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O cancer € uma doenca genética?
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O cancer é um processo natural do
envelhecimento
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Driver mutation (mutacoes condutoras)
Mutagdes envolvidas com a oncogénese. Conferem vantagem no

crescimento clonal das células tumorais.

Passenger mutation (mutacoes passageiras)
Mutacbes que nao estio envolvidas com a oncogénese. Nao conferem

vantagem no crescimento clonal das células tumorais.

Early clonal  Benign Early invasive Late invasive Cherglsc:;?aerr‘?py-
tumour cancer cancer Brsiretot

Fertilized egg Gestation Infancy Childhood  Adulthood expansion

)
Intrinsic
mutation processes Environmental
and lifestyle exposures Mutator
phenotype Chemotherapy s

O Passenger mutation
Y¢ Driver mutation
1-10 or more

A Chemotherapy
resistance mutation
driver mutations

10s-1,000s of mitoses 10s-100s of mitoses 10s-100,000 or more
depending on the cancer passenger mutations

depending on the organ

Quantas mutagdes condutoras em quantos genes sao necessarias para
iniciar o processo tumoral?

MR Stratton et al. Nature 458, 719-724 (2009) doi:10.1038/nature07943



GATEKEEPERS (GENES PROTETORES)

Sao genes de suscetibilidade para cancer que regulam diretamente o ciclo
celular. Exp. P53, RB1, APC, etc.

CARETAKERS (GENES DE MANUTENCAO)

Genes que atuam reparando danos no DNA, mantendo a integridade
gendmica e evitando a instabilidade genética.

Sozinhos ndo induzem a formacao de neoplasia, pois alteracbes nesses
genes nao conferem vantagens proliferativas a célula, mas facilitam a
ocorréncia de mutacdes nos genes gatekeepers, as quais darao inicio a
carcinogénese. Exp. BRCA1 e BRCA2, MLH1, MSH2, PMSL1, etc.
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Search A

COSMIC

Catalogue of somatic mutations in cancer

Home About Download Publications News Contact Help FAQ M Hﬂ

Analysis Resources

The cancer Gene Census is an ongoing effort to catalogue those genes for which mutations have been causally implicated in cancer. The original census and analysis was
published in Nature Reviews Cancer and supplemental analysis information related to the paper is also available.

The census is not static but rather is updated regularly/as needed. In particular we are grateful to Felix Mitelman and his colleagues in providing information on more genes involved in
uncommon translocations in leukaemias and lymphomas. Currently, more than 1% of all human genes are implicated via mutation in cancer. Of these, approximately 90% have somatic
mutations in cancer, 20% bear germline mutations that predispose to cancer and 10% show both somatic and germline mutations.

Statistics Complete Census
Show [ All : | entries Search: sy
Sorted By - Number ¢
Amplifications 16
Chromosome 522
Excel Sheet Tab Delimited
Frameshift Mutations 114 text file
Gene Symbol 522
Germline Mutations 82
Large Deletions 39
Missense Mutations 172
Nonsense Mutations 104
Other Mutations 28
Somatic Mutations 483
Splicing Mutations 69
Translocations 327

Showing 1 to 12 of 12 entries

Help | Contactus | Legal | Cookiespolicy | Datasharing
Wellcome Trust Sanger Institute, Genome Research Limited (reg no. 2742969) is a charity registered in England with number 1021457

http://cancer.sanger.ac.uk/cancergenome/projects/census/



Representacao esquematica dos tipos de mutacoes
somaticas em escala genémica em um tumor

Point mutation

Y 1 Interchromosomal

Copy-number change

MR Stratton et al. Nature 458, 719-724 (2009) doi:10.1038/nature07943
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Genes e heranca do cancer

. Heranca dominante
v-sis = glioma e fibrosarcoma

v-erbB - sarcoma
v-abl = leucemia

_neu - neuroblastoma

Oncogenes <

ganho de funcao

_Heranca recessiva
Rb1 - retinoblastoma hereditario

Supressores de tumor- p53 2 sindrome de Li-Fraumeni

perda de funcao

BRCAI = cancer mamario e ovariano
_ VHL - von Hippel-Lindau

Predisposicao ao cancer



Hipotese de Knudson

'._14:‘| '/ 8=
Alfred George Knudson, Jr. M.D., Ph.D.

Em 1971, o Dr. Alfred Knudson propos a hipétese de dois hits para
explicar a forma hereditaria do retinoblastoma.

Nordling C (1953). "A new theory on cancer-inducing mechanism”.
Br J Cancer 7 (1): 68-72.
Knudson A (1971). “Mutation and cancer: statistical study of retinoblastoma” Proc Natl/ Acad Sci U S A 68 (4): 820-823.
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Base genética do Retinoblastoma
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Algumas mutacgoes afetam a estabilidade do genoma inteiro,
ao nivel do DNA e dos cromossomos, aumentando a taxa

geral de mutacoes.
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ATM Ataxia telangiectasia

XPA,C,D,F Xeroderma pigmentosum
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Perda da funcao do
BRCAY, BRCA1 e BRCA2
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Com 40 anos 1 em 235

Com 60 anos 1 em 23

Com 80 anos 1em 10



Risco de Ocorréncia de Cancer de Mama

Até 50 anos Até 70 anos
BRCA1 51%
BRCA2 28%
BRCA1 e BRCA2 83 - 88%

Cancer esporadico 2% 11%
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Fenétipo Genoétipo
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P16/ Astrocyte
CDKN2A
(50%)
PTEN
(20%)
Glioblastomas
LOH 10q
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Behin A et al, 2003 Lancet 361(9354): 323-31.
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Ativacao de proto-oncogenes

Ativados pela transposicao para um dominio de cromatina ativa:
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Genes e heranca do cancer

LEUCEMIA MIELOIDE CRONICA

Cromossomo Filadélfia — t(9;22)(q34;q11)

// Cromossomo Filadélfia




Genes e heranca do cancer
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LEUCEMIA MIELOIDE CRONICA

Diagnostico molecular — 1(9;22)(q34;911)

Cromossomo 22
PCR para bcr/abl

BCR

B . 305 _
w | @ 3

- 230
Cromossomo 9 108

ABL



. Invited review

, BCR-ABL tyrosine kinase inhibitors in the treatment of Philadelphia chromosome
| positive chronic myeloid leukemia: A review

Xin An*®<1 Amit K. Tiwari®!, Yibo Sun®!, Pei-Rong Ding*®<1 Charles R. Ashby Jr.® Zhe-Sheng Chen**

* Department of Pharmaceutical Sciences, College of Pharmacy and Allied Health Professions, St John's University, 8000 Utopia Parkway, Jamaica, NY 11439, USA
® Department of Medical Oncology, Cancer Center, Sun Yat-Sen University, Guangzhou, China
© Seate Key Laboratory of Oncology in South Ching, Sun Yar-Sen University, Guangzhou, China
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BCR-ABL/ABL

70 a 80% dos casos com perda de resposta ao Imatinibe

Perda de Resposta
1000
100 Baseline
10 A
1 —
B3 %\\ﬁ/ B3 B3
FC FC FC FC
0,1 0 7 19 25 33 MMR
Transcrito, Fase, Meses
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A. P-loop C-helix SH3 Contact

B.
- SH3 contact = ':';:'"' SH2 contact A-loop
D276G K294E ( 1315A1 D N331S | F359L/S

P S265C/IG | T277A Q300R E316G V338E  1360T
. L266P  E281GIstop L301P M343V M388T/V

V268A/M E282G V304A E352K T389A

L284S/V Y353H
V289A

JNCI

Jiang X et al. JNCI J Natl Cancer Inst 2007;99:680-693 © 2007 The Author(s).
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Imatinib Nilotinib Dasatinib

Imatinib Nilotinib Dasatinib

Nature Reviews Cancer
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Dasatinibe tem uma Atividade Ampla contra mutagdes BCR-ABL

Mutation class for
therapeutic decision
Mutation Patients (%) Nilotinib Dasatinib
MOST T315I 14 D D
COMMON M351T 12
G250E 12
F359Vv
M224V
Y253H
E255K
H396R
F317L
E355G
Q252H
E255V
E459K
F486S
L248V
D276G
E279K
LESS Y253F

common | F359C
F359I

D [No role for second-
generation TKl therapy

Mutations detected across
all phases of CML or Ph+ ALL

after imatinib therapy (n=386)
Branford S, et al. Blood 2009,114:5426-35

NINNWWW W LEPRAPOIN(N LWL

Material destinado a profissionais de saide
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Mutacao e resisténcia ao imatinibe - Branford et al. (2005)

70 a 80% dos casos de perda de resposta ao Imatinibe

B 100

10 -
"a 1
&
X 0.1- - MMR
0.01
F 2.1«fold rise
2
Not “
detected ! :

Pre 3 6 $ 135 18 A8 21 2% 27 "30: 353 36 39

Months on imatinib therapy

Branford S, Hughes TP. Diagnosis and monitoring of chronic myeloid
leukemia by qualitative and quantitative RT-PCR. In: lland HJ, Hertzberg
M, Marlton P, eds. Myeloid Leukemia: Methods and Protocols, Methods
in Molecular Medicine, Vol. 125. Totawa, NJ: Humana Press; 2006: 69-92.
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Mecanismos epigeneéticos do cancer

E um mecanismo herdavel, modificacdes na estrutura
da cromatina sem mudancas na sequéncia do DNA

Metilacao do DNA e das Histonas

Desacetilacao das histonas
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Mecanismos epigeneéticos do cancer

E um mecanismo herdavel, modificacdes na estrutura
da cromatina sem mudancas na sequéncia do DNA

Metilacao das ilhas CpG 2 VA o

@ Methylated CpG pair

% Acetylated histone tail

~ Deacetylated histone tail
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Mecanismos epigeneéticos do cancer

E um mecanismo herdavel, mas nio produzido por
mudancas na sequéncia do DNA

Desacetilacao das histonas

Sin3a

Dol [ complex

complex 3

@ Methylated CpG pair

% Acetylated histone tail

~ Deacetylated histone tail
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Mecanismos epigeneéticos do cancer
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Methyl group

Cytosine 5-Methylcytosine
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A TCGA Core Samples _ _
Padrao Global de Expressao

Proneural Neural Classical Mesenchymal .
meees @ EEEm00 Génica:

oL 4 subtipos de GBM distintos
NKX2-2
SOX2
ERBB3
ouG2

FBXO3
GABRB2
SNCG
MBP

DNMT1
TOP1
ABL1
BOP1

FGFR3
PDGFA
EGFR
AKT2
NES

CASP1/4/5/8
ILR4
CHI3L1
TRADD
TLR2/4

RELB Verhaak, RGW et al. 2010, Cancer Cell 17,
98-110.




Visao integrada das alteragcoes de expressao e estruturais nos
diferentes subtipos

Proneural Neural Classical Mesenchymal
TP53 mut
IDH1 mut
ge
PDGFRA cn

mut

ge
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e
CDKN2A °
cn
2 Copy Number
Gene Expression Mutaion TP53LOH  EGFRuvlIl high level ampification
low level amplification
normal copy number
hemi deleti
Verhaak, RGW et al. 2010, Cancer Cell 17, mizygous deletion

homozygous deletion

98-110.



Identificacao do fenétipo de ilhas CpG hipermetiladas - gCIMP

1-D HIERARCHICAL CLUSTERING OF PROBES
91 TCGA GBM SAMPLES
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Noushmehr, H et al. 2010, Cancer Cell. 18; 17(5): 510-522.



Impacto do fenotipo gCIMP no prognostico dos pacientes

GENE EXPRESSION CLUSTERS PRONEURAL G-CIMP-POSITIVE
100- —PRONEURAL (n=71) 100- —PRONEURAL G-CIMP+ (n=20)
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J | 3
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< | <
& >60- : & =60-
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Noushmehr, H et al. 2010, Cancer Cell. 18; 17(5): 510



