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Solid tumors often behave like an organ system, comprised 
of rapidly proliferating cancer cells and a variety of 
stromal components, including endothelial cells (ECs), 
fibroblasts, and immune cells. Similar to an organ system, 
all tumors, including malignant gliomas, also contain a 
small population of cancer stem cells (CSCs) with adult 
stem cell-like characteristics, namely, pluripotency and 
capacity for self-renewal. CSCs are quiescent and have low 
immunogenicity—features that help them evade destruction 
by chemotherapy and immunotherapy, respectively. 
Identification of novel molecular cues that regulate 
maintenance (self-renewal) of CSCs could help develop new 
therapeutic interventions for complete eradication of cancer 
and avoid recurrence.

In a tumor, the various cellular components provide 
physical and chemical cues which help regulate maintenance 
of CSC population, induce proliferation of cancer cells, and 
promote heterogeneity among cancer cells (1) (Figure 1). It 
has been established that the fate of CSCs are determined 
by paracrine or juxtacrine signalling from neighboring  
cells (2). In malignant gliomas, the glioma stem cells (GSCs) 
are often reported to be located in hypoxic and perivascular 
areas. Zhu et al. have shown that, in perivascular areas, 
Notch ligands in ECs could increase GSC phenotype in 
neighboring cancer cells while also enhancing their capacity 
for self-renewal (3).

The Notch signalling pathway is evolutionarily conserved 
in all metazoans. It comprises of one receptor protein in 
Drosophila, while humans have four receptor proteins 
(Notch 1–4) and two classes of ligand molecules (Delta-like 
and Serrate/Jagged) (4). Canonical Notch signalling plays a 
critical role in embryonic development and organogenesis. 
On the other hand, both canonical and non-canonical 

Notch signalling have been implicated in shaping tumor-
stromal interaction and regulating CSC maintenance 
(4,5). Notch ligands expressed by ECs have been known 
to influence Notch signalling and cell fate in neighboring 
cancer cells (6,7). However, the exact molecular mechanism 
of GSC-intrinsic Notch activity, especially in hypoxic areas, 
remains unknown. A recent publication by Man et al. has 
provided a breakthrough in this direction by identifying 
a novel molecular mechanism by which Notch signalling 
regulates the fate of GSCs (8). The report very elegantly 
and convincingly demonstrates how hypoxic condition 
induces expression of Vasorin in GSCs via activation 
of HIF-1α/STAT3 coactivator complex and Vasorin, in 
turn, stabilizes Notch in the membrane and prevents 
it from Numb-mediated ubiquitylation and lysosomal  
degradation (8). 

Immune cel ls  comprise an integral  component 
of the tumor ‘organ’. Recent successful outcomes of 
immunotherapy in various cancers, especially with 
checkpoint inhibitors, have brought immunotherapy to the 
forefront of cancer therapeutics. Moreover, awarding the 
2018 Nobel Prize in Medicine to Drs. James Alison and 
Tasuku Honjo for their discovery of immune checkpoint 
molecules have brought further attention to the field. 
However, in majority of cases, the remission following 
immunotherapy is temporary and CSCs have been widely 
implicated in tumor recurrence. There is limited knowledge 
about interplay between CSCs and stromal immune cells; 
this is especially relevant in malignant gliomas. Studies 
from our group and others have implicated cytokine-
mediated activation of STAT-3 and NF-κB transcription 
factors in the maintenance and self-renewal of GSCs 
(9,10). In this context, activation of Notch signalling or 
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dysregulation thereof in the stromal immune cells have 
also been implicated in shaping anti-tumor or pro-tumor 
microenvironment via different intracellular pathways, 
which often tend to be context-dependent (7). On the 
other hand, Notch ligand Jag2 expressed on myeloid 
derived suppressor cells (MDSCs) has been shown to 
induce epidermal-mesenchymal transition in colorectal  
cancer (11). Moreover, STAT-3 and NF-κB signalling 
pathways have been shown to cross talk with and regulate 
Notch signalling in GSCs (12,13). In hypoxic conditions, 
HIF-1α have been shown to significantly enhance the 
expression of checkpoint molecule PDL1 in tumor cells 
as well as in tumor associated macrophages (TAM) and 
MDSCs (14). Therefore, immunotherapy, combined with 
strategies targeting GSC-immune interaction involving 
HIF-1/Notch signalling could lead to better clinical 
outcomes in solid tumors, including high-grade gliomas.

A few fundamental questions about CSCs continue to 
trouble cancer researchers. Examples include, whether there 
is a pre-existing, finite population of CSCs in tumors and 
whether, under certain conditions, ‘differentiated’ tumor 
cells can be induced to acquire CSC phenotype. A study 
by Suva et al. identified four transcription factors (namely, 
POU3F2, SOX2, SALL2, and OLIG2), simultaneous 

activation of which could induce ‘stemness’ in gliomas (15). 
Since GSCs are usually found in hypoxic areas, it is not 
unreasonable to assume that hypoxia could induce GSC 
phenotype in glioma cells. 

Pertinent to this topic, Singh et al. first described GSCs 
as a population of CD133+ cells (16) and hypoxic condition 
has been demonstrated to induce expansion of CD133+ 
glioma stem-like cells (17). Moreover, CD133 is a hypoxia-
inducible protein and recent studies have illustrated the 
possibility of inducing stem cell-like (CD133+) phenotype 
and self-renewing capacity in differentiated (CD133−) 
glioma cells under hypoxic conditions (18,19). The study by 
Man et al. provides detailed molecular mechanism regarding 
how hypoxic condition induces GSC self-renewal and 
maintenance via Notch activation, but it does not confirm 
that hypoxia could actually induce ‘stemness’ in gliomas. 
More advances must be made in this direction before we 
find an answer to this conundrum.
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Figure 1 Interplay among glioma cells, GSCs, ECs and MDSCs 
involving Notch-Notch ligand interaction. Glioma cells induce 
angiogenesis and EC proliferation [1]. Glioma cells also recruit and 
stimulate MDSCs in the tumor microenvironment [2]. The ECs 
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Furthermore, ECs and MDSCs could potentially induce EMT and 
stemness in neighboring tumor cells [4]. All these events involve 
either direct (canonical) or indirect (non-canonical) activation 
of Notch signalling molecules. GSCs, glioma stem cells; ECs, 
endothelial cells; MDSCs, myeloid derived suppressor cells.
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