Doencas
Autoinflamatorias

s —

Denise Morais da Fonseca
Disciplina BMI 102
Instituto de Ciéncias Biomédicas - USP / 2019



Hipersensibilidade

Resposta imune exagerada contra antigenos e que
envolvem Patologias Complexas

Mediada pelo Sistema Imune Adaptativo
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Doencas Autoimunes X
Autoinflamatorias

Doencas Autoimunes sao desordens sistémicas originadas

no Sistema Imune Adaptativo

Respostas de linfécitos T ou B tecido-especificos

Doencas Autoinflamatorias sao geradas a partir de

desregulacao nos mecanismos da Imunidade Inata

Ativacao descontrolada de receptores da imunidade inata




Imunidade Inata
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Receptores da Imunidade Inata

Associados a
Soluveis membrana Intra-citoplasmatico



Receptores da Imunidade Inata

» Determinados na linhagem germinativa

» Especificidade limitada

» Reconhecem padrdes moleculares conservados associados aos patdgenos (PAMPs) ou
ao dano celular (DAMPs)
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Receptores da Imunidade Inata

4 Familias Principais de “Pattern Recognition Receptors”

* Toll-like receptors (TLRs; transmembrane receptors; many ligands)

* RIG-like recc(ejptors (RLRs; cytoplasmic double strand RNA
(retinoic acid-inducible gene) RIG-I-like receptor dsRNA helicase enzyme

* NOD-like receptors (NLRs; cytoplasmic sensors, several ligands).
“Nucleotide-binding Oligomerization Domain-like receptors”
INFLAMASSOMAS

* C-type lectin receptors (CLRs; transmembrane receptors, CH rich ligands)



Localizacao dos Receptores da Imunidade Inata

Surface TLRs
(TLR-2, 4, 5);
Bacterial lipids,
Flagellin, etc.
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Expressao de genes inflamatorios:
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Familia de receptores citosolicos NOD

Citocinas inflamatdrias
Peptideos anti-microbianos para o
ldmen das criptas do intestino

Engoblamento de bactérias invasoras
citoplasmaticas (autofagia)

Plasma membrane
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Familia de receptores citosolicos NOD
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Estrutura geral dos NLRs

Functional domain Ligand sensing domain
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Estrutura geral dos NLRs

NLR family Inflammasomes

NLRP
subfamily

s NLRP2 NLRP1
subfamily | NI RP4-14 | NLRP3
NOD1,2%-5
CITA

(o \

IPAF/NAIP
subfamily

" NLRP10 lacks LRR domain
" NODS lacks CARD domain
* NAIP and NOD2 can take part in the inflammasome



Um subtipo especial de NLR

°Alguns “NLRs” formam o inflamassoma que processa
proteoliticamente a pro-IL-1 e IL-18 em suas formas secretadas
ativas

e O Inflamossoma é ativado por diferentes fatores como por
estresse celular, reconhecimento de componentes microbianos no
citoplasma, sinais de dano celular, dentre outros
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NLRP1 NLRP3 NLRC4 NLRP6 NLRP12 AlM2
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Diferentes PAMPs /DAMPs ativam diversos Inflamassomas

First Signal Second Signal Inflammation
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Canonical inflammasome stimuli Non-canonical inflammasome stimuli
= lonophoric compounds = Escherichia coli

= Pore forming toxins = Vibrio cholerae
= Particulate material
= High extracellular [Ca?] or [ATP]
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Inflamassoma

Plasma
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~| Extracellular ATP
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Ativacao do Inflamassoma

RECEPTOR CITOSOLICO Requlacio de IL-1b:
*TLRs e NOD1/NOD2 induzem a
NALP</ATM2 sintese de pro-IL-1

b sInflamasomo processa a pro-IL-1
em sua forma ativa

ASC Morte Celular
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C -1 —
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Pro-IL-18 IL-18
Pro-IL-33 IL-33
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Inflamacao Fisiologica e Sindromes Autoinflamatdrias

Innate immune response
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Auto-inflamacao “Horror Autoinflammaticus”

“Horror autotoxicus=horror a autoimunidade (Paul Ehrlich, 1890)

Montalegre Sanchez, 2013



Sindromes Autoinflamatodrias

+* Termo proposto por Michael Mc Dermoth e Daniel Kstner em 1999 para descrever
um novo grupo de doencas imunoldgicas diferentes conceitualmente, clinicamente e
mecanisticamente das outras doencas imunologicas.

% “DAl s3ao desordens clinicas caracterizadas por aumento de inflamacao induzida

por agentes enddgenos ou exdogenos mediada predominantemente por células e
moléculas do Sl Inato, com uma signfificativa predisposi¢cao genética do hospedeiro”.

+* Sao condicOes caracterizadas por episddios ndo provocados de inflamacdo, sem altos
titulos de auto-anticorpos ou de linfécitos T especificos.

J

** Doengas auto-imunes- Desvios da Imunidade Adquirida

* Doengas Auto-Inflamatodrias- Desvios da Imunidade Inata



Doencas Autoinflamatorias

Caracteristicas Clinicas

Episodios recorrentes de febre, Inflamacao sistémica e sintomas tais como
rash cutaneo, dor abdominal, lifadenopatia, artrite.

Ha DAI com expressao continua de sintomas e inflamacao branda

Resposta ao Tratamento

Doencas Auto-imunes respondem ao Anti-TNF-a
e

Doencgas Auto-Inflamatdrias respondem ao Anti-IL-1f3



Sindromes Autoinflamatodrias

v’ Episddios de febre e inflamacdo aparentemente “sem causa”
v’ LesBes “estéreis” e ndo malignas

v/ Auséncia de auto-anticorpos circulantes e linfécitos T auto-

reativos

v’ Inflamac3o sistémica grave

Montalegre Sanchez, 2013
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Doencas Autoinflamatorias

Lista em continuo aumento...

Doencas “antigas” e «novas» classificadas
como sindrome auto-inflamatdrias
Mendelianas ou Multifatoriais
Disregulacao do sistema imune inato

6 categorias (Master et al, 2009)

o defeitos de ativacao de IL-18

(inflamassomopatias)
e sindromes de ativagao de NF-kB
o defeitos de “misfolding” das proteinas
o defeitos de regulacao do complemento
o defeitos de sinaliza¢cao das citocinas
e sindromes de ativacao dos macréfagos
novas doengas (Montealegre Sanchez et al, 2013)
o defeitos de proteasoma/IFN-mediata
e defeito de IL36RA *
e Psoriase com defeito de CARD14*
e Early onset IBD (def. IL-10)
e Defeito in PLCy2

Novas vias de sinalizacao
Células ndo imunes (*keratindcitos)




Mecanismos das doenc¢as Autoinflamatorias
monogeénicas

Table 3 The mechanisms in monogenic autoinflammatory diseases

Innate mechanism Component

Mechanism

Intracellular sensor function defects

CAPS (FCAS, MWS, NOMID/CINCA)  NLRP3 (cryopyrin)

FMF Pyrin

BS/PCA NOD2

CAMPS Adaptor molecule C CARD14
Accumulation of intracellular triggers

TRAPS Folding defect and accumulation of TNFR1

CANDLE/PRAAS Proteasome dysfunction

HIDS/MKD Mevalonate kinase

Loss of a negative regulator of inflammation

DIRA Loss of IL-1 antagonism
DITRA Loss of IL.-36 antagonism
EO-IBD Loss of IL-10 or IL-10 receptor antagonist

Effects on signalling molecules that upregulate innate immune cell function
AGS Type | interferonopathy-related proteins

Activation of NLRP3 inflammasome (gain-of-function) leading to
IL-18 production

Inflammasome activation, inaeased IL-18 production

NF-xB and RIP2K activation

Increased NF-xB

MAPK activation, Increased production of mROS, ER stress

IFN response gene induction

Lack of prenylation leads to cytoskeletal changes and inflammasome
activation

Uncontrolled IL-1 signalling

Uncontrolled 1L-36 signalling

Deaeased IL-10 signalling

Increased INF type | production

TNF receptor—associated periodic syndrome
CAPS Cryopyrin-associated periodic syndrome
DIRA Deficiency in the IL-1-receptor antagonist




Doencas Autoinflamatorias mediadas pelo Inflamassomas

W —

Disease Gene (chromosome) Protein (synonyms) or pathogenic stimulus
Type 1: IL-1 activation disorders (inflammasomopathies)

Intrinsic

FCAS?*, MWSP, NOMIDS/CINCAY NLRP3/CIAST (1q44) NLRP3¢ (cryopyrin, NALP3, PYPAF1)
Extrinsic

FME! MEFV (16p13.3) Pyrin (marenostrin)

PAPAE® PSTPIPI (15q24-25.1) | PSTPIP1" (CD2BP1')
CRMO//SAPHOX Complex

Majeed syndrome LPIN2 (18p11.31) Lipin-2

HIDS! MVK (12q24) Mevalonate kinase

Recurrent hydatidiform mole NLRP7 (19q13) NLRP7 (NALP7, PYPAF3, NOD12)
DIRA™ ILIRN IL-1Ra

Complex/acquired —

Gout, pseudogout Complex Uric acid/CPPD

Fibrosing disorders Complex Asbestos/silica

Type 2 diabetes mellitus Complex Hyperglycemia

Schnitzler syndrome | Sporadic

S ———

Deficiency in the IL-1-receptor antagonist



Doencas Autoinflamatorias mediadas pelo Inflamassomas

W —

Table 1 Inflammasome-driven diseases

Inflammasome| Associated proteins Associated human syndrome Evidence
NLRP1 ASC, procaspase-1, Vitiligo Genetic and ex vivo (human)
procaspase-5 Addison’s disease Genetic (human)
Autoimmune thyroid disease Genetic (human)
Type 1 diabetes Genetic (human)

NLRP3 ASC, procaspase-1 CAPS Genetic (human); ex vivo and
in vitro (human, mouse);
and in vivo (mouse)

Schnitzler’s syndrome Genetic (human)
NLRP6 ASC, procaspase-1 None identified to date
NLRP7 ASC, procaspase-1 Familial biparental hydatddiform | Genetic (human)
mole
NLRC4 ASC, procaspase-1, MAS-like syndrome Genetic, ex vivo, and in vitro
NAIP Enterocolitis (human)
NLRP12 ASC, procaspase-1 Periodic fevers with urticaria Genetic, ex vivo, and in vitro
(CAPS-like syndrome) (human)

AIM2 ASC, procaspase-1 SLE, psoriasis In vitro (human)

Pyrin (MEFV) | ASC, procaspase-1 Familial Mediterranean fever Genetic (human); ex vivo and
in vitro (human, mouse);
and in vivo (mouse)

Abbreviations: AIM2, absent in melanoma 2; ASC, apoptosis-associated speck-like protein containing a caspase activation and recruitment domain
(CARD); CAPS, cryopyrin-associated periodic syndromes; MAS, macrophage-activation syndrome; NLR, NOD-like receptor; NAIP, NLR family,
apoptosis inhibitory protein; SLE, systemic lupus erythematosus.



Sindromes Autoinflamatorias mediadas por Inflamassoma

———
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Sindromes Autoinflamatorias mediadas por Inflamassoma

N

multiple self-healing
palmoplantar carcinoma
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Sindromes Autoinflamatorias mediadas por Inflamassoma

Inflammatory response
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Sindromes Autoinflamatorias mediadas por Inflamassoma

Inflammatory response E Cell death by pyroptosis
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A ativacao do inflamassoma leva a piroptose e liberacao de particulas de inflamassoma contendo ASC (SPECK

com ativagao extracellular de caspase-1 e IL-1[3. Fagocitose de SPECKs leva a ativagao do inflamassoma
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Particulas (Speck) contendo ASC acumulam no sangue de pacientes com AID.
Aparecem erupcdes cutaneas com infiltrado de PMN
ASC deposita-se nos rins proximos a depdsitos de amilodide

Extracellular ASC specks
in serum

Autoinflammatory
syndromes

Urticarial rash

Kidney amyloidosis



Defeitos monogénicos dos inflamassomas

—

Febres periédicas hereditarias
CAPS (cryopyrin-associated periodic

syndromes) @gﬂ’?/b
AIFEC/SCANA4 (autoinflammation with < .

infantile enterocolitis) g?f; ggg% @

FMF (familial Mediterranean fever) @@ pr—&;‘;&@ lAIFEC]
MKD (mevalonate kinase deficiency) lMKD] MUK

Sindromes piogénicas \ “NLRCA

) o Isoprenoid Aot i ) ASC
PAPA (Pyogenic arthritis, pyoderma end products T~ ‘

gangrenosum and acne) syndrome
DIRA (deficiency of IL-1RA)

ST 7 1
ProL-1p e (113 )

l ILIRL ) 1RACP

MubagSes
genéticas raras

DéSregulafé{C? dé IL"'"-Zﬂ (IL.-'Z g}?) Modified from Aksentijevich,, 2011

ManifestagSes clinicas das sindromes autoinflamatérias



Mutacoes: Febre Familiar do Mediterraneo

Familial Mediterranean Fever (FMF)
W
GENE: MEFV (16p13)

Mutacées em PYRIN

Dominio pyrin, presente em muitas prots

Permite a PO/’me”ZagaO P@fe'c? MEFV NM _000243.2 (16p13.3)
Todos os NLRP tém dominio pyrin ‘ DNA: 14600bp, mRNA: 3499bp, Protein: 781aa

Funcionam tb como inibidores do inflamassoma
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\
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) | 633 \ 6\ 1 N
3 4 / X 6™\
| | \ [ | / / f J | \ \ \ \ R \
iob | v‘ \ f / ! J | | \ \ \ X \ “ “
CDS joints | \ f / | \ \ g . \
Positions 2777278 2911 126001261 135611157 1587/158% 1611611 17261727 17591760 1792179
$29/510 $37 §76 587 9%

{

]
Codons 9 04 $200421 452453
;nhrm
n T ph sh e varant usual first published October 14, 2014
Phease refer 10 the variant detail by clicking on f ! lised 1 N Sequence variants: 298

(Chae et al., 2009)



Febre Familiar do Mediterraneo

Heranga autoss6mica recessiva

Mais comum em Judeus (1:135-1:500), Arabes, turcos,
Arménios, mas também em outras populagdes
mediterraneas

Episédeios duram 1-3 dias com frequéncia variavel
Crises recorrentes de febre, poliserosite, eritema
erisipeliode (perna, articulagdes), artrite

Erysipelas-like rash on legs
Simon et al 2005

Dor abdominal (95%) — peritonite aguda estéril
Pleurite 25-80% + periocardite (0.5%)
Mono artrite (75%)
Amiloidose sistémica (13%)
Minima resposta a corticosteroides




Sindromes Auto-Inflamatdrias associadas a NLPR3

———

CAPS (Cryopyrin-Associated Periodic Syndromes)- Inflamacao associada a
mutacoes em NLRP3)

Mutacoes em NLRP3 - trés doencas:

1-Familial Cold Autoinflammatory Sindrome (FCAS),

2-Muckle -Wells Syndrome (MWS)

3-Chronic Infantile Neurological Cutaneous and Arthritis (CINCA) ou
Neonatal-Onset Multi-System Inflammatory Disease (NOMID)



CAPS: Cryopyrin Associated Periodic Syndromes (NALP3)

mild severe
Familial cold | Muckle-Wells Neonatal-onset
autoinflammatory Syndrome multisystemic
syndrome/FCAS /MWS inflammatory

= = : disease/NOMID
Nao tem relacao com frio =

Quadro pr.ecilpltadfo. AT Surdez neurosensorial Atraso no crescimento,
gigﬁgzoigearlomae% OF;O (20%) papiledema, hidrocefalia
I —— Artrite e artrite importante e

dimensao sistémica |

| deformante.

cutadneo, em sua maioria semelhante a urticaria. Também: conjuntivite nao
infecciosa, uveite, vasculite, osteopenia



CAPS (Sindromes periodicas assoadas a criopirina)

———

1944 CIAS1/NLRP3/cryopyrin (Hofiman, 2001) widtype ~ NACHT mutations G755 mutations
NLRP3 (CIASINALPY/PYPAF I/CLR1.1) NM_001243133.] (1q44)
DNA: 31054bp, mRNA: 4455bp, Protein: 1034aa o @ @
NACHT

direct
assembly?
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NACHT/NBD Blocking of IL-1B
, , N Ativacao Constitutiva
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ANAKIRA=interleukin 1 receptor antagonista OO <>
Rilonacept= IL-1 Receotor Fusion Protein o i oS

Canakinumab= mAb anti-IL-1 beta




Sindrome PAPA (Pyogenic Arthritis Pyoderma grangrenosum
and Acne)

Artrite Estéril Piogénica, Pioderma
Gangrenoso e Acn

Mutagcbes em PSTPIP1 (Chr 15)

Prolina, Serina, Threonina Phosphatase Interacting Protein-1
Liga a Pyrin (MEFV). Interage com inflamassoma,
forma piroxissomas.

pstPiP1

Autossomica Dominante

i ‘




Cristais de acido urico na Homeostasia e na Gota
Macréfagos ingerem os cristais de ac. Urico e ativa-se o inflamassoma

a Tissue homeostasis Cell death
Extracellular uric acid Extracellular uric acid
40-60 mg/mL >70 mg/mL
* ﬁ
. % *
Intracellular % 5 My :
uric acid * T % oy
4 mg/ml *
- * &
%




Sindromes Autoinflamatodrias: Mecanismos

ATP
. ERstress ' Inflammasome gain-of-function
Protein-misfolding or defective post- - Gain-of-function mutations within the
translational modification generates . inflammasomal domains (i.e. pyrin, NBD)
ER stress and results in increased ROS P2X7 strongly increase imflammasome activity
levels driving IL-1f production e and thus IL-1p and IL-18 production

PAMPs/DAMPs

Enhanced gene expression
Increased recuitment of transcription
factors enhances proinflammatory and
IFN gene expression

Cytokine: endogenous-antagonist imbalance
. Endogenous cytokine antagonists (IL-1RA, IL-36RA*, IL-18BP)
are expressed at normal levels even when IL-1p and IL-18
are strongly upregulated
Mutations in antagonist-encoding genes (DIRA: IL1RN;
DITRA: IL36RN*) can completely impair antagonist expression/

\ /

Nature Reviews | Rheumatology




Sindrome DIRA (Deficient IL-1 Receptor Antagonist Gene)

 Dermatite pustular
 Deformidades dsseas

e Osteomielite multifocal

* \Vasculte

* Doencga 6ssea inflamataria

Responde ao tratamento com IL-1Ra

Mutacdao em /L-1RN (2q14.2)
(autossomica recessiva)

Se nao tratada, pode levar .
insuficiéncia respiratoéria e
morte por tempestade de
citocinas

VRN Ut o -
:

FE

i | ‘ | |/
— : 1 : 2 . 13 ! 3 Ranking
€ /OG- Grdl ¢+ Ts—

Sizes (bp) 186

CDS joines
Posstions

e o Sindromes piogénicas



Doenca piogénica cutanea (Deficiéncia no IL-36R e

psoriase do tipo 2) B

- Este grupo de doencas caracteriza-se por disturbios cutaneos do tipo psoriaase
com mutacao nos genes CARD14 e IL36RN67

- Sutos recorrentes

- Quadro inicia-se de forma abrupta com febre baixa, artrite e pustulas cutaneas
generalizadas, com elevacao de provas inflamatodrias que podem evoluir para
infeccao cutanea e morte por sepse

- A psoriase do tipo 2 tem comportamento de lesdes psoriaseformes classicas,
mas com tendéncia familiar, inicio precoce e tendem a formar placas grandes

— Nenhuma das duas tem acometimento articular

Sindromes piogénicas



Doenca inflamatoria intestinal e defeito no receptor da IL-10

———

*IL-10R1 \

— N
*IL-10R2

\’ Proinflammatory

cytokines: 4
IL-1, IL-6, TNF




Sindromes Autoinflamatodrias mediadas pela via NFkB

Excess Lys63-linked or linear ubiquitination

TNF O

Bacteria

1 KK

7 g

vQ Crohn’s Disease

NOD2

\

Granulomatous
arthritis, skin lesions
and uveitis.

Otulipenia

?'~~

I NF-xB
signaling

A\

Defect in linear ubiquitination

() TNF

HOIP deficiency

HOIL-1 deficiency

VOLUME 18 NUMBER 8 AUGUST 2017

Debbie Maizels/Springer Nature

NATURE IMMUNOLOGY



Sindromes Autoinflamatoérias mediadas pela via NFkB

Bacteria

Excess Lys63-linked or linear ubiquitination

TNF O

Blau

Granulomatous

arthritis,

skin

and uveitis.

lesions

.'------------------------------..--.------.--...-------..‘-;f.--------.
J

I NF-xB
signaling

Defect in linear ubiquitination

. F‘? TNFR1

(TRAF2 | RIPK1 |

HOIP deficiency

HOIL-1 deficiency

@NF Inability to upregulate the

\\ NF-kB pathway in

\fibroblasts and B cells,
{ | causing immunodeficiency

VOLUME 18 NUMBER 8 AUGUST 2017 NATURE IMMUNOLOGY

Debbie Maizels/Springer Nature



Sindromes Autoinflamatodrias: Mecanismos

ER stress
Protein-misfolding or defective post-
translational modification generates

ER stress and results in increased ROS

levels driving IL-1§ production

Inflammasome gain-of-function
Gain-of-function mutations within the
inflammasomal domains (i.e. pyrin, NBD)
P2X7 strongly increase imflammasome activity
2 — and thus IL-1p and IL-18 production

PAMPs/DAMPs

Enhanced gene expression
Increased recuitment of transcription
factors enhances proinflammatory and
IFN gene expression

Cytokine: endogenous-antagonist imbalance
== Endogenous cytokine antagonists (IL-1RA, IL-36RA*, IL-18BP)
Monocyte are expressed at normal levels even when IL-1§ and IL-18
are strongly upregulated
Mutations in antagonist-encoding genes (DIRA: IL1RN;
DITRA: IL36RN*) can completely impair antagonist expression

Nature Reviews | Rheumatology



Sindromes Autoinflamatoérias mediadas por falhas no
dobramento de proteinas

TNF-rece ptor TRAPS E Spondyloarthropathies
associated periodic
syndrome
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Sindromes Autoinflamatodrias relacionadas
a defeitos no proteossoma

TNFa signaling
. TNFa .

—— STNFR1 |
R920 e Protease

|

Hyperactivation

(a)

M.Y.ABDEL-MAWLA

Type 3: Protein folding disorders of the innate immune system

(e)

Figure 3. (a) Shedding of tumor necrosis factor receptor (TNFR) and abnormal signaling in tumor necrosis factor
receptor-associated periodic syndrome (TRAPS). (b) Edematous erythema observed in cheeks and periorbital area of a
TRAPS patient. (c) Multiple serpiginous patches and plaques in lower extremities. Pictures are kindly provided by Dr H. Idn

TRAPSY TNFRSFI1A4 (12p13) TNFRSFIA" (TNFR1, p55, CD120a)
Spondyloarthropathies Complex

HLA-B (6p21.3) HLA-B27*

ERAPI (5q15) ERAP1* (ARTSI)

TNF receptor associated periodic syndrome

VOLUME 18 NUMBER 8 AUGUST 2017 NATURE IMMUNOLOGY



Aterosclerose como doencga autoinflamatdria
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Placa de aterosclerose contém cristais de colesterol dentro de fendas das lesoOes .
Cristais se acumulam dentro e fora de macrofagos das lesdes dos vasos

H&E staining
F IR

Cholesterol
crystal clefts

Cholesterol
crystals



Doenca de Alzheimer e Ativacao do Inflamassoma NLRP3

Soluble Fibrillary
amyloid-§ — amyloid-f?

CD36

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Cathepsin B
inhibitors

...... i A O
J Cathepsin B

Debbie Maizels/Nature Publishing Group
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Terapia com anticorpos monoclonais




Doenc¢as autoinflamatorias

Wﬁ'ﬂ:

Ativacao descontrolada de mecanismos da Imunidade Inata

Ativacao de receptores de conhecimento de padrdes associados a
microorganismos e associados ao perigo: TLR e NOD
(Inflamassoma).

Alteracdes genéticas associadas com ganho de funcao:
NOD2: Sindrome de Bau
Inflamassomo (pirina): Febre Familiar do Mediterraneo

Mutacoes poligénicas: Doenca de Crohn

Inflamacao inata induzida por sinais de perigo: Gota, Aterosclerose,
Sarcoidose.

Inflamacao estéril: pds-trauma, alteracdoes de temperatura
citotoxicas




Obrigada pela sua atencao !



