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What are the exosomes ? 

• Discovered	30	years	ago	by	Pan	
and	Johnstone			

	
• Membrane	debris,	no	real	
biological	significance		

	
•  Extracellular	vesicles	(EVs)	
•  40-100	nm	(exosomes)	
• All	mammalian	cell	types		

1983	

2013	



Extracellular vesicles 
•  EVs	clasiffication	(ExoCarta	Database)	
•  cellular	origin	
•  biological	function	
•  biogenesis	

	
• Apoptotic	bodies,	microvesicles	and	exosomes		

• M=budding	from	plasma	membrane	(outward)	
•  E=endolysosomal	pathway	(inward)	
• AB=during	apoptosis,	after	cell	shrinkage	





Cell to cell communication 

• Pivotal	for	multicellular	organisms		
•  Secretion	of	soluble	factors		
•  Direct	interactions		
• Membrane-derived	vesicles		

•  Exosomes		
	





Biological roles  

•  Direct	activation	of	cell		
			surface	receptors		
• Merging	membrane		
			contents	into	recipient	cell	
			plasma	membrane	
•  Delivering	effectors		(miRNA...)	

• multifunctional	signalling	
complexes	for	controlling	
fundamental	cellular	and	
biological	functions			



•  Stem	cells	maintenance	
•  Tissue	repair	
•  Immune	system	
• Blood	coagulation	
•  ....	
• Cell	phenotype	modulation	

	
•  Therapeutic	potential	!	!	!	



EVs as therapeutic agents  



Pathological roles of exosomes 

•  Tumor	progression		
•  cell	proliferation	
•  angiogenesis	
•  matrix	remodeling		
•  inducing	metastasis	
•  immune	escape		

•  Exosome-mediated	transfer	of	prion	proteins	
•  Toxic	protein	aggregates		
•  Transfer	of	e-bound	viral	material			



Inhibition of EVs in disease  



EVs for drug delivery  



Take-home message  

•  important	conveyers	of	information	between	cells,	through	the	transmission	
of	various	proteins,	bioactive	lipids	and	genetic	information	to	alter	the	
phenotype	and	function	of	recipient	cells	

•  extracellular	vesicles	have	now	been	implicated	in	numerous	biological	and	
pathological	processes		

•  targeting	extracellular	vesicles	directly	to	inhibit	their	deleterious	effects	in	
mediating	disease	or	exploiting	their	inherent	potential	to	stimulate	
regenerative	responses	or	to	deliver	nucleic	acids	and	other	drug	cargoes	
across	major	biological	barriers	are	emerging	as	important	novel	therapeutic	
strategies	

	



Philip Stahl, professor at Washington 
University 
•  “	This	a	whole	new	form	of	intercellular	communication.	It	is	going	to	
change	the	medicine.	We	are	learning	the	cells	talk	to	each	other,	but	
we	do	not	know	the	vocabulary	yet.	The	heavy	lifting	in	this	field	is	
still	ahead	of	us.”	



lack of detailed knowledge  ! ! ! 



Different isolation methods 













Characterization of exosomes 

• Analysis:	electron	microscopy,	SDS	PAGE,	FACS,	nanoparticle	tracking	
analysis	....	



2      Repiská et al.: Placental-specific DNA in maternal plasma and serum exosomes

were taken into the tubes with EDTA and immediately cen-
trifuged to avoid cell lysis, the serum samples were taken 
into the tubes without any anticoagulant. After the collec-
tion of the whole blood, they were left undisturbed at room 

temperature to allow the blood to clot. It is possible that 
during the processes, which are activated during the clot-
ting, the vesicles of maternal origin were released causing 
the differences in amount of total DNA detected in plasma 
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Figure 1: Characterization of isolated extracellular vesicles.
The results of RNA analysis showed that exosomes isolated from maternal plasma (A) and serum (B) contain RNA and have the size profile 
with mostly small RNAs and little or no ribosomal RNA. The presence of exosomes in tested biofluids was also confirmed by electron 
microscopy. (C) Western blot analysis of selected protein markers in isolated vesicles: the presence of proteins TSG101, CD63, flotillin and 
CD81 was confirmed in all analyzed samples. Intracellular protein absenting or underrepresented in exosomes – calnexin was not detected 
in maternal plasma and serum exosomes.

Table 1: Results of DNA analysis.

Sample-
fetal 
gender

 
 
 

Plasma  
 
 

Serum

exoDNA  
 

cfDNA exoDNA  
 

cfDNA

X-marker  Y-marker X-marker   Y-marker X-marker  Y-marker X-marker  Y-marker

1-XX   60.28  N/A   1788.00  N/A   479.74  N/A   3275.44  N/A
2-XX   107.04  N/A   1317.25  N/A   725.79  N/A   7279.42  N/A
3-XX   48.52  N/A   617.83  N/A   671.17  N/A   8873.34  N/A
4-XX   71.84  N/A   665.75  N/A   848.73  N/A   10396.31  N/A
5-XX   80.07  N/A   263.51  N/A   1008.80  N/A   18218.74  N/A
6-XY   89.24  0.72   693.43  17.69   384.35  0.41   6814.49  14.97
7-XY   70.93  0.82   630.55  19.87   353.12  0.92   1906.47  15.88
8-XY   60.28  0.96   583.18  21.18   805.59  1.64   13141.18  44.18
9-XY   23.52  1.90   189.57  11.84   723.43  0.47   13808.04  6.08
10-XY   167.83  3.90   824.51  24.34   673.36  1.25   11440.40  35.57
Average   77.96  1.66   757.36  18.99   667.41  0.94   9515.38  23.33

Exosomes isolated from plasma and serum of pregnant women were treated with DNAse I during sample processing. Later the DNA extracted 
from exosomes and also cell-free DNA isolated directly from maternal plasma and serum were analyzed using quantitative real-time PCR. In 
our samples, the DNA of maternal origin was detected in all samples. In samples of pregnant women carrying male fetuses, the DNA of fetal/
placental DNA was detected by detection of the Y-chromosome-specific marker. In samples of pregnant women carrying female fetuses, the 
presence of signal corresponding to Y-chromosome specific marker was not detected (sensitivity and specificity = 100%). The values of DNA 
concentration detected in samples are presented in genome equivalents/mL (GEq/mL).
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 Isolation of exosomes  
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To the Editor,

For a decade, exosomes were believed to be only a part 
of the process for clearance of unwanted proteins, but 
later it was demonstrated that exosomes were not just a 
waste bin but they play a role in cell-to-cell communica-
tion within the immune system and in transportation of 
the functional molecules such as messenger RNAs and 
microRNA [1]. Extracellular vesicles (EVs), including 
exosomes, are now known to carry specific proteins, lipids 
and nucleic acids and are actively released from almost all 
types of cells into the extracellular space and body fluids 
under physiological and pathophysiological conditions 
[2]. In our study, we aimed at verifying the hypothesis 
that the cell-free fetal DNA circulating in maternal blood, 
which is routinely used in noninvasive prenatal diagnosis  
field, could be packaged and protected in nanosized 
 vesicles – exosomes.

In the field of EVs research, many different isolation 
protocols have been published, but the most commonly 
used is still the differential centrifugation protocol. In our 

study, the vesicles were isolated from plasma and serum 
samples of pregnant women using differential centrifu-
gation and ultracentrifugation with the 0.2 µm filtration 
step before to eliminate the contamination of exosomes by 
other classes of vesicles (apoptotic bodies and microvesi-
cles), which can pellet with the exosomes [2]. To purify 
the isolated EVs, they were resuspended in PBS and 
 repelleted by a second ultracentrifugation (a washing 
step to remove contaminating soluble proteins). Next, 
the isolated EVs were defined by standard experimen-
tal procedures (Methods available in the supplementary 
material). Western blot analysis confirmed the presence 
of transmembrane or lipid-bound extracellular proteins – 
CD63 and CD81. Endosome or membrane binding protein 
– TSG101 and flotillin were also present, one of the main 
molecular functions of TSG101 is DNA binding according 
to Uniprot database. Calnexin, an intracellular protein 
absent in exosomes but present in other types of vesi-
cles, was not present in our samples, meaning the yield 
was composed of exosomes only [3]. The presence of 
exosomes was also confirmed by electron microscopy, and 
the results of RNA analysis showed that isolated vesicles 
contained RNA and had the size profile typical for exoso-
mal RNA – mostly small RNAs with little or no ribosomal 
RNA (Figure 1).

After characterization of isolated vesicles as 
exosomes, the DNA was extracted, and two different 
markers for DNA detection were used to distinguish pla-
cental DNA and total DNA associated with plasma and 
serum exosomes. As a marker for total DNA detection, 
androgen receptor gene (AR) was used. Our results proved 
that exosomes isolated from maternal plasma and serum 
contain DNA. In the DNA samples isolated from maternal 
serum exosomes, on average 667.41 GEq/mL (SD ± 207.96 
GEq/mL) of total DNA was detected. Less amount of total 
DNA was detected in plasma vesicles – on average 77.97 
GEq/mL (SD ± 38.87 GEq/mL) (Table 1). It suggests that 
the amount of measured DNA might be affected by blood 
sample preparation methods. Although plasma samples 
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Detailed Analysis of Protein 
Topology of Extracellular Vesicles–
Evidence of Unconventional 
Membrane Protein Orientation
Aleksander Cvjetkovic1,*, Su Chul Jang1,*,†, Barbora Konečná1,2,*, Johanna L. Höög1,3, 
Carina Sihlbom4, Cecilia Lässer1 & Jan Lötvall1,†

Extracellular vesicles (EVs) are important mediators of intercellular communication that change 
the recipient cell by shuttling lipids, RNA, or protein cargo between cells. Here, we investigate 
the topology of the protein cargo found in EVs, as this topology can fundamentally influence the 
biological effects of EVs. A multiple proteomics approach, combining proteinase treatment and biotin 
tagging, shows that many proteins of cytosolic origin are localized on the surface of EVs. A detailed 
analysis of the EV proteome at the peptide level revealed that a number of EV membrane proteins are 
present in a topologically reversed orientation compared to what is annotated. Two examples of such 
proteins, SCAMP3 and STX4, were confirmed to have a reversed topology. This reversed typology 
was determined using flow cytometry and fluorescent microscopy with antibodies directed toward 
their cytoplasmic epitopes. These results describe a novel workflow to define the EV proteome and 
the orientation of each protein, including membrane protein topology. These data are fundamentally 
important to understanding the EV proteome and required to fully explain EV biogenesis as well as 
biological function in recipient cells.

Intercellular communication is essential for multicellular organisms to maintain homeostasis and can be medi-
ated by direct contact or through secretion of molecules such as bioactive proteins and lipids. In addition, most 
cell types, including immune cells and cancer cells, secrete extracellular vesicles (EVs) that can influence recipient 
cell phenotype1,2. EVs are lipid bilayered membrane vesicles with a diameter of 30 ~ 1000 nm carrying multiple 
biologically active cargo components such as proteins, nucleic acids (mRNAs, miRNAs, and small RNAs), and 
lipids. Through the transfer of its cargo, EVs mediate diverse biological functions that include immunomodula-
tion3, cancer progression4, and epigenetic reprogramming5. In addition, since EVs have been shown to contain 
disease specific markers, their potential as diagnostic markers have generated great attention6,7.

Cells secrete different types of EVs, often divided into exosomes and microvesicles. Exosomes are released 
by fusion of the multivesicular body with the plasma membrane, and microvesicles bud out from the plasma 
membrane directly8. Although there are some differences in the size and composition of these EVs, it remains 
impossible to completely separate exosomes and microvesicles with the currently available purification methods. 
Therefore, we use the term “EVs” throughout this publication.

In-depth large-scale proteome analysis can contribute to the understanding of the biogenesis and functional 
role of EVs as well as to the discovery of diagnostic markers. EVs purified from various cell culture media9 and 
body fluids–e.g., urine10, blood11, saliva12, and breast milk13–have been analyzed with proteomics technology. 
Those proteome data are well-organized in the EV databases EVpedia14,15 and Vesiclepedia16. Many EV surface 
proteins are transmembrane proteins14, but those that are not may be non-covalently bound to the EVs and could 
be travelling with the EVs between cells. As more functional studies of EVs are published, it becomes increasingly 
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only in fresh samples. By using comparative and quantitative analysis, we defined 14 proteins as conclusively 
surface-accessible proteins and 641 proteins as potential/likely surface-accessible proteins (Fig. 2d). Our results 
suggest that multiple cytosolic and nuclear proteins are present on the surface of EV isolates. These proteins could 

Figure 5. Topology analysis of transmembrane and lipid-anchored proteins. (a) Hierarchical diagram of 
defining topology of transmembrane and lipid-anchored proteins. Proteins were visualized with Protter tool 
and the information about the identified peptides was integrated. Based on localization of peptides, correct 
topology and inside-out were defined. (b) Topology illustration of two examples of conclusively inside-out 
proteins. Peptides that were found in LC-MS/MS were visualized by Protter.

Uniprot	web	tool	



Model of colitis – inflammatory bowel disease 
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Exosomes and plant research 





International society of extracellular vesicles 

•  2012	
•  100	members	

•  2019	
•  3000	members	



Take-home message 

Lack	of	knowledge	L	



Thanks for Your attention J 
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