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Yabo et�al. Glioblastoma plasticity 674

for depositing H3K27me3 repressive mark) linked to 
stemness pathways show strong hypomethylation and low 
DNA methylation disorder (HOX and Homeobox genes, 
lineage-speci�c transcription and growth factors).59,66 
Interestingly, NPC/OPC-like states show modestly higher 
DNA hypomethylation of PRC2 targets than AC/MES states, 
which correlates with enhanced chromatin accessibility 
and increased active histone marks such as H3K4me3 and 
H3K27ac.66 On the other hand, regulatory elements of AC/
MES-like signature genes are highly hypomethylated and 
accessible in these states, suggesting a combined role of 
DNA and histone methylation with DNA accessibility in 
state transitions. Intermediate states at the proneural�mes-
enchymal axis show heterogeneous pro�les with partial 

overlap of proneural (NPC/OPC-like) and mesenchymal 
accessibility features, and appear largely associated with 
AC-like states.52,69 Again, stemness-associated chromatin 
pro�les were present across different phenotypic states 
and heterogeneous CSC-like states. The relative difference 
in DNA methylation levels between phenotypic states are 
minor and certain gene promoters (eg, Prominin-1/CD133 
(PROM1), MutL Homolog 1 (MLH1)) show heterogeneous 
accessibility pro�les without detectable DNA methylation. 
Promoters of many developmental and signature-speci�c 
genes were also identi�ed as bivalent in GBM, de�ned by 
the presence of active H3K4me3 and repressive H3K27me3 
histone marks combined with low DNA methylation 
levels.70 Bivalent domains, initially described in pluripotent 
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Fig. 2  Intrinsic and microenvironmental features of the GBM ecosystem de�ning plasticity and intra-tumoral heteroge-
neity. The GBM cellular ecosystem comprises of diverse tumor cells residing in different TME niches. Tumor cell plasticity and the equilibrium of 
phenotypic states at the population level is de�ned by multiple tumor-intrinsic features and extrinsic cues from the TME. Created with Biorender.
com.
  

D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/article/24/5/669/6472977 by U

niversite de Luxem
bourg user on 26 February 2024



D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/article/24/5/669/6472977 by U

niversite de Luxem
bourg user on 26 February 2024



D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/article/24/5/669/6472977 by U

niversite de Luxem
bourg user on 26 February 2024



D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/article/24/5/669/6472977 by U

niversite de Luxem
bourg user on 26 February 2024



D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/article/24/5/669/6472977 by U

niversite de Luxem
bourg user on 26 February 2024



D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/article/24/5/669/6472977 by U

niversite de Luxem
bourg user on 26 February 2024



D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/article/24/5/669/6472977 by U

niversite de Luxem
bourg user on 26 February 2024



D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/article/24/5/669/6472977 by U

niversite de Luxem
bourg user on 26 February 2024



D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/article/24/5/669/6472977 by U

niversite de Luxem
bourg user on 26 February 2024


