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Abstract
The mechanisms of cardiac repair after myocardial infarction (MI) are complicated and not
well-understood currently. It is known that exosomes are released from most cells, recognized as
new candidates with important roles in intercellular and tissue-level communication. Cells can
package proteins and RNA messages into exosome and secret to recipient cells, which regulate
gene expression in recipient cells. The research on exosomes in cardiovascular disease is just
emerging. It is well-known that exosomes from cardiomyocyte can transfect endothelial cells, stem
cells, fibroblasts and smooth muscle cells to induce cellular changes. After myocardial infarction
(MI), the exosomes play important roles in local and distant microcommunication. Nowadays,
exosomal microRNAs transportation has been found to deliver signals to mediate cardiac repair
after MI. However, the exosomes quality and quantities are variable under different pathological
conditions. Therefore, we speculate that the monitoring of the quality and quantity of exosomes
may serve as diagnosis and prognosis biomarkers of MI, and the study of exosomes will provide
insights for the new therapeutics to cardiac remodeling after MI.
Key words: exosomes, cardiac remodeling; microRNA; myocardial infarction.

Introduction
Myocardial infarction (MI) continues to be the
most common cause of death worldwide [1]. Although treatments in acute phase, such as coronary
bypass surgery, balloon dilatation of coronary vessels
can alleviate the initial cardiac damage in the acute
phase of MI, there is still a need of novel therapies to
improve tissue repair after the acute phase. Recently,
exosomes released from mammalian cells have been
reported as a new tool for cell-to-cell communication,
and some exosomes can inhibit cell apoptosis and
increase cell proliferation [2, 3]. These effects are favorable for the tissue repair after MI, thus, we proposed that exosomes may serve as a new therapeutic
target to regulate cardiac remodeling after MI.

1. Secretion and molecular composition of
exosomes
Exosomes are a subgroup of extracellular vesi-

cles generally ranging in size from 40 to 200 nm, released through exocytosis [4, 5] from many cell types
including stem cells, endothelial cells, fibroblasts cells
and tumors cells. Moreover, exosomes are detectable
in body fluids, such as blood, urine, saliva, and breast
milk. Exosomes contain a set of specific and similar
surface proteins like CD9, CD63, CD81 etc [6]. The
exosomes release from cell is regulated mainly by
certain RAB GTPase (Rab27a/b and Rab35) [7]. On the
other hand, the inducible secretion and protein content of exosomes is regulated by pathological changes
in the environment, including hypoxia, fever, and
ethanol treatment [8, 9]. Exosomes can mediate local
and systemic cell-to cell communication through
proteins, mRNAs, and miRNAs delivery, which induce physiological changes in recipient cells [10, 11].
The mechanisms of exosomes-induced signal transfer
are not completely clarified. Recent reports suggest
http://www.medsci.org
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that it may go through receptor-ligand mediated interactions or exosomal internization, which eventually lead to release of the cargo directly into the cytoplasm of the recipient cell [12].

2. Exosomal miRNAs transfer in MI
Reports have suggested that the myocardial tissue secretes exosomes, and which could be an important mechanism involved in heterocellular communication in the adult heart, especially exosomes
emerging in the border zone of MI [13-15]. In addition, it needs to be mentioned that the type and quantity of exosomes derived from the border zone and
normal myocardium were different. Kanada reported
that exosomes from the same source did not deliver
functional nucleic acids, suggesting the selectivity and
importance of exosomal miRNA transfer [16]. In a
human study, miR-1 and miR-133a are increased in
serum of patients with acute coronary syndrome.
Furthermore, using a mouse MI model, the authors
have shown that miR-133a is released in exosomes
from cardiamyocytes under ischemia [17]. Experimental data further provided evidence that cardiac
function were improved when given cardiac progenitor cells (CPCs) and hypoxia-inducible factor 1(HIF1).
Exosomes secreted from HIF1 overexpressed endothelial cells (EC) can be taken up by the transplanted
CPCs in the infarcted area and increase the levels of
miR-126 and miR-210 in CPCs. This study sheds light
on how miRNA transport via exosomes and can act as
potential mechanism for molecular cross-talk [18].
MiR-214 has been shown to be upregulated in the
heart after ischemia [19], it has also been shown to be
secreted in exosomes from human endothelial cells
[20]. Sahoo et al suggested that circulating human CD
34+ stem cell-secreted exosomes are enriched with
miR-126, and the level of miR-126 in the circulation
can imply the mobilization and release of exosomes
from stem cells [21]. Interestingly, a more recent study
evaluated the exosomes secreted from CPCs; they
found that 7 miRNAs were differentially expressed in
exosomes secreted from CPCs under hypoxia and
normoxia. The miR-103 and miR-105b were elevated
in ECs and fibroblasts because these cells uptake the
exosomes from CPCs [22]. All the above results suggest that exosomes transport miRNA information,
and different cell-derived exosomes induced selective
miRNA profile expression, which may protect cell
from death in the ischemia

3. Exosomes mediated cell-cell communication
Intercellular communication is essential for multicellular organisms to maintain vital function. The
release of exosomes is an important style of contact
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between cells, with interaction and uptake by another
cell. Exosomes have been shown to mediate communication between endothelial cells, smooth muscle
cells, cardiac myocytes, stem cells and fibroblast
[23-25]. It is demonstrated that the exosomes from
cultured HL-1 murine cardiomyocytes contained 1595
different RNAs and 423 could be directly connected to
a biological network, 33 genes coded for proteins.
Moreover, these exosomes were internalized by fibroblasts when co-cultured, exosomal DNA transfer
was possible into target fibroblasts, where exosomes
stained for DNA were seen in the fibroblast cytosol
and even in the nuclei [26]. These suggest a new concept in cardiomyocyte communication, proposing that
exosomes are able to transfer protein or genetic information to recipient cells. Recently, Bang et al reported that miR-21* is selectively packaged into fibroblast-secrected exosomes, which can be taken up
by cardiomyocytes and subsequently induce cardiac
hypertrophy [23]. In another report, a 16-kDa
N-terminal prolactin fragment (16K PRL) not only
induced the miR-146a expression in ECs, but also enhanced the release of miR-146a enriched exosomes
from ECs, and the endothelial exosomes can be taken
up by cardiomyocytes, furthermore, the miR-146a
functions in cardiomyocyte by suppressing the expression of several target genes. Theses finding
showed the communication between ECs and cardiomyocytes via exosomes[27]. In a rat diabetic model,
miR-320 enriched exosomes secreted from cardiomyocytes could be taken up by ECs, and subsequently
reduce tube formation. Recently, embryonic stem cell
derived exosomes have been reported to augment
CPCs survival, proliferation and cell cycle progression 8 weeks after MI in mouse models [28]. It is
known that the cardiac remodeling after MI is complicated and the signal pathway interact with each
other. The miRNAs could regulate the expression of
target proteins and mediate cardiac protection after
MI, but the key molecular is not clear. It is critical to
identify the critical cell or blood-derived exosomes in
the future study.

4. Protective effects of exosomes in the MI
Recent studies indicate that the beneficial effects
of stem cells in the repair of injured myocardium are
through the release of exosomes. A single intravenous
bolus of exosomes derived from mesenchymal stem
cells reduced infarct size by 45% in mice ischemia-reperfusion model. Moreover, exosomes treatment could reduce systemic inflammation in mice
after myocardial ischemic/reperfusion [29]. It is interesting that CPCs derived exosomes can replicate
CPC-induced therapeutic effect, and blockade of exosome secretion alleviated the protective effects of
http://www.medsci.org

Int. J. Med. Sci. 2016, Vol. 13
CPCs on the infarcted mouse heart, particularly,
miR-146a has been shown to induce the major cardio-protective effects of CPCs secreted exosomes [30].
CPCs have also been shown to promote angiogenesis
and cardiac myocyte survival in vitro by transferring
exosomes [22, 31]. Further, Khan et al demonstrated
that mouse ESC-derived exosomes possess ability to
augment function in infarcted hearts as reflected by
enhanced neovascularization, cardiomyocyte survival, and reduced fibrosis after MI [28]. In an ischemia/reperfusion rat model, exosomes from the blood
healthy controls blood were reported to protect the
ischemic myocardium by systemic injection, they
showed that exosomes deliver endogenous protective
signals to the myocardium by a pathway involving
toll-like receptor 4 and classic cardio-protective heat
shock protein 70 [32]. Exosomes secreted from
GATA-4 overexpressing mesenchymal stem cells improved cardiac contractile function and reduced infarct size by releasing multiple miRs responsible for
activation of the cell survival signaling pathway [33].
We can see that exosomes, especially secreted by CPC
and BM-derived exosomes play protective roles in
improving cardiac remodeling after MI.

5. Conclusions and Perspective
Exosomes may serve as the underlying factors
by which damaged heart communicate with other
cells, tissue and organs to initiate the repair process
after MI. Exosomes derived from different conditions
may contain different functional factors, which decide
their properties. Because of the complex structure of
exosomes, whether the special intervention of exosomes production during disease is able to have
therapeutic effects is not clear. The transfer of miRNA
is selective by exosomes[34], but we do not know how
miRNAs are specifically packaged into exosomes and
transfer to targeted cells. A recent paper published in
Nature demonstrated that exosomes derived glypican-1 could be detects in early pancreatic cancer[35].
Targeting miRNA has been shown to be beneficial in a
clinical trial [36]. Overall, exosomes secretion and
uptake is tightly regulated, and understanding the
underlying mechanisms will be important to control
the cardiac injury repair. Conclusively, monitoring
the quality and quantity of exosomes after MI may
serve as new factor for disease evaluation and prognosis prediction, and the study of exosomes may
identify novel clinical biomarkers and provide insights for new therapeutics to cardiac remodeling
after MI.
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