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Biologia tumoral



Caracteristicas de Malignidade

Independéncia
da sinalizacao de
crescimento

Bloqueio da

apoptose

Desenvolvimento
angiogenesis



Terapia Alvo Ideal

Crucial no fenétipo maligno

Sem expressao significante nas tecidos normais

Molécula com caracteristica biolégica relevante

Resposta clinica significante nos tumores que expressam
0 alvo, quando este €é inibido

Resposta minima nos pacientes cujos tumores nao

expressam o alvo



Proliferacao Celular




Estimulacao Celular
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1- EXPRESSAO REDUZIDA

EM 55 A 89% DOS TUMORES,

2- ALT ASSOCIADA A < SOBREVIDA,
> RECORRENCIA, PROGRESSAO
TUMORAL E METASTASES

RB MUTADO CORRELACIONA-SE
COM SOBREVIDA PEQUENA

NIVEIS REDUZIDOS PODE ASSOCIAR

A > PROLIFERACAO CELULAR

Proliferacao Celular

EVENTO PROCOCE NA
CARCINOGENESE ASSOCIADO A
EXPOSICAO A ALCCOL E TABACO

1- ESTABILIDADE GENOMICA,

2- PROGRESSAO NO CICLO CEL,
3- DIFERENCIAGCAO CELULAR,

4- REPARO NOS DANOS DO DNA,
5- APOPTOSE.

6- MAIS DE 50% DOS CA DE CCP
TEM MUTACAO NO TP53

}

MUTAGOES NESTE GENE

ASSOCIADAS A RECORRENCIA

EM CURTO PERIODO

Cancer Control, 9 (5): 369-378, 2002.
Head & Neck, 683-691, 2001.

J Laryngol Otal, 112: 607-612, 1998.
Oral Oncol 39(2): 115-129, 2003.




INVASAO LOCAL

A. LOOSENING OF INTERCELLULAR JUNCTIONS C. DEGRADATION Type IV Plasminogen activator
—— collagenase
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Transicao epitelio meséngquima
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Transicao epitélio mesenquima
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ANGIOGENESE: FUNDAMENTAL NO
DESENVOLVIMENTO TUMORAL

SEEIETE NSNS
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2- A ANGIOGENESE INCIA-SE QUANDO O TUMOR,
DEVIDO HIPOXIA OU OUTROS ESTIMULOS, SECRETA
FATORES ANGIOGENICOS,

3- OS FATORES ANGIOGENICOS AGEM SOBRE AS
CELULAS ENDOTELIAIS ESTIMULANDO SEU
CRESCIMENTO, DIVISAO E RESULTANDO NA
FORMACAO DE NOVOS VASOS,

4- A FAMILIA DOS FATORES DE CRESCIMENTO VEGF
SECRETADA PELO TUMOR E UMA DAS MAIS
IMPORTANTES MOLECULAS ESTIMULADORAS DE
ANGIOGENESE E LINFAIFIGIOGENESE..
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Alvos para terapia

Growth factor signaling

Other growth stimulating/ ’
suppressing receptors ‘

Microtubule dynamics m—

Histone acetylation/ I W»B
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Célula Tumoral

1. Growth factors

2. Growth factor receptors
3. Adaptor proteins
4

Docking proteins/
binding proteins

5. Guanine nucleotide
exchange factors

6. Phosphatases and
phospholipases

7. Signaling kinases

8. Ribosomes

9. Transcription factors
10. Histones
Dinamica dos 11. Molecular chaperones

Membrana nuclear Mlcrotu‘kﬁ?‘%m.“ 12 DNA
m'..o 13. Microtubules
| ] L 4

RNA Translacéo

'
Sinalizadores l
de fator de @

crescimento

., 14. Cyclins
---..,,_... 15. Cyclin-dependent
RRLLT TN kinases

Transcripcdo Gene

AN oo

Cresc Cel Motilidade Sobrevivencia Proliferacdo Angiogenesis

19. CD40-CD40L



Transducao do Sinal




Processo de sinalizacao EGFR
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EGFr Activacao mediada por multiplos processos

mMTOR
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EGFR TK Inibidores

Extracelular

Intracelular




Extracelular
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Qual melhor alvo?




Qual melhor alvo?
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Possilidades terapéuticas do EGFR

Moléculas pequenas
— Erlotinib, gefitinib

— EGFR tyrosine kinase mutations identify responsive subsets
INn NSCLC

Anticorpos monoclonais

— Cetuximab
— Panitumumab

— Others
 Allosteric conformational change inhibitors
« Sheddase inhibitors



Funcao MEK1/2

Grb2, growth factor receptor-bound
protein 2; SRF, serum response factor




Ras-Raf-MEK-ERK
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Inibicao MEK1/2
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Microambiente tumoral

« Ceélulas normais e moléculas ao redor da célula tumoral
— Fibroblastos
— Cells precursoras dos vasos sanguineos
— Céls imunologicas da circulacao
— Matrix extracelular
» [Fatores de crescimento
« Oxigenacao e ph

Availavle ai: niip:/fwww.azcr.ore).



Src e a comunicacao intercelular

G-protein-coupled receptor
(GPCR) signaling

cross-talk focal contact / adhesion

turnover

disruption of
cadherin junctions

Src

Receptor tyrosine kinase
(RTK) phosphorylation,
signal modulation, cytoskeleton

and cross-talk _ _ _ _
proliferation suppression of apoptosis



Src e a comunicacao intercelular

o GPCR
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Src: atividade elevada varios tumores

Colon « Bexiga

Mama  Melanoma
Pancreas * Prostata

Ovario « Cabeca e pescoco

Esophago



Terapia Alvo

Tumor cells

Epitélio

Membrana basal

Estroma

Evolucao dos tumores



Angiogénesis

VEGT stimulatad
anglogenesis
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Angiogénese tumor

Fase avascular

Tumor 1 -2 mm _ _ _
(dorméncia) Pro-angiogénica Crescimento

Estimulacao Fase vascular

b

/-j A '
; ./ ' Invaséo vascular
' Metastase
Crescimento da Angiogénese da
Metastase ESENERES

Kerbel Nature Rev Cancer 2:727;2002




VEGF

 Glicoproteina homodimeérica
Conhecida como VEGF-A

Molecules relacionadas VEGF-B
VEGF-C
VEGF-D

Peso molecular: 45,000Da

Quatro isoformas

-VEGF,,;
—VEGF 4"
—VEGF g
—VEGF,4

Inducao por isquemia
Hipoxia ) H|Fs =  VEGF

(Fatores transcricionais
induzidos por hipoxia)



VEGF

activation

Survival

Proliferation  Migration

N v X

ANGIOGENESIS

VEGFR binding and

Endothelial cell
activation



Familia VEGF e Receptores

VEGFA VEGFR2/1

~ VEGFR2/3

(Fator de 3

crescimento - VEGFR1

placentario)
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Neufeld G, et al. FASEB J. 1999:13:9-22.



O efeito angiogénico e a
terapia antiangiogéenica

¥ =%

Somatic Small Tumor secretion of Rapid tumor growth and Angiogenic inhibitors
mutation avascular angiogenic factors metastasis may reverse this
tumor stimulates vascularization

angiogenesis

Carmeliet and Jain. Nature. 2000:407:249.



Inibicao do VEGF

R Bevacizumab




VEGF

activation

Survival

Proliferation  Migration

N v X

ANGIOGENESIS

VEGFR binding and

Endothelial cell
activation



Inibicao do VEGF

VEGF Activation BLOCKED




Inibicao do VEGF

3



Inibicao do VEGF



Inibicao do VEGF



Inibicao do VEGF

— VEGF Trap

VEGF ./ LA LA LR

T F. portion




Inibicao do VEGF

— VEGF Trap

VEGF ./ LA LA LR

T F. portion




Inibicao do VEGF

— VEGF Trap

VEGF Activation BLOCKED




Inibicao tirosina quinase do VEGF

® Tk
(Tyrosine Kinase
L Inhibitor




Inibicao tirosina quinase do VEGF

® TKI




Toxicidade do Anti-VEGF

Hipertensao
Fadiga
Tromboses

Sangramento (epistaxe,
phemorragia pulmonarr,
associado ao tumor)

Cefaléia
Eventos neuroldgicos

Cardiotoxicidade
Dor no sitio tumoral
Proteinuria
Hipotireoidismo(?)



Correcao do DNA -Parp

Parp — poli adenosine-disposfato-ribose

Enzima envolvida no reparo do DNA por base
excisao

Mutacoes Brcal/2 tem deficiéncia da outra forma de

reparo de fita Unica tornando sensivel ao iParp

Estudos de fase 2 com ganho de sobrevida livre de
progresao ( ASCO -2009)



Correcao do DNA -Parp

Chemo -
- = = DNA Strand e UNA

Break Repair

Tumor Enhance Tumor
Growth 3 Response to
Inhibition Chemotherapy

Many commaonly utilized cancer chemotherapy regimens target tumor cells via fatal DNA lesions

Key DNA repair pathways (such as PARP) are upregulated in tumor cells - may lead to resistance

Inhibiting PARP may potentiate chemotherapy or be used as monotherapy in conditions
with pre-existing DNA repair defects (such as BRCA negative)




Alvo Agente

Ras/Raf/mitogen-activated protein kinase

pathway

Farnesyl transferase inhibitors Tipifarnib (Zarnestra, R115777), SCH6636, BMS 214662
Raf inhibitors BAY 43-9006, ISIS 5132

MEK inhibitors CI-1040

PI3K/Akt and mTOR

Rapamycin analogs CC-779, RADO01, AP23573

Apoptotic pathways

Bcl-2 pathways Oblimersen (G-3139, Genasense)

Tumor necrosis factor-related apoptosis ligand TRM-1
(TRAIL)



Anticorpos Moniclonais S—
Disease or Target
Class ldentifiers
DISEASE IDENTIFIER
viral -Vir-
bacterial -bac-

Product Source Identifiers

IDENTIFIER SOURCE
human

immune -lim-
infectious lesions -les-
cardiovascular -Cir-

TUMORS
colon -col-

mouse
rat

humanized
melanoma -mel-
hamster
i mammary -mar-
primate
. testis -got-
chimera g

ovary -gOoVv-

Source: Reference 2

prostate -pr(0)-

miscellaneous -tum-

Source: Reference 2







Cancer de Mama Metastatico

Targeted Cancer Therapies

Immune System

Antireceptor Activation (Vaccines)
Antibodies = o Metalloproteinase
% Toxins Tumor Cell Inhibitors

Growth _ L

: Factor _
Tyrosine Receptors Matrix
Kinase * NEEPS e, Degradation
Inhibitors (Collagenases,
Farnesyl Intracellular Em'“ﬂﬁ‘{s &
Transferase Signaling omelysins)
Inhibitors Molecules
: Angiogenasis
popoels Inhibitors (Angiostatin,
nis . :
A Hormaone Antisense Endostatin,

b ol Antagonists VEGF-R)



Directly Targeting the Cancer Cell:
Disadvantages

= Major heterogeneity across and between histologies!!!
= Biologically/genetically unstable target
= Acquired genetic instability

— Increases with progression/stage/pretreatment

— Limits efficacy of treatment

= Homeostatic response/selection of resistant clones (acquired and de novo resistance)

1. Sjoblom T, et al. Science. 2006;314:268-274.



Attraction of Targeting the Microenvironment

= Genetically stable substrate
— Less amenable to mutation/acquired resistance
= Common final pathways possible
— Less heterogeneilty of target
— Relatively predictable response of tissues to cancer

— Addresses poorly understood and most lethal hallmark of
malignancy: metastasis

= Plethora of potential novel targets
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Tumor -« Production of angiogenic

Host

factors
* Production of growth
factors/receptors
 Motility, invasiveness
» Aggregation, deformability
* Cell-surface receptors and
adhesion molecules

« Paracrine and endocrine
growth factors

* Neovascularization

 Platelets and their products

* Immune cells and their
products

Inhibitors of angiogenesis
Antigenicity

Cohesion (E-cadherin)
Tissue Inhibitors of proteolytic
enzymes

Tissue barriers

Blood turbulence, endothelial
cells

Tissue inhibitors of proteolytic
enzymes

Antiproliferative factors
Inhibitors of angiogenesis



