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Biomarkers are used for evaluation of the pathophysiological state, risk stratification, diagnostic tools, staging of

a disease and responsiveness to treatment. Representative biomarkers used in cardiovascular diseases may

include C-reactive protein (CRP) for inflammation, brain natriuretic peptide (BNP), atrial natriuretic peptide

(ANP), aldosterone, renin for neurohumoral factors, plasminogen activator inhibitor type-1 (PAI-1) for

fibrinolysis and endothelial function, d-dimer for thrombosis, urine albumin/creatinine ratio for renal

glomerular endothelial function. Further addition of new biomarkers may increase the capacity to find high-risk

patients with cardiovascular diseases. In this review we would like to introduce several representative

biomarkers in the context of nuclear cardiology. With the advancement of new imaging modalities new

biomarkers are readily available. Combined use of new nuclear cardiology modalities with biomarkers one would

establish prevention guidelines and classify high-risk subgroups needing treatment intervention.
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he concept of a biomarker is defined as “a characteristic
T marker that is objectively measured and evaluated as an
indicator of normal biological processes, pathogenic proces-
ses, or pharmacologic responses to a therapeutic intervention”
(1). They are used for evaluation of the pathophysiological
state, risk stratification, diagnostic tools, staging of a disease
and responsiveness to treatment. Representative biomarkers
used in cardiovascular diseases may include C-reactive protein
(CRP) for inflammation, brain natriuretic peptide (BNP), atrial
natriuretic peptide (ANP), aldosterone, renin, norepinephirine
and thyroid hormones (free T3; FT3, free T4; FT4) for
neurohumoral factors (2), plasminogen activator inhibitor
type-1 (PAI-1) for fibrinolysis and endothelial function, d-
dimer for thrombosis, urine albumin/creatinine ratio for renal
glomerular endothelial function. Addition of new biomarkers
may increase the capacity to find high-risk patients with
cardiovascular diseases. In this review we would like to
introduce several representative biomarkers in the context of
nuclear cardiology. Representative biomarkers of cardiovascu-

lar diseases are listed in Table 1 and the relationships between

vascular injury and representative biomarkers are shown in
Fig. 1.

Pro-inflammatory cytokines

Cytokine is a collective term for functional proteins
produced by cells as messengers. Interleukin (IL)-6 is a
multifunctional cytokine that regulates immune responses and
induces acute phase response (3). IL-6 may represent critical
pathophysiologic inflammatory activities. Overproduction of
IL-6 is involved in chronic inflammatory diseases, including
atherosclerotic cardiovascular diseases (4). IL-6 has been
investigated as a potential biomarker of vascular diseases.
Previous studies have shown that serum IL-6 levels were
related to cardiovascular risk factors and coronary heart
disease (5). The receptor for IL-6 is also a target of prevention
of coronary vascular diseases (6). Conversely, the relationship
between inflammatory markers and myocardial single photon
emission computed tomography (SPECT) findings remains

somewhat controversial (7).
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Table 1 Representative biomarkers of cardiovascular diseases

Category Biomarkers
Lipids apoAl, lipoprotein-associated phospholipase A,, apoB100
Metabolism adiponectin, leptin, insulin, ferritin, glucose. triiodothyronine

Blood coagulation and fibrinolysis D-dimer, PAI-1

Angiogenesis VEGF, placental growth factor
Renal function creatinine, cystatin-C

NGAL, N-acetyl- f-(D)-glucosaminidase
[ 2-microglobulin

urinary albumin-to-creatinine ratio
Myocardial injury CK, creatine kinase MB fraction

troponin I, troponin T

myosin light-chain kinase I

heart-type fatty acid binding protein

heat shock protein 60

soluble TNF-related apoptosis-inducing ligand
CRP, TNF-«a

IL-1, IL-6, TL-10, TL-18

soluble TNF receptors 1 and 2

YKL-40

IL-1 receptor antagonist

PTX3

BNP, NT-proBNP, adrenomedulin, ANP

norepinephrine

Inflammation

Humoral factors

Neurohormones
renin
angiotensin I
aldosterone

endothelin-1

thyroid hormones (FT3, FT4)

Oxidative stress

homocysteine, myeloperoxidase, VB,

oxidized LDLs

urinary and plasma isoprostanes

plasma malondialdehyde

Extracellular-matrix and remodeling

MMPs (MMP2, MMP3, MMP9), TIMP1

Collagen propeptides

N-terminal collagen type III peptide

Galectin-3

apoAl: apolipoprotein Al; PAI-1: plasminogen activator inhibitor type-1; VEGF: vascular endothelial growth factor;
NGAL: neutrophil gelatinase-associated lipocalin; CK: creatine kinase; TNF: tumor necrosis factor; CRP: C-
reactive protein; IL: interleukin; YKL-40: chitinase-3-like-1 protein; PTX3: pentraxin 3; BNP: brain natriuretic
peptide; ANP: atrial natriuretic peptide; FT3: triiodothyronine; FT4: thyroxine; VBi»: vitamin Bi»; LDL: low-density
lipoprotein; MMP: matrix metalloproteinase; TIMP: tissue inhibitor of metalloproteinase.

Endothelin-1

Endothelin-1 is a peptide vasomodulator produced by
endothelial cells, macrophages and fibroblasts (8). Endothelin-
1 has critical roles for proliferative vascular diseases such as
pulmonary arterial hypertension (PAH). Endothelin-1 express-
ion is induced by pro-fibrotic growth factor transforming
growth factor (TGF)- . Its signaling via the endothelin receptor
type A and type B stimulates fibroblast migration, myofibrob-

last differentiation and proliferation of smooth muscle cells.
Endothelin-1 induces vasoconstriction mainly through en-
dothelin receptor type A. Antagonists of endothelin-1 receptor
are effective for PAH. Plasma levels of endothelin-1 have
been reported to be elevated and a positive correlation was
found between endothelin-1 levels and systolic pulmonary
arterial pressure. Plasma levels of endothelin-1 can be used in
conjunction with other modalities to evaluate PAH (9).
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Fig. 1 Vascular injury and biomarkers

At early stage of vascular injury the endothelium becomes
dysfunctional. The elevation of asymmetric dimethylarginine
(ADMA) leads to inhibition of endothelial nitric oxide (NO)
synthase and decreased release of NO induces vasoconstriction.
Endothelin-1 (ET-1) is released by dysfunctional endothelium. ET-
1 also induces vasoconstriction and therefore reduces blood flow.
Reduction of blood flow induces thrombotic tendency. Cytokine
activation leads to the increase in the levels of plasminogen
activator inhibitor type-1 (PAI-1). PAI-1 inhibits tissue-type
plasminogen activator (t-PA) and diminishes fibrinolysis. Thus,
ADMA, ET-1, NO, t-PA, and PAI-1 are potential biomarkers of
vascular injury.

ADMA

Vascular endothelial cells produce nitric oxide (NO). NO is
a vasodilator and lowers blood pressure. NO production is
mediated by NO synthase using arginine as substrate.
Asymmetric N°, N°-dimethylarginine (ADMA = Asymmetric
dimethylarginine) is an endogenous NO synthase inhibitor
(10). When ADMA accumulates in endothelium, NO synthesis
is inhibited and endothelial dysfunction is induced, leading to
hypertension and vascular diseases. ADMA is a biomarker of
endothelial function and its concentration is increased in
hypertension, diabetes, dyslipidemia and chronic kidney
disease (11). As assessed by 'C-acetate positron-emission
tomography (PET) the right ventricle (RV) oxidative
metabolic rate was increased in patients with pulmonary
hypertension (PH). Patients with World Health Organization
functional class II/IIl PH also had increased RV power and
efficiency. In these patients with increased pulmonary arterial
pressure, ADMA and BNP were increased (12).

PAI-1

PAI-1 is the physiologic inhibitor of fibrinolysis. The
fibrinolytic activity in plasma is based on fine balance between
PAI-1 and tissue-type plasminogen activator (t-PA). Increase
in plasma PAI-1 concentration is associated with recurrent
coronary events in survivors of acute myocardial infarction.
Elevated PAI-1 activity is associated with coronary micro-
vascular dysfunction as assessed by "O-water PET (13). PAI-
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1 deficient mice exhibit no apparent abnormalities. However,
PAI-1 deficiency in humans can cause severe bleeding
tendency and impairment of wound healing (14), suggesting
an important role of PAI-1 in thrombosis and hemostatsis in
humans.

PAI-1 is also involved in tissue remodeling by inhibiting
activities of matrix metalloproteinases and urokinase-type
(uPA).

expression of PAI-1 in heart is correlated with fibrotic changes

plasminogen activators In experimental studies
(15). In vessels angiotensin receptor blocker suppresses the
expression of PAI-1 (16). Enhanced PAI-1 expression may
contribute to ventricular remodeling through attenuation of

extracellular matrix degradation.

Cardiac troponin

Troponin forms a protein complex consisting of troponin C
(TnC), toponin I (Tnl), and troponin T (TnT) in myocytes and
skeletal muscles. Troponin is involved in the regulation of
muscle contraction through calcium handling between actin
and myosin. Cardiac troponin I (¢Tnl) and cardiac troponin T
(cTnT) have characteristic amino acid sequences different
Thus, cTnl and cTnT are

specifically detected through immunoassays and they are

from skeletal counterparts.

clinically widely used as biomarkers representing myocyte
injury in addition to creatine kinase isoform MB (CK-MB) and
heart-type fatty acid binding protein. More than 90% of
cardiac troponin resides in myocyte structural filaments and
only a few % are in cytoplasm. Upon reversible myocyte
injury cardiac troponin is released from cytoplasm. With
irreversible injury such as acute myocardial infarction (AMI)
cardiac troponin is released from the structural filaments to
circulation. With the availability of highly sensitive troponin
assays AMI can be detectable within 2 hours from the onset. In
particular with non-ST-segment elevation MI increase in
troponin above cut-off values can be detected before
electrocardiogram (ECG) changes occur.

Independent predictors of measurable SPECT-myocardial
perfusion imaging (MPI) infarct size include ¢TnT at days 1,
2, 3 and peak ¢cTnT. A cut-off value of peak ¢TnT of 1.5 ng/ml
is suggested for the detection of measurable infarct (17).
Furthermore, in chronic heart failure myocyte apoptosis may
be constantly increased and cardiac troponin tends to be
elevated. Circulating troponin concentration is therefore useful
for evaluation of severity of heart failure and is used as an
index for assessing prognosis. Newer biomarkers have arrived
and are becoming part of routine care of heart failure patients.
Impaired coronary flow reserve derived from “Rb-PET is
associated with elevated troponin and major cardiac events
(18), implicating the important relationship between biomar-
kers and nuclear cardiology. It is also indicated that the

99m,

combination of troponin T and myocardial ~ Tc-sestamibi
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scintigraphy is the best model for early prediction of cardiac
events in acute chest pain patients (19). These studies strongly
demonstrated the close association between biomarkers and
nuclear cardiology and the combined use of these two
modalities are useful tools for diagnosis, risk stratification and

predications of clinical events.

Biomarkers of pulmonary arterial hypertension

The natriuretic peptides are used for diagnosis and
evaluation of heart failure. BNP and N-terminal prohormone
of BNP (NT pro-BNP) are produced and released from cardiac
ventricular myocytes and reflect myocardial responses to
stretch. It is well-known that BNP or NT pro-BNP is an
important biomarker to assure prognosis in patients with left
ventricular heart failure in addition to detect the prevalence of
cardiac failure. In addition, BNP is also an important marker
for assuring the prevalence of right ventricular failure. They
are also used for risk stratification and heart failure
management. PAH can become life-threatening if pulmonary
vascular damages progress. At the moment there are no
validated biomarkers useful for diagnosis of PAH. For
evaluation of PAH severity levels of BNP and NT pro-BNP
are reported as useful. Because they tend to increase with early
phase of PAH and correlate with pulmonary arterial pressure
(20). Scleroderma patients with NT pro-BNP levels exceeding
395 pg/mL are likely to suffer from pulmonary hypertension
(21). Changes of NT pro-BNP levels may estimate prognosis.
NT-proBNP is one of the prognostic factors in pediatric PAH
(22). Thus, plasma levels of BNP and NT pro-BNP are
included as parameters for assessing disease severity, stability
and prognosis of PAH in the treatment guidelines of the Task
Force for the Diagnosis of Treatment of PAH of the European
Society of Cardiology and European Respiratory Society (23).
Using PET the role of metabolic alterations in the develop-
ment of a maladaptive right ventricular response in PAH was
recently evaluated (24). Abnormalities in fatty acid metabol-
ism may be detected in the blood and myocardium in human
PAH and may serve as biomarkers associated with cardiac

steatosis or lipotoxicity.

Future directions

Prevalence of cardiovascular disease is high. Risk stratifica-
tion using appropriate biomarkers and subsequent risk control
are important and useful. With the advancement of new
imaging modalities (25) such as coronary artery disease (26,
27) and heart failure (28) new biomarkers are readily
available. Combined use of new nuclear cardiology modalities
with biomarkers one would establish prevention guidelines
and classify subgroups needing effective and efficient
treatment intervention. For physicians, the capability to utilize

and appropriately interpret these biomarkers is imperative to
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the care of cardiac patients, particularly as these newer

biomarkers become widely used.
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