0.4 mL, 0.5 mbL, 0.6
mL07mb 08mil, 08ml, Tml,2ml, 3ml 4mb, Smb, 6mbl, 7mL, 8mi, 89mL, or 16 ml}. Then,
BNA libraries may be construcied from the plasma. For example, the plasma RNA may be isolated with a
protocol, and the libraries may be constructed and amplified from approximately or at least or al most 1
ng, 2 ng, 3 ng, 4ng, 5ng, 6ng, 7 ng, 8 ng, 8ng, 10 ng, 15 ng. 20 ng, 25 ng, 30 ng, 35 ng, 40 ng, 45 ng,
50 ng, 60 ng, 70 ng. 80 ng, 90 ng, or 100 ng RNA. Size selection of libraries may be performead by gel
elecirophoresis on a 1%, 2%, 3%, 4%, 5%, €%, 7%, 8%, 8%, 10%, 11%, 12%, 13%, 14%, or 15% gei
with excision of certain nucleotide bands (8.9, at least 50, 160, 110, 120, 130, 140, 150, 160, 170, 180,
180, 200, or 300; or at most B0, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, or 300; or
combinations of them}. Ths bands may correspond io atleast 2,3, 4,5, 6,7, 8,9, 8, 10, 11,12, 13, 14
15,16, 17, 18,18, 20, 25, 30, 35, 40, 45, or 50 nuclectids RNA fragments. Libraries may be diluted to a
final concentration {(e.g., atleast oral most 0.1 oM, 0.2 nM, 0.3 nM, 0.4 nM, 0.5 nM, 1 nM, 2 nM, 3 nM, 4
nb, or & oM}, pooled, and sequenced.

Plasma exHNA from control samples may be isolated; for example, using a protocol {s.q., ths
mirVana PARIS prolocol} with sequential phenoi-chioroform extractions. BNA may be conceniraled, and
tibrariss may be prepared. Sampie pools may be greated, denatured, and clustered. The flowgells may
be run for multiple {s.g., al least 10, 20, 30, 40, 20, 60, 70, 80, 80, or 100} cycles with an indexing read.

The cutputs from RNA-Seg may be de-mulliplexad and the adaptor sequences within the read
sgquences may be trimmed. The processed sequences may be filtered for small RNAs greater than, for
exampls, 2,4, 6, 8, 10, 12, 14 18§, 18, 20, 22, 24 28, 28, 30, 32, 34, 38, 38, 40, 42, 44, 48, 48, or 50
nuclectides in length. The sequences may be then aligned, guantified, and annotated. In some
implamentations, the analysis may use a hierarchical seguence mapping sirategy that first maps and
ramoves spike-in library, contaminants, and rRNA. Nagxi, BNA species may be sequentially mapped to

known mature miRMNA, (RNA, snoRNA, piRNA, and Y BNA on the human genome seguence {(hg18) using
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sequsnce alignment {ools {s.q., Bowile, MUMmsr, BLAST or Ymateh) with paramsiers that allow for 1 or
2 or 3 or 4 or 5 mismalches in sead alignment (-N 1), try two set of seeds {-R @), and set the lengih of
seed substrings io be 16 (-L 16). Mapped small RNA speciss may be quantified to read counts and
normalized (o reads per kilobase per million reads mapped (RPKM). Differential expression analysis may
be performed for all contrasts. The p-values may be adjusted for multiple-test correchion using Falss

Discovery Hale (FDR).

Data analysis

The metheds disclosed hersin may include data analysis using statistical machine learning
algorithms. For example, principal components analysis (PCA), an unsupervised learing tschnique that
staiistically groups correlated miBNAs (e.g.‘ one or more non-coding BNAs having at least 80%
sequence identity {e.g., al ieast 85%, 80%, 95%, 97%, 89%, or 100% sequence identity} to SEQ 1D NO:
1-74 or a complement theraof) together into principle components, may be employed for analyzing
various types of data {e.g., RNA-Seq data, gPCR validation data, and cardiac images).

;

I some instances of analyzing differences in miRNA profiles between test subjects {e.g., post-Mi
ar experisncing one or mors cardiovascular conditions {2.g., cardiovascular diseases, such as acuie
coronary syndrome, coronary artery disease, cardiac ischamia, myocardial fibrosis, coronary
atherosclerosis, and cardiac arrhythmias)) and normal controls, miRNA reads per million (RPM) for all
subjects may be computad and may be mean cantered, standardized, and iog-transformed before
performing the analysis. In the analysis of PCA, the firstfew (e.g., atleast 1,2, 3,4, 5,6,7. 8, 9, or 10)
principal components may be considered for all subjects. A similar approach may be applied to the
vaiidation data {e.g., data from gPCR or high-throughput gPCR). In the vaiidation data, miRNA valuss
may be centered and standardized {e.g., mean 0 and variance 1} before running PCA.

In some implementations, top few (e.g., atleastorat most 1,2, 3, 4, 5,6, 7, 8, 9 or 10} principal
components may be considered. The consideration may be based on (1) examination of an sigenvaius
pat, or {2) inclusion of principal components that explain up to a certain percentage (2.g., at least 50%,

80%, 70%, 80%, or 90%;} of popuiation variance, or both (1) and {2). Varimax rotation may be used o
determine final PC loadings. PC scores based on loadings and miRNA expression values may bs
included in linear regrassion models for CMR cutcome variables {dascribed bsiow).

Data analysis may include guantitative analysis of cardiac status (8.q., LV remodeling) by other
information, such as cardiac imagss {e.g., CMR or echocardiography data). Exampiss of cardiac image
analysis include serial guantificalion of LV volumes {end-diasiole and end-sysiole}, ECV in the non-infaret
myocardium as a surrogate measure of interstitial fibrosis, and infarct size by late gadclmium
enhancement. Amap of segments {e.g., atleast 2,3,4, 56,7, 8,9, 10, 11,12, 13, 14, 15,18, 17, 1§,
19, or 20 segmenis) on myocardial regions or veniricular regions, or both, may be usad in guantification
of ECV. In some implemeantations, infarci size and ssgments with late gadolinium enhancemsnt may, or
may not ba, included in the measurement of non-infarct ECV.

In some instances, the quantilative analysis may include a linear regrassion analysis; for
exampls, lingar regression modesis may be used for sevaral oross-sactional {8.q., at the tims of the bisod

draw, or bassling atleast 1, 2, 3, 4, 5,8, 7, or 83 weeks post-Mb) and longitudinal phenolypes (e.g.,
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changss in LV phenoiypes from basslinsfo atisast 1,2, 3,4, 5,6,6, 7, 8, 8, 10, 11, or 12 months post-
MI), such as LVESVI], LVEF, or LV mass index, or combinations thersof.

i some instances, the quantitative analysis may examineg the association of baseline non-infaret
myocardial fibrosis by ECV with each PO, The association may be hased on a statistical model {e.q.,
machine lsarning, regression, or Bayesian inferencs, or combinations of them). The association may
specily the CMRP parameters {s.qg., LVESVL LVEF, or LV mass index} as ouigcomes, and include all PC

scores, as well as adjustment for age, sex, race, presence of diabeies, a binary variable denoting
randomization {e.g., a therapy vs. placeho, or a therapy vs. anothsr therapy), and a binary variable
representing use of any LV remodeling medication {8.g., beta-biockade, angiotensin converting enzyms
inhilsition, or angiotensin-li receptor blockade, or combinations of them). For the exRNAs other than
miRNAs {yBNAs, snoRBNAs and piRNAs), the association may be carried out for mean centered and
standardized Ct values as a function of changes in LY phenotypes from bassline to a period {(e.g., at least
1,2,3,4,5,6,6, 7, 8,8, 10, 11, or 12 months) post-Ml {(LVESVI, LY Mass, or LVEF, or combinations
thereof) after adjiustment for all the variables used in the association anaiysis.

The technologies disclosed herein may include a pathway analysis. For example, mBNA targsis
of the miRNAs from top principal components {e.g., top 3 principal components, which individually
dencted as PC1, PC2, and PC3; see Figure 5} that had a lpading greater than a certain percentage {e.g.,
at least 5%, 60%, 70%, 8{1%, or 80%) may be obtained through pathway analysis on miRNAL In soms
instances, only those mRNAs that are experimenially cbserved targets of the miRNAs from sach PC may

be included in the core pathway analysis.

Analysis based on animal and cell modsls

A murine model may be used o identify or validale one or more biomarkers {e.g., the biomarkers
of SEQ 1D NOs: 1-74 and variants thereof having al least 80% or more sequence identity thersto) for use
in the methods described herain (8.¢., meathods for determining cardiovascular status of a subject, such
as the presence of baneficial or adverse cardiac {e.g., LV) remodsiing). In some instances, adull wild-
tvpe CS7BL/S mice may bs subjected o ischamia reperfusion (VR) including a perind {s.g., 10, 20, 30, 40,
50, 80, 80, or 120 minutes) of left anterior coronary artery ligation followsd by reperfusion. Blood and
heart lissue may be coliected from the animals 24 hrs, 1 week, or 4 weeks, or a longer period, after VR,

In addition, hearts may be coliected from healthy adult wild-type mice o isolate cardiomyooyias and non-
cardiomyocyies, and primary endothelial cells and fibroblasis may be cultured from hearts of wild-typs
mice. isolated cardiomyocylas, non-cardiomyocytes, and culiured primary endothelial cells may be
confirmead by qPCR analysis celi-specific markers including oTnl, CD31, and Collal, as shown in Figure

A cell model of hypoxia/reoxygenation may be used to identify or validale one or mors biomarkers
{8.g., the biomarkers of SEQ 1D NOs: 1-74 and variants thereof having af least 80% or mors ssquencs
identily thereto} for use in the methods described herein {e.g., methods for determining cardiovascular
status of a subject, such as the presence of heneficial or adverss cardiac {e.g., LV} remodeling). For
exampls, necnatal rat ventricular myocytes (NRVMs) may be isolated from 1 day pestnatal Spragus-

Dawley pups and subjecied to 24 hrs hypoxia (2% oxygen) followed by 12 hrs re-oxygenation. Celis may
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be harvested in lysis bufier and media may be collecied and sequentially centrifuged at 2,000 xg for 10
minutes and 3,000 xg for 10 minutes.
RNA sxtraction and gPCR may be used ip determine or validaie the expression or lavel of

exprassion of one or more biomarkers {e.g., the blomarkers of S8EQ 1D NQs: 1-74 and variants thersol

having at least 80% or more sequence identity thersio) for use in the methods described hersin {s.q.,
methods for defermining cardiovascular status of a subiject, such as the presence of haneficial or adverse

cardiac {e.g., LV} remodeling). BNA from culiured or isolated muring cells and mouse lissue samples

may be isolated. Plasma samples may be ‘spiked with atleast 1,2, 3, 4,5, 8,7, 8, 8, or 10 pmol/mb
exogenous cel-miR-33-3p and RNA may be sxtracted. in some embodiments of using pig plasma
samples, BNA may be incubated with 1 unit of heparinase | ai 25°C for 2 hrs to prevent heparin-mediated
inhibition of downstream reactions. Extracellular vesicls {EV) associaled RNA may be extracisd from
NRVM culture media and cellular RNA may be exiracted as well. All RNA samplss may be reverss
franscribed and gPCR may be parformed for specific miRNA spacies.

The methods described herain may also include a statistical analysis. UB (mouse tissue and
NRVM celis), cel-miR-38-3p (plasmay}, or hea-miR-181-5p (isolated muring celis) may be used for gPCR
normalization. In some instances, due 1o a lack of reliable housekeeper genes, culture meadia EV miRNA
may be normalized to cell number and meadia volume input. Statlistical analysis may be performed on ACH
vaiues. Dala from the mouse model may be analyzed by & sialistical analysis, such as one-way ANGVA
with Tukey post-hoc analysis; cell data may be analyzed by ancther sialistical analysis, such as Student's
{-test.

In some instances, the gRPCOR ACE values for mouse tissus, plasma, and cell data may be
analyzed by a clustering algorithm. In some implementations, the dala may be exponentiated as 2-1/C4,
scaled, and ceniered before unsupearvised agglomerative hisrarchical clustering with a distance measure
{e.g., Manhattan distance or Euclidean distance or Viterbi distance), followed by a clustering algorithm
{e.g., higrarchical cluster analysis, Ward method). The clustering results can be visualized, such as a

heatmap.

Determining Cardiovascular Status of a Subiect Based on Biomarker Expression Level

The expression level of the one or more biomarkers described hersin (8.9, one or more non-
coding BNAs having al least 80% sequence identily (8.¢., at least 85%, 90%, 95%, 97%, 39%, or 100%
ssquencs identity) to SEQ D NO: 1-74 or a complemsnt thereof) can be Compared {0 a refgrence or
conirol level or a cutoif value 10 predict or assess a subject's cardiovascular stafus {8.g., the presence of
bensficial or adverse cardiac {e.g., LV} remodeling). For sxample, a changs in the exprassion of the one
or more biomarkers {e.g., ons or more non-coding BNAs having atl least 80% sequence idsniity {e.g., at
least 85%, B%, 95%, 87%, 88%, or 100% sequence identily) to SEQ ID NO: 1-74 or a complemeant
thereof) reiative o a reference level may indicale thatl the subject is likely 1o experience baneficial LY
ramodsling {e.g., a dacrease in LVESVI of 210%., 15%, 20%, 30%, 40%, or 50%), or advarse LV
ramodsling {e.g., an increase in LVESVI of 210%, 15%, 20%, 30%, 40%, or 50%). The mathod may
assess a change in the sxpression of ene or more {or all) of the PC1, PC2, and/or PC3 biomarksrs {ses

Figure 5).
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in some instances, an increase in the exprassion level of the one or more biomarkers {e.g., one

or more non-coding RNAs having at least 80% ssquence identily {&.q., al least 85%, 90%, 85%, 87%,
B9%, or 100% sequence idsnlity) fo SEQ 1D NO: 1-74 or a complement thereof; e.g., one or more {or all)
of the PC1, PC2, and/or PC3 biomarkers {see Figure 5)} in a sample {e.g., a lissue and/or plasma
sample) relative {0 a reference or control lavel {a.g., relative o the expression level of the one or more
biomarkers in a subject who experignces bensficial LV remodeling) or cutoff vaiue indicates that the
subject is liksly o experisnce adverse LV remodeling (e.q., an ingreass in LVESVE of 210%, 15%, 20%,
30%, 409, or 50%;). Altsrnatively, in some instances, a decrease in the expression lgvel of the one or
mors biomarkers {8.g., one or more non-coding RNAs having at lgast 80% ssquencs identity {s.q., at
lsast 85%, 80%, 95%, 87%, 89%, or 100% sequence identity} 1o SEQ 1D NO: 1-74 or a complament
thereof; e.g., one or more {or all} of the PC1, PCZ, and/or PC3 biomarkers {ses Figure 5}) in a sampls
{e.g., a tissug and/or plasma sample) relative 1o a referance or control lavel {e.g., ralative 1o the
exprassion level of the one or more biomarkers in a subject who experiences adverse LV remaodeling) or
cutoff value indicates that the subject s likely 1o experience bensficial LV remodeling (e.g., a decrease in
LVESVI of 210%, 15%, 20%, 30%, 40%, or 50%}.

For example, in some instances, an expression lgvel of the one or more biomarkers in about the
fop 99th percentile (aqual to, or higher than, about the 1% pravalencs level), about the top 85th percentile
{equal to, or higher than, about the 5% prevalence level}, about the top 80th percentile {equal 1o, or
higher than, about the 10% prevalence level), about the top 85th pereentile {equal to, or higher than,
about the 15% prevalence level), about the top BOth percentile {equal to, or higher than, about the 20%

prevaience level), about the top 75th percentile (equal to, or higher than, about the 25% prevalence

avel}, about the top 70th percentile (equal to, or higher than, about the 30% prevalence level), about the
fop 65th percentile (equal to, or higher than, about the 35% prevaience level), about the top 60th
percentile {equal to, or higher than, about the 40% prevalence level}, about the top 55th percentile {equal
g, or higher than, about the 10% prevalence level}, about the top 50th percentile {sgual 1o, or higher
than, about the 50% prevalence level), about the top 45th percentile {(equal to, or higher than, sboui the
55% prevalence level), about the fop 40th percantile (equal 1o, or higher than, about the 80% prevalence
tevel), about the top 35th pereentile (squal 1o, or higher than, aboul the 85% prevalence level), about the
fop 30ih percentile (egual to, or higher than, about the 70% prevaience level), about the top 25ih
percentils {squal to, or higher than, about the 75% prevalencs level}, about the top 20th percentile {squal
1o, or higher than, about the 80% prevalence lavel}, about the top 15th percentile {egual 10, or higher
than, about the 85% pravalence level), about the top 10th percentile {equatl to, or higher than, aboul the
90% prevaience level}, about the fop 5th percentile (equal 1o, or higher than, about the 95% prevalence
ievel), or about the top 1st percentile {equal io, or higher than, about the 99% prevalence level of the
expression of the one or more biomarkers in a reference population {e.g., a population of subjects who
experience beneficial LV remodeling) identifies the individual as ons who is likely to experience adverse
LV rampdeling {8.g., an increase in LVESVI of 210%, 159%, 20%, 30%, 40%, or 50%).

In some instances, an expression lavel of the one or more biomarkers (3.g., one or more non-
cading RNAs having al least 809 sequence identity {(e.g., at least 85%, 80%, 85%, 87%, 89%, or 100%
sgquencs identily) to SEQ 1D NO: 1-74 or a complemant thereof; e.g., one or maore {or all} of the PC1,

PC2, and/or PCE biomarkers {see Figure 5)) that is highsr than a reference or control lavel {e.g., relative
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{0 one or morg subjects who experience beneficial LV remodeling) or cutolf value refers {0 an overall
increase of about 10%, 20%, 30%, 40%, H0%, 60%, 70%, 80%, 0%, 85%, 96%, 97%, 88%, or 99% or
greater in the sxpression lavel of the one or more biomarkers; detected by standard art-known methods,
such as those described herein, as compared {0 the expression level of the one or more biomarkers ina

refarence sample, reference cell, reference tissug, contfrol sample, control cell, or control tissue {e.g., a

[

compared 1o the expraession of the one or more biomarkers in a subject who experiences beneficial LY
ramadealing). In cerlain instances, an exprassion level of the one or mores blomarkers {&.¢., one or more
non-coding RNAs having at least 80% sequence identity {e.g., at least 85%, 30%, 85%, 97%, 89%, or
100% seguence identity) to SEQ 1D NQ: 1-74 or a complament thersof; s.g., one or more {or all} of the
PCH, PC2, and/or PC3 biomarkers {see Figure 5)) that is higher than a reference expression lavel refars
{0 an increase in the expression lavel of the one or more Biomarkers in the sample, wherein the increase
is at least about 1.5x, 1.75x, 2x, 3x, 4x, 5x, 6%, 7x, 8x, 9, 10x, 25x, 50y, 75x, or 100x the exprassion lavel
of the one or more biomarkers in a reference sample, reference call, reference tissue, control sampls,
control cell, or control tissue (e.g., relative to the expraession of the one or more biomarkers in a subjact
who experiences beneficial LV remodeling}. In some instances, an expression level of the one or more
biomarkers {e.g., one or more non-coding RNAs having at least 80% sequence identity {e.g., at least
85%, G1%, 85%, 87%, 99%, or 100% sequence identity} to SEQ 1D NO: 1-74 or a complement thareof;
e.g., ong or move {or all) of the PG, PC2, and/or PGS biomarkers {ses Figure 5}) that is higher than a
reference expression level refers 1o an overall increase in the exprassion level of the one or more
Biomarkers that is greater than about 1.5-Told, about 1.75-fold, about 2-fold, abot oid, about 2
fold, about 2.75-foid, about 3.0-Told, or about 3.25-fold as compared to the exprassion level of the one or
more biomarkers in a reference sampie, reference cell, reference tissue, control sample, control cell, o
conirol tissue {e.¢., as compared 1o the expression of the one or more biomarkers in a subject who
experiances beneaficial LV remodsiing}.
In some insiances, an expression ievel of the one or more biomarkers {e.g., one or more non-

oding RNAs having at least 80% sequence identity (e.g., at least 85%, 80%, 85%, 97%, 89%, or 100%
ssquence identity) to SEQ 1D NO: 1-74 or a complemant thereof; e.g., one or more {or all} of the PC1,
PC2, and/or PO2 biomarkers {see Figure 5} that is higher than a relerence expression level refers to an
overall increase of about 10%, 20%, 30%, 40%, B0%, 60%, 70%, 80%, 80%, 95%, 96%, 87%, 98%, or
99% or grealsr in ths expression level of the one or more biomarkers, delscisd by standard arf-known
methods, such as those described herein, as compared o a pre-assigned expression level of the one or
more biomarkers. In ceriain instances, an expression level for the one or more biomarkers {(e.g., one or
mare non-coding BNAs having al least 80% sequsnce identity {e.Q., al lsast 85%, 80%, 85%, 97%, 899%,
or 100% sequencs identily) to SEQ 1D NO: 1-74 or a complemsnt thereof; e.g., ons or more (or all} of ths
PC1, PC2, and/or PC3 biomarkers (see Figurs 5} that is higher than a referance exprassion levsl refers
to an increase in the expression leveal of the one or more biomarkers in the sample, whersin the increase
is at least about 1.5x, 1.75x, 2x, 3x, 4%, 5, 6x, 7x, B, 8x, 10, 25x, 50x, 75x, or 100x a pre-assigned
expression lavel of the one or more biomarkers. In soms ingtances, an expression lgvel for the one or
more biomarkers {e.¢., one or more non-coding BNAs having at least 80% sequence identity {e.g., at
least 85%, B%, 95%, 87%, 88%, or 100% sequence identily) to SEQ ID NQO: 1-74 or a complemant

thereof; e.g., one or more {or ali} of the PG, PC2, and/or PC3 biomarkers {see Figure 8}) that is higher
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than a reference expression level refers o an overall increase in the axpression level of the one or more
biomarkers that is grealer than about 1.5-fold, about 1.75-old, about 2-fold, about 2.25-old, about 2.5-
fold, about 2.75-fold, about 3.0-fold, or about 3.25-fold as compared 1o a pre-assigned expression level of
ihe one or more biomarkers.

As an example, an expression level for the one or more biomarkers (a.g., ons or more non-coding
RBNAs having al least 80% sequence identity {e.q., al ieast 85%, 90%, 895%, 97%, 99%, or 100%
sequsnce identity} fo the sequencge of 3£Q D NQOs: 1-74 or a compiement thereof; e.q., one or more {(or
ally of the PC1, PC2, and/or PC3 biomarkers {ses Figure 5}) can be assessed by comparison 1o a conirol
gene or mRNA, such as a housskeeper geng or mBNA, such as a miBNA {s.g., for gPCR normalization),
or 1o the expression lgvel of the one or more biomarkers in control cell {(8.g., a non-cardiac call or a
normal cardiac call that has not besn exposed (o a cardiovascular insult or trauma) . An example of a
control mRNA s, e.g., hsa-miR-181-5p.

Relerence Expression Lovel

A reference exprassion level can be used to assess an expression lavel of one or mors
biomarkers described herein {e.g., one or more non-cading RNAs having at least 80% sequence identity
{e.g., at least 85%, 80%, 95%, 87%, 88%, or 100% sequence identity} to SEQID NG 1-74 or a
complement thereof; e.g., ons or more {or all} of the PCGH, PC2, and/or PC3 biomarkers (see Figurs 5} in
arder, e.q., o make a diagnostic, prediciive, prognostic, and/or therapeutic determination regarding the
cardiovascular status (2.g., the presence of beneficial or adverse cardiac {e.g., LV} remodeling) of a
subject (e.g., a human}. For exampie, the reference expression lavel may be derived from expressio
levels in a reference sample from the same or a different subject undergoing testing andior treatment, a

reference population, an internal control {6.4., housekeeping gene), and/or a pre-assigned value. In
cerlain instances, the reference exprassion level may be a pre-determined value (2.¢., expression level,
percentile, or other cut-off value) that was previously determined fo significantly {e.g., statistically
significantly} separate different subsets of individuals, e.g., a cut-off value that significantly separates a

subset of subjects who experiencs bensficial cardiac {a.g., LV) remodeling {8.g., a decrsase in LVESY! of

s

210%, 15%, 20%, 30%, 40%, or 50%) and a subset of subjects who experience adverse cardiac (e.g.,

LV} remodeling {(e.g., an increase in LVESVE of 210%, 15%, 20%, 30%, 40%, or 50%)}. An approprials

numerical value for the reference exprassion level can be established bassd on the indication, the
meathodology used 1o delect exprassion levels {a.g., RNA-Seq or RT-gPCR), the sfalistical methods used

o analyze the expression lgvel, and/or the specific combinations of biomarkers examinad.

Molecuiar signature

The methods described harein may involve determining the expression of two or more
biomarkers {(8.¢., 2,3, 4,5, 8,7, 8, 8,10, 12, 14, 186, 18, 20, 25, 30, 40, 50, 80, 70, or all 74 biomarkears,
e.g., non-coding RNAs having at least 809% sequence identity {a.g., al least 85%, 80%, 95%, 87%, 83%,
or 100% sequence identity) 1o SEQ ID NO: 1-74 or a complemnnt thereof, or, e.g., one or more {or all} of
the PO, PC2, and/or PC3 biomarkers {see Figure 8} In instancas where the expression of muitiple
{3.¢., two or more) biomarkers is detected, the biomarkers may be asssassed as a panel, profile, or

signaiure, as furthsr described harein. In some instances, the signaturs is bassd on two or mors of the
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biomarkers of SEQIDNOs:1,2,3,4,5,6, 7,8, 9,10, 11, 12, 18,14, 15, 16,17, 18, 19, 20, 21, 22, 23,
24, 25,26, 27, 28, 28, 30, 31, 32, 33, 34, 35, 36, 37, 38, 38, 40, 41, 42, 43, 44, 45, 48, 47, 48, 49, 50, 51,
52, 53, b4, 55, 58, 57, 58, 1Y, 60, 61, 62, 63, 64, 65, 66, 67, 88, 69, V0, 71, 72, 73, and 74, such as, e.q.,
2,3,4,5,6,7,8,9,10, 12, 14,16, 18, 20, 25, 30, 40, 50, 60, 70, or aill 74 of the biomarkers described
herein, e.g., hon-coding BNAs having atl least 80% sequence idsniity {e.9., at lsast 85%, 80%, 85%, 97%,
39%, or 100% sequence ideniity or a complement thereot) {o any ons of SEQ D NO: 1-74 or based on,
e.g., ons or more {or all) of the PC1, PC2, and/or PC3 biomarksrs (ses Figurs 5). The exprassion levsl of
two or more biomarkers can be gvaluated in aggragate in accordancs with methods standard in the art
and/or expressed as a single value, 8.9, as a hiomarker signature valus or score.

Faor example, the methods disclosed hergin may include identifying signatures that associale
plasma circulating sxRNA profiles with one or more cardiovascular condilions {(s.g., post-Mi LY
remadeling phenotypes). The profiles of non-control subjects may be distinct from controls. Ong or more
signature miRNAs may not increase abundance or expression level in plasma at acute time-points. In
some cases, a siatistical analysis {e.g., PCA, probabilistic inference analysis, or Bavesian network
analysis, or combinations of them) may identify that one or more signature miBNAs exhibit temporal
exprassion of milkNAs differing in tissug and plasma.

For example, in studies of post-Mt LV remodsiing phenotypes, Table 1 summarizes signatures
associated with top principal components based on the PCA analysis. Table 2 shows corresponding
statistics of the signature miRNAs, The signatures may inciude, e.¢., one or more or ali of the foliowing:
SEGHD NOS: 27-28 (miR-21-5p), SEQ 1D NOS: 33-34 (miR-29a-3p), SEQ 1D NOS: 37-38 (miR-29b-3p),
SEQ D NOS: 38-40 (miR-2%¢-3p), SEQ D NOS: 41-42 {miR-30a-5p), SEQ ID NOS: 43-44 (miR-30d-5p),
SEG D NOS: 3-4 (miR-100-5p), SEQ 1D NOS: 7-8 (miR-146a-5p), SEQ 1D NOS: 8-10 {(miR-148b-5p),
SEGHD NOS: 11-12 (miR-150-5p), SEQ 1D NOS: 18-20 (miR-194-5p), SEQ 1D NOS: 31-32 (miR-223-3p),
SEQ D NOS: 47-48 (miR-378¢), SEQ 1D NOS: 53-54 (miR-423-5p), and SEQ 1D NOS: 65-68 (miR-744-
5p). Signatures may be used, individually or collectively, for predicting a cardiovascular condition. For
instance, referring to Table 1, signatures SEQ 1D NOS: 27-28 (miB-21-5p), SEQ 1D NOS: 41-42 (miR-
30a-bpy, SEQ D NOS: 43-44 (miR-30d-5p), SEQ 1D NOS: 3-4 (miR-100-5p), SEQ 1D NOS: 7-8 (miR-
146a-5p), SEQ 1D NOS: 9-10 (miR-146b-5p), SEQ 1D NOS: 31-32 (miR-223-3p), SEQ D NOS: 53-54
{miR-423-5p), and SEQ 1D NOS: 65-68 (miR-744-5p) belong to PC1, and they may individually or
collgctively be used o predict a cardiovascular condilion {s.g., ALV}, Similarly, SEQ 1D NOS: 27-28
{miR-21-5p), SEQ 1D NOS: 33-34 (miR-28a-3p), of SEQ 1D NOS: 37-38 (miR-28b-3p), SEQ 1D NOS: 38-
40 {miR-29¢-3p), SEQ D NOS: 41-42 (miR-30a-5p), SEQ 1D NOS: 43-44 {miR-30d-5p), SEQ 1D NOS:
11-12 (miB-150-5p), and SEQ D NOS: 18-20 (miB-194-5p) belong to PCZ, and they may individually or
collsctively be used predict a cardiovascular condition (e.q., LVEF), Further, SEQ 1D NOS: 47-48 {(miR-
378c) belongs to PC3, and it may be used 1o predict or assess a cardiovascular condition {e.g., adverse
cardiac remodeling, as delermined, 8.g., by a reduction in left ventricular gjeclion fraction (LVEF); such as
an LVEF of lgas than 50%;).
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RNA-Seg of benefigial

vs. adverse remodelers

gPCR validation
{331 patients}

Fold p-value B BC2 LVEF) | PCI{ECY)
changs {ALV)
miR-21-8p 1.96 G6.18 X X
miR-28a-3p (.49 .09 X
miR-28b-3p 0.23 (.08 X
miRk-28¢-3p 0.24 0.05 X
miR-30a-5p 0.4 0.05 X X
miR-30d-5p 0.94 0.86 X X
mik-100-8p 0.4 0.09 X
miR-148a-8p 2.36 0.04 X
miR-146b-8p 2.38 (.08 X
miR-150-5p (.08 0.04 X
miR-194-5p .18 0.04 X
miR-223-3p 0.6 (.58 X
miR-378¢ 0.26 0.08 X
miR-423-5p 0.91 (.85 X
miR-744-5p 2.1 (.06 X
in relation to poor remodelers {Le., positive numbers increased in
poor remodelern
Table 2
Mouse model VR In vitre | Cell tvpe
LV tissue Plasma hypox/ | exprassi
reox on
24 hir Twesk | 4 248 by 1 week | 4 weeks | Media | Predomy
weoaks EVs nant cell
ype
miR-21-5p 7.2 8.5% 1637 1037 FB/EC
miR-28a-3p 1047 FR/EC
miR-28b-3p 4.7 CM/EC
miR-28¢-3p | 37415 52 g CM
miR-30a-5p 162.07* 2.2 1587 CM
miR-30d-5p §2.3w 10.8% 8.7 CM
miR-108-5p 9.0 6.7* CM/FB
miR-148a-5p | 133.0" 8.3 Non-CM
miR-148h-8p | 377.3" 527 Non-CM
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miR-150-5p 165,27 8.3 Non-CM
miR-194-8p | 1487 2.8° Ch/mon-
ChA

miR-223-3p 3254 3.9% Non-CM
miR-378¢ 78.4xerr 31.3™ M
miR-423-5p 8. 7% 4.3 FB/EC
miR-744-5p 169.27" EC

Fold change vs. baseline, “p<.05, “p<0.01, " p<0.00G1,

00,0001, Student’s t-lest

Additional diagnostic information {e.g., molecular, clinical, demographic, or cardiac imagss or
combinations of them)} may be combined with the signatures shown in Table 1 for predicting a
cardiovascular condition. For example, ane or more or all signatures shown in Table & or Table 7 or both
may be used along with one or more or all signatures of Table 1 1o predict a cardiovascular condition.
Furthar delalis are described belo

in some instancss, a variety of call types in the myocardium are affected during a discase
condition {e.g., acute ischemic injury}, so the expression of miRNAs may be cell-specific; in other words,
cells responsible for “myocardial” miBNA expression may not be exclusively cardiomyocytes. In some
ambodiments, where cardiomyocytes are exposad to hypoxig/reoxygenation (a celiular model of
reperfusad M), saveral of the feature miRNAS may release into the media and associate with EVs,
suggesting that cardiomvocyies may remain an important source of non-coding RNA exprassion in
response to acute injury. The signature miRNAs involving various call types may indicate the complex
interplay between different cell types in orchestrating the process of cardiac remodeling.

Due to different roles of miRNAs in communication across cell types and organs, miRNAs may be
novel biomarkers or therapeutios or fargets, or combinations of them, in cardiovascular diseases. In
some cases, miRNAs may play crucial roles in pathway discovery or in pathway treating cardiovascuiar
diseases.

In some instances, given their dual role as a measurabie, circulating biomarker and function in
gene silencing in target cells, exBNAs may be mediators of a cardiovascular condition, such as early
myocardial remodeling {e.g., fibrosis and hyperirophy), complementary 1o natlriuretic and other peptide-
based biomarkers, In some instances, the association of miIRNA clusters with clinical CMRB measures
may be related fo myoccardial extraceliviar malrix expansion and hypertrophy, suggesting that plasma
miRNAs expressed in the sub-acute post-Mi phase {s.g., sampies collecied 2-4 weasks post-Miy may have

correlation (o chronic LV remodeling.

In some instances, the miBNAs that appsar {0 be part of principal components may be
significantly associated with celiuiar pathways including apopiosis signaling, immune cell function and
signaling, and fibrotic pathways. That means, they have functional relsvance in post-Mi LY remodsling
beyond application as passive markers of change. Of inisrest is the relationship betwssn each of ths
principal components and the inflammatory signaling pathways. Each principal componsnt s relalsd o
NF-kB signaling which ultimately leads to increased 1L-18 activily. This pathway is of particular interest
becauss IL-18 pathway antagonist may be used to treat post-Mi patients. The IL-1§ receptor antagonist

2
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anakinra, can reduce adverse post-Ml remaodealing, and decreass the risk of heart {ailurs hospitalization in
a post-Mi population. Similarly, there are associations between each of the principal componsnis and iL-
6 signaling, which is downstream of IL-18 activity. These {indings underscore the potential role of
inflarmmation in post-Mi remodeiing, and suggest thatl specific miBNAs may exerl their effect on post-Mi
ramodeling through the IL-18 cylokine pathway and that dynamic changes in these miBNAs in response
o anti-inflammatory therapiss may serve as novel markers for assessing therapeutic response in subjects
frealed for a cardiac condition, such as ML

The methods described hersin may uss a holistic approach {(BNA-Seq) on samples {e.g., post-Mi
plasma) o demonstrate a wids array of RNAs in circulation. In addition to miBNA, several other exBNA
specias (4 piBNAs, and 1 sneRNA)Y may be identified as differantially expressed in individuals with
adverse vs. beneficial remodeling post-Mi. In soms instances, a fragment of hY1 may be also
differentialiy expressed in the RNA-Saq cohort (frending towards statistical significance, p=0.15) and
significantly correlated with change in LY mass in a gPOR validation cohort, with higher leveis associated
with adversse remodeling. In some instances, a functional role for yRNA fragments may be related 1o
inflammation; specifically, secretion of a 5" fragment of hY4 in EVs from cardiosphere-derived cells and iis
cardioprotective role in a rat model of VR, Some embodiments also show periurbation of yRNA fragment
exprassion in human cardiovascular dissase.

It some instances, to characterize exRBNA candidates associated with a cardiovascular condition
{e.g., LV remodeling phenotypes), a mouse model of VR may be utilized 10 investigate the temporal
regulation of miBNA in plasma and tissue. In some instances, analyses may show that: distinet clustering
of time-points by miRNA expression; baseling and acute {e.g., 24 hour) samples ciusterad distingtly in
fissue, whereas baseling and chronic (8.g., 4 week) samples exhibil particulariy sirong separation in
pasma. in some instances, 11 of the 15 miRNAs measured may be significantly up-reguiated intissue at
the 24-hr time-point with only 3 up-regulated in plasma. In some cases, during the sub-acute period (1
week) 3 miRNA may be up-reguiated in tissue and 2 In plasma, with one species (MiR-21-5p) up-
regulated in both tissue and plasma. In some instances, no miRNA may be up-reguiated in tissue at the
chronic time point but 8 of the miRNA candidates may be up-regulated in plasma. Some embodimeanis
demonsirale a highly compiex temporal regulation of miBNA exprassion in some cardiovascular

conditions {s.g., post-Mi}. Some embodiments also show the usefulness of temporal dala collection and
analysis. On the other hand, the palient samplss used in the studies align wsll with the sub-aculs time-
point {collected 2-4 weeks post-Mi). In some instances, the post-ME miRNA expression levsis may be

comparaed with bassiine exprassion levels in order {0 describe the tlemporal pattern of post-Ml miBNA
exprassion.

In some instances, the exprassion levels in tissue and plasma may be correlated. In some
ingtances, the axprassion levals in lissue and plasma may not be correlated. In thg case of lacking
correlation, the implications may be a significant proportion of the miRNA dysregulated {e.g., post-Mi)
doss not originate from cardiac tssus, or there i3 a delay in their release, or both. in some instances
expression of the candidate miRNA may show cell-type specificity. In some insiances, miRNAs from

ach PG group may be expressed across differant call types, highlighting the importance of muitiple cell
tvpes in the cardiac remodeling procasses. in some cases, miBNA with high expression in the "non-

cardiomyocyts” group include those associated with inflammation and inflammatory cells {s.g., SEQ D
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NOS: 7-8 (miB-148a-5p}, SEQ 1D NOS: 2-10 (miR-146h-8p), or SEQ ID NOS: 1112 (miR-150-5p) or
combinations of them). In some instances, cardiomvyocyles may relsase EV-associated miRNAn
rasponse (o hypoxiafreoxygenation in vilro, suggesting that stressors can trigger the relsase of
ramaodeling-associated exBNAs,

Various exampies disclosed in this document suggest that multiple cell ypes coniribule to the
post-Mi exBNA milieu. Use of these exRBNAS may assembie a tool for characterizing {s.g., diagnosing,
staging, or prognosing, or combinations thereof) cardiovascular diseasss, or therapeutic compounds, or
targets for reating cardiovascuiar disgase, or combinations thareof.

The present disclosure identifies differentially exprassed miRNA candidatss from the discovery
cohort. The statistical analysis {s.g., PCA) can group similar miBNAs to Himit the typs-1 srror in
regression. The data disclosed hersin demonstrate that: (1) exBNA biomarkers {e.g., either singly or in
combination }, including the small RNAs disclosed herein, are associated with CMR-defined LV
remadeling phanotypes; (2} plasma and tissue levels of the candidate remodeling-associated miRNA are
dynamically reguiated in a murine model of I/H, and ,thus, these miRNAs {e.g., human miRNAs} can be
used as biomarkers o assess or predict cardiac remodeling outcomes in a subject, such as a human; and
{3} distinct call types in the heart contribute to these miBNAs peinting to the complex intercellular
interactions in the pathogenesis of LV remodsling. Overall, thess data demonstrats plasma miRNAs as
functional mediators of cardiac remodeling processes and phenotypes. Thus, the level of expression of
these miRNAs can be used to assess or predict cardiac {a.g., LV) remodeling ouicomes (8.¢., beneficial

or adverse cardiac remodeling).

Predicting response o a cardiac therapy

The methods disclosed herein may be used to predict a subject’s responsivenass to a cardiac
therapy (8.g., a therapy selecied from an anti-inflammatory agent, such as those described hersin o
known in the art for treating cardiovascular conditions, such as M), The expression level of the one or
more biomarkers describad herain {(2.¢., one or more non-coding RNAs having at least 8056 sequence
identity {s.q., at least 85%, 80%, 95%, 7%, 88%, or 100% sequence identily) to SEQID NO: 1-74 or a

complement thereof; e.q., one or more {or all} of the PC1, P2, and/or PC3 biomarkers (see Figure )
can bs comparad 10 a reference or control leve! or a culoff value 1o predict or assess a subjsc
cardiovascular status (e.q., the presence of beneficial or adverse cardiac {e.g., LV} remodeling) and
pradict the effect of therapy on promoting or increasing heneficial, as opposed to adverse; cardiae
remodeling. For exampie, a change in the expression of the one or more biomarkers {s.g., one or more
nor:—coding RiNAg having at least 80% ssquence identily (e.g., al least 85%, 0%, 95%, 87%, 99%, or

(9% sequence identity) o SEQ 1D NG: 1-74 or a complement thereof; e.g., one or more {or all) of the

PCT, PC2, and/or PC3 biomarkers (see Figurs 5} relative to a referance level may indicals that the
subject is likely to experience beneiicial LY remodsling (8.g., a decrease in LVESVI of 210%, 15%, 20%,
30%, 40%, or 80%;), or adverse LV remodeling (e.g., an increase in LVESVE of 210%, 18%, 20%, 30%,
40%, or K0%), in response to a cardiac therapy described herein.

In some instances, an increass in the expression level of the one or mors biomarkers {e.g., one
or more non-coding RNAs having at least 80% sequence ideniity {e.g., at izast 85%, 30%, 85%, 87%,

99%, or 100% ssquencs identity) to SEQ 1D NO: 1-74 or a compiament thereof; 8.g., one or more {or all)
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of the PCH1, PC2, and/or PC3 biomarkers {see Figure 5)} in a sample {e.g., a lissue and/or plasma

sample) relative {0 a reference or control level {a.g., relalive o the expression level of the one or more
biomarkers in a subject indicates that the subject is more likely to benefit from a cardiac therapy
described herein. In certain instances, an increase in the sxpression level of the one or more biomarkers
{2.g., one or more non-coding BNAs having al least 80% sequence ideniity {e.q., at least 85%, 80%,
BD%, 87%, 89%, or 100% sequence identity) to SEQ ID NO: 1-74 or a complament thersof; 8.g., one or
more {or all} of the PC1, P2, and/or PC3 biomarkers {ses Figure B)) in a sample {e.g., a fissue and/or
plasma sampis) relative 1o a refergnce or control level {(s.g., relative i the expression igve!l of the one or
more biomarkers in a subject who experiences beneficial LV remuodeling) or cutoff value indicates that the
subject is likely to experisnce adverse LV remodesling (e.g., an increass in LVESVI of 2109, 15%, 20%,

30%, 40%, or 50%) and is more likely 1o benefil from a cardiac therapy described harein,

Kits

Also provided are kits that can be used in accordance with the methods described hersin. For
example, the kit may include reagents for collecting nucleic acids from a patient sample {8.g., biced
sample or a plasma sample); reagents for amplifying the nucieic acid molecules to produce an amplified
sample; and reaganis for measuring the level of expression of a biomarker having at least 80% (e.g.,
80%, 85%, 80%, 85%, 97%, 99%, or 100%) sequence dentity to one or more or all sequencas of SEQ ID
NO:1,2,3,4,5,6,7,8 8,10, 11, 12,13, 14, 15,16, 17,18, 18, 20, 21, 22, 23, 24, 25, 26, 27, 28, 28,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, B4, 55, 56, 57,
58, 59, 60, 61, 62, 63, 64, 65, 66, 87, 68,69, 70, 71, 72, 73, or 74; e.g., one or more {(or all) of the PCH1,
PC2, andior PO3 biomarkers {see Figure 5). In some instances, the kit may inciude reagents for
measuring the level of expression of one or more or all seguences of SEQID NG 1, 2,3, 4,5,6,7,8, 8,
10,11, 13, 14,15, 16,17, 18, 19, 80, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 82, 53, 54, 85, b6, 57, 58, 59, 80, 61, 62, 83, 64, 65,
66, 67, 68,88, 70, 71,72, 73, or 74, a.g., one or more (or ail} of the PG, PCR, and/or FO3 biomarkers
{see Figure 5). The Kit may also include maching-readable instructions for predicting response io a

cardiac therapy, e.g., surgery, drug treatment, or cardiac resynchronization therapy or combinations

s

thereof.

EXAMPLES

The following examples arg to illustrate the invention. They are not meant to imit the invention in
any way.

The practice of this invention may employ, unless otharwise indicated, conventional technigues of
molecular biclogy and cell biology, which are within the skill of the person skilled in the art {see, e.g.,
Gresn and Sambrook. Molecuwlar Cloning: A Laboratory Manuel, 40 edition, 2012, Ausubsl, et al. Current
Frotocols in Molecular Biology, 1887, Methods in Enzymology. Academic Press, Ing.; and MacPherson et

al. PCR2: A Practical Approach, 1995).

Example 1. OMEGA-REMODEL trial methodology

Fatfent Population
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The Omega-3 Acid Ethyl Esters on LV Bemodesling Alter Aculs M {OMEGA-REMODEL) trial was

a prospective, multicenter, double-biind, placebe-conirolied trial designed o test the effects of 4
grams/day of omega-3 faity acid treatment for 6 months afler acuie Ml on adverse LV remodeiing by
cardiac magnstic resonance imaging (CMR). The institutional Revisw Boards of the respective instilutions
approved all protocols involving human patients and all participants provided written informed consent.
Biood sampies collecied in the OMECGA-REMODEL trial were used in this study. Venous blood was
collected in EDTA vacutainers from 331 individuals 2-4 weeks after Ml al the time of baseline CMR
imaging. Biood was cenirifuged at 2000 x g for 10 min for plasma separation, and immediately stored
at -80°C. CMR phanotyping included LV end-systolic volume index (LVESVI, left ventricular gjection
fraction {LVEF), myocardial mass, and extracsilular volume fraction (ECV; a validated surrogate ¢
myocardial interstilial expansion. Of the 331 subjscts, 238 undsrwent post-iraatment follow-up CMR for
serial comparison for LY remodeling. Infarct size by late gadolinium enhancement was gquantified using
=2 standard deviations beyond mean remote myocardial signal infensity and full width halt maximum
method. Baseline characteristics were compared via chi-squared {categorical} or Wilcoxon tests

{continuous).

ANASeq of plasma samples

To identify exRNAs associated with LY remodeling by plasma RNAseq, we selactad 11
individuals with “beneficial” LV remodeling {(decrease in LVESVI 220%) and 11 individuais with “adverse”
LV remodeling (increase in LVESVI 215%), maiched for age, sex, diabetes siatus, LVEF, and infarct size
by CME. BRNA was extracted from 1 mi. plasma and libraries constructed according 1o previously
published methods. Briefly, plasma RNA was isolated using the miRCURY RNA isolation kit for Biofluids
{Exigon) with modified protocol and libraries were constructed and amplified from approximately 10 ng
RNA using the NEBNext small RNA library prep set for llumina (NEB). Size selection of libraries was
performed by gel electrophoresis on a 10% Novex TBE gel with excision of the 140 {o 160 nucleotide
bands {corresponding to 21-40 nucleotide RNA fragments). Libraries were diiuted o a final concentration
of 2 nM, pooled, and sequencsd on an Hlumina HiSeg 2000 for singls rsad 50 cycles at the Center for
Gancer Computational Biology at Dana-Farber Cancsr Instifute.

For healthy controls, plasma exRNA from 26 subjects was isolated using a modified mirVana
PARIS protocol (AMIBEE; Life Technologies) with sequential phanol-chioroform extractions (Burgos el
al., 2013). BNA was concanlrated using the Zymo BNA Clean & Concentrator kit {(Zymo Research) and
Hbrariss were prepared using the NEXTHgx Small RNA Sequencing Kif vZ by Bigo-Sclentific. Pools of 15
samples were crealed, denatured and clustered on sither a single read Hiuming V3 floweell {GD-401-
3001, Hiumina) or a single read rapid Hlumina V2 floweell (GD-402-4002; lumina). The floweslls were run

on the Hiumina HiSsg 2500 dilumina) for 50 cycles with a 7-cyele indexing read.

Sequence Analysiz

The BCL files werg de-muitiplaxed using CASAVA v1.82, and the adaptor segusnces within the
read sequences were trimmed by Fast{-Toolkit (hitp://hannoniab.cshi.edu/fasix_tookit). The processsad
sgquenceas were filtered for smali BNAs greater than 16 nuclestides in length. The sequences weare then

aligned, guantified, and annotatsd using sRNABench 1.0 pipeline (Bartursn et al., In Methods in Next
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Gsneration Sequsncing, 2014). Brisfly, the pipeline implemsnisd hierarchical ssguencs mapping stratsgy
that first mapped and removed spike-in library, contaminants, and rBNA. Next, RNA speacies were
sequentiaily mapped o known mature miRNA, 1RNA, snoRNA, pIBNA, and Y BNA on the human
genome sequence (hg19) using Bowlie? (Langmead et al,, 2008) with paramelers thatl allow for 1
mismatch in seed alignment (N 1}, try two set of seads (-R 2}, and set the length of seed substrings to be
16 (-L 16). Mapped small RNA species were guantified (o read counis and normalized [0 reads per
kilobass per million reads mapped (RPKM). Differential sxprassion analysis was performed using edgeR
{Robinson st al., Bicinformalics 26:138-140, 2010) from Bioconductor (Gentleman et al, Bioconductor:
open scfiware development for computational biclogy and bicinformatics. Genome Biology &, 2004) for all
contrasts. The p-vaiues were adiusted for multiple-test correction using False Discovery Rate (FDR)
{Banjamini and Hochbearg, Journal of the Royal Statistical Socisty Saries B (Methodological} 57:

288-300, 1985;. All fasiy files have been deposited info the exBNA Atllas {exrna.org/resources/data’) as

part of Extraceliuiar RNA Communication Consortium data sharing, and is widaly available.

High throughout RT gPCR

RNA was extracted from plasma (331 patignis, OMEGA-REMODEL trial} using miRCURY RNA
Isolation Kit — Biofluids (Exigon} and reverse transcribed using miScript I RT Kit {Qlagen, Fredrick, MD,
USA). cDNA samples were pre-amplified with miScript Microfluigics Pre AMP Kit (Qiagen, Fradrick, MD,
USA) and gPCR miRNA profiling analyses performed on BioMark System (Fluidigm Corp. South San
Francisco, CAY using miScript miRNA Assays (Qiagen, Fredrick, MD, UBA} and Dynamic Array 96.98
{Fiuidigm Corp. South San Francisco, CA}. A Ct value of 23 was set as the cut-off point for deteciabie

miRNA species.

Frincipal components analysis (PCA)

We utilized a PCA, an unsupervised learning technique that statistically groups correlated
miRNAs together into components, for analysis of both RNAseq data and gPCR validation data. For
analysis of differgnces in miBNA profiles betwseen post-Mi palients and heaithy controls, miRNA reads
par million (RPM} for all subjects were computed and sniered into a PC analysis aflsr they were mean
ceniered, standardized, and iog-lransformed; the first two principal componsnis were plotied for afl
subjects. For the validation dafa, miBNA values from high-throughput gFCR were centered and
standardized {mean {§, variance 1) and snigred inte the PCA. We includsd 4 principal componsenis (PCs)
based on {1} sxamination of an eigenvalue scres plot, and (2) inclusion of PCs thal explain up io 80% of
population variance (81.3% for 4 PCs). Varimax rofation was used to delermine final PC loadings. PC
soores based on loadings and miRNA axpression values were included in linear regrassion models for

CMR outcome variables {see below).
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ingernuity Fathway Analysis (IPA)

mBNA fargets of the miRNAs from PCH, PC2, and PC3 that had a lpading greater than 60% wers
obtained through IPA microBNA Targst Filter. Only those mBNAs thal were sxperimentally observed
fargets of the miBNAs from sach PC were chosen 1o be included in the core pathway analysis form (PA,
Quantitative BEvidence of LY Remodeling by CMR

We performed serial quantitation of LV volumes {end-diastole and end-sysiole), ECV in the non-
irfarct myocardium as a surrogate measure of interstiial fibrosis, and infarct size by lale gadolinium
enhancement {(Heydar et al., Circulalion 134378, 2018). A 16-segmental map was used in guaniitation
of ECV and infarct size and ssgments with late gadolinium enhancemsnt wers not included in the

measurement of non-infarct ECV. We astimated linsar regression models for sgveral cross-sectional {(at

the time of the blood draw, bassiing at 2-4 waelks post-Mi) and longitudinal LV phenotypes {changss in
LV phenotypas from baseline 1o 6 months post-Mi): (1) LVESVE (2) LVEF,; (8) LV mass index. in addition,
we axamined the association of bassline non-infarct myoecardial fibrosis by ECV with each PC. Each
regraession model was specified with each of the 3 CMR parameters as the outcome {(dependent
variabie), inciuded all 4 PC scores, as well as adjustiment for age, sex, race, presence of diabstes, a
binary variable denoling randomization (to omega-3 fatty acid therapy vs. placeha), and a binary variable
reprasenting use of any LV remodeling meadication {(beta-blockade, angiotensin converting enzyme
inhibition, or angiotensin-ll receptor blockade). For the exBNAs other than miRNAs (yRNAs, snoRNAs
and piRNAs), inear regression was carried out for mean centered and standardized Ct valuss as a
function of changes in LV phenotypes from baseline to 6 months post-MI {LVESVI, LV Mass, LVEF) afier

adjusiment for all the variables used in the PC regression analysis.

Arnimal and cell models of ischemia and hypoxia

Adult wild-type C57BL/6 mice were subjected to ischemia reperfusion (R} consisting of 30 min
feft anterior coronary artery (LAD) ligation followed by reperfusion, as previously described (Matsui et al,
2002). Animals were survived for 24 hrs, 1 wesk, or 4 waeks prior to sacrifice and blood and heart tissue
was collected. In addition, hearts were collecled from healthy adull wild-typs mice {0 isolate
cardiomyocytss and non-cardiomyocyies (Liu et al., Cell Melabolisrm 21:584-585, 2015), and primary
endothelial cells and fibroblasts were cultured from hearts of wild type mice as previously described
{Ashida et al., Nalure Comrmunications 2, 2011). Isolated cardiomyoceytes, non-cardiomyocyies, and
cultured primary endothsiial celis were coniirmed by qPCR analysis cell-specific markers including ¢Tnl,
CD31, and Coltal (Figure 1).

Cell model of hypoxia/reoxygenation: Neovnatal rat ventricular myocyles (NRVMs) were isolated
from 1 day posinatal Sprague-Dawlsy pups and subjected 1o 24 hrs hypoxia (2% oxygen) foliowed by 12
hours re-oxygenation. Cells were harvastad in lysis buffar (mIRVANA PARIS ki) and media was collected

and saquentially cenirifuged at 2,000 x g for 10 min. and 3,000 x ¢ for 10 min.

RNA extraction and gFCR
RNA from cultured or isolated murine cells and mouss tssus samples were isolatad using TRizol
foliowing the manufaciures’ protocol. Plasma sampies were ‘spiked” with 5 pmol/mb exogenous cal-miRi-

39-3p and RNA was exiractad using the miRCURY RNA isolation kit for Biofluids {Exigon} according {o
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manuiaciurer’s protocol. For pig plasma samples, RNA was incubated with 1 unit of heparinase | {Sigma-
Aldrich) at 25°C {or 2 hours to prevent heparin-mediated inhibition of downsiream reactions. Extraceiiular
vasicle (EV) associated RNA was extracied from NBVM culiure media using the exoRNEASY kit
{Qiagen) and celivlar RNA exiracted with the miRVANA PARIS Kit according to manufaciurer’s protocst
{Ambion). All BNA samples were reverse transcribed by Universal cDNA Synthesis Kit (Exigon) and

gPCR performed for specific miBNA species using the LNA-hased Exigon platform.

Statistical analysis

U8 {mouse tissue and NRVM cells), cel-miR-38-3p {plasma), or haa-miR-181-5p {isolated murine
cells) was used for gPCR normalization; due o a fack of reliable housekeeper genas, cullurs media BV
miRNA was normalized to cell number and madia volume input. Statistical analysis was performed on
AGt values using Graphpad Prism software. Data from the mouse model was analyzed by one-way
ANQOVA with Tukey post-hoc analysis, and cell data by Student’s {-iest. Additionally, the gPCR AC values
for mouse tissus, plasma, and cell data were exponentiated as 2-1/Ct, scaled, and centerad before
unsuparvised agglomerative hierarchical clustering with the Manhatian distance measure and the Ward
method of clustering was performed. The clustering resulls were plotted as a heatmap using a madified

version of heatmap. 2in R

Example 2. identification of baseline characteristics of subjecis

Three hundred and thirty-one subjects who suffered an acute myocardial infarction 2-4 weeks
prior with a mean age of 58.8+410.17, wers included in this study,; baseling characteristics are presented in
Table 3. Blood was collected from subjects at time of initial MR {2-4 weeks post-Mi} and 238 underwent
posi-treatment follow-up CMR 6 months laler {Table 4). The vast majority of subjscts in this cohort had
hengficial LVRm and preserved LVEF with a mean of 56.627.9%. Histograms of the percent change in
LVESY and LVM reveal a Gaussian-iike distribution centered on zero percent change {Figure @)
indicating that the majority had little change in these variables and, more importantly, very fow had
adverss LVRm as seen in the right-tail of the distribution in these histograms. From this cohort we
seiscted n=11 subjects with beneficial and n=11 subjscts with adverse LVBm for BNAseq analvsis (Table
5). Subjecis from thess 2 groups were malchsad for age, sex, diabstes status, fish oif consurmnption, LVEF,

and infarct size by CMR.
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Table 3: Basealing clinical and biochemical characteristics of individuals in the cohort including 331
subjects. Values for continuous covariates expressed as mean + standard deviation; calsgorical

covariates are sxpressed as a fraction of the overall cohorl.

Yariable N Value
Age {years) 331 58.8x10.1
Female, % 331 84 (19%}
White race, % 331 268 (81%)
Diabetas, % 331 86 (26%)
Current or prior smoking, % 331 166 (50%)
Hypertension, % 331 213 (84%)
Hyperlipidemia, % 331 234 {719%)
Pricr myocardial infarction, % 331 196 (59%)
Body mass indax (kg/m?) 331 28.0x5.4
Sysiolic blood pressure {(mmHg) 323 121416
Diasiolic biood pressura {mmig) 328 70410
ST-elevation myocardial infarction, % 331 196 (60%
Aspirin use 331 325 {98%})
Beta biocker use 33 303 (92%)
Angiotensin converting enzyme inhibitor ,

331 244 {74%)
use
Statin use 331 320 (97%)
Randomized to omega-3 fatly acid, % 33 162 {(49%:)
Serum fotal cholesters!, mg/d 305 138467
Serum high density lipoprotein, mg/di 305 372V
Serum low density lipoprotein, mg/di 304 80147
Serum trigiyeerides, mg/di 305 121495
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Tabie 4. Bassling {2-4 weelk) and final (6§ monih) CMR imaging characteristics. All morphologic
paramsiers are indexed to body surface area, calculated at the time of CMR. The "A” {changs)
indices are calculated as final {(8-month) value minus baseline (4-week) valus divided by initial value.

Late gadolinium enhancement was measured by the full-width half-maximum tschnigue.

Baseling {Ns331} Follow-up (N<S238. 72%)
CHIR index
N Mean (or M) M Mean (or N}
LVESYI {mlim?®) 331 38.4+16.5 238 36.8+13.1
LY mass index {g/m®) 318 60.0+14.5 226 57.5413.0
LY gjsction fraction, % 331 53.948.4 238 56.67.9
RV gjection fraction, % 331 53.3%7.1 239 52.6+7.7
Late gadolinium
327 17.4417.2 244 14.0413.9
enhancement, g
Average extraceliular - ~ . .
. 255 0.3440.05 192 ($.35:0.05
voelume fraction
ALVESVI - 238 -2318%
ALY mass index - 219 -2+ 7%
ALY ejection fraction - 238 3+12%
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Table 5, Baseline clinical, blochamical, and CMR imaging characieristics of seguencing cohort.

“Favorable” and “unfavorable” remodeiing s defined in text. Values for continuous covariates expressed

as mean + standard devialion; calegornical covariates are exprassed as a fraction of the overall cohort. P-

vaiues correspond o comparison of favorable versus unfavorable remodeling (Rruskal-Wallis for

continuous; chi-squared for catsgorical). Abbreviations: kg, kilogram; m, mslers; ACE!, angiotensin

converting enzyme inhibitor; LGE, iate gadolinium snhancamaent; 8P, blood pressure.

Variable Beneficial Adverse P-value
Remodeling Remuodsiing
{N=11) {N=11)

Age {years) 59.8+11.9 53,7489 (.97
Female, % 3{27%) 4 {38%:) .65
White race, % 7 {B4%) 8 {73%;) 0.65
Diabetes, % 3 (277%) 3 {27%) 1.00
Gurrent or prior smoking, % G{55%) 6{55%) 1.00
Hypertension, % 8 {73%} 8 {73%; 1.00
Hyperlipidemia, % B {82%) 7 {B4%) .34
Prior myocardial infarction, % 4 {36%) 7 {64%) 0.20
Body mass index, (kg/m?) 286+7.0 30.4+4.8 0.25
Sysiolic BP (mmHg) 126120 125415 (.84
Diastolic BP {mmHg) B89+17 72+8 .55
ST-elevalion myocardial infarclion, % 7 {64%) 8 {55%) 0.66
Aspirin use 10 (81%) 11 {100%) (.31
Beta blocker use 9 (B2%) 10 {91%) .53
ACE! use 10 (51%) 7 {B4%) 0.31
Statin use 11 (100%) 11 {(100%) 1.00
Randomized to omega-3 fatty acid, % 4 {36%}) 2{18%) 0.34
Baseline

LVEF, % 581457 58.2+4.9 (.97

LVESVI, mim? 353577 32247 1 .38

LVMI, g/m? 6714202 5764186 .29

LGE size, g 108411 11.5410.0 0.97
Change to follow up

YALVEF +8.3+9.8% -8.248.9% 0.0007

PALVESVI -8 1+12.2% +37.0+%11.8% <3.0001

ALV -7 A1 8% +3.3+15.0% .29

10 Example 3. RNAseq and exBNA diversity
RNAseq was performed on plasma from 22 subjects {n=11 beneficial and n=11 adverse LVRm).

Top RNA species detected by sequencing included miRNA, piRNA, yENA fragments, tRNA fragments,
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and snoRNA (Figure 3}, and the percentage of reads assigned to sach species was not significantly
different betwesn the two groups. In this study we primarily focused on miBNA, of which 188 different
speciss were expressad in al least 50% of all samples, with 42 differsnt species exprasssd across all
samples. To identify miBNA candidaies differentially expressed between beneficial and adverse LVRm,
we performed differential expression analysis betweaen the two subgroups. To focus on miBNAs
ubiquitcusly abundant in plasma and suitable as biomarker candidates, we selected miRNA candidates
with a fold change In exprassion of 22 {or =0.5), a nominal p valus of =01, and sxprassion (RPKM-0)
across 250% of sampias. This yielded 21 miRNA candidates from the discovery cohort for validation
{miR-30a-5p, miB-100-5p, miR-146a-5p, miB-148b-5p, miR-744-5p, miR-28-5p, miR-184-5p, miR-28k-
3p, miB-28¢-3p, miR-378¢, miB-378¢, miR-381-3p, miR-658, miB-15a-5p, miH-183b-5p, miR-200a-3p,
miR-215-5p, miR-3168, miR-4306, miR-4328, and miR-4443). We included 12 addilional miRNAs
candidates, miR-21-5p, miR-30d-5p, miR-1, miR-423-5p, miR-150-5p, miR-223-3p, miRk-29a-3p, miRk-
28a-5p, miR-155-5p, miR-208b-3p, mik- 208a, miR-133a-5p, and miR-48%5-5p. A diagram outlining the
analysis approach utilized in this study is shown in Figurs 4. To determing how miRNA expression
differed between post-Mi subjects and heaithy conirols, this data was compared o RNAseg data from a
cohort of 26 healthy controls (age in years: 44+11.8; female: 38%). PC analysis on miRNA expression for
these three groups shows robust separation between healthy controls and post-Mi subiscts, while the
hensficial and adverse LVRm groups show some separation (Figure 12). In addition o miRNA,
statistically significant differential expression was detected {or 4 annotated piRNAs, 1 snoRNA, and
differential expression frending towards significance for 1 yRNA fragment {corresponding to the &
fragment of hY1; Figure 13). We considered non-miRNA exBNAs as exploratory given their limited and
variable annotation and unciear function, and thus focused on miRNA candidates for further analysis.
Nonetheless, we did assess the association of these exRBNAs with cardiac remodeling phenotypes in the

validation cohort.

Example 4. Association of candidate RNAs with baseline and serial LV phenotypes by CMR

The miBNA candidaiss selected above wers measured in 331 participants of the OMEGA-
REMODEL study by high-throughput gPCR (Tabls 6). Due o the vast majorily of these subjects
exhibiting relatively {avorable LVBm, diffgrential exprassion analysis between beneficial and adverse
remodslars was not an appropriate analysis method, We insisad chose o analyze resulls by PC
regrassion to eliminate co-linearity of miBNA species and reduce dimensionality of the data. This allowed
us to sxamine the correlation of PC factors consisting of distinet sels of miRNA correlated with distinet
CMR measures and bislogical processes. PCA demonsiratad 4 PCs aceouniing for 81.3% of {otal
variancs. We used PC loading, which indicalss the amount of variation explained by a variable, as a
meastremeant of influence by a specific miRNA in a given PC. miRNAs with 280% loading in a given PC
and with >80% expression across samples {14 total miRNAs) are shown in Figure 5 and Table 7. In
finear models for association of PCs with bassling and follow-up CMRB paramsters (Table 8), we found
statistically significant associations between sevaral FOs and myocardial structure/function (Figures 5
and §): PC1 vs. change in LV Mass; PC2 vs. VESVI, LVEF, and LV¥mass; PC38 vs. ECV (Haafetal., J
Cardiovasc. Mag. Res. 18:88, 2017).
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Yariable Number of | Fraction of | Minimum Maximum | Mean Sk

study study €t value Ct valus

participants | participants

expressing | expressing
miR-1 100 0.30 15.41 21.88 20.03 1.35
miR-208a 4 0.61 20.93 21.81 21.32 0.36
miR-423-5p 284 .86 18.81 21.91 17.06 217
miR-100-5p 286 0.85 14.90 21.94 18.89 1.48
miRk-133a-5p 220 0.68 19.52 21.88 20.87 0.60
miR-146a-5p 281 0.85 9.06 21.92 17.73 2.63
miR-146h-5p 244 0.74 12.18 21.93 18.69 2.05
miR-150-5p 325 .98 $.96 20.98 14.80 1.69
miR-155-8p 46 014 18.24 21.84 20.84 0.82
miR-15a-5p 180 0.54 15.25 21.98 20.09 1.22
miR-183L-5p 158 (.48 16.73 21.88 20.57 0.83
miR-184-5p 293 .89 14.68 21.88 18.13 1.33
miR-2002-3p 19 0.08 1933 22.00 21.14 0.68
miR-208b-3p 30 0.08 18.14 21.92 21.14 .62
miR-21-5p 327 (.89 744 21.22 13.45 216
miR-215-5p 80 .27 17.82 21.98 20.56 1.08
miR-223-3p azs 0.68 8.02 20.18 13.38 2.68
wmiR-28a-3p 329 0.88 10.08 21.82 17.06 1.81
miR-2%a-5p 6 0.02 20.93 21.80 21.47 0.36
miR-28h-3p 266 (.80 13.39 21.99 18.40 1.49
miR-28¢-3p 317 0.96 8.69 21.48 18.17 1.80
wmiR-30a-8p 327 0.58 10.65 21.87 1719 1.85
miR-30d-3p 322 0.97 11.04 21.62 17.63 1.83
miR-3168 2 (.61 21.56 21.80 21.68 017
miR-378¢ 280 0.85 12.67 21.83 18.58 1.95
wmiR-378e 62 018 18.30 21.88 20.68 0.83
miR-381-3p 83 0.25 16.67 21.98 20.52 1.14
miR-4308 128 (.38 16.81 21.99 20.50 1.05
miR-4326 21 .06 19.91 21.88 21.04 0.66
miR-4443 2 0.6 20.63 21.32 20.97 (.49
miR-498a-5p 28 0.08 18.81 21.99 21.18 0.75
miR-658 85 .26 17.63 21.94 20.48 1.04
milR-744-5p 191 0.58 13.69 21.85 18.16 2.1
miR-88-5p &2 0.25 16.45 21.99 20.29 1.24
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Table 7. Principal components analysis (PCA) of 34 candidale miRNAs across 331 study participants.
RNAs (expressed in Of value) werg msan-ceniered and standardized for PCA. Based on an examination
of the sores plot, 4 PCs {accounting for 61.3% of tolal variance) were selected. Each column displays the
ioading Tor each miBNA on the respeciive PC (scalsd out of 100}, * (and red color) reprasents those
miRNAsg that had a loading of greater than 60 with detectable sxprassion in >»80% of samples (14 fotal
miRNAsg).

miRNA % B B2 PC3 PC4

Detectabie

gxpression
miR-21-5p (.99 654 63" -1 8
miR-30a-5p 0.99 60" N 24 i
miR-30d-5p 0.87 83" il 18 g
miRk-1 0.30 81 17 9 11
miR-423-5p 0.86 73" 40 8 3
miR-100-5p (.85 658" 55 -5 10
miR-146a-5p 0.85 85" 40 P 8
miR-148b-5p 0.74 79" 41 19 14
miR-223-3p 0.98 747 53 - )
miR-744-5p .58 88 20 13 7
miRR-98-5p 0.25 82 11 4 13
miR-150-5p (.98 45 68" -5
miR-194-5p 0.89 27 80~ 23 23
miRk-293-3p .89 28 89* 47 13
miR-28b-3p 0.80 41 75" 15 22
miR-289¢-3p (.96 41 7 14 23
miR-155-5p 0.14 28 5 63 35
miR-208b-3p .08 -4 & 73 &
miR-378¢ 0.85 -13 28 73 -16
miR-378e 018 -6 16 78 -2
miR-381-3p 0.25 -5 19 82 5
miRk-658 (.25 2 19 79 7
miR-208a 0.1 12 -5 37 -7
miR-133a-5p (.66 17 ¥ g -20
miRk-15a-5p 0.54 28 59 37 27
miR-183b-5p (.48 32 46 4 28
miR-200a-3p 0.06 4 10 28 61
miR-215-5p 0.27 26 40 3 45
miR-29a-5p 0.02 -1 27 14 -7
miR-3168 0.01 -G 4 =10 60
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miRR-4306 0.38 4% 48 11 22
miR-4326 (.06 17 -2 53 28
mik-4443 0.0 12 6 2 41
miR-49%a-op .08 30 18 10 56

* indicates those miRNAs that had a lnading of greater than 60 with detectable

axpragsion in »60% of samples {14 total miRNAs).
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Using Ingenulty Pathway Analysis, we generaled predicied functional pathways associated with
validated mRBNA targeis of the miBNAs in each of these PC groups (Figures 7 and 8). Top pathway hils
included interleukin signaling, PTEN signaling, and toli-like receplor signaling, with a strong overall theme
of inflammaiory and fibrotic pathways represenied. Furthermore, apoptosis and death receplor signaling
were amongst the significant target pathways for PC2, the PC group associaled with LVEF. While there
was some overiap in mBNA fargels belween groups, a greater proportion of the mBNA fargets identified
were unique to each PO group, suggesiing that these represent clusiers of miBNA with distinet
funclionality that may contribuis o the ohserved CMRB paramaeter correlations.

Finally, of the other exRNAs asssased in the 331 subjects, the hY1 fragment had a significant
correlation with change in LV Mass, with a £ coefficient of -0.048 and a Benjamini-Hochberg adjusted P
value of 8.007. Here, a negative 8 cosfficient means graaler incraase in LVM over time is associated with

higher circulating hY1 fragment concentration.

Example 5: Temporal regulation of candidate miRNA in animal models

To determine the temporal regulation of exRNA, candidate miRNAs that were highly loaded on
each PC and highly expressed were selected for analysis in the murine ¥R modsl. Time-poinis chosen
were pre-ischamic (baseling}, acuts to sub-acuie phase (24 hrs and 1 week) and chronic post-infarct
phase (4 weeks). Both plasma and tissue had temporally distinct expression of miRNA (Figures 94 and
SB; Tables 1 and 2}, AL 24 hours, miR-223-3p and miR-30a-5p alone increased in plasma, while 13 of
the 14 miRNA measured were upregulated in tissue {(miR-100-5p, miR-146a-5p, miR-150-5p, miR-146b-
S5p, miR-194-5p, miR-223-3p, miRk-29a-3p, miR-28¢-3p, miRk-30a-5p, miR-30d-5p, miR-378¢, miR-423-5p,
miR-744-5p). Conversely, the majority of plasma changes weare seen at the chronic time-point
{upregulation of miR-146a-0p, miR-150-5p, miR-146b-5p, miR-21-5p, miR-28¢-0p, miR-30a-5p, mik-30d-
5p, and miR-378¢) with no significant alterations in tissue miRRNA expression at this time. Fewer changes
were observed at the sub-acute {1 week) ime-point: miR-21-5p increased in plasma and miR-184-5p,

miR-21-5p, and miR-423-5p were up-regulated in tissue.

Example §: Cell type expression of miBNA and hypoxia/recxygenation mode!

We assessed cell typs sources of these miRNAg in dissocialed cells and found distingt clustering
of cardiomyocytes vs non-cardiomyooyles (Figure 10). Specifically, miR-378¢, and members of the miR-
30 and miR-29 family were highly expressed in cardiomyooytes comparad o noncardiomyocyiss; miB-
423-bp, miR-21-5p, and miR-744-50 were highly expressed in fibroblasis and endothelial cells; and miB-
1480-bp, miR-150-bp, miR-223-3p, and miR146a-5p were expressad highest in the non-cardiomyocyie
group {representing all non-cardiomyocyls cardiac cells, inciuding immune cells). Stimulation of
expression and release of miRMNA by hypoxia/reoxygenation in cardiomyocyles was investigated in
NEVMs. miB-100-5p, miR-30d-5p, miR-21-5p, and miR-28b-3p were upregulated in EVs released in the
media (Figure 11).

OTHER EMBODIMENTS
Although the embodiments have besn describad with referencs to the presently preferrad

embodiments, various modifications can be made without daparting from the invention. Unless otherwise

45



(9]

10

WO 2019/143828 PCT/US2019/014026
apparent from the context any step, element, embodiment, feature or aspect of the embodiments can be
used with any other.

While preferred embodimenis have been shown and describad hereln, it will be obvious 1o those
skilied i the art thal such embodiments are provided by way of exampie only. Numerous variations,
changes, and substitutions will now occur o those skilied in the arl without departing from the
embodiments. | should be undersiood that various allernatives (o the embodiments described herein
may be employed in practicing the described methods. It is intended that the following claims define the
scope of the embodiments and that methods and structures within the scope of these claims and their

aequivalents be covared thereby.

INCOFRPORATION BY REFERENCE
All publications mentioned in this specification are herein incorporated by reference 1o the same
extent as if each individual publication was specifically and individually indicaled to be incorporated by

referencs.
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1.

4

10.

11.

CLAIMS
A method comprising:
a} coniacting a2 sample comprising one or mors nucleic acid molecules from a subject
having a cardiovascular injury or dissase with one or more single-stranded nucleic acid

molecules capabie of specifically hybridizing with nuclsotides of one or more biomarkers

seiscted from the group ¢ Gnsisi‘mg of SEQID NOs: 1-7dora compiement thereof; and

The method of claim 2, wherein the device comprises at least two, at least three, at least four, at
least five, al least six, at least seven, at least eight, at least ning, at least ten, or more single-
stranded nucleic acid molecules capabile of spacifically hybridizing with nuclectides of cne or

more of the biomarkars.

The method of any one of claims 1 1o 4, wherein the one or more single-stranded nucieic acid

noiecuies have alength in the range of 1 io 200 nuclectides, wherein oplionally the one or more

of the single-stranded nucleic acid molecules have a length in the range of 20 o 60 nuclectides.

The method of any one of claims 1 1o 5, wherein the one or more single-stranded nucisic acid

moleculas are labeled or immobilized on a solid subsirale.

The method of any one of claims 1 o 8, wherein the level of the one or more biomarkers or the

compiement thereof are detected by performing microarray analysis or gR

The method of any one of claims 1 fo 7, whereln said method comprises BRNA sequencing.

The method of any one of claims 1 1o 8, wherein one or more of said biomarkers is a nucleic acid

molecuis.

The method of any one of claims 1 {0 9, wherein one or mors of said hiomarker is DNA or RNA.

The method of claim 10, wharein said BNA is non-coding BNA, extracallular BNA, or miRNA.
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The method of claim 11, wherein sald extraceliular BNA is piRNA, IBNA, snoRNA, or yBNA, or a

fragment thereof,

The method of any one of claims 1 {0 12, wherein the

NG

The method of any one of claims 1 {0 13, wherein said method comprises exiracting BNA from

the sampls.

The method of any one of claims 1 1o 14, wharein said method comprises construciing an BNA
b

library from the sample.

. The method of any one of claims 1 {o 15, wherein the method is for determining or predicting

cardiovascular status in a subject.

. The method of claim 16, wherein the cardiovascuiar status of the subject relates o cardiac

remodeling.

The method of claim 17, wherain the subject has adverse cardiac remodealing if the leval of said

biomarkers or the complement thereof is substantially higher than the level of said biomarkers

s
SR

refative to a conirol sample or relative to a cutoff vaiue of a normal reference level of the

biomarkers.

. The method of claim 18, wherein the adverse cardiac remodeling is characterized by reduced

ventricular function, whersin preferably the ventricular function is left ventricular function.

The method of any one of claims 1 1o 19, wherein said subject has a cardiovascular disease or

injury.

The method of any one of claims 1 fo 20, wherein the method further comprises adminisiering a

treatment 1o the subject.

. The methods of claim 21, wherein said frealment is a cardiac therapy, wherein preferably the

cardiac therapy is an anti-inflammatory agent.

. The method of any one of claims 1 to 22, wherein more than one said sample may be collscted

from the subject.

. The method of ¢laim 23, wharein moreg than one said sampls is collected from the subject over

tims.

43



WO 2019/143828 PCT/US2019/014026

25,

28.

27.

P2
o0

29.

30.

31

34,

The method of any one of claims 1 1o 24, wherein the subjectis a human.

The methed of any one of claims 1 10 25, wherein the subject has experignce myocardial

infarction.

The method of claim 28, wherein the method is performed immediately afler the myocardial

infarclion or within 1 io 4 hours, days, weeks, months, or yvears after the myocardial infarction.

. The method of any one of claims 1 1o 27, wherein the method further comprises computationally

predicting the subject’s cardiovascular status comprising performing one or more of the following:
&) analyzing cardiac imaging data of the subject, wherein preferably said cardiac imaging

data comprises cardiac magnetic resonance imaging or schacardiography and/or
comprises an analysis of cardiac structure and/or function, for example, said analysis
comprises any ong or more of the following:

) segmenting a myocardial region;

iy segmenting a ventricuiar region;

iy quantifying an gjection volums;

vy guantifying an infarct size; and/or

vy guantifying a mass index; and.or

b} obtaining medication information of the subiect; and/or

¢y obtaining demuographic profiles of different cardiac subjecis; and/or

dy determining a statistical mode! 1o pradict the cardiovascular staius of the subjsct; and/or

g} performing principal component analysis.

The method of any one of claims 1 to 28, wherein said method establishes the subject’s

cardiovascular status at a present time or at a future time.

The method of ¢laim 28, wherein said cardiovascular status comprises a recovery from said

diseass condition.

The method of claim 28 or 30, wherein said cardiovascular status comprises an improvemeant

from a prior determination of a cardiovascuiar status of the subject.

. The method of any one of claims 29 to 31, wherein said cardiovascular status comprises cardiac

remodeling.

. The methad of claim 32, wherein said cardiac remodeling comprisgs baneficial cardiac

remodeling.

The method of claim 32, wherein said cardiac remodeling comprises adverse cardiac remodeling.

S
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35,

38.

38.

[ou]
(1]

44,

41.

42.

44,

48,

The method of any one of claims 28 o 34, wharein said cardiovascuiar siatus comprises a

disease condition.

The method of any one of claims 1 1o 35, wherain said method delermines or pradicts the

subject’s rasponse to a treatment.

7. The method of claim 38, wherein said treatment comprises a cardiac therapy.

The methed of claim 37, whersin said method determines or predicts a positive regponse of said

subject to said treatmant.

. The method of claim 37, wherein said method determines or predicts a negative response of said

subject to said treatmeant.

The method of any one of claims 1 {o 38, wherein the sample of the subject is collected after the
subject has experienced said cardiac injury or dissase, wherein preferably the method predicts or

determinas the nature of cardiac remodeling of the subject.

The method of claim 21, wherain said treatment comprises an interleukin-1 beta receptor

antagonist.

The method of 41, wherein the cardiovascular status of the subject is determined before said

tfreatment.

3. The method of claim 41, wherein the cardiovascular status of the subject is determined afier said

treatment.

The method of claim 41, whearein the cardiovascular staius of the subject is determined during a

coursa of said treatment.

. The method of any one of claims 1 o 40, wherein ths biomarkers comprise SEQ 1D NOs: 3-4,

SEQID NOs: 7-10, SEQ D NQOs: 7-12, SEGQ 1D NGs: 11412, SEQ 1D NOs: 18-20, SEQ 1D NQOs:
27-28, SEQ D NOs: 31-32, SEQ 1D NQOs: 33-34, SEG 1D NOGs: 37-44, SEQ 1D NOs: 41-44, 8EQ
I NQOs: 53-54, SEQ D NOs: 65-66, or SEQ 1D NOs: 1-12 or wharein the biomarkers are
selected from one or mors biomarkars of principal component 1 (PC1), PC2, PC3, ora

combination thereof .

A method of treating a subject in need of treatment for adverse cardiac remodeling comprising
administering a cardiac therapy 1o said subjeci, wherein said subject is ideniified as in need of

said treatment according to the method of any one of claims 1 1o 45,
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47, AKit comprising one or more reagents for measuring a level of exprassion of oneg or more

48,

50.

51.

B2.

31
(9]

o1
s3]

i
b

[
o

biomarkers having at least 80% sequsnce identity o a sequence selected from the group
consisting of SEQ 1D NOs: 1-74; and, opticnally:
ay one or more reagents for collecting nucleic acid molecules from a sample from a subiject;
angd/or
By one or more reagents for amplifying said nucleic acid molscules 1o produce an amplified

sample; and/or

sc.zr

ingtruictions for determining or pradicting a cardiovascular stafus of the subjsct bassed on

the lavel of exprassion of said ong or more hiomarkers.,

The method of claim 1, wherein the ong or more single-stranded nucleic acid molecuies have a
length in the range of 1 1o 200 nuclectides, wharein optionally the ong or more of the single-

stranded nucleic acid molecules have a length in the range of 20 to 60 nuclsotides

. The method of claim 1, wherain the ong or more single-stranded nucleic acid molecules are

labeled or immobilized on a solid substrate.

The method of claim 1, wherein the level of the one or more biomarkers or the complement

thersot are detected by pe

The method of claim 1, wherein said method comprises RNA sequencing.

The method of claim 1, whersin one or more of said biomarkers is a nucleic acid molecule.

. The method of claim 1, whersin one or more of said biomarker is DNA or BNA.

. The method of ¢laim 53, wherein said BNA is non-coding BNA, extracsiiilar BNA, or miRNA.

. The method of claim 54, wherein said extracelluiar RNA is piBNA, tRNA, snoRNA, or yRNA, or a

fragment thersol.

. The method of claim 1, wherein said method comprises exiracting BNA from the sampile.

. The method of ¢claim 1, wherein said method comprises constructing an BNA library from the

sampis.
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58.

60,

61,

62.

64.

The method of claim 1, wherein the method is for delermining or predicling cardiovascular status

in a subjsct

The method of claim 58, wherein the cardiovascular status of the subject relales to cardiac

remodeling.

The method of claim 680, wherein the subject has adverse cardiac remodeiing if the lavel of sald
viarkars or the complement thereof is substantially higher than the level of said biomarkers
relative 1o a control sample or relative (o a cutoff value of a normal reference level of the

biomarksars.

The method of claim 61, wherain the adverse cardiac remedeling is characterized by reduced

vaniricular function, wherein preferably the ventricular function is left ventricutar function.

. The method of claim 1, wherein said subject has a cardiovascular disease of injury.

The method of claim 1, wherein the method further comprises administering a treatment to the

subject.

. The methods of claim 64, wherein said treatmeant is a cardiac therapy, wherain preferably the

cardiac therapy is an anti-inflammatory agent.

. The method of claim 1, wherein more than one sald sample may be collected from the subject.

. The method of claim 66, wherain more than one said sampie is collected from the subject over

time.

. The method of claim 1, wherein the subject is a human.

. The method of claim 1, wherein the subject has experience myocardial infarction.

. The method of claim 69, wherein the method is performead immediately after the myocardial

infarclion or within 1 io 4 hours, days, weeks, months, or years after the myocardial infarction.

. The method of ¢laim 1, wherein the method further comprises computationally predicting the

subject’s cardiovascular staius comprising performing one or more of the following:

a} analyzing cardiac imaging data of the subject, wherain praferably said cardiac imaging
data comprises cardiac magnetic resonance imaging or schocardiography and/or
comprises an analysis of cardiac structure and/or function, for example, said analysis
comprises any one or more of the foliowing:

i} segmenting a myocardial region;
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iy segmenting a ventricular region;
H}  quantifying an ejsction volume;
vy guantifving an infarct size; and/or

vl quantifying a mass index; and.or

b} obtaining medication information of the subject; and/or

¢} obtaining demographic profiles of different cardiac subjects; and/or

d} determining a slatistical model {0 predict the cardiovascular status of the subject; andior
g} performing principal componsni analysis.

72. The method of claim 1, wherein said method establishgs the subject’s cardiovascular status at a

present time or at a future time.

73. The method of claim 72, wherain said cardiovascular status comprises a recovery from said

disease condition.

74. The method of claim 72, wherein said cardiovascular status comprises an improvement from a

prior determination of a cardiovascular status of the subject.

-
i

. The method of claim 72, wherein said cardiovascuiar status comprises cardiac remodeling.

]
[o7]

. The method of claim 75, wherein said cardiac remodeling comprises beneficial cardiac

remodeling.

~
~4

The method of ¢laim 75, wherein said cardiac remodeling comprises adverse cardiac

remodeling.

78. The method of claim 72, wherein said cardiovascular status comprises a diseass condition.

78. The method of claim 1, wherain said method deiermings or predicts the subject’s responsa o a

treatment.

80. The method of claim 79, wherein said treatment comprises a cardiac therapy.

&1. The method of claim 80, wherein said method determines or predicts a positive response of said

subject 1o said raaiment.

82. The method of claim 80, whearein said method determings or predicts a nggalive response of said

subject 1o said raaiment.
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83. The method of claim 1, wherein the sample of the subject is coliscted after the subject has
experienced said cardiac injury or disease, whereain preferably the method pradicts or delermines

the nature of cardiac remodeling of the subject.

84. The method of claim 64, wherein said treatment comprises an inferleukin-1 beta recepior

anfagonist.

85. The method of 84, wherein the cardiovascular status of the subisct is determinad before said

freatment.

86. The method of claim 84, wherain the cardiovascidar status of the subject is determined after said

freatment.

87. The method of claim 84, wherain the cardiovascular status of the subject is determined during a

course of said treatment.

88. The method of claim 1, whersin the biomarkers comprise SEG 1D NOs: 3-4, SEQ D NGs: 7-10,
SEQID NGs: 7-12, SEQ D NOs: 11-12, SEGQ 1D NGs: 18-20, SEQ 1D NGs: 27-28, 3EG 1D NCs:
31-32, SEGQH D NOs: 33-34, SEQ 1D NQs: 37-44, BEG 1D NOs: 41-44, SEQ 1D NOs: 53-54, SEQ
I NOs: 65-686, or SEQ 1D NOs: 1-12 or whersin the biomarkers are selected from one or more

biomarkers of principal component 1 (PC1), PC2, PCS, or a combination thereof .

8%. A method of frealing a subject in need of treatment for adverse cardiac remodeiing comprising
administering a cardiac therapy 1o said subject, wherein sald subject is identified as in need of

said treatment according o the method of claim 1.
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