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« Evento de iniciacao - ceélulas iniciadas = expanséao clonal
* Progressao - acumulo de novos eventos mutacionais

Requiring fewer
Tumor cell growth factors

variants

Nonantigenic

Normal Tumor — "
cell  carcinogen- cell
induced — Human solid
change malignancy
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expansion
of surviving
cell variants
PROLIFERATION TUMOR CELL
TRANSFORMATION PROGRESSION  OF GENETICALLY =——»  VARIANTS
UNSTABLE CELLS HETEROGENEITY
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* Via Intrinseca

— Mais desativada nas neoplasias
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pathway =
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* Exemplos

. . , P p
— Linfoma Folicular de Células B - !
* Protegao das células linfoides . J

«bcl-2
Rl H chain

10 & enbancer
contra apoptose ::.‘.?.'::’!_':H B2
* Bcl2 3T "
— Carcinoma do colo uterino

~ - —— = Genomic TNA

* Relacao com HPV —E6 -
— ~—~ Gene transcripon

* Degradacao do TP53 @ e

sappresssan by pfd DNA
Coll cycle sctivation
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burns@usp.br R Bt LD
{ UsP BAURU




Te‘o“meros

e Estrutura e caracteristicas
— Estrutura de heterocromatina

— Porcao terminal do cromossomo
— Estabilidade

e Células Germinativas

— Teldbmero Longo + Telomerase

° NaSCimentO What We Lose With Age

© g 8
— Teldomeros relativamente curto o O 8
Chromosome Cell @
* Por que encurta? e
. ~ . As cells di\.ridec'all @ %
— DNA Polimerase ndo replica | P A
. ~ over time...
— Encurta a cada replicagao s i \} \} \>
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complexo shelterina
‘O—: (6 proteinas que protegem extremidade

) Estrutu r'a T"“)m“esﬁii =) / telomérica)
_ TTAGGG | o 3 flta simples

[FTEGGITTAG

—_ COmpleXO de prOtEIII’]aS e Ar"ré ZA.TI"SE::, A-"ﬂ%
RAPI —
— 8-12 Kb ao Nascimento CJ

Telomerase

— Perda de 2 a 4 Kb durante a vida

* Telomerase

— Ribonucleoproteina

— Ligacao DNA c/ Telomerase

— Adicao de 6 nuclerotideos pela fita molde — Alongamento

— Dobra da fita criada — Translocacdao = liberacdo p/ novo ciclo
e, Dissociacdo = Finalizacdo do processo MEDICINA
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e Capacidade de Duplicacao das células — 60 a 70 Ciclos

3 Reversible arrest due to differentiation
Programme of SUppressive microenvironment.
2 Telomere length-independent.
lll | Replicative senescence. Shortest telomere[s) becomes
dysfunctional and triggers p53-dependent arrest.
Can be bypassed by transfarming mutations.
Mormal
F growth ‘x\x Transforming mutation(s)
= caontrol " [e.g. p53 Inactivation or
- CDKA4 overexpression).
= Cellular
g aging ™ Crisis: many telomeres critically
g5 EE R T shortened, Genomic instability,;
£ senessenes AN & new mutations. Eventual cell
= I: death unless telomeres stabilized.
:.I_. J!'| |. K\-‘lﬁ} 1II‘I| . )
E ", I
= growth -
E Tumaorigenesis ™ — mmartal
B e it T —: ————————————— Cancer
T .. |
o : i Telomerase activation
| ! immeartalizes growth-
5 : ! deregulated cells,
I I

Stabilizes telomerss, [~
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Alteragdo do telomero
ativa via de TP53 e pRB

Functional @ X —
telomere }
Dysfunctional gt ssm—— Tclomere
telomere loss
Telomere shortening Telomere uncapping
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1

8 . Oncogenic activation| | * Telomerase defects| [+ Genotoxic insult
* Replicative stress * Shelterin defects | |# Oxidative damage
* Replicative damage * LV-induced damage

» Apoptosis * End-to-end fusions
» Cell cycle arrest * Endoreduplication
» Senescence ‘ ‘

* Breakage—fusion-bridge cycles| A Genomic
* Polyploidy or ancuploidy instability

lelomere healing:

» Telomerase reactivation

AT

* Non-reciprocal trenslocations

Stem cell

dysfunction

l Setection of malignent dlones
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‘e‘omeros

e Como Causa Instabilidade CromossOmica
— FUSéO de Cromossomos

— Fusao de cromatides irmas

* Pontes de Anafase
C

— PO|Ip|O|d|a Anaphase bridge Polyploidy

— Pleomorfismo nuclear
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e Potencial Uso Terapéutico?
— Expressao em 85-95% das neoplasias malignas
— Imortalidade é crucial para a progressao tumoral
— Telomerase codificada por gene unico
— Expressdo baixa ou ausente em tecidos normais =2

Especificidade - Terel]
ﬁ%& .
* Estrategias « T
ST : P
— Inibicao direta da enzima

— Imunoterapia ativa — destruicao de células que expressam
— Agentes que alteram estrutura do telomero — inibicao da

ligagao MEDICINA
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Multiplos ciclos de divis&o celular

v

Encurtamento dos teldbmeros

/

Pontos de controle

Inter. Prolif
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Apoptose

\

Fuga do Ponto de Controle
Encurtamento adicional

v

Fusao cromossOmica e recombinacao

v

Instabilidade genGmica

4

Reativacao datelomerase

v

Morte celular [V,
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Fontes de
dano ao DNA

1

Endogenous or
environmental

Dano ao DNA
Lesion
n lesoes/ceula/dia

Therapeutic

Vias de Reparo
ao DNA

3 Repair pathway
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T Vias de Reparo do DNA

* Reparo Direto

e Reparo por Excisao de Bases (BER)

* Reparo por Excisao de Nucleotideos (NER)
* Reparo de Mismatch (MMR)

 Reparo de Quebra de dupla fita

— Ligacao de terminacao nao homologa / juncao ndo homologa
de extremidades (NHEJ)

— Recombinacdao Homologa (HHR)
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* Reparo Direto
— Alquilacao

— MGMT - Enzima
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Cell death In
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O Uprequlated in cancer
() Mutated or silenced in cancer
= Inhibitor in preclinical development

b= Inhibitor in clinical trial
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e Reparo por Excisao de Bases (BER)

Lesdo da base:
oxidagdo, deaminacdo, alquilacdo

8-oxo-G mispareia '-;: TTTTTITTTTT]

b ht

O Upregulated in cancer

com A '- () Mutated or silenced in cancer
-:X-RE‘CT[\’ -, Polymorphism associated
— = with cancer
<
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”01 i= XRCC‘ Poli{ADP-ribose) polimerase1 (PARP1)
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* Reparo por Excisao de Nucleotideos (NER)

5I
3,.||||1111||[|][

CsA _ <PC XRADZ 3B
Reconhecimento
8 T
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TC-NER: Reparo de lesdes
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* Reparo de Mismatch (MMR)

Nucleotideo
despareado

MMR l
Base
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MMR e fita
especifico:
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nucleotideo
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|
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 Reparo de Quebra de dupla fita

— Ligacao de terminacao nao homologa / juncao ndo homologa
de extremidades (NHEJ)
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Quebra da dupla fita
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| @
End synapsis

D BRI
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L|G4

e
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~

G1 or GO

o Uprequlated in cancer

O Mutated or silenced

incancer

— Polymorphism
" associated with cancer

Inhibitor in pre-
clinical development

= Inhibitor in clinical trial
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DNA-dependent protein
Kinase catalytic subunit (DNA-PKcs)
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 Reparo de Quebra de dupla fita
— Recombinag¢do Homoéloga (HHR)

© ATR/ ATRIP
m
CHK1 CHK1-P
Resseccio das (5/G2 arrest)
e terminagdes do DNA
DSE Cobertura do DNA
T T simples fita 7> ATM/ ATR
: X (prevencdo de degradagdo) BRCAL  BRCA1-P

Formacao de filamento de nucleoproteina que invade
o DNA complementar:

J™> « Eitainvasora é estendida pelz DNA polimerase
=  Religac3o as terminagdes de quebra da dupla fita

/ Sister
l ] I ]/d I I ] l IXJ I IJ chromatid O Upregulated in cancer
O Mutated or silenced
Resolvases in cancer
ligase ¢ Polymorphism
" associated with cancer
EEEEEENENEENENEN - htorinpre
DNA-dependent protein [ l | l l I l [ I ] I I [ I I I [ = Inhibitor in clinical trial

Kinase catalytic subunit (DNA-PKcs)
burns@usy Poly(ADP) ribose polymerase 1 (PARP 1) ;Cl NA
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* Reparo de Quebra de dupla fita S ; -
— NHEJ T 3
« Répido LTI
* Mais erros — delecdes locais EN |
« Mais usado B miged '
=HE= 1l I||II |||||
-HRR [T
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* Base do processo

— Menos Reparo = Mais Mutacdo =2 Progressao
— Sindromes!

 Exemplos

Sindrome Tipos de cincer Gene mutado | Via de reparo
Cancer colorretal hereditério | Colorretal, endométrio, MISHZ, MILHL, M_MR'FEF'ETD de
ndo poliposo (HNPCC) pelve renal, intestino MSHB, PMs2 | Mismateh
delgado, ovario
Sindrome de cincer de mama | mama, ovario, pdncreas, BRCA1, BRCA2 HHR‘TEF_"E”“NPW
e ovario hereditario prostata, melanoma recombinacao
homologa
Ataxia - telangiectasia Linforna, leucemia, cincer ATM HRR, NHEJ {”%EQE"U da
de mama terminacao nao
homologa)
Xeroderma pigmentoso Carcinoma basocelular e HPA, ¥PC, XPE, .
burns@usp. espinocelular da pele XPF, XPG NER-reparo de excisao

de nucleotideos
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Euchromatin

CpG island HIK36me3

N R LAl a

" Enhancer

< Transcribed < '\unel

< Repressed @ HFP1
H3IKOme3 and HiKOme? “G2s DNA methylation

e —————————— — |

Heterachromatin

Figure 1| Model of the overall structure of the epigenome in normal human cells. Thes dagram MED‘CIN ,

Baylin and Jones. NRC 11: 726, 2011 f usP BAURU




* Definicao
— Outros fatores que nao a sequencia de DNA que regulam a
expressao Genica
— Relagdo com o empacotamento do DNA / Histonas
* Metilacao do DNA ou Histonas
* Acetilacao de Histonas

' Nucleosome
(Remodelling and
| positioning)
B ——— SNF5
Histone = * ARIDIA
(Modifications ONA methylation |___*PBRM1
and variants) g 11 * TET2
. MLL - ) * IDH1 and IDH2
« EZH2 v, * DNMT3A
* UTX \}
1 L1
Doscned ey |
Closed pll)nu);vr chromatin Loosening of chromatin
as seen in COKN2A and VHI MED?CINA
burns@usp.br Figure 2 | The cancer epigenome and relevant gene mutations. The cancer epigenome is charact
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T e gengtica

* Aspectos Diretos no Genoma
— Relacdao com o empacotamento do DNA / Histonas

* Metilacao do DNA ou Histonas
— Hipermetilacao de promotores de genes supressores de tumor
— Alteracao global do estado de metilacao

* Acetilacao de Histonas
— Acetilacdo - Silenciamento de Genes Supressores

* Fatores

— Ambiente
— Dieta
— Estresse Celular
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* Inibicao da Metilacao do DNA
— Azacitidina
— Decitabina

* |nibicao da Histolona Desacetilase
— Linfoma de células T
— Voronostat / Romidepsin
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