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    Chapter 14   

 Analysis of Extracellular Vesicles in the Tumor 
Microenvironment                     

     Khalid     Al-Nedawi      and     Jolene     Read     

  Abstract 

   Extracellular vesicles (ECV) are membrane compartments shed from all types of cells in various physiological 
and pathological states. In recent years, ECV have gained an increasing interest from the scientifi c com-
munity for their role as an intercellular communicator that plays important roles in modifying the tumor 
microenvironment. Multiple techniques have been established to collect ECV from conditioned media of 
cell culture or physiological fl uids. The gold standard methodology is differential centrifugation. Although 
alternative techniques exist to collect ECV, these techniques have not proven suitable as a substitution for 
the ultracentrifugation procedure.  
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1      Introduction 

 Extracellular vesicles (ECV) are membrane compartments shed from 
all types of cells in a variety of physiological and pathological states 
[ 1 ,  2 ]. There are two main types of extracellular vesicles, namely 
microvesicles, and  exosomes  .  Microvesicles   are generated from the 
direct outward budding and vesiculation of the  plasma   membrane 
into the extracellular milieu [ 3 ]. Exosomes, on the other hand, are 
generated by invagination of the limiting membrane of a  multive-
sicular body (MVB)   to form  intraluminal vesicles (ILV)   [ 4 ]. Upon 
fusion of the MVB with the plasma membrane, ILV are released into 
the extracellular environment, where they are termed exosomes [ 4 ]. 
In general, microvesicles have average diameters of 200–1000 nm, 
whereas exosomes range from 50 to 200 nm. The molecular cargo 
of both classes of ECV comprises proteins, mRNAs [ 5 ], miRNAs 
[ 6 ], and even DNAs [ 7 ,  8 ]. In recent years, ECV have garnered 
much attention for their role in modulating the tumor microenvi-
ronment through their role as mediators of intercellular communi-
cation [ 9 – 12 ]. Furthermore, ECV have been shown to affect tumor 
growth by horizontal  transfer of oncogenic molecules or tumor 
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suppressor proteins among tumor cells and possibly stromal cells 
[ 13 ]. The transfer of such receptors to indolent cells via ECV con-
fers oncogenic and angiogenic phenotypes to target cells [ 9 ,  14 ]. In 
addition, ECV can transfer mRNA transcripts that can be translated 
into functional proteins in recipient cells [ 5 ], or miRNAs that can 
regulate translation of target proteins [ 6 ]. 

 Further to their role in the tumor microenvironment, ECV are 
considered a novel source for diagnostic and predictive biomarkers 
in bodily fl uids [15]. Circulating  ECV      in blood provide a simple, 
noninvasive platform to look for biomarkers of cancer and other 
pathologies. Herein, we describe optimal procedures for collection 
of ECV from cell culture,  serum  , or  plasma   samples. In addition, 
we also describe how to treat cells with ECV and study their effects 
on a variety of acceptor cells.  

2    Materials 

       1.    Cell lines. Almost all cell types produce ECV, including primary 
and immortalized cell lines; therefore ECV can be harvested 
from the conditioned medium of any cell line of interest.   

   2.    Cell medium. The type of medium and supplements added will 
be dependent on the cell line used.   

   3.    Tissue culture grade vented fl asks (e.g., 75 cm 2 ).   
   4.    Biosafety cabinet, pipet aids, etc. used for basic mammalian cell 

culture.   
   5.    Hemocytometer.      

       1.    Centrifuges. Refrigerated low speed centrifuge, refrigerated 
high-speed centrifuge, and ultracentrifuge with fi xed angle 
rotor.   

   2.     Centrifuge tubes  . 50 mL centrifuge tubes and appropriately 
sized ultracentrifuge tubes for rotor being used.   

   3.     Phosphate-buffered saline (PBS)  , pH 7.4.   
   4.    0.2 μm low-protein-binding fi lter.      

       1.    2× Protein Sample Buffer (65.8 mM Tris–HCl, pH 6.8, 26.3 % 
(w/v)  glycerol  , 2.1 % sodium dodecyl  sulfate  ).   

   2.    DC BioRad Protein Assay or CBQCA Protein Assay.   
   3.     Microplate reader  .   
   4.    Nanoparticle Tracking  Analysis   such as NanoSight LM10.      

       1.     Scanning electron microscope (SEM)  .   
   2.    0.1 M phosphate buffer, (pH 7.4).   
   3.    2.5 %  glutaraldehyde   in 0.1 M phosphate buffer.   

2.1  Cell Culture

2.2  Isolation of ECV

2.3  Quantifi cation 
of ECV Concentration

2.4  Purity 
Assessment of  ECV      
Preparation
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   4.    0.1 M cacodylate buffer (4.28 g  sodium cacodylate     , 25 g 
CaCl 2 , 2.5 mL 0.2 N hydrochloric  acid  , diluted to 200 mL 
with ultrapure water, pH 7.4).   

   5.    1 %  osmium tetraoxide  .      

       1.    Cell lines.   
   2.    Complete growth medium and serum-free growth medium 

(components will vary depending on the cell type employed).   
   3.    Tissue culture grade dishes (e.g., 100 mm 2 ).   
   4.    Biosafety cabinet, pipet aids, etc. used for basic mammalian cell 

culture.       

3    Methods 

       1.    Grow the mammalian cells using recommended cell culture 
protocol for the given cell type. Complete growth medium 
should contain suitable supplements and bovine  serum   (BS;  see  
 Note    1  ). Grow cells in an incubator with a fi xed temperature 
of 37 °C and 5 % CO 2 .   

   2.    Examine cells daily for growth estimation. For adherent cells, 
estimate the percentage of confl uence. For cells growing in 
suspension, mix the cell suspension well, remove 100 μL of the 
cell suspension, and estimate the cell number by hemocytom-
eter or  automated cell counter  .   

   3.    When cells reach 70 % confl uence (adherent cells) or approximately 
0.5 × 10 6  cells/mL (suspension cell lines), replace the growth 
medium with ECV-depleted growth medium ( see   Note    2  ).   

   4.    Grow cells for 24–48 h in the ECV-depleted  medium     . Then 
collect the conditioned medium in appropriately sized conical 
tubes and store on ice.      

    Samples should be kept on ice and all centrifugations should be done 
at 4 °C. The workfl ow of this procedure is summarized in Fig.  1 .

     1.    Cell debris and large vesicles are removed by passing condi-
tioned medium through a low protein-binding 0.2 μm fi lter. 
Centrifuge the fi ltrate at 300 ×  g  for 10 min, collecting the 
supernatant and discarding the pellet.   

   2.    Transfer the supernatant to a fresh  centrifuge tube   and centri-
fuge the sample at 12,000 ×  g  for 20 min to remove any remain-
ing cellular debris or large vesicles.   

   3.    Collect the supernatant and transfer sample to fresh ultracentri-
fuge tubes. Pellet ECV by centrifuging at 100,000 × g for 2 h in 
ultracentrifuge ( see   Note    3  ). Carefully remove supernatant, 

2.5  Analyzing 
Transport of ECV- 
Associated Proteins 
to Recipient Cells

3.1  Cell Culture

3.2  Isolation of ECV
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taking care not to disturb the pellet. Resuspend the pellet (ECV) 
in a limited volume (100–200 μL) of  phosphate-buffered saline 
(PBS)   or serum-free cell culture medium ( see   Note    4  ).   

   4.    Transfer ECV-suspension into a sterile  microfuge    tube  . Reserve 
a small aliquot of the sample to determine protein 
concentration.    

     There are different procedures to quantify  ECV     ; here we list the 
most popular ones.

    1.    Quantifi cation of Total Protein Concentration. Mix the ECV 
suspension by pipetting, and withdraw 20 μL for protein assay. 
Mix sample with an equal volume (i.e., 20 μL) of 2× protein 
sample buffer lacking  bromophenol blue  . Boil the mixture for 
5 min at 95 °C to lyse ECV. Protein concentration may be 
determined using a  colorimetric method   or a fl uorimetric 
method;  see   Note    5  .   

   2.     Nanoparticle Tracking Analysis (NTA)  . This is a light scatter-
ing technique that is useful for rapid assessment of ECV size 
and number ( see   Note    6  ). This procedure has been criticized 
for the lack of standardization, but generally provides accept-
able measurement of the size and number of ECV [16]. The 
potential causes of error related to size assessment include 
inaccurate measurement of temperature, incorrect assessment 
of viscosity and external vibration. The ECV concentration 

3.3  Quantifi cation 
of ECV Concentration

  Fig. 1    Collection of extracellular vesicles (ECV)       from cells’ conditioned media. Cells were grown in suitable 
growth media supplemented with ECV-depleted FBS. Conditioned media containing cell debris, apoptotic anti-
bodies, large vesicles, and microvesicles were collected and subjected to sequential centrifugation steps to 
collect ECV. First, conditioned media were subjected to 300 ×  g  centrifugation for 5 min to eliminate cell debris. 
Second, Supernatants from the fi rst step were subjected to 12,000 ×  g  centrifugation for 20 min in a high- 
speed refrigerated centrifuge to remove apoptotic antibodies and large vesicles. Third, the supernatants from 
the second step were collected and subjected to 100,000 ×  g  centrifugation for 2 h at 4 °C in an ultracentrifuge 
to pellet the ECV. The pelleted ECV were resuspended in 100–200 μL of cold PBS       
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assessment is dependent on factors such as camera, laser wave-
length, depth of  laser   beam, cleanliness/wear of the metallized 
glass optical fl at surface, duration of measurements, optical 
alignment, vibration, and operator profi ciency. Take the pre-
cautions necessary for the specifi c  NTA   instrument available 
for your laboratory to get sustainable results from the different 
measurements.    

     To assess the purity of ECV preparations, you will require continu-
ous access to a scanning or transmission electron microscope ( see  
 Note    7  ). To prepare ECV for  scanning electron microscopy 
(SEM)  , use the following procedure.  Immunoblotting   can also 
achieve assessment of ECV purity ( see   Note    8  ).

    1.    Collect ECV from conditioned media, blood  plasma  , or  serum   
using the multistep centrifugation procedure as described in 
Subheading  3.2 .   

   2.    Spread 50 μL of the ECV suspension on a cover slip.   
   3.    Fix with 2 %  glutaraldehyde   in 0.1 M  sodium cacodylate   buffer, 

pH 7.4.   
   4.    Rinse 2× in 0.1 M sodium cacodylate buffer, pH 7.4, then 

post- fi xed in 1 % osmium tetroxide in 0.1 M sodium cacodylate 
buffer for 1 h.   

   5.    Dehydrate the sample through a graded ethanol series ( 50  ,  70  , 
70,  95  , 95, 100 %), 10–15 min for each step.   

   6.    Expose the sample to critical point drying ( see   Note    9  ). Keep 
the samples immersed in 100 % EtOH, then place the samples 
in wire baskets and transfer to a precooled (18 °C) chamber of 
the critical point dryer (Ladd Research Industries, Williston, 
VT). Seal the chambers and fl ush several times with liquid 
CO 2 . Heat the CO 2  fi lled chamber to 39 °C and increase the 
pressure in the chamber to above 1100 psig to change CO 2  
from liquid phase to gaseous phase. The gas should then to be 
vented slowly from the chamber until atmospheric pressure is 
reached; in this stage, the samples were dehydrated without 
surface tension damage.   

   7.    Mount the  coverslips   onto  SEM   stubs with double-sided car-
bon tape and silver paste.   

   8.    Expose the samples to sputter-coating with gold. The coating 
is achieved by placing the stubs in the chamber of a Polaron 
Model E5100 sputter coater (Polaron Equipment Ltd., 
 Watford, Hertfordshire) and deposit approximately 20 nm of 
gold onto the stubs.   

   9.    Inspect the specimens with the SEM. Verify the size of  ECV      
under different magnifi cations to assess the homogeneity of your 
preparation. Take photographs for your reference ( see   Note    10  ).    

3.4  Purity 
Assessment of ECV 
Preparation
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     This protocol may be used to assess  in vitro   uptake of ECV by 
recipient cells. The functional outcome of ECV-treatment may be 
measured by western blotting, microscopy, cellular proliferation 
assays, or real-time  PCR  .

    1.    Grow recipient cells to 60 % confl uency in complete growth 
medium.   

   2.    Wash cells three times with sterile, warmed  PBS  . Replace 
medium with serum-free medium for 24 h.   

   3.    Add desired ECV concentration to fresh, pre-warmed serum- 
free medium ( see   Notes    11   and   12  ). Add directly to cell 
culture.   

   4.    Perform a time course to determine optimal incubation time. 
In our experience, 24 h post-treatment works well, although 
this will depend on the functional assays being used.    

4                   Notes 

     1.    The percentage of FBS is dependent on the cell type. The gen-
erally accepted percentage is 10 %, but some cells grow better in 
5 % (see the data sheet for the cell line) or perform a simple 
experiment to fi nd out the optimal concentration for your cells.   

   2.    FBS is known to contain ECV, which may affect the yield and 
purity of ECV harvested from the conditioned medium. Using 
sterile technique, centrifuge FBS at 100,000 ×  g  (ultracentri-
fuge) for 16 h to remove all ECV. Use the depleted FBS to 
supplement your media.   

   3.    Special precautions and training for the use of the ultracentri-
fuge are required, as any misuse of this equipment may result 
in personal injury or damage to this expensive machine.   

   4.    For maximum ECV-retrieval, resuspend the  ECV      pellet repeat-
edly in a small volume (i.e., 3 × 50 μL).   

   5.    The advantage of the latter assay includes a lower detection 
threshold and greater tolerance for high phospholipid 
concentrations.   

   6.    A ratio of protein content determined from a protein assay and 
particle number determined by Nanoparticle Tracking Analysis 
may be used as a straightforward protocol for determining 
ECV purity [17]. A ratio of 1 × 10 10  to 3 × 10 10  particles per μg 
protein has been proposed. This ratio helps provide informa-
tion on the amount of contaminating protein that is co- pelleted 
throughout the ECV isolation procedure.   

   7.    Preparations for scanning electron microscopy are easier and 
less time consuming than the transmission electron micros-
copy preparation.   

3.5  Uptake of ECV 
by Recipient Cells
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   8.    Purity of exosome preparations should be assessed using a 
panel of marker antibodies. Common marker proteins include 
CD9, CD63, CD81, Hsp70, Alix, TSG101, and Flotillin-1.   

   9.    This procedure helps to preserve ECV surface morphology 
better than air dehydration. In this procedure, the water 
within the specimen will be replaced with an exchange fl uid 
such as ethanol or acetone. The exchange fl uid then will be 
replaced with liquid CO 2 . The liquid CO 2  is then exposed to 
its critical point (31 °C and 74 bar) to be converted to the 
gaseous phase by decreasing the pressure at constant critical 
point temperature.   

   10.    Although this procedure seems to be time consuming, in fact 
it is not, and if you have access to a reasonably good EM facil-
ity, this is one of their daily procedures. You need to use this 
procedure at least once when you begin collecting the ECV 
from the given specimen to familiarize yourself with the mor-
phology and structure of  ECV     .   

   11.    We recommend performing a quantitative dose–response 
curve to determine the optimal working concentration for 
your system.   

   12.    It is important to use systematic negative controls to validate 
data obtained. For example, “mock ECVs” (e.g., culture 
medium that has not been conditioned by cells of interest) 
provide a baseline of background functional activity. ECVs 
from BS contain functional miRNAs and proteins that may 
impact measurements [18].         
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