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OBJETIVOS

\ . * Resposta imune inata

Receptores de padrdo - TLRs, NLRs, inflamassomas...

Resposta imune adaptativa

I  Linfécitos T e Linfocitos B, anticorpos neutrlizantes, CD8 citotdxicos

Imunopatogénese

l Cytoklne storm, imunocomplexos, coagulopatia.



Covid-19 Response Fund
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Globally, as of 6:02pm CET, 8 March 2021, there have been 116.521.281 confirmed cases of COVID-19, including 2.589.548
deaths, reported to WHO. As of 8 March 2021, a total of 349.398.519 vaccine doses have been administered.




SARS-CoV-2 (COVID-19) by the numbers eLife

. 1 . 2 34 T published in eLife, March 31%, 2020
Yinon M. Bar-On’, Avi Flamholz*, Rob Phillips™; and Ron Milo hitps //elifesciences org/articles/57309

"Weizmann Intitute of Science, Rehovot 7610001, Israel 2University of California, Berkeley, CA 94720, USA

3california Institute of Technology, Pasadena, CA 91125, USA “Chan Zuckerberg Biohub, San Francisco, CA 94158, USA
*Corresponding author: ron.milo@weizmann.ac.il.

Comments are welcome; this article is being updated on an ongoing basis at: https://bit.ly/2W0eN64

Genome

Nucleotide identity to SARS-CoV-2

96% 91% 80% 55% 50%
bat CoV  pangolin CoV SARS-CoV-1 MERS common
cold CoV
+5sRNA ORF1a ORF1b s 3a M 7bgnN
i PLpro 3CLpro RARp  Hel ExoN ™+ £ 07a

| polyprotein |
Length: =30kb; B-coronavirus with 10-14 ORFs (24-27 proteins)

Size & Content

Diameter: =100 nm
Volume: ~10° nm3 =103 fL
Mass: ~10% MDa = 1 fg

Membrane protein Nucleoprotein
=2000 copies =1000 copies
(measured for (measured for
SARS-CoV-1) SARS-CoV-1)

Envelope prote
=20 copies

(100 monomers,
for TGEV corona




Structural basis for the recognition of SARS-CoV-2
by full-length human ACE2

Renhong Yan'?, Yuanyuan Zhang'%*, Yaning Li®*, Lu Xia?, Yingying Guo'Z, Qiang Zhou™2{
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ADESAO E INVASAO CELULAR
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Coronavirus

(1) Binding and viral entry via
% membrane fusion or endocytosis

(5) Exocytosis
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Neuropilin-1 facilitates SARS-CoV-2 cell entry
and infectivity

Ludovico Cantuti-Castelvetri*, Ravi Ojha®*, Liliana D. Pedro™*, Minou Djannatian™*, Jonas F
Suvi Kuivanen’*, Franziska van der Meer®, Katri Kallio®, Tugberk Kaya'®, Maria Anastasina®®,
Teemu Smura’, Lev Levanov’, Leonora Szirovicza’, Allan Tobi'®, Hannimari Kallio-Kokko™,
Pamela Osterlund’, Merja Joensuu'®, Frédéric A. Meunier', Sarah J. Butcher®?,

Martin Sebastian Winkler'#, Brit Mollenhauer'>'¢, Ari Helenius", Ozgun Gokce®,

Tambet Teesalu®'%2%, Jussi Hepojoki®Z, Olli Vapalahti*™*2, Christine Stadelmann®,
Giuseppe Balistreri®*'#{, Mikael Simons'223{
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Como ¢é a resposta imune ao SARS-CoV2?

2 COMPONENTES

1 - imunidade Inata

2- Imunidade Adaptativa

\_
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Which is too bad bec- o a 1 reacts to the coronavirus.
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DANGER X,

Resposta imune é uma resposta ao PERIGO

Endégeno ou Exégeno

Padroes Moleculares
PAMPs - Pathogen Associated Molecullar Patterns |
DAMPs - Danger Associated Molecular Pattem‘
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RESPOSTA ' |
celular Neutroéfilo | Macréfago Células dendriticas Célula natural killer
Funcao Fagocitose | Fagocitose Apresentacao de antigeno Lise da célula infectada
I M U N E Espécies reativas |  Mediadores Sinais co-estimuladores por virus
de oxigénio ! inflamatérios Espécies reativas Interferon
e nitrogénio | Apresentacao de antigenos de oxigénio Ativacao de macrofagos
Peptideos | Espécies reativas de oxigénio Interferon

IN T antimicrobianos | e nitrogénio Citocinas
A A | Citocinas

Proteinas do complemento




IMUNIDADE INATA

RECONHECIMENTO DE PADROES MOLECULARES 11111

Carbohidratos Acidos Graxos Acidos Proteinas
Pentoses - SCFA/LCFA Nucéicos aa
Hexoses (DNA/RNA)
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Prémio Nobel Medicina — Fisiologia - 2011

Charles Janeway Ruslan Medzhit 5

1

Photo: CNRS Photo Library/Pasca
Disdier

Bruce A. Beutler Jules A. Hoffmann Ralph M. Steinman

The Nobel Prize in Physiology or Medicine 2011 was divided, one half jointly to Bruce A.
Beutler and Jules A. Hoffmann “for their discoveries concerning the activation of innate

immunity” and the other half to Ralph M. Steinman “for his discovery of the dendnitic cell and its
role in adaptive immunity”.

Photo: The Scripps Research Institute er University Press

"for their discoveries concerning the activation of innate immunity"
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Imunidade Inata e seus RECEPTORES

Receptores para PADROES DA NATUREZA
(PRRs)

TOLL-LIKE RECEPTORS —
Ancorados na membrana

NOD RECEPTORS - Citoplasma
NOD/RIG-LIKE RECEPTORS - Citoplasma

Presentes em Muitas Células
Sistema Imune Inato

e
Células Residentes

Neutréfilo i
Macréfagos Células

Dendriticas

r

Abbas A:Imunologia celular e molecular. 8° Ed.



. Ativacao da Imunidade Inata
"N ) poprNA Sinaliza via NF-KB

TLR-4
TLR-2 TLR-7

Neutréfilo

Células

Macréfagos
Dendriticas

NF-KB " IRFs & o

b k Citocinas inflamatérias-1L-6, TN F-a IFN-a/ b(fu\ *Ai

Moléculas de Adesao - Integrinas, MHC I/Il




IL-1 - Inflamasoma e Piroptose

Plasma
membrane

Pathogenic bacteria
Extracellular ATP

K+ efflux
Reactive oxygen species

Endogenous crystals (MSU, CPPD)
Ex crystals (Alum, Asbestos)

Pro-iL1
transaiptiouﬁgme % / L-1B
[L-18

Nudeq_s P

Pro-IL1§ Pro-IL-18

Secreted
g 11 8

Acute
inflammation

Cryo-EM structure of the gasdermlh P’
membrane pore

Jianbin Ruan®?, Shiyu Xia'?, Xing Liu"?, Judy Lieberman'? & Hao Wu'?*

ten in mice, including three GSDMAs. GSDMs are cleaved by regu-
lated processing that removes an inhibitory C-terminal fra 3

to acidic lipids in the inner leatlet of mamma
bacterial membranes to forn] poresJGSDMD is a substrate of

a 27-fold pore




Sensores de Acidos Nucléi
no Citoplasma

TLR-3
TLR-7
TLR-8
Microbial TLR-9
S
— MDA-5
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RIG-I
Transcription
factor MAVS
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REDE DE CITOCINAS
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Mas qual a importancia dessas vias de
sinalizacao intracelular?

E dessas citocinas ?

Quais sao seus efeitos

BIOLOGICOS -

\

\




The NEW ENGLAND JOURNAL of MEDICINE

REVIEW ARTICLE

Dan L. Longo, M.D., Editor

Cytokine Storm

David C. Fajgenbaum, M.D., and Carl H. June, M.D.

IL-1
IL-6
TNF-alpha
Interferons Tipo |

IFN-alpha
IFN-beta

Interferon Tipo Il

IFN-gamma

(e.g., MCP-1, MIP-1a)

Pathologically

sustained cytokine
production leading to
excessive circulating

cytokine levels

Cytokine storm

activation

Tocilizumab

(anti-interleukin-6
receptor antibody)

e e
therapy-induced CS)
(vt

(anti-interleukin-1
receptor antagonist)

7

L—'. Glucocorticoids

JAK inhibitors |

Cytokine-induced
“collateral damage”

B @ Acute systemic inflammatory effects

@ Secondary organ dysfunction (e.g., hepatic, renal, pulmonary)

©) Dysfunction due to inflammation beyond normal response to pathogen
(if pathogen present)

Cytokine-driven dysfunction (if no pathogen present)

/

Multiorgan failure

y




QUINASES VS. FOSFATASES '

RECEPTORES ATIVATORIOS VS INIBITéNRIOS
FOSFORILACAO VS DESFOSFORILACAO .




. NF-KB E SEUS GENES
ey ALVO

Citocinas inflamatérias
IL-6, IL-12, TNF-a

Proteinas
Adptadoras

Moléculas de Adesao
Integrinas, selectinas, proteoglicanas.

Moléculas de Apresentacdo de Ags MHC I/11

Mediadores Lipidicos
Cox-2, 5-LO

Quimiocinas
CCL2, CXCL5, CXCL12

Proteinas de FASE AGUDA 3
PROTEINAS DA COAGULACAO




NF-KB - E SEUS GENES ALVO
SISTEMA NADPH OXIDASE
SUPEROXIDO DISMUTASE

MIELOPEROXIDASE

Proteinas
Adptadoras H 2 o
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D 53
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NADPHOX Mieloperoxidase

Crystal structures and atomic model of
NADPH oxidase

Francesca Magnani, Simone MNenci, Elisa Millana Fananas, Marta Ceccon, |
Marca VW, Fraaije, and  Andrea Mattewi
PRAS June 27, 2017 114 (26) 6Y64-6769; first published June 12, 2017 hitps:idaoi.org 0107 3fpnas. 1




IFNs Tipo |
Resposta Imune Anti-viral =

R

~ | Antiviral State:
| « Apoptose/Autofagia

] + Bloqueio da Sintese de Proteinas
(| « Bloqueio da Replicacao Viral

KG(/;Q,\} Citoplasma Lj_



ALTERACOES NO FLUXO SANGUINEO E MIGRAC
DE LEUCOCIT

NOBMAL - Occasional resident
Extracellular

Venule

INFLAMED Edema expands extracellular matrix
l ® Deposition of fibrin

and other plasma
/ proteins

Expansuon of capillary bed dilation

Increased blood flow
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Local
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Endothelial cells

IL-1,
chemokines

RO

TNF,

Efeitos L,

TNF
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MY X
a%?(::&?g Increased
permeability

Endothelial cell

Leukocytes

TNF,

lL-1 IL'1, IL’6,

chemokines

Systemic
protective effects
TNF, Brain
IL-1,9,
_____________ . Fover
“.-1, Liver
IL-6 S\

Acute
phase
proteins

Leukocyte
production

E_ 45

Systemic
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TNF
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' Increased
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IMUNIDADE
ADAPTATIVA _
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E QUAL O PAPEL DA

IMUNIDADE ADAPTATIVA ?

LINFOCITOS B

LINFOCITOS T




ATIVACAO DA IMUNIDADE ADAPTATIVA
Apresentacao de Antigenos

Antigenos

[
Van Kaer L et al 2019



MHC + ANTI GENO + TCR

CDs8 TCR CD4 TCR

Class I MHC o Class I MHC

MHC Class | MHC Cilass I

Abbas A:Imunologia celular e molecular. 8° Ed.



vacao da Imunidade Adaptativa
fonodos, Baco e no Sitio da Infeccao

Trachea
: / Supraclavicular

(collarbone)
lymph nodes

mediastinal ;

lymph Subcarinal

nodes mediastinal
lymph nodes




enagem Antigenos aos Linfonodos - Antigenos Proteicos

Afferent
lymphatic
vessels

Cortex:

* Lymphoid follicle
* Germinal center

» Subcapsular sinus

Efferent
lymphatic
vessels

Follicles

Trabecula

Subcapsular
sinus

Medulla:
— « Medullary
cord

* Medullary
sinus

(a) Capsule (b)
Copyright © 2006 Pearson Education, Inc., pubkshing as Banjamin Cummings.
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'RECONHECIMENTO DE ANTIGENOS

I-(T'VAC,’Z\O peE NF-KB - NF-AT

1C®  Citocinas e Quimiocinas - CD4
Acao Citotéxica - CD8

Imunobiologia de Janeway. 82 Ed.
i
Abba}s‘”.lnologia celular e molecular. 82 Ed.



IFN-g
TNF-

IL-4
IL-5
IL-13

IL-17°
GM-CSF

TCR LINFOCITO T
CD4
CD8

IL-10

=
.‘ ‘qu!ar e molecular. 82 Ed.



Linfocitos T CD8 - Citotoxicos
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Day 0 (pre-boost)
OT-Il T cells

B1-8" B cells

T follicular helper cell dynamics in germinal centers. Shulman Z et al. Science. 2013 Aug 9;341(6146):673-7.



Day 1 post boost

(germinal center)
B1-8" Bcells



https://www.ncbi.nlm.nih.gov/pubmed/23887872

Day 3 post boost
OT=1I'T cells

B 1-8" B.cells



https://www.ncbi.nlm.nih.gov/pubmed/23887872

VAQZ\O IMUNIDADE ADAPTATIVA
NFOCITOS B - ANTIGENOS SOLUVEIS DE
ALQUER NATUREZA
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W iANTICORPOS
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_ Anti-SPIKE

Evitar a
~ ADESAO
‘Superficie da
Célulae

“Invasao Viral

ACEZ2 receptor

Closed conformation

Top view of
spike protein

POB ID: 6VXX

Spike protein conformations
SARS-CoV-2

Receptor-binding domain
(RBD) of spike protein
binds to ACE2 receptor

Open conformation

Top view of
spike protein

PCB ID: 6VYB
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Entdo...como seriaum F€SUMO de

tudo isso no PULMAO?
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Ambiente Pulmonar - Alvéolos

1 g -
PNEUMOCITOS E MACROFAGOS
EXPRESSAM
¢ ACE-2 / TMPRSS2
TLRe moctosiel
NLRs

MAVS



SARS-CoV-2 Infecao Inicial

~ /| ATIVAGAO IMUNIDADE INATA
SR T IL-1/IL-6/TNF-alpha/ IFNs Tipo |

AUMENTO DA PERMEABILIDADE VASCULAR
INFILTRADO INFLAMATORIO

| Pneumdcitos II
) :5\53 Endotélio Pneumécitos |




EVOLUCAO DA INFECCAO

ATIVACAO IMUNIDADE INATA + ADAPTATIVA
IL-1/IL-6/TNF-alpha/ IFNs Tipo | + IFN-G + ANTICORPOS

AUMENTO DA PERMEABILIDADE VASCULAR
INFILTRADO INFLAMATORIO

ANTICORPOS NEUTRALIZANTES
LINFOCITOS T CITOTOXICOS

Pneumocitos Il
%i Endotélio Pneumécitos |




Linfécitos B-1gG / IgA ?

" Th1 - IFN-y

- IFN-y
Citotoxico

Anticorpos Neutrlizantes

Aumento
TLRs/NLRs/RLRs
IL-1
IL-6
TNF-a

Th1 - IFN-y

Mecanismos Efetores



ID-19 GRAVE

ERBACAO DA RESPOSTA IMUNE

Lisa M. Barton, MD, PhD,! Eric J. Duval, DO,' Edana Stroberg, DO,! Subha Ghosh, MD,” and
Sanjay Mukhopadhyay, MD*"
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0 Moderate damage: Accumulating fluid, reducedgas exchange

SARS-CoV-2

on respiration
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Single-cell landscape of bronchoalveolar immune
cells in patients with COVID-19
Mingfeng Liao'®, Yang Liu', Jing Yuan?®, Yanling Wen', Gang Xu', Juanjuan Zhao', Lin Cheng’,

Jinxiu Li2, Xin Wang', Fuxiang Wang?, Lei Liu"*=, Ido Amit®*, Shuye Zhang ®>= and
Zheng Zhang (®'3%
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Pathological inflammation in patients
with COVID-19: a key role for
monocytes and macrophages

Miriam Merad and Jerome C. Martin©)
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Pathological inflammation in patients
with COVID-19: a key role for
monocytes and macrophages

SARS-CoV-2

TNF

ACEZTer 147 S8 116

Miriam Merad and Jerome C. Martin(®)

Activated
endothelial cell

Intrinsic/
contact

. l coagulation
Extrinsic . #it)nlcoagu e e
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CORRESPONDENCE
Elevated exhaustion levels and reduced functional diversity of

T cells in peripheral blood may predict severe progression in
COVID-19 patients

Hong-Yi Zheng', Mi Zhang®, Cui-Xian Yang?, Nian Zhang’, Xi-Cheng Wang?, Xin-Ping Yang?, Xing-Qi Dong® and Yong-Tang Zheng ®
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