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“The Hallmarks of Cancer”

Auto-suficiéncia para
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apoptose
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Angiogénese
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ilimitado
Hanahan & Weinberg, Cell 2000
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“The Hallmarks of Cancer”

Emerging Hallmarks

Deregulating cellular Avoiding immune

energetics destruction

Vias celulares
energéticas desreguladas

Escape da
resposta imune

Instabilidade genémica
e mutacao

Inflamag¢ao como
promotor tumoral

Genome instability N Tumor-promoting
and mutation Inflammation

Enabling Characteristics

Hanahan & Weinberg, Cell 2011
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Microambiente Tumoral

r L ic origin 1
*Mastcell *Bcell *Macrophage ¢CTL Teg *Dendriticcell «MDSC Suppressive mechanisms

* Granulocyte
* Eosinophil
* NK cell
* Platelet

MDSC cell @)
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« Secretion of NO, arginase and ROS

« Sequestration of cysteine.

« Impaired differentiation

« Defective antigen presentation

« Secretion of suppressive

cytokines (TGF-B, IL-10)

* Sink for IL-2, IL-7, IL-12, and IL-15
* Impaired activation of CTLs

Tog cell

Macrophage ) a, {

* M2 differentiation/cytokine pmﬁle‘
* Defective antigen presentation
 Lack of costimulation for T cells

« Impaired tumorocidal activity

s

Dendritic cell

« DO expression; induction of Tregs
* Impaired maturation

* Defective antigen presentation

* Lack of costimulation for T cells

Cancercell @ @

microenvironment
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R * Loss of MHC class | and antigen
\ Vascular processing machinery
endothelium * Antigen loss variants

* Secretion of VEGF, GM-CSF,
. G-CSF and gangliosides
* Pericyte

* Fibroblast

Mesenchymal origin |:
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Cancer

“O cancer é na verdade a doenca dos tecidos, em
particular, dos tecidos complexos que nés chamamos de
tumores”

Weinberg, The Biology of Cancer (2007)

- Cancer nao é somente um processo de células autbnomas.




Imunidade e Sistema Imune

Sistema Imune

“Conjunto de células e moléculas responsaveis
pela conservacao da homeostasia tecidual
atraves do reconhecimento de padroes de injuria
celular e manutencao do proprio”
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Utilizando o sistema imune para tratar o cancer

Coley’s toxins New York Times - July 29, 1908

“ ERYSIPELAS GERMS
" ASCURE FOR CANCER

Dr. Coley’s Remedy of Mixed
Toxins Makes One Disease
Cast Out the Other.

MANY CASES CURED HERE

New York surgeon, Physician Has Used the Cure for 15
William B. Coley, Years and Treated 430 Cases—

active career 1891-1936 Probably 150 Sure Cures.

Following news from St. Lovu's thatl
two men have been cured of cancer in|
the City Hospital there by the use of

Using a bacterial vaccine to treat primarily inoperable sarcoma, Coley a fluid -discovered by Dr. Willlam B.|

. Clolev .f New York it came out vester-.
accomplished a cure rate of better than 10%. “ “ i
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Imunidade Tumoral

Vigilancia Imunoloégica

Década de 50: Lewis Thomas desenvolveu a hipotese
gue o sistema imunologico teria a capacidade de
reconhecer e eliminar células tumorais geradas
durante um processo de transformacao celular
maligna.

Macfarlane Burnet:

Sistema imunoldgico estaria em um estagio de
constante alerta para resolver o aparecimento de
antigenos tumorais estranhos que pudessem causar
algum dano ao organismo.
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Imunidade e Sistema Imune

Sistema Imune

“Conjunto de células e moléculas responsaveis
pela conservacao da homeostasia tecidual
atraves do reconhecimento de padroes de injuria
celular e manutencao do proprio”
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Imunovigilancia

Immunodeficient
mice
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Animais deficientes na resposta adaptativa sdo mais suscetiveis a
formacao de tumores espontaneos ou induzida por carcindgenos.
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iIstema Imune e Cancer: os trés E’s

“Danger” Intrinsic tumor suppression
Transformed S|gn.als Tumor NKR (senescence, repair, Normal
cells ® .. antigens ligands and/or apoptosis) tissue
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eReceptores inibitorios

Effector :
. "Exhausted”
(activated) -
N (chronic infection & cancer)
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Ceélulas da imunidade inata - ativacao

Lipopeptides

Lipopolysacchande
Peptidoglycan

O Flagellin

TLRS

CpG DNA

TLR9
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Sourcea: Nat Ciin Pract Gastroenterol Hepatol @ 2006 Natura Publishing Group
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Ceélulas da imunidade inata - ativacao

oo’ FS

HMGB1 signaling pathways in sepsis
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Estresse celular e ativacao do sistema imune

HDAC inhibitors

SBl

Sociedade Brasileira de Imunologia
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O que é enxergado pelo sistema imune?

. o e Abnormal L
Cancer cell Cancer cell z chromosome
(euploid) (hyperploid) <

g — —
CANCER Q

Immune Surveillance from ' ——————
Chromosomal Chaos? _
Phagocytosis of cancer
Maurizio Zanetti and Navin R. Mahadevan X __cell by macrophage
Eliminat
canc 1L
T cell stimulation
SB' ¢¢¢¢¢ 28 SEPTEMBER 2012 VOL 337 SCIENCE www.sciencemag.org
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Ativacao de células NK por estresse
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Estresse celular e apresentacao de antigenos
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Resposta Imune Anti-tumoral

Antig T-cell
presentation response
T-cell
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Antigen
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Carga de mutac¢

Obtain tumor material

Identify tumor-specific
mutations within
expressed genes

®

Filter by
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O que realmente é enxergado pelos linfocitos T?

Mutation-derived neoantigens in human cancer

Number of identified neoantlgens

Il CD4 epitopes
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Eliminagao
Resposta inata +
adaptativa
Destruicao de células
tumorais

++++

Equilibrio Escape

dorméncia inibicao de CD8
persisténcia nao inibicdo de NK
detectavel clinica/ progressao

pode durar muitos
anos mantido sob
controle do sistema

imune
++

acumulo de mutacoes

perda da expressao de antigeno relevante
imunosupressao

inflamacao

exaustao das células efetoras
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Microambiente Tumoral
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cytokines (TGF-B, IL-10)
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« DO expression; induction of Tregs
* Impaired maturation
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Rudolf Virchow (1863) — Inflamacao
causa um aumento na
proliferacao celular.
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Emerging Hallmarks

Deregulating cellular Avoiding immune
energetics destruction

Genome instability Tumor-promoting
and mutation Inflammation

Enabling Characteristics

SB' ¢<><>/><> Hanahan & Weinberg, Cell 2011
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Progressao no cancer de colon

Inflamacéao participando
do processo de
iniciagao do tur‘ior

Instauragao do
estroma e

microambiente
turyoral

Estroma tumoral promove
progressao tumoral e metastase

A TR
TSGR Pl SR A ik mf.\%’i{ﬁnﬁ_( :ﬁ‘m } i
o e — et e
Normal Hyperproliferative Small Large Colon
epithelium epithelium adenoma adenoma carcinoma
Aberrant cryptic foci
COX-2 I I I
overexpression Loss of 18qg
APC K-ras P53
mutation mutation mutation
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Como interferir nesse
equilibrio?
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Microambiente Tumoral

r L ic origin 1
*Mastcell *Bcell *Macrophage ¢CTL Teg *Dendriticcell «MDSC Suppressive mechanisms

* Granulocyte
* Eosinophil
* NK cell
* Platelet

MDSC cell @)
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« Secretion of NO, arginase and ROS

« Sequestration of cysteine.

« Impaired differentiation

« Defective antigen presentation

« Secretion of suppressive

cytokines (TGF-B, IL-10)

* Sink for IL-2, IL-7, IL-12, and IL-15
* Impaired activation of CTLs

Tog cell

Macrophage ) a, {

* M2 differentiation/cytokine pmﬁle‘
* Defective antigen presentation
 Lack of costimulation for T cells

« Impaired tumorocidal activity

s

Dendritic cell

« DO expression; induction of Tregs
* Impaired maturation

* Defective antigen presentation

* Lack of costimulation for T cells

Cancercell @ @

microenvironment
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R * Loss of MHC class | and antigen
\ Vascular processing machinery
endothelium * Antigen loss variants

* Secretion of VEGF, GM-CSF,
. G-CSF and gangliosides
* Pericyte
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Mesenchymal origin |:
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eitos imunologicos do tipo de morte celular

Time (hours)

o Induction of
cell death

12-18

Release of IL-1B (?),
18 | ATP (2), uric acid (?)
and type | IFNs (?)

Release of
24 R
tolerance signals
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Doxorubicin

Live
tumour cell

Immature DC

Activation

Activated DC

Dying
____tumour cell

N Antigen
n 7 EMGES processing and
/ presentation

N> EMGBD

—

o MHC molecule

o
A7 { o Maturation
/ o‘ °© 2 Migration
o l’ o Mature DC
Fragments of

~ tumour cell

{ \ Immunosuppression?
—_—

Tolerogenic DC?

Zitvogel et al, Nat Rev Immunol 2008



® Cyclophosphamide
* Fludarabin

e 5-FU

® Cyclophosphamide ‘ * Sorafenib
* Fludarabin l

l | Depletion or impairment 1

— Treg cell

iTAA upregulation ] ‘ - |

crosspresentation

* Paclitaxel

* Anthracyclins
* Methotraxate >
* Bevacizumab

® Sorafenib
® Sunitinib

Calreticulin

Immunogenic
cell death

Tumour cell sensitization
for T cell killing

!

* Paclitaxel
°e o % o 1 * Cisplatin

Granzyme B

HMGB1, ATP * Doxorubicin

* Oxaliplatin
* Anthracyclins
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Modulacao do microambiente tumoral pela quimioterapia

Cancer cell

TAM

O CD8* T cell
é CD4* T cell

MDSC/Neutrophil

Qeey

Blood vessel

TARGETING T, TARGETING MDSCs:

- Cyclophosphamide - Gemcitabine
- Gemcitabine - 55U
e - Docetaxel

- Doxorubicin

) T CELL PRIMING:
- Oxaliplatin

TARGETING TAMs: ' s <—— - Mitoxantrone
- Trabectedin - Melphalan
- Anthracyclins

' TCR "I"
MHC I with
’V‘ antigen I CTLA-4

PD-1

>

-«
~~~

Immune checkpoint
inhibitors

T
5 >

& 4 anti-PD-1/
\/ * anti-CTLA-4/
anti-PD-L1

* APC

PD-L1

CD80/
CD86

S8l Kersten et al, Frontiers in Immunol 2015
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Modulacao do microambiente tumoral por moléculas inibidoras

Tumor vasculature

e Bevacizumab (anti—-VEGF-A)

* Sunitinib, Sorafinib (RTK inhibitors)

* Aflibercept (decoy receptor)

Inflammatory pathways
e Siltuximab (anti—IL-6)
e Ruxolitinib (JAK1/2 inhibitor)

Repolarization and re-education
e BLZ945, PLX3397 (anti-CSF-1R)
e CD40 mAb (agonist)

Tumor stroma disruption

e Nab-paclitaxel (Albumin-bound
chemotherapeutic agent)

Immunomodulation
* PLX3397 (anti—CSF-1R, anti-KIT)
* Plerixafor (anti-CXCR4)
* S-265610 (anti-CXCR2)
e Trabectedin (chemotherapy)
= Gemcitabine, 5-FU (chemotherapy)

= Cisplatin (chemotherapy)

Immune checkpoint blockade

e [pilimumab (anti—CTLA-4)

e Nivolumab (anti-PD1R)

Key: Tumor cell

£
o
&% Fibroblast

@ Macrophage

% Dendritic cell O

© rcen
. Treg cell ©

B cell

@® pesenchymal SC

MDSC

sgee= Extracellular matrix

/ Blood or Lymphatic vessel

@== Basement membrane

TRENDS in Cell Biology
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Alvejando farmacologicamente o tumor ou 0 hospedeiro

| HOST | TUMOUR

Host defects Tumour-induced || Treatment-induced Tumour-intrinsic
suppression immunosuppression characteristics
Genetic polymorphism
» NKG2D  STAT3 = Steroids e Molecular pathways
» KIRs and MHC class | - IDO » Lymph-node ablation of oncogenesis
molecules - TGF[3, B7-H4, * Dose intensity * Molecular pathways

* FcyRs PDL1, OX40 » Neoadjuvant versus dictating calreticulin
e TLR4 * INOS, arginase adjuvant treatment exposure or tumour
- IL-13 = IL-10 immunogenicity
- IL-10 « HLA-G, ILT4
Ageing

SBI Zitvogel et al, Nat Rev Immunol 2008
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Immunization

Antigen
processing

Antigen
uptake
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Dendritic cell antigen
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Immunization
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response
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5 o . killing
A d t " t f L °.°° Immunosuppression
\ Chemotherapy b o > PO-L1
Radiotherapy (CARs, TILs)
Barros et al, Clinics 2018



Estes processos podem ser influenciados também pela microbiota

Immunization /
S
-

T-cell
response

Antigen
processing

Antigen NoS Dendritic
uptake cells
Tumour
Dendritic cell antigen
maturation {:} {:{

/

Vaccines
Oncolytic viruses

Immune checkpoint
blockade

0.9 Immunosuppression

Adoptive cell transfer
\ Chemotherapy b PO-L1
Radiotherapy (CARs, TiLs)

SB| Barros et al, Clinics 2018
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