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Epigenetics and Cancer

Hoe controle mechanismen van invlioed
zijn op tumor ontwikkeling.

Riette Ruijten —Driessen
MANP, verpleegkundig specialist oncologie
Laurentius ziekenhuis
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* Ontwikkeling epigenetica

e Verschil genetica en epigenetica
* Wat is epigenetica?

* Ontstaan van kanker

* Epigenetisch effect behandeling
* Medicatie resistentie

 Take home message
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“EE Van Kanker genomics "

Stichting @ncowijs -

naar epigenomics "ot

Methods :l DNA modifications l:, Histone modifications [: Chromatin remodelling

RLGS OMH AIMS MeDIP MCIP and MCIP—2q and | | Infinium 27K | | Infinium | | TWGBS. GLIB*
and RRBS | | GoldenGate | | MeDIP-seq and WGBS 450K and TAB-zeq*
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Understanding complex biological systems using
computational and mathematical modeling =)

03 MSD Uy NOVARTIS m Boehringer
Bewell ONCOLOGY | I Ingelhelm




28 Van genomics naar "

Stichting @ncowijs -

epigenomics van kanker Fu, *

* Mutation of
epsgenetic rogulators

« Cis-soquence effects
on epigenatic state

GENOME

* Chromosomal aberrations « 5mGC deamination = Long-range hypomethylation
* Copy number changes « Chromatin effects on * Focal hypaermethylation
* Insactions & dalotions :mbhaﬁon + Epiganatic activation
* Translacations * Epigenstic silencing * Epigenetic silencing

~

NA repair genes & ClMP

-~

Deregulating celiular energetics Evading growth suppressors

Resisting cell death Avoiding immune destruction

Genome Iinstability & mutation Eplgenomic disruption

Inducing anglogeneasis Enabling replicative Immortality

Activating invasion & metastasis Tumor-promoting inflammation

Sustaining proliferative signaling
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* Tweelingen kunnen genetisch en
phenotyperend gelijk zijn.
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genetlca en eplgenetlca Vo

* Eris steeds meer begrip hoe dingen fout
kunnen gaan.

* Genetische en epigenetische processen
bepalen samen de proliferatie van een cel
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* De studie van omkeerbare (erfelijke)
veranderingen, zoals histonmodificaties en
DNA — methylering, op de functie van genen.

* Dit uit zich in expressie van specifieke mRNA’s
en eiwitten, en uiteindelijk in het fenotype van
een cel of organisme.
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 Term 'Epi' in het woord epigenetica, =

'boven op' de genetica, of 'toegevoegd aan
het DNA'.

* Toegevoegd aan DNA:

— 1) de chemisch modificatie van de DNA basen;

— 2) de eiwitten die direct of indirect aan DNA

gebonden zijn en de chemische modificatie van
deze eiwitten.
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* Epigenetica houdt zich bezig met
chromatinestructuur en de veranderingen
daarin die optreden bij het reguleren van

genexpressie.

03 MSD Uy NOVARTIS =) Boehringer
Be well ONCOLOGY ||||I IngElhEIm



Chromosoom

- I 4
é?]rrlﬂ;{s?%trum Eenhoorn Kem t
mersroor
-y TW X
b 3 @ncowijs «
Py
4 P
Cortsomenr * -

Cel

%

Basenpaar  Histonen~. Qg

-

”‘--;3 DNA-
dubbelstreng

.*3 MSD U> NOVARTIS m Boehringer
Bewell IV Ingelheim




) Nucleosome
Chromatin fiber

& |

g

5)” Chromosome

Histone post-translational modifications
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NH, NH,
CH,
NZ Methylation NZ~ |
LJ = A
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‘ Demethylation ‘ H
DNA DNA

Cytosine 5-Methylcytosine
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EPIGENETIC MECHANISMS
are affected by these 1actors and processes:
* Development (in utero, chidhood)
* Environmental chemicals

* Drugs/Pharmaceuticals

CHROMOSOME

DNA methylation
Methyt group (an epigenetic

factor found

| ‘ in some dietary sources) can tag DNA
and activate or repress genes.

CHROMATIN

HEALTH ENDPOINTS
* Cancer

* Autoimmune disease

* Mental disorders

* Diabetes

EPIGENETIC
0 FACTOR

GENE

Histones are proteins around which
DNA can wind for compaction and
gene reguiation.

HISTONE TAIL

DNA inaccessible, gene inactive

HISTONE TAIL

DNA accessible, gene active

Histone modification

The binding of epigenetic factors to histone “talls®
alters the extent to which DNA is wrapped around
histones and the availabiiity of genes in the DNA
1o be activated.
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* Gedurende het leven meer afwijkingen in
methylering

* Methyleringstoename in tumoren

 Methyleringstoename in gebieden rondom de
tumoren

 Samenhang met dieetfactoren,
alcoholgebruik, roken en virale factoren (niet
bewezen)
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Development of Cancer

Cancer develops only after a cell experiences ~6 key

mutations (“hits”)
— unlimited growth

* turn on growth promoter genes
— ignore checkpoints

* turn off tumor suppressor genes (p53)
— escape apoptosis

* turn off suicide genes
— immortality = unlimited divisions

* turn on chromosome maintenance genes
— promotes blood vessel growth

* turn on blood vessel growth genes

— overcome anchor & density dependence

* turn off touch-sensor gene

(b) Cancer cells

Cancer cells do not exhibit
anchorage dependence or

density-dependent inhibition.

It’s like an
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proliferation of damaged
Tumor suppressor cells—CANCER

T/ W —~ ()

Protein not
expressed

uncontrolled cell
growth—CANCER

Protein
expressed
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Gene Function Reference

- S .
Amersfoort BHLHB4 Transcriptional regulator, differentiation (23) N
BLU Transcription repressor (17, 23) @ncowus"
CDKNZA Inhibitor cyclin-dependent kinase; cell cycle arrest (15, 16) Vo , *
CDH1 Cell adhesion/metastasis (16)
CDH13  Cell adhesion (16)
CXCL14  Pro-apoptosis, cell cycle arrest (24)
DAPK1  Apoptosis (16)
DKK3 Wnt pathway antagonist (21)
DCL1 Cell growth, apoptosis, cell adhesion (15)
HOXA Homeobox transcriptions factors; differentiation (22)
genes
MGMT  DNA repair (16, 23)
MMP2 Degradation extracellular matrix (23) .
RARB Retinoic acid receptor [3; differentiation (16)
RASSF1A Cell cycle control (16, 17, 25)
Reprimo Mediator of p53-mediated cell cycle arrest (20)
RUNX3  Transcription factor target TGFRpathway (25)
SFRP1 Antagonist of Wnt pathway (26)
TCE] Differentiation (19)
TIMP3 Tissue inhibitor of metalloproteinase 3; metastasis (15)
WIF1 Antagonist of WNT pathway (18)
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Response of a “non-immunogenic” tumor to anti-PD-1:
Stage IV Non-Small Cell Lung Cancer with prior epigenetic therapy

Pt. 001-0605
History: 61y.o0.
male with stage IV
NSCLC refractory to
multiple surgeries,
RT, two multidrug
chemotherapy
regimens, 5-AZA
and entinostat
(HDACI).
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DNMT inhibitors: i oncowis

Epigenetic effects of DNMT inhibition by azacitidine (AZA) or
decitabine (DAC).

5-azacitidine and entinostat, which
alter the epigenome, may prime
patients’ immune systems to
respond to the checkpoint inhibitor.
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Werking 5-AZA stichting @ncowus ;
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Steady State Viral Mimicry State
Low dose
5.AZA-CdR
Treatment
L enrgen |
ERV. s ¢ /
Anti-tumoral effect
*IFNs type I induction
JSGs Induction
Reduce proliferation
*Targeting of CICs
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medicatie resistentie Vo, ?

A. Mutation-mediated drug resistance

Targeted chemotherapy () {* Founder mutation

@ Acquired mutation
D 9 ‘ 9 9 ’ Drug-sensitive epigenetic state
9 p 3 » a 9 9 ’ . Pre-existing drug-tolerant epigenetic state

9 . Therapy-induced drug-folerant epigenetic state

Cancer cells Drug-tolerant cells

B. Epigenetic-mediated drug resistance

Targeted chemotherapy (1)

DD 2 DD iiiey DD
2D 9 >

Cancer cells Drug-tolerant cells Drug-sensitive cells .

Targeted chemotherapy (1)

PO 2 DD i DD
399 => 09 =>" 595

Cancer cells Drug-tolerant cells Drug-sensitive cells

C. Epigenetic-mediated sensitization of cancer cell to therapy

Targeted chemotherapy ()
D p Epigenetic therapy a D ’
080 => 539 = X

Drug-tolerant Drug-sensitive
cancer cells cancer cells
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Medicatie resistente
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Small-molecule screen In vitro functional, In vivo preclinical Clinical studies

@ genomic, and proteomic studies efficacy in cancer model phase |, Il, and lll
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Current States of Epigenetic Targets for Inhibitors

In development Preclinical Clinical trials FDA approved

KAT; KMT; RMT: KDM; C

CBP/EP300; DOTILY; EZH2; KDMIA
DNMT; HDAC; JAK2; Aurora, PARP; BET (BRD2/3/

DNMT (Azacitidine and Decitabine); HDAC
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Take home messageine oncowis -

* Fouten in DNA spelen cruciale rol in ontstaan
maligniteiten.

 Methylering speelt substantiéle rol in vroege
fase tumorontwikkeling

 Methylering gaat mogelijk vooraf aan
morfologische veranderingen (biomarker).

 Methylering als doelwit
antikankerbehandeling veelbelovend
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