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Abstract

ACKGROUND: The
circulsting seruse and plasma bionmrkers 10 pateents

mvesligabon  of oovel

with cardiovascular diseese bus been accelerting al
s remurkable pace. New mickess or Lests are oflen presented
o early 1o e medicnl professiem, polentally leading e
overlse and, thns, extra rden and costs to patients, the
healtheare industry, and the economy. The challengs for
clinicizns and medical researchers is hiow toaptimally apply
existing and new markers/rasts.

CONTENT: Biomarkers are hinlogical paramcters - that
can b objectvely mgssured and guantifed as awdicatons
ol normal biobogic processes, pallisrenic processes, or
responses Wox therapeutic interventeon. Typroally thougehil
ol as disease provess seresning ., diagnosing, 0 momtering
als, biorrerkers ney also be vsed e determmne disease
susocptibilicy and cligibility for specific therapics.

Cardine biomarkers are protein components of ool
strctures that are releassd into circolation when myncandinl
mjury accurs. They play o pivotal mie in the diagnosis, nsk
stratificarion, and teament of paticnts with chest pain: gd
suspected dcure coronary syndrome (ACS)as well as those
with acule exacerbation: of heart Failure,

SUMMARY: Actve investigation bas booaght forwand an
ieressingly Lirge number of povel candidate merkers but
few have witlstood e test of tme and become integrated
o contemporary clinicnl owre becanse of their readily

wpparcat diagnostic. prognostic, andior therapeotic otilite.
With regard 0 the mare novel omarkers, cureful thoushe
iz necded with regard to the appropriate targes populations
o dissovery and validation, as well as the critena gsed 1o
s ol the contenders froum the pretenders,

EEYWORDS: biomarker,  cardiovascula
atheresclerosis, aciie wvocardial infarciion, Beart Taluee,
ri=k stratification, diagnosis, progmesis,

disease,

Introduction

Curdioviscolar diseases (CVD) are the leading canse of
iobndiny and matality o e most pats of the world (1
Primary prevention and secondsry provention of OV ane
puklic health prioritees (23 Subsmntial dot indicate that
CV I is a ifo course discase that begins with the evolutaon
of risk factors that m turn contribote to the develnpment
of =subclinical stheroselerosis (343 Subclinical disease
culminates in overt CVEF (5,61, The onset of OV ieself
portenads am adverse prognoses with greater sk of rearment
events, morbidity, and morality {78},

Clinicians have used additional wols to aid clinical
gssessmenl and w0 enhance their ability o Wentily the
“vulperable” patient a1 risk for CVD, as suggested by a
recent Mationel Institutes of Heelth iNTH)Y pancl (9,10,

Biomerkers cun indicate o variety of health or discase
characteristics, including the level or type of exposune to
un cnvirenmentul factor, genctc susceptibility, penenc
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responses o exposiures, markers of subclhinical or chinical
disease, or indicators of response 1o therapy. This,
simplistic way o think of hiomarkers is as indicators
of disease trait (risk factor or sk markerk, diseise state
fpreclimical or elinical), ov disense rate (prognession) (11).
Aceordingly, biomarkers cun be classilied as antecedent
bivmarkers (dentifyving the risk of developimg sn illness).
sereentay biomarkers (sereemng for subclimceul disease),
disgnostic biomarkers {recogmeing overt diseise ), staging
bruymuarkers (catezonzing diséase seveniy), or progoostic
bimmarkers (predicting future disewse course, incloding
recurrencs and response to therapy, and monitorimg efficacy
of therapy) [ £2).

Steady progress in the discovery of new hinmarkers
and  evolution  ward  mome sophisticated  clinical
dapphlications offer promising possikilities 1o enhince he
care of patients, At the sama time, the remarkable increrse
in the pace of reports ahout new homarkers demanads
evern prealer aldenbion o e neeous medividual aomd
comparslive assessment {130

Beports of novel biomarkers are abondant i the
mrethcal literature. These mmwbes range [rnn simple blood
ar uning markers o Gwose obtaned [rom, ez, zenomics,
protoomics, and imaging techniqees:; and they viry in
accuracy, invisivensss of measmement, and cost. The
challenge for chnicians und medicel researchers s
apfimally exploit existing and new markers or oy,

Biomarker, Discovery and Validation

Curdiwwvascular biemarker research cfforts have resulted
i the wienttheatton of oew sk factors and novel dmg
targets, as well as the estublishment of trreatment puidelines .
Giovernment agencies. acadermic rescurch  imstitutions.
diganostie industnes, and pharmacestical compinies all
recognize the importance of biomarkers in advancing
therapies 1y improve public health { 151,

NIH Dehinition Working Croup  established  the
fellowing - working  definitions: (1} biomawker a
characreriatic that is ohjectively measured and evaluaed
as wn indicetor of normal biological prcesses, pathooenic
processes. or pharmucological responses toow therapeuatic
imtervention: {2} clinical end pomt—a chamcieristic
or varighle that reflects bow a patient feels, Tunctions,
or survives: and (3 surrosate end point—a biomarker
mtendded oy substiiute for o clinical end point £ 1a).

Novel Biomarkers in Cardiovascular Disease (Meiliana A, et al.)
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The development of CVD biomarkers 15 challenging
for several reasons. As summarized in o recent consensis
document (9,100, the patient vulnemble to CVD s Tikely
harbering # frisd of aboormalities: volnerable plogue,
villnerahle blood, and vulnerable myvocardium, I terms
of developing hiomarkers, 2 of these 3 compiments
(vulnerable plague and myvocardium) are less directly
sooessible relative to the third (volnerable blood ).

The aforementiomed  coveats  notwithstundomge, 3
parallel  developments  have revelutionized the  beld
of biomarker discovery. First, the completwon of e
Hurman Genome Project (17) and the HepMap Project
(18} and the development of microamays, proteomics,
and nanotechnology wgether provide pew  avenoes for
developing exceptional |y informative hismarkers of OV,
imchuding  high-throwghput, highly sensitive, functional
wasive. Second, the atlvances in hininformatics coupled
with cross=disciplinary collaborations {2z, of hiologiss,
clinicians, chemists, compater scientists, physicists) have
oreatly enhoeed our ability W petcieve, charactenze, and
sntalviee lurge snounts ol data generatsl by the technolozical
advances soted above. Thad, there s incieased recozniton
Pl dimeases aree oul ool e dyvpanue dvsmesulation of
severil gene regulilory networks, proteins. and metabolic
ulterations, reflecting complex perturbatioms (genctic amd
enviranmentul p of the “system™ (19,20,

The development of biomarkers in OV coim he
thpugrhe of as consisting of 2 potentinl approsches: the G
stratery is "knowledge-based” (dedictive method), and the
second nne 15 more “unbiased™ (inductive sfraregy ). These
2 approachees we complementay ather e ootuadly
exclusve, The koowledze-based strabeey relivs on a direct
wnderstamding of ke iobopical processes Ut oodeckie e
provess ol atherosclerosis aml the evolutins of its sequelae,
IEmay consistel mmproving existing bromakers to enlane:
tren perfonnance, or 10 may copygise designimg assays [on
atrractive new candidute markers mtormed by the biology
of the discase process. The unhinsed approdch invnlves
trolling through tens of thousands of molecules with the
use of current wechnological advinces to charsctenze the
bicmolecular profile of o stage of the disease (21).

The svatems hinlogy tools spplied to biomarker
discovery investigate the leerarchical organizational of
biclogical informsation: the gene iself, the mRNA that i
produces. the protein coded by the mENA, biomodules
of networks, cells, organs, individuals, popalations, daod
ecologies (19).

Genetic biomsarkers wre variaots in the DINA code
that dlone or in combination are associated with diseass
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susceptihility, disease expression, and disease outcoms,
incluging  therapeutic  esponses,  Simzle  nocleotids
palymaorphizms (SNPs; DNA sequence variation when
a osingle nuclectide o the genome sequence iy altered)
have been evaluaied extensively in relation to CVID. The
2 classic complementary approaches used for relating
penctic sogquence varstion o OV msk ame the linkage
apprizch and the association strategy (225,

Uhe wvailubality of raped. hogh-throoghput anslvicol
plutforms has facilitoted molecular phenotyping of diseuse
stites by unalysing the trenscriptome. The ghobal analysis
of pene cxpression represents o paradigm shift from the
traditional single-molzcule approgch to the evaluation of
gene regulaory networks (23-25h,

Frotecmic approswhes o the identilication of disense
hismarkers rely principally on the comparative anilysis of
protein expression in nommal and disease fmssees to identity
agherrantly  expressed profteins thal may TEpresant e
baommarkers, analysis of secreted proteins (in cell lines and

primary cultures ), and dirsct serom protein profiling (210,

Early detection of
sub-clinical diesease

Selection of therapy

Improved

Print ISSN: 2085-3297, Online ISSN: 2355-9179

Returning from the bench o the bedside. adoption
of & novel bicmarker inte clingeal practice will likely
hinge on demonstration thar measuring the biomarker’s
concentration  should  trigger. & climical  interventiomn,
pharmasologic o otherwise, For pragnostic biomarkers,
patignts ar higher risk for adverse events will, by delmation,
be afforded greater absolute risk reduction for o given
velative risk reduction from a therapy, and heace a smaller
numther of these patients will need to be eated to provent
un wdverse event. But ideolly, pathobiologically relevant
promnostic hiemarkers would identity a formal treatment
mieraction with a lareer relative sk reduction and thos
ufford cven ereater absolute ask seducon,

Movel biomarkers that are true sisk fectorsand Faithfully
servie as stirrogates for clinical outeomes have the potential
iy markedly dinninish the cost of dmg developmeni. For
examphe, the ahility to detect athercsclerotic plague
destabilization biochemically wonld allew  researchers
o sereen and identify more easily  promising  new
phormucotherapeatics that could then be tested i locger
und more expensive phase 1 traals (26,

Diagnosis of acute or
chronic syndrome

Risk stratification

Patient Care

Monitoring disease progression
or response to therapy

Flgure 1. Clinical aﬂfhmh:ms of cardiovascular oiomarkers (Adapled with permission
DA, &l

froem BAsT O
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Thechnical trmnslation of bioasckers i w assessimenl
of compay atherosclerosis iz alfecwed by b complex
nature of e dsease with muoluple cellular and humearal
factors, as well as often chimcally silent progression, unil
resching criticel schemic or vulnerable burden. leading i
invocarhinl damage (27),

Adfrer the discovery and venification of the candidite
profeing, robust immunoassayvs mas be developed and
optimizedinevaluace theirpotentialclinienlun ity Indrviduad
samdwich-hased immonoassays using cither monoe lonal or
polvelomel antibodies ond nonisatopic nheled antibodies
fe.g., alkaline phosphatase, Auorescein, and mithenium)
e dsed i s process, Adthoueh muloplexing technolegy
1 desipoed 1w simultaneously evaluale several putative
brrmacke s, al present te optimization of multple protein
assitys a s klom achieved.

The  analytical comprises  several
pepsires wcluding woeness, accuessy, repeatabifity, and
meproducibility, as well as a determination of linearity and

evialumlion

limnits of detection snd guantification. Specific protocnls
for the psscssment of these paramcters wre available o
cnsure 4 proper enalvtical  performance evaluaton  of
the mew method (29320 Furthermone, the freguency
distributicn of the candklate protein must be examined in
healthy individuals 0 establish reference interviks o owhich
patient results sill be compared (33 340, Evaluation of the
candidate biomarker in contol populitins will deternine
whether the distribution of the prodein s gaussian or
skewed, andd wihether significant diferences in values
cxist among different nge. sex. or racial subgroaps. Such
informatien 15 cssental i determining how the refercnce
intervals will be established.

Onee the climcal usefulness of a4 novel marker bas
been demonstrated. in vitm diagnostics (1Y D) companies
will decide whether to pursve 1t commercially. Technical,
medical, financial, snd legal considerations will also
influence this decision (33) Markers used (o predict
furure patient outeomes, which should noc be confisel
with markers used as swmogate outcomes, The latier use
of mrarkers requires Jdifferent criteria, as recently cutlined
(36,377, Any marker used as-a surmogats marker must have
i clear and unpmbiguous associabon with subsequent
putienl cutcomes 0 terms of bologicel or pathological
Processss of response o treatment,

Briefly_ the process of biomarker development begins
with the wlen@hcatwon of tarpet biomarkers with the use of
standurdized wechnolopy platforms. followed by validation
of the assiys (39400, ssatisdcal evaluation of hiomarker
distributions in mlerence samplas and in those with disease,
and assessment of the comsfanon herween hiomarker
levels {or expressinn pitterns of hiomarkess) and climical
reisirements thist define disease stams (415,

Novel Biomarkers in Cardiovascular Disease (Meiliana A, et al.)
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Novel Biomarkers for
Cardiovascular Risk Assesement

W accounts for nearly 30%: of all deaths in developed
countrics. By 2020, heart discase nnd stroke are projectedd
to hecome the leading couse of death and  disshility
worldwide, with the number of Taalitlies se1 w increase (o
more than 20 million a vear, By 204}, this figure is st to
increase 0 236 million o year (41}

Currently, the only way o detenmine the risk fol
atheeroscieratic pathological events i 1w perfonm anmnuzl
csamates of the overall nsk of OV D over 10 vears. This
i accomplished psing traditonol nsk foctors, such as
woe, sex, cholesterol level, disbetes or hypertension, in
predetermined scoring madels, such as the Fromingham's
model or the European  Svstematic  Coronary Risk
Evaluation (SCORLE) model. Typically, this scroening i3
rovsting From the age of 4 vears in men and 30 vears in
WIOTIER .

However, up 1o 30 of patients with OV do s
hive high choelesterol or other traditional nisk factors
and, thus, are not recegnized as being at risk (423 This
meins that approximately 3% of hean amacks are never
prodicted. Among these, many patents bod previously
been consklered as being at mediom risk, so were never
prescnbed treatment.

The abifity to betler predict the nsk of cordiovascular
evenls 15 one of the most imporiant steps 1a reducing YD
and mortality. Muost crucal o this i the abilily to assess
the risk of healiiey imdivichaals and detect atherosclemsis
earlhy — the largest target popnlatim for new hinmarkers,
Therefome, there is o sirong need in the cardiovascotar
fiehid for novel diagnostic mols thar coald help physicians
to determmine wha 15 the most crucial -t reat and to adaps
their treamens stratggy accordingly, Arherosclarnsis is o
chronie, complex aml muoltifecional discase. The consensus
view among climcians tends -t be that a0 maliomarker test
could bring better detection of the vulnerable plague thas o
simgle marker alome {43,

The  mwulinatona  MONICA,  Rsk, Genelies,
Archiving, and Monograph (MORGAM) (hltpofww s,
ktlfifmorzam) project was mitially established to develop
cardipvascular risk scores based on classic risk factors
andd 1o determine whether genctic variakility or hiomarker
sigessment could impmwve on them, An overall summary
of the project™s ohjectives and detailed descriptions of the
codrts have been pablished elsewhere (15,161,
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Biomarkers in the MORGAM-Cohoris

Maripr of vasguled lunclion

Lipid rolated markes o nourohemaral aotvity
Apsapooelen A (N-terminat peo) B-type natriuretic peptade
Apolpopegtein B100 | G-iprmingl pro-vEsopressn
Lipoprotein - associated phospholipase A7 C-smmal pro-endoifiein-1

= actily Mid-regional pro-adeenomeaduiin

- MiSS . Mid-regional pro-afrial natriuretic paptid
Faraguonase- .| Tissue mhitstor of metalioproteinase-1

&

J mariars.
‘;Eldh:mmnli!gndhfamr

Mecrosis markers
Crmaline kirane-440
Tropanin |

Figure 2 Biomarkers dolomined in the MORGEAM cohors {Sdaptod with permission
fram Blakerbarg 5, of & Ameancan Heard Assecialion 2010}

MORGAM Buwomarker Project conclude tha the
addition of N'T-proBNP, C-resctive protei, and moponin
I o an esmablished risk model improves [hyear risk
estiration for nontatal and faral cardievascular events in
midddle-aged Eurapean populations {461,

Low Density Lipoprotein (L) and High Density
Lipoprotein (HDL ) are well-established independent risk
factors for condiovascular disesse (47) Several clinical
trinfs huve shown that lipid-lowering drugs aimed ot
LDL chalesterol (LDL-Cr & meduce cardiivascular evenls
by 3050—45% (4349, The harge maidual nsk m ineaded
individunls may be partially expluined by low HDL-C (507,
but recent reports have sugeested that increased HDL-C
does i abways protect aguinst condiovascular disease (31)
wndd can somatimes be asaciated with increased cormnary
events (321,

70

Although epidemiologic studies have shown tha
Ivw HDL-C s o negative risk factor, raising HEM.-C
pharmucologicnlly has net been definitively established
L prerect against ischemic heart disease (THDd (51323,
This was especially evident from (e pecent sudy of
the cholesteryl ester transter protein CCETP inhibitor
tcetrapib, which increased HDLC concemstrations but
did not reduce cardiovascular events (321, A possible
explanation for these contradictory findings may be that
HI?L becomes “dystunctional” and may lose some of its
untitherogenic propertics (53-55).

IHE  was HDL
concentrations: and boow LOAT levels, vielding  comeci

gaspcinted  with  high  pre-3l
classification m more than NPy of the [HD cases for
which both were measured, thus meking pre-fil HDL
concentration and LOAT activity level potentially useful
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diagnoste iatkers [or codievascular disease {36).

Given e vomplexity of HDL o metabolisns aond
cimposition, 11 is perhaps ool swpnising tal we single
feature of HDL s sufbcient o fully caplure all of s
pnfathempenic properties. We hope hal i the (o,
tests for HOL biomarkers such as pre-31 HDL and LCAT
will increase our shility o predict THI sk oand lead o
the development of new and better drogs that modutare
HIH A" concentrations {56).

A cenfral tenet of atherosclernsis has been the concepr
that [LIDL. undergocs madificatdon into oxidized LI
(oo LI i rissues ke the amerial wall, Uptake of ox.13L
by macropliszes and ciher vascular cells wcies a cascade
of evenls that proouste lamasation, atheiosclensis, and
eventuilly plagee ropure. A migor advance in this area
cwnie with the dentiicanon ol s lectin-like oxidized
LDL receptor 1 {LOX-1) that, upon activation by ox-LDL
bimcding, indwces multple proathercsclenotic responses in
endothelial cells (ECs) a5 well a5 smooth muscle cells and
macrophages (571,

Giiven the connections between LOX- | pathways
und atherosclerosia, Inoue ef @l (58) foasoned that mere
focused measurements of LOX-1 and its activity mighe
predict Tutere cardiovascular events. LOXN-1 coan be
released from the endothelial cell surface, generiling
soluble LOX-L (sLOX- | b A plaosibie assumption 15 that
sLANK-1 Jevels comelate with endothelial LOX 1 lovels,
Activation of LOX-1 in humsms can be evaluated by use
of the LOX indes, obtained by muoliplyving the circulating
concentration of LOX-1 hgands comuining apolipoprosein
BiLAB) times thatof the solubke form of LOX-1 (sL.0X-11
[LOER medex = LAB = sLOX-1] 13587, Higher LOX mdex
values were assaciated with an mcrcased nsk of CHD.
Low LOX index values moy be protective agninst ischemic
strivhe (53]

These data also serve as a model 1o think akout where
gdvanges in science and the need for betder predictive
toisls i ght take s, Mo doeobt additional playvers that either
protect against or promote atherosclerasis, neluding that
which ocours in distiner vaseular beds, will continue to be
identified - the vector of basic hiomedical research (57)

Genetic studies have succecded i demonstrieting
that Lp tal is nol just o biomarker of increased nsk of
IHLY but a consal factorn, [n addition, the recent Laree meta
—unalysis of individual date from 126,634 participants
from 36 prospectve studics demonstmtes the robustmness
of the assocmtion berween elevated levels of poproteing o)
mnd incressed risk of cardiovascular disease, Together, this
warrants that Tipoproteinga) should be taken much moere
serioms |y in thie fature, for cardicvascular risk examination
and potentially as o target for dmg therapy, Therefore,

Novel Biomarkers in Cardiovascular Disease (Meiliana A, et al.)
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it i= our hope that mnewed interest in lipoproteinia)
may be spurred. Despite numemas past stidies there
are still unknowns, siech as the exact mechanism of how
lippprseia) couses ML as a0 peimarily via mereased
dllierosclerosts o merensed Bembesis or o combinalion
ol beh?

The soluble Phospholipase A2 (sFLAZY constitutes
4 fapuly of woe eoevmes om bunanes thal generte
[ty acids and vsophosphoelipids, aml oigger o varity
of promttammatory actions. It is now well aceepred
that sPILAZ plays a crucial role in the formation wnd
destrhilization of athemsclematic plague and conrributes o
lipepmtein retention. foam cell formation and imflammatinn
in a devetoping lesion, Furthermone, the potential elinicnl
henefit of sPLAZ nhibitors in the mreptment of OV has
aleady Decn explored inseveral Phase 11 wials, and these
milecules will epter Phase B in the coming maonths, Last,
but nol least. sPLAZ activily recently emergad as g very

promising biomeackes for caodiovascular risk (420

Naovel Biomarkers for ACS

Chiest discomnfort s the feading sympiom e patients with
coronary artery disease as well as the leading canse of
preseatation to the emergency depurtment (f3). The mitiol
evidlwution is hased on the pationt’s climicul history, changes
in the ECG and necrosis hiomarkers. Historically, glutamate
oxalpacetsi transaminase was found w be elevated mthe
blond of patients having an acute. myncardial nferction
(6. Sinee then, other biomarkers, such as creatinin Kinase,
mivoelohinand troponin. have Gcilitated earls and acounite
detection of myogardial damage amd pecrosis. Adnong
themt. troponin bears the highest diagnostic accumey and s
the cornersione of the contemporary mandgemenl of acule
cornnary £yndrome (ACS) (655 Given that troponin, s @
marker of myocardial damage, deteots terminal cvents m
thecascade of ACS. there s anced toscurch for biomaskers
thut are able to wdentify patients at hizh risk, allowing repad.
bedside stratthcanon.

I, BIOMARKERS FOR OXIDATIVE STRESS AND
INFLAMMATION [N ATHEROSCLEROSIS
MAdiveroselerosis has become increazingly mecognized as
a parhological swate, characterized by the accumuliation
of exidative stress and inflammation n o association with
lipids in the arery wall (H6-68), These processes have
been implicated at oll stages of the disease, from the very
cardy sppearance of endethehal dysfunction, throogh the
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propagation and mpwre of atherosclerctic plagus and,
ultimately, Desue injury, in the seitings of both ischemia
and seperfusion. Accordingly. there has been considerable
interest in the monitoring of these pathwiss s potential
Bicmarkers for CWD (69).

Cenwral o the athepssclerotic process is the role
of oxidized forms of low-density lpoprotein (LDL)
(7001, Followme s eatry and trapping within the
artery wall, LDL particles wre rapidly oxidized by these
systems. Oaideeed LOL ¢oxL DL 15 avidly taken up by
mucrophages forming foam cells, the cellular hallmork of
uthernseleratic plague. Bach of these pro-omdant pathaways
have been demonsmated 1o be regulated by multiple risk
Factors, including hy pertension, dyslipidemia and impaired
glueose tolemnes.

Infammaiory cells have been implicated at every
stage af the disease process (8], The stage of endothelial
dystunction thar precedes any patholazical change within
thee wvessel wall 13 charactenized by upreswlation and
eapression of o number of promffammaotory factors on the
endathehial cell surface (72,721, Patholooical studees have
chaerved that tee earhest atherosclerotie lesion s olien a
purs infummatory lesion, consisting ondy of monocyle-
derived macrophages and T Iymphocytes (74), It 1= only
arter they are recruited nio the armery wall thar monocyies
undergo a momhologicsl change fo become macrophages
wnd express scavenger recepiors thar himd  modified
lipoproteing (65,711 These macmphages subieguently
hecome lipid-laden foam celis by engulfing modified
Lpuprotemns.

Becent work bes wdentfied speciic mllumastony
pathways, regulaed by myeloperosslise  (MPOp and
wartows members of the phospholipase Tamily tal medisbe
g oramoe of patholosical evenls within e arery wall
(75761 The elucidation of the [actors mwolved | the
promazion of oxidative and inflammatory pathsways in the
urtery wall provides sn important oppomunity o develop
new systemic hiomarkers for porential clinical nse.

[.1. Binmarkers for oxidative stress

Chreidarive stmess hiomarkers can he hroadly classified
1 L P megon cateaones: omolecules damaged by
RS Cand antiosidant enevimes and maolecules, The (st
category includes wwekecules that are generated 1o oa
reaction with ROS,

Lothe processolatersclerosss cluncally applicable
biottarkers  mclude 8 hydiooss-2° deoxyzuanosin
{%.0OHdG: 5 murker of oxidative DNA damage) (771,
lipid peroxidation represented by isoprostancs (78],
malondinldchvde (MI2A) and  thiobarbeuric  acid
roactive substance (markers of lipid peroxidation),
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carboxymethyl-lysine and  pentosidine  (markers of
glveo-pxidetion, and nitretvmsine (marker of nifro-
oxidaton ) { 70800,

The =econd category consists of  antoxidang
enzymes and molecules thal are associamd with ROS
mmetabalisim. In the process of atherosclerosis, clinically
applicable bicmarkers inglude supereside dismutase,
gltamine  peroxidase, catalase, heme oxveenase,
thioredoxin and paracxonase (50521, Plasma ol
anttoxidant stutus 15 also measured as a factor to show
thee meneral entioxadant status (35

) Asvemneirio dimetindarginine

Excess ROS has been demonstreted o decrease
the endothelial hingvailahility of nitric oxide (NI
angd promete endothelial dysfunction. Assymetric
dimethylarginine (ADMAY iz an endogenous
inhibitor of NOS, which results in redeced MO
rymitfesis (Hd 230, ADMA represents an impovtan
link bhetween ROS -and endothelial dysfunction
via the reduced bioavatlability of N0, ADMA
decouples NOS [rom | eroimine and., therefoee,
reduces NOS-derived KO production. There s also
s evidence thatl ADRMA may even cause NOS
uncouplmg., thereby switching NOS froom WO Lo o
supemide-prodecing enevme.

b

=

Chxvidized LIN. {ox- LI

Low-density lipoprotein is an imporant target of
ogidation, oxL.D reflects a variery of modifications
afthe lipid ind protein components of LD thar oceur
whenoxyzen free ninlicalsreict with polyumsitrited
[aty: weids aod mwlwce bpid perosdation, oxl DL
15 considered w be o Key step in the pothopenesis
ol sthemsclerosis (70710, oxLDL, with its many
oaidatively  modified lipids and  depradistion
pruducts, contributes e the pathophyvsiotosy of botb
the initiation and progeession of atherosclemss.
ol I concentrations are strongly eomelated with
plasma |11 concentrutions and, fivns, the latder 15 a
key factor im determining ahsolute plismi ox].0LL
ConcentTazion,

L2, Biomarkers lor inflammnation

Aopunber of pouellanunatery  fackrs have  been
praven eonduce the mitation and  progeession ol
albwerosclervsis,  Recent  prospective  studies have
cotsently demonsteated Uil the wselulaess of thes2
mlecular  proonflamuatory biomarkers W predics
future cardinvasculer events not onby noepparcntly
heafthy subjects, but nlso in paticnts with acute coromary
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syndmyme (BGS0), Messwrements of these biomprkers
curry important prognostic information. independent of
traditienal nsk factors

wh C-reactive provein (CRE)

CREP 1= predominantly synthesieed m bepatocytes
ax an acute-phase reactant and i ranseripionally
driven by [1. 6, with synergiste enhancement by 11
Lo is also sugeested thar CRP s produced Tocally
in viscular smonth musck: cells ind macrophages
in athemsclerotic lesions (683, CORP has initially
heen comsidered as a meactant of inflammation,
however, mecenl evadence sugoests that CREP msell
his direct proinflammstory effects (91-93). Several
mechunisns of CRP that may contribute o the
imitiation and pogression of atherosclerosis have
been reported. mcleding promoting  endodhelial
dyvslunction. actvation of coculalng momeeyies,
induction of prothrombotic state amd  inerensed
nptike of oxlI (945,

b1 Adfveloperoxidase (AMPCH

Mycloperoxidase, one of the encymes of the innaie
e syvstenn, 15 considers] o be o bactencidal
agenl (T6h MPO are derived from newwophils
amd monocyies. arl sew have been wdentiied in
fpan plagoes. A oomsber of stwlies demonsteated
the mmportce of MPC i CVD (Ta50) In the
svslem of LDL oxilation, several stodies. reported
that MPO-generated  reactive  mitrogen  specics
madiate LI protein nitration. inttiate LI lipid
perosidution, and convert the lipoprotein into a form
that promites cholesterol deposition in macrophazes
and foame-cell formation (%75, In sddinon & is rale
in foam-cell formaetion, MPO has been identified as
d catalytie sink for NO (98, More recently, i hus
been demonstrated that MPO s a critical facton
invelved in the generation of impaired profective
biological properties of HDLOY9, Deesfenctional
HDL particles lack athemoprotective properties and
promote proinfammaeory effects,

¢) Lipaprotein-associated phosplolipase A2
(Lp-PLAZ)
Lp-FLAZ 1= an
phospholipase A2 superfamily and s produced
by monceytes, T lymphocytes and mast cells, Lp
PLAZ s fomned in the hwdrolvsis.of ox DL and
result= in a formation of lvsophosphatidylcholine, a
prosttherogenic and inflammatory meditor (HER, In
plasmi, approximarely #30% of Lp PLAZ is bound

cnzyme, 8 member of the
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io LB, andd the remraining 200% s linked 10 HEAL
and wery-loww-density  lipoprotein, On the other
hind, several studies support an anti-infammitory
unction of Lp-PLAZ (99000, The proven has
been demonstrated o play a role 1o the bydrolyss
af the platelet-sctvatng fetor and  manifests o
possible antistherogenic effect when high levels of
Lp-PLAZ are pssociated with HDL in mice (101).
However, ot least in the chimcal studics, Lp-PLAZ
hiss demonstrated an associafion with the nsk of
CW IR

d

et

Soduhle 1K) .I’l:ga.m]' {00

The potent immung  mediamr CIAHE and s
counterpart. CO40 lipand (CE40L) parlicipole o
nunerous inlammatory pathways thal contobule
o moluple pathophysiological processes (103,
My, CRACDE0L have been demonstrated o
be cowpressed by oall magor cells mmplicated m
atbrerosclemoss, meludime wcuvated T lvnphocytes.
endathelial cells, smooth muscle cetls and monooyte!
mucraphages. Bath the recepror and the |igend are
functional and COOACTIGL. imteracions enhance
the ex pression of various proatherngenic malecales.
such as adhesion molecules, chemokmes, cvtokines.
prowth-factors and  mamrix metal lopaoteases.
Crreulatiog soluble COS0L has been sugaested
1o activate endothelial cells and CDA0 expressed
i wther cells, constitutive [or the atherosclemtic
plague., aod wlece o pronllameatory cascads 10
e vessel wall,

L BIOMAREKERS FOR PLAQLE DESTARILIZATION
AND RUPTURE

Biomarkers of vulnerable plague can potentially provide
wsetul mformation for the manazement of paticnts with
commary artery discase. ldeally . they should reflect & window
in the carly stage of vulneruble plague or plague potentially
prone e rupture. The identificution of such a window 1s of
immense climeal importance.

Therefore, it is reasonable fo hypothesize  that
biomarkers reflecting reverzible jschemis will identify
patients with high cardiovascular nsk and can he tested as
atirrogate markers of volnerahle plaque, Here, we described
six hiomarkers that have been linked to myocardial ischemia,
Tintil now, these hiomarkers of ischemin are relevant inorder
wh exclude 1sehemie heart disease (hizh negative predictve
vishue ) but =0l leck specificity (OS],

ab fechenvia-medived albumin (IMA)
MA 13 coe of the most thorcushly  studied
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Table 1. Oxidative stress and inflammatory biomarkers in human studies reflecting
cardiovascular risk {adapted with permission from Uno K et al. Future Science Group 2010).

Condition Increase Decrease

Atherosclierotic risk facior

Hyperension B-0OHdG, cxl DL, MDA, lipd peroxidesinifne oxade GEH, 500
Diabates keallitus isoprostanes, nitrotyrosing, carboxmethyl-lysine
Dyslipidermiz isoprostanes, B-OHAG GE5H
kelabolic Syndrome, obesity TBARS, moprostanes, IL-6, Thf-q, Pal-1 adiponectin
Freciinical atharosclerosis
Predict fulure atherosclerolic disease cxLOL, IL-5, MPO, Lp-PLAZ, CRP TADS
Endoihelial dysfunction MADPH oxidase, isoprostanes, ADMA, sHCAM-1
Ciinical alfrerosclerosis
Symmetrical atherosclerasis ADMA
Coronary artery dissass cxl DL, MCP-1, MPO
Acute coronary syndrome cxLDOL, sCO40L

SO S demmiani A0 [t Smblegont, ST Cou o oo, et O C it

Maondaldchyde: MPGE Mycloperoxidase: cxlDL: Coodized Iu'.'-r-dl:nqtl:.l lipoprotain; PAL Plasminogen activator inhibitor, sC040L: Saluble
G0 ligand, siCAM: Sokfdde 1ICAN: SO0 Swperoxide dismubase; TAOS Talal anlioxidant staius; TRARS: Thickasbiton: asd reactive
gubigtance.

bioenarkers approved by the U8 FDA for clinical eebeasure of the physiologke state. Owing o the Gt
wse It s been demonstrated that the capacity of il larze quanites of FEA are reguised o meeet
atl buenin to band transition metals specibeally coball. encrgy needs and since long-chain FEAs are highly
copper amd mckel) in the setang of nvocardial insoluble in the agueous phase, the mujor porion
ischemaa was diminished (1061071 During of FFA m the blood s carmed in association with
ischemia, the N terminus of atbomin is modified, albumin, A small part of the total PEA within the
possibly owing o hypoxia, acidosis, free-rudical blpod. hawever, dissocistes from the albomin,
injury and energy-dependent membrane dispion, These molecales, the upbound FEA {(FPAU). aee in
therefore, decreasing its hinding capacity for nietals [riee agqueois solution as monomers of FEAU (112},
{ W L0, These mosdthentions were nsed |:|:_'|.::||:1.-'|:||::|[| FEMA has been assessed inthe seiting of tansient
an-athumin eahale hinding { ACR) st thet measures iwclerma coeated by Balloon infation dudng PCL
the residoal wibso o cobalt Tracteen, This sobouod (1131140, FRAL demonstrated a rapid increase
cobalt fraaction 1% vsed e bind o chromogen, which, after Balloon infation, There were no significant
i tuen, can be mesured plictoometically (107, associations between the peak FEAU level and total
The ACH test has been demonstmned (o corelats balloon infation durateon, ECG changes. prolonged
wilh mvocardial izehemia, butad work demuonstrated pnging, procedural complicstons, left ventrcular
that changes in IMA can occur a8 early as 610 min function or number of lesions treated (113
atter myocandial sschomme stuts and ths remans
positive up to G h later (110,101 1) Thus, the ACH test ¢l Chaline
detects ischemin before the development of necrosis Choline 15 un cssential component of phospholipads,
and before an elevation of the conventional markers plasma lipopretzing and cell membranes, and is
of neerosis forcatine kinase MB and troponin). crucial for the formation of acetylcholine, The
hydrolysis of phosphatidylcholine by phosphodipase
b Drabesned free foin acld (FFA) D generanes choline amd phosphatidic acid (113,
Total seruwm FEA levels provide an  imponan W hale: Rlood ¢haline hits been studied in the context
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=

ol ACS and has been demonzstrated o be predictive
of cardiae deatdy durine 3 does Tollowing an ACS
in patents  with negatve twoponin. o addition
o whole-blood choline, serum choline has been
studied inthe context ol ACS with troponin-negalive
patients. where 1t was shown o be predictive
of cardiovascular events in conjunctiom with F2
isoprostang | | T,

Brain Narriureric Peptide & N-Terminal proBNP
(RNP & NT-proBNFP)

BNP = meleased upon ventncular stress together
withh 15 amerl cometabolite ST praBXNP (1170, In
the context of Echenmia, 1w completely clear
which stumulos lausches the release of BHE. Wall
stiess 15 probebly the main trgeer bul by poxin esel
could also be an independent igger (113119
Although somerous sudies bave demonstrated a
predictive value of natriuectic peptide levels in the
context of myocardinl infarction (1200, ACS (121}
anil stahle coronary artery discase (122 123). fow
hive gusessed the value of BNP (MNT pmBNP) as a
marker ot ischemia. Bibbins-Domingo er af., have
demenstrated hat elevarsd levels of BNP were
assocried witl inducible sehenna and, according v,
wille zun increasad risk ol comonary evens ([ 24).

Novel Biomarkers in Cardiovascular Disease (Meiliana A, et al.)
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ed Cyararinn O

£}

A recently published stody  demonstrated  an
asseclabon between Cardiac ischenua and Cystatin
C (1255 The assocmteon was statstucal by sipmhcant
amomng patients withoot o story of corenary arkery
bypass amd those who wem mn trested with b
blockers o statns. Adter sdjostment Tor baseline
demographics, comarbidities, médications,
crestining  ¢laarance, candime  tunctin and O
regctive profein, the highest ovstatin O quartile
predicred mdueihle ischemis. Although these dura
e inmm.ﬂing, the cansal pathwiay between cysatin

C and ischemis is currently an onresobved Tssoe,

High — sensitivity fropomin

Bevemly, o lughly scpsiive wopon T assay ol
can detecl levels as Jow as 0001 pedl—len-tnnes
lowwer than the conventional available tesi—hbas
been developed. The mechani=ms responsible for
the release of very low levels of cardise troponin
T in patients with stable comnary amery disease
ciotld imclude transient ischemic cpisodes, Recently,
Suhatine ef al.. using the ultnisensitive mopoain T
assay, demonstited a quantihable nsez in rm]'lnnin
T levels in petients undergoing stress tesang, with
Ure azmounl of rise belng propariienal o seventy of
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ischemia on perfusion imaging (1 26) Furthermone,
the auwthors identified  rise of roponin T levels (o
over O3 nedml as a stromg predictor of inducible
il i, with s odds satio of 3,54 with 93% Clol
.42 B8,

1L BIOMARKERS FOR [SCHEMIA AN NECROG]S
The diagoosis of acute myvocardial infarction currently
rests o the measurement of troponin. a bomarker of
mivocardial necresis, Unfomunaely, the cuirent gensridion
Toponin aseays detect woponin crly & 9 hafwer svmplom
onset. This can lzwd o delay o dignosis and also
exvessive resource otilization when maging patients who,
ultimately. have noncardisc couses of soute chest pain. For
these rewsons, there has been extensive rescarch mberest
i baomurkers that can detect amd rule out myocardial
mfurction early after svmptom onset. These molode
markers of myocardinl injury, such as myoglobin, heart-
type famy ackl binding prosein, ghvoeogen phosphorylise
BB; hemostatic muarkers, such as d-dimer; and finally,
inflammiatory markers, sich as matrix metalloproteingse 9.
Recently, highly sensitive iroponin assavs have repomed an
early sensitivity for myocardial infarction of greater than
G5, although at o cost of reduced specificity. The optimal
stratery with whach o use these novel biomuarkers and
highly sensitive troponins has vet o be determined, and
interpretation of their results in light of thoroozh chnical
asscsEment rermans essential (1275,

#) Heart-rype faiy actd binding provein (H-FARP)
HEABP 15 g small {14-15 kDa) evmosalic promein
touned abunddzntly in cardiae tissue and 1o much
lesser extent in the hrain, liver and intestine,
Several studies have examimed the mle of HEARP
in tlisgnosing M1 An esrly sy demonstrted char
the diagnoste sensitivity of HEABP was superion
to that of mevoslobea and creatne Kingnse MG, and
that i patkents preseoting betwseen 3 and 4.5 b aller
svmptom onset. sensitvity could be as high as 94%
(1281, Further mvestzations foumsd similar nesults
i lopger populations (129) and o patients with
vmdifferentiated chest pain (130} The most recent
prospective stdy to assess HEABPS disgnostic
utitity reported sigaificantly hetter sensitivity of
HEABP when compared with troponin T in patients
presenting less than 4 h after the onset of symprons
(1315

It

—

Matrir sretafloproieinayes 9 (MUP 4
MMP 9 we a [noily of  isc-dependent
clopeptidases - with  the  [unctivnal  ability 1o
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breakiivan components of the extracellular matrix
(1321 The role of MMP 9 in atherosclerosis
und  plague mptore 5 supported by severl
investigations, such as the observations that within
corenary athetectomy specimens, MMP 9 levels
were W higher in patients with unstable versus
stable svmptoms (1330 and that upstable phgues
stain more strongly for MBEP S than those with
stable symptoms (134,

Soleitrle COHO Gpand (sCDLOL)

The CDA hgand i cxpressed on o wide varicty of
colls, including leukooytes ond activated platelets
{135,136 It is recopnized o play o vitsl role in
the infammatory  pregression of  atherosclemssis
(137,158 gz well a5 being panm of a signaling
pathway invobved in the initiation of plague rupture
{1349, Once activated, platelets shed g funcrionally
enabled soluble form of the CE ligand (SO0
thiat enables relatively easy sampling from the
perpheral blood (1400, In o cohort of over 1000
paticnts with confimmed ACS, =sCDA0L wis an
independent predictor of 30 day death or ME, and
stratified & high-nisk goup of patients who may
beneht from glveoprotein HEAa mhabition § 141 ).

Pregrancy-assaciated plasms proteii A (PAPP-A)

PAPP-A in relation tov ACS has heen extensively
investiguted, PAPP-A is 4 member of the MMP
family (1421, and is trequently measured in the
serum of pregnant women fo help smarify nsk for
the presence of fetal rrizomy (1431, Evidence of its
privential rele m ACS was ficst reported by Bayes-
Cremis's proup m 2000, Imitin]l autopsy  derived
‘unstable plagues” compared with “stuble’ plagues
exhibited much steoneer stoining for PAPP-A. This
Led the proup weumderioke subsequent measunsments
ol PAPP-A levels masmall nuntber of poents with
AL, srable imging and normal controls, confirming
the assncistion between periphernl FAPP-A levels
und ACS ([445. Furher investigation in a cohor of
fibd putients attending an emergency depariment
with chest pain, again demonstrated o signiticant
association of elevaied PAPP-A levels with ACS
and, mmpostantly, elevated levels were predictive of
death or M dependent of ropommn angd 2CDA0L
LL43)

Hipgh Sensitive Troponin Assay
Woery recently, two independent investigators have

poblished  imteresting  stodics  mvolving  highby
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sensitive troponin assays (146,047, These assays
have a lower it of detection that is below the S59th
centude upperreference bt for the nosmal population
[ 148-130%. The sensiivity of an admission sample
alone for the dimgnosis of M1 was as high as 93%.
When comparing the AUC-ROC curve for bighly
sensifive and stmdand fropomin assavs, the supenor
discriminatory power of the highly sensitive assays
was evident from the almission sample in contrast
tor the regquirement for delaved sampling with the
stunclard assay, Furtheroore, the negative predictive
valug of all four sssavs, investigared ot the 9%h
percenbie, was between 95 and 97%  uliliing only
o adomussion sample (1475 The volue of teese
pmpressive eatdy sensitivily results may be ofl=el by
o siguificanl reduction in specilicity (151-133)

YEL 40

¥ K1 40 15 a glycoprofein secreted i vitrn by human
colls sich as petivated macrophages and newtrophils
im dliffzrent tissues with infammaton and increased
remadeling of the extracellulsr mustrix {ECM), by
arthritic or injurcd chondrneytes, by fRrohlist-
lke svoovial cells and by vascular smooth moscle
cells (VSMC:). T owive YEL 40 has been [ound
elevated w patients wille diseases characterized by
iflarmenaten, ncreased extacelbula reoodeling
artel vogoing lbrosis (134,

WL 40 B pavned alter 11s three M-terminal ao
acicls and ks moleculsr mass of 40 kD (1555 YKL
A0 15 nlso known as human camilage glycoprotein-35%
(HC #p39) (15463, broast regressing protein 39 (brp-
3y (1537, 38-kDa heparin-kinding glyeoprotein
topikk) (158) chifinase-3-like-1 (CHI3L1) (1590,
chomelres ( 1aft) and -k Dn mommary glond protein
(GRG0,

YERL 40045 closely related 1o both the sarly and
late phases in the development ol atherosckerosis,
Oine of the key elements inthe early development of
atherosclerosis iz the maturation of monocyies i
macrophages in the arterial intima laver. Subsequent
tea thiz the macrophages tuke up bpids and eplicate.
The lipid-rich macrophages, known as foam cells,
scereie inflammatory mediators that stimolate
smionth muscle cell migration and prolifention and
participate in plagque development wnd rupture ws
well as thromboss (162,163

YEL 20 induces the matration of monocyies
to magrophages and is secreted by macrophages
durimg late stages of differentiation wnd by activased
marcrophages. (159.164- 1671, Macrophages  in

Novel Biomarkers in Cardiovascular Disease (Meiliana A, et al.)
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atherosclemtic plagues express YKL 4 mRNA,
paricularly macmophages that had infilirated deeper
in the lesion. and the highest expression of YKL
40 s found 1 mocrophages m the early lesion of
atheroscleresis (1653, The last part s particulocly
interesting because 11 suzeests that Y KLA0 could be
uscd as o bromarker for atheresclemoss ot very eacly
stages of the disease. Severl studies of paticnts
with AMI andlor stable CAD have demonstrated
efevated levels of YKI. 4} compared with healthy
cisntriyls [ ES-1 74 ).

Twa large studees have both demonstrated thas
YR A0 cin be used a5 an independent predicios for
hath overall and OV mostality in hoth individuals
with or without ONEY (1721740, These hndings
supporl e hypothesis, that Y KL 40 s closely related
o borh the ey and lae phases in the development
ol atherosclemss. I could be a nwasure of 1he
pllamunatory activily o comonary artery plagues
anndd thencby an indicator of the rsk of developing
an acute comnary syndrome or death,

Results  tmm these  smilics  suggest  tha
YRL 4 could be a new hiomarker of peute and
chmnic  infammation in patients with - swhle
CAR. Circolating YREL S0 may reflect the total
burden of comonmry  atherosclernsis o identity o
Inigh-rizk atherosclerosis  phenotype with ongoing
pammation aod athemsclenotis plague Tocmsatos.

The dwgoosis of ML semiains challenging.
Drespire the development of nevel assays measuring
pectosty, hemostasis amd mfumetion, md one
single lest can Tully exclude o conlicm e presence
of ACS or ML Eecently, the combination of g marker
of hemodynamic stress (copepting with fourth-
genceation tropomin {175) has shown  promise:
however, the powential of thiv strofogy  mguires
Further prospective validation.

Novel Biomarkers for Heart Failure

Heart Tailure is pssociated  with significant mortalicy,
ity and economiie costd 176, Owver the past 30 viears,
oo undersianding of the pathophysiobegy of heart failure
has advanced greaily. It iz now recognized as a svstemic
syodroime charecterized by naladaptive neurchonnonal,
metabolic and inflammatery processes. The recognition
of these puthwavs hes prompted the evaluation of some
of their components as biomarkers in both chronic hean
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fatlure (CHE) wnd acutely decompensated heart faiheme
137

Estuhlished biomarkers, such as B-tvpe natriuretic
peptides, hove improved the diagnesis amgd prognosticition
of  heast faillure  patients, Hosever, mocbidity  and
molality rates remain high, and the development of
Turther bicmarkess may improve the management of these
patients, Movel biomackess i heart failure should add ©
contemporary diagnostic and progaostic aoumen and be
cost effective. Much work is required to sscertain which
of these candidute bromarkers or their combinations have a
place m contemporary clinical practice and, if so, how they
will be best utilized

[ NELIROHORMONES

Maladaptive neurahormonal angmentstion s now recogni zed
as a major coatribator o the development and progression
of CHE As our understanding of CHE pathophysiology
progresses, compoments of novel newurafwrmonal pathwiys
with putitive roles, both protective amd deleserious, ane
similacly declaring Bemselves as candidate bromarkers
(177

w} Muman brain nairisretic peptide (HNP)
Humin brain naruretic pepude (BNFP) 15 an
eatabbsbed biomarker in Geart fotlure. 1t belongs
fo the camepory of cardinc-specific markers thae
are teleased hy the heart in response o myncardial
sfress, The pepside is synthesized s 2 134 aming
acid peptide (pre-proBR NP that s suhsgequently

peride

(praBNPL This proBMNPis enzvmatically cledved by

processed o form g 1O8-aming ekl
Curin, i ransmembane serige prowease produced in
cardiormyocyies e form s Fe-amng skl N-tenminad
NT peptide (N T-proBNF) wwl o biologically active
32-amine setd C-terminal peptide (BNEY, which ane
Buth relewsed mio the cronlaton. The bislogically
active BNF. the maet 10B-amino acid proBNF snd
the remaining part of the prohormone N T-proB NP,
all circiilate in the plasma and can be measured by
commercially availahle immunoassays, They hear
diggnostic and prognostic welevance, can ek the
therapentic respomse and testing is recommended in
current puidelines (178-1827,

I critically il patients, BNP lavels seem to be
related o progonoses e several climcal siluatioms,
suchi as hypesemic  pulmonacy Gailuee (1335
pulimomary embolisa (154, wovocardial mlcelion
(LBS) ar seplic shock (LBG 1T,

The nutrinmetic peptides ane the monst widely
studicd of the heart fulluse biomarkers. They form
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a family of peplides possessing natriuresic, divretic
and vasedilatory  properties that are endogenously
vpregulaed m hewt faluce, Given their greser
stability in plasma, the Bovpe natriuretic peptides
(BN are now widely recoznized as the currenl
“Bomarker benchmark” in both CHE and acutely
decompensated  heant failure. Their  established
role 1o the dhgnesis, progonosts and. mavbe less
convincingly. guidance of thempy in CHE. has
recently been comprehensively meviewed in muny
jourmul (138),

Midregionnl pro - amwigl narriureiic papride
The midregional segment of the pro- atrial nairioretic
peptide molecule | MR -prioANP) hias been shown to
e mwwe. stable in the plasma than gither proANP
or mature ANP and is emerging as a premising
hiomarker in this svndmome, Several small studies
huve demonstrated that this peptide can reliably
dingmirse hear falure i acutely broathbess patients
willy ¢ seemongly simifur peefonminee o BNE und
amino-terminal BRP (NT-proBNPP (189, and
ilso identiies asymptomatac feft ventnoular (LY )
systolic dysfunetion in patients with coromany arery
disease with a performanee compardhle o NT=-
prafkMNE 190,

This novel pepisde proviced
prognostic information in 323 (190 and 797 {142

mdependent

CHE patients. which, impartantly, appears to he
superior e BNPs or both cases. Therefore, MR-
proA N E holds censiderable promse ws o diagnostc
il progmostic biomarker in both acate leart Failure
and CHE.

Midresional priv — adrenomedaliin

Adrenomedullin [ADM) s 8 complex 32-amino
weidl peptide that weas nitially isolated from human
phenchromecytoma cobls anid 15 alrmost whigquinonsly
eapressed  throughout the human candioviscalar
systern {1930 Irhas potent viasodilator and naoretic
propemies, and both myocardial wnd plasme levels
are raized i CHFE, with plasma Levels predicting
mortality in CHE 0194). Accurate assaying of
plasmia levels can be naccurate g s hall-life 1=
shwrt. However, an assay bas been developed for the
mose stalle pndregional portien of e propeptide
(E95h O small observationa] study has sugzesied
that plasma levels of midregional praddM are
of moderate value m o identifyving LY systolic
dyafunction in paticats with coronury arery discasc
with # negative predictive value of B89 (196).
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oo large study of 923 postmyocardial infarction
patienis, plasma  concentrations  of midregional
proADM o were elevated and powerfully predictive
of bosth mastalite and progression o CHEF following
muluvarable malvsis' (197, Circolanng  levels
were alse inereased and predictive of  mostality
at 24 months in 786 CHE patients. with greatest
progoostic vidue m those wath mild-moderate
discuse severity (195}

Cterminal pro-argining vasopressin {copepiin)
Arginine  visopressin (AVE), o
hormone, s svnibesized in the supraoptes and
paraventricular nuclei of the boypotrlamus. It
i% @ vasoconstrictor but its prime role s in the
regulation of Auid homeostasis by promating water
reabsorpiion in the cellecting ducts of the nephmn
(199 Plasma AVP concentrations have long been
knovwny o be elevated m CHE (2000 An gesay
lws recently been developed Tor the C-temminal

antidinretic

[ragment of proAWF also known as copeptin (200 ),
Copeptin 15 rnsed and mdependently predictive of
adverse LY remodeling and muornality in patients
follewing actre mvacardial infarction (202-2045. 18
also predicted T-year mortality in 137 putients with
acurely decompensated hean failore (2055, |arger
ohservational stdies in CHF petients demomstrivhed
similar prognostic properties, which appeired 10
provide  superior infomrmation fo BNP regarding
mortality across e spectum of disease severnly

{2086, 20T

Chrownogramn A (Cgdl

Cad s a4 3 amneactd member of the 2 oman fumly
uf neurcpeptides ot = ubiguitously distributed
thronghout the CNS, endocrine and nearoendocrine
systoms of vertchrates and nonvertehrates (2008,
O is also symrhesized inthe human mvocarndiom
(2B and 5 the precursor for s mnge of N-terminal
fragmenrs with varions vasoactive, metabolic and
antimicrohial properties (2100,

Both ciculating (211 aed mvocacdial levels
{209 are rassed in CHE, correlating wilh New York
Hean Association (NYHA) class amd poedicing
prognosis, CTeA concentratons  snoibrly  predict
prognosis o palenls  preseoting with o soutely
decompensated heast Bulupe (212,

Apelin
The peptide hormone apelin s also ohiguitonsly
expressed  throughout the canbiovascular system

h
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(213 and i5 the hgand for the G-protzin-coupled
recemiw known as APF (214). Studics m animals
huve  demonstrated  antihyperensive  (215-217).
vissodilitery (218, divretic (218 2211 and potent
inropie effects in oormal and failing  heans
(2222261, with apelin knockoul mice displayving
significant and progressive LY systolic dysfuncticn
227

In humans, plasma apelin concentrations are
meduced in potients following aoute myocandinl
infraction  (228), both plosma (229-233) ond
mvocardial (230,233 2534 levels are significantly
meduced in patients withadv unced CHE. Small studies
have demonstrated that improving or wugmenting
cardias performance with LVAD {230% or cardiac
resynchromization therapy (231,230 leads. wooa
sigmificant increase in serum apelin concenirations
and myceardial apelin and APJ levels, suggesting
thit spelin may hold promise as o marker of reverse
remadeling in CHE,

Lirecortin

Urescortin £ L end 1 are peptidees withe siomificant
structurtl  homology o the mportant mediawor
of  the  pitutary-adrenal  glococortiood  axis.
codicetophin-releasing  factor (CRE)  [235).
They are the ligands for the CEF-1 and CRF-2
recepors and exhibit inoteopic (236}, vasodilstory
(237 23R cardioprotéenve (239,200 snd beneticial
hemodynamic effects 10 animal maodels of heart
tailure (241 -245].

T claites, the only shudy t0 investigate eirculating
CHE  demuonsirated
4 sipmificant mwrease compared with wge —ond
sox —matckesd  healthy (2461, Punher
clartfication ol the effectof CHF on plusma arotertin
concentritions i necessary W estabhsh s poleantil

WCOIIN  Concentralicns

contrels

s g brunarker o ths syodroame,

[ METAROLIC RIOMARK FRS

Coenmvmne Q0 (O]

Col ) 5 o gumone that 15 0 crociel component of
cellular respiration in the synthesis of adenosine
iphwsphate via  the mitochondiial elsctron
vansler cham 247 Myocanhial CoQ 0 kvels
have loag been komewn o be reduced i CHE and
carelate wilth worsening NY HA stames (2487, Mose
revenily, plasma Cof2l0 levels were shown o be
reduced sod mdependently predictive of monality
in CHF patients (249, There is somc evidencoe
that therapeutio upregulation of CoQlid in CHF

79



The Indonesian Biomedical Journal, Vol.2, No.3, December 2010, p.66-91

may result in an increase in candise oytput and LY
ejection fraction (2501, and the results-of a large
international trial aee awaited (251

b Adiporectin

Adiponectn = & 244.amino acid  Fa-derived
peptide  hormone: with o role in metebolic
regulaton. 1t 15 abondantly produced by adipose
tissue and less so by the myocardium, with plasma
concentrations negatively comelating with  body
fat mnd BMI (252,253, Preclhncul stedies. have
demonstmted antiapoptotic, antiatheroscleronc and
antihypertrophic properties, a5 well as the ability
to improve endethelial function (252, Plasma
concentrations ars reduced in patientswith ischemic
hezart disease but are increased in patients with
acutely decompensated heasn failure in whom they
predict prognesis (2540, Adiponeciin synthesis is
stmulated by the nutriuretic peptides (255} and | as
such, myocandinl production and circulatmg levels
ol pdiponectin are alse significantly rased in CHE
patients i whom they correlate closely with BWP
Jevels und agamn predict progoosis (256).

ML NOVEL INFLAMMATORY BIOMARKERS

IN HEART FAILURE

Chronic heart failure i o recognized as w chronic
infflammarory  state,  with  immone  Gotivadon  and
proinfiammaetory ¢viokines playing instrumental rales in
both e developient and the progression of the svadremes
(2571, Recent advances bave wdentified oovel inflanmatery
medigtors with putative roles m CHE and, Gerefore, o
subseguent mlerest 15 emerzging mthe uiliation of these
pedintors as biomasrkers,

Al ST2 & N-33
The recepror 5T2 15 & member of the Tol-likel.-1
roceptor supertamily {238) with transmembrans
amd extracellular isoforms, the luitter of which
is snluble and con circnlate in the plasma (259).
AT2 gene exprossion is sigmificantly upregnlated
following - acute  myocandial  infactios o sl
cardicimy ceytes (2600, Lo 2005, the Legand for 5T2
wis slentlied as IL-33 (260, 1L-33 andaeon zes
Az nduced cardimnyocvie hvperuophy and
fibrosts with ST2-Knockout ouce, displaying greater
LY hypertmophy, dilatation, tbrosis and shortened
survival following aortic constriction thun wild-
type controls (362). Therefore, it appears that
the [L-338T2 system plavs o mle in regolsting
the profective myocardeal rosponse to pressuns
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overload. Serum soluble 5712 levels are rscd
humuns following acute myocardinl infarction
whom they negatively correlnte with LY cjection
fraction. wnd independently predict Both mortaliy
and progression o CHE V2002635, Circulating 5T2
levels are also a strong and independent pradictar
of martality in patients with acetely decompensated
hewt Failure (264 2670, as well as advaoced CHE
{2681, Futther studics are awasited o onfer to
determing the Full stibiy of 812 85 0 bomarker i
CHE

b Growth differentiation factor-15

&)

Crrowth differentiation factor-15 15 a member of
the TOGE-[i superfamily whose levels are increased
by oxidative swress. myocandial  ischemia and
inflammatory  oviokines, amd  protects  against
reperfusion imjury (268, 1 is not normslly expressed
in the myocirdinm but is induced inanimal models
of pressurg overlcad and ischemia, whers if promaoies
untispoptstic, antibypertrophic and antiremedeling
effects (2692700 Circulatns levels ane sicmificantly
raised in CHE patients in whom they independently
predict mortalaty and positively commelate with age,
MY HA cliss and BNF, whilst negatrvely cormelating
wath penal functiosn and LY ejecton fraction (2711

Pentraxin-d

This acite-phase profein is o member of the long
penmraExin family and is prodiced by mucmphages,
manacwies,  vascular  endotheliom,  vascilar
smonth muscle and adipocytes in response o
proinllummatery mediators (2723 These moluds
THE-, 1L-1 and bacterial endotoxm. In humans,
plasime pentrsin-3 levels wre mised following soule
oyicardial mfarction and were sioonger predicling
of  Jemonth- mortality 0 724 postmyocardial
infarcmon patients than cardiac troponin T, ereating
kinasg or WT-proBXNF in o molivarishle analyss
{2730, Plasma concenirations ane similarky mised
CHF and independently predict morality in these
paticnty (274.375).

d) Osreapontin

This iz a zlyvcoprotein that  is  expressed
cardiomyouyles and Gbooblasts: amd can exis as
an eatracelludar matrix molecule or s g soluble
circulating evtokinge, Myocandial osteopoatin levels
are upregulated by Ang I (2760 wad are rased in
both animal (277-279% and human heart Failure
(2802415 Circulating psteopontin concentrtions
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were raised in 420 CHF patients in whom they
correlated  with  worsening NYHA  class and
independently predicted 4 yeur morlity {282}
Cardicirophin-{

Candictrophin- 1 s a member of the L6 family of
cyvtekines, Iis expeessed in various tissues including
the myocardium (283} and 15 secreted inoresponse o
myvocardial stretch (254). Prechmcal studies have
suggested thet C1- 1 15 negatively motropes ( 285) and
untiapoptotic, and also promotes the development
of LY hypertrophy (2865, Plusmn concentrations
are mised m CHE correlating positively with LY
migss, 1L 6, THE - amd negarively with LV ejection
itaction 287 -2H8), Circulasing levels independently
predict maortality in these patienis (289,

IV, OTHER NOVEL BIOMARKERS
FOR HEART FAILLURE

il

b

o

cl

Cvstensin C

Cystatin © 1= o [20-anmune peid serine prodedse
inhibitor and B ubigquitcusly expressed in human
Lssue (294000, I = foeely filered at the olomenstus
and, therefore, 15 8 surmopate macker of renal
pertision and glomemilar flotion, Plasma levels
are incressed in patients presenting with acutely
decompensated heart failure and independently
predict mortality at 1 year (291), Plisma
concentrations predict the development of CHF
and all-canzse morality in parients with coronary
ariery disease (2920, They are also nidependently
prediciive of modaliy 1 patients with CHE and
uppeur to be ol areater prognosiic ¥ alue by cieatinine
un ofdder patients {293,294,

Troponin

Frevalence of froponin elevation in chronic -and
aoute decompensated heart tailure 15 estihlished,
Prognostic significance of moponin in this clinical
confext {5 emenging. Many studies, o date, have
boen performed  using limited  wmitivariable
snilyses, Lamge prospective stodies cvaluating
e ncreinental progoostes value of opoan over
ealablished predictors of risk we required. The
combimation of toponin and other peedictors of
cisko may belp o unprove the challenze of risk
sbutilication m beart failure (295)

{7 — provein — conpled recepior kinase (GRE]

The kiey role that GRE s play in GPCR signaling and
muciulution suggests that chenges in their cellutar
complement and functionalivy would stron gly affect
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GPCE function, as has been desenbed o several
pathological conditions, such as  hypertension
(HTN) (2061, insulin resistance (IRES) (207),
coengestive headd failure (CHEF) (298] and cosonary
amery dizease (CADY (2091, The heart comaine
GERZ, GRES and GEES, of which GREZ2 is the
ptwsst abundantly expressed (300,301 ),

Atpresent, there izmuch evidence demonsiating
the important mle of GRK levels observed i white
bloed cells as a biomarker of condise dysfunction, in
particulur inCHE (302-3040. Therefore, lymphocyles
may provide o surrogate for monitoring candise
GEE2 i human CHE, and messunneg GRED i the
bloed of CHEF paticnts may potentally become o
marker for monitoring changes in lett veniricular
(LW fonction and, dmpoetantly,  may monitar
respan se o therapy (305],

The increase in GRK2 levels appear to be
proportionaie o the decrease in cardiae function.
Thisteamre indicates fhe vse of GR K2 as i hiomarker
at the teme of admizsion s the cmerzency romm: the
higher levels of penpheml white cells content
GREZT may help to discriminote those patients with
e poor cirdigs perfomance wivo amne n need of more
vgreressive therupy {306).

dy Resisrin

Hesistin, a novel metaholic marker, has  heen
associated with the severity of amd prognosiz in
prevatens HE, and also helps o predict incident HE.
These relationships may be medisted via: insolin
resistance, inlammation, direct effects on myocytes
v othier yet w be discovered pathways, Futune mles
for resestim nray both belp steatdy nsk for ol ental
HF. prognesticate prevadent HE, and possibly help
develop newer therupies (307).

el Cvrokines and Marric Meralloprotainnse [ MATP)

HF {5 accompanied by the upregulation of hioactive
signaling molecules, known s cvtokines, and o
fammily of downsmeam proteises, MMWPs. [t i now
apparent that these malecules contribarte fo adverse
myecardial remadeling during HE. Elevited lovets
ol ocviokimes and MMDPs exist o e mwocardivm
aid can-subsequently spill over dnwe e syslenis
crreulation { ME ),

Specilically, TNFRIIL-6. MBP-2 aod TIMID-|
Fevels were elevated o HE patents aod correlated
with BY A Tunctional status (309-3121, Muneover,
circulating lovels of THE, TNERL TNFRIL, MMP-3

and TIMP-1 were independent predictors of patient
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mortality (M3 3331060, These chimcal studies
sugeest that cvtokines and MMPs may be used as
biomarkers for the progoosis of HE Thas article has
al=o sdeanbed distenct differences m the cwculatng
levels of oviokines and MMPs o DHE and SHEF
phenypes. Generally, SHE patients hove greater
evels of circulating cyiokings (THNE, TNERLand 11.-
HH and MMPs (MMP-1 and -2) than DHE patients
CAHDANT 3R, Results from these initial clinicsl
stucdies comparing IYHE with SHF patients suggest
that prospective HF clinical studies shonld secount
for differences in HF phenorvpes, The clinicnl need
to reline dingnosis, palient stratification, us wiell =
therpeutic montoring has sparked the continuous
serels for ogmarkers as uselul lools 1 heant Gulure
muazemient (180),

MNovel Biomarkers for
Atrial Fibrilation

It = anticipated that over the next 4 decades. the prevalence
of wrrinl fibrillarion {AF) will increase dramatically owing
to unaging populstion. improved  thenpies, snd longer
survival with heart diseese (319320F AF is associatod
with higher rates of stroke and bospitalization (321,322,
diminished quality of life (323, and significant mortaliny
CAZ4), The identification of sk factors for developing
AF woan unporant epidemnolozical sk owih poten sl
implications for public health (325 326,

Well-established clinical risk factors for AR othes
than age and sex age body mass index. bypertemnsion, and
cardievascular disease, mchuding valvular desease ad heant
Failure (327-329) however, Urese risk fctors do notexplain
all cases of AP, which suggests a need for improvement in
risk prediction and understanding of the pathophysiology
of AF (330). Blond and urinary biomarteers ane potential
tonly t enhance A risk prediction and o provide insights
intoy the pathophysiology of the discasc. On the basis of
biological plavsibility and prior reports, biomarkers wera
chasen o represent distinet pathephysiological pathways,
inclwding  inflammation (Coweactive protein |CRP] and
fibrinogen) (231 332), peumwhomnonal activation (B tvpe
matviwretis peptide  |BNP] and  Nowerminal  proaiial
natrinretic pepticle M- AR (333 333 oxdative stiess and
endothelial dvsfunction (homuocysteine) 1335), the renin-
angiotensin-aldosterone system (renm and aldosterone)
(3340, thrombosis and endothelial functon (D-tdhimer und
plesminopen activator mhibitor tvpe 11 (3363370 and
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mscravascular damaze furinary albwmim excretion) (338),

BNP 15 a predictor of incident AF and improves risk
stratihication based on well-established clintcal risk Factors.
Whiether know ledze of BRP concentrasions may be used to
taroet individuals atnskof AP for more intensive mamatoring
O primary prevention reguires further imvestgation (339).

Astndy on AF has demonstraied elevated levels of
¥R, -40 compared with healthy comeroks (340}, ineddizgion,
¥ -4 was relared towhether the patients had permanent
or persisting AF, and thereby the burden of AF (341 )

Conclusion

Cardisc biomarkers have proved extremely valuable for
dingmosis, risk sratificotion,  and oeatment of pationts
in the emergency sefting. Movel studics are currently
underwiy using biommirkers t predict logg wenm outeomes
andd mortalicy in patents with stable coromary hear disease,
These is also niech interest in the vse of cardiac biomarkers
te provide funher risk stratlication. especially in those
patkenis whoe are ail an inermediate fisk per Framangham
scare,

Io be clincally wseful, a biomarker must provide
ncremental mformotion that boih adds o existing ¢ lmical
findings und 1= wseful 1o the clinical core of the paticnt.
An idenl marker 1% one in which there is o speoific, cusily
mcasutable morcase that clearly aligns with o predictable
putcome be it evidence of 1schemsn,  wmflamnetion,
myvocardial mecrosis, plaguee rupture, plague destabilization,
or Beart tailure, It remains a major challenge for msearchers
and chinicians o show whethers newerand Future Biomarkers
are waghul for guiding specilic wegtment al 2orithms.
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