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14. General Discussion and Summary 

14.1 Extracellular vesicles in human biofluids as source of biomarkers 

Extracellular vesicles (EVs) originating from all types of cells with a wide range of sizes were 

first described 50 years ago as “cell dust in human plasma” by Wolf et al.1, and suggested that 

EVs were mainly derived from circulating platelets. Later, others showed that also lymphocytes 

and endothelial cells bud EVs from their surface2. Currently, this field of research remains in a 

challenging phase including discussions on the mechanism of their formation, their content, 

release of the EVs for intercellular exchange of genetic information as part of intercellular 

signalling, and controlled release of waste products3. It is generally accepted that the content of 

EVs in healthy and diseased situations is different. Thus, different functions of EVs may depend 

on the type of disease, progression of that disease and a shift in the balance between EVs derived 

from healthy cells and those derived from diseased cells, as is the case in tumorigenesis. During 

carcinogenesis, cancer cells release high levels of EVs in their direct micro-environment and in 

the circulation to promote the hallmarks of cancer. The hallmarks of cancer have been mapped 

by Weinberg and Hanahan4;5. In search for an answer to the question why the battle to cure 

cancer frequently fails, they briefly mention a mechanism of cell-to-cell communication that had 

not yet been recognized. In this content, EVs are introduced as an additional hallmark of cancer. 

Unique to EVs is the fact that EVs support  other aspects of cancer such as angiogenesis, 

invasion, migration and immune evasion6-8. EVs support these hallmarks through their content of  

protein, RNA and DNA that is exchanged by uptake of EVs into target cells after trafficking 

within a tissue or via the systemic circulation9. On the basis of this understanding, EVs have 

been developed as antitumor vaccines in an attempted to reverse carcinogenesis10. However, the 

development of successful EV vaccines will require a better understanding of the biological 

function of EVs because we still lack  full understanding of EVs and their cargo. A recently 

discovered aspect of EVs is the use of the circulating cell-specific cargo in EVs as biomarkers 

for various diseases, such as glioma. The aim of all my studies has been use of EVs in human 

biofluids, such as plasma and cerebrospinal fluid (CSF) as a source of tumor-specific markers to 

diagnose cancer and monitor prognosis and effects of therapy. Not all human biofluids have been 

investigated thus far in relation to EVs. In this thesis we studied EVs in plasma, serum, and CSF 

in glioma, and for the first time the content of EVs in vitreous fluid obtained during 
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diagnostic/therapeutic vitrectomy. Therefore, the focus of this thesis is to highlight the role of 

EVs in human biofluids to develop non-invasive biomarkers for detection of cancer, such as 

glioma, and monitoring the prognosis and the effects of therapeutics.   

 

14.2 Glioma detection and management using extracellular vesicles 

Glioma is the prevalent type of primary brain tumor in humans with GBM being the most 

malignant and most common form (WHO Grade IV) with an average 5-year survival rate of  

!3%11. Currently, the most efficacious treatment includes maximally possible surgical resection 

of the tumor followed by intensive treatment with irradiation and chemotherapy, leading to a 

poor quality-of-life for the patients. Diagnosis of glioma is still a challenge and when diagnosed, 

treatment is ineffective to prevent or delay disease progression. Several characteristics of glioma 

are involved in the failure to treat gliomas such as onset of symptoms usually only in advanced 

disease, rapid progression of the tumor, migratory capacity of glioma cells to invade normal 

brain and the development recidive tumors leading to death within 1.5 years12.  

 

At present, clinicians rely on tumor biopsies and MRI images to detect, confirm and evaluate 

tumor recurrence. These methods have their limitations, for example, MRI abnormalities are 

hard to interpret as they may result from necrosis and/or effects of treatment, so that additional 

neurosurgical biopsies and neuropathologic evaluation is frequently required. Currently, 

biomarkers in serum or plasma or other minimally-invasive biomarkers for glioma are lacking. 

We have investigated EVs for this purpose as they may provide a biomarker to detect glioma and 

monitor disease status and effects of treatment.  

 

The rationale for this hypothesis originates from the remarkable ability of glioma cells to alter 

their environment to support cancer cell proliferation, invasive growth, immune evasion, 

chemoresistance and formation of new but abnormal blood vessels to supply the tumor with 

nutrition13-16. The EVs generated by cancer cells are found in different parts of the brain to 

facilitate these activities. Biofluids such as CSF and blood are the mediators by which EVs reach 

many of their target cells.  

The genetic profile of glioma can be used to detect tumor-specific EVs in biofluids. Genetic 

alterations in gliomas consist of changes in the genome such as mutations, deletions and 
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amplifications that are required to support gliomagenesis. Cancer cells can use EVs to transfer 

this altered genetic information to healthy cells to form new niches at some distance from the 

primary tumor or to initiate intercellular signaling cascades to provide the glioma with an 

environment that promotes cancer progression. One of the mutations that is specific for glioma is 

the EGFRvIII mutation and it occurs in 30% of glioma patients. Recent studies showed that 

EGFRvIII protein is transferred from tumor cells to endothelial cells via EVs to initiate 

angiogenesis17;18. We show here that EGFRvIII mRNA can be transferred from donor cells to 

recipient cells, where it initiates EGFRvIII-dependent cellular effects. We have also shown 

recently that IDH1/2 mutation that occurs in 70% of secondary GBMs can be detected at the 

mRNA level in CSF9. The presence of these mutations IDH1/2 and EGFRvIII in a sub-

population of gliomas opens the first window for the use of EVs as tumor-specific biomarker that 

is obtained noninvasively. In addition we show also that OPN mRNA and protein are elevated in 

glioma and studies by other show that elevated OPN protein in blood can serve as a prognostic 

marker of glioma. In this thesis the focus is on optimization of these fluids for EV isolation, the 

study of the biology of EVs and the understanding of their relation to tumors. Our approach was 

the following:  

 

In Chapter 1 the reader is briefly introduced to the evolving field of EVs and describes the 

rational of this thesis for development of biomarkers.  

 

In Chapter 2, the literature is reviewed with respect to what is known of EVs in relation to 

carcinogenesis. We postulate that EVs are a novel hallmark of cancer.  

 

In Chapter 3, issues are described that were discussed during the meeting of the International 

Society for Extracellular Vesicles (ISEV) in 2013 on the role of EVs in the central nervous 

system (CNS). It is clear that more studies are needed to increase our understanding of the role of 

EVs in the CNS and its diseases. So far, mainly glioma-related studies have been performed. 

However, we need to focus on the role of EVs in other CNS diseases, such as Parkinson’s 

disease and stroke as well. 
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In Chapter 4, the role of EVs in biofluids is discussed as sources of biomarkers for diseases of 

the CNS. The struggle that clinicians encounter when treating brain tumors is described and the 

ability of of EVs obtained from CSF and blood to detect gliomas non-invasively is discussed.  

 

Chapter 5, explores the activity of IDH1/2 mutation in glioma and describes the consequence of 

this mutation in survival of patients. We have found that when IDH1/2 is mutated the activity of 

these enzymes are reduced which might lead to increase survival observed in patients.  

 

Chapter 6, investigates the relevance of IDH1 activity in human healthy brain tissue and to our 

surprise we found that the IDH1/2 activity is high in the brain which contradict the finds of 

IDH1/2 enzyme in mice models. These data suggest that the brain uses IDH1/2 as main source to 

sustain NADPH production.  

 

Chapter 7, postulate that as IDH1/2 is main resource for NADPH production in human brain 

tissue, as consequence of mutation in the glioma patients this leads to lack of NADPH activity to 

reduce ROS activity within the tumor cell leading to increased sensitivity of tumor cells to 

irradiation and chemotherapy.  

 

Chapter 8, describes the newly possible biomarker for glioma OPN, which is elevated in in blood 

of gliom patients leading to poor survival. We show in our study that  OPN mRNA and protein is 

highly expressed in the human glioma tissues suggesting that GBM most malignant type of 

glioma have a elevated OPN expression compared to lower grades.   

 

In Chapter 9, we experimentally tested the clinical application of EVs in vitreal fluid. This study 

focused on how to optimize the purification of EVs from vitreal fluid, which previously had not 

been described. In addition, we investigated the content of these EVs with respect to mRNAs of 

four genes, GAPDH, CD63, EGFR and VEGF. GAPDH and CD63 are mainly used as markers 

for EVs from any cellular origin and for normalization, whereas EGFR is an interesting gene that 

is widely overexpressed in pathological situations, such as cancer. EGF action on EGFR 

promotes angiogenesis but anti-EGFR treatment in cancer has failed thus far suggesting that 

EGFR has more functions than promoting angiogenesis. In our study, EGFR expression was high 
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in more than 50% of the vitrectomy samples tested for this mRNA. Lastly, we investigated the 

presence of VEGF mRNA in human vitreous fluid and we showed of this mRNA in EVs in more 

than 60% of the specimens investigated. VEGF is frequently involved in eye diseases. Avastin is 

an anti-VEGF drug that was FDA approved for glioma, and currently it is used off label for 

treatment of different eye diseases such as diabetic retinopathy. Therefore, it is relevant to show 

the presence of this mRNA in EVs from vitreous fluids which could facilitate the intercellular 

transfer of this mRNA to stimulate development of a disease. Our study opens windows of 

opportuninty to explore the entire content of EVs derived from the vitreous. In addition, we aim 

at the establishment of a Euro-USA collaborative project which will stress the importance of EVs 

as source of biomarkers in body fluids.  

 

Chapter 10 studies the role of EVs in cell-to-cell communication that supports tumor 

progression. We found that the FDA-approved drug heparin blocks uptake of EVs in recipient 

cells. It is likely that heparin interacts with a receptor on the surface of EVs and/or target cells 

and prevents uptake of tumor-derived EVs into recipient cells. Heparin can prevent the uptake of 

EGFRvIII RNA in EVs which may have clinical implications in its potential use as an inhibitor 

of tumor growth.  

 

Chapter 11 investigates the interaction between heparin and EVs and uses this knowledge to to 

develop a method for purification EVs from various biofluids with a high yield of EVs. 

   

Chapter 12 describes a patent application that has been submitted to use EVs from vitreous fluid 

for their content and its clinical implications as source of biomarkers of the diseased eye.  

 

In Chapter 13, the groundwork for a first EV-biorepository using glioma biofluid specimens is 

described. The aim of this study was to establish a global biorepository for EVs in body fluids 

and tissue samples not only for glioma, but for any type of disease and to make the EVs and data 

easily accessable to clinicians and scientists. This biorepository will facilitate translational 

research all over the world.  
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In conclusion, there is increasing evidence that EVs isolated from biofluids will be an important 

contribution in medicine to develop a non-invasive ways to diagnose and monitor disease. This 

thesis describes some of the groundwork in development of this new biomarker resource that has 

so far primarily focused on brain cancer, but the knowledge gained here should have universal 

applications for all types of diseases.  
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