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Exosomes are endogenous, nanosized extracellular vesicles
secreted by cells. Unlike microvesicles, which are released
by direct budding from the surface membrane, exosomes
originate in the endosomal compartment of a parent cell (1).
As a result of this biogenesis, the exosome content is controlled
by the cell packaging machinery, so that a portion of what
a cell processes is integrated in the exosome payload (2).
Exosomes carry bioactive molecules including proteins and
RNA, circulate freely in all body fluids, and can deliver their
molecular cargoes to recipient cells. We have, until recently,
failed to wholly appreciate the function of EVs, and exosomes
in particular, as mediators of intercellular communication.
The term exosomes was introduced by Johnstone and
others in 1987 to designate particles released from cultured
maturing sheep reticulocytes (3). These particles exhibited
transferrin activity that was lost during reticulocyte-to-
erythrocyte maturation. At that time, exosomes were
mainly viewed as “garbage bins” by which a maturing cell
eliminates factors from the plasma membrane that are no
longer needed by a mature cell. Recent advances in our
understanding of the paracrine mechanisms involved in
many diseases including cancer have allowed us to realize
the fundamental role of exosomes in intercellular cross
talk. All examined eukaryotic cell types secrete exosomes in
culture (4). In vivo, exosomes can be isolated from all body
fluids, including blood, urine, cerebrospinal fluid, saliva,
milk, ascites, bronchoalveolar lavage fluid, and pericardial
fluid (PF) (5-12). The molecular content of vesicles isolated
from these fluids reflects the activation and functional
characteristics of their cells of origins, and therefore normal
or pathological conditions. Hence, secreted vesicles can be
used as markers of disease, as demonstrated prominently
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in cancer (13). Owing to their molecular content including
proteins, mRNA and non-coding RNA [microRNA
(miRNA) in particular], exosomes can elicit autocrine,
paracrine, and endocrine effects on recipient cells and
tissues. Exosomal miRNAs in particular can deeply regulate
the transcriptome and function of recipient cells (14). Of
note, miRINAs are viewed as attractive candidate biomarkers
due to their relative stability and easy quantification from
clinical samples.

PF contained in the pericardial sac surrounding the heart
is one body fluid of potential interest to analyses of miRINA
markers of heart disease. This fluid is formed by the active
secretion of the pericardial cells and, in part, as a heart tissue
filtrate (15). It has been shown that the concentrations of
heart-specific hormones, such as atrial and brain natriuretic
peptides and endothelin-1 are higher in PF compared to
plasma, and that pathological conditions influence the
cardiac hormone and growth factor composition of the
fluid (16,17). Moreover, cardiac enzymes and troponins
are present at higher levels in the PF than plasma, and
increased levels of these molecules are useful in the post-
mortem diagnosis of fatal myocardial infarction (18).
miRNA profiling of PF samples from patients with heart
failure identified, on the average, 256 miRINAs per sample.
Seventy miRNAs out of 742 profiled miRNAs were
detectable in all samples from 51 patients (19). The five
most abundant miRNAs in PF were miR-21-5p, miR-451a,
miR-125b-5p, let-7b-5p, and miR-16-5p. No specific
signatures for cardiovascular pathologies or clinically
assessed heart failure stages could be detected from the
profiles and, overall, miRNA profiles of the samples were
found to be very similar despite the heterogeneity in
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the study population. It should be noted, however, that
this study did not discriminate between miRNAs in the
exosomal and non-exosomal fractions of PF. One other
study (20) reported that miR-423-5p was enriched in PF
compared to serum in patients undergoing cardiac surgery,
and that its expression pattern was different from that of
muscle- or vascular-enriched miRINAs (miR-133a, miR-126,
miR-92a). This study suggested that serum miR-423-5p
might be associated with unstable angina pectoris.

In the recent paper published in Molecular Therapy,
Costanza Emanueli and her group (12) addressed the
presence of exosomes in PF and their miRNA content, in
comparison to miRINA expression in the myocardium and
vasculature, in patients undergoing aortic valve surgery. The
angiogenic activity of these vesicles was addressed. These
investigators found that in comparison with peripheral
plasma, PF contains exosomes enriched with miRNAs co-
expressed in the myocardium and vasculature. Sixteen
miRNAs of putative cardiovascular origin identified in
PF were indeed well expressed in the myocardium and/or
vasculature of the patients. Four (miR-21-5p, miR-451a,
let-7b-5p, miR-16-5p) out of the 5 most abundant miRNAs
previously identified in PF of heart failure patients (19)
were among the 16 miRNAs of putative cardiovascular
origin identified in PF-derived exosomes in this study
in patients with aortic valve disease (12). A comparison
of matched PF and plasma samples provided evidence
supporting the hypothesis that PF is enriched with miRNAs
released from cardiovascular tissues. These miRNAs
were similarly detectable in the exosomal fraction of PE.
For the majority of the individual miRNAs, differences
in their concentrations in whole PF and whole plasma
were reflected by similar differences between exosomes
isolated from the two fluids. These findings supported the
hypothesis that miRNAs produced by cells of the heart and
central vessels are transported to PE, at least in part, via
exosomes. The relative distribution of individual miRNAs
between the exosomal and non-exosomal fractions of PF
was highly variable suggesting a non-random incorporation
of the miRNAs in the exosomes delivered to this fluid. The
majority of these miRNAs were conjugated to the RNA-
induced silencing complex (RISC) component Argonaute-2
(AGO-2). Another RISC component, miRNA processing
enzyme Dicer, was also present within the exosomes
isolated from the PF or peripheral plasma. When added to
cultured endothelial cells kept under hypoxia, PF-derived
exosomes inhibited apoptosis, increased cell proliferation,
and promoted the formation of capillary-like endothelial
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cell networks on Matrigel. By contrast, plasma exosomes
lacked such effects. The investigators then focused on
the functional role of let-7b-5p, a member of the Let-
7 family that includes other miRNAs known to stimulate
angiogenesis (21), which was more abundant in PF than
plasma and was present in PF exosomes. By transfecting
endothelial cells with a let-7b-5p mimic or a let-7b-5p
inhibitor, it could be demonstrated that let-7b-5p promotes
angiogenesis in vitro. Moreover, let-7b-5p reduced the
mRNA expression of one of three previously validated
direct target genes, the anti-angiogenic TGFp1 (22),
leaving unchanged the other two potential target genes,
LOX-1 and Caspase 3, in endothelial cells. To address the
contribution of let-7b-5p on angiogenesis induced by PF-
derived exosomes, Dicer knockdown (KD) was used to
reduce the endogenous expression of miRNAs in vitro.
Treatment with PF-derived exosomes restored intracellular
let-7b-5p expression, which had been compromised by
Dicer KD, consistent with transfer of let-7b-5p into
endothelial cells via PF-derived exosomes. These vesicles
restored the angiogenic capacity of Dicer KD-endothelial
cells. let-7b-5p KD-exosomes transfected with the miRINA
inhibitor could not restore let-7b-5p levels, inhibit
TGFBRI expression, or improve angiogenesis in recipient
Dicer KD-endothelial cells. Iz vivo, the angiogenic potential
of PF-derived exosomes was assessed in a mouse model of
limb ischaemia. PF exosomes, but not plasma exosomes,
improved post-ischaemic blood flow recovery, reduced the
incidence of ischaemia-induced toe necrosis, and improved
capillary density in ischaemic muscles. The delivery of PF
exosomes into ischaemic limb muscles was associated with
a trend toward increased let-7b-5p expression (P=0.18) and
a significant decrease in TGFB1 expression. These findings
suggest that human PF-derived exosomes may promote
angiogenesis both in vitro and in vivo, at least in part, via let-
7b-5p transfer.

This study provides the first evidence that the pericardial
space may represent a compartment in which miRNAs
released from the heart are enriched compared with the
peripheral circulation. Although plausible, the cardiac origin
of individual miRNAs enriched in PF was not demonstrated
directly, however. Most miRNAs are not cell type-specific
but are expressed by many cell types, and differences in
their expression levels between different cell types are
relative. While there might be a theoretical rationale for
using PF as a “liquid biopsy” sample, the usefulness of
PF exosomes as biomarkers of heart disease remains to be
investigated. Toward this goal, prospective studies collecting
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clinical samples and data (at baseline and follow-up) will be
required, as pointed out by the investigators. However, such
studies face significant practical hurdles, as PF is not easily
accessible except for patients undergoing heart surgery.
Many heart diseases including ischaemic heart disease are
associated with pericardial effusion only in a minority of the
cases. In addition, non-surgical sampling of PF is not without
risk. Thus, there are major practical limitations to the clinical
translation of this approach. One possible exception may be
the analysis of miRNAs in PF-derived exosomes in cancer
patients with pericardial effusion, in whom PF sampling is
routinely performed for diagnostic purposes. Within this
clinical context, miRNA analyses of PF exosomes, in addition
to cytological examination and chemical analyses, might
theoretically assist in the diagnosis of malignant pericardial
effusion, although this remains to be demonstrated.

Finally, this paper published by Emanueli’s group (12)
identified let-7b-5p as a proangiogenic miRNA while also
demonstrating proangiogenic activities of PF-derived
exosomes in an iz vivo model of limb ischaemia. Of note,
exosomes released from other cell types including cardiac
progenitor cells (23), mesenchymal stem cells (24), and
endothelial cells (25) likewise exhibit proangiogenic activity.
However, exosomes with anti-angiogenic properties have
also been described. For example, exosomes secreted
by cardiomyocytes from adult Goto-Kakizaki rats, a
commonly used animal model of type 2 diabetes, inhibited
proliferation, migration, and tube-formation by mouse
cardiac endothelial cells in a miR-320-dependent manner,
whereas exosomes secreted by cardiomyocytes from control
Wistar rats induced the opposite effects (26). Thus, not
only the parent cell type but also its functional status and
systemic disease conditions may influence the biological
activities of the secreted vesicles. In this regard, the
investigators appropriately pointed out that, in addition to
let-7b-5p and other proangiogenic miRNAs, PF exosomes
also contained several anti-angiogenic miRINAs, and that the
overall proangiogenic responses to the PF exosomes might
be dictated by a functional prevalence of proangiogenic
miRNAs that are simultaneously transferred by these
vesicles. How these responses change under pathological
conditions (e.g., whether or not they are accentuated in
the presence of myocardial ischaemia as a proangiogenic
stimulus) remains to be investigated.

Acknowledgments

Funding: This work was supported in part by Swiss National

© Biotarget. All rights reserved.

Biotarget.amegroups.com

Page 3 of 4

Science Foundation 310030_169194 grant and a Stiftung
fiir Herz- und Kreislaufkrankbeiten (Hergiswil, Switzerland)
grant to G Vassalli.

Footnote

Provenance and Peer Review: This article was commissioned
and reviewed by Editor-in-Chief Maorong Jiang
(Laboratory Animal Center of Nantong University,
Nantong, China).

Conflicts of Interest: Both authors have completed the
ICMJE uniform disclosure form (available at http://dx.doi.
org/10.21037/biotarget.2017.08.02). The authors have no
conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Raposo G, Stoorvogel W. Extracellular vesicles: exosomes,
microvesicles, and friends. J Cell Biol 2013;200:373-83.

2. Abels ER, Breakefield XO. Introduction to extracellular
vesicles: Biogenesis, RNA cargo selection, content, release,
and uptake. Cell Mol Neurobiol 2016;36:301-12.

3. Johnstone RM, Adam M, Hammond JR, et al. Vesicle
formation during reticulocyte maturation. Association
of plasma membrane activities with released vesicles
(exosomes). ] Biol Chem 1987;262:9412-20.

4. Ibrahim A, Marbdn E. Exosomes: Fundamental biology
and roles in cardiovascular physiology. Annu Rev Physiol
2016;78:67-83.

5. Inal JM, Kosgodage U, Azam S, et al. Blood/plasma
secretome and microvesicles. Biochim Biophys Acta
2013;1834:2317-25.

Biotarger 2017;1:10


http://biotarget.amegroups.com/article/view/3657/4345#B6
http://dx.doi.org/10.21037/biotarget.2017.08.02
http://dx.doi.org/10.21037/biotarget.2017.08.02
https://creativecommons.org/licenses/by-nc-nd/4.0/

Page 4 of 4

10.

11.

12.

13.

14.

15.

16.

17.

Ferniandez-Llama P, Khositseth S, Gonzales PA, et al.
Tamm-Horsfall protein and urinary exosome isolation.
Kidney Int 2010;77:736-42.

Street JM, Barran PE, Mackay CL, et al. Identification and
proteomic profiling of exosomes in human cerebrospinal
fluid. J Transl Med 2012;10:5.

Wang X, Kaczor-Urbanowicz KE, Wong D'T. Salivary
biomarkers in cancer detection. Med Oncol 2017;34:7.
Admyre C, Johansson SM, Qazi KR, et al. Exosomes with
immune modulatory features are present in human breast
milk. ] Immunol 2007;179:1969-78.

Runz S, Keller S, Rupp C, et al. Malignant ascites-derived
exosomes of ovarian carcinoma patients contain CD24 and
EPCAM. Gynecol Oncol 2007;107:563-71.

Levinen B, Bhakta NR, Torregrosa Paredes P, et al.
Altered microRNA profiles in bronchoalveolar lavage fluid
exosomes in asthmatic patients. ] Allergy Clin Immunol
2013;131:894-903.

Beltrami C, Besnier M, Shantikumar S, et al. Human
pericardial fluid contains exosomes enriched with
cardiovascular-expressed microRNAs and promotes
therapeutic angiogenesis. Mol Ther 2017;25:679-93.

Lai X, Wang M, McElyea SD, et al. A microRNA
signature in circulating exosomes is superior to exosomal
glypican-1 levels for diagnosing pancreatic cancer. Cancer
Lett 2017;393:86-93.

Xu L, Yang BE, Ai J. MicroRINA transport: a new way in
cell communication. J Cell Physiol 2013;228:1713-19.
Gibson AT, Segal MB. A study of the composition of
pericardial fluid, with special reference to the probable
mechanism of fluid formation. ] Physiol 1978;277:367-77.
Horkay F, Szokodi I, Selmeci L, et al. Presence of
immunoreactive endothelin-1 and atrial natriuretic peptide
in human pericardial fluid. Life Sci 1998;62:267-74.

Abe N, Matsunaga T, Kameda K, et al. Increased level of
pericardial insulin-like growth factor-1 in patients with left
ventricular dysfunction and advanced heart failure. ] Am

doi: 10.21037/biotarget.2017.08.02
Cite this article as: Barile L, Vassalli G. Angiogenic activity

of exosomes isolated from human pericardial fluid. Biotarget

2017;1:10.

© Biotarget. All rights reserved.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Biotarget.amegroups.com

Biotarget, 2017

Coll Cardiol 2006;48:1387-95.

Pérez-Circeles MD, Noguera J, Jiménez JL, et al.
Diagnostic efficacy of biochemical markers in diagnosis
post-mortem of ischaemic heart disease. Forensic Sci Int
2004;142:1-7.

Kuosmanen SM, Hartikainen J, Hippeldinen M, et al.
MicroRNA profiling of pericardial fluid samples from
patients with heart failure. PLoS One 2015;10:e0119646.
Miyamoto S, Usami S, Kuwabara Y, et al. Expression
patterns of miRNA-423-5p in the serum and pericardial
fluid in patients undergoing cardiac surgery. PLoS One
2015;10:e0142904.

Kuehbacher A, Urbich C, Zeiher AM, et al. Role of Dicer
and Drosha for endothelial microRNA expression and
angiogenesis. Circ Res 2007;101:59-68.

Ota T, Fujii M, Sugizaki T, et al. Targets of transcriptional
regulation by two distinct type I receptors for transforming
growth factor-beta in human umbilical vein endothelial
cells. J Cell Physiol 2002;193:299-318.

Barile L, Lionetti V, Cervio E, et al. Extracellular vesicles
from human cardiac progenitor cells inhibit cardiomyocyte
apoptosis and improve cardiac function after myocardial
infarction. Cardiovasc Res 2014;103:530-41.

Arslan F, Lai RC, Smeets MB, et al. Mesenchymal stem
cell-derived exosomes increase ATP levels, decrease
oxidative stress and activate PI3K/Akt pathway to enhance
myocardial viability and prevent adverse remodeling after
myocardial ischemia/reperfusion injury. Stem Cell Res
2013;10:301-12.

van Balkom BW, de Jong OG, Smits M, et al. Endothelial
cells require miR-214 to secrete exosomes that suppress
senescence and induce angiogenesis in human and mouse
endothelial cells. Blood 2013;121:3997-4006, S1-15.
Wang X, Huang W, Liu G, et al. Cardiomyocytes mediate
anti-angiogenesis in type 2 diabetic rats through the
exosomal transfer of miR-320 into endothelial cells. ] Mol
Cell Cardiol 2014;74:139-50.

Biotarger 2017;1:10



