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Resposta imune aos tumores
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de resposta imune:

- Mutacoes no DNA geram novos
antigenos.

- Tumores causados por virus —
reconhecimento dos antigenos
virais.

- Super-expressao de antigenos
para os quais nao ha geracao de
tolerancia central ou periférica.
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Resposta imune aos tumores

Fatores que dificultam a geragcao de resposta imune:

- Células e antigenos proprios: auséncia de diversos ligantes ativadores de
imunidade inata (agonistas de TLR, NLR, lectinas tipo-C)

- Tolerancia imunoldgica central e periférica a autoantigenos

Timo Periferia
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Feola S et al., Cancers, 2020



Vigilancia imunolégica

- Termo cunhado em 1950 por
Frank Mcfarlane Burnet:

Funcdo do sistema imunolégico é
reconhecer e destruir células que
sofreram transformacao maligna antes
gue se desenvolvam em tumores.

1960 Nobel Prize
Phy5|ology and Medicine




Tipos de cancer

- Carcinoma: cancer que comeca na pele ou nos tecidos que revestem ou
cobrem os érgaos internos.

- Sarcoma: cancer que comeca no 0sso, cartilagem, gordura, musculo, vasos
sanguineos ou outro tecido conjuntivo ou de suporte.

- Leucemia: cancer que comec¢a no tecido formador de sangue, como a
medula ossea, e faz com que muitas células sanguineas anormais sejam
produzidas.

- Linfoma e mieloma multiplo: canceres que comecam nas células do
sistema imunologico.

- Canceres do sistema nervoso central: comecam nos tecidos do cérebro e
da medula espinhal.



Imunidade inata contra tumores: Células NK (Natural Killer)

- Ceélula linfoide

- 2-5% do total de leucocitos circulantes




Principal mecanismo de a¢ao de células NK contra tumores
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Islam R et al., Cells 2021; Villalba M et al., Int J Biochem Cell Biol 2012



Liberacao de perforina e granzima
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Células NK matando células tumorais

https://www.youtube.com/watch?v=ValjaBGwoT8&t=1s



Imunidade adaptativa contra tumores

- Mediada por linfocitos T CD4* e CD8* (principalmente) contra
antigenos tumorais:

- Proteinas mutadas
- Proteinas expressas aberrantemente por células tumorais
- Proteinas virais (virus oncogénicos — ex. papilomavirus)



Imunidade adaptativa contra tumores
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Apresentacdo de antigenos
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Apresentacao de antigenos cruzada

Heavy chain (HLA-A,
HLA-E, HLA-C)

Kobayashi KS e Van den Elsen PJ, Nat Rev Immunol 2012



Ativacao de linfocitos T CD8* citotoxicos
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Apresentacao de antigenos tumorais com MHC de classe | por células

tumorais
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Sinapse imunolégica
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Abbas et al: Cellular and Molecular Immunology, 7e.
Copyright ® 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Saunders, an imprint of Elsevier Inc.
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Morte da célula alvo pela acao de linfocitos T CD8* citotoxicos
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Células T CD8* citotoxicas reconhecendo e matando células tumorais

https.//www.youtube.com/watch ?v=jLCNwHxpNzg



Linfocitos como biomarcadores de prognostico de cancer

Marcacao de CD3 em bidpsia de tumor
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Mecanismos de evasao da resposta imune por tumores

Mechanisms by which tumors avoid immune recognition

Low
immunogenicity

Tumor treated as
self antigen

Antigenic modulation

_ Tumur-induced_
immune suppression

Tumor-induced
privileged site

No peptide:MHC ligand
No adhesion molecules
No co-stimulatory molecules

Tumor antigens taken up and
presented by APCs in
absence of co-stimulation
tolerize T cells

T cells may eliminate tumors
expressing immunogenic
antigens, but not tumors that
have lost such antigens

Factors (e.g.,TGF-B, IL-10,
IDO) secreted by tumor
cells inhibit T cells directly.
Expression of PD-L1
by tumors

Factors secreted by tumor
cells create a physical
barrier to the immune
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Figure 16.14 Janeway's Immunobiology, 9th ed. (© Garland Science 2017)




Macrofagos associados a tumores
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Exaustao de linfocitos T
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Exaustao de linfocitos T

Falha na eliminac¢ao do antigeno e exposi¢ao cronica
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McLane LM et al., Annual Ver Immunol 2019



Moléculas de “checkpoint imunolégico”

Loss of effector functions
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Rha MS e Shin EC, Cell Mol Immunol 2021



Anticorpos monoclonais

: Selecao in vitro em meio HAT

Somente células
fusionadas
(hibridomas) crescem

Photo from the Nobel Foundation Photo from the Nobel Foundation Photo from the Nobel Foundation

archive. archive. archive.

Niels K. Jerne Georges J.F. Kbhler César Milstein ; i

Prize share: 1/3 Prize share: 1/3 Prize share: 1/3 Tnagem do sobrenadante de cada clone para

anticorpos anti-X e expansao dos clones positivos

The Nobel Prize in Physiology or Medicine 1984 was
awarded jointly to Niels K. Jerne, Georges J.F.
Kohler and César Milstein "for theories concerning
the specificity in development and control of the
immune system and the discovery of the principle
for production of monoclonal antibodies."

https://www.nobelprize.org/prizes/medicine/1984/summary/ = g Abbas, Lichtman, Pillai, 9a. Edigdo, 2019.

. Hibridomas
\ produtores
de anticorpo
monoclonal anti-X




Nomenclatura de anticorpos monoclonais

Prefix Target infix Source infix Suffix
Varies, -o(s)- bone -1~ human -mab
“should be -v(i)- viral -0- mouse
euphonious” -b(a)- bactenal -a- rat

-I(i)- immunomodulating -e- hamster

-c(i)- cardiovascular -i- primate

-kf(i)- mnterleukin as target -Xi- chimeric

SUE miscellaneous tumor | -zu- humanized
-tox(a)- | toxin as target -axo- | rat mouse hybnd
-flu)- fungal

OMS, 2009




Nomenclatura de anticorpos monoclonais

EAY

Murine Chimeric
(-omab) (-ximab)
Humanized Human
(-zumab) (-umab)

Current Opinion in Pharmacology




Modo de acao de anticorpos monoclonais

Antagonismo Agonismo

T,

Complemento

Eliminacao da célula

Mature Reviews | Drug Discovery



Imunoterapias para cancer (bloqueadores de checkpoint imunolégicos)

PD-L1 binds to PD-1 and inhibits
T cell killing of tumor cell

Tumor cell

Blocking PD-L1 or PD-1 allows
T cell killing of tumor cell

Tumor cell
death

Anticorpos monoclonais
contra PD1:

- Pembrolizumab

- Nivolumab

Anticorpos monoclonais
contra PD-L1:

- Atezolimumab

- Avelumab

- Durvalumab

Eno J, J Adv Pract Oncol, 2017



Imunoterapias para cancer (bloqueadores de checkpoint imunolégicos)

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

B7-1/B7-2

Anti-
B7-1/1B7-2
F

Anticorpo monoclonal
contra CTLA-4:
- Ipilimumab

Eno J, J Adv Pract Oncol, 2017



Imunoterapias para cancer (Indu¢ao de morte celular)
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Anticorpo monoclonal contra
CD20 (linfoma de linfocitos B):
- Rituximab

https://epufabc.proec.ufabc.edu.br/como-detectar-o-novo-coronavirus/



Imunoterapias para cancer (inibicao de fatores de crescimento)
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Muro K et al., Cancers, 2020



IL-2, IL-4,
IL-7, IL-9,
IL-15 and IL-21
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Schwartz et al, 2017



Inibidores de tirosina quinase em cancer (inibicao de fatores de

Cancer type

Gastrointestinal
stromal tumors

Breast cancer

Lung cancer

Baselga J, Science, 2006

Tyrosine kinase
target

First-generation
inhibitor

.Qefitinib

crescimento)

% % Trastuzamab % %

Erlotinib

Second-generation
inhibitor

Lapatinib

Irreversible
inhibitors
(EKB569)

axitinib,
cabozantinib,
famitinib,
lenvatinib,
nintedanib,
pazopanib,
sorafenib,
sulfatinib,
sunitinib

VEGF

VEGFR1-2-3

Grillo F et al., End Rel Cancer, 2018



TNF

IL-6R

IL-17 A

Drug name

Adalimumab

Certolizumab
pegol

Etanercept

Infliximab

Colimumab

Sarilumab

Tocilizumab

Secukinumab

Anticorpos monoclonais imunomoduladores

Trade name

(FDA)

Humira

Cimzia

Enbrel

Remicade

Simponi

Kevzara

Actemra

Cosentyx

Indications

Rheumatoid arthritis, ankylosing spondylitis,
non-infectious uveitis, ulcerative colitis, Crohn's
disease, psoriatic arthritis, juve nile idiopathic
arthritis, plaque psoriasis and hidradenitis
sUppurativa

Rheumatoid arthritis, ankylosing spondylitis,
psoriatic arthritis, psoriasis and Crohn's disease

Rheumatoid arthritis, ankylosing spondylitis,
psoriatic arthritis, plaque psoriasis and juvenile
idiopathic arthritis

Rheumatoid arthritis, ankylosing spondylitis,
psoriatic arthritis, plaque psoriasis, ulcerative
colitis and Crohn's disease

Rheumatoid arthritis, ankylosing spondylitis,
psoriatic arthritis and ulcerative colitis

Rheumatoid arthritis

Rheumatoid arthritis, juvenile i diopat hic
arthritis and giant cell arteritis

Ankylosing spondylitis, psoriatic arthritis and
plaque psoriasis

Target
pdl
IL-1p
IL-1R
IL-1
IFMy
CD80 or

CD86
CD20

BAFF

Drug name

Ustekinumab
Canakinumab
Anakinra
Rilonacept
Emapalumab-lzsg
Abatacept

Rituximab

Belimumab

Indications

Psoriatic arthritis, plaque psoriasis and
Crohns disease

Periodic fever syndromes and systemic juvenile
idiopathic arthritis

Rheumatoid arthritis and cryopyrin-associated
periodic syndromes

C ryopyrin-associated periodic syndromes
Hemophagocytic lymphohistiocytosis

Rheumatoid arthritis, psoriatic arthritis and
juvenile idiopathic arthritis

Rheumatoid arthritis, non-Hodgkin ymphoma,
chronic lymphocytic leukaemia, granulomatosis
with polyangiitis, microscopic polyangiitis and
pemphigus wulgaris

Systemic lupus erythematosus

Schmid e Neri, 2019



Drogas mais lucrativas do mercado 2025

Top 20 Best-selling Drugs
Globally in 2025

Billlon USD

Keytruda e Pembrolizumab — anti-PD-1
Ozempic pyllels
Mounjaro 19.00

Dupixent ~ R g DUpPIlumMab — anti-1L-4/IL-13
Wegowy 14,30
Comirnaty 13.50
Biktarvy 13.40
Skyrizi e e A Risankizumab — anti-IL-23

Eliquis 13.00
Darzalex 13.00

Opdivo PR . [\ iVOlUMab — anti-PD-1
Imbruvica 1190
Zepbound | M 11.00

B _. ‘ Humira 11.00 Adalimumab — anti-TNF

Stelara 10.85 Ustekinumab — anti-IL-12/23
Gardasil 10.00

L Ty % Eylea 9.38 Aflibercept — competidor

. Trikafta 894
Ocrevus 758 de VEGF

Trulicity 713

www_pharmabossbd com

https://pharmabossbd.com/top-20-best-selling-drugs-globally-in-2025/?print=print



Imunoterapias para cancer (vacina com antigenos tumorais)

Naive T cell
a Tumour
gt "\ @ , ] |
0- ) De novotumour Antigenos tumorais preferencialmente
- response

nao expressos em adultos:
- Cancer-testis antigens (CTAs):
- MAGE (melanoma associated

Tumour antigens

Pre-existing
tumour-specific

b
OT{.EH

antigens)
Amplification of A . .
exising e - CTAG1A (cancer-testis antigen 1)
response

Medicina personalizada (screening de
antigenos tumorais especificos).

Increased breadth
and diversity of
tumour-specific

T cell response

Hu Z et al., Nat Rev Immunol 2017



Imunoterapias para cancer (vacina de células dendriticas)

Vacinar com célula rf‘—“n.ﬁ
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Abbas, Lichtman, Pillai, 9a. Edicdo, 2019.



Imunoterapias para cancer (imunotoxina)

b Immunotoxin
binding

Immunotoxin-receptor
internalisation

Free
toxin

a Immunotoxin

Toxin

Linker

Targeting

antibody e CeII death

Immunotoxin targeting in leukaemia
Expert Reviews in Molecular Medicine 2009 Published by Cambridge University Press




Imunoterapias para cancer (imunotoxina)

Table 1. FDA-approved cytotoxins, immunotoxin, and antibody drug conjugates.

Drug Name Targe:tmg Toxin Moiety Tumor Type Approval Year References
Moiety !
Cytotoxins
Denileukin diftitox .
(Ontak®) L2 DT (DAB389) CTCL 1999 [16]
Tagraxofusp-erzs
389 8
(Elzonris®) IL3 DT (DAB389) BPDCN 2018 [18]
Immunotoxin
Moxetumomab
pasudotox Anti-CD22 dsFv PE (PE38) HCL 2018 [19]
(Lumoxiti®)
Antibody Drug Conjugates
Gemtuzumab Humanized 2000-approved
ozogamicin - Ozogamicin AML 2010-withdrawn [21]
® anti-CD33 mAb )
(Mylotarg®) 2017-reapproved
Brentuximab vedotin Chimeric ALCL, HL,
(Acetris®) anti-CD30 mAb MMAE PTCL 201 [22,23]
Trastuzumab Humanized . _
emtansine (Kadcyla®} anti-HER2 mAb DM1 HER2" BC 2013 [24,25]
Inotuzumab Humanized
ozogamici\g anti-CD22 mAb Ozogamicin ALL 2017 [26]
(Besponsa®)
Polatuzumab vedotin Humanized
9 7
(Polivy ™) anti-CD79B mAb MMAE DLBCL 201 [27]
. Human
Enfortumab vedotin = octin4 MMAE uC 2019 [27]
(Padcev'™)
mAb
Trastuzumab Humanized . .
deruxtecan (Enhertu®)  anti-HER2 mAb Deruxtecan HER2" BC 2019 [27
Sacituzumab govitecan Humanized SN-38 Triple-negative 2020 [27]

(Trodelvy™)

anti-Trop-2 mAb

BC

Hamamichi S et al., Toxins 2020



Imunoterapias para cancer (CAR T cells)

CAR: “Chimeric Antigen Receptor”

First generation Second generation Third generation

[_ Signal 2
Signal 1 I_

Signal 1
Antigen-
% recognition
domain I—
[ 1 Signalling Signal 1
I domains

Jackson H et al., Nat Rev Immunol 2016



Imunoterapias para cancer (CAR T cells)

Conventional T cell CART cell

TRENDS in Immunalogy

Srivastava S e Riddel SR., Trends Immunol 2015



Imunoterapias para cancer (CAR T cells)

CAR T-cell Therapy

Remove blood from | - g cell Make CAR T cells in the lab
patient to get T cells 3

b cal Insert gene for CAR

"2l Chimeric antigen

receptor (CAR)

: e CAR T cell X
CAR T cells bind to cancer - 2 Y o
cells and kill them ’ L 7 b X,
st  odlak - '
W™ Cancercell  Jyani N et
_SAntigens | Grow millions of
agll # ‘ : i CART cells
W o 4 CART cell | o V. .
o ) & gl ; o TR
Infuse CAR T cells S

& .
) Cancer cell into patient

https://www.cancer.qgov/sites/q/files/xnrzdm211/files/styles/cgov_enlarged/public/cgov_image/media_image/2019-09/nci-vol-11776-150.jpg ?h=30063a04&itok=jb2eZxz4



Imunoterapias para cancer (CAR T cells)

FDA-Approved CAR T-Cell Therapies

Generic Name Brand |Target |Targeted Disease Patient Population
Name Antigen
Tisagenlecleucel Kymriah |CD19 B-cell acute lymphoblastic Children and young adults with refractory or
leukemia (ALL) relapsed B-cell ALL
B-cell non-Hedgkin lymphoma (NHL) Adults with relapsed or refractory B-cell NHL
Axicabtagene ciloleucel Yescarta |CD19 B-cell non-Hodgkin lymphoma (NHL) Adults with relapsed or refractory B-cell NHL
Follicular lymphoma Adults with relapsed or refractory fellicular lymphoma
Brexucabtagene Tecartus |CD19 Mantle cell ymphoma (MCL) Adults with relapsed or refractory MCL
autoleucel
B-cell acute lymphoblastic Adults with refractory or relapsed B-cell ALL
leukemia (ALL)
Lisocabtagene maraleucel |Breyanzi |CD19 B-cell non-Hodgkin lymphoma (NHL) Adults with relapsed or refractory B-cell NHL
Idecabtagene vicleucel Abecma |BCMA | Multiple myeloma Adults with relapsed or refractory multiple myeloma
Ciltacabtagene autoleucel |Carvykti |BCMA | Multiple myeloma Adults with relapsed or refractory multiple myeloma

https.//www.cancer.gov/about-cancer/treatment/research/car-tcells#:~:text=Since %202017%2C%20six%20CAR%20T,%2C%20most%20recently %2 C%20multiple %20myeloma.




CART cells pelo SUS — Butantan/ Hemocentro Ribeirao Preto
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nicio = Ciéncias = Ciéncias daSalde = Terapia inédita ns América Latina devalve futuro 2 paciente com cancer terminal

Terapia inédita na América Latina devolve futuro a f v o in
paciente com cancer terminal yumsc

Digite uma palavra chave n
Medicos da USP aplicaram pela primeira vez imunoterapia que usa células T do paciente para tratar linfoma
gravissimo
Cigncias da Satde - & https://jomal.uspbr/ 7p=275299

fiol Manha com Bach #122:
A “Festival Bach” ocorre em
Leipzig desde 1904
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Paor Silvana Salles
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Pilula Farmaceutica #106:
Produtos sem lactose possuem
enzima para quebrar molécula
de aglcar

Vira e Mexe #56: Forrd é 4
trilha sonora tradicional das
festas juninas

Todos os podcasts

\\ ARTIGOS

Direito humano e universal

Miguel Buzzar, vice-diretor do
Instituto de Arquitetura e
Urbanismo da USP Paulo Martins,
culdade de Filosofia,
iéncias Humanas da USP
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{ - g et g : (FFLCH-USP) & Vladimir Safatle,
O paciente foi diagnosticado com um linfoma ndo Hodgkins avancado. Os médicos do Hospital das Clinicas EFlnfesf‘-‘Udeat Fac“:f'é'j*-’.de
ILOSOla, Leiras e Liencias
da Faculdade de Medicina de Ribeirdo Freto conseguiram autorizagdo para tentar uma nova terapia, que Humianas da USP

levou a remisséo total da doenca — Foto: Lidia Rossi Rocoffort / SNSF / CC-BY-NC-ND



Imunoterapias para cancer (CAR-T cells)

1° paciente America Latina - Celulas CAR T

Diagndstico: Linfoma nao Hodgkin Alto Risco

12 Linha de Tratamento (set./2017): falha
22 Linha de Tratamento (nov./2018): falha
32 Linha de Tratamento (fev./2019): falha

42 Linha de Tratamento (jun./2019 - Compassivo): falha

Opcédo de tratamento no Brasil: Cuidados Paliativos

Opcao de tratamento em Ribeirdo Preto/SP: células CART

Evolucgao do Tratamento
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Questoes?
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