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New therapeutic approaches are 
urgently needed in the fight against 
Glioblastoma Multiforme (GBM), 

which is the most common and aggressive 
primary malignant brain tumour in adults, 
and carries a very poor prognosis. The main 
reason for the bad outcome of this type 
of tumour is infiltration and recurrence [1], 
namely its ability to invade the surrounding 
healthy tissue of the brain and give rise to 
new and increasingly aggressive focal lesions. 
Research and clinical evidence have shown 
that this happens in spite of surgery, chemo- 
and radio-therapy of primary GBM. Moreover, 
approaches which target the formation of new 
vessels, the so called anti-angiogenic drugs, 
result in increased invasive behaviour [2]. In 
spite of the improvement in neurosurgical 
techniques, which are now more precise and 
aim to remove - at least part of - the tumour 
infiltrating margin [3], it remains impossible for 
neurosurgeons to identify single infiltrating cells 
and, consequently, to prevent glioblastoma 
recurrence. Therefore, finding a new way of 
stopping tumour invasion and progression 
in the brain constitutes a major clinical and 
research challenge for GBM therapy.

The essential role of angiogenesis in tumour 
growth was first proposed by Folkman in 1971 
[4], who founded the field of angiogenesis 
research, which led to the discovery of a 
number of therapies based on the inhibition of 
neovascularization. Despite this big breakthrough, 
the assertion of the fundamental role of 
angiogenesis in cancer was disproved soon-after 
by the finding, both in humans [5] and in mice [6], 
that tumours can also grow without angiogenesis. 
This occurs through the exploitation of pre-
existing blood vessels (i.e., vessel co-option). 
Importantly, in the last fifteen years both 
clinicians and researchers have demonstrated, in 
patients and experimental settings respectively, 
that co-option is not only one of the alternative 
ways for tumours to gain provision of a blood 
supply, but underpins a well-established escape 
mechanism after anti-angiogenic treatments, 
where local, healthy vessels provide the avenue 
for tumour cell infiltration  [7]. This also, at 
least partially, explains why anti-angiogenic 
drugs have not substantially improved patient 

prognosis during the last twenty years [8]. 
Moreover, co-option is not only critical for the 
spreading of malignant brain tumours within 
the brain; very recent studies have identified it 
as a key mechanism in liver, lung and cerebral 
metastases of melanoma, liver, lung and breast 
cancers [9]. The increasing awareness of the 
existence of different types of tumour cell/
vessel relationships, not including de-novo vessel 
formation, brings to the forefront the importance 
of studying vessel co-option in the laboratory.  

Blood vessels within the brain are constituted 
from a unique combination of different cell 
types: endothelial cells, perivascular cells 
(pericytes), astrocytes and neurones form the 
so-called neurovascular unit which constitutes 
the structural blood brain barrier (BBB) (Figure 
1, left panel) responsible for the health and 
function of the central nervous system (CNS) 
[10]. The precisely designed organization of 
the neurovascular unit allows each cell type 
to work synergistically with the others for 
the maintenance of brain homeostasis. In this 
context, pericytes play an important role, i.e. 
by controlling BBB permeability and regulating 
gene expression. Interestingly, pericytes sit on 
the abluminal surface of blood vessels (Figure 
1, right panel), embedded in the vascular basal 
membrane (composed of various extracellular 
matrix proteins) and in direct contact with 
the astrocytic foot processes located in 
the perivascular space. Since the co-option 
of blood vessels by GBM cells during brain 
infiltration implies their interaction with the 
abluminal vessel surface, pericytes of existing 
blood vessels are therefore good candidates for 
a role in mediating the co-option process. 

Perivascular cells were discovered by the 
French physiologist Rouget as ‘branching 
contractile cells on the external wall of 
capillaries’ in amphibians (‘Rouget cells’), but 
the term ‘pericyte’ was coined by Zimmermann 
in 1923 to describe cells surrounding 
endothelium [11]. In addition to their critical 
role in maintaining blood vessel integrity and 
controlling blood flow through their contractile 
ability, brain pericytes are pluripotent cells with 
stem cell properties [12] and growing evidence 
point to them as important players in the 
generation/control of various diseases. In fact, 
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they are regulators of innate immunity, 
mediating both the pro-inflammatory 
functions associated with host defence 
[13] (including their ability to act as 
macrophages) and the anti-inflammatory 
response to malignant tumours, such as 
human GBM [14]. Perivascular cells have 
also recently become an intensively 
studied cell population in renal biology 
and pathophysiology. In relation to 
their contractile function, their pivotal 
role in ischemia and stroke is also now 
well established [15], while alteration 
of the signalling pathway involving 
platelet-derived growth factor receptor 
beta (PDGFRβ) present on pericytes, 
might contribute to pericyte/vessel 
degeneration seen in several pathological 
conditions such as Alzheimer’s disease, 
sporadic and familial amyotrophic 
lateral sclerosis (ALS) and diabetes [11]. 

In the tumour field, pericytes have been 
extensively studied for their contribution 
to angiogenesis, where they stabilize 
the newly formed vessels by either 
differentiation from marrow-derived cells 
[16] or by trans-differentiation of tumour 
stem cells [17].  

Despite the fact that in the last few 
years awareness of vessel co-option 
has been raised more in both medical 
and research communities, very little is 
known about the cellular and molecular 
mechanisms that drive it and, specifically, 
the role played by pericytes of pre-
existing vessels in tumour infiltration and 
recurrence. How does cancer cell/native 
blood vessel interaction happen? 

Our recent work has shown that 
glioblastoma cells are able to establish a 
physical contact with resident pericytes 
of brain capillaries when they ‘see’ these 

cells, both in vitro and in mouse brain 
slices as well as in animal models of GBM 
[18]. This cell/cell connection, which 
is often mediated by highly polarised 
tumour cell extensions and is dependent 
on the activity of the small GTPase 
Cdc42 (Figure 2), leads to: pericytes, on 
contact with GBM cells, rapidly change 
their contractile activity and the existing 
vessels, they sit on, acquire a distorted 
phenotype. Although at the moment 
the significance of these convoluted 
vessels is still not clear, it is intriguing 
that, in mouse brains, they always mark 
the infiltrating margin of the tumour 
and, in addition, twisted blood vessels 
are a clinical feature of glioblastoma. 
Moreover, their anatomical location 
outlines regions of hypoxia, known to 
favour GBM invasion [19], which suggests 
that co-opted, modified vessels might 

Figure2: The scheme shows our 
model for vessel co-option by 
GBM during brain infiltration: 
the physical interaction between 
tumour cells (green) and resident 
pericytes (white), via Cdc42 pro-
tein activity in GBM cells, prevents 
pericytes from acting as immune-
like cells against the tumour 
(Caspani et al., PLoS One, 2014).

Figure 1 left: Scheme represents the structure of the Neurovascular Unit in the brain 
(in cross section), showing the abluminal vessel location of pericytes. 

Figure 1 right: Snapshot from a 3-dimensional reconstruction of a 2-photon microscopy acquisition of 
the brain of a NG2-DsRed mouse. White arrows point to the abluminal surface of brain capillaries hous-
ing pericytes (red, arrows) (Caspani EM, data not published)



Volume 12 Issue 1 • March/April 2017 13

NEURO-ONCOLOGY

REFERENCES

1.  Vishnu Anand Cuddapah VA, Robel S, Watkins S, 
et al. A neurocentric perspective on glioma invasion. 
Nature Rev Neurosci 2014;15: 455-65. 

2.  Keunen O, Johansson M, Oudin A, et al. Anti-VEGF 
treatment reduces blood supply and increases tumor 
cell invasion in glioblastoma. Proc Natl Acad Sci USA 
2011;108(9):3749-54. 

3.  Grech-Sollars M, Vaqas B, Thompson G, et al. An 
MRS- and PET-guided biopsy tool for intraoperative 
neuronavigational systems. J Neurosurg 2016;1-7. 

4.  Folkman J. Tumor angiogenesis: therapeutic 
implications. N Engl J Med. 1971;285(21):1182–86. 

5.  Pezzella F, Pastorino U, Tagliabue E, et al. Non-
small-cell lung carcinoma tumor growth without 
morphological evidence of neo-angiogenesis. Am J 
Pathol. 1997;151(5):1417–23. 

6. Holash J, Maisonpierre PC, Compton D, et al. 
Vessel cooption, regression, and growth in tumors 
mediated by angiopoietins and VEGF. Science. 
1999;284(5422):1994–8. 

7. Bergers G, Hanahan D. Modes of resistance to anti-
angiogenic therapy. Nat Rev Cancer 2008;8(8):592-
603. 

8. Jayson GC, Kerbel R, Ellis LM, et al. Antiangiogenic 
therapy in oncology: current status and future 
directions. Lancet 2016; 388(10043):518-29. 

9. Donnem T, Hu J, Ferguson M, et al. Vessel co-option 
in primary human tumors and metastases: an obstacle 
to effective anti-angiogenic treatment? Cancer Med 
2013;2(4):427-36. 

10. Hawkins BT and Davis TP. The blood-brain barrier/
neurovascular unit in health and disease. Pharmacol. 
Rev. 2005;57(2):173-85. 

11. Sweeney MD, Ayyadurai S and Zlokovic BV. Pericytes 
of the neurovascular unit: key functions and signaling 
pathways. Nat Neurosci 2016;19:771-83. 

12. Appaix F, Nissou MF, van der Sanden B, et al. Brain 
mesenchymal stem cells: The other stem cells of the 
brain? World J Stem Cells (2014);6:134-43. 

13. Pieper C, Marek JJ, Unterberg Met al. Brain capillary 
pericytes contribute to the immune defense in response 
to cytokines or LPS in vitro. Brain Res 2014;1550:1–8. 

14. Ochs K, Sahm F, Opitz CA, et al. Immature 
mesenchymal stem cell-like pericytes as mediators of 
immunosuppression in human malignant glioma. J 
Neuroimmunol 2013;265:106–16. 

15. Liu S, Agalliu D, Yu C, et al. The role of pericytes in 
blood-brain barrier function and stroke. Curr Pharm 
Des. 2012;18(25):3653-62. 

16. Ding Y, Song N, Luo Y. Role of bone marrow-derived 
cells in angiogenesis: focus on macrophages and 
pericytes. Cancer Microenviron 2012;5:225–36. 

17. Cheng L, Huang Z, Zhou W, et al. Glioblastoma 
stem cells generate vascular pericytes to support vessel 
function and tumor growth. Cell 2013;153:139–152. 

18. Caspani EM, Crossley PH, Redondo-Garcia C, et al. 
Glioblastoma: a pathogenic crosstalk between tumour 
cells and pericytes. PLoS One 2014;9(7):e101402. 

19. Wang Y, Liu T, Yang N et al. Hypoxia and 
macrophages promote glioblastoma invasion by the 
CCL4-CCR5 axis. Oncol Rep. 2016;doi: 10.3892/
or.2016.5171. 

20.  Friedmann-Morvinski D. Glioblastoma heterogeneity 
and cancer cell plasticity. Crit Rev Oncog. 
2014;19(5):327-36.

have a role in preparing the ground for 
the progression of the tumour. Besides 
this, GBM cell/pericyte interaction gives 
rise to fusion hybrid-like phenotypes, 
which contain in their cytoplasm tumour-
cell derived proteins to different degree. 
Such a finding, while needs to be further 
investigated, could offer an explanation 
for the large genetic heterogeneity that 
characterises GBM [20].  

The most useful application 
for therapy could derive from the 
observation that, once the physical 
contact between the two cell types is 
inhibited, resident pericytes acquire a 
phagocytic, macrophage-like phenotype 
that potentially acts against the tumour 
(Figure2). Given that immune cells 
are known to contribute to tumour 
progression, pericytes could therefore 
provide a critical node for local control 
of both vessel co-option and immune 
system modulation. Although further 
studies are required to confirm these 
findings, pericytes might represent a new, 
effective target for the therapy aimed to 
block and finally defeat both glioblastoma 
infiltration as well as metastases of other 
types of cancer that exploit native brain 
blood vessels for their progression. 


