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Imunidade Inata

Micro-organismo
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Imunidade Inata

- Componentes celulares do sistema imune inato
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Imunidade Inata

- Componentes celulares do sistema imune inato

Micro-organismo
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Componentes Celulares do Sistema Imune Inato

» Células Natural Killer (NK): importantes na resposta contra
infeccoes intracelulares.

Morte dos
microrganismos
fagocitados

R 9€ Célula il
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e lesionadas
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Célula infectada — microrganismos
por virus Morte das células fagocitados
infectadas



» Células Natural Killer (NK):

Secrecao de granulos contendo perforinas (forma poros na
membrana da célula alvo) e granzimas (entram através do poro e
ativam a morte celular programada - apoptose)

» Atuam em células infectadas por virus, bactérias; podem
eliminar células tumorais. Eliminam o reservatorio da infeccao.
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Imunidade Inata

- Tres importantes funcoes:

1) Primeira resposta aos microorganismos
(Reconhecer, prevenir, controlar, eliminar)

2) Reparo tecidual
(Reconhecer produto de células danificadas/mortas)

3) Estimulacao da resposta imune adaptativa
(Natureza da resposta adaptativa)



Imunidade Inata

- Reconhecimento de microorganismos

1) Padroes Especificos:

» Moléculas compartilhadas por grupos de micro-
organismos relacionados
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Imunidade Inata

- Padroes moleculares associados aos patogenos
(PAMPs)

PAMP Tipo de Micro-organismo

Acidos nucléicos ssRNA Virus

dsRNA Virus

CpG Virus e bactérias
Proteinas Pilina Bactérias

Flagelina Bactérias
Lipideos de LPS Bactérias Gram-Negativas
parede celular Acido lipoteicoico Bactérias Gram-positivas
Carboidratos Manana Fungos e bactérias

Glucanas dectinas Fungos

Caracteristica comum dos PAMPs?



Reconhecimento direto de patdégenos:
padrdées moleculares associados aos microrganismos

Bacterial cell (E. coli) Cell wall organization

Lipopolysaccharide
(endotoxin)

Outer
membrane

Peptidoglycan

Inner
membrane

Figure 3-9
Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company



Imunidade Inata

« Padroes moleculares associados aos dano
(DAMPs)

= Resultado de dano celular provocado por infeccoes
= Resultado de lesoes celulares assépticas

Proteinas induzidas por estresse =~ HSP
Cristais Urato monossodico

Proteinas nucelares HMGB1



Imunidade Inata

- Receptores de reconhecimento de padroes (PRRs)
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Imunidade Inata - PRRs

PRRs associados | Localizacao Exemplos | PAMPs/DAMPs
as células

Receptores Membrana plasmatica TLR1-9 Diversos PAMPs
semelhantes a Toll Membranas endossomais (LPS, CpG, ssRNA)

(Varios tipos celulares)
Receptores Citoplasma NOD1/2 Peptidioglicanos
semelhantes a NOD NALP DAMPs
Receptores Citoplasma RIG-1, RNA viral
semelhantes a RIG MDA5
Receptores Membrana plasmatica Receptor de  Carboidratos
semelhantes a manose microbianos
Lectina de tipo C

Dectina Glucanas (fungos)

Receptores Membrana CD36 Diacilglicerideos

scavenger



Prémio Nobel de Medicina e Fisiologia
(2011)
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Jules A. Hoffmann Bruce A. Beutler Ralph M. Steinman
Toll - Drosophila TLR - Mamiferos Ativacao de LT por DC

http://www.the-scientist.com/2011/10/03/immunologists-take-home-nobel/



http://the-scientist.com/2011/10/03/immunologists-take-home-nobel/hoffmann-2/
http://the-scientist.com/2011/10/03/immunologists-take-home-nobel/beutler-2/
http://the-scientist.com/2011/10/03/immunologists-take-home-nobel/steinman-2/

Imunidade Inata - PRRs
« Receptores Toll x Receptores semelhantes a Toll

Ventralized Dorsalized

Toll

Maternal genotype

Toll-like receptors — taking an evolutionary approach
Francois Leulier & Bruno Lemaitre
Nature Reviews Genetics 9, 165-178 (March 2008)

Christiane Niisslein-Volhard, NOBEL 1995


http://www.nature.com/nrg/journal/v9/n3/full/nrg2303.html
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Imunidade Inata - PRRs

- Receptores Toll x Receptores semelhantes a Toll

A fumigatus

ORR
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Lemaitre et al, Cell 86:973, 1996
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Imunidade Inata - PRRs

| Estrutura do TLR

Motivos repetidos
ricos em leucina -

» Receptores semelhantes a Toll (TLRs)

Motivo de
flanqueamento
rico em cisteina '\

= Caracteristicas Gerais:
» Glicoproteinas do tipo I
- Integrais de membrana

- Porcao extracelular: Repeticoes ricas em leucina
(LRRs) + motivo rico em cisteina

» Porcao intracelular: Dominio TIR — dominio de
homologia Toll/receptor de IL-1

Dominio TIR ‘




Receptores do tipo Toll (TLRs) em mamiferos e seus ligantes

TLRs Ligands Target microbes
TLR1 Triacyl lipopeptides Mycobacteria
TLR2 Peptidoglycans Gram-positive bacteria
GPI-linked proteins Trypanosomes
Lipoproteins Mycobacteria
Zymosan Yeasts and other fungi
TLR3 Double-stranded RNA (dsRNA) Viruses
TLR4 LPS Gram-negative bacteria
F-protein Respiratory syncytial virus (RSV)
TLR5 Flagellin Bacteria
TLR6 Diacyl lipopeptides Mycobacteria
Zymosan Yeasts and fungi
TLR?7 Single-stranded RNA (ssRNA) Viruses
TLR8 Single-stranded RNA (ssRNA) Viruses
TLR9 CpG unmethylated dinucleotides Bacterial DNA
Dinucleotides
Herpesvirus infection Some herpesviruses
TLR10,11 Unknown Unknown

Figure 3-11 part 2

Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company



Capsule

A localizacao dos TLRs se correlaciona com
a dos seus ligantes

Cell wall

Cell
membrane

Bacterial Gram-positive Gram- Flagellated
Flagellum parasites bacteria and egative bacteria
ungi bacteria
Ribosome
Chromosomal DNA is §
localized in a region Cell CC C C :
called the nucleoid. membrane
( 0 60
TLR2 TLR6 TLR4 TLR4 TLR5 TLR5?
Viral | Viral Bacterial
dsRNA sskRN ssRNA DNA elements
TLR3 TLR7 TLR8 TLR9
Internal
|_compartment o
>~ w

Figure 3-11 part 1
Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company



Receptores de padrbes moleculares:
Receptores do tipo Toll (TLRS)

Leucine-rich repeats
(LRRs)

Exterior
. <
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Ribbon model of
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Figure 3-10

Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company
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Imunidade Inata - PRRs

» Receptores semelhantes a Toll (TLRs)

= Apos o reconhecimento = ativacao de vias de
sinalizacao intracelulares

= Ativacao de fatores de transcricao = ativacao da
expressao de genes

» Produtos = resposta inflamatoérias ou antivirais
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Imunidade Inata - PRRs

» Receptores semelhantes a Toll (TLRs)
= Moléculas adaptadoras: MyD88 ou TRIF
= Ativacao de proteinas cinases

= Principais ativadores transcricionais: NF-kB, AP1,
IRF3 e IRF7

- NF-kB“<
-
i

Expressao de genes inflamatorios: Expressao de genes de
-Citocinas (TNF, IL-1, IL-6) interferon do tipo | (IFN o/p)
-Quimiocinas (CCL2, CXCL8, outras)
-Moléculas de adesao endotelial ;
(E-selectina)

-Moléculas coestimuladoras = -
(CD80, CD86) Secrecao de IFN do tipo |

-Inflamacao aguda | Estado antiviral I
-Estimulacao da

imunidade adaptativa




Imunidade Inata - TLR

- Sinalizacao (NF-xB e AP1)

TLR o
Liga nd. ® o

Extracellular

T T T T 50

Cytoplasm MyD88

IRAK1 . IRAK4

@&
TRAF6

l

. % TAK1 (OFF)
@
TAK1 (ON)
&
Figure 3-14 part 1
Kuby IMMUNOLOGY, Sixth Edition

© 2007 W.H.Freeman and Company

Ligand binding to TLR triggers association
of MyD88 with TIR domain and assembly
of IRAK1/IRAK4 complex

IRAK4 phosphorylates IRAK1, creating a
binding site for TRAF6

The IRAK1-TRAF6 complex dissociates and
activates the protein kinase TAK1 complex




Imunidade Inata - PRRs
- Receptores semelhantes a NOD (NLRs)

= Caracteristicas Gerais:
» Citosolicos
- Dominio de oligomerizacao nucleotidica (NOD)
» Presenca de LRRs (reconhecimento)
- Dominio efetor (subfamilias)



Imunidade Inata - NLR

« Familia NLRP - Inflamossomos

= Molécula adaptadora: ASC

= Dominio pirina

s Reconhecimento: PAMPs e DAMPs

s Inducao de CASPASE 1

= Clivar os precursores de IL-1 e IL-18
= Inflamacao



Inflammasome activation via intracellular NLRs triggered by bacterial infection
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Bactérias patogénicas
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Ring-shaped GSDMDNterm oligomers imaged at sub-nanometer resolution by
atomic force microscopy
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Doencas Inflamatoérias ligadas ao inflammasome

Disease Clinical features Gene Etiologic Inflammasome Anakinra
mutated agent involvement response
Familial cold autoinflammatory syndrome (FCAS) Fever, arthralgia, cold-induced urticaria NALP3 overactive yes
Muckle-Wells syndrome (MWS) Fever, arthralgia, urticaria, sensorineural NALP3 overactive yes
deafness, amyloidosis

Chronic infantile neurological cutaneous and Fever, severe arthralgia, urticaria, neurological NALP3 overactive yes

articular syndrome (CINCA, NOMID) problems, severe amyloidosis

Familial Mediterranean fever (FMF) Fever, peritonitis, pleuritis, amyloidosis Pyrin overactive partial

Pyogenic arthritis, pyoderma gangrenosum, and Pyogenic sterile arthritis PSTPIP1 overactive yes

acne syndrome (PAPA)

Hyperimmunoglobulin D syndrome (HIDS) Arthralgia, abdominal pain, lymphadenopathy Mevalonat to be demonstrated yes

e kinase

Tumor necrosis factor receptor-1-associated Fever, abdominal pain, skin lesions TNF-R1 to be demonstrated yes

syndrome (TRAPS)

Systemic juvenile idiopathic arthritis (SOJIA) Chronic joint inflammation unknown to be demonstrated yes

Adult-onset Still's disease (AOSD) Arthralgia, fever unknown to be demonstrated yes

Behcet's disease Arthralgia, uveitis, ulcers unknown to be demonstrated yes

Schnitzler's syndrome Urticaria, fever arthralgia unknown to be demonstrated yes
Metabolic arthritis, pain uric acid activated yes

(MSU)

Pseudogout Arthritis CPPD activated yes

Contact dermatitis Urticaria irritants activated unknown

Fever syndrome Fever NALP12 unknown unknown

Hydatidiform mole Hydatid mole NALP7 unknown unknown

Vitiligo Skin depigmentation, automimmunity NALP1 unknown unknown



Imunidade Inata - Sensores de acidos

nucleicos
- Receptores semelhantes a RIG (RLRs)- detecta

RNA

o Caracteristicas Gerais:
» Citoplasmaticos
- Reconhecem acido nucléico viral

* Induz IFN-I MDA5
* Reconhece longos dsRNAs
RIG-1 * RNA viral
» Reconhece pequenos dsRNAs
« 5’-PPP
« RNA viral LGP2
* Reconhece RNAs

 RNA viral
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Imunidade Inata - PRRs

- Receptores de reconhecimento de DNA citosoélico
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Bacterial DNA activates STING

medium
2 hrs contorol

2 hrs

<
Z
&)
3
£
o
Q
©
il
<
Z
&)
©
p,
Q
=
&
O
n

S2308::GFP
4 hrs



IRF-3 and NF-kB activation depends on STING

A
NFKB

Medium
WT Mef

2 hours

B. abortus DNA
WT Mef

Sting-KO Mef

Medium
WT Mef

4 hours

B. abortus DNA
Stm‘KO Mef WT Mef




Self-DNA

TREX1

No degradation

of self-DNA

Constitutive
activation

Hyperproduction

Additional immune
> | cell recruitment

\ of cytokines and
\ | chemokines
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| e

A A

and activation

Autoinflammation | <

Nature Reviews | Inmunology



Heterozygous gain-of-function (GoF) mutations
in TMEM173 result in constitutive activation of
STING and the clinical syndrome known as STING-
associated vasculopathy with onset in infancy

(SAVI)

Saldanha RG, et al.,Front Immunol. 2018 Jul 6;9:1535



— GDD

FTT

Epistaxis

= = Vomiting

Livido racemosa

Clinical features

Acral eryth vesicles 5
Pulmonary hypertension

e Nasal septal perforation

== Skin biopsies
Co-trimoxazole/Aciclovir/Fluconazole
= Catch up immunisation

Nasogastric feeds

Gastrostomy

Y

= Cauterisation
Prednisolone

Treatment

Ruxolitinib/Sildenafil
- EUA

YY

| > Age

6 18 30 42 (months)
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Imunidade Inata

- Regulacao da Imunidade Inata

» Magnitude e duracao: controle por feedback negativo
- Limitacao de danos teciduais

s IL-10: inibicao de citocinas pro-inflamatorias
- IL-1, IL-12 e TNF

= Antagonista de IL-1

- Antagonista do receptor de IL-1 (IL-1RA)
» Artrite reumatoide



Imunidade Inata

- Regulacao da Imunidade Inata

= Autofagia
+ Mecanismo de degradacao das proprias organelas
* Produtos dos genes Atg se ligam a PRRs
- Controle de infeccoes

= Proteinas supressoras da sinalizacao por citocinas
+ SOCS => inibem JAK-STAT
- SHP-1 => inibe sinalizacao mediada por MyD88



Imunidade Treinada



]
Vacina BCG

- Bacilo Calmette-Guérin: Mycobacterium bovis
atenuado

- Criada nos anos 1920
- Recomendacao: paises endémicos

 Protecao: 60-80% contra formas severas de
tuberculose, particularmente meningite em
criancas

» Pouca protecao contra a forma pulmonar em
adultos e

Roy et al., 2014




A DATABASE OF GLOBAL BCG VACCINATION POLICIES AND PRACTICES

. Current national BCG vaccination policy for all

. Past national BCG vaccination policy for all
. Current BCG vaccination for special groups 35 map by amCharts
. Current BCG vaccination for special groups and past national BCG vaccination for all

. Selected country http://WWW.ngatIaS.0r

Mo data available g



Dados a serem interpretados

Study Study type BCG-vaccinated vs
unvaccinated infants
India Cohort Mortality rate to 1 year BCG therapy: one of the few examples of
of age: successful immunotherapy in the clinic
2.2% in BCG only 1.0
0.9
grou p ol
3.6% in the

. surgery + BCG
unvaccinated group

Progression-free survival
Ll

0.5

Guinea- Cohort Mortality rate: g::
Bissau At 6-12 months of age 0. P

3.9% among L

BCG-vaccinated ! 5 10 15 20 years

4.9% among BCG not Superficial cancer (T1G3 stage)

vaccinated Adaptado de Herr, 1997
Burkina Faso  Cohort Mortality before 2

years of age risk ratio®:

0.37

Butkeviciute et al.; 2018



Efeito heterologo de vacinas: BCG

» Reducao de 30 a 50% na mortalidade infantil na
Africa ocidental (até 2 anos de idade)

- Imunizacao logo ap6s o nascimento de criancas
com baixo peso aumenta significantemente a

sobrevivéncia no primeiro mes de vida:
= decréscimo no risco de infeccoes

Butkeviciute et al.; 2018




R,
Efeito heterologo de vacinas: BCG

- Uganda: Adultos HIV-positivos vacinados
apresentam menor risco de infeccao intestinal
por nematddeos do que nao-vacinados

- Guiné-Bissau e Espanha: criancas imunizadas
apresentam menores taxas de sepse neonatal e
infeccoes respiratorias nao-tuberculosas

- Tratamento no cancer de bexiga: terapia de
primeira linha, sendo o Giinico agente para
tratamento in situ aprovado pelo FDA

Butkeviciute et al.; 2018
Netea et al., 2015



Caracteristicas da Imunidade Treinada

(a) Altered PRR expression (b) Metabolic reprogramming

Metabolismo
glicolitico
aumentado

Aprimorado
reconhecimento
do patdgeno

v'Acetilacdo e v Aumento na

metilacao de reacao pro-
histonas inflamatoria

.'31|' rigenetic re i ing d. Iy ered cytokine release
(c) Epigenetic reprogramming (d) Altered cytokine release Topfer et al.;, 2015



Dectin-1

Increased receptor and
activation markers

{ Raf-1 |

Acetil-CoA,
Succinato,
Fumarato

TGlycolysis
lOxidative
phosphorylation

High cytokine production
Increased inflammation

l

Protection from re-infection

Netea et al.;
2015; modificado
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CHROMATIN
REMODELING
COMPLEXES

van der Heijden et al.; 2018

v KMT: lisina-
metiltransferase

v" HDAC: histona-
deacetilase

v KDM: lisina-demetilase

v" HAT: histona-
acetiltransferase



constitutively L o
unmarked Principais alteracdes

epigenéticas pesquisadas:
\/ H3K9ac

stimulus H3K27ac
H3K4me3

H3K36mel-3 T

removal
of stimulus v H3K9me1l-3

v' H3K27mel-3

re-stimulation

%@m ~
L ¥R R o

latent / de novo enhancer active promoter
van der Heijden et al.; 2018
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Aprimorado
reconhecimento
do patdgeno

v'Acetilacdo e

metilacao de
histonas

(a) Altered PRR expression

(c) Epigenetic reprogramming

(b) Metabolic reprogramming

(d) Altered cytokine release

Metabolismo
glicolitico
aumentado

v Aumento na
reacao pro-
inflamatoria

Topfer et al.; 2015



Inducao de Imunidade Treina!a a par!lr !e ce‘ ‘u'as

tronco-hematopoiéticas (HSCs)

Vaccine/adjuvant

(e.g. BCG, B-glucan)

HSC MPP CMP GMP Monocyte

0 @

| |
Trained immunity

Central
trained
immunity

m——

(Netea et al., 2020).



