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“Quimica, ciéncia interdisciplinar”

* 1990-1993 — Bacharel em Quimica

* 1994-1996 — Mestre em Bioquimica

e 1996-2000 — Doutor em Bioguimica

e 2002-2004 — PD em Biologia Celular e Molecular

* 2004-atual — Coordenador do Labsinal
— Biologia Celular do Cancer
— Sinalizacao Celular
— Morte Celular — apoptose e senescéncia
— Resisténcia a terapias - autofagia

Mas nao me perguntem os detalhes da Diels-Alder
(embora o Joussef tenha ensinado isto muito bem...)
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Biologia Celular do Cancer
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Porque a incidéncia de cancer
e tdo baixa?

Deveria ser mais alto?



Se considerarmos...

Temos 100 trilhoes de células

Cada uma se dividira em média pelo menos
100 vezes durante a vida do organismo

DNA polimerase € uma enzima fantastica — 1
erro em 100.000

Mas isto da 120.000 erros na replicacao de
uma célula diploide

Felizmente existem mecanismos de reparo —
com isto os erros diminuem para menos que 1
por divisao



Se considerarmos...

100 trilhdes de células

100 divisdes em média na vida
1 erro/divisao

10** mutacoes na nossa vida...

Isto sem contar agentes quimicos ou fisicos
gue causam mutacoes

E considerando que o dono do organismo nao
fume, coma churrasco etc...



Se considerarmos...

 Evolutivamente, as nossas células existiram
como unicelulares 5/6 do seu tempo,
proliferando o mais rapidamente possivel

* Estado basal das células em um organismo
multicelular € num estado nao proliferativo.

* Nenhuma destas 100 trilhdes de células pode
voltar a proliferar o mais rapidamente possivel



Chega de dados ruins...
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MRNA de um gene pequeno - Ras
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cctttggtat
tggtctctgt
gctactttat
tatttggcat
atattcatat
tacttaaaaa
gacaaggaaa
atctttggaa
gagaaagaaa
tgaatttttg
tttgaatggt
aataaatgtt
aaaaaagcta
tatattgtat
tcacactgca
tgcacaattt
gcacaagttc
caaacagtat
tttccatttg
cagcagttac
tgaattctgc
gatactcaca
aatagtttga
aaaagttatc
ctgggttaca
aaatactttt
acatgtttac
ttttgtacat
atttggttge
taattgaaat
gtaatatttt

cagtgacaaa

ctcttcttce
gcagttttaa
atgaagtttt
agagaatctg
tgatgctttg
tggtatgaat
agaattcctt
ttttagtaac
tttttttggt
agctcactgc
agctgggatt
ggggtttcac
cttggcctca
taccagatgc
aatcccggtce
acgacccaga
gccagctcta
gtaaatcact
aactgtgatt
tgacccaaat
ttaatagttt
cttctatgta
cactgtttag
tggccatact
atgtagatgg
ttaacaaaag
acctaattat
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catttgagtg
taggaattta
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tgagttcttg
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tgcagatatg
gtgttttatc
gcatttttcc
ctggaatgta
tgtgctttct
gctgacctag
taacttttaa
tgtcatgaac
aaaaaaaaaa

atattagtgt
tacttgtaat
cccactgagt
acagatacca
aacatctctt
agacagaacc
aggtaatcta
cagaaatctt
gtcagagtct
aacctccatc
acaggcgtgt
cctgttggcece
taaacctgtt
cagtcaccgc
cttaggtagt
gataacacga
taattgtttt
tcattgtttt
cttttaggac
gtgtaatatt
tatctgggta
aaaatcacta
gtagggtgtt
tcaggaactg
gcattttttt
atttgttttt
tacagcctta
acttaggcat
aatgttccca
gaacctaact
tatacataga
tattccattg
ttaggggatt
atgatttctt
aatttatatt
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tgggataatg
ttgagggccce
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tttgagtgcce
ttttaactat
tttgtgggac
gaatgttggt
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catcttgcct
tccectaacc
cacatcagaa
taaagggatt
tgctgcccaa
ctatccagtg
taactaggac
catgcaatga
cgctcttgte
tcccaggtte
gccactacac
aggctggtct
ttgcagaact
acaaggcact
gctagtgtgg
tgcgtatttt
gctacgattc
aaaggaataa
aattactgta
ccagttttct
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tgatttctga
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cagtgcttat
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tccattagcg
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tactcctggt
aaaatacttt
acccaggctg
aagcgattct
tcaactaatt
cgaactcctg
catttattca
gggtatatgg
tctgtaatat
agttttgcaa
cactgaaact
acttgattat
cacattaagg
ctgcataagt
ggtgcctgaa
attgctatgt
cagtacctcg
gaggggatat
ttaattacct
taaaggggga
tccttgttga
gtggaagaat
ctaggctcta
atcaaaactg
ggcatgttaa
tcttctaaac
cagcaaaaac
tagtaatgtt
tgtgttaata
aaactttctt
taagatctgt
tagatgaatt
ccacaccccce
gtcttgtgtt
tagtactatt
tgtaaactga
tgatccagtt
attaaaaatg
tgtgaagtga
taatgtaata
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MRNA de um gene pequeno - Ras

cagcggcggce
ccgccattte
ggctcagcgg
tggtagttgg
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taattgaaaa
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tatccatttc
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aggattccta
acacagcagg
gctttctttg
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agaaaaagaa
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cttactaagg
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tgtatgtcag
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tcttaatgta
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taggagagac
attcacccac
attgagtgcce
caagagacat
cctttggtat
tggtctctgt
gctactttat
tatttggcat
atattcatat
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gacaaggaaa
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ctcttcttce
gcagttttaa
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tgatgctttg
tggtatgaat
agaattcctt
ttttagtaac
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tgcagatatg
gtgttttatc
gcatttttcc
ctggaatgta
tgtgctttct
gctgacctag
taacttttaa
tgtcatgaac
aaaaaaaaaa

atattagtgt
tacttgtaat
cccactgagt
acagatacca
aacatctctt
agacagaacc
aggtaatcta
cagaaatctt
gtcagagtct
aacctccatc
acaggcgtgt
cctgttggcece
taaacctgtt
cagtcaccgc
cttaggtagt
gataacacga
taattgtttt
tcattgtttt
cttttaggac
gtgtaatatt
tatctgggta
aaaatcacta
gtagggtgtt
tcaggaactg
gcattttttt
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tacagcctta
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tgggataatg
ttgagggccce
cgaaagtttc
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ttttaactat
tttgtgggac
gaatgttggt
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catcttgcct
tccectaacc
cacatcagaa
taaagggatt
tgctgcccaa
ctatccagtg
taactaggac
catgcaatga
cgctcttgte
tcccaggtte
gccactacac
aggctggtct
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gctagtgtgg
tgcgtatttt
gctacgattc
aaaggaataa
aattactgta
ccagttttct
caaataaaca
tgatttctga
aagacttaca
cagtgcttat
aaggtagtgg
gtagagattt
aagacaaaaa
taacatgttt
agtaggcatt
tttataggtt
aactttgtgg
attttttttt
tttttttaga
gataattgtg
tagtaacttc
tcataaaatg
ataactagat
ataggtaatt
atctctccce
caattccact
aatttcttac
ttttgtatag
atatgcagtg
catatcaaac
gagtatgtgc
ctaattattg

ccctaccttce
ataagattta
atgccctaca
tgacctaatc
tccattagcg
gaaggagaat
tactcctggt
aaaatacttt
acccaggctg
aagcgattct
tcaactaatt
cgaactcctg
catttattca
gggtatatgg
tctgtaatat
agttttgcaa
cactgaaact
acttgattat
cacattaagg
ctgcataagt
ggtgcctgaa
attgctatgt
cagtacctcg
gaggggatat
ttaattacct
taaaggggga
tccttgttga
gtggaagaat
ctaggctcta
atcaaaactg
ggcatgttaa
tcttctaaac
cagcaaaaac
tagtaatgtt
tgtgttaata
aaactttctt
taagatctgt
tagatgaatt
ccacaccccce
gtcttgtgtt
tagtactatt
tgtaaactga
tgatccagtt
attaaaaatg
tgtgaagtga
taatgtaata
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A histéria da Ras

Ras € uma proteina de sinalizagao Ela se auto-inativa depois de uns 20 ou 30
minutos — faz isto degradando GTP
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Cell Proliferation

Dominio de degradacao de GTP

MRNA ATG ACG GAATAT AAG CTG GTG GTG GTG GGC GCT GGAGGC ...TGA

Proteina M T E Y K L V V V G A G G *
1 2 3 4 5 6 7 8 9 10 11 12 13 ....189

MRNA ATG ACG GAATATAAG CTG GTG GTG GTG GGC GCT GTAGGC ...TGA

Proteina M T E Y K L \VARRAY/ V G A G *
1 2 3 4 5 6 7 8 9 10 11 12 13 ....189
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Cada célula tem 2m de DNA genémico

10

Noés temos aprox 200 bilhdes de km de DNA
Das nossas células (excluindo bactérias)
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81 milhdes de bases - 2,6% do genoma
O

3,1 bilhdes de nucleotideos (bases)

Total DNA Exon DNA |Relation
chrl 249250621 8079409 3,2
chr2 243199373| 5781424 2,4
chr3 198022430 4706998 2,4
chré 191154276| 3364332 18 G
chrs 180915260{ 3820351 2,1 ene
chr6 171115067| 4241245 2,5
chr7 150138663 4049692 25
chrg 146364022 2909471 2,0
chro 141213431| 3430407 2,4 DNA intergén ico
chr10 135534747| 3398919 2,5
chril 135006516 4439924 33
chr12 133851895 4144621 3,1
chri3 115169878 1655075 14
chria 107349540 2665222 25 exon
chris 102531392 2897969 2,8
chri6 90354753 3248662 3,6 .
chr17 81195210 4348983 5,4 Intron
chri8 78077248 1377184 18
chr19 59128983| 4500567 7,6
chr20 63025520 2034342 3,2 Variantes de MRNA 1 MRNA 2
chr21 48129805| 888164 18 processamento
chr22 51304566| 1888002 3,7
chrX 155270560] 2951340 1,9
chry 59373566| 271506 0,5
Total 3095677412 81093809 2,6
chrM 16571 11925 72,0




Qual é a probabilidade de uma mutacao ser oncogénica®?

Tabela 21. 1. Probabilidade estimada de uma mutacdo ser Dncogénica'.

Uma mutac¢do oncogénica deve: Probabilidade
Ocorrer em regides codificantes (exclui introns e 0.030
DNA intergénico) (3/100)’

81 milhdes de bases - 2,6% do genoma
]

3,1 bilhdes de nucleotideos (bases)



Qual é a probabilidade de uma mutacao ser oncogénica?

Alterar a sequéncia de aminoacidos (392/549) .

15t

letter

0714

Second Letter

c A G
Uuu | Phe |ucu UAU ‘ Tvr |UGU ‘Cys U
uuc ucc | ser |UAC UGC c
UUA | | oy |UCA UAA Stop |UGA Stop|A
UuG UCe UAG Stop |UGG Trp |G
Cuu ccu cau | His |ceu u
cuc | Leu|ccc | Pro |CAC CGC | arg | C
CUA CCA CAA | GIn |CGA A
CUG CCG CAG CGG G
AUU ACU AAU | Asn |AGU | Ser |U
Auc | e |acc | mr |AAC AGC c
AUA ACA AAA AGA A

L Ar

AUG et | ACG AAG | ° |ace | ™9 |e
GUU GCU GAU | Asp |GGU u
GUC | val | GCC | ala | GAC GGC |aly |C
GUA GCA GAA | ¢y |GGA A
GUG GCG GAG GGG G

3rd

letter



Qual é a probabilidade de uma mutacao ser oncogénica?

Mutacado precisa acontecer em um
oncogene ou genes supressor tumoral

Proto-oncogene —3 oncogene
* Efeito ativador na proliferacao celular
* Efeito inibidor na morte celular
» Efeito indutor de estado tronco

Aprox. 300, mas alguns ocorrem com muito
mais frequéncia

Gene Supressor Tumoral ====p inativado

* Efeito ativador/permissor na
proliferacao celular

* Efeito inibidor na morte celular

* Efeito indutor de estado tronco

Aprox. 100, mas alguns ocorrem com muito
mais frequéncia




Qual é a probabilidade de uma mutacao ser oncogénica?

Mutacao precisa produzir ganho de
funcao no oncogene ou perda de funcao
no gene supressor tumoral



61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461

ggccgeggcg
tcggccagta
aaggcggcegg
aatgactgaa
gatacagcta
caggaagcaa
tcaagaggag
tgtatttgcc
taaaagagtt
gccttctaga
ttttattgaa
tcgagaaatt
gtcaaagaca
agtacaagtg
taattttttt
gacagtggaa
tagcaatgcc
catgcagttg
aatgaagctt
actaatttca
tatgggcttc
gaatgtaaag
tcactctccce
aggcaatgga
ctcctaatag
cattttgggg
agtataaaaa
agtataactt
tgacattaaa
gcaaggccag
tgtccccacg
gcagtttgga
agagcattgc
taactcaaaa
caatgaagtg
attaacattg
aataaaaaca
gatggcatgg
aggtgtcttt
aagaagtcat
tacataagga
acaccatctt

gcggaggcag
ctccecggecce
cggggccaga
tataaacttg
attcagaatc
gtagtaattg
tacagtgcaa
ataaataata
aaggactctg
acagtagaca
acatcagcaa
cgaaaacata
aagtgtgtaa
gtaatttttg
cctgctccat
gttttttttt
tgtgaaaaag
attacttctt
ttgaatcatc
gttgagacct
ctgatgatga
ttacactgtt
caaaatatta
aactattata
cttttecctgt
ctatatttac
attctcatag
taaatctttt
agattatttg
gccectgtgtg
gtcatccagt
tagctcaaca
ttttgtttct
gttgagattt
aaaaagtttt
cataaacact
atccttttga
tgaggtgaaa
taggactctg
ctcaaactct
tacacttatt
cagtgccagt

e
MRNA de um gene pequeno - Ras

cagcggcggce
ccgccattte
ggctcagcgg
tggtagttgg
attttgtgga
atggagaaac
tgagggacca
ctaaatcatt
aagatgtacc
caaaacaggc
agacaagaca
aagaaaagat
ttatgtaaat
tacattacac
gcagactgtt
cctctaagtg
aaactgaata
atttttctta
cctattctgt
tctaattggt
ttcttctagg
cacaaaggtt
tattttttct
aggccatttc
taaggcagac
atgctactaa
gaattaaatg
cttcaacttg
ggccagttat
aacctttgag
gttgtcatgc
agatacaatc
taagaaaaca
tggggtggtyg
acaatctcta
tttcaagtct
taaatttaaa
gtatcactgg
attttgagga
tagttttttt
tgtcaagctc
cttgggcaaa

ggcagtggcg
ggactgggag
ctcccaggtg
agctggtgge
cgaatatgat
ctgtctcttg
gtacatgagg
tgaagatatt
tatggtccta
tcaggactta
gggtgttgat
gagcaaagat
acaatttgta
taaattatta
agcttttacc
ccagtattcc
cctaagattt
ccaattgtga
gttttatcta
ttttactgaa
catcatgtcc
ttgtctcctt
ataaaaagaa
cttttcacat
ccagtatgaa
atttttataa
tagtctccct
agtctttgaa
agcttattag
ctttcataga
attggttagt
tcactctgtg
aactcttttt
gtgtgccaag
ggtttggcta
gatccatatt
atgttactta
actaggaaga
catcacttac
tttttacaac
agcacaatct
attgtgcaag

gcggcgaagg
cgagcgcggce
cgggagagag
gtaggcaaga
ccaacaatag
gatattctcg
actggggagg
caccattata
gtaggaaata
gcaagaagtt
gatgccttct
ggtaaaaaga
cttttttectt
gcatttgttt
ttaaatgctt
cagagttttg
ctgtcttggg
atgttggtgt
gtcacataaa
acattgaggg
tatagtttgt
tccactgcta
aaaaatggaa
tagataaatt
atggggatta
taattgaaaa
gtgtcagact
gatagtttta
gtgttgaaga
gagtttcaca
caaaatgggg
gtggtcctgce
taaaaattac
acattaattt
gttctcttaa
taataatgct
ttttaaaata
aggtgactta
tatccatttc
tatgtaattt
gtaaattttt
aggtgaagtt

tggcggcgge
gcaggcactg
gcctgctgaa
gtgccttgac
aggattccta
acacagcagg
gctttctttg
gagaacaaat
aatgtgattt
atggaattcc
atacattagt
agaaaaagaa
aaggcatact
tagcattacc
attttaaaat
gtttttgaac
gtttttggtg
gaaacaaatt
tggattaatt
aacacaaatt
catccctgat
ttagtcatgg
aaaaattaca
actataaaga
ttatagcaac
gattttaaca
gctctttcat
attctgcttg
gaccaaggtt
gcatggactg
agggactagg
tgacaaatca
ttttaaatat
tttttttaaa
cactggttaa
ttaaaataaa
aatgaagtga
ggttctagat
ttcatgttaa
atattccatt
aacctatgtt
tatatttgaa

2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281

tatccattct
cacatgcccc
ctgctgctgt
tcttatttcc
actaattttc
acagtaggat
ttaataaaga
aacagtaata
aattcatgaa
gaatgcagtg
cgtgcctegg
tttgtatttt
acctcaagtg
gcaaatattt
tatccccaaa
cttactaagg
agaaggggtt
cttcgatcaa
attgtttttt
tgtatgtcag
aattaaaata
ctagttcaca
gaaactacag
tttctacaca
ttaggcctct
ttatgtgaac
gaattctaga
agttttttta
atagcagacg
tttaactgag
ttgtcaccat
gttacagttt
attttttett
tatctgaaga
ttttagaacc
ctggatagca
tctaaagaaa
gttttagttt
taggggaaaa
acagagctaa
ttcatgttga
tcttaatgta
aacatgcaca
gttttccatc
accactcttt
tctaaaattt

aaaatagtta

cgttttagga
atgacttgat
ggatatctcc
tcagggctca
aggtggtgge
ttttcaaacc
tagtgctgaa
cattccattg
gcttactttt
gcgccatcte
cctcctgagt
taggagagac
attcacccac
attgagtgcce
caagagacat
cctttggtat
tggtctctgt
gctactttat
tatttggcat
atattcatat
tacttaaaaa
gacaaggaaa
atctttggaa
gagaaagaaa
tgaatttttg
tttgaatggt
aataaatgtt
aaaaaagcta
tatattgtat
tcacactgca
tgcacaattt
gcacaagttc
caaacagtat
tttccatttg
cagcagttac
tgaattctgc
gatactcaca
aatagtttga
aaaagttatc
ctgggttaca
aaatactttt
acatgtttac
ttttgtacat
atttggttge
taattgaaat
gtaatatttt

cagtgacaaa

ctcttcttce
gcagttttaa
atgaagtttt
agagaatctg
tgatgctttg
tggtatgaat
agaattcctt
ttttagtaac
tttttttggt
agctcactgc
agctgggatt
ggggtttcac
cttggcctca
taccagatgc
aatcccggtce
acgacccaga
gccagctcta
gtaaatcact
aactgtgatt
tgacccaaat
ttaatagttt
cttctatgta
cactgtttag
tggccatact
atgtagatgg
ttaacaaaag
acctaattat
aattacatag
catttgagtg
taggaattta
tgtcctaata
atctcatttg
ataacttttt
tcaaaaagta
cttaaagctg
attgagaaac
tgagttcttg
agtgcctgtt
tgcagatatg
gtgttttatc
gcatttttcc
ctggaatgta
tgtgctttct
gctgacctag
taacttttaa
tgtcatgaac
aaaaaaaaaa

atattagtgt
tacttgtaat
cccactgagt
acagatacca
aacatctctt
agacagaacc
aggtaatcta
cagaaatctt
gtcagagtct
aacctccatc
acaggcgtgt
cctgttggcece
taaacctgtt
cagtcaccgc
cttaggtagt
gataacacga
taattgtttt
tcattgtttt
cttttaggac
gtgtaatatt
tatctgggta
aaaatcacta
gtagggtgtt
tcaggaactg
gcattttttt
atttgttttt
tacagcctta
acttaggcat
aatgttccca
gaacctaact
tatacataga
tattccattg
ttaggggatt
atgatttctt
aatttatatt
tgaatagctg
aagaatagtc
tgggataatg
ttgagggccce
cgaaagtttc
tttgagtgcce
ttttaactat
tttgtgggac
gaatgttggt
atgtttatag
tgtactactc
aa

catcttgcct
tccectaacc
cacatcagaa
taaagggatt
tgctgcccaa
ctatccagtg
taactaggac
catgcaatga
cgctcttgte
tcccaggtte
gccactacac
aggctggtct
ttgcagaact
acaaggcact
gctagtgtgg
tgcgtatttt
gctacgattc
aaaggaataa
aattactgta
ccagttttct
caaataaaca
tgatttctga
aagacttaca
cagtgcttat
aaggtagtgg
gtagagattt
aagacaaaaa
taacatgttt
agtaggcatt
tttataggtt
aactttgtgg
attttttttt
tttttttaga
gataattgtg
tagtaacttc
tcataaaatg
ataactagat
ataggtaatt
atctctccce
caattccact
aatttcttac
ttttgtatag
atatgcagtg
catatcaaac
gagtatgtgc
ctaattattg

ccctaccttce
ataagattta
atgccctaca
tgacctaatc
tccattagcg
gaaggagaat
tactcctggt
aaaatacttt
acccaggctg
aagcgattct
tcaactaatt
cgaactcctg
catttattca
gggtatatgg
tctgtaatat
agttttgcaa
cactgaaact
acttgattat
cacattaagg
ctgcataagt
ggtgcctgaa
attgctatgt
cagtacctcg
gaggggatat
ttaattacct
taaaggggga
tccttgttga
gtggaagaat
ctaggctcta
atcaaaactg
ggcatgttaa
tcttctaaac
cagcaaaaac
tagtaatgtt
tgtgttaata
aaactttctt
taagatctgt
tagatgaatt
ccacaccccce
gtcttgtgtt
tagtactatt
tgtaaactga
tgatccagtt
attaaaaatg
tgtgaagtga
taatgtaata



61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461

ggccgeggcg
tcggccagta
aaggcggcegg
aatgactgaa
gatacagcta
caggaagcaa
tcaagaggag
tgtatttgcc
taaaagagtt
gccttctaga
ttttattgaa
tcgagaaatt
gtcaaagaca
agtacaagtg
taattttttt
gacagtggaa
tagcaatgcc
catgcagttg
aatgaagctt
actaatttca
tatgggcttc
gaatgtaaag
tcactctccce
aggcaatgga
ctcctaatag
cattttgggg
agtataaaaa
agtataactt
tgacattaaa
gcaaggccag
tgtccccacg
gcagtttgga
agagcattgc
taactcaaaa
caatgaagtg
attaacattg
aataaaaaca
gatggcatgg
aggtgtcttt
aagaagtcat
tacataagga
acaccatctt

gcggaggcag
ctccecggecce
cggggccaga
tataaacttg
attcagaatc
gtagtaattg
tacagtgcaa
ataaataata
aaggactctg
acagtagaca
acatcagcaa
cgaaaacata
aagtgtgtaa
gtaatttttg
cctgctccat
gttttttttt
tgtgaaaaag
attacttctt
ttgaatcatc
gttgagacct
ctgatgatga
ttacactgtt
caaaatatta
aactattata
cttttecctgt
ctatatttac
attctcatag
taaatctttt
agattatttg
gccectgtgtg
gtcatccagt
tagctcaaca
ttttgtttct
gttgagattt
aaaaagtttt
cataaacact
atccttttga
tgaggtgaaa
taggactctg
ctcaaactct
tacacttatt
cagtgccagt

e
MRNA de um gene pequeno - Ras

cagcggcggce
ccgccattte
ggctcagcgg
tggtagttgg
attttgtgga
atggagaaac
tgagggacca
ctaaatcatt
aagatgtacc
caaaacaggc
agacaagaca
aagaaaagat
ttatgtaaat
tacattacac
gcagactgtt
cctctaagtg
aaactgaata
atttttctta
cctattctgt
tctaattggt
ttcttctagg
cacaaaggtt
tattttttct
aggccatttc
taaggcagac
atgctactaa
gaattaaatg
cttcaacttg
ggccagttat
aacctttgag
gttgtcatgc
agatacaatc
taagaaaaca
tggggtggtyg
acaatctcta
tttcaagtct
taaatttaaa
gtatcactgg
attttgagga
tagttttttt
tgtcaagctc
cttgggcaaa

ggcagtggcg
ggactgggag
ctcccaggtg
agctggtgge
cgaatatgat
ctgtctcttg
gtacatgagg
tgaagatatt
tatggtccta
tcaggactta
gggtgttgat
gagcaaagat
acaatttgta
taaattatta
agcttttacc
ccagtattcc
cctaagattt
ccaattgtga
gttttatcta
ttttactgaa
catcatgtcc
ttgtctcctt
ataaaaagaa
cttttcacat
ccagtatgaa
atttttataa
tagtctccct
agtctttgaa
agcttattag
ctttcataga
attggttagt
tcactctgtg
aactcttttt
gtgtgccaag
ggtttggcta
gatccatatt
atgttactta
actaggaaga
catcacttac
tttttacaac
agcacaatct
attgtgcaag

gcggcgaagg
cgagcgcggce
cgggagagag
gtatgcaaga
ccaacaatag
gatattctcg
actggggagg
caccattata
gtaggaaata
gcaagaagtt
gatgccttct
ggtaaaaaga
cttttttectt
gcatttgttt
ttaaatgctt
cagagttttg
ctgtcttggg
atgttggtgt
gtcacataaa
acattgaggg
tatagtttgt
tccactgcta
aaaaatggaa
tagataaatt
atggggatta
taattgaaaa
gtgtcagact
gatagtttta
gtgttgaaga
gagtttcaca
caaaatgggg
gtggtcctgce
taaaaattac
acattaattt
gttctcttaa
taataatgct
ttttaaaata
aggtgactta
tatccatttc
tatgtaattt
gtaaattttt
aggtgaagtt

tggcggcgge
gcaggcactg
gcctgctgaa
gtgccttgac
aggattccta
acacagcagg
gctttctttg
gagaacaaat
aatgtgattt
atggaattcc
atacattagt
agaaaaagaa
aaggcatact
tagcattacc
attttaaaat
gtttttgaac
gtttttggtg
gaaacaaatt
tggattaatt
aacacaaatt
catccctgat
ttagtcatgg
aaaaattaca
actataaaga
ttatagcaac
gattttaaca
gctctttcat
attctgcttg
gaccaaggtt
gcatggactg
agggactagg
tgacaaatca
ttttaaatat
tttttttaaa
cactggttaa
ttaaaataaa
aatgaagtga
ggttctagat
ttcatgttaa
atattccatt
aacctatgtt
tatatttgaa

2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281

tatccattct
cacatgcccc
ctgctgctgt
tcttatttcc
actaattttc
acagtaggat
ttaataaaga
aacagtaata
aattcatgaa
gaatgcagtg
cgtgcctegg
tttgtatttt
acctcaagtg
gcaaatattt
tatccccaaa
cttactaagg
agaaggggtt
cttcgatcaa
attgtttttt
tgtatgtcag
aattaaaata
ctagttcaca
gaaactacag
tttctacaca
ttaggcctct
ttatgtgaac
gaattctaga
agttttttta
atagcagacg
tttaactgag
ttgtcaccat
gttacagttt
attttttett
tatctgaaga
ttttagaacc
ctggatagca
tctaaagaaa
gttttagttt
taggggaaaa
acagagctaa
ttcatgttga
tcttaatgta
aacatgcaca
gttttccatc
accactcttt
tctaaaattt

aaaatagtta

cgttttagga
atgacttgat
ggatatctcc
tcagggctca
aggtggtgge
ttttcaaacc
tagtgctgaa
cattccattg
gcttactttt
gcgccatcte
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Qual é a probabilidade de uma mutacao ser oncogénica®?

Mutacao precisa ser em uma célula tronco
Ou precursora

Normal Early Intermediate Late Carcinoma
adenoma adenoma adenoma



Qual é a probabilidade de uma mutacao ser oncogénica?

Probabilidade total

1 mutacao em 70 milhdes tem potencial oncogénico




Incidéncia de cancer reflete esta
probabilidade?

Ser humano faz aprox. 10.000 trilhdes
de divisdes celulares na vida?

0,003 mutacgdes por genoma por divisdo que permanecem?

70 trilhdes de mutacodes

1 em 70 milhdes é a probabilidade tumorigénica

1 milhao de mutagdes “tumorigénicas” no tempo de vida de uma pessoa
— s6 considerando mutagénese basal...

- 1 mutacao potencialmente oncogénica por hora....

0,5% de incidéncia de cancer por ano no USA,
o que da em torno de 50% de probabilidade
de ter cancer até os 80 anos?

Porgue destas 1 milhdao de mutacoes, s6 “meia” produz cancer?

IMorgan DO. (2007) "The Cell Cycle: Principles of Control" London: New Science Press.
2Rates of Spontaneous Mutation Drake et al. Genetics, 1998
3http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-032015.pdf



http://www.genetics.org/cgi/content/full/148/4/1667
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-032015.pdf
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-032015.pdf
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-032015.pdf

O que sabemos sobre como e porque
o cancer se forma?
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10 eventos distintos

Que afetam de forma especifica oncogenes (de um total de 300) e
genes supressores tumorais (de um total de 100)

Mas alguns oncogenes e genes supressores
Ordem dos eventos provavelmente tumorais aparecem com muito mais frequéncia
é importante, mas quase desconhecida




O que sabemos sobre como o cancer €

evitado?
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A histéria ndo é contada pelos (canceres) perdedores



Mecanismos Antitumorais Endogenos
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Responsaveis por eliminar 1 mutacao (ou célula que a contem) por hora...




Mecanismos Antitumorais Endogenos

Reparo no DNA
Apoptose

Senescéncia

Controle do Ciclo Celular
Sistema Imunolodgico
Diferenciacao celular

N o kA wh e

Autofagia



Reparo do DNA

Damaged DNA region removed
with endonuclease
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Apoptose




Apoptose

Survival Factors:
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A wr shx shCt shs
XIAP

LC

Silenciamento da XIAP
em glioma humano U87
Usando interferéncia de
RNA (RNAI)

Death Stimuli:
Survival Factor Withdrawal
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Senescéncia

e Do latin senex — homem velho
e Envelhecimento Celular

Célula Normal

Célula Senescente




e Senescéncia Replicativa

Senescéncia
D

encurtamento de telomeros

Quando uma célula for retirada do
organismo e cultivada in vitro ela
normalmente nao se divide mais do
gue 40 vezes (~40 dias)

Muitos tumores possuem varias Cromossomo ¢

copias da Tert normal ¢y G Telomero longo

A super-expressao de Tert induzem
varios tipos de tumores em animais

"‘v.;ﬂ,,\d Cromossomo
com telomero curto

Idade e
estresse ‘*‘

N Idoso
Célula Senil



Senescéncia

* Senescéncia Induzida por Oncogenes (OIS)
— Ativada por oncogenes (Ras)

— Detecta erros na sinalizacao celular que possam levar ao
desenvolvimento do cancer




© 2009 Logical Images, Inc.

Nevus - nao tumoral Melanoma - tumoral
Alto indice de células senescentes Praticamente nao tem células
senescentes

Index
a Proliferative

B3y
P?,’?:a/"l;

Copyright © 2006 Nature Publishing Group
Nature Reviews | Cancer



Inducao de Senescéncia

Control Rsv 25uM LY29004 10uM .
%Bn.
Rsv 10uM Quer 25uM Rsv10u+Quer25qu§ ” o
Atividade B-Galactosidase acida £ =1 i '
associada a senescéncia 0- . -

Control Rsv 10  Quer 25- Rsv 25 Rsvi0+ ) LY
Quer25

Treatments [uM]



de células tumorais

’

numero

Efeito a longo prazo...

14 -

12 -

10 -

5 dias

PD of U87

19 dias
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U87T5
=&—U87T10
—i=-U387T25
—4—U387T50
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T5, T10 ... Concentracao de Temozolomida, em uM




Reprogramacao celular
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Reprogramacao celular

Canceres possuem células tronco tumorais (menos
diferenciadas)

Standard @ e 9 s Tumor
therapy GQ * Qa T * Relapse

Tumur ’Tumur bulk targeted « C5C's re-grow
e y C5C% not killed tumor
Cancer stem _
cell (C5C)
Sternlme - (g} . _ Cancer
’ 7 " destroyed

th
Tumor Bulk arapy

C‘_{ 5 kllled « Tumor will shrink
due to loss of its source
of viability (C5C's)

As células tronco tumorais sao responsaveis pela
manutencao dos tumores e muito provavelmente
sao as selecionadas na terapia



Reprogramacao celular

Existem mecanismos
endogenos que bloqueiam
esta reprogramacao

Self-renewing C< > Increase
plasticity
/Stem\ in cancer
cells populations?
() Progenitor cells ( 7
Mot
self- renewmg ¢

[ ' Transit-amplifying l.r
cells

/i I\ /l l\

Post-mitotic differentiated cells

Estamos bloqueando
esta reprogramacao
para bloquear a
formacao de células
tronco tumorais...

Em andamento...



Mecanismos Antitumorais Endogenos

Reparo no DNA
Apoptose

Senescéncia

Controle do Ciclo Celular
Sistema Imunolodgico
Diferenciacao celular

N o kA wh e

Autofagia



Autofagia = canibalismo celular




Papel duplo da autofagia em cancer

Autofagia

Terapia

—

1 a 30 mil células
De 10 bilhoes...

Autofagia elimina células pré-tumorais Autofagla protege ceIuIa§
Bloqueio da autofagia aumenta incidéncia de cancer tumorais durante a terapia



Bloqueando autofagia, mais células
morrem com quimioterapia

- i Pud Laa & LA i e

Cumulative Population Doubling

T T T T T T |
0 1 2 3 4 3 [ !
Days in Drug-Free Medium




Resumindo

Temos mecanismos anti-tumorais

Muito provavelmente foram selecionados pela
evolucao para evitar o crescimento de tumores

Incidéncia de cancer é baixa

Maioria dos casos de aumentos da incidéncia
estao relacionados com aumento da longevidade

Ou com comportamentos realmente estlpidos



Organismo Saudavel
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gue podemos fazer?

Stopping smoking at age 25-34
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O que podemos fazer?

* Pesquisar terapias que ativem os
mecanismos antitumorais endogenos

* mesmo em celulas tumorais que
desligaram estes mecanismos...



Para pensar

* Profilatico x terapéutico

 Tem algo que reduz a incidéncia de
cancer?

* Restricao calorica
* Induz autofagia...

* Terapia bloqueadora de myc...



Profilaxia na prevencao docancer
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1. Manter um organismo saudavel para ele poder
eliminar células potencialmente tumorais
2. Ou, ativamente induzir estes mecanismos
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