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Rapidly expanding solid tumors demand large quantities 
of nutrients and oxygen. Growing tumors exploit pre-
existing vessels and/or develop new vessels (vascularization) 
to obtain these nutrients. Vascularization is classified into 
two main processes, vasculogenesis and angiogenesis. 
Vasculogenesis is the formation of primitive blood vessels 
by endothelial progenitors, and angiogenesis encompasses 
the subsequent remodeling processes, including growth and 
migration of endothelial cells, sprouting, and stabilization 
of these sprouts by mural cells (1,2). Tumor cells utilize 
these processes to satisfy their needs and grow (tumor 
angiogenesis), especially under hypoxic conditions. One 
of the pro-angiogenic mechanisms exploited by hypoxic 
cancers is hypoxia-inducible transcriptional factor (HIF)-
mediated signaling. Hypoxia leads to stabilization and 
nuclear translocation of HIF-1α, and subsequently increases 
transcription of pro-angiogenic genes, including vascular 
endothelial growth factor (VEGF) (3). Overexpression of 
HIF-1α has been reported in various solid tumors including 
brain, bladder, breast, colorectal, ovarian, pancreatic, 
and prostate cancers (4,5), and increased vascularity is a 
hallmark of poor prognosis.

Recent studies have offered new insights into the 
significant role of extracellular vesicles (EVs) in tumor 
angiogenesis. EVs are nanometer-sized membranous 
vesicles that carry genetic information including proteins, 
mRNAs, and microRNAs. EVs were previously thought 
to be waste materials; however, recent accumulating 

evidence has revealed that almost all cell types secrete 
and use EVs for horizontal exchange of cargo, that is, 
primitive intercellular communication. Cancer cells in 
particular are known to secrete large amounts of EVs to 
expand their niche. A recent article published in Oncology 
Research by Huang and colleagues demonstrated that HIF-
1α is overexpressed in hypoxic colorectal cancer (CRC) 
cells, which increased Wnt4 secretion via EVs, activated 
Wnt/β-catenin signaling in recipient endothelial cells, and 
consequently promoted angiogenesis and tumor growth (6). 
This evidence has highlighted the importance of EVs as a 
tool for intercellular communication in rapidly expanding 
tumors. However, as EV biology is still a developing 
research field, several issues are currently the subject of 
intensive discussion. 

How is cargo sorted and loaded into EVs?

It remains unknown why EVs from hypoxic cancer cells 
have a stronger pro-angiogenic effect than normoxic cancer 
cells. Huang et al. showed that Wnt4 was enriched in EVs 
from hypoxic CRC cells compared with EVs from normoxic 
CRC cells. As shown in Figure 1A, it was unclear whether 
this was due to an increase in the quantity of specific 
cargo (in their study, Wnt4) loaded into single EVs. The 
standardized methods for EV isolation and quantification 
remain controversial (7). Furthermore, it remains unclear 
how cargoes are sorted and loaded into EVs. No specific 
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molecule has been identified that can be used as an internal 
control for the quantity of EV contents. To date, researchers 
have managed to estimate relative quantities using various 
methods, including nanoparticle tracking analysis (NTA) to 
estimate the number of EVs per mL (medium) or per cell, 
and division of a specific cargo by the total quantity of EV 
proteins or EV RNAs to estimate the quantity of a specific 
cargo per EV (8-10). However, although these relative 
quantifications are acceptable for use in single studies, 
they cannot be used to conduct meta-analysis between 
independent studies. To promote further understanding 
of EV biology and the clinical significance of EVs, many 
challenges in the evaluation of EV contents remain.

Regulation of EV secretion

Again, why do EVs from hypoxic cancer cells have such 
a strong pro-angiogenic effect? As shown in Figure 1B, it 
might be due to an increase in the quantity of EVs secreted 
by single cells. However, it is possible that, although cargo 
quantity differs between EVs in (A) and (B), the total 
amount of cargo secreted per cell is the same. There is 

no method to distinguish them. It is also unknown which 
one we observe as “an increased secretion of cargo”. The 
mechanism of EV secretion is currently being intensively 
investigated, and the full picture is gradually being 
revealed. 

Anti-angiogenic therapy has been studied as a powerful 
tool to prevent cancer progression by reducing the 
supply of nutrients and oxygen. The first anti-angiogenic 
molecular targeting agent, bevacizumab, which is an anti-
VEGF-A monoclonal antibody, is now included in various 
chemotherapy regimens. There is a possibility that anti-
EV secretion therapy will be a new strategy to starve 
tumors, by cutting off intercellular communication between 
cancer cells and stromal cells. Liquid biopsy for EVs is 
also considered to be a promising non-invasive method 
for cancer diagnosis and monitoring. Although many 
researchers tend to concentrate on the clinical utility of EV 
contents, basic knowledge of EV biology remains limited. I 
hope that furthering our understanding of EV biology will 
reveal the complex pathways of communication between the 
human body and tumors and contribute to the development 
of new cancer therapies.

Figure 1 Absolute quantification of EV contents is difficult. Specific molecules are sorted and loaded into EVs. (A) Increased cargo quantity 
per single EV; (B) increased secretion of EVs per single cell. The total amount of cargo secreted per single cell is the same in (A) and (B), but 
it remains unclear how they can be distinguished. EV, extracellular vesicle.
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