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a b s t r a c t

Cardiovascular disease (CVD) is the leading cause of mortality and morbidity worldwide. Molecular
imaging techniques provide valuable information at cellular and molecular level, as opposed to
anatomical and structural layers acquired from traditional imaging modalities. More specifically, mo-
lecular imaging employs imaging probes which interact with specific molecular targets and therefore
makes it possible to visualize biological processes in vivo. Molecular imaging technology is now pro-
gressing towards preclinical and clinical application that gives an integral and comprehensive guidance
for the investigation of cardiovascular disease. In addition, cardiac stem cell therapy holds great promise
for clinical translation. Undoubtedly, combining stem cell therapy with molecular imaging technology
will bring a broad prospect for the study and treatment of cardiac disease. This review will focus on the
progresses of molecular imaging strategies in cardiovascular disease and cardiac stem cell therapy.
Furthermore, the perspective on the future role of molecular imaging in clinical translation and potential
strategies in defining safety and efficacy of cardiac stem cell therapies will be discussed.

© 2015 Elsevier B.V. and Soci�et�e Française de Biochimie et Biologie Mol�eculaire (SFBBM). All rights
reserved.

1. Introduction

Cardiovascular disease (CVD) is a common disease with high
morbidity and mortality around the world [1]. As a new approach,
molecular imaging can directly display biological processes at
cellular and molecular level within intact living organisms and is
becoming an indispensable tool in CVD diagnosis and therapy
[2e4]. This novel diagnostic solution could identify individuals at
risk of CVD and initiate early therapy for avoiding irreversible
damage occurrence. Many effective therapeutic strategies have
been translated into the clinical settings and resulted in consider-
able improvements in therapy of CVD. However, current treatments
fail to address the underlying scarring and cell loss, which is major

cause of heart failure after myocardial infarction [5]. Cardiac
regeneration with stem cell transplantation is a promising and
novel strategy to attenuate cardiac function by promoting-
regeneration of injured cardiomyocytes or enhancing angiogenesis.
Results from preclinical studies have showed that cardiac stem cell
therapy contributes to perfusion and ventricular function
enhancement [6,7]. A better understanding of cell fate after trans-
plantation by tracking cell location, engraftment, survival, and
cellular fate non-invasively in vivo is important for successful
implementation of cardiac stem cell therapies.With the capabilities
for longitudinal, noninvasive assessment of cellular behavior in vivo
in the intact animal or human, molecular imaging offers the po-
tential for non-invasive assessment of outcomes and therapeutic
mechanisms after stem cell transplantation [8,9].

2. Principles of CVD imaging

Molecular imaging can allow direct, noninvasive, repeatable
evaluation of treatment effects by imaging functional molecules,
thereby enabling the visualization of the cellular function and
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molecular process in living organisms without perturbing them [2].
Over the last decade, a variety of imaging technologies has been
investigated as tools for CVD diagnosis, monitoring the responses to
therapies or predicting treatment outcomes to available therapies
[2,10]. Comparing with traditional histological techniques, molec-
ular imaging not only could lower the cost of experiment but also
provide more visual and accurate assessment for experimental
results.

2.1. Targets for CVD imaging

The identification of imaging targets has benefited from
increased understanding of the pathophysiology of CVD [11]. A
series of targets have been identified, including extracellular matrix
(ECM), cell surface markers and intracellular molecules, which
represent the specific state of disease progression to a certain de-
gree (Fig.1). The development of reliable biomarkers tomonitor the
cellular andmolecular activities in CVDwill flourish the application
of molecular imaging. For CVD diagnosis, specific probes can spe-
cifically bind to cell surface or intracellular target molecules, and
then allow to directly observe the in vivo reactions and activities of
these molecules, which could reflect the progression of diseases,
such as atherosclerosis and myocardial infarction [9]. Probes can be
used as potential indicators, which are able to reflect the devel-
opment of disease by corresponding molecular imaging modality.
Furthermore, molecular imaging probes, typically comprising a
signal agent, a targeting moiety and a linker connecting the tar-
geting moiety, should be developed for targeting different mole-
cules according to different imagingmodalities [2]. The efficacy and
safety are usually two of the most important considerations for
probes designation. In terms of probes used in CVD diagnosis,
nanoparticulate probes have shown great quality for imaging of
macrophages, apoptosis, angiogenesis and thrombosis. Recently,
various magnetic contrast nanoplatforms such as SPION [10], mi-
celles and liposomes [12,13], have been prepared by conjugating

different targeting ligands, such as monoclonal antibodies, small
peptides, antibody fragments or recombinant proteins. Both T1
contrast agents and SPION-based T2 contrast agents have been
validated with success for molecular imaging of atherosclerosis at
preclinical and clinical levels byMRI. Moreover, a 99mTc-labeled AT1
receptor peptide analog was applied in a murine model of acute
myocardial infarction, which showed an excellent targeting to the
myofibroblasts that localized to the infarct zone. This study sug-
gested that the probe may be utilized to identify those car-
diomyocytes at risk after myocardial infarction [14].

2.2. Molecular imaging of cardiovascular disease (CVD)

CVD is mainly characterized by dysfunction of the heart and
blood vessels. Atherosclerosis and its consequences, such as
myocardial infarction and heart failure, constitute themain cause of
CVD. Traditional imaging modalities provide anatomical definition
and functional information, such as myocardial perfusion, viability,
stiffness and contractility. The traditional imaging methods are
based on anatomy or physiology level and the underlying biology of
most diseases could not be directly revealed in vivo. To date, mo-
lecular imaging is bridging the gap between the traditional imaging
and personalized medicine which allows early detection before
symptoms showing up, disease staging and tracking of disease
progression.

2.2.1. Atherosclerosis
Atherosclerosis is a syndrome that disrupts blood circulation of

the body, posing serious cardiovascular complications. Eventually, a
set of symptoms such as arterial thrombosis and myocardial
infarction can be caused by plaque erosion or rupture. Inflamma-
tion plays a key role in all phases of atherosclerosis and the path-
ogenesis of atherosclerosis include the accumulation of fatty
materials such as cholesterol and triglyceride, monocyte and
macrophage recruitment, foam cell formation, endothelial cell

Fig. 1. Molecular imaging targets for cardiovascular diseases. A series of imaging targets can be used for cardiac molecular imaging, including molecules located in cell membrane,
cytoplasm, intercellular attachment and nuclear. Imaging probes for various targets can reflect the state of cell or diseases. MMP, matrix metalloproteinase; TF, transcription factor.
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