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1. Abstract

Exosomes are extracellular vesicles participating in intercellular communication 
with a possible role in diagnosis or disease development of LUTD (lower urinary 
tract dysfunction). Currently, purity and yield of exosomes isolated by available 
isolation methods are not satisfying. Therefore, the aim of this thesis is to 
discover a urinary exosome isolation method which can result high yield with 
acceptable purity. The goal is to use this method to isolate urinary exosomes and 
identify the profile of miRNAs (micro RNA) in these exosomes and compare it 
with miRNA profile of total urine from the same person. Urine was collected from 
healthy men between 20-55 years old. Five isolation methods: (1) UC 
(ultracentrifugation), (2) PEG (Poly ethylene glycol), (3) Concentrator combined 
with SEC (size exclusion chromatography), (4) UC-SEC, (5) PEG-SEC were 
tested to isolate exosomes. The morphology, yield, heterogeneity, exosomal
proteins and miRNA cargo of exosomes was also characterized. Finally, UC-
SEC was selected to be the superior method.

4. Material and Methods

To normalize the procedure for the different isolation methods and their 
characterization a general approach was followed. The first morning midstream 
urine was taken to receive the highest amount of exosomes and to avoid 
prostate excretions and bacterial contamination. A total of 50ml urine was 
needed for each sample.

Prior to the isolation methods sequential centrifugation was used to purify the 
total urine from dead and alive cells at 200G, cell debris, bacteria and other 
proteins at 2’000G, and ectosomes at 16’000G. The G number and 
centrifugation times were verified by pretests prior to this thesis.

Every isolation method was repeated at least 3 times. The size and refractive 
indesx of the particles isolated were characterized with nano tracking analysis. 
SDS-page and western blot were done searching for exosome-specific proteins 
such as TSG101, CD81, CD9, CD63, Ago2 and Caveolin. The protein 
concentration was estimated and electron microsope (EM) pictures were taken.
All results of the isolates were compared to each other.

3. Aims/ Leading Question

As there is no gold standard for isolation of urinary exosomes the following aims 
were postulated for this thesis:

-To find an isolation method for urinary exosomes which produces reproducibly 
high yield and purity.

-To optimize the isolation method by investigating the effect of using 0.22µm 
filters, PI (proteaseinhibitor) and DTT (DL-dithiotreitol) treatment.

-To identify the miRNA profile from total urine and urinary exosomes

Following leading questions were formed to achieve the above mentioned aims:

Which of the following isolation methods returns the highest yield and purity?:
•SEC after centrifugal filters/concentrators
•UC
•Polymer based precipitation with PEG
•UC-SEC
•PEG-SEC

Can we improve the purity and yield of exosomes by using 0.22µm, PI and DTT 
treatment?

Which miRNAs are enriched in urinary exosomes, which in total urine?

2. Introduction

Exosomes are spherical extracellular vesicles with a diameter ranging from 30-
150nm. The content of exosomes varies depending on cell type and the 
pathological or phisiological events.[1] Exosomes can contain proteins from the 
cytosol, DNA, lipids, miRNA and mRNA (messenger RNA). [2]

The origin of the exosomes is the endosome of the cell. Endosome itself forms 
from invagination of cell membrane. This early endosome later undergoes some 
changes and turns into a multivesicular body (MVB). MVBs contain multiple 
intraluminal vesicles (ILVs) formed by inward budding of small domains of the 
endosome’s membrane. Those ILVs are released as exosomes once the MVB 
fuses into the plasma membrane during exocytosis. Afterwards, the released 
exosomes can either fade in the extracellular space releasing their content or 
enter a target cell with 5 different ways: by phagocytosis, clathrine mediated 
endocytosis, micropinocytosis, all combined with back fusion in the MVB or just 
simply by fusing with the plasma membrane. The MVB can also fuse with a 
lysosome instead of the plasma membrane resulting in digestion of the ILVs and 
their content. ILVs can also either fuse with each other, building bigger vesicles, 
or undergo back fusion by fusing with the membrane of the MVB and releasing 
their content back into the cytoplasm. [3]

Exosomes are used for intercellular communication and are important for almost 
all organs and tissues as they are able to activate or inhibit processes in a target 
cell. It is investigated that exosomes are crucial for the immune 
system/response, stimulation of coagulation, angiogenesis, thrombosis and 
neurological functions like myelination and integration of neurons and glia cells 
for synaptic function. Unfortunately, exosomes also seem to play a role in 
different diseases especially cancer. [3] As exosomes are used for 
communication and cargo delivery purposes of cells it is probable that exosomes 
have a major role in the disease development like spreading pathological signals 
to other healthy cells causing the cells to start pathologic processes. [4]

The Urology Research Group of the Department of Clinical Research of the 
university of Bern is investigating BOO (bladder outlet obstruction) induced 
LUTD due to BPH (benign prostatic hyperplasia). Prior to this thesis, the group 
was able to detect different miRNA and mRNA in bladder biopsies of male 
patients in different stages of the disease. The group hypothesized that there are 
several specific miRNAs and/or mRNAs enriched in urinary exosomes which 
could be used to develop a biomarker for diagnosis of BOO or to detect the 
actual stage of the disease from the patient.

5. Results

The UC method had the highest particle yield and protein concentration, but the
difference to the other methods was not significant. The protein conentration of
UC although, was significantly higher than in PEG-SEC. PEG-SEC showed the
lowest yield. Most particles found in UC and UC-SEC were in the size range of
exosomes. EM showed significantly more particles with UC and UC-SEC than
with other methods. Western blot showed bands with UC and UC-SEC methods
of marker TSG101, CD81 and CD9, the other methods showed no bands.

6. Discussion

SEC, PEG and PEG-SEC do not show any exosomal marker bands in the 
western blot and also significantly less visible particles in EM pictures. Those 
methods may potentially isolate particles but either these particles are not 
enough to reach the lower detection limit of the used characterization methods or 
these particles are not exosomes.

The UC method had the highest yield and the strongest bands in the western 
blot but the EM showed contamination with particles which were not exosomes. 
UC-SEC also showed positive bands in the western blot but showed less
particles. EM pictures from UC-SEC isolated exosomes showed mostly particles 
in size range of 50-200nm, less non-cup-shaped vesicles and less vesicle 
aggregations. This means exosomes produced by UC-SEC method have higher 
purity than UC. The protein estimation showed lower values than in the UC 
samples which verifies less protein impurities in the exosome fractions.

Altogether our data suggest UC-SEC as a method which can yield exosomes 
with relatively high purity and enough quantity to be detected by western blot. 
This purity however comes with the price of the yield, as we experience a decline 
in the number of vesicles during centrifugation and purification. Yet, UC is a 
better method if only the number of exosomes are desired and purity is not as 
required as the yield.
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Fig. 5.7 EM of exosomes isolated using UC-SEC
The three spherical particles on the top right of the right picture are possibly exosomes.


