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Summary 

Microvesicles are nano-sized lipid vesicles released by all cells in vivo and in vitro. They 
are released physiologically under normal conditions but their rate of release is higher 
under pathological conditions such as tumors. Once released they end up in the systemic 
circulation and have been found and characterized in all biofluids such as plasma, serum, 
cerebrospinal fluid, breast milk, ascites, and urine. Microvesicles represent the status of 
the donor cell they are released from and they are currently under intense investigation as 
a potential source for disease biomarkers. In this thesis we aimed to understand the 
content and function of tumor MVs and, their applicability as a tool for gene delivery. 
We also explored the platform of MVs as a source for disease-related biomarkers such as 
GBMs.  
In Chapter 2, we characterized MVs secreted from tumor as well as normal cells and 
showed that tumor cells secrete a larger number of MVs compared to normal human 
fibroblasts, as analyzed by Nanosight Tracking Analysis. We also showed that tumor 
derived microvesicles are enriched in retrotransposon elements. The most recent entries 
such as HERV-H, HERV-W and HERV-K have more conserved sequences enabling 
them to retrotranspose and general hypomethylation in cancer renders them even more 
active.  For example a positive correlation between HERV-K transcriptional activity and 
DNA hypomethylation has been shown. The presence of these potentially “infectious” 
sequences in such a dynamic MV scenario, has sparked a lot of questions about their 
function and effect on recipient cells. We also showed that HERV-K could be transferred 
from tumor cells to normal HUVEC cells and the effect was most pronounced at 12hr 
after exposure to tumor MVs. We also detected DNA (ssDNA or cDNA) in the tumor 
MVs and showed that this correlated well with the levels of reverse transcriptase activity 
in MVs. Taken together the data suggest that MVs play an important role in stroma 
modulation, especially in cancer, where they are loaded with “jumping genes” and the 
cargo is then delivered to recipient cells potentially inducing increased malignancy.  
In Chapter 3 we investigated the potential use of delivering adeno-associated virus 
(AAV) vectors through MVs to improve gene delivery. Indeed part of AAVs were 
associated with MVs (termed Vexosomes) and they were released in the media of the 
packaging cell line. We show that gene delivery of AAV1 and AAV2 vexosomes is 
highly efficient in U87 and 293T cells in culture and interestingly the uptake by both 
these cell lines was completely inhibited in the presence of heparin suggesting that MVs 
may bind to heparin. We also showed that transduction was dependent on the presence of 
cap protein since its deletion completely abrogated gene transduction. Furthermore, we 
also showed that it is possible to target vexosome specifically to a desired cell by having 
them express a membrane specific receptor by using Biotin Acceptor Peptide – 
Transmembrane Domain (BAP-TM) receptor as this genetically engineered receptor 
allows binding to biotinylated ligands via a streptavidin bridge. Thus, MVs may provide 
a new and exciting tool for efficient gene and drug delivery.  
In Chapter 4 we investigated whether circulating MVs could be used to detect a gene 
amplification present in the primary tumor. We were particularly interested in cMyc 
which is commonly amplified in medulloblastoma, a devastating child brain tumor. 
Serum samples from children are particularly difficult to obtain so we sought to 
investigate this hypothesis in mouse models. We used two human tumor cell lines that 
amplify either cMyc (D384) or EGFR (A431) gene and implanted them subcutaneously 
into immunocompromised mice. We let the tumors grow for one month and then 



163 
 

collected blood by cardiac puncture, resected the tumors and analyzed the levels of 
human cMyc and human EGFR in the circulating serum MVs from mice. Indeed we 
show that a gene amplification in the primary tumor is reflected in circulating MVs.  
Primers were specific to human genes so there was virtually no background to interfere in 
the qPCR. Human EGFR levels were higher in circulating MVs from mice injected with 
a tumor that amplifies EGFR. On the other hand human cMyc was only detected in mice 
that had tumors amplifying cMyc confirming the feasibility of the assay and platform.  
In Chapter 5 we looked at protein tumor biomarkers in serum-derived microvesicles. 
One of the main challenges with using MVs as a source for tumor biomarkers is the wild 
type background, which hinders tumor specific MVs, so highly sensitive assay are needed 
in order to increase the signal to noise ration. In this study we used target-specific 
magnetic nanoparticles in a miniaturized nuclear magnetic resonance system, which has 
higher detection limit, as compared to FACS, Western Blot, ELISA, and Nanosight, and 
can distinguish between  tumor-derived and host cells’-derived MVs. Further, using this 
technique, we found a molecular signature for GBMs and GBM derived MVs and used 
that to study GBMs and response to therapy. Treatment with Temozolomide (TMZ) for 
example reduced the number of cells and MVs as measured by µNMR while 
measurements with FACS and WB did not reflect any changes. Treatment of tumor-
bearing mice with TMZ had no effect on CD63 positive MVs but it significantly reduced 
EGFR and EGFRvIII related MVs stressing the need to pull down tumor-specific MVs. 
The study provides a great platform for the use of circulating MVs as a source for tumor-
related protein and its easy application could turn out readily usable in a point-of-care 
setting.   
In Chapter 6 we analyzed mRNA-microarray data from serum-derived MVs from nine 
GBM samples and seven healthy controls and aimed to find novel tumor biomarkers at 
the RNA levels, or a GBM-signature that would provide useful to study GBMs. We 
showed that after unsupervised clustering, GBM samples were clearly separated from 
healthy controls without looking at any specific genes yet. In a volcano plot we noticed 
that substantially more genes were found to be downregulated than upregulated (121 and 
24 respectively) in the GBM samples compared to controls. Gene ontology analysis 
revealed that the large majority of these genes are related to ribosome functions. These 
genes have been shown to be highly enriched in lymphocytes relative to other blood cells 
and these patients had lymphocytes counts that ranged between 3-19% which is well 
below the healthy threshold of 22%. qRT-PCR validation of these genes confirmed the 
downregulated ones but failed to do so with the upregulated genes. Although the amount 
of RNA was higher form GBMs than controls, this failed to be reflected on the gene 
levels which may be due to uninvestigated non coding RNA.  
In Chapter 7 we used BEAMing PCR to detect the mutant IDH1 in MV-derived RNA.  
Mutations in the IDH1 gene are found in 80% of grade II-grade III gliomas and 
secondary GBMs. There is evidence that IDH1 mutations occur primarily in proneural 
gliomas, making it possible to distinguish these tumors from the classical, neural, and 
mesenchymal subtypes. BEAMing is a highly sensitive PCR assay that can detect 
mutations present as low as 1:10,000. As a source of MVs we used cerebrospinal fluid as 
we well as serum. We detected the mutant IDH1 with high specificity and sensitivity in 
CSF from GBM patients but not in serum. The reason may be the tumor vicinity for CSF 
and the normal host-derived MVs in the serum which can hinder the small percentage of 
tumor derived MVs. This technique provides great potential to detect any brain tumor 
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derived mutations and most importantly point-mutation which are commonly difficult to 
detect with other PCR techniques.  
In Chapter 8 we looked at another source of biomarker in the blood, namely the 
platelets. We showed that tumor cells transfer tumor specific cargo to platelets, both in 

vitro and in vivo, and that this cargo can then be extracted from platelets. Gene 
expression analysis of GBM patient-derived-platelets compared to healthy controls 
showed a distinct RNA signature between the two groups. Cancer patient-derived MVs 
contain tumor biomarkers such as EGFRvIII in glioblastomas and PCA-3 in prostate 
cancer. Circulating MVs have been shown to be efficiently taken up by platelets. 
Moreover, up to 70% of all MVs can be derived from blood platelets. This suggests that 
isolating platelets may prove similar sensitivity and specificity as circulating MVs. 
Tumor derived cargo such as MVs, circulating miRNA, high density lipoprotein may all 
transfer to circulating platelets, therefore using platelets as a source of biomarkers may 
prove easy, non invasive and beneficial.   
In Chapter 9 we investigated the physical properties of biofluids and sought to indentify 
characteristics that may be worth taking into consideration when working with biofluid-
derived MVs. We specifically wondered if different viscosity can affect the 
sedimentation efficiency of MVs during ultracentrifugation. Viscosity varies among 
different biofluids and it is highest at 4°C so it could have an important impact when 
pelleting MVs from different biofluids such as plasma, serum, urine and CSF. Indeed we 
found that serum, which had the highest viscosity, correlate with the lowest 
sedimentation efficiency, followed by plasma, conditioned media and CSF. This data 
suggest that protocols should be well standardized before comparing MVs data from 
different biofluids since the proportion of MVs may be either underestimated or 
overestimated among different biofluids.  
In Chapter 10 we review our findings and integrate them with the current literature. We 
also speculate on the possible directions of future work.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


