Epigenetik ve Kanser

Tayfun OZGELIK
Bilkent Universitesi
Molekiiler Biyoloji ve Genetik Bolumu
tozcelik@fen.bilkent.edu.tr




’_dl.&./ ~ tax s
;‘. Dee . _"
I_ - \t.l X
wn [
By WaRET | e
. e sen 2
MPaaan®
STy, i
. aﬂa = ‘”‘: )
e S
e et
1 . o 1
Q{ LR - -
B ) ! o ]
“_"’ !

g

_
o " e
i
{ ey TS
;

L
rbq‘. { s :

ﬂ =3 M.
-h} wra® loemey

14
14
B3
20

13
19

_ o
i =
P N o

o il
Phu“! AT Uy Rol =] O-—-

T - -
ni.ﬂ - ._.'H

19

(ISR 1

- )
g PRy e e




Conrad Waddington (1905-1975)

Edinburgh Universitesi
Embriyoloji ve Genetik Profesoru

Epigenetik terimini ilk kullanan bilim insanidir: Waddington CH (1942). Endeavour 1, 18-20.




l - hicre

| LA (el A

Epigenetik Manzara

Gelisen hucre farkli yollara sapabilir ve buna
bagli olarak kaderi degigir.

Epigenetigin tanimi:
Genler ve urunleri arasindaki iligkilerin nedensel 6zelliklerini ve ortaya ¢ikan fenotipi inceleyen bilim dal..




Biyolojik olaylari molekiler diizeyde inceleyemedigimiz donemde pek ¢ok garip hiicresel olay
epigenetik olarak siniflandiriimistir:

& a) Misir’da paramutasyon:

Bir genin bir allellinde meydana gelen genetik degisikligin
normal alleli kalitimsal olarak etkilemesi.

b) Meyve sineginde Drozofila’da konumsal renklilik (position effect variegation):

Kromatin yapisinin gen anlatimini etkilemesi.

c) Memelilerde genetik imleme:

Bir genin anlatiminin anne veya babadan kalitiimasina bagl
olarak gerceklesmesi.

d) Memelilerde X-kromozomu inaktivasyonu:

Somatik bir hiuicrede tek bir X-kromozomundan gen anlatimi
yapilmasini saglayan ve mozaisizm kavramina yol agcan duzenleme.
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DNA’nin dizisini degistirmeden fenotipe yansimasini degistirmek.




tobeornottobe

to be or not to be

William Shakespeare
1564-1616

Hamlet

IMPOSSIBLE V I’'m POSSIBLE




Tenyalar bagirsakta yasar.




1—epigenetik etki

bagirmasakta.

Tenyalar bagirsakta yasar,

a) Misir - paramutasyon
b) Drozofila - konumsal renklilik
c) Memeli - genetik imleme




Epigenetik:

Gen anlatimi veya hucre fenotipine etkisi kalici ve bir sonraki nesile
aktarilabilecek nitelikte olan ama Watson-Crick modeline gore DNA
baz dizisi Uzerinde degisiklik yapmayan biyolojik olaylari inceleyen

bilim dalina verilen isim.

Stem cell chromatin marks in cancer gene silencing
Endocytic sorting influences Alzheimer disease onset
QTL for hematopoietic stem cell number




Epigenetik duzenlemenin ana oyuncularti:

fp
f DNA metilasyonu

Kromatin yapilanmasi

¥ Kodlamayan RNA
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{y DNA metilasyonu
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En iyi incelenmis mekanizmadir.

CpG ikili ntkleotidlerini icerir.

Genomda CpG adalari olarak duzenlenmistir.

Yazilimin baskilanmasindan sorumludur.

DNMT (de novo / maintenance DNA methyl transferases) genleri araciligi ile metil grubu eklenir.
Bazi en temel biyolojik olaylarda kanitlanmis bir mekanizmadir:

- X-kromozomu inaktivasyonu
- Genomik imleme

- Tekrarlayan ve sentromerik DNA dizilerinin susturulmasi




X-kromozomu inaktivasyonu

et Xi

promotor ekson intron

promotor ekson intron
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Kromatin yapilanmasi

Histon proteinlerindeki kovalan degisimleri icerir.

Asetilasyon ve fosforilasyon ana protein degisimi
mekanizmalaridir.

Bazi katalitik enzimler [Su(var)3-9] histon proteinlerine
(H3K9) metil grubu ekler.

Kovalan olmayan mekanizmalar da vardir ve Epigenomic hallmark of can
. . . everse engineering gene networks
kromatin yeniden modellemesi olarak adlandirilir. Predicting risk of stroke

Histon-DNA etkilesiminin ATP-bagimli mekanizmalarla degistiriimesi.
H3.3 ve H2AZ gibi proteinlerin farkli formlarinin saperonlarla etkilesimi.

Nukleozom yeniden modellemesi.




Normal cell
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Kodlamayan RNA

DNA ez > RNA e > PROTEIN

XIST ile X-inaktivasyonu iligkisi.

RNA interferansi RNAI. Hem genlerin hem de tekrarlayan DNA'nin
yazilim ve gevirim sonrasi denetlendigi gosterilmigtir.




Petunya deneyeler|




The central dogma

The genetic inforrnation in double-
stranded DMA is transcribed inta
single-stranded rmeszenger RMNA
[mRMAY in the cell nucleus and
subsequently translated into
protein in the cytoplasm,

RNA interference

The mRNA is destroyed
before it is translated
into protein.

[Bixeny




Tumor progression: clonal evolution

Barrelt's - Cancer

esophagus > : >
<< Kanserin molekuler temelleri

}Clona\ diversity

Genetik degisiklikler:
- “heterozigozite kayb!”
- tumor baskilayici genler
- onkogenler
- genom oynaklgi
- yapisal/sayisal kromozom bozukluklari

Epigenetik degisiklikler:
- gen anlatiminin susturulmasi
- kOk hucresi gelisimi ve farklilagsmasinda etkin olan yol aglarinda
gelisen temel bozukluklar




DNMT’ler

DNA metilasyonu

Gen anlatiminin susturulmasi

Nukleozom modellemesi Histon degisimleri
NURF’ler HDAC’ler/HMT ler




Polycomb kompleksi proteinleri

Prostat kanserleri

Tumor Heterojenitesi: Kanser Kok Hiicresi Hipotezi

Kolon kanserleri Meme kanserleri

Yanlis eslesmenin onarimi Cift sarmal kiriklari onarimi




Gene Function Location Tumour type Consequences

MLH1 DNA mismatch repair 3p21.3 Colon, endometrium, stomach Frameshift mutations
BRCA1 DNA repair, transcription 17q21 Breast, ovary Double-strand breaks?
p16™*e Cyclin-dependent kinase inhibitor 9p21 Multiple types Entrance incellcycle
p14'¥ MDM?2 inhibitor 9p21 Colon, stomach, kidney Degradation of p53
pISEE Cyclin-dependent kinase inhibitor 9p21 Leukaemia Entrance into cell cycle
MGMT DNA repair of 06-alkyl-guanine 10q26 Multiple types Mutations, chemosentivity
GSTP1 Conjugation to glutathione 11q13 Prostate, breast, kidney Adduct accumulation?
p73 P53 homologue 1p36 Lymphoma Unknown

LKB1/STK11 Serine-threonine kinase 19p13.3 Colon, breast, lung Unknown

ER Oestrogen receptor 6q25.1 Breast Hormone insensitivity

PR Progesterone receptor 11922 Breast Hormone insensitivity
AR Androgen receptor Xq11 Prostate Hormone insensitivity
PRLR Prolactin receptor Sp13-p12 Breast Hormone insensitivity
TSHR Thyroid-stimulating hormone receptor 14q31 Thyroid Hormone insensitivity
RARB2 Retinoic acid receptor-p2 3p24 Colon, lung, head and neck Vitamininsensitivity?
CRBP1 Retinol-binding protein 3q21-q22 Colon, stomach, lymphoma Vitamin insensitivity?
RASSFI1A Ras effector homologue 3p21.3 Multiple types Unknown

NORE1A Ras effector homologue 1q32 Lung Unknown

VHL Ubiquitin ligase component 3p25 Kidney, haemangioblastoma Loss of hypoxic response?
Rb Cell-cycle inhibitor 13q14 Retinoblastoma Entrance into cellcycle
THBS1 Thrombospondin-1, Anti-angiogenic 15q15 Glioma Neovascularization
CDH1 E cadherin, cell adhesion 16q22.1 Breast, stomach, Leuk i Di ination

CDH13 H cadherin, cell adhesion 16q24 Breast, lung Dissemination?

FAT Cadherin, tumour suppressor 4q34-35 Colon Dissemination?

HIC1 Transcription factor 17p13.3 Multiple types Unknown

APC Inhibitor of B-catenin 5921 Aerodigestive tract Activation -catenin route
SFRP1 Secreted frizzled-related protein 1 8p12-p11 Colon Activation Wnt signalling
DKK1 Extracellular Wnt inhibitor 10q11.2 Colon Activation Wnt signalling
WIF1 Whtinhibitory factor 12q14.3 Colon, lung Activation Wnt signalling
COX2 Cyclooxygenase-2 1925 Colon, stomach Anti-inflammatory resistance?
S0CS1 Inhibitor of JAK-STAT pathway 16p13.13 Liver, mieloma JAK2 activation

SOCS3 Inhibitor of JAK-STAT pathway 17925 Lung JAK2 activation

GATA4 Transcription factor 8p23-p22 Colon, stomach Silencing of target genes
GATAS Transcription factor 20913 Colon, stomach Silencing of target genes
D4 Transcription factor 6p22-p21.3 Leukaemia, stomach Unknown

SRBC BRCA1-binding protein 1p15 Breast, lung Unknown

SYK Tyrosine kinase 9922 Breast Unknown

RIZ1 Histone/protein methyltransferase 1p36 Breast, liver Aberrant gene expression?
DAPK Pro-apoptotic 9q34.1 Lymphoma, lung, colon Resistance to apoptosis
T™MS1 Pro-apoptotic 16p11 Breast Resistance to apoptosis
IGFBP3 Growth-factor-binding protein 7p14-p12 Lung, skin Resistance to apoptosis
TPEF/HPP1 Transmembrane protein 2q33 Colon, bladder Unknown

SLC5A8 Sodium transporter 12q23 Glioma, colon Unknown

HOXA9 Homeobox protein 7p15-p14 Neuroblastoma Unknown

EXT1 Heparan sulphate synthesis 8q24 Leukaemia, skin Cellular detachment
Lamin A/C Nuclear intermediate filament 1921.2 Lymphoma, leukaemia Unknown

WRN DNA repair 8p12-p11.2 Colon, stomach, sarcoma DNA breakage, chemosensitivity




Gene Alteration

DNA methyltransferases

DNMT1 Overexpression

DNMT3b Overexpression
Methyl-CpG-binding proteins

MeCP2 Overexpression, rare mutations
MBD1 Overexpression, rare mutations
MBD2z Overexpression, rare mutations
MBD3 Overexpression, rare mutations
MBD4 Inactivating mutations in MSI+
Histone acetyltransferases

p300 Mutations in MSI+

CBP Mutations, translocations, deletions
pCAF Rare mutations

MOZ Translocations

MORF Translocations

Histone deacetylases

HDAC1 Aberrant expression

HDAC2 Aberrant expression, mutations in MSI+
Histone methyltransferases

MLL1 Translocation

MLL2 Gene amplification

MLL3 Deletion

NSD1 Translocation

EZH2 Gene amplification, overexpression
RIZ1 CpG-island hypermethylation
Histone demethylase

GASC1 Gene amplification

MSl+, microsatellite instable tumours,

Tumour type

Multiple types
Multiple types

Multiple types
Multiple types
Multiple types
Multiple types

Colon, stomach, endometrium

Colon, stomach, endometrium

Colon, stomach, endometrium, lung, leukaemia
Colon

Haematological malignancies

Haematological malignancies, leiomyomata

Multiple types
Multiple types

Haematological malignancies
Glioma, pancreas

Leukaemia

Leukaemia

Multiple types

Multiple types

Squamous cell carcinoma




Epigenetik tedavi stratejileri

Birinci tedavi Sonug ikinci tedavi Sonug
HDACI . p211 _[Timér
stazisi
pl6/pl5 t
DNMTI » MLHL ! —— Kemoterapli ———____
Apopitoz t
Timor antijen TW
Sinerjik etki
DNMTi+HDACI <
MikroRNAlar 1 > Onkogenlerl
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