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Number of deaths by cause, World, 2019

Our World
in Data

Cancers 10.08 million
Respiratory diseases 3.97 million
Digestive diseases 2.56 million
Lower respiratory infections 2.49 million
Neonatal disorders 1.88 million
Dementia 1.62 million
Diabetes 1.55 million
Diarrheal diseases 1.53 million
Liver diseases 1.47 million
Kidney disease 1.43 million
Road injuries 1.2 million
Tuberculosis 1.18 million
HIV/AIDS 863,837
Suicide 759,028
Malaria 643,381
Homicide Jj§ 415,180
Parkinson's disease JJj 362,907
Nutritional deficiencies JJ 251,577
Drowning | 237,242
Meningitis ] 236,222
Protein-energy mainutrition | 212,242
Maternal disorders JJ 196,471
Alcohol use disorders JJ 168,015
Drug use disorders | 128,083
Fire | 111,292
Hepatitis | 79,176
Poisonings | 77,162
Conflict | 62,985
Heat (hot and cold exposure) | 47,461
Natural disasters | 6,076
0 2 million 6 million 10 million 14 million 18 million

Source: IHME, Global Burden of Disease

OurWorldInData.org/causes-of-death « CC BY




Cancer deaths by type, World, 2019

Total annual number of deaths from cancers across all ages and both sexes, broken down by cancer type.

Tracheal, bronchus, and lung cancer
Colon and rectum cancer
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Liver cancer

Leukemia

Cervical cancer

Non-Hodgkin lymphoma

Brain and central nervous system cancer
Bladder cancer

Lip and oral cavity cancer

Ovarian cancer

Gallbladder and biliary tract cancer
Kidney cancer

Larynx cancer

Other pharynx cancer

Multiple myeloma

Uterine cancer
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Malignant skin melanoma

Other cancers

Non-melanoma skin cancer
Thyroid cancer

Mesothelioma

Hodgkin lymphoma

334,592
280,479
254,614
246,253
228,735
199,398
198,412
172,441
166,438
123,356
114,207
113,474
91,641

71,610

62,844

56,833

56,054
45,576
29,251
27,652

Testicular cancer | 10,842

Source: IHME, Global Burden of Disease (GBD)
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Como ocorre 0 cancer?
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Hallmarks do cancer — ano 2000

“Sustentam proliferacao”

Sustaining proliferative
signaling

“Evitam supressores de

“Resistencia a morte” crescimento”

Resisting Evading growth
cell death SUppressors

“Ativa invasao e

o H A ”
Angiogenese metastase”

Inducing Activating invasion
angiogenesis and metastasis

Cell, Vol. 100, 57-70, January 7, 2000, Copyright ©2000 by Cell Press

The Hallmarks of Cancer Enabling replicative

immortality Potencial replicativo

Douglas Hanahan* and Robert A. Weinbergt ilimitado”



Hallmarks do cancer — ano 2011

Hallmarks of Cancer: The Next Generation

Douglas Hanahan'-2" and Robert A. Weinberg3*

Cell 144, March 4, 2011 ©@2011 Elsevier Inc.

<Emerging Hallmarks )

/

Deregulating cellular Avoiding immune
energetics destruction

“Reprogramacao do
metabolismo”

“Evasao do sistema
imunoldégico”

“Instabilidade do
cenoma”’

“Inflamacao promotora
do tumor”

Genome instability Tumor-promoting

and mutation Inflammation

Enabling Characteristics




Cell 144, March 4, 2011 ©2011 Elsevier Inc.

Hallmarks of Cancer: The Next Generation

EGFR Cyclin-dependent
inhibitors kinase inhibitors
Sustaining Evading
Aerobic glycolysis proliferative growth Immune activating
inhibitors signaling SUPPressors anti-CTLA4 mAb

Douglas Hanahan'-2* and Robert A. Weinberg3*

e s ce N O )5 replicative i
BH3 mimetics i it V8o immortality Inhibitors
1 -
Genome Tumor-
instability & iy promoting

mutation inflammation

PARP Inducing Activating
inhibitors angiogenesis invasion &
metastasis
Inhibitors of Inhibitors of
VEGF signaling HGF/c-Met

Selective anti-
inflammatory drugs




Hallmarks do cancer — ano 2022

“Desbloqueio da
plasticidade fenotipica”

Unlocking Nonmutational
pheno_typlc epigenetic
plasticity reprogramming

“Reprogramcao

Emerging hallmarks & . L
epigenética

enabling characteristics

IANUARY 2022 CANCER DISCOVERY | 31

Hallmarks of Cancer: New Dimensions

Douglas Hanahan

Senescent | L "Polymorphic

“Células senescentes” : :
cells microbiomes

“Microbiomas polimorficos”



Hallmarks do cancer — progressao das pesquisas

Evading
apoptosis

Sustained
angiogenesis

Tissue invasion
& metastasis

2022

Sustaining Evading
proliferative signaling growth suppressors
Unlocking Nonmutational
phenotypic plasticity epigenetic reprogramming
Deregulating v4 Avoiding immune
cellular destruction
metabolism

Resisting cell Enabling
death replicative
immortality
aenome Tumor-promotin
instability & : o g9
. inflammation
mutation
Senescent cells Pglqurphlc
microbiomes

Inducing or accessing Activating invasion &
vasculature metastasis



Tumores estimulam respostas Imunes

Tumores estimulam respostas imunes adaptativas especificas que podem prevenir ou limitar o
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Malignant melanoma of the skin

FIGURE 18-1 Lymphocytic inflammation associated with certain tumors. A, Medullary
breast carcinoma. B, Malignant melanoma. Red arrows indicate malignant cells. Yellow arrows indicate
lymphocyte-rich inflammatory infiltrates. Abbas 82 edicdo



Fish and Shellfish Immunology Reports 2 (2021) 100007

Long-term dexamethasone treatment increases the engraftment efficiency 8
of human breast cancer cells in adult zebrafish

Lymphocytes quantification
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Tumores estimulam respostas Imunes

Mouse with
chemical carcinogen-
induced tumor

Isolate cD8+T cells
Resect tumor
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Como e produzida uma resposta antitumoral especifica?

Como que esses tumores sao “enxergados™?

Antigenos

1) Mutacao pontual ou delecao génica
2) Antigenos de genes de células tumorais
3) Antigenos expressos em somente certo estagio do desenvolvimento

4) Antigenos superexpressos em tumores

Antigenos TSA Antigenos TAA

Especificos do tumor Associados ao tumor



Antigenos especificos (ou associados) ao tumor — TSA e TAA

Normal cell

Self peptide

Self peptide
Class I MHC
Class I MHC

Altered self peptide

Oncofetal
peptide

Mutation generates a new peptide

Overexpression of
presented by class I MHC (TSA)

normal protein (TAA)

Inappropriate expression of
embryonic gene (TAA) Kuby 72 edicdo



A Célula normal

" Autopeptideos

normais exibidos no
MHC; células nao

responsivas devido a

tolerancia

" Neoepitopo gerado
por mutacdao =) novo
residuo de contato de
TCR; resposta da
célulaT

C Célula tumoral
Virus oncogénico

7

Peptideo de uma
proteina codificada

por virus oncogénico;
dacélulaT
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o Expressao desreprimida D Superexpressao de 9 Numero aumentado de
(p. ex.: antigenos de | proteina oncogénica ' células expressando
cancer/testiculo) - devido a amplificagdo | proteina tecido-especifica
. génica (p. ex.. HER2/Neu ' (p.ex.: tirosinase em
. em carcinomas de mama) | melanomas)

Célula
normal

Célula
cancero-

B T T T

Abbas 92 edicao



Respostas Imunes contra tumores

Reparo de DNA —
senescéncia ou apoptose

Sinais ambientais —
interrupcao do crescimento

ou apoptose

Sistema imunoldgico!
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Os trés estagios da imunoedicao do cancer

Healthy tissue
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Evasao do sistema imune

Tumar

T cell recognition
of tumor antigen
leading to T cell

activation

Tumor T cell
antigen specific for
m;gcme tumor antigen

Anti-tumor ir‘nmunity'

Failure to produce tumor antigen
Antigen-loss

variant of tumaor
cell Lack of T cell
] ﬁ recognition of
tumor

‘Mutations in MHC genes or genes needed
for antigen processing

Class |
MHC-deficient

tumor cell Lack of T cell

recognition of
tumor

‘Secretion of iInmunosuppressive proteins or
expression of inhibitory cell surface proteins

Inhibitory Inhibitory
Inhibition of
T cell activation

ligand  receptor
ggjs--' Immunosuppressive
cytokines

Immune evasion by tumors

* Inibicao ativa da resposta imune

* Perda dos antigenos ou
moléculas de MHC que dirigem
essas respostas
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PD-L1 binds to PD-1 and inhibits
T cell killing of tumor cell

Tumor cell

“Eat me”
warning signal

No phagocytosis

Chao et al., 2020

Credit: National Cancer Institute




B7-1/B7-2 binds to CTLA-4 and
inhibits T cell killing of tumor cell

Tumor cell

B7-1/B7-2

Blocking B7-1/B7-2 or CTLA-4
allows T cell killing of tumor cell

Tumor cell
death

1

Eno, 2017



Bloguelo de pontos de controle
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ARTICLES nature
https://doi.org,/10.1038/541565-021-01000-4 naﬂo te Ch nOIOgy

| M) Check for updates

Intercellular nanotubes mediate mitochondrial
trafficking between cancer and immune cells

Tanmoy Saha'?, Chinmayee Dash'2, Ruparoshni Jayabalan'?, Sachin Khiste'?, Arpita Kulkarni®',

Kiran Kurmi?, Jayanta Mondal'?, Pradip K. Majumder*, Aditya Bardia®%, Hae Lin Jang'® and
Shiladitya Sengupta 26

Juliana M M Gomes
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Imunoterapia pra tumores

-~

FACT OF THE DAY

1801

Dr. William B. Coley
-CRI's "grandfather”-
uses first immunotherapy
to save a patient with
inoperable cancer.

CANCER
RESEARCH
INSTITUTE




Imunoterapia pra tumores

Cirurgia
Quimiotarapia
Radioterapia

Nauseas e vOmitos severos
Nefrotoxicidade, hepatoxicidade,
cardiotoxicidade, etc...

Resisténcia aos medicamentos

E porque nao utilizar o proprio
sistema imunoldgico?

Podem ser altamente
especificos e nao vai lesar a
maioria das células.



Anticorpos monoclonais para tratamentos de tumores

1R 3 Monoclonal antibodies approved by the FDA and licensed for cancer treatment

mAb name Trade name Target Used to treat Approved in:
Rituximab Rituxan CD20 Mon-Hodgkin's lymphoma 1997
Chronic lymphocytic leukemia {CLL) 2010
Trastuzumakb Herceptin HER2 Breast cancer 1998
Stomach cancer 2010
Gemtuzumab ozogamicin® Mylotarg CD33 Acute myelogenous leukemia (AML) 2000
Alemtuzumab Campath CD52 CLL 200
Ibritumomab tiuxetan® Fevalin CD20 Mon-Hodgkin's lymphoma 2002
"*'| Tositumomab* Bexxar CD20 Mon-Hodgkin's lymphoma 2003
Cetuximab Erbitux EGFR Colorectal cancer 2004
Head and neck cancers 2006
Bevacizumab Avastin VEGF Colorectal cancer 2004
Mon-small cell lung cancer 2006
Breast cancer 2008
Glioblastoma and kidney cancer 2009
Panitumumak Vectibix EGFR Colorectal cancer 2006
Ofatumumab Arzermra CD20 CLL 2009
Denosumab Xgeva Rank Camcer spread to bone 2010
ligand
|pilimumak Yervoy CTLA-4 Melanoma 20
Brentuximab vedotin® Adcetris CD30 Hodgkin's lymphoma and one type of 2011
non-Hodgkins lymphoma




_— B-lymphoma Ig
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B-lymphoma cells Human myeloma cell
from patient

Step @ Fuse and select for hybridoma
secreting B-lymphoma Ab

fo R feo S\

Inject B-lymphoma mAbs (Ab-1)
from hybridoma into mouse
Inject anti-idiotype

Ab-2 into patient

\) Spleen cells + Mouse myeloma cells

Fuse Step @
SteP@ h\% %5 Q& }i—.:: 1& //‘?:L_,

Antibodies specific for Antibodies specific for
idiotypic determinants isotypic determinants

on Ab-1 (called Ab-2) on Ab-1 (discard)
Anti-idiotype Anti-isotype

hybridomas hybridomas
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Vacinas para tratamentos de tumores

PAP/GM-CSF

e (Células tumorais

t / Coculture patient DCs with
m O r a S prostate antigen-cytokine

s fusion protein (PAP/GM-CSF)
* Antigenos

()
recombinantes \

* Células dendriticas sclae paticnt DC \ | )
‘Jl & “‘ Infuse =7/

Blood

PAP presented via
MHC Class I and II by
GM-CSF activated DCs

.‘\ ".‘

Patient

Sobrevida de 4 meses

A o gE 93 mil ddlares

T cell proliferation PAP-expressing

cancer cells




Terapia de células T com receptor antigénicos quimerico

A B

Tumor-bearing
patient

Tumor cell

Terapia adotiva

Usa células T com expressao de
receptores antigénicos quiméricos
— CAR

Isolate lymphocytes
from blood or
tumor infiltrate

! FIGURE 18-6 Adoptive cellular
antigen therapy. Lymphocytes isolated
Killing from the blood or tumor infiltrate of a
mechanisms patient may be expanded by culture

in IL-2 and infused back into the
patient (A). The lymphocytas may
be transfected with CAR genes (B).
This treatment, often combined with
} s aaaian Laanai ey systemic IL-2 administration, leads to
tumor regression in some patients. In
some cases, the patient's T cells may
be genetically transduced ex vivo to

1) Células T isoladas do paciente

2) Expandidas

3) Transfectadas com vetores
virais codificadores de CAR

4) Inoculadas de volta no

Expand in culture with
IL-2; may be transfected
with CAR gene

. express recombinant chimeric antigen
paC|ente Transfer receptors (CARs) before transfer back
back into into the patient. CARs (B} are composad

patient of receptor domains specific for tumor

antigens, and signaling domains, such

7 === Y = as [TAMs and cytosolic motifs of CD28,
\ e 'Activatior B which promote robust T cell activation.
Patient's T cell
Tumor
regression
T Abbas 82 edigao




Sera que teremos uma cura
para o cancer?

Obrigada pela atencao!



