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Abbreviations  

AD  Alzheimer’s disease 

AKI  Acute kidney injury 

APC  Antigen presenting cell 

APP  Amyloid β precursor protein 

AQP1  Aquaporin 1 

ATF3  Activating transcription factor 3 

Aβ peptides Amyloid β peptide  

CSF  Cerebrospinal fluid 

CTL  Cytotoxic T-lymphocyte 

DC  Dendritic cell 

DII4  Delta-like 4 

EGFR  Endothelial growth factor 

ESCRT  Endosomal complexes required for transport 

Exotest In-house sandwich ELISA  

FSGS  Focal segmental glomerulosclerosis 

Hsp70  Heat-shock protein 70 

I/R  Ischemia/reperfusion 

ICAM1  Intercellular adhesion molecule 1 

ILV  Intraluminal vesicle 

imDex  Exosome-derived from immature dendritic cell 

LB  Lewy bodies 

LFA1  Lymphocyte function-associated antigen 1 

LRG1  Leucine-rich-α-2-glycoprotein 

mDex  Exosome-derived from mature dendritic cell 

MDSC  Myeloid-derived suppressor cell 

MHC  Major histocompatibility complex 

MiRNA  MicroRNA 

MMP  Matrix metalloproteinases 

MS  Mass spectrometry 

MVB  Multivesicular body 

NK  Natural killer 

NS  Nephrotic syndrome 

NSCLC  Non-small lung cancer 

nSMase2 Neutral sphingomyelinase 2  

PCa  Prostate cancer 

PD  Parkinson’s disease 

PrP  Prion protein 

PS  Presenilin 

PSA  Prostate-specific antigen 

PSMA  Prostate-specific membrane antigen 
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Shh  Sonic hedgehog  

TCR  T-cell receptor 

TEM  Transmission electron microscopy 

TIM  T-cell immunoglobulin and mucin domain protein 

Treg  Regulatory T-cell 

uPA  Urokinase-type plasminogen activator 

VEGF  Vascular growth factor 

WT-1  Wilms tumor 1 

γ-Dex  Exosome-derived from monocyte derived dendritic cell treated with IFN-γ  
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Use of extracellular vesicles as biomarker for disease or as therapeutic 

agent  
Heleen Vroman, masterstudent Biology of Disease, University Utrecht 

Abstract 

In recent years, novel ways of intercellular communication have been described involving 

extracellular vesicles. Cells from various origins actively release small vesicles into the 

extracellular environment either by pinching off directly from the plasma membrane, which are 

often referred to as microvesicles, or a consequence of the fusion of the multivesicular body 

(MVB) with the plasma membrane. The latter process results in the extracellular release of the 

intraluminal vesicles of MVB, which are now termed exosomes. Cytosolic proteins, mRNAs, 

miRNAs and membrane bound proteins that are contained by extracellular vesicles can be 

transferred to target cells, thereby altering the physiology of the target cell. Extracellular vesicles 

display unique biophysical and biochemical features that are determined by the originating cell, 

making them of interest for diagnostic and therapeutic purposes. This thesis will focus on the 

potential of extracellular vesicles as biomarker and therapeutic agent in various diseases.  

Introduction 

Until recently it was thought that 

communication between neighboring cells 

occurred exclusively through direct 

intercellular contact or through transfer of 

signaling molecules over larger distances. 

Recent year revealed new mechanisms by 

which cells can communicate via extracellular 

transfer of membrane vesicles (in this thesis 

referred to as extracellular vesicles)1. 

Extracellular vesicles carry both membrane 

and cytosolic components. Several 

extracellular vesicle types have been named 

after their cell of origin. In general three types 

of extracellular vesicles can be distinguished; 

extracellular vesicles that bud directly from 

the plasma membrane, extracellular vesicles 

that are secreted upon fusion of intracellular 

organelles with the plasma membrane and 

extracellular vesicles that derive from 

apoptotic cells, named apoptotic bodies. 

Apoptotic bodies are actively secreted in 

response to programmed cell death2 and will 

not be discussed in this thesis. Large  

 

extracellular vesicles (>100 nm) that derive 

from the plasma membrane are referred in 

the literature as microvesicles, ectosomes, 

microparticles or exovesicles. These different 

names are often used by different research 

groups and often refer to vesicles with 

distinct originating cells. Various cell types 

such, platelets3, neutrophils4 and dendritic 

cells (DCs)5 , but also  tumor cells6 are able to 

release extracellular vesicles from their 

plasma membrane. Extracellular vesicles that 

are secreted as a consequence of fusion of 

intracellular organelles with the plasma 

membrane are referred to as exosomes (50-

100 nm in size). Exosomes can often be 

distinguishes from other small extracellular 

vesicles through their unique biophysical and 

biochemical features that resemble 

intraluminal vesicles of the multivesicular 

body (MVB). Other, smaller, extracellular 

vesicles with different biophysical and 

biochemical features than exosomes are 

often referred to as nano-particles7 and 

exosome-like vesicles8. The biophysical and  
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Table 1: Characteristics of different types of secreted vesicles     

Feature Exosomes Microvesicles Ectosomes Membrane 
particles 

Exosome-like 
vesicles 

Apoptotic 
vesicles 

Size 50-100 nm 100-1,000 nm 50-200 nm 50-80 nm 20-50 nm 50-500 nm 

Density in sucrose 1,13-1,19 g/ml ND ND 1,04-1,07 g/ml 1,1 g/ml 1,16-1,28 g/ml 

Appearance by 
electron 
microscopy 

cup shape Irregular shape 
and electron-
dense 

Bilamellar 
round 
structures 

Round Irregular 
shape 

Heterogeneous 

Sedimentation 100,000 g 10,000 g 160,000-
200,000 g 

100,000-
200,000 g 

175,000 g  1,200 g, 10,000 
g or 100,000 g 

Lipid composition Enriched in 
cholesterol, 
sphingomyelin 
and ceramide; 
contain lipid 
rafts; expose 
phosphatidyl- 
serine 

Expose 
phosphatidyl- 
serine 

Enriched in 
cholesterol 
and 
diacylglycerol; 
expose 
phosphatidyl- 
serine 

ND Do not 
contain lipid 
rafts 

ND 

Main protein 
markers 

Tetraspanins 
(CD63, CD9), 
Alix and 
TSG101 

Integrins, 
selectins and 
CD40 ligand 

CR1 and 
proteolytic 
enzymes; no 
CD63 

CD133; no 
CD63 

TNFRI Histones 

Intracellular origin Internal 
compartments 

Plasma 
membrane 

Plasma 
membrane 

Plasma 
membrane 

Internal 
compartments 

ND 

Main reference Thery et al, 
2006 

Heijnen et al, 
1999 

Gasser et al, 
2003 

Marzesco et 
al, 2005 

Hawari et al, 
2004 

Thery et al, 
2001 

Table 1 is adapted from Thery et al, 2009.  

 

biochemical features of different types of 

extracellular vesicles are listed in Table 1. All 

extracellular vesicles contain cytosolic 

components of their originating cell, which 

makes them representative for the type and 

status of the cell of origin. Therefore 

extracellular vesicles have great potential as 

future biomarkers of disease, which is further 

increased by the easily accessibility in body 

fluids such as blood and urine. Research on 

extracellular vesicles is focused both on 

exosomes and microvesicles. Therefore this 

thesis will be on the function of exosomes and 

microvesicles and their potential use as 

biomarker and treatment in various diseases.  

 

 

Biology of Exosomes  

Exosomes are secreted by many cell-types, 

including epithelial cells9, DC10, T-

lymphocytes11, B-lymphocytes12,13,14, mast cells 
15,16, various stem cells17 and platelets18. 

Exosomes are present in physiological body 

fluids like blood19, urine20, semen21,22, breast 

milk22, saliva23, 24, pleural fluid 25, cerebrospinal 

fluid (CSF)26 and amniotic fluid24. Exosomes 

contain cytosolic and membrane associated 

proteins, as well as mRNA and microRNA 

(miRNA)27,28 Highly enriched ubiquitous 

proteins of exosomes include the chaperones 

Hsc73 and Hsc90, tetraspanins (CD9, CD63, 

CD81 and CD82), and Tsg10129. Besides such 

ubiquitous proteins, exosomes also contain 

membrane associated proteins, cytosolic 
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proteins, mRNA and miRNA that are specific 

to the cell of origin. Not much is known about 

physiological functions of exosomes, due to 

the limited amount of studies performed in 

vivo. Also the mechanism of exosome 

formation is not fully elucidated, complicating 

interference studies on the function of in vivo 

generated exosomes, for example by the use 

of knock-out mice. However, studies that can 

be performed in vivo have shown for example 

that isolated exosomes from in vitro cultured 

DCs can modulate the immune system when 

injected into mice30. Exosomes derived from 

antigen presenting cells (APCs), such as DCs 

display major histocompatibility complex II 

(MHC II) and MHC class I (MHC I) on their 

membrane, allowing them to function as an 

immune response modulator. Immature DCs 

display low levels of ubiquitinated MHC II on 

their plasma membrane. In mature DCs 

ubiquitination of the MHC II is abrogated, 

leading to increased levels of MHC II on the 

plasma membrane. Ubiquitination of the MHC 

II complexes drives the sorting of MHC II on 

ILVs inside the MVB towards lysosomal 

degradation. DCs loaded with antigen display 

a distinct MHC II sorting, which is 

independent of ubiquitination. In antigen 

loaded DCs, ILVs are generated in the MVB 

that contain MHC II and CD9, independent of 

ubiquitination, that are secreted as exosomes 

and can activate antigen-specific CD4+ T-

lymphocytes. This reveals two separate MVB 

pathways, the ubiquitination pathway that 

induces lysosomal degradation and the 

ubiquitination independent pathway that 

induces exosomal secretion31,32. Depending on 

the presence of other membrane proteins, 

exosomes may either activate or inhibit 

immune responses. For example, the number 

of extracellular vesicles (both exosomes as 

microvesicles) isolated from the plasma of 

pregnant women was increased in the women 

that delivered at full term. These extracellular 

vesicles induced a decrease in the number of 

T-lymphocytes and in the T-lymphocyte 

responsiveness, leading to a suppression of 

the immunity against the unborn baby33,34. 

These results show that exosomes can exert 

both inhibitory as activating effects on the 

immune system depending on their content 

and origin.  

 

Exosomes are generated at and stored inside 

MVBs. The intraluminal vesicles (ILVs) of MVB  

are formed by invagination of the late 

endosomal membrane29. During invagination 

of the membrane, the lumina of these future 

exosomes is filled with selected soluble 

proteins, mRNAs, miRNAs and other cytosolic 

molecules. RNA and miRNA species present in 

exosomes are also named exosomal shuttle 

RNA (esRNA) due to their potential function in 

altering gene expression in the target cell28.  

 

Currently it is not fully known which proteins 

are involved in the formation of exosomes. 

Some reports showed that endosomal 

complexes required for transport (ESCRT 

complexes) regulate the inward budding of 

the late endosome, resulting in the formation 

of ILVs. Two members of the ESCRT 

complexes were identified more than ten 

years ago by proteomic analysis, 

Tsg101/Vps23 and AIP1/Alix/Vps31, indicating 

that exosome biogenesis could be dependent 

of ESCRT complexes35. However, the role of 

ESCRT complexes in exosome formation and 

secretion is not fully confirmed by other 

studies, therefore it remains unclear if ESCRT 

complexes are indeed involved in the  
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Figuur 1: Extracellular vesicle formation. Plasma membrane components are endocytosed and fuse together to form 

the early endosome, mediated by Rab5. The conformation of the early endosome to the late endosome is regulated by 

a convertion of Rab5 expression to Rab7 expression. It is suggested that inward budding of the late endosome and 

pinching off the ILVs is mediated by ESCRT complexes, however this is not confirmed in the literature. Incorporation of 

miRNAs in ILVs is mediated by ceramide, which is regulated by SMase2. The late endosome containing ILVs is now 

named the MVB. Rab27b and its effector Slac2-b mediate the transport of the MVB via microtubules to the actin-

dependent docking at the plasmamembrane. Rab27a and its effector Slp3 regulate the docking of the MVB to the 

plasmamembrane and the fusion of the MVB with the plasma membrane, where the exosomes are released in the 

extracellular space. The secretion of exosomes is regulated by Rab35. The formation of microvesicles occurs by the 

increase of cytosolic calcium concentration and calpain activation, which leads to a degradation of the actin 

cytoskeleton. Shedding of microvesicles from the plasma membrane occurs upon lipid raft formation in the plasma 

membrane, resulting in plasma membrane blebbing and finally microvesicle secretion.  
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exosomal biogenesis36. The incorporation of 

miRNAs in the lumen of ILVs is dependent of 

ceramide which is regulated by neutral 

sphingomyelinase 2 (nSMase2) and 

independent of ESCRT complexes37. 

Formation of the late endosome in which ILVs 

are formed is regulated by members of the 

Rab family GTPase proteins. The Rab family 

GTPase proteins also regulate the docking and 

fusion of the MVB at the plasma membrane. 

Early endosomes are formed by Rab5, which 

regulate the fusion of endocytic vesicles with 

the early endosome. Rab5 also regulates the 

fusion of multiple smaller early endosomes to 

form one larger early endosome. The shift 

from Rab5 binding to Rab7 recruitment, 

together with the recycling of endocytosed 

material to the plasma membrane initiates 

the maturation of the early endosome into 

the late endosome38. Rab11 regulates the 

transfer of the MVB towards the plasma 

membrane instead of the lysosome39, and 

promotes a calcium dependent docking and 

fusion of the MVB at the plasma membrane39. 

Rab27b participates in the transfer of 

membranes from the trans-golgi network 

towards the MVB and regulates the transfer 

of the MVB by microtubules to the actin-

dependent docking at the plasma membrane. 

Rab27a exerts important functions in the 

docking of the MVB at the plasma membrane 

and the fusion of vesicles40. TBC1D10A-C 

regulates the secretion of exosomes in a 

catalytic activity-dependent way. Inhibition of 

Rab35, which is the target of TBC1D10A-C 

leads to the intracellular accumulation of 

endosomal vesicles41. Knockdown of Rab2b, 

Rab9a, Rab5a, Rab27a or Rab27b inhibited 

exosome secretion only partially, indicating 

that their activities are not crucial for 

exosome secretion and that more essential 

regulatory mechanisms still remain to be 

discovered40. Another complication is that 

besides being secreted by MVB, exosomes 

may also bud directly from the plasma 

membrane at endosome-like domains, as was 

demonstrated for T-lymphocytes (Figure 1)42.  

 

The secretory pathways of  both exosomes as 

microvesicles can be hijacked by infectious 

agents such as retroviruses and prions, that 

use this pathway for their release from the 

producing cell and enable their transfer to 

other unaffected cells43. 

Biology of microvesicles 

Microvesicles shed directly from the plasma 

membrane of several cell types have an 

origin-specific content such as membrane 

receptors, lipids, proteins, mRNA44,45. 

Microvesicle secretion is dependent on an 

increase in the calcium concentration in the 

cytosol, activation of calpain and degradation 

of the actin cytoskeleton3. Microvesicle that 

shed from the plasma membrane contain lipid 

rafts that are formed at the plasma 

membrane and that in addition to certain 

lipids also contain specific membrane 

proteins, such as membrane-associated 

receptors. The formation of such lipid rafts 

may contribute to microvesicle shedding46. 

The amount of secreted microvesicles 

depends on several factors such as: activation 

status of the cell, hypoxia/irradiation, 

oxidative injury, shear stress exposure and 

exposure to activated components of the 

complement system47, 48.  

Microvesicles have different alternative 

names. For example, microparticles are 

microvesicles secreted by activated blood 

platelets49. Microparticles exert differential 

functions in blood, such as, assembling of 
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clotting factors due to the high concentration 

of phosphatidylserine on the membrane50. 

Defects in the secretion of microparticles are 

related to clotting or coagulation disorders 

such as Scott syndrome, Glanzmann’s 

thromboastenia and Castaman’s defect50,51. 

Microparticles in high concentration can also 

function as a chemoattractant for monocytes, 

natural killer (NK) cells, T-lymphocytes and B-

lymphocytes to damaged tissue sites52. 

Argosomes are microvesicles derived from the 

basolateral membrane of epithelial cells, and 

contain morphogens that are essential for the 

creation of morphogen gradient needed for 

proper tissue development53. Ectosomes are 

microvesicles originated from human 

polymorphonuclear leukocytes4, of which the 

function is still unknown. Besides the above 

described effect of microvesicles on the 

immune system, coagulation and tissue 

development, microparticles and 

microvesicles derived from tumor cells are 

also important for tumor growth and 

metastasis, which will be described later in 

the thesis. 

 

Inhibition of microvesicle secretion can lead 

to better understanding of the role of 

microvesicles in vivo. Currently, formation of 

microvesicles can be inhibited in four 

different manners. At first administration of 

calcium blockers can result in inhibition of 

microvesicle secretion, since microvesicle 

shedding is dependent on an increased 

calcium concentration54. Secondly lipid raft 

formation inhibitors like statins and polyene 

antibiotics can inhibit or reduce the formation 

of lipid rafts and thereby the secretion of 

microvesicles55. Thirdly,  microvesicles display 

phosphatidylserine on their membrane, which 

binds to annexin-V. Adsorption columns that 

contain annexin-V matrix could therefore 

mediate depletion of microvesicles from 

blood56. Finally administration of a CD41 

antagonist (abciximab) can inhibit or reduce 

microparticle secretion57, since research 

showed that the adhesion molecule CD41 is 

involved in microparticle secretion from 

activated platelets52, 58.   

Interaction of extracellular vesicles with 

the target cell 

Extracellular vesicles can deliver their content 

and membrane components to their target 

cells in at least three different manners 

(Figure 2):  

1. Extracellular vesicles attach to the 

target cell by adhesion molecules and 

receptors present on their membrane. 

This may induce signaling cascades 

within the target cell59, 60.  

2. Extracellular vesicles can fuse directly 

with the plasma membrane of the 

target cell, and release their content61. 

DC-derived exosomes have shown to 

be able to release their content 

directly upon fusion with the plasma 

membrane of the recipient cell62.  

3. Extracellular vesicles can be 

incorporated by the target cell via 

endocytosis. The content of the 

extracellular vesicle is then released 

into the cytoplasm upon fusion of the 

exosome with the endosomal 

delimiting membrane28, 63. 

 

Extracellular vesicles express several adhesion 

molecules on their membrane, by which they 

can bind to the receptors and ligands on the 

plasma membrane of the target cell. DC-

derived exosomes express intercellular 

adhesion molecule 1 (ICAM1) on their  
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Figuur 2: Mechanisms of cell-cell communication mediated by extracellular vesicles. Extracellular vesicles adhere to 

the recipient cell via adhesion molecules and receptors present on the membrane, such as intercellular adhesion 

molecule 1 (ICAM1) on the exosomal membrane that can adhere to lymphocyte function-associated antigen 1 (LFA1) on 

the plasma membrane of the recipient cell. Besides the adhesion molecule ICAM1 on the exosomal membrane, 

extracellular vesicles can also bind to the recipient cell via phosphatidylserine, which can bind to T cell immunoglobulin 

domain and mucin domain protein 1 (TIM1 or TIM4) present on recipient T lymphocytes (1). Extracellular vesicles can 

fuse directly with the plasma membrane of the recipient cell. Fusion of the extracellular vesicle membrane with the 

plasma membrane of the recipient cell results in the release of their content into the cytoplasma of the recipient cell 

and incorporation of membrane bound receptors in the plasma membrane (2). Extracellular vesicles can also be 

incorporated by the recipient cell via endocytosis. After the endocytosis, the extracellular vesicles can fuse with the 

membrane of the endosome, leading to release of the content of the extracellular vesicles in the cytoplasma of the 

recipient cell (3). 

 

membrane, by which they bind to lymphocyte 

function-associated antigen 1 (LFA1) on the 

plasma membrane of activated T-

lymphocytes64. Attachment of exosomes to 

the target cell can also be mediated by β1 and 

β2 integrins that have been found on the 

membrane of exosomes. β1 and β2 integrins 

bind to ICAM160 and fibronectin (extracellular 

matrix protein)65, which are present on the 

recipient cell. Activated lymphocytes and 

phagocytes express T cell immunoglobulin 

domain and mucin domain protein 1 (TIM1 

and TIM4) on their membrane which are 

described as phosphatidylserine binding 

molecules66. Indicating that target cells such 

as lymphocytes and phagocytes efficiently 

capture extracellular vesicles by the receptors 

and ligand expressed on their plasma 

membrane, that bind to the extracellular 

vesicles via the receptors and ligands present 

on the extracellular vesicle membrane67. After 

binding of the extracellular vesicle to the 



 

 
12 

recipient cell, via receptor mediated binding 

or incorporation of the extracellular vesicle by 

endocytosis, the content of the extracellular 

vesicle is released inside the cytoplasma of 

the target cell and exert their functions. 

Intracellular signaling cascades can be 

activated  by proteins that originated from 

the extracellular vesicles leading to activation 

of transcription factors and signaling 

molecules. Extracellular vesicular miRNAs can 

down-regulate already activated signaling 

pathways and thereby influence the intrinsic 

signaling cascades. For cancer it is known that 

downregulation of miRNAs can result in 

tumorigenesis, tumor progression and 

metastasis68, and some research groups 

hypothesized that surrounding cells 

compensate the downregulated miRNAs 

during the tumorigenesis, by secreting 

extracellular vesicles containing these 

downregulated miRNAs37.  

Isolation and purification of extracellular 

vesicles 

Different protocols are currently used for the 

isolation of exosomes and microvesicles. 

Many of these isolation protocols lead to 

contaminated exosomal and microvesicle 

fractions that are used for protein and RNA 

determinations, finally leading to confusing 

and contradicting results69. At present four 

different principles are used to isolate 

exosomes from body fluids and cell culture 

medium. Of these four, differential 

ultracentrifugation is the most often used 

method. At first whole cells and cell debris are 

removed using a low force centrifugation at 

500-2000 x g. A high force centrifugation step 

at 100.000 x g is used to sediment the 

exosomes. The centrifugation step at a low 

force can also be replaced by filtration (0.1 

µm or 0.22 µm pore sizes) or by including a 

centrifugation step at an intermediate force 

(60.000 x g) to remove microvesicles that are 

larger in size as exosomes70. Isolation of 

exosomes from body fluids requires an extra 

dilution step which reduces the viscosity of 

the sample, and an increase in centrifugation 

time and force71. One other way to isolate 

exosomes is by buoyant density-based 

separation, for example by centrifugation into 

linear sucrose gradients. Exosomes have an 

equilibrium density of 1.13-1.19 g/mL72. Both 

these methods have drawbacks. Differential 

ultracentrifugation results in contamination of 

the exosomal sample with protein aggregates 

that co-sediment with the exosomes, leading 

to conflicting results in the exosomal protein 

identification using mass spectrometry (MS)73. 

The contamination of protein aggregates can 

be resolved by complementing the procedure 

with floatation of vesicles from pelleted 

material into a linear sucrose gradient. A 

thirdly described method is using an iodixanol 

6-18% gradient that efficiently removes 

contaminating retroviruses from the 

exosomal fraction74. Finally, exosomes can be 

isolated by immunoadsorbtion. For example, 

tumor-derived exosomes that display EpCAM 

on the membrane can be isolated using 

immunoisolation with anti-EpCAM antibodies 

attached to magnetic beads. The tumor-

derived exosomes in the sample bind to the 

anti-EpCAM antibodies in the column, 

resulting in a more pure exosomal fraction 

compared to exosomal fractions isolated 

following ultracentrifugation and density-

based separation69. This method can 

therefore be used to specifically isolate 

tumor-derived exosomes, without co-isolation 

of nontumor-derived exosomes. After these 

isolation protocol the isolated fraction is 
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checked for exosomal size (50-100nm), which 

can be measured using transmission electron 

microscopy (TEM)75. Western blot and MS are 

often used to determine the presence of 

exosome proteins, e.g.  CD9, CD63, CD81, 

LAMP1 and TSG10176.  

 

Microvesicles from body fluids such as blood 

are often larger than exosomes, and require 

different isolation procedures. For example, a 

centrifugation step at 160 x g, may be 

followed by two centrifugation steps at 4000 

x g, to remove irrelevant material. The 

collected plasma is then filtered through a 

filter with a pore size of 0.1µm. Exosomes and 

proteins freely pass the filter while the 

microvesicles that are larger than 0.1µm in 

size are retained. Microvesicles can then be 

collected with a final centrifugation step at 

25.000 x g, by which the exosomes are 

sedimented and the microvesicles remain in 

the supernatant77.     

 

Several reports have addressed the concern 

for pre-analytical variables especially for the 

use of microvesicles isolated from blood. It 

has already been shown that microvesicles 

may be released from platelets and 

erythrocytes during storage, in a time and 

temperature dependent manner78. This 

indicates that platelets and erythrocytes are 

very sensitive to environmental factors 

leading to variable results79. Exosomes on the 

other hand seem less sensitive to pre-

analytical variables. Except for isolation of 

exosomes from urine fractions, where the 

exosomes are entrapped by the polymeric 

Tamm-Horsfall protein, leading to a loss of 

exosomes80. Mitchell et al81, also reported a 

high variation in both quantity and quality of 

exosomes isolated from urine, even though 

every sample was immediately handled after 

collection. Taken together a generalized 

protocols to isolate exosomes or 

microvesicles would reduce conflicting and 

confusing results between studies. This is of 

great importance for the implication of 

extracellular vesicles as diagnostic parameter 

in the clinic79.    

Function of extracellular vesicles in 

cancer 

Several roles of tumor-derived extracellular 

vesicles have been described in the literature. 

Both anti-tumor effects as pro-tumor effects 

are described, which are most likely 

dependent on the content of the extracellular 

vesicles.  

 

Currently it has been described that 

extracellular vesicles can exert anti-tumor 

effects by induction of the immune system 

and induction of tumor cell apoptosis82. 

Tumor-derived exosomes display an increased 

expression of Bax and a decreased expression 

of Bcl-2, which leads to the activation of the 

mitochondrial apoptosis pathway in tumor 

cells. Induction of PTEN and GSK-3β 

expression and decreased expression of 

pyruvate dehydrogenase is also initiated by 

tumor-derived exosomes, which will drive the 

tumor cells to apoptosis7. Tumor-derived 

exosomes decrease Notch-1 expression, 

which will inhibit the Notch survival pathway 

and will therefore activate apoptosis 

pathways83. On the other hand, induction of 

the immune system by tumor-derived 

exosomes is exerted at different manners. At 

first, exosomes derived from DCs display 

tumor antigens that induce tumor specific 

CD8+ T-lymphocytes84. Secondly heat-shocked 

tumors release exosomes with increased 
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levels of MHC I and co-stimulatory molecules. 

that may induce anti-tumor T-lymphocyte 

immunity85. Other reports have shown that 

exosomes derived from heat-shocked tumors 

contain high levels of heat-shock protein 70 

(Hsp70). Hsp70 enhances the Th1 polarized 

immune response independent of MHC and 

co-stimulatory molecules86. Tumor-derived 

exosomes that are engineered with a high 

concentrations of Hsp70 have been shown to 

stimulate the Th1 and the cytotoxic T-

lymphocyte (CTL) anti-tumor immunity even 

more potently than exosomes derived from 

heat-shocked tumors87. DC and T-lymphocyte 

attraction and activation is also driven by 

chemokines released from exosomes 

originating from heat-shock tumors88.  

 

Besides these anti-tumor effects of tumor-

derived extracellular vesicles, tumor-derived 

vesicles may also exert immunosuppressive 

properties as the induction of tumor 

invasiveness and metastasis via angiogenesis 

and the modulation of stromal cells. Tumor-

derived microvesicles exert their 

immunosuppressive properties by the 

expression of FasL and TRAIL molecules on 

the membrane of the microvesicles, which 

induces the apoptosis of T-lymphocytes89,90. 

Tumor-derived extracellular vesicles down-

modulate the expression of the CD3-ζ-chain, 

which impairs T-cell receptor (TCR) signaling 

and therefore downregulates the activity of 

effector T-cells91. Besides the effects of 

tumor-derived extracellular vesicles on T-

lymphoctyes, tumor-derived exosomes can 

also suppress the function of NK cells92, and 

modulate the differentiation and function of 

myeloid cells. Tumor-derived microvesicles 

induce monocyte differentiation from DCs to 

myeloid-derived suppressor cells (MDSCs). 

Thereby the tumor-derived exosomes induce 

TGF-β1 expression that results in suppression 

of T cell activity93. MDSCs express 

prostaglandin E2 in combination with TGF-β1, 

which promotes tumor growth94. On the other 

hand, tumor-derived exosomes also stimulate 

the function of regulatory T cells (Tregs) in 

multiple ways. Tregs are T-lymphocytes that 

suppress pro-inflammatory responses e.g. in 

cancer rejection. Tumor-derived microvesicles 

support the function of Tregs and enhance 

resistance of Tregs to apoptosis via TGF-β and 

IL-1095. It is also observed that tumor-derived 

exosomes increase the numbers of tumor 

specific Tregs96. Besides the effects of tumor-

derived exosomes on the immune system, 

tumor-derived exosomes also enhance tumor 

invasiveness and metastasis, by modulation of 

the function of stromal cells, induction of 

angiogenesis, remodeling of extracellular 

matrix and the creation of a premetastatic 

niche82. The function of stromal cells is 

modulated by the expression of TGF-β on the 

exosomal membrane. TGF-β induces the 

differentiation of fibroblasts into 

myofibroblasts, which results in altered 

stroma, tumor growth, vascularization and 

metastasis of the tumor97. Tumor-derived 

exosomes contain matrix metalloproteinases 

(MMPs) that degrade the extracellular matrix 

leading to invasion of the tumor into the 

stroma98. The expression of CD44 by tumor-

derived exosomes leads to the formation of a 

more soluble matrix99. This soluble matrix can 

serve as a reservoir that contains growth 

factors, chemokines and proteases needed for 

tumor embedding and tumor growth100. 

Tumor-derived exosomes contain proteins 

that induce angiogenesis. Tspan8, an 

exosomal protein was found to be selectively 

incorporate CD106 and CD49d into the tumor-
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Figure 3: Functions of extracellular vesicles in cancer. Extracellular vesicles exert both pro-tumor effects as anti-tumor effects. Extracellular vesicles induce pro-tumor 

effects by immunosuppression and the induction of tumor invasiveness and metastasis in several ways. Anti-tumor effects are induced by extracellular vesicles by 

activation of the anti-tumor immune response and the induction of apoptosis in tumor cells.  



 

 
16 

derived exosomes. CD106 and CD49d are 

associated with the binding and 

internalization of exosomes by endothelial 

cells, increasing the metastatic properties of 

the tumor. Tspan8 also increases the 

secretion of MMPs and urokinase-type 

plasminogen activator (uPA). Increased levels 

of MMPs and uPA lead to an increased 

expression of vascular endothelial growth 

factor (VEGF) in fibroblasts, the endothelial 

growth factor receptor (EGFR) and Tspan1 in 

the sprouting endothelium, thereby inducing 

vascular growth101,102. Tumor-derived 

exosomes contain the Notch ligand Delta-like 

4 (DII4). DII4 inhibits Notch signaling which 

induces in a switch from endothelial cells to 

tip cells, resulting in a higher vessel density 

and more vessel branches102. Tumor-derived 

microvesicles are able to induce fibroblast 

activation via the upregulation of extracellular 

signal-regulated kinase phosphorylation and 

MMP-9. Activation of fibroblasts leads to an 

increased release of fibroblast-derived 

microvesicles, which in turn leads to an 

increased migration of metastatic tumor cells 

through the interaction of CX3CL and 

fractalkine ligands that bind to CX3CR1103.  

 

MRNA and miRNA that originate from tumor-

derived exosomes have effects on the 

microenvironment of the tumor104. The 

transport of these mRNAs and miRNAs from 

metastatic tumor cells to benign tumor cells 

can induce growth and proliferation of the 

benign tumor cells, as seen in exosomes 

containing miRNA derived from glioblastoma 

cells105. The let-7 miRNA family was found in 

metastatic gastric tumor cells that target 

oncogenes such as RAS and HMGA2, genes 

that normally exert a tumorsuppressive role. 

The take-up of let-7 by recipient cells of the 

metastatic gastric tumor cell derived 

exosomes leads to the suppression of RAS and 

HMGA2, therefore inducing metastasis in the 

recipient cells106. Tumor-derived exosomes 

also contain apoptosis inhibiting factors such 

as surviving. Transfer of surviving from one 

tumor cell to the neighboring tumor cells will 

lead to inhibition of apoptosis in these cells107, 

108. The reports that showed that tumor-

derived extracellular vesicles display several 

pro- and anti-tumor effects, have led to 

increased interest in the clinical relevance of 

tumor-derived extracellular vesicles in cancer 

as both therapeutic agent and as diagnostic 

parameter.   

Extracellular vesicles as biomarker in 

several diseases 

As the content and amount of extracellular 

vesicles secreted is closely related to the cell 

of origin and displays disease-specific 

information, extracellular vesicles could 

become potent diagnostic biomarkers, both 

for early determination of disease as well as 

for monitoring drug responsiveness. The easy 

accessibility of extracellular vesicles in body 

fluids can only increase their potential as 

biomarker compared to biopsies, that are 

currently used for diagnosis of disease. This 

thesis will summarize the increasing number 

of papers published that discuss the 

extracellular vesicle amount and/or content 

are disease specific and can therefore be used 

for diagnostics.   

 

Extracellular vesicles as biomarker in cancer 

Biomarker potential of extracellular vesicles 

has gained increased interest by many 

researchers. The high mortality rates in 

cancer increased the interest in biomarkers 

that can achieve early diagnosis and a reliable 
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discrimination between benign and 

metastatic cancers. In most cancer types 

currently used biomarkers lack specificity, 

which leads to unnecessary biopsies and 

treatment. Prostate cancer (PCa) is one of the 

few cancers with a clinically used biomarker. 

Prostate-specific antigen (PSA) is used for 

both diagnosis of PCa and the follow-up after 

treatment. At this moment PSA is the golden 

standard for the detection of PCa109. 

Unfortunately there are some downsides to 

PSA as biomarker. The sensitivity of PSA 

detection is acceptable, but the specificity is 

not sufficient to discriminate between a 

benign prostate disease and an aggressive 

PCa or indolent PCa, which can result in 

unnecessary biopsies and an insufficient 

treatment. Therefore the need increases for 

new biomarker detection of PCa110. Current 

biomarker research focussed mainly on 

urinary exosomes or prostasomes in 

seminal/prostatic fluid or cultured cells111. 

Prostasomes are extracellular vesicles 

secreted by the prostate gland in semen. 

Exosomes and prostasomes share many 

features. The mean diameter of prostasomes 

is 150 nm and the mean diameter of 

exosomes is 100 nm112. The protein content of 

prostasomes is comparable to the content of 

exosomes derived from PCa cell lines21. The 

best known function of prostasomes is their 

positive effect on the motility of 

spermatozoa113. It is also suggested that 

prostasomes protect the spermatozoa from 

the phagocytes of the immune system of the 

female21. It is most likely that prostasomes are 

exosomes that originate from prostate 

tissue111. Two studies have recently shown 

that the prostasome level in blood plasma 

was increases in patients with prostate cancer 

compared to control. Prostasome levels of 

prostate cancer patients correlated with a 

Gleason score of 7 or higher, while the 

prostasome levels of healthy controls was 

correlated with a Gleason score of 6 or lower, 

suggesting that prostasome level in blood 

plasma can be used as a biomarker in early 

diagnosis of prostate cancer114,115. Proteomic 

studies on the prostasome content, revealed 

the presence of proteins involved in cancer 

progression, such as: Akt, caveolin-1, pyruvate 

kinase M2, poly(A)-binding protein 1 and 

programmed cell death 6 interacting protein. 

These proteins act on angiogenesis and 

increase the vasculature nearby the tumor116. 

The content of exosomes isolated from 

patient samples were studied for their 

biomarker potential. Mitchell et al81. studied 

exosome quantity, presence of prostate 

tumor markers, PSA and prostate-specific 

membrane antigen (PSMA) and tumor-

associated marker 5T4 in urine samples of 10 

PCa patients and 10 healthy controls that 

underwent hormonal therapy preceding 

radical radiotherapy. The quantity and the 

quality of the exosomes present in urine was 

highly variable, and showed no differences 

between PCa patients and healthy controls. 

PSA and PSMA were detected in the majority 

of the urinary exosomes of PCa patients and 

not in the urinary exosomes of healthy 

controls. Only one patient showed a 

treatment related decrease in the prostate 

markers. Nilson et al20, showed that 

previously discovered PCa biomarkers, PCA-3 

and TMPRSS2:ERG were detectable in tumor-

derived exosomes isolated from urine. These 

potential biomarkers could give an indication 

of the androgen deprivation therapy 

response, where low biomarker expression 

indicates tumor reduction.  
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Several studies have addressed the diagnostic 

potential of exosomes found in serum and 

urine of non-small lung cancer (NSCLC) 

patients117. One study revealed that the 

miRNA content in circulating exosomes is the 

similar with the miRNA pattern of the lung 

tumor, indicating that the circulating 

exosomes isolated were indeed lung tumor-

derived. Also the amount of circulating 

exosomes was higher in lung cancer patients 

compared to healthy controls, however there 

was no correlation between the amount of 

circulating exosomes and cancer stage118. Li et 

al119. performed proteomics on urinary 

exosomes from NSCLC patients and compared 

this to urinary exosomes of healthy controls. 

A total of 18 proteins were identified in the 

urinary exosomal fraction. Leucine-rich α-2-

glycoprotein (LRG1) was expressed at a higher 

level in urinary exosomes of NSCLC patients 

compared to healthy controls. LRG1 was also 

highly expressed in the tumor tissue by 65% 

of the NSCLC patients, indicating that high 

levels of LRG1 found in urinary exosomes may 

be derived from the lung tumor. Welton et 

al120, studied the exosomal content of a cell 

line that represents a transitional bladder cell 

carcinoma. They identified 353 proteins in the 

exosomal content, of which 72 that were not 

described in previous exosomal proteomics 

studies. Some of these proteins were 

positively identified in exosomes isolated 

from a bladder cancer patient120, indicating 

that these proteins are indeed bladder cancer 

specific. Rupp et al121. found that CD24 and 

EpCAM were present on exosomes derived 

from ascites of ovarian cancer patients. 

Serum derived exosomes of breast cancer 

patients only displayed CD24 expression, 

while EpCAM is cleaved from the exosomes 

by MMPs in the serum. This indicates that 

exosomal CD24 could be a potential serum 

biomarker indicating both breast cancer as 

ovarian cancer. Taylor et al122. studied the 

expression of 8 miRNAs (miRNA-21, miRNA-

141, miRNA-200a, miRNA-200c, miRNA-203, 

miRNA-205 and miRNA-214) in serum- and 

cellular-derived exosomes of patient with 

benign ovarian cancer and several other 

stages of ovarian cancer. The expression of 

these eight miRNAs in exosomes isolated 

from serum and ovarian cancer cells were 

similar, indicating that the circulating 

exosomes originated from the tumor tissue. 

The expression of the miRNAs between the 

patients with benign ovarian cancer was 

significantly different from the patients with 

various other stages of ovarian cancer. The 

studied miRNAs were undetectable in healthy 

controls, indicating that the expression profile 

of these miRNAs combined can discriminate 

between benign ovarian cancer and other 

more severe stages of ovarian cancers. 

Logozzi et al123. designed an in-house 

sandwich ELISA (Exotest) which captures 

tumor derived exosomes in plasma based on 

the expression of tumor-associated marker, 

caveolin-1 and the housekeeping proteins 

CD63 and Rab5b, with a sensitivity of 68%. 

The Exotest was tested on exosomes in 

plasma of melanoma patients and controls. 

Expression of caveolin-1 was significantly 

increased in melanoma patients compared 

with the controls. Also the caveolin-1 

expression was significantly lower in 

melanoma patients receiving chemotherapy 

compared to melanoma patients without 

chemotherapy. This indicates that Exotest is 

capable of both diagnosis of melanoma as the 

effectiveness of chemotherapy. In contrast to 

all these promising results, Skog et al105 

revealed that only 7 of the 25 patients studied 



 

 
19 

expressed tumor-specific EGFRvIII in serum 

exosomes of patients with glioblastoma.  

 

Extracellular vesicles as biomarker for renal 

disease 

Besides the potential of extracellular vesicles 

as biomarker in cancer, other researchers 

have investigated the potential of 

extracellular vesicles as diagnostic parameter  

in renal disease. Extracellular vesicles that are 

secreted in urine are mainly derived from the 

kidneys. Therefore many research is 

performed at extracellular vesicles of patients 

suffering from various renal diseases.  

 

Only 3% of the total amount of protein in 

urine is derived from exosomes124. Therefore 

isolating exosomes from urine fractions 

results in increased sensitivity and more 

precise protein determination. Zhou et al125. 

identified fetuin-A as exosomal protein that 

was increased in patients suffering from acute 

kidney injury (AKI) compared to healthy 

controls, suggesting fetuin-A as a potential 

biomarker for AKI. They also discovered the 

presence of two transcription factors, 

activating transcription factor 3 (ATF3) and 

Wilms Tumor 1 (WT-1) in urine from patients 

with AKI and focal segmental 

glomerulosclerosis (FSGS). ATF3 was detected 

0-24 hours after ischemia/reperfusion (I/R) 

injury, and prior to the elevation of serum 

creatinine level, indicating that ATF3 could be 

used for early detection of AKI.  WT-1 is a 

marker for podocyte injury indicating the 

onset of FSGS. Urinary exosomal WT-1 was 

detected prior to proteinuria and histological 

glomerular damage. WT-1 was tested as 

biomarker in patients with childhood 

idiopathic nephrotic syndrome (NS) predicting 

steroid responsiveness or renal pathological 

conditions. Unfortunately WT-1 was only 

detected in some patients suffering of NS, and 

therefore WT-1 seems unsuitable as 

diagnostic parameter detecting renal 

pathological conditions or steroid 

responsiveness in patients with childhood 

NS126. These results suggest that WT-1 could 

only be used for podocyte injury detection in 

patients with FSGS but not for childhood NS.  

Sonoda et al127. studied changed exosomal 

expression of aquaporin-1 (AQP1) after renal 

allograft transplantation in one recipient, and 

the expression of AQP1 in rats after I/R injury. 

AQP1 levels were decreased as early as 48 

hours after allograft transplantation. In rats 

the AQP1 expression was already decreased 6 

hours after I/R injury, and remained low until 

96 hours after I/R injury, suggesting potential 

of AQP1 as diagnostic parameter for I/R 

injury. Additional studies with larger patient 

numbers will be needed to evaluate AQP1 as 

a potential biomarker predicting AKI 

development after I/R injury.  

 

Extracellular vesicles as biomarker for 

neurodegenerative disease 

Early detection of neurodegenerative diseases 

is difficult. Visualization techniques are 

currently the most often used methods for 

diagnostics purposes in neurodegenerative 

diseases such as Alzheimer’s disease (AD) and 

Parkinson’s disease (PD)128. Unfortunately 

PET-scans and other visualization techniques 

are expensive. Therefore low-cost and better 

applicable diagnostic parameters are well 

studied. Currently the importance of 

exosomes in the development of several 

neurodegenerative diseases is studied, and 

some reports showed promising results for 

exosomes as diagnostic parameter for 

neurodegenerative disease.    
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AD is the most common form of dementia in 

human129. AD is caused by extracellular 

deposition of the amyloid β-peptide (Aβ) and 

aggregation of hyperphosphorylated tau 

protein inside the cytoplasma of neurons. The 

majority of familial AD is caused by mutations 

in the presenilin (PS) genes. Mutations in the 

PS genes cause an increased production of Aβ 

peptides, that are derived from the amyloid-β 

precursor protein (APP)130. Multiple studies 

investigated the role of exosomes in the 

pathology of AD. One study showed that over-

expression of mutated PS genes results in 

reduced levels of cystatin C (which has a 

neuroprotective role in AD) and a modulation 

of APP metabolites in exosomes131. A previous 

study already revealed that low serum 

cystatin C levels can predict development of 

AD in humans without dementia132. Both 

studies indicate that cystatin C level 

measured in circulating exosomes could 

become a potential biomarker in early 

discovery of AD. Saman et al26, showed that 

tau secretion can occur in an exosome 

dependent manner. The major component of 

tau measured in CSF, is exosomal secreted 

tau. This indicates that tau secretion via 

exosomes plays an important role in the 

abnormal tau processing in neurons and is 

therefore important in the development of 

AD. Increased exosomal tau expression in CSF 

of early AD patients can become a biomarker 

indicating AD development in elderly people.    

 

PD is a neurodegenerative disease 

characterized by the loss of dopaminergic 

neurons in the substantia nigra pars compacta 

and the presence of Lewy bodies (LB). LB are 

inclusions that contain high levels of alpha-

synuclein, present inside the cytoplasma of 

neurons due to dysfunction of the 

lysosome133. Aggregation of alpha-synuclein in 

neurons plays an important role in the 

pathology of PD. It was recently reported that 

alpha-synuclein secretion was associated with 

exosomes, implicating a role in the spread of 

alpha-synuclein by exosomes134. Alvarez-Erviti 

et al135. showed that cells that overexpressed 

alpha-synuclein secrete alpha-synuclein via 

exosomes. When lysosomal inhibition was 

induced in alpha-synuclein producing cells, 

both the amount of alpha-synuclein in the 

cytosol as in the exosome was increased, 

indicating that alpha-synuclein detection in 

exosomes isolated from CSF could predict PD. 

Unfortunately no definite evidence of alpha-

synuclein aggregates in the cytosol was 

observed, indicating that other processes 

besides exosomal deposition of alpha-

synuclein contribute to PD development. 

 

Recent research revealed the importance of 

exosomes in the transmission of infectious 

agents such as prions. Prions induce the 

neurodegenerative disease Creutzfeldt-Jakob 

disease in human or bovine spongiform 

encephalopathy in cattle136. Prion diseases are 

induced by conversion of the host-encoded 

prion protein (PrPC) into an abnormal isoform 

of the of this prion protein (PrPSe). Vella et 

al137, revealed that both PrPC as PrPSe are 

spread by exosomes derived from both 

peripheral and neuronal cells. Exosomes 

containing PrPC and PrPSe are capable of 

inducing prion disease when injected into 

healthy mice. Therefore it can be concluded 

that exosomes play a key role in the prion 

spread.  
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Extracellular vesicles as potential 

therapeutic agent 

Extracellular vesicles display both 

immunosuppressive and immunogenic 

properties in cancer. Both experimental 

therapies focusing on the immune activating 

properties of extracellular vesicles as studies 

that target extracellular vesicles due to their 

immunosuppressive properties have been 

performed.  

 

Of DC-derived exosomes is described that 

they activate tumor-specific CD8+ T-

lymphoctyes in vitro. Therefore many 

researchers exploited the possibility of 

exosomes derived from DCs (Dex) as vaccine 

for immunotherapy in the last decade138. DCs 

have a high immunogenic capacity as APC by 

priming naïve T-lymphocytes. Tumor antigens 

become immunogenic upon presentation to 

T-lymphocytes by DCs or Dex139. Dex remain 

stable for a long period and can be stored for 

12 months at -80°C providing multiple 

vaccines from one leukapheresis, which is an 

advantage compared to vaccination with 

DCs140.  

 

The first reports described the use of 

exosomes derived from immature DCs 

(imDex) as a cell-free vaccine that inhibited 

tumor growth in mice141. Unfortunately imDex 

cannot activate CD4+ and CD8+ T-lymphocytes, 

without the help of mature DCs. MHCs II 

present on imDex must be transferred to 

mature DCs, enabling the mature DCs to 

activate the naive CD4+ lymphocytes, 

resulting in differentiated effector T-

lymphocytes142-144. Biochemical composition of 

imDex showed that MHC molecules and 

tetraspanin family members (CD9, CD63, 

CD81 and CD82) were present in high 

quantitites, but costimulatory molecules like 

B7.2/CD86 and adhesion molecules like 

CD11b, CD11c, CD58 and ICAM-1/CD54 were 

expressed in low quantities on the surface of 

imDex145. CD83, B7.1/CD80 and CD40, 

proteins that are normally expressed by DCs 

were undetectable in imDex145. Two clinical 

trials in end-stage metastatic melanoma 

patients, and nonoperable NSCLC patients 

were performed using imDex. These clinical 

trials showed increased amounts and function 

of NK cells, indicating that imDex had a 

stimulating effect on the innate immune 

system. Unfortunately no response against 

tumor epitope spread was detected using 

MAGE3.A1 and MAGE3.DP04 peptide-specific 

T-lymphocytes146,147. Segura et al148,149, showed 

that exosomes derived from mature DCs 

(mDex) are capable of direct activation of T-

lymphocytes in contrast to imDex, caused by 

the enrichment of costimulatory molecules 

and adhesion molecules on the surface of 

mDex compared to imDex. Viaud et al140, 

showed that exosomes secreted from 

monocyte-derived DCs treated IFN-γ, called γ-

Dex expressed higher levels of costimulatory 

molecules and adhesion molecules like CD40, 

CD80, CD86 and ICAM-1 compared to imDex. 

Therefore γ-Dex, just as mDex can induce 

direct activation of T-lymphocytes. Currently 

γ-Dex are tested in phase II trials on NSCLC 

patients, by Viaud et al140.  

 

Besides the immune activating properties of 

exosomes derived from DCs, it has also been 

described that removal of tumor-derived 

exosomes from blood of cancer patients could 

improve the function of the anti-tumor 

immune response. Removal of tumor-derived 

exosomes could even inhibit metastasis, due 

to the immunosuppressive effects of tumor-
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derived exosomes82. A hollow-fiber cartridge 

(Hemopurifier) system is developed that  

selectively depletes circulating viruses from 

the blood circulation by lectin-based resin, 

which binds to the glycosylated viral particles 

on the surface of the virus150. Exosomes also 

display these glycosylated particles on their 

membrane, and are similar in size as viruses, 

suggesting that this system could also be used 

to deplete tumor-derived exosomes from the 

blood circulation of cancer patients. A 

reasonable concern is if the system is capable 

of distinguishing tumor-derived exosomes 

from nontumor-derived exosomes. Depletion 

of both tumor-derived exosomes and 

nontumor-derived exosomes could cause 

serious defects in normal cell-cell 

communication82. However this problem 

could be overcome by incorporation of anti-

EpCAM antibodies, as EpCAM is selectively 

expressed on tumor-derived exosomes.  

 

Angiogenisis can be initiated or inhibited 

using microvesicles derived from T-

lympocytes. Microvesicles derived from 

activated T-lymphocytes cell lines express the 

morphogen Sonic hedgehog (Shh) which 

promotes angiogenesis151,152, while 

microvesicles shed from apoptotic T-

lymphocytes cell lines lack expression of Shh 

and inhibit angiogenesis152. Therefore 

microvesicles containing Shh can be used in 

diseases such as atherosclerosis or after 

myocardial infarction to induce angiogenesis, 

while microvesicles lacking Shh can be used in 

patients with cancer, inhibiting angiogenesis 

and therefore tumor spread153.  

Conclusion 

Extracellular vesicles have great potential 

both as diagnostic biomarker and as 

therapeutic agent in several diseases. 

Extracellular vesicles have the advantage of 

easy accessibility over currently used 

diagnostic parameters such as biopsies. 

Extracellular vesicles used as therapeutic 

agent can be produced in cell cultures, and 

the content can be adjusted. Drawbacks in 

implementation of extracellular vesicles in the 

clinic as biomarker or therapeutic agent are a 

result of impure fraction used for biomarker 

studies. These impure extracellular fractions 

lead to conflicting and confusing results. 

Therefore a generalized extracellular vesicle 

isolation protocol should replace the various 

protocols that are currently used, leading to 

reliable comparisons between studies. When 

these technical problems are overcome the 

full potential of extracellular vesicles as 

biomarker and therapeutic agent can be 

exploited, and this will hopefully lead to 

implementation of extracellular vesicles in the 

clinic.   
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