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mTOR-dependent hypomethylator phenotype in glioblastoma
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Aberrant DNA methylation pattern, especially global “ hypomethylator
phenotype” , is closely associated with oncogenesis, but the underlying mechanisms are not fully
understood. We demonstrate that mechanistic target of rapamycin complex 2 (mTORC2), a core component

of epidermal growth factor receptor (EGFR) signaling, down-regulates the expression of de novo DNA
methyltransferase (DNMT3A) to induce global DNA hypomethylator phenotype in the brain cancer
glioblastoma (GBM). Integrated analyses with next generation sequencing and comprehensive
methylation array for rat and human GBM samples reveal that mTORC2-dependent DNA hypomethylation
epigenetically rewires a network of glutamate metabolism, eventually fascilitating tumor cell
survival. The findings nominate mTORC2 as a critical regulator of DNA hypomethylator phenotype in
cancer cells as well as an exploitable target to interfere with cancer-promoting epigenetic and
metabolic reprogramming.

mTOR DNA



12-15
DNA
DNA
D DNA
(IDH)
I1DH DNA (G-CIMP)
DNA
2) «
(hypomethylator phenotype)”
initiation progression
(hallmark) (metabolic reprogramming)
3)
EGFR-mTOR mTOR mTOR complex 2
(mTORC2) 4% mTORC2
(DNA )
master regulator
DNA mTOR
DNA
9
I1DH mTORC2
DNA
DNA mTOR
DNA
mTOR
(DNA )
mTORC2 DNA
(1) mTOR DNA (U87-MG, GBM6,
GBM39) TORC2 (Rictor) DNA
(2) mTOR DNA mTORC2
DNA (
) (RNA-seq )
mTOR DNA
(©) mTORC2
mTORC2
mTORC2
DNA
(€H) mTORC2 DNA
EGFR mTOR mTORC1  C2 mTORC2
49 mTORC2
DNA EGFR-
mTORC2 EGFR  mTORC2

AKT (S473)  DNA 5-



(5-mC) ()

mTORC2
Rictor
5-mC
DNA
LINE-1  Alu repeats
mTORC2
mTORC2 DNA
(2) mTORC2 DNA
mTORC2
DNA
DNA DNA
DNA
DNMT3A mTORC2
mTORC2 DNMT3A
(3) mTORC2 DNA
Rictor  RNAi mTORC2
DNA
mTORC2 DNA
gene body
pathway
CpG DMR (DNA
) 5
“ chemical synaptic transmission”
« 2
mTORC2 DNA
6)
(4) mTORC2 DNA
mTORC2 DNA
mTORC2
phenotype
®)
lonotropic, AMPAL) ( 2
SY5Y)
database GRIAL
mTORC2 DNA

p-Akt (S473) 5-mC area

Positive area (um?/cell)
-EEEEEEEES

(.v

Peri-necrotic Non-necrotic

pAkt area (um#cell) for
peri-necrotic: 50.74 um?
Non-necrotic: 206.51 um?

1. mTORC2;E 1% (pAkt) EDNAAF JLIL (5-mC) Di¥48EE
[PDGFE &5y MBS EET L (Masui et al. GLIA 2010)]

mTORC2 Rictor
DNA
de novo DNA
DNA
Infinium Methylation EPIC 850K
DNA mTORC2

I I (DNAXAF UL T L A B #7)

DMR [AF)UERIZE (ids) satsk]

- “G0:0007268~chemical
synaptic transmission”

(p=0.000006) l

)

AEAFILIERES
1 GRIA‘1 gxpression
; " pAKt hgh
oA smciow
mTORC2- mTORC2-  [partiow |~ - "=y
HIGH  Low e fhee ]

E2. EGFR-mTORBEHIZ &S5 LAV EERH (=a—0>-
FVF—32vbT—5) DIES R T4y 7§

GRIA1 expression
* %

PDGF-induced
rat GBM
g

8

Positive area (um?/cell]
° 8

Perl-necrotlc Non-necrotic

mTORC2 DNA
EGFR-mTORC2
mTORC2
mTORC2
GRIA1 (Glutamate Receptor,
GRIAL
u87) (SH-
GRIA1

TCGA  public



D
2)

3)
4)

5)

6)

Brennan CW, Verhaak RG, McKenna A, et al. The somatic genomic landscape of
glioblastoma. Cell 155: 462-77, 2013

Ceccarelli M, Barthel FP, Malta TM, et al. Molecular profiling reveals biologically
discrete subsets and pathways of progression in diffuse glioma. Cell 164: 550-63,
2016

Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell 144: 646-
74, 2011

Harachi M, Masui K, Honda H, et al. Dual regulation of histone methylation by mTOR
complexes controls glioblastoma tumor cell growth via EZH2 and SAM. Mol Cancer Res
18: 1142-1152, 2020

Masui K, Harachi M, lkegami S, et al. mTORC2 links growth factor signaling with
epigenetic regulation of iron metabolism in glioblastoma. J Biol Chem 294: 19740-
19751, 2019

Venkataramani V, Tanev DI, Strahle C, et al. Glutamatergic synaptic input to glioma
cells drives brain tumour progression. Nature 573: 532-538, 2019



10 9 6 2

Harachi Mio Masui Kenta Cavenee Webster K. Mischel Paul S. Shibata Noriyuki 11
Protein Acetylation at the Interface of Genetics, Epigenetics and Environment in Cancer 2021
Metabolites 216 216
DOl
10.3390/metabo11040216
49
- - WHO 2021
cIMPACT-NOW
Neurological Surgery 510 519
DOl
10.11477/mf. 1436204423
Onizuka Hiromi Masui Kenta Amano Kosaku Kawamata Takakazu Yamamoto Tomoko Nagashima Yoji 54
Shibata Noriyuki
Metabolic Reprogramming Drives Pituitary Tumor Growth through Epigenetic Regulation of TERT 2021
ACTA HISTOCHEMICA ET CYTOCHEMICA 87 96
DOl
10.1267/ahc.21-00007
Masui Kenta Cavenee Webster K. Mischel Paul S. Shibata Noriyuki 113
The metabolomic landscape plays a critical role in glioma oncogenesis 2022
Cancer Science 1555 1563

DOl
10.1111/cas.15325




Harachi Mio Masui Kenta Honda Hiroaki Muragaki Yoshihiro Kawamata Takakazu Cavenee Webster 18
K. Mischel Paul S. Shibata Noriyuki
Dual Regulation of Histone Methylation by mTOR Complexes Controls Glioblastoma Tumor Cell 2020
Growth via EZH2 and SAM
Molecular Cancer Research 1142 1152
DOl
10.1158/1541-7786 .MCR-20-0024
46
2020
Medical Science Digest 34 36
DOl
3
2020
Precision Medicine 88 91
DOl
Masui K, Harachi M, lkegami S, Yang H, Onizuka H, Yong WH, Cloughesy TF, Muragaki Y, Kawamata 204
T, Arai N, Komori T, Cavenee WK, Mischel PS, Shibata N
mTORC2 links growth factor signaling with epigenetic regulation of iron 2019

Journal of Biological Chemistry

19740-19751

DOl
10.1074/jbc.RA119.011519




Masui K, Harachi M, Cavenee WK, Mischel PS, Shibata N

478

mTOR complex 2 is an integrator of cancer metabolism and epigenetics 2020

Cancer Letters 1-7
DOI

10.1016/j -canlet.2020.03.001

Masui K, Harachi M, K Cavenee W, S Mischel P, Shibata N 53

Codependency of Metabolism and Epigenetics Drives Cancer Progression 2020

Acta Histochemica et Cytochemica 1-10

DOl
10.1267/ahc.20002

10 2 0

62

2021

, Paul S. Mischel,

mTOR

15

2021




, Paul S. Mischel,

IDH

DNA

39

2021

, , Paul S. Mischel,

109

2020

mTOR

24

2020

, Paul S. Mischel,

EGFR

66

2020




s , , Paul S. Mischel,

IDH (H3K27me3)

38

2020

, Paul S. Mischel,

61

2020

37

2019

, Paul S. Mischel,

mTOR DNA

2019




(Mischel Paul)




