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Cancer — definicao

* Conjunto de doencas resultantes de alteracoes genéticas que levam
ao descontrole da proliferacao celular

* As alteracdes genéticas sao principalmente em:

* oncogenes ‘/
* genes supressores de tumor Enrique

e genes de reparo de DNA

* Alteracoes na linhagem germinativa — cancer hereditario
* Alteracdes na linhagem somatica — cancer esporadico




Apesar de ser uma doenca genética, 80-90% dos
tumores poderiam ser evitados OU adiados
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classificacdao e nomenclatura baseado
na morfologia dos tumores

Carcinoma: tumor que surge de células epiteliais (80% dos casos)

Sarcoma: tumor que se origina de células do tecido conjuntivo (fibroblastos,
adipdcitos, ostedcitos, miocitos)

Leucemia: tumor de origem hematopoiética
Tumores do sistema nervoso
Hiperplasia: aumento do numero de células

Metaplasia: presenca de um tipo celular diferente do que é usual em um dado
tecido

Displasia: alteracoes morfologicas das células
Carcinoma in situ : a lesao permanece confinada a um local (“encapsulado”)

Carcinoma invasivo: tumor avanca além dos limites normais (primeiro passo para
formacdao de metastase)



Tumores tém origem monoclonal

(isto é, tém origem em uma unica célula)

Como sabemos disso?
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Figure 20-6 Molecular Biology of the Cell 5/e (© Garland Science 2008)



A evolucao clonal

O U . . epithelial cells
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Figure 20-11 Molecular Biology of the Cell 5/e (© Garland Science 2008)



A maioria dos genes mutados estao envolvidos no

controle da proliferacao

62% Cell cycle related genes
38% Non cell cycle related genes

[ Genes that are
cell-cycle regulated

3 Genes that are not
cell-cycle regulated

Whitfield ML et al. Nature Rev Cancer, 6:99, 2006

3 Mitotic cell cycle (23.9%)
3 Cell cycle (33.7%)
3 M phase (19.6%)
[ Mitosis (17.4%)
E3 M phase of mitotic
cell cycle (17.4%)
3 Cell division (16.3%)
3 DNA metabolism (27.2%)
3 Regulation of progression
through cell cycle (20.7%)
3 DNA replication (17.4%)

KX Interphase (10.9%)

3 Interphase of mitotic
cell cycle (10.7%)

3 DNA-dependent, DNA
replication (10.9%)

3 Cell proliferation (16.3%)

[J Nucleobase, nucleoside,
nucleotide and nucleic
acid metabolism (44.6%)

3 DNA replication initiation
(16.5%)

[] Response to DNA damage
stimulus (12%)




Quanto mais uma PROLIFERACAO, mais EXPOSICAO a danos internos e/ou externos:
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Muitas alteracoes se acumulam
durante a progressao tumoral




Uma mutacao nao basta...tumores
demoram para aparecer
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Figure 20-7 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Figure 20-11 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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normal cells

isolated cell has mutation but
its growth is restrained

PROMOTER RELEASES
RESTRAINTS

mutant cells grow into a large clone
of cells, in which a further mutation
may occur

Figure 20-24 Molecular Biology of the Cell 5/e (© Garland Science 2008)



* Iniciadores — agentes carcinogénicos

* Promotores — agentes toxicos ou mitogenos



A evolucao clonal
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A evolucao clonal

initiating mutation
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Relembrando...
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Figure 11-17 The Biology of Cancer (© Garland Science 2007)



Tumores sao heterogéneos

Heterogeneidade intratumoral
Heterogeneidade intertumoral

https://www.crick.ac.uk/research/a-z-researchers/researchers-p-s/paola-scaffidi/



Como se identifica células-tronco tumorais?
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Figure 11-13 The Biology of Cancer (© Garland Science 2007)



Nontumorigenic cancer cells

Optimize dissociation to preserve CANCER CELLS Are they alive?

cell viability and marker integrity @gg

/ Are they all cancer cells?
Are they stably and epigenetically
different from tumorigenic cells?

Events

Intensity

Do they form tumors with
serial transplantation?

Do they give rise to
nontumorigenic cancer cells?

@ Tumorigenic cancer cells

Exclude debris and Exclude
dead cells non-cancer cells

Mark Shackleton et al, 2009. Heterogeneity in Cancer: Cancer Stem Cells versus Clonal Evolution, Cell, 138, 822
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Table 2. Tumor formation ability of sorted cells CD?“‘ s'te

Tumors/injections

B = 105 5 x 10° 2 ® 105
Passaged T1
CD44- 0/2 0/2 —_—
CD44+ 2/2 2/2 —_—
B38.17 0/2 0/2 —_—
B38.17 2/2 2/2 —
CD2a+* —_ —_ 1/6 b
CD24~ —_ —_ 6/6
Passaged T2
Ch44- 0/2 0/2 —_
Ch44™ 2/2 2/2 —_
B38.1- 0/2 0/2 —_—
B38.1+ 2/2 2/2 —_—
CD247 —_— —_— 1/6
CD24- —_ —_ 6/6

Al-Hajj M, WichaMS, Benito-Hernandez A,Morrison SJ, Clarke MF. 2003. Prospective identification of tumorigenic breast cancer cells. PNAS 100:3983—-88



Diversidade
tumoral e resposta
a0 tratamento

Fundamentos da Oncologia Molecular, 2015

Diversidade Cenética

[J Clone 1
B Clone 2
B Clone 3
{71 Clone 4
(] Clone 5

Diversidade Funcional
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Células quiescentes
presentes nas subpopulagoes
sobrevivem a quimioterapia,

enquanto o restante das
células tumorais morrem

Ap6s determinado tempo,
o tumor se reestabelece
e remonta a diversidade

populacional vista antes do

tratamento




Lawson et al, 2015. Nature, 526, 131

Single-cell analysis reveals a stem-cell program in
human metastatic breast cancer cells

Devon A. Lawson't, Nirav R. Bhakta®, Kai Kessenbrock"*, Karin D. Prummel'f, Ying Yu', Ken Takai't, Alicia Zhou”, Henok Eyob®,
Sanjeev Balakrishnan®, Chih- Yang Wang'*, Paul Yaswen®, Andrei Goga®? & Zena Werb'
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Figure 20-14 Molecular Biology of the Cell 5/e (© Garland Science 2008)

Inibicao da diferenciacao




Imortalidade replicativa
vida eternal

* Proliferar continuamente + nao morrer + nao diferenciar - COMO ?

e Evadir os sinais de parada do ciclo celular pelos genes supressores de tumor
e Evadir os sinais indutores de morte celular

* Ser independente de fatores de proliferacao = ativacao de oncogenes

* Ajuste metabdlico




Ceélulas tumorais metabolizam glicose MESMO na presenca de O, — EFEITO WARBURG

Células nao transformadas Tecido

Proliferativo
QI3
0, \Oz RS o

Glicose Glicose

O Piruvato ‘
\ Piruvato

! Lactato

Lactato
CO,
Fosforilacao Glicdlise Glicdlise Aerébica
’ Oxidativa Anaerobica (Efeito Warburg)

Fundamentos de Oncologia Molecular, Saito RF, Lana MVG, Medrano, RFV, Chammas R
Editora Atheneu 2016



Varias vantagens:

Producao de ATP é mais rapida pela glicdlise, apesar de render menos

Células tumorais superexpressam os genes dos transportadores de glicose
Minimizar o acumulo de espécies reativas de oxigénio (= menos danos)

Aumento da via das pentoses - TNNADPH = aumento de GSH, que é um
antioxidante e auxilia na detoxificacao, aumentando a resisténcia aos
guimioterapicos

Diminuicao da apoptose, por que ha menos liberacao de proteinas pro-apototicas
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Imortalidade replicativa
vida eternal

* Proliferar continuamente + nao morrer + nao diferenciar - COMO ?

e Evadir os sinais de parada do ciclo celular pelos genes supressores de tumor
e Evadir os sinais indutores de morte celular

* Ser independente de fatores de proliferacao = ativacao de oncogenes

* Ajuste metabdlico



Tumor benigno e maligno

basal lamina

normal duct benign tumor malignant tumor

Figure 20-3 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Progressao tumoral

loss of Smadd
alteration lass of activation of and other tumor loss of other unknown
Apc K-Ras SUpPressors p53 alterations

L I UU S

normal hyperplastic earl intermediate late . i i
YT YPerp:: —_— y —— carcinoma — iNVvasion and
epithelium epithelium adenoma adenoma adenoma metastasis

Tumor primario — células proliferativas
Tumor secundario — células invasivas e que sobrevivem em ambientes diferentes do ambiente original




cells grow as benign cells become invasive
tumor in epithelium and enter capillary

normal epithelium

basal lamina

travel through bloodstream
(fewer than 1 in 1000 cells will
survive to form metastases)

adhere to blood vessel escape from blood vessel colonize liver forming
wallin liver to form micrometastasis full-blown metastasis
Figure 20-17 Molecular Biology of the Cell 5/e (© Garland Science 2008)



Transicao epitélio-mesenquimal — EMT
Transicao mesenquimo-epitelial = MET

carcinoma in situ invasive carcinoma - \
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Figure 14-17b The Biology of Cancer (© Garland Science 2007)



Na EMT ocorre perda da adesao celula-célula mediada por
E-caderina e degradacao da matriz extracelular
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Células metastaticas resistentes a anoikis (= morte celular induzida por perda de adesdo a matriz):

Growth of metastatic
colony

Anoikis
resistance

Anoikis death

Survival while
circulating

Detachment from
primary tumour




O papel do estroma na
metastase



A metastase depende da interacao do
tumor com o seu microambiente

basal lamina — epithelial cells

precursors to
cancerous cells
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Figure 13-20 The Biology of Cancer (© Garland Science 2007)



O papel dos macrofagos na metastase

Animal que expressa CSF-1 (+/op) Animal que NAO expressa CSF-1 (op/op)



O papel dos macrofagos na metastase

Injecao de carcinoma de mama nesses animais
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Figure 14-22c The Biology of Cancer (© Garland Science 2007)

Figure 14-22b The Biology of Cancer (© Garland Science 2007)



carcinoma cells —

macrophages

carcinoma cells
+ macrophages

Figure 14-23b The Biology of Cancer (© Garland Science 2007)
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Figure 14-23c The Biology of Cancer (© Garland Science 2007)
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Figure 14-34 The Biology of Cancer (© Garland Science 2007)



Metastases osteoliticas

Células tumorais =»osteoclastos=> liberacdo de fatores troficos e de motilidade

osteolysis

osteoclast

tumor cell

PTHIP |

) ~— ’;RANKL

osteoclast osteoblasts

precursors
Figure 14-48 The Biology of Cancer (© Garland Science 2007)
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