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ABSTRACT

Acute coronary syndromesremain the leading cause of mortality and repre-
sent an enormous cost to the health care system. The eval uation of myocar-
dial damagein relation to cardiac operation, from aclinical and aresearch
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perspective, isof great importance; particularly for the evaluation of differ-
ent cardioprotective strategies. Cardiac biochemical markersplay animpor-
tant role in helping physicians make the diagnosisand for risk stratification
of patients. Currently, amongst many cardiac markers, cardiac troponin |
seems to be the most cardiac-specific for the diagnosis of acute myocardial
infarction. Thisarticleisfocused on the application of biochemical markers
for clinical purpose and comparison of their usages in the diagnosis of

acute myocardial infarction.

INTRODUCTION

Cardiovascular diseases (CVD) remain theleading
causeof deathinmogt of theindustridized world. Myo-
cardid infarction (M) asapathol ogic concept wasrec-
ognized in the beginning of the 20th century™. At au-
topsy vegetation, dueto endocarditisontheaorticvalve,
wasfound to haveblocked the orifice of theright coro-
nary artery.’? According to the World Hedl th Organiza-
tion (WHO), the definition of acute M1 includesthe
presence of two of thefollowing threecriteria: 1) Char-
acteristic chest pain, usually of morethan 30 minutes;
2) diagnostic electrocardiogram (ECG) changes, and
3) ariseand subsequent fall of seria levelsof cardiac
markers.¥! Acute coronary syndromesremain thelead-
ing cause of mortality in Indiaand represent an enor-
mous cost to the hedlth care system.[*® Effectiveinter-
vention in acute M1 is undoubtedly dependent upon
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early diagnosis. In cases of massivecardiacinjury, the
abovecriteriawill bemet easily. However, in the event
of occlusion of small coronary branchesor extensive
collateral circulationto theischaemic area, thetypica
clinical or ECG findings may not be present.[” Thus,
diagnosisbased on ECG isacontinuing chalenge. The
concern about missing the diagnosisin patientswith
acute M1 hasled to alower threshold for admissionin
order to exclude the presence of acute MI. Leeet a
reported approximately 60% to 70% of patients, with
chest pain, admitted to hospital wereeventually diag-
nosed as not having an M| but rather some different
diagnosis® Accordingtothecriteriafor acuteMI laid
by the WHO, 3 cardiac markerscanfecilitatethe diag-
nosisof an MI. Biochemica markershavelong been
the cornerstone of diagnosisand continueto play an
important role, especidly inthegroup of patientswith
low mediumrisk. Useof biochemica markers, todiag-
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nose acute M|, can be dated back to 1954 when as-
partateaminotransferase (AST) wasfirst used, which
subsequently stimulated anumber of investigationson
different compounds. Crestine phosphokinase (CPK)
replaced AST inlate 1960’s and Lactate dehydroge-
nase (LDH) was started to be used asalatemarker in
1970’s. Since the early 1980’s, the more specific CK
isoenzyme, CK-MB, hasbecomethe“gold standard”
for thediagnosisof acute M1 and additionaly, in past
few years, the separation of CK-MB into two isoforms
by el ectrophoresis(EP) hasplayed animportant rolein
the devel opment of the automated enzymeimmunoas-
says, which utilize highly sensitive and specific mono-
clonal antibodiesto detect CK-MB and cardiac tropo-
nin.[»% For morethan 15 years cardiac form of tropo-
ninl isknown asareliable marker of cardiac tissue
injury. Itisconsdered to be more sengitive and signifi-
cantly morespecificin diagnosisof M1 thanthegolden
markers of last decades CK-MB, aswell asmyoglo-
binand LDH isoenzymes. Other biochemical markers
such asfatty acid binding protein, glycogen phospho-
rylase, plasmaoxidase and, C-reactive protein have
not been accepted widely in thediagnosisof AMI.

Severd criteriafor theided cardiac marker aresum-
marized such as: Theideal cardiac marker should; 1)
have sufficient specificity for the diagnosisof myocar-
dial damage, in the presence of skeletal muscleinjury,
2) be highly sensitive and capabl e of detecting even
mild myocardia damage, 3) appear in quantitiesthat
areindirect proportion to theextent of theinjury, 4) be
absent or present only intraceamounts, inthecircula-
tion, under physiologica condition, and havethe possi-
bility to be detected asabnorma witheven minimal €-
evationintheir levels, 5) betechnically easy to measure
and should not be very expensive.®*® Currently none
of theavailablemarkersmeet al these criteria. There-
fore continued research on better markers and ap-
proachesin the diagnosisof acute coronary syndromes
isneeded.

Biomarkers serve two potential roles. They pro-
videinsight into the pathophysiol ogy of disease, and
they aid dlinica decisonmaking by clarifyingdiagnog's,
prognosis, or responseto therapy. Fulfillment of one
roledoesnot ensurefulfillment of other. In primary pre-
vention, traditional risk factorsare useful first stepin
the determination of who would beat risk for cardio-
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vascular event. Inthe eraof “global risk assessment”
scores such asthe Framingham score, the prospective
cardiovascular Munster(PROCAM) score, the Euro-
pean society of cardiology systematic coronary risk
Eva uation(SCORE), which arederived from multivari-
able statistical models, should be used™. However, it
has been noted that considerable number of at-risk
patients can not beidentify on the basis of traditional
risk factor alone?.This has promoted the search for
novel markersof cardiovascular risk to help improve
risk prediction. Such markerscould elther represent
variousblood markersrelevant to the pathophysiology
of atherothrombosis (eg, markersof inflammatory re-
sponses, coagulation markers, markersof plateletsag-
gregation, lipoprotein or lipid-rel ated variables, genetic
markers, or markersof subclinical disease, which may
asoadinimprovedrisk prediction. A large panel of
blood markersareavailablefor thispurpose,*9

Thecontribution of inflammeationto thepathobiol ogy
of atherosclerosisof inflammationiswel | characterized.
In the regard, elevated level of C- reactive protein
(CRP), abiomarker of inflammetion, have been shown
to predict vascular events.

Anéevatedlevel of hs-CRP, evenintheaverage
range of 1to 3mg/L, isastrong predictor of cardiovas-
cular death, M1, and stroke, new heart failure, and new
diabetes, independent of baseline characteristicsand
treatments.

In stable coronary artery disease, an elevated hs-
CRPlevel, even>1mg/L, isasignificant predictor of
adversecardiovascular eventsindependently of basdine
characterigicsandtreatments. Andevated level hs:CRP
does not appear to identify patientswith stable coro-
nary artery diseaseand preserved g ection fractionwho
derive particul ar benefit from angiotensin-converting
enzymeinhibition.

However, thereareemerging biomarkerslikelipo-
protel n- associated phospholipaseA2 (LP-PLA2) an
enzymethat isproduced by monocytesymacrophages,
T-cells, and mast cellsand hasbeen found to generate
proinflammatory and proatherogenic molecules®. Be-
cause LP-PLA2, in contrast to C- reactive
protein(CRP), doesnot correlate with most other risk
factors, thereisan additiveeffect of CRPand LP-PLA2
intherisk prediction!™®. Thismay aso apply to combi-
nations of othersbiomarkers, though evidencesofaris
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limited. Inthefuture, we might seeabiomarker profile
that coversvarious aspectsof the complex pathophysi-
ology of theatherothrombotic process, and potentially,
we would be ableto focus on biological patterns or
systemsrather than on singlebiomarkers.

Lipoprotein-Associated PhospholipaseA,, has pre-
dicted a5-Year Cardiac Mortality Independently of
Established Risk Factorsand added Prognostic Infor-
mationin Peatientswith Low and Medium High-Sensi-
tivity C-Reactive Protein.

Asymmetricdimethylarginine(ADMA ) istheprod-
uct of endogenous L-Arginineresidue methylation of
proteins. Becauseof itssimilarity of structurewith L-
Arginine, thenatural precursor for nitric oxide (NO)
formation, it may act asacompetitiveinhibitor of en-
dothdid NO synthase and thusreduce NO generation.
It further interfereswith biological effectsof NO and
may finally lead to uncoupling of endothelial NO syn-
thase. Thereasonsfor elevated ADMA concentration
are not well established. ADMA concentrations are
higher in patientswith rena insufficiency and liver fail-
ureasaresult of impaired metabolism and excretion.
Therefore, it seemsasif avariety of cardiovascular risk
factorsand disease conditionsfound toincresseADMA
concentrations act by in increasing oxidative stress.
ADMA might thereforebean indirect indicator of oxi-
dative burden becauseit ismore stablewith alonger-
half lifeand can be measured in peripheral blood. In,
addition e evated concentrationsof ADMA inhibit fore-
arm blood flow responseto acetylcholineand vascular
rel axation tested by flow-mediated dilation (FM D).

Interleukin (IL)-18 isaproinflammatory cytokine
that hasbeen implicated in severa diseases, including
atherosclerosis,and increased circulating IL-18 con-
centrationsincreaserisk of futurecoronary heart dis-
ease (CHD). Variation within 1L18 affects|L-18 con-
centrationsin healthy and diseased individua sand thus
may influencethepathophysology of plaquesa dl stages
of CHD progression.

Another marker could bethequantification of trig-
lyceride-richlipoprotein(TRL) remnantswhichisuse-
ful for risk assessment of coronary artery diseaseand
thediagnogisof typelll hyperlipoproteinemiabut aneed
forahomogeneousassay that can measure TRL rem-
nant cholesterol in serum or plasmawithout pretreat-
ment is needed. Polyoxyethylene-polyoxybutylene
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block copolymer (POE-POB) exhibited favorable se-
lectivity toward VLDLR and IDL fractions. POE-POB
removed apolipoprotein (apo) E and apo C-I11 from
IDL particlesin the presence of cholesterol esterase
(CHER), andthe particlesizedistribution of IDLsbe-
camesmdler afterthereaction. Theseresultsrevealed
that IDL particlesarespecifically modified inthe pres-
ence of CHER and POE-POB, makingtheir compo-
nent cholesterol availablefor enzymatic assay. Addition
of phospholipase D improved thereactivity toward chy-
lomicronremnants(CMRS)

Recent studies have established oxidative modifi-
cationof low dengty lipoprotein (LDL) asanimportant
atherogenicfactor. Examination of circulating oxidized
LDL (OxLDL) levelsinatherosclerotic disease by an
enzymeimmunoassay with use of specific antibodies
against OxLDL (FOH1a/DLH3) andapolipoprotein B
reveds, plasmaOxLDL level sweresignificantly higher
in patientswith coronary heart disease. CAD patients
had higher levelsof circulating oxidized LDL .Thus, cir-
culating oxidizedLDL isasensitivemarker of CAD.
Addition of oxidized LDL totheestablished risk factors
may improve cardiovascular risk prediction(*?,

Individuaswith €levated blood levelsof homocys-
telnehaveincreased risks of cardiovascular diseasg™.
Homocysteineisanimportant contributing factor to
thrombosis, vascular injury, and vascular disease.
M echanismsfor homocysteine-induced vascular dis-
easeincludeadterationsin coagulation aswell asendot-
hdlid cdl andvessd wadl injury. Hyperhomocystenemia
(HH[€]) can occur when homocysteine metabolismis
altered by mutationsin enzymesresponsiblefor ho-
mocystel nemetabolism. Characterization of thesemu-
tationsidentifies patient groupsat risk for vascular dis-
easel?.

Fibrinogen (also called factor 1) isa340 kDagly-
coprotein synthesized intheliver hepatocytesand mega:
karyocytes, which normally has aconcentration be-
tween 1.5-4.0g/L (normaly measured using the Clauss
method) in blood plasma. Thereforethe concentration
inplasmaisabout 7 uM. In its natural form, fibrinogen
isuseful informing bridges between platel ets, by bind-
ing to their Gpllb/ll1a surface membrane proteins,
though fibrinogen’s major use is as a precursor to fibrin
. Fibrinogen level s can be measured in venous blood.
Normal levelsareabout 150-300 mg/dL. Higher levels
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are, amongst others, associated with cardiovascul ar
disease (>460 mg/dL). It may bedevatedin any form
of inflammation, asit isan acute phaseprotein. An as-
sociation betweenincreased plasmafibrinogenand an
increased risk for myocardid infarction (MI) iswell es-
tablished*¥.

Angiotensinogen, akey proteinintherenin-angio-
tensnsystem, playsanimportant rolein cardiovascular
hemostasis. Many studieshave examined the associa
tion between polymorphismsin the angiotensinogen
geneandrisk of coronary heart disease(CHD)™. Sev-
erd genes, including some encoding componentsof the
renin angiotensin system, are associated with therisk of
cardiovascular diseases. Therehave been reportslink-
ingahomozygousdd etion ale eof theangiotensin con-
verting enzyme (ACE) gene (DD) with anincreased
risk of myocardia infarction, and somevariantsof the
angiotens nogen genewith anincreased risk of hyper-
tens on Genes encoding components of therenin-an-
giotensin system have been associated with elevated
blood pressure (BP) and an increased risk of coronary
artery disease.

Recent studies haveindicated that serum bilirubin
levelsareinversaly related to cardiovascul ar disease
(CVD)®, With an expanding array of biomarkersstill
amongst many cardiac markers, cardiac troponin |
seemsto bethemost cardiac-specificfor thediagnosis
of acutemyocardid infarction.
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