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Introducao, com perspectiva historica



B
CANCER

Cancer é uma colecao de doencas que podem acontecer em praticamente qualquer
tecido humano, onde células ganham a capacidade de proliferacao descontrolada e

capacidade de invasao de outros tecidos. (NCI)

lesao displasia carcinoma carcinoma
leve moderada severa insitu invasivo

normal

[
»

Acumulo de alteracdes genéticas, epigenéticas, selecdao, evasao do sistema imune

"Tumors destroy man in a unique and appalling way, as flesh of his own flesh which has
somehow been rendered proliferative, rampant, predatory and ungovernable. They are
the most concrete and formidable of human maladies, yet despite more than 70 years of

experimental study they remain the least understood."
Francis Peyton Rous, Nobel lecture 1966.
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MICROAMBIENTE TUMORAL

SINALIZACAO
SISTEMICA

TEMPO, PROGRESSAO DA DOENCA
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PERSPECTIVA HISTORICA

06 W. R COLKY.

William Coley
MSKCC — NY

1891 — tratamento de pacientes com
Sarcoma, com inoculacao de Streptococcus

Descoberta de caso de paciente com
pyogenes (Culturas cedidas por Kock)

sarcoma de "round cells", com caso
grave de erisipela, que eliminou o tumor nos tumores
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PERSPECTIVA HISTORICA

Current Opinion in Genetics & Development




THE HALLMARKS OF CANCER

Sustaining Evading
proliferative growth
signaling suppressors

Deregulating Avoiding
immune -

destruction

Resisting Enabling
cell replicative
death immortality
Genome Tumor-
instability & ’ promotnng
mutation inflammation
Inducing Activating
angiogenesis invasion &
metastasis

Hanahan & Weinberg, 2011
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MECANISMOS DE CARCINOGENESE

DIRETOS
Mutacao pontual
ganho ou perda de fung¢ao do produto
alteracdo da atividade da regidao promotora
Delecao
perda de fragmentos de genes supressores de tumor, de regides
reguladoras;
Insercao
regidao promotora forte a montante de proto-oncogene
Translocacao
geracdo de novo produto com atividade alterada, ex. Brc/Abl
AlteracOes epigenéticas

INDIRETOS
Inflamacao causando estresse oxidativo — mutacgao
Inflamacao levando a producao de citocinas e fatores de crescimento

Angiogénese mediada por células inflamatdrias




INFLAMACAO COMO INICIADOR OU PROMOTOR DE
CARCINOGENSE
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PIROPTOSE E INFLAMASSOMO
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NCDI and NOD2 NLRP3, NLRC4 and NLRPIb
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NF-KB T lRqu Caspase | activation

Nature Reviews | Microbiology

Pyroptosis: host cell death and inflammation
Tessa Bergsbaken, Susan L. Fink & Brad T. Cookson
Nature Reviews Microbiology 7, 99-109 (February 2009)



ASBESTOS E MESOTELIOMA

Necrosis
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ESTRESSE OXIDATIVO E INFLAMACAO
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IL-6/STAT3, INFLAMACAO E TEM (transicio epitélio-mesénquima)

Fendtipo epitelial

Fendtipos intermediarios

Fendtipo mesenquimal
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Jin-Wei Miao Li-Jiang Liu Jie Huang
Int.J. Oncol, 2014



Anticorpos e inflamacao

NEOPLASTIC PROGRESSTON—
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Antigenos tumorais e respostas imunes contra
tumores
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RESPOSTAS IMUNES CONTROLAM O CRESCIMENTO DE TUMORES

" |ndividuos imunossuprimidos ou imunodeficientes apresentam maior risco de
desenvolvimento de neoplasias do que individuos imunocompetentes;

= Sistema imune reconhece antigenos tumorais, mesmo que a causa do tumor
nao seja infeccao;

= Cancer é uma doenca crdnica, e a exposicao continuada a antigenos tumorais,
Assim como sinalizacao cronica por citocinas e outros mediadores inflamatorios

levam ao disparo de mecanismos de controle de resposta imune;

= Células tumorais apresentam mecanismos de evasao das respostas imunes;



ANTIGENOS TUMORAIS

a Antigens: high tumour specificity

Mutation

Tumour-specific expression

b Antigens: low

tumour specificity
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SINAIS INFLAMATORIOS NO MICROAMBIENTE TUMORAL
ATIVACAO DE APCs
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INFLAMACAO E RESPOSTAS IMUNES ADAPTATIVAS
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DINAMICA DAS RESPOSTAS IMUNES ANTI-TUMORAIS

SISTEMA
LINFATICO
SANGUE

ATIVACAO
MIGRACAO

O0C

HLA-II

ORGAOS LINFOIDES
SECUNDARIOS



ACTIVATION ANTI-VIRAL (TUMOR) IMMUNE RESPONSES

> CD8 > IFNy

>CD4 Th1 > IFNy

/- CD40 CD40L

RESPOSTAS INATAS
NOD, RIG, MDA
IL-1B

IFN TIPO |

1IgG



RESPOSTAS IMUNES ADAPTATIVAS CONTRA TUMORES




Imunoedicao e Escape



IMUNOEDICAO E ESCAPE

Intrinsic tumor suppression
(senescence, repair, and/or apoptosis)
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"We may one day be able to use immunotherapy to artificially induce
equilibrium and convert cancer into a chronic but controllable disease."
Mark Smith, Peter MacCallum Cancer Center, Australia

Dunn and Schreiber, 2002



ESCAPE

Células tumorais — comportamento de tecido imunoprivilegiado

Microambiente tumoral
- Inducao de fendtipo tolerogénico em APCs
- Recrutamento de células reguladoras
- Hipdxia e metabolismo levando a imunossupressao

Efeitos sistémicos
- Disparo de respostas reguladoras

- Producao de células mieldides com viés supressor

Controle de respostas adaptativas — checkpoint blockade



ESCAPE — células tumorais

Reducado da apresentacao por HLA-I (inibicao da expressao de Tapasina,
de subunidades do imunoproteasoma);

Expressdao de HLA-G (inibicdo da atividade de CD8 e NK);

Resisténcia a apoptose mediada por TNFo e TRAIL;

Resisténcia ao efeito citostatico de TGF[3;

Secregao de citocinas reguladoras (IL-10 e TGFB);

Secrec¢ao de quimiocinas que recrutam células T reguladoras e células
mieldides (CCL20 e CCL2);

Expressao de IDO, TDO, producdo de kinurenina (inducdo de fendtipo T
Regulador), ativacao de GCN2 por deplecdo de triptofano, inducao de
morte celular;

Expression of PD-L1.



ESCAPE — Microambiente tumoral

(iii) Anaerobic glycolysis (iv) M2 macrophage infiltration
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ESCAPE — APCs tolerogénicas
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ESCAPE — APCs tolerogénicas

INDOLEAMINA 2,3 DIOXIGENASE (E TDO)
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INDUCAO DE chXs T REGULADORAS

Nawve T cell

Resposta anti-tumoral T

IDO* regqulatory DC

Munn and Mellor
Nature Reviews | Immunology
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ESCAPE — inducao de respostas sistémicas
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ESCAPE - CELULAS MIELOIDES
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Efeito de respostas imunes cronicas

Imunomodulacao



CTLA-4 - Cytotoxic T Lymphocyte Associated Protein 4

A —
Inhibition by CTLA-4:
Activation competition for B7
SR e B7 B7
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Inducao de fendtipo tolerogénico
em DCs — amplificagcao do sinal negativo



Gated on
DPGP276 tetramer+ cells

Gated on
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PD-1/PD-1L —T CELL EXHAUSTION

PD-L1
Signal 1 Signal 2 Signal 3 (PD-L2)

_ TeRl (S oo §PEnar  FpDa
‘l ’ A !- . OX S o l!) l "l' gh | \J! u!)l AoAt ng ol A=) © ‘ L*
Cytoplasm ‘ P13K ) (JAK1JTY A (S

+ )
T cell anergy
@ « Inhibition of
cell growth
¢ |Inhibition of
effector function

» Cell growth
» Effector function
 Survival

[ T cell activation

A rheostat for immune responses: the
unique properties of PD-1 and their
advantages for clinical application

Taku Okazaki', Shunsuke Chikuma?, Yoshiko Iwai?, Sidonia Fagarasan? & Tasuku Honjo?
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IFNy INDUZ EXPRESSAO DE PD-L1
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OPORTUNIDADES TERAPEUTICAS - IMUNOMODULACAO

Imunomodulacao € a alteracao de respostas imunes do organismo
com agentes que ativam ou suprimem suas funcoes



OPORTUNIDADES TERAPEUTICAS - IMUNOMODULACAO

Antigen-
presenting cell




IMPILIMUMAB (ANTI-CTLA-4)

Targeted Therapy for Melanoma

—— Cohort A
---- Cohort B
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Widespread mets on PET After PLX4032 THE LANCET
Oncology

Ipilimumab in patients with melanoma and brain metastases: an open-label, phase 2 trial.

Prof Kim Margolin, MD 'Correspondence information about the author Prof Kim MargolinEmail the author Prof
Kim Margolin, Marc S Ernstoff, MD, Omid Hamid, MD, Donald Lawrence, MD, David McDermott, MD, Igor
Puzanov, MD, Jedd D Wolchok, MD, Prof Joseph | Clark, MD, Mario Sznol, MD, Theodore F Logan, MD, Jon
Richards, MD, Tracy Michener, PharmD, Agnes Balogh, MS, Kevin N Heller, MD, F Stephen Hodi, MD



Stromal Lymphocybe infillration

TUMORES COM MAIOR INFILTRACAO POR LINFOCITOS T E MAIOR FREQUENCIA
DE MUTACOES SAO MELHORES CANDIDATOS PARA TRATAMENTO COM ANTICORPOS
CONTRA CHECKPOINT BLOCKADE
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Anticorpos
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Anticorpos TNFa

TNFa — citocina medeia respostas inatas e adaptativas, secretada por macréfagos, linfdcitos,
em alguns casos DCs e NK.

Infliximab Adalimumab Etanercept



Inibidores de IL-6 e seu receptor

IL-6 inhibitors IL-6R inhibitors
e Sirukumab » Tocilizumab
Q! e Siltuximab ¢ Sarilumab
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Anticorpos para eliminacao de linfocitos B

Generation

15t Generation

2™ Generation

3rd Generation

mAb Structure

QL
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(100% rodent)

N\

I

Suffix: -omab

Chimeric
(65% human)
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Suffix: -ximab

Humanised
(>90% human)

\Y 4

I

Suffix: -zumab

Fully human

N

I

Suffix: -umab

Modified Fc region
(chimeric or humanised)

\¥

I

Immunogenicity

Higher

P  Lower

Anti-CD20 mAbs

Anti-CD19 mAbs

Not in clinical
use due to short
half-life, poor
efficacy and high
risk of adverse
reactions

Rituximab
Biosimilars:
Truxima
Rixathon

Unlicensed use
in neurology
(table 2)

Ocrelizumab

Licensed for
relapsing and
primary
progressive MS

Ofatumumab

Currently in
phase Il clinical
trials for MS

Ublituximab (TG-1101)
(chimeric)

Currently in phase Il
clinical trials for MS

Inebilizumab
(MEDI-551) (humanised)

Currently in clinical trials
for MS and NMOSD




Rituximab — tratamento contra linfomas, doencgas autoimunes (Myastenia gravis,
encefalite, neuromielite, MS)

complement
activation

phagocytosis by
macrophage

natural killer
cell

A CD20

I Rituximab

l Fcy Receptor

MAC membrane attack complex



Citocinas

- terapia para estimular o sistema imune — ATIVACAO

ex. IL-2, IFN tipo | — terapia contra cancer

IL-2, primeira droga aprovada pelo FDA no tratamento contra cancer

IFN tipo |, um dos primeiros tratamentos contra doencas infecciosas cronicas, por exemplo,
infecgcdao por HCV (virus da Hepatite C)

- terapia para inibir a sinalizacdo de citocinas em doencas inflamatdrias - INIBICAO

ex. anti-IL-6 e anti-TNFa — terapia contra doencas reumaticas, tempestade de citocinas,
doenca de Castleman



IFN tipo 1 — recombinante, peguilado (conjugado com polietilenoglicol)
ativacao de respostas anti-virais
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Tratamento de pacientes com esclerose multipla usando IFNbeta

Figure 1: Time to Onset of Sustained Disability Progression in Patients with MS in Study 11
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1 Kaplan-Meier Methodology; Disability progression was defined as at least a T point increase in EDSS score sustained for at least & moniths.

The distribution of confirmed EDSS change from study entry (baseling) to the end of the study is shown in Figure 2. There was a statistically
significant difference between the AVONEX and placebo groups in confirmed change for patients with at least 2 scheduled visits (p = 0.008).



Transferéncia adotiva de células

DCs carregadas com antigeno para ativacao de linfocitos T
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Transferéncia adotiva de linfocitos T
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Transferéncia adotiva de linfocitos T
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CART Cells — Chimeric antigen receptor

Antibody CARs
Fab 1st 2nd 3rd
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CART Cells — Chimeric antigen receptor

Cytotoxicity of CD19-specific CAR-expressing
T Lymphocytes against B Cell Lymphoma
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CD19-CAR T cells, which are engineered to express extracellular single-
chain immunoglobulin variable fragments to CD19, linked to cytoplasmic

T cell activation domains including CD3-¢, showed remarkable
therapeutic benefits toward CD19* B cell malignancies.
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NK CAR e mieldide CAR

podem ser diferenciada a partir de diversas fontes
células vivem menos

secretam IFNy, mas também outras citocinas nao secretadas por T ativadas (GM-
CSF, IL-3)

apresentam outros mecanimos de reconhecimento e inducao de morte de alvos,
indendentes do CAR. Ex. Citotoxicidade mediada por anticorpos, regulacao negativa
de MHC nas células alvo e ativacao de citotoxicidade.

podem ser diferenciadas a partir de monacitos circulantes

facilmente recrutadas para o microambiente tumoral, em tumores sélidos

CAR DCs ativadas migram para érgaos linfdides secundarios

dificil de modificar geneticamente
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