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Extracellular vesicles (EVs): mediators of cell communication

‘The Science of circulating microvesicles’ https://www.youtube.com/watch?v=ogS_T_heSQY








Extracellular vesicles (EVs)
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Effects of extracellular vesicles on the development of atherosclerosis

CCL5 = C-C motif chemokine 5 
(also known as RANTES) 
COX2 = cyclooxygenase type 2
ICAM1 = intercellular adhesion molecule 1
MV = microvesicle
PSGL1 = P-selectin glycoprotein ligand 1
ROS = reactive oxygen species.

EVs can originate from 
leukocytes, erythrocytes, 
smooth muscle cells, and 
endothelial cells 



EC-derived EVs are involved in crosstalk between ECs, between ECs and vascular 
smooth muscle cells (SMCs), in normal and atherosclerotic conditions. 

Electron microscopy of exosomes 
in the endothelial cells of human 
atherosclerotic plaque

Ultrastructure of exosomes in the 
SMCs of atherosclerotic human
aorta.

Detection of exosomes in the intima 
of atherosclerotic lesions



Extracellular vesicles released by endothelial cells in 
response to hypoxia and tumor necrosis factor (TNF)-a

Changes in proteome and transcriptome of EVs secreted by ECs cultured in various 
stressful conditions

Olivier G. de Jong et al. 2012



High serum concentrations of homocysteine and oxidized low density lipoprotein (ox-LDL) predispose to early 
development of atherosclerosis. 

In cultured rat aortic ECs, homocysteine and ox-LDL induced secretion of heat shock protein (HSP)-70-containing 
exosomes. In fact, HSPs are released in response to cellular stress but too high levels of HSPs could be toxic for the 
local microenvironment.



Extracellular vesicles released by activated  platelets promote  
monocyte recruitment by releasing RANTES
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EVs are identifiable and isolatable (content, size, sedimentation behavior)

EVs are specific with regard to the expression of cell-lineage markers

EV signature critically depend on the stimulation and micro-environment of the donor cells

EVs are initial and rapid “responders” since they are released early during stimulatory or micro-
environmental changes and in the pathogenic cascade of a disease

EVs are noninvasive and detectable in many body fluids

EVs act as vectors since they transport and protect biological messages, ie, mRNAs, microRNAs, 
proteins, and phospholipids, which are normally confined to cells/tissues.

Circulating extracellular vesicles as biomarkers of cardiovascular 
disease



A deeper understanding 
of the cargo molecules 
present in EVs obtained 
from (T1D) patients may 
aid in the
identification of novel 
diagnostic and prognostic
biomarkers, and can 
potentially lead to the
discovery of new 
therapeutic targets.









Forty-three diabetic patients were enrolled in the study and 
received a daily dose of 100 mg of aspirin for 10 days to cover 
the average platelet life-span in the circulation. Before and after 
the intervention period, circulating microparticles were 
characterized and quantified by flow cytometry. 
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Togliatto et al, Diabetes 2018

A significant reduction of EVs from T2D individuals was detected. EC-derived EVs from sera were therefore isolated using CD31-coated 
magnetic beads (ND-CD31EVs and D-CD31EVs) and analyzed using transmission electron microscopy and western blot.

CD31EVs in  T2D patients



Diabetic serum-derived-EVs (D-CD31EVs) boosted apoptosis resistance of 
VSMCs cultured in hyperglycaemic condition



Togliatto et al. Diabetes 2018

Ulike D-CD31EVs, VSMCs from T2D patient-derived human 
atherosclerotic speciments express high level of miR296-5p

miR-296-3p post-transcriptionally regulates Bak



Togliatto et al. Diabetes 2018

PDGF-BB-enriched EVs increase bcl-2, and  decrease bak/bax expression via miR-296-5p



PDGFRβ blockade interferes with free PDGF-BB- and D-CD31EV-
mediated effects

PDGFRβ blockade impacts on both
free PDGF-BB and D-CD31EVs-

mediated bak/bax and bcl-2 
expression, but not on EV 

internalization.

Togliatto et al, Diabetes 2018

PDGFBB bound to the membrane 
(mbPDGFBB)  of CD31EVs

drives survival cues to VSMCs in 
diabetic setting



D-CD31EVs, via mbPDGFBB, increase VSMC migration and 
recruitment to tubule-like structures. 

Togliatto et al. Diabetes 2018
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Therapeutic potential of circulating extracellular 
vesicles



Isolation and characterization of serum-derived EVs (sEVs)  

n = 18

18 healthy donors Serum bags Ultracentrifugation Collecting EVs

Cavallari et al. Sci. Rep. 2017 



Evaluation of in vitro sEV pro-angiogenic activity
sEVs Angiogenesis assay % Proliferation assay % Average % Results

1 42.8±1.4 62.5±2.3 52.6±1.9 e-sEV

2 54.4±3.9 56.4±3.1 55.4±3.5 e-sEV

3 31.9±1.4 89.5±0.5 60.7±1.0 e-sEV

4 53.3±0.3 64.1±1.1 58.7±0.7 e-sEV

5 68.7±2.6 55.5±3.1 62.1±2.9 e-sEV

6 43.8±0.9 77.6±4.0 60.7±2.5 e-sEV

7 88.5±4.2 66.2±3.3 77.4±3.8 e-sEV

8 65.5±0.6 44.4±0.5 54.9±0.6 e-sEV

9 56.5±4.5 50.1±3.9 53.3±4.2 e-sEV

10 31.5±1.1 99.8±5.6 65.7±3.4 e-sEV

11 35.2±8.3 8.5±4.1 21.9±6.2 i-sEV

12 99.2±0.5 32.2±3.4 65.7±2.0 e-sEV

13 28.8±3.2 24.5±2.3 26.7±2.8 i-sEV

14 41.7±6.6 68.6±4.5 55.2±5.6 e-sEV

15 50±3.8 55±4.9 52.5±4.4 e-sEV

16 8.3±1.3 19.1±4.0 13.7±2.5 i-sEV

17 66.7±4.5 41.1±4.2 53.9±6.6 e-sEV

18 15.1±1.5 3.6±0.6 9.5±2.6 i-sEV

14 (out of 18) samples of 
sEVs were significantly

pro-angiogenic

Cavallari et al. Sci. Rep. 2017 



Serum-derived EVs rescue I/R induced damage

Cavallari et al. Sci. Rep. 2017 



sEVs improve reperfusion recovery and 
prevent muscle damage after ischemia

Cavallari et al. Sci. Rep. 2017 



e-sEVs induce a specific gene signature

43 genes up-regulated in response to e-sEVs
are down-regulated upon i-sEVs

Cavallari et al. Sci. Rep. 2017 



Angiogenic assay in healthy and patients



IIn vivo validation of the potency test 



sEVs from Patients showing less angiogenic activity are depleted
of TGFB and VEGF  
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