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Mutation vs. Epigeneticichanges

Mutation theory Epigenetic theory
AAlteration of the DNA structure AWSLIA Q YSIya Wl 02 3¢
of the genome leading to the SLIAISYySuAOa YSlkya
development of various diseasesAwbh #yi NHzO G dzNJ £ Q ISy
Including cancer without modifying the DNA
APoint mutations, insertions, structure

RSt Sta@yazXo AEvents which modify gene
AATRT monosomy 22 expressiorwitheut modifying the

AQ”gO 1p/19q cedeletion structure of the genes themselves
AMGMT in GBM




Different mechanisms for the epigenetic modification, includin
DNA methylation and histone modifications.

wHypermethylation:the function of entire genes (including tumor suppressor
genes) can be suppressed.

wHypomethylation:silenced genes, as well as growth promoting genes can be
activated.

An epigenetically modified DNA methylation landscape, Is sta

and can be transmitted from one generation to next generatio




Methylation Profile
Histologjicd lliagnesis/ hithoLi isiistofady!
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Pathological diagnosis Methylation class  Integrated diagnosis
Diffuse astrocytoma, GBM. RTK 1
IDH wild-type
GBM, RTK Il
GEM, RTK I .
Anaplastic astrocytoma, ioblastoma,
IDH wild-type GBM, MES IDH wild-type
GEM, MID
Glioblastoma, GEM, MYCN
IDH wild-type GBM, G34
~  Diffuse midline
Pilocytic astrocytoma DMG, K27 glioma, H3 K27M
Pilacytic astrocytoma, PRA —
ANA PR {Anaplastic PA}
AIDH Diffurse astro. IDH
SUBEPN, PF Subspendymoma
EFN, MPE Myxopap. spend.
EPM, RELA Epend., RELA
LGG, DNT DNT
LGG, GG Ganglioglioma
LGG, RGNT RGNT
LGG, PAPF
—
LGG, PAMID Bﬂh'nq.rtobm ma
LGG, STPAGG
LGG, MYB
ME, G3 ME, G3
Medulloblastoma, NOS MB,SHHCHLAD  MB, SHH
ETMR. NOS ATRT, SHH ATRT
ATRT EWS Ewing sarcoma
HGNET, BCOR [HENET, BCOR)
(S embryonal tumour, HGMET, MN1 [HENET, MN1)
HG HG)
Schwannama - MNG Meningioma
Malignant melanoma MELCYT Mealanocytoma

Establighing new disgnaosis in 129 cases (12%)
[l WHO grade unchanged [l 'WHO downgraded Il WHO upgradad

Firure 4 | Reassessment of discrepant cases and establishment of
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Gliomas Glioneuronal Tumeors,and\Neuronaldiumers

&

(1) Adulttype diffuse gliomas

wl'he majority of primary brain tumors in neuomcology practice of adults, eq,
glioblastoma, IDHwildtype.

-

/(2) Pediatrietype diffuse lowgrade

gliomas

wEXxpected to have good prognoses.

(3) Pediatrietype diffuse high
grade gliomas

wEXxpected to behave aggressively.
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(4) Circumscribed astrocytic
gliomas
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(5) Glioneuronal and neuronal
tumors

A diverse group of tumors, featuring neuronal differentiation.

Y4

(6) Ependymomas

wNow classified by site as well as histological and molecular features.
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2.1.2 Pediatric-type diffuse low-grade gliomas \
2.1.2.1: Diffuse astrocytoma, MYB- or MYBL1-altered l
2.1.2_2: Angioccentric glioma I
2.1.2.3: Diffuse low-grade glioma, MAFPK-altered I
2.1.2.4: Polymorphous low-grade neuroepithelial tumour of the young ]

iffuse high-grade gliomas

-1: Diffuse midline glioma, H3 K27 M-mutant

-2: Diffuse hemispheric glioma, H3 G34-mutant

3 Diffuse paediatric-type high-grade glioma, H3-wildtype and |DH-wildtype
: Diffuse midline glioma, EGFR-mutant

5 Infant-type hemispheric glioma, H3-wildtype

2.1.4: Clrcumscri I:md astrocytic gliomas

-4.1: Pilocytic astrocytoma

-4 2: High-grade astrocytoma with piloid features

-4 3! Pleomorphic xanthoastrocytoma

- |

-1

mmmmm;

6: Subependymal giant cell astrocytoma
.7 Chordoid glioma
-4_8: Astroblastoma-MN1
neuronal and neuronal tumours
5.1 Ganglioglioma
5.2 Desmoplastic infantile astrocytoma / ganglioglioma
-5.3: Dysembryoplastic neuroepithelial tumour
5.4 Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters
B
3.
M

4
4
4
4
4
4

MR RN NRN

2.1.5: Gl

5: Papillary glioneuronal turmour

13 Diffuse leptomeningeal glioneuronal tumor
anyothers. ... .



(2) PediatricType Diffuse bowGrade (Gliomas

AMostly hemispheric, diffuse gliomas.

ACarry distinct molecular alterations, despite histological similarities to
adult gliomas.

AAppropriate molecular testing is therefore essential for accurate
classification and the identification of potential therapeutic targets.

AAssociated with good prognosis.
AAIl consideredyrade 1.



Methylation Profile
Low-grade Nirosepithelial Tummss

a Rieference cohort (2 b t-SME dimensionality reduction {2,801 samples) Pathological diagnosis Methylation class  Integrated diagnosis
i ETMA B 1 CHGL GEM, RTK I T
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B @ ME, G3 g N 2 LGG. PAPF oty i gF T IDH wild-type
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T mmm 2 GBM. ATK I z 4 PINT.FEA PLEX, AD L Pilocytic astrocytoma - glioma, H3 K27M
T w2 GEM, MID 4 PINT.PPT GPH. ADK & PGE. nC ". e Pilocytic astrocytoma, o o
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- e 1 FETB i MELAN pendymoma
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-2 e - -apu;: Eu.u. EPM, RELA Astroblastoma '
# 16666 £ =3 PLEX, PED B ' Choroid plexus LGG, GG Ganglioglioma
I 1 CPH, ADM x wlly EFRLFFE carcinoma LGG, RGNT RGNT
B 1 CPH, PAP = 3 AIDH
-1 PITAD, ACH E =a AIDH, HE o DN LGG, PAPF
B i PITAD, FSHLH  © 3 OIDH SUBEFH, PF Ganglicglioma Filooytic
Z W 1 PITAD, PAL m ol LGG, PAMID astrocytoma
& =1 EFE@SPA 1 LYMPHO HGENTE'“ LGG, 5T PAGG
BN 2 PITAD.STHDNSA 5 BN 1 PLASMA . . LGG, MYE
byl CEEM Eraganglioma ME, G3 ME, G3
h = ADEMOPIT GEM, ATK I MB, SHH CHL AD Medulloblastoma, NOS ME, SHH CHL AD ME, SHH
B 1 EPH, RELA - W "? ETMR. NOS ATRT, SHH ATAT
I 2 EFN, YAP - ] ATRT EWS Ewing sarcoma
C mmm HEMI 1 LGGE, DIGTHA
gl E mmm HYPTHAL 2 S A WEL HENET, BCOR . . HGNET, BGOR [HGNET, BGOR)
B 2 EPH, SPINE & IHFLAM 3 SUBEPN, SPINE CNS embryonal tumour, HGMET, M1 HGHET, MN1)
§ w4 EPN, MPE mmm PINEAL ; HG IHG)
W 4 SUBEPN, PE mm PONS 4 LGG, MYE _— .
" 4 SUBLPHN, SPINE RAEACT 5 IHG . annoma MNG Meningioma
B ¢ SUBEPN, ST B LGG, PAGG ST EPN, FF A Desirable WHO Malignant melanoma MELCYT Melanceytoma
7 LGG, 66 » AP Establishing new disgnosis in 129 cases (12%)
Fislation to WHO ertities [category: g DLGNT . Criteria
1 ] i Nugttgq.i\rdmtimgringgadm} B LGG, SEGA [l WHO grade unchanged [l 'WHO downgraded Il WHO upgradad
2 Subcloss squivalent {combining =ntites) 10 Control REAC . . .
22march201 8| VO L5&bdhbA%dRiE]dor 10.1038/naiure26000 Figure 4 | Reassessment of discrepant cases and establishment of
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A Polymorphous lowgradeneuroepithelialtumor of the youndPLTY)s a newly recognized, epilepsy

associated tumor type with MAPK alterations found in children and young adults
E. J. Rushing. MEMO. 2 February 208pbs://doi.org/10.1007/s12254021-00680x
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2. Pediatrictype diffuse low- grade
gliomasareddistinctggrade 1
tumors, assoeciatedwithidistinct
molecuilar signature:and good
Prognosis.



2.1.2: Peadiatric-type diffuse low-grade gliomas
2.1.2.1: Diffuse astrocytoma, MYB- or MYBL1-altered
2.1.2.2: Angiocentric glioma
2.1.2.3: Diffuse low-grade glioma, MAFPK-altered
2.1.2.4: Polymorphous low-grade neuroepithelial tumour of the young

di
-3.1: Diffuse midline glioma, H3 K27 M-mutant l
3.2 Diffuse hemispheric glioma, H3 G34-mutant I
-3.3: Diffuse paediatric-type high-grade glioma, H3-wildtype and IDH-wildtype
3.4 Dnﬂ‘use midline glmma EGFF!: mutant I
3.5

2.1.4: Clircumscribed &nh*m:yﬁc gliomas
1.4.1: Pilocytic astrocytoma
-1.4_2: High-grade astrocytoma with piloid features
-1.4_3: Pleomorphic xanthoastrocytoma
-1.4.6: Subependymal giant cell astrocytoma
-1.4.7: Chordoid glioma

-1.4_8: Astroblastoma-MN1
2.1.5: Gl
5.1 Ganglioglioma
5.2 Desmoplastic infantile astrocytoma / ganglioglioma
-5.3: Dysembryoplastic neuroepithelial tumour
5.4 Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters
-5.5: Papillary glioneuronal turmaour
-3.13 Diffuse leptomeningeal glioneuronal tumor
Many others. ...,



Methylation Profile
DMG,, Hi33KZ7

d Riference cohort (91 classes)
mmm | ETMA B CHGL
1 ME, WNT i LG5, SEGA
N @ ME, G2 g EEN 2 LGG. PAPF
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Relation to WHD entities {category):

1 Eguvalent 3 Mot =guevalent fcombining grades)

2 Subcloss 4 Mot equivalent fcombining entites)
22march?2018|VO L5&bq:hAEARE}dOV110.1038
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Pathological diagnosis
) o, GBM, RTK I
IDH wild-type
GBM, RTK I
GBM, RTK I
Anaplastic astrocytoma,
10 wild-typa GEM, MES
GERL_KID
Gcbisstome, GEM, MYCN
IDH wild-type GBM, G34
Pilocytic astrocytoma DG, 127
Filocytic astrocytoma, PxA
AN PA
Al
SUBEPN, PF
EPM, MFPE
EPM, RELA
LGG, DNT
LEGE, GG
LGG, RGNT
LGG, PAPF
LiGGE, PA MID
LGG, 5T PA'GG
Paraganglioma ;GBGG’:YE
Medulloblastoma, NOS ME, SHH CHL AD
ETMR, NOS ATHT, S5HH
ATAT EWS
HGMNET, BCOR
CMS am al tumour,
e bryon HGMET, MM1
HG
Schwannoma - MMNG
Malignant melanoma MELCYT

Establighing new disgnaosis in 129 cases (12%)
[l WHO grade unchanged [l 'WHO downgraded Il WHO upgradad

Methylation class  Integrated diagnosis

Glioblastoma.,
IDH wild-type

Diffesa midline
glioma, H3 K27TM
P¥A

[Anaplastic PA)
Diffuse astro. IDH
Subependymoma

Myxopap. epand.

Epend., RELA
DNT

Ganglioglioma
RGNT

Fi .
astrocytoma

ME, G3

ME, SHH

ATRT

Ewing sarcoma
[HGNET, BGOR)
HGMNET, MM1)
HG]
Meaningioma

Mealanocytoma

Firure 4 | Reassessment of discrepant cases and establishment of



DMG, i3 K22-altered

H3 Kzrme loss

|
DMG, EGFR

DMG, H3 W
with EZHIP

DMG DMG

mutant

H3.3 K27 H3.1/3.2
altered K2 -altered

over-
expression

Diffuse midline glioma, H3 Kafered ,WHO grade 4



H3 IKZ2ZTM\Mutationimn@thendwmaors/dcecations

AThe prognostic significance of a H3 K27M mutation is
unclear in
AUnusual location or tumor entity

AEpendymomas, pilocytic astrocytoma and ganglioglioma
that were reported positive with H3 K27M mutation.



Two Immunostams

H3 K27M & H3 K27me
Positive (mutant) Negative(mutant)

Internal Control €) Internal Control (+)
Histological grade Is not important



Casel;: 204288°P7305121
A 5 yearcoldnmale patient
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Case?2: P7310221
A 17 yearcoldrmale patientwith
a bithalamic tumor
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