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Chapter 1: Introduction, Aim and Scope. 
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1. Introduction  

1.1 General Introduction 

The focus of this thesis is to translate the emerging basic knowledge on extracellular vesicles 

(EVs) into human clinical care. The reader will access three step-wise approaches that have been 

taken: (1) comprehensive overviews (chapters 2 to 4) of the role of EVs in development and 

disease. These overviews include the role of EVs in cancer development, in the nervous system 

and, most importantly, in primary tumors of the brain; (2) publications of potential importance 

for the understanding of EVs as carrier of diagnostic and prognostic biomarker for brain tumors, 

e.g.  isocitrate dehydrogenases 1/2 (IDH1/2) mutations and osteopontin (OPN) (chapters 5 to 8); 

and (3) translational manuscripts (chapters 9-13) which expand our knowledge of techniques for 

the preparation of EV samples, biofluid evaluations and the development of a virtual 

biorepository for EV-containing fluids from healthy individuals and  patients.  

1.2 Extracellular vesicles  

EVs, also known as exosomes or microparticles, are produced by all types of cells and range in 

size from 30 nm to 1000 nm in diameter1. These were first described as “cell dust in human 

plasma”2, derived from circulating platelets, lymphocytes and endothelial cells3. There is general 

consensus that EVs are formed either by inward budding of endosomal membranes giving rise to 

intracellular multivesicular bodies that then fuse with the plasma membrane to release vesicles, 

or by direct outward budding from the plasma membrane. The contents are then available for 

intercellular signalling. EV functions depend on the type of cell of origin and cargoes it contains. 

EVs derived from B cells and dendritic cells have immune-stimulatory and antitumor effects in 

vivo and have been used as antitumor vaccines4. Dendritic cell-derived EVs contain co-

stimulatory proteins necessary for T-cell activation, whereas EVs released from tumor cells can 

suppress the immune response and accelerate tumor growth5;6;7. Other types of EVs, such as 

platelet derived, likely play a role in coagulation8. EVs contain proteins, lipids,  RNA and DNA9. 

EV cargo protein, RNA and DNA are analyzed to monitor changes in human health and disease. 

The over-arching theme of this thesis is the focus on EVs in human biofluids as a means towards 

a non-invasive biomarker for detection of brain gliomas.   
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1.3 Brain tumors 

 

Epidemiology and classification  

Gliomas, the most common primary brain tumors, include three types: astrocytoma, 

oligodendroglioma and mixed oligo-astrocytoma10. Glioblastoma (GBM) is the most malignant 

and common form (WHO Grade IV) with an incidence of 3 cases/100,000 individuals per year11 

and a 5-year survival rate of 3% (U.S. Central Brain Tumor Registry; www.cbtrus.org). 

Standard-of-care treatment involves maximal surgical resection of this malignant tumor followed 

by irradiation and chemotherapy. However, treatment is not curative and only delays disease 

progression. The tumors usually elude effective treatment.  By the time of onset of symptoms, 

migratory cancer cells have invaded normal brain. After resection, these remaining cells form 

new tumor foci12. There is no blood-based biomarker for glioma and clinicians take their 

decision with respect to response to therapy and tumor progression primarily on the basis of 

clinical evaluation and  MRI images. MRI changes can be hard to interpret, as they result from 

mixtures of necrosis, effects of treatment, and tumor growth.  Additional intrusive neurosurgery 

and neuropathologic evaluation are frequently required to evaluate disease status.  

 

Glioma biology  

Glioma cells have an ability to alter surrounding cells to facilitate cell proliferation, 

chemoresistance, immune evasion and invasion13-15. Tumor cells hijack normal vasculature to 

stimulate formation of new blood vessels to supply the tumor16. The immune reaction to tumors 

is blunted by activation of immunosuppressive pathways by the tumors17. Formation of glioma 

involves alterations and mutations in the genome, including amplifications, mutations or 

epigenetic alterations in driver genes such as those for IDH1/2, epidermal growth factor receptor 

(EGFR), p53 and retinoblastoma-associated protein (Rb1)18. These genetic changes influence 

GBM phenotypes: primary GBM appear rapidly within a few months seemingly de novo, 

whereas secondary GBM evolve over 5-10 years from low-grade astrocytomas, 

oligodendroglioma and mixed oligo-astrocytoma19.  
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Biomarkers for diagnosis influence treatment decisions 

There is a critical need for biomarkers to diagnose and then monitor therapeutic responses of 

glioma. In general, a better prognosis is associated with younger age, better health status, more 

extensive surgical resection and chemoradiation following resection, but the average life-

prolonging effect of treatment usually does not exceed 15 months. Recent studies indicate that 

mutation in IDH1/2 and serum levels of OPN are also prognostic determinants. The availability 

of an easily performed analytic tool for these and other gene products would help clinical care 

greatly.  

 

1.4 Relevance of extracellular vesicles to glioma biology 

 

Tumor development and growth are sustained by transfer of EV cargo from the tumor cell to its 

environment or into the circulation21. The genetic information in tumor EVs can be monitored in 

samples of sera, plasma or cerebrospinal fluid (CSF). Pilot studies reveal that CSF and plasma 

EVs of GBM patients contain IDH1/2 mRNA9. There is also increasing evidence that high OPN 

protein levels in serum correlate with poor prognosis of GBM patients22. One distinctive 

mutation found in 30-40% of GBM tumors, and in their CSF and plasma, is a deletion in the 

EGFR message, termed EGFRvIII23. With the advent of deep sequencing methods, a full analysis 

of mutations in specific messages in EVs should be feasible in the future and will provide 

additional diagnostic information that is critical in evaluation of glioma tumors24,25.  

 

1.5 Aims of thesis 

 

The studies within this thesis provide an overview of tumor and glioma biology as seen from the 

vantage point of molecular changes in EVs.  For neuro-oncologic clinicians, IDH1 alterations in 

tumor and tumor-derived EVs, provides a remarkable diagnostic, a prognostic correlate and a 

targetable gene alteration. The molecular analytics for these and other glioma gene products 

combined with easy access to biofluids offers the potential to create minimally invasive EV 

analyses by which to diagnose tumors of brain, to target transcriptome alterations for therapy and 

to follow responses to therapeutic intervention.  
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1.6 Outline of the thesis 

 

Chapter 1 of this thesis is the introduction and outline of the thesis. 

 

Chapter 2 reviews the role of EVs in the context of the “hallmarks of cancer”. The steps of 

tumorigenesis are reviewed in the light of our current understanding of EVs. Hypotheses are 

reviewed that extend roles of EVs to functions in intracellular transport and genetic instability.  

 

Chapter 3 is a summary of the role of EVs in the central nervous system. Leaders in the field of 

EVs presented these data during the Educational Symposium of the 2013 Meeting of the 

International Society for Extracellular Vesicles. The review includes discussions of EV transport 

into and out of the brain and the role of EVs in brain diseases, including degenerative diseases, 

infections, Parkinson’s disease and stroke. 

 

Chapter 4 is a systematic review of biomarkers of glioma. The chapter describes the clinical 

relevance and analytic for each potential biomarker while placing them in the context of shifts in 

the care paradigm, changes in the cost of care and the use of these markers to diagnose and 

monitor response of patients. 

 

Chapter 5 describes the IDH1/2 mutation in glioma and the consequences of this mutation for 

cellular metabolism via nicotinamide adenine dinucleotide phosphate (NADPH)-dependent 

pathways.  

 

Chapter 6 highlights the role of IDH1/2 activity in normal human brain.  

 

Chapter 7 hypothesizes that IDH1/2 mutated GBMs are associated with increased survival, and 

shows how changes in IDH1/2 status can be utilized as prognostic markers.  

 

Chapter 8 explores the presence of OPN in cancer brain tissue. This protein is up-regulated in 

human glioma tissue.  
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Chapter 9 describes how EVs can be isolated and characterized from vitreal fluid and shows 

quantitation of EV-mRNA levels of glyceraldehyde 3-phosphate dehydrogenase (GAPDH), 

cluster of differentiation 63 (CD63), vascular endothelial growth factor (VEGF) and epidermal 

growth factor receptor (EGFR). 

 

Chapter 10 shows that heparin is an inhibitor of EV exchange between cells, as specifically 

tested in transfer of the oncogene EGFRvIII mRNA.  

 

Chapter 11 reveals how EV purification can be carried out using different human biofluids and 

heparin affinity columns. The heparin forms complexes with EVs which could be selectively 

isolated by elution. This methodology offers potential concentration of EVs for analysis.  

 

Chapter 12 provides the background of intellectual property by which EVs are extracted from 

small volumes of biofluids (vitreal fluid). EV-derived content such as mRNA is investigated as 

potential biomarkers for vitreal and retinal diseases.  

 

Chapter 13 provides the design of a global virtual biorepository for biofluids to support EV-

derived biomarker studies. There is a need for uniform standard operating procedures (SOPs) and  

protocols to purify and process EVs from biofluids. In addition, access and inventory can be 

performed over multiple institutions by bar coding of samples. This approach enables synergistic 

EV research based on valuable patient material.  

 

Chapter 14 consists of a general discussion and summary of the findings in the thesis. 
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