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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 linfocitos 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  Imunidade Adaptativa

Padrdoes moleculares Detalhes estruturais
Microrganismos L1 Microrganismos
ES eCiﬁCidade diferentes C\Zy/@ diferentes ‘{ (j(S\ (@)
p Receptores r’;® (
de manose /{ TN =N 7I\\
idénticos ‘; Y ISR SIS
N Moléculas
3 ( de anticorpo
W~ W W distintas
: : Codificados na linhagem germinativa Codificados por genes
Diversidade Diversidade limitada (103) que sofrem rec. somatica
grande diversidade (107-109)
""‘:YX'L a
. . .~ v' ) x{ 9 9
Distribuigao & e 08 %\% K)S
rece ptores 2 X AR
; | |
Receptor Receptor
de LPS Ba NSl Receptor Receptor
melioni de manose scavenger
Nao clonal, receptores iguais clonal, cada clone de linfécito
em todas as células de uma linhag. tem especificidade diferente
DISCI’ImIﬂaCaO Slm, CélUI_aS pr(')priaS nao sao S’|m’ por Selegéo contra
proprio reconhecidas ou apresentam antigenos proprios (pode ser
mecanismos de prevencao Imperfeita)
Especializacao ++ 4+
Memoria + et

Auto-limitacao + 4+



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 patégenos (PAMPs) ou

ao dano celular (DAMPs)
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Propriedades das Doencas Autoinflamatorias

Doencas “raras”, de dificil diagnostico;

Inflamacao estéril: persistente ou recorrente nao explicada por infeccoes ou
cancer ou outra causa;

Febre, irritacao na pele, inflamacao da pleura ou peritbneo, artrite,
meningite, uveite, enterocolite, acidence vascular e hemorragia, vasculite,
cacificacao de estruturas do SNC;

Pode haver linfoanenopatia ou esplenomegalia;

Niveis elevados de proteina C reativa, taxa de sedimentacao de eritrocitos
aumentanda durante os surtos;

Nao se observa, em geral, relacao com MHC, e nao se observa acumulo de
autoanticorpos.
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Medicamento Tipo

Anakinra Antagonista do receptor
Canakinumabe Anticorpo monoclonal
Rilonacepte Receptor-armadilha

(proteina de fusao)

Alvo principal

IL-1a e IL-1B

IL-1B

IL-1B (e IL-1a em
menor grau)

Como age

Compete com a IL-1 no receptor

(blogueia os dois tipos)

Neutraliza seletivamente a IL-18

"Captura" IL-1 no sangue antes de

alcang:ar os receptores

Comprovacao do papel

causal de IL-1 em parte das AID

TRAPS: TNF receptor—associated periodic syndrome



Inflammasomopathies
Interferonpathies
NF-xB-opahties
Cytoskelopathies
Enzymatic deficiencies

Others

Jason An et al. J Rheumatol 2024;51:848-861

Table 1. Heat map of autoinflammatory syndromes discussed in the main text.

Caregory Autoinflammatory Gene Clinical Features
Condition “Feer Jomt  Rwh Uker Fe Gl CNS Vaculis Lung  Bone HLH Infection Lipodys- Thrombo- DD Other
trophy cytopenia
Infl pathi EMF MEFV
PAPA PSTPIPI
CAPS NLRP3
Majeed syndrome LPIN2 Anemia
NLRPI2-related AID NLRPI2
DPPY deficiency* DPPY Eczema, allergies
short stature, dysmorphic
PMVKxelated AID* PMVK Lymphoma, clevated IgD
(L1 pathway DIRA ILIRN
IL-18 pathway AIFEC NLRC4
FCAS4 NLRC4 | | | ]
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IL-18BP deficiency IL18BP Viral hepatitis
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SAMHDI,
RNASEH24,
RNASEH2B,
ADARI IFIHI

STAT?2 gain-of-function

disease STAT2 ) Brain calcifications
Pseudo-TORCH UsPI8 Brain calcifications
SAVI TMEMI73
SMS IFIHI, DDX38 Dental dysplasia, aortic
PRAAS PSMB4, PSMA3,
POMP, PSMG,
PSMBS, PSMBY",
PSMBI0O
COPA syndrome Kidney dysfunction
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ATAD3A deficiency* ATAD3A Dystonia, thyroiditis,
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ZNFX1 deficiency* ZNFX1 Renal disease
NF-xB-opathies  Haploinsufficiency TNEAIP3
of A20
RAID RELA )
RIPKI deficiency RIPK1
RIPKI gain-of-function RIPKI
Otulipenia FAMI0SB Lymphadenopathy
Blau syndrome NOD2  Sarcoidosis
CARDI4-mediated pustular psoriasis ~ CARD14
SYK-associated AID* SYK | Lymphoma
TBK1 deficiency* TBK1 Short stature
DEX* ELF4 Perianal abscesses
ROSAH ALPKI Splenomegaly, anhidrosis
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ARPCIB deficiency B
NCKAPI deficiency
PEIT
Enzymatic deficiencies  MKD Elevated IgD
DADA2 =
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VEXAS Deep vein thrombosis
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dermatitis, IgE

STATG6 gain-of-function® STAT6
DPM* STAT4 2
hypogammaglobulinemia
LAVLE N Hepatosplenomegaly

Autoinflammatory syndromes are arranged by pathway with colored boxes representing main clinical features. Itis important to note that many conditions may fall into multiple categories and that this heat ma ap isa representation of fthe prndomunm
mechanism at ph\ * Conditions discovered since 2021. AGS: Aicardi-Goutiéres syndrome; AID: autoinflammacory discase; AIFEC: autoinflammation with infantile enterocolitis; APLAI
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ER stress *
Defective post-tranlational modification or protein
misfolding generates ER stress and results in ROS
and IL-1beta production

NF-kB-related disorders * TRAPS
NF-kB pathway activation through
ubiquitination disorders or dysregulated Inflammasomopathies *
NOD?2 signaling. Gain-of-function mutations in the
HA20, ORAS, LUBAC deficiency, CRIA inflammasome (pyrin, NACHT) generates

increased inflammasome activity and results
in IL-1beta and IL-18 production
FMF, PAAND, CAPS, NLRP12-AD, HIDS
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of endogenous nucleic acids (TREX1), enhanced
sensitivity or constitutive activation of a nucleic acid
(IFIH1) or non-nucleic (TMEM173) acid receptor of
the IFN signaling pathway
AGS, CANDLE, SAVI, RVCL

Actinopathies
Mutations in genes involved in the regulation of actin
filament formation and disassembly
CDC42 deficiency, WDR1 deficiency,
ARPC1B deficiency
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https://www.sciencedirect.com/science/article/pii/S1568997221000379
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TRAPS: Tumor necrosis factor Receptor—Associated Periodic Syndrome
CAPS: Cryopyrin-Associated Periodic Syndromes

HIDS: Hyper IgD Syndrome (MVK)

HA20 é uma doenga autoinflamatéria monogénica rara, causada por
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https://www.sciencedirect.com/science/article/pii/S1568997221000379
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AUTOINMMUNE

Differences between autoinflammatory and autoimmune diseases [4-10].

v

Adaptive immunity

Autoinflammation Autoimmunity
Immune dysregulation Innate immune system Adaptive immune system
Predominant cell types Monocytes, macrophages, neutrophils T cells, B cells
Cytokine targets used therapeutically TNF, IFNap, IL-1, IL-2, IL-12, IL-23, IL-18 IFNy, TNFa, IL-1, IL-2, IL-4, IL-6, IL-5, IL-9, IL-10, IL-12, IL-13, IL-17, IL-22, IL-23
Pathogenesis of organ damage Neutrophil- and macrophage-mediated Autoantibody- or autoantigen-specific T cell-mediated
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Doencas Autoimunes x Autoinflamatoria

Table 2. A comparison of autoimmunity and autoinflammation.

Autoinflammation Autoimmunity
Etiology Genetics Mutations in germline encoded elements Generation of self-reactive lymphocyte
of innate immune system receptors by somatic recombination
Monogenic > polygenic Polygenic > monogenic
Immunology Failure of autoinhibitory mechanisms + Failure of immune tolerance and
constitutive inflammatory cytokine lymphocyte-driven tissue damage
signaling Self-reactive lymphocytes and autoantibodies
Demographics Age of onset Pediatric > adult Adult > pediatric
Family history +++ +/-
Clinical features Triggers Stress, infections, cold, physical exertion or Stress, infections, pregnancy
trauma, vaccination, menses, pregnancy
Recurrent fevers +++ Usually not the presenting complaint
Ocular Conjunctivitis, periorbital edema Episcleritis/scleritis, retinitis, iritis
Oral/genital ulcers +++ ot
Gastrointestinal Colitis in children, peritonitis IBD in adults
Bone inflammation ++ -
Other Rashes, synovitis, neurologic and renal involvement
Tests Elevated inflammatory During attacks Low grade at baseline
markers
Autoantibodies - +++
Yield of genetic testing +++ -
Response to treatment Colchicine, IL-1 blockers ~ +++ +
Antimetabolites®t, HCQ, - +++
CSA, tacrolimus
JAKi/TNF;, steroids +++

https://www.jrheum.org/content/jrheum/51/9/848.full.pdf



Inflamacao Fisioldgica e Sindromes Autoinflamatdrias

Innate immune response
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Auto-inflamacao “Horror Autoinflammaticus” - paniel L. Kastner 1999
“Horror autotoxicus=horror a autoimunidade (Paul Ehrlich, 1890)

Figure 1. Clinical images of select AIDs. Patient consent was obtained to publish these images. (A) A 68-year-old man with Sweet
syndrome related to VEXAS. (B) A 21-month-old girl with urticaria-like lesions characteristic of Muckle-Wells syndrome. (C) A
10-year-old boy with Aicardi-Goutiéres syndrome (compound heterozygous variants in SAMHDI) showing chilblain lesions of the
hands and pinna. (D) Severe psoriatic rash in a 2-year-old boy with DIRA. (E) Extensor tenosynovitis in a 3-year-old girl with Blau
syndrome. (F) A glomerulus with segmental mesangial amyloid deposition; salmon pink staining of amyloid with Congo red in a
10-year-old boy with TRAPS. (G) Purpuric subcutaneous nodules in a 15-month-old boy with DADA2. AID: autoinflammatory
disease; DADA2: deficiency of adenosine deaminase 2; DIRA: deficiency of IL-1 receptor antagonist; TRAPS: tumor necrosis factor
receptor—associated periodic syndrome; VEXAS: vacuoles, E1 enzyme, X-linked, autoinflammatory, somatic.

https://www.jrheum.org/content/jrheum/51/9/848.full.pdf



Auto-inflamacao “Horror Autoinflammaticus” - paniel L. Kastner 2009
“Horror autotoxicus=horror a autoimunidade (Paul Ehrlich, 1890)

Montalegre Sanchez, 2013



Sindromes Autoinflamatorias

** Termo proposto por Michael Mc Dermoth e Daniel Kastner em 1999 para descrever um novo

grupo de doencas imunoldgicas diferentes conceitualmente, clinicamente e mecanisticamente das
outras doencas imunoldgicas.

% “DAI sdao desordens clinicas caracterizadas por aumento de inflamacao induzida por agentes
endogenos ou exdgenos mediada predominantemente por células e moléculas do Sl Inato, com
uma signfificativa predisposicao genética do hospedeiro”.

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

J

% Doengas auto-imunes- Desvios da Imunidade Adquirida

** Doencas Auto-Inflamatdrias- Desvios da Imunidade Inata



Doenc¢as Autoinflamatorias

Caracteristicas Clinicas

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

Ha DAl com expressao continua de sintomas e inflamacao branda

Resposta ao Tratamento

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

Doencgas Auto-Inflamatérias respondem ao Anti-IL-1[3



Sindromes Autoinflamatorias

v’ Episddios de febre e inflamacdo aparentemente “sem causa”

v’ Lesdes “estéreis” e ndo malignas

v/ Auséncia de auto-anticorpos circulantes e linfocitos T auto- reativos

v’ Inflamac3o sistémica grave

Montalegre Sanchez, 2013
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annurev-genet-030123-084224.pdf
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Doenc¢as Autoinflamatorias

Lista em continuo aumento...

Doencas “antigas” e «novas» classificadas
como sindrome auto-inflamatérias
Mendelianas ou Multifatoriais

Disregulacao do sistema imune inato

6 categorias (Master et al, 2009)

defeitos de ativacao de
(inflamassomopatias)

sindromes de ativacao de NF-kB
defeitos de “misfolding” das proteinas
defeitos de regulagao do complemento
defeitos de sinalizagao das citocinas

sindromes de ativagcao dos macroéfagos

IL-1R

novas doenc¢as (Montealegre Sanchez et al, 2013)

defeitos de proteasoma/IFN-mediata
defeito de IL36RA *

Psoriase com defeito de CARD14*
Early onset IBD (def. IL-10)

Defeito in PLCy2

Novas vias de sinalizacao
Células nao imunes (*keratindcitos)




Inflammasomopathies
Interferonpathies
NF-xB-opahties
Cytoskelopathies
Enzymatic deficiencies

Others

Jason An et al. J Rheumatol 2024;51:848-861

Table 1. Heat map of autoinflammatory syndromes discussed in the main text.

Caregory Autoinflammatory Gene Clinical Features
Condition “Feer Jomt  Rwh Uker Fe Gl CNS Vaculis Lung  Bone HLH Infection Lipodys- Thrombo- DD Other
trophy cytopenia
Infl pathi EMF MEFV
PAPA PSTPIPI
CAPS NLRP3
Majeed syndrome LPIN2 Anemia
NLRPI2-related AID NLRPI2
DPPY deficiency* DPPY Eczema, allergies
short stature, dysmorphic
PMVKxelated AID* PMVK Lymphoma, clevated IgD
(L1 pathway DIRA ILIRN
IL-18 pathway AIFEC NLRC4
FCAS4 NLRC4 | | | ]
T hkdpulifenvedsesez L7 |
IL-18BP deficiency IL18BP Viral hepatitis

NLRPI-associared autoinflammation .~ N LRP1
with arthritis and dyskeratosis Dyskeratosis
Interferonopathies AGS TREXI, Hepatitis, chilblains
SAMHDI,
RNASEH24,
RNASEH2B,
ADARI IFIHI

STAT?2 gain-of-function

disease STAT2 ) Brain calcifications
Pseudo-TORCH UsPI8 Brain calcifications
SAVI TMEMI73
SMS IFIHI, DDX38 Dental dysplasia, aortic
PRAAS PSMB4, PSMA3,
POMP, PSMG,
PSMBS, PSMBY",
PSMBI0O
COPA syndrome Kidney dysfunction
OPAID? FTT
ATAD3A deficiency* ATAD3A Dystonia, thyroiditis,
_ calcifications, HCM
ZNFX1 deficiency* ZNFX1 Renal disease
NF-xB-opathies  Haploinsufficiency TNEAIP3
of A20
RAID RELA )
RIPKI deficiency RIPK1
RIPKI gain-of-function RIPKI
Otulipenia FAMI0SB Lymphadenopathy
Blau syndrome NOD2  Sarcoidosis
CARDI4-mediated pustular psoriasis ~ CARD14
SYK-associated AID* SYK | Lymphoma
TBK1 deficiency* TBK1 Short stature
DEX* ELF4 Perianal abscesses
ROSAH ALPKI Splenomegaly, anhidrosis
NDAS* IKBKG Panniculitis
Cytoskelopathies NOCARH I
ARPCIB deficiency B
NCKAPI deficiency
PEIT
Enzymatic deficiencies  MKD Elevated IgD
DADA2 =
SIED Sideroblastic anemia
PLAID
APLAID
Other TRAPS
VEXAS Deep vein thrombosis
C201f69 deficiency* Corf69 Hypomyelination,
mm’(luph aly, DW'S, I— T
HCK-associare HCK Hepatospl
IL-33 gain-of-function® L33 Eosinophilic

dermatitis, IgE

STATG6 gain-of-function® STAT6
DPM* STAT4 2
hypogammaglobulinemia
LAVLE N Hepatosplenomegaly

Autoinflammatory syndromes are arranged by pathway with colored boxes representing main clinical features. Itis important to note that many conditions may fall into multiple categories and that this heat ma ap isa representation of fthe prndomunm
mechanism at ph\ * Conditions discovered since 2021. AGS: Aicardi-Goutiéres syndrome; AID: autoinflammacory discase; AIFEC: autoinflammation with infantile enterocolitis; APLAI
oatomer protein \uhumr alpha; DADA2: deficiency of adenosine deaminase 2; DD: developmental d
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Mecanismos das doencas 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 Pyfin
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-1p production

Inflammasome activation, inaeased IL-1p 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 IL-36 signalling

Decreased 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




Inflammasomopathies *
Gain-of-function mutations in the
inflammasome (pyrin, NACHT) generates
increased inflammasome activity and results
in IL-1beta and IL-18 production

A RJ FMF, PAAND, CAPS, NLRP12-AD, HIDS
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Doencas Autoinflamatdrias mediadas pelo Inflamassomas
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Disease Gene (chromosome) | Protein (synonyms) or pathogenic stimulus
Type 1: IL-1 activation disorders (inflammasomopathies)

Intrinsic

FCAS?*, MWSP, NOMID¢/CINCAY NLRP3/CIAST (1g44) | NLRP3€ (cryopyrin, NALP3, PYPAF1)
Extrinsic

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

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

Majeed syndrome LPIN2 (18pl11.31) 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

Deficiency in the IL-1-receptor antagonist



Doencas Autoinflamatdrias 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)

Schniwzler’s syndrome Genedc (human)
NLRP6 ASC, procaspase-1 None identified to date
NLRP7 ASC, procaspase-1 Familial biparental hydatidiform | Genetic (human)
mole
NLRC4 ASC, procaspase-1, MAS-like syndrome Genetic, ex vivo, and in vitro
NAIP Enterocolitis (human)
NLRPI12 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.



Table 1. Heat map of autoinflammatory syndromes discussed in the main text.

Category Autoinflammatory Gene Clinical Features
Condition Fever ~ Joint  Rash  Ulcer  Eye Gl CNS  Vasculitis Lung  Bone  HLH Infection Lipodys-Thrombo- DD Other
trophy cytopenia
Inflammasomopathies  FMF MEFV
PAPA PSPPI
CAPS NLRP3
Majeed syndrome LPIN2 Anemia
NLRPI2-related AID NLRPI2
DPP9 deficiency® DPP9 Eczema, allergies, fair hair,
L short stature, dysmorphic
PMVK-related AID? PMVK Lymphoma, elevated IgD
[L-1 pathway DIRA ILIRN
[L-18 pathway AIFEC NLRC4
FCAS4 NLRC4
X-linked proliferative disease 2 XIAP
IL-18BP deficiency IL18BP Viral hepatitis
NLRPI-associated autoinflammation NLRPI
with arthritis and dyskeratosis Dyskeratosis
)

Clinical manifestations of NOMID
and DIRA

Muckle-Wells Syndrome (MWS): CAPS NLRP3 Gene

Jason An et al. J Rheumatol 2024;51:848-861

ot disease

2¢ As 3 formas principais do espectro CAPS:

Subtipo

FCAS

MWS

CINCA/NOMID

Nome completo

Familial Cold Autoinflammatory
Syndrome

Muckle-Wells Syndrome

Chronic Infantile Neurological
Cutaneous Articular / Neonatal-
Onset Multisystem Inflammatory

Disease

Gravidade

Leve

Moderada

Grave

Caracteristicas principais

Erupgdes induzidas por frio,
febre leve

Urticéria, febre, surdez
neurossensorial, risco de

amiloidose

Inflamacgdo sistémica severa
desde a infancia: envolvimento

neuroldgico, 6sseo e cutdneo



B Inflammasome / IL-1 Pathway
. P/DAMPs :
Triggers Rho inactivating toxins Cold Intracellular Ca?*
¢F:G Actin ratio K* Efflux  Low cAMP

e mROS Urate crystals

! I

Sensor Pyrin @-e==cescsscee ASSEMBLY ®-c=mm-osseessse  Cryopyrin

+ASC #
+Pro-Caspase1
Inflammasome :@\ Pro-IL-1B : ~—
P \\ Pro-IL-18 5 \\

IL-1B, IL-18 IL-1B, IL-18
| ]

& \ g“ .
N Synovial hypertrophy
WBC

Panus formation
« Neutrophil recruitment

Cartilage degradation
« macrophage activation Bone resorption

« Enhance adaptive immune responses
_ « Inflammatory cytokine release (IL-1/6, TNF) m
PLT /
Acute Phase o Aggregation & Thrombosis e

Reactants Reduced wound healing

Figure 2B: The priming phase (not shown) occurs when the canonical NFkB pathway is
activated, leading to expression and generation of inflammasome components and pro-
IL-1B. Upon further stimulation, the activation phase is triggered (above). ASC and pro-
caspase 1 are assembled with the sensor molecule into the mature inflammasome
which then processes pro-IL-1B8 and pro-IL-18 into its active cytokine forms. There are
many inflammasomes beyond pyrin and cryopyrin such as NLRP1, NLRP12, NLRC4,
AIM2, IFI-16, and RIG-1 (not shown). Mutations in inflammasome sensors can lead to
autoinflammatory disease.
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Sindromes Autoinflamatoérias mediadas por Inflamassoma

Familial Mediterranean Fever pyrin-

associated Autoinflammation with

Neutrophilic Dermatosis
PAAND

& European Journal of Internal Medicine

IL1-B (pe/mL)

MKD,FKLC (' MVK

PAPA

e —

Mause
s ™

bevin racague M9

A novel Pyrin-Associated Autoinflammation with
Neutrophilic Dermatosis mutation further defines 14...

VOLUME 18 NUMBER 8 AUGUST 2017

NATURE IMMUNOLOGY



Sindromes Autoinflamatdrias mediadas por Inflamassoma

multiple self-healing ®  Frontiers < > i X
palmoplantar carcinoma

Inflammate familial keratosis lichenoides
chronica

.......

MSPC,FKLC

Frontiers | Dermatologic and Dermatopathologic
Features of Monogenic Autoinflammatory Diseases
X

i I1pds)®!
]

Wt

SN link.springer.com < >

MKD,FKLC

PAPA

Concept, Pathophysiology, and Clinical Implications ...

e

Autoinflammatory Keratinization Diseases—The

VOLUME 18 NUMBER 8 AUGUST 2017 NATURE IMMUNOLOGY



Sindromes Autoinflamatdrias mediadas por Inflamassoma

cryopyrin-associated
perlodlc syndromes

Inflammatory response

Cell death by pyroptosis

MKD,FKLC

PAPA

Active caspase A GSDMD
1,45 {:«’ pore

<N

PFIT

L e L
A Ny

VOLUME 18 NUMBER 8 AUGUST 2017 NATURE IMMUNOLOGY



Sindromes Autoinflamatdrias mediadas por Inflamassoma

MKD,FKLC

Inflammatory response

Cell death by pyroptosis

CAPS

PAPA

(Active caspase 1)

CPro-L1p. pro-L-A8D

VOLUME 18 NUMBER 8 AUGUST 2017 NATURE IMMUNOLOGY



A ativacao do inflamassoma leva a piroptose e liberacao de particulas de inflamassoma contendo ASC (SPECK

com ativagao extracellular de caspase-1 e IL-1B. Fagocitose de SPECKs leva a ativagao do inflamassoma

Macrophage =:= Pyroptotic
\ i 0 - cell death
aASC }
- Inflammasome ’
. e activation .
! ;| —
. b 7, ASC
' b .7 speck
/,/ ‘ ‘
0 0
Q
8 ¥ S8 L
wvi
N & pro-IL-1B \ b
- 9 8 = _ 0 procaspase-1
@ ‘ BN
E _ ¥ )
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/ \ ) b
| / ® Extracellular activation
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' e B
damage - o ASC p
\ / /.¢ A\ ,

A

Inflammasome ' \\
activation
k
IL-1 B cytokine
/ activation

Recruitment and _—
aggregation of
soluble ASC =

Figure 4




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 amildide

Extracellular ASC specks
in serum

Autoinflammatory
syndromes

Kidney amyloidosis



Defeitos monogénicos dos inflamassomas

N ———

Febres periddicas hereditarias
CAPS (cryopyrin-associated periodic

syndromes) ‘ —
"pSTP
AIFEC/SCAN4 (autoinflammation with B & Q’. p,,,%b

infantile enterocolitis) < TSE) <;sc'>
FMF (familial Mediterranean fever) —— —

. . Pr MBS@ 6;(;_ CGSD«';S:‘-\]. IFEC
MKD (mevalonate kinase deficiency) R — [\ ]

, A MKD (MK .
Sindromes piogenicas NLRC4

. .- Isoprenoid “Act /. ASC
PAPA (Pyogenic arthritis, pyoderma ~ -

end products
gangrenosum and acne) syndrome
DIRA (deficiency of IL-1RA) Froll1p) (TLIE\)
l IL-1R1

DiSI’egU/a géO de IL - 1 B (IL - 1 8?) Modifiedfrom;s:entijevich, 2011

Mutacbes
genéticas raras

Manifestagbes clinicas das sindromes autoinflamatorias



Mutacoes: Febre Familiar do Mediterraneo

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

Mutacbées em PYRIN

Dominio pyrin, presente em muitas prots
Permite a polimerizagédo proteica MEFV NM 000243.2 (16p133)

Todos os NLRP tém dominio pyrin . DNA: 14600bp, mRNA: 3499bp, Protein: 781aa
Funcionam tb como inibidores do inflamassoma e ' T

(Heranca Autossémica Recessiva) | - s S Y,

§

|

LS '(‘/i . ) 13 A /; 5. 16 Lrrlsh oo B =
S'Manking : ( : 3" Nank

4"!"% ] 11/ ‘ 2 7/ { 3 /4 1] {5 6 1/ 7 8 [) - 6‘ l 0 e
Si2¢8 (bp) 17 ,n‘u" a1 \ 43 J 190 l'fv‘/‘ ',('. 1662 ‘;"4!\:‘:‘.““4‘ '““1\5: .;‘:n\‘: r« % ' Z 1667

4

n -

CDS joints ; \ \ \

Positions 277/278 21/911 126001261 13561357 1SKT/IS8S  161OVI6ID 17261727 1759760 17921793

Code i $200421 45204 CURY 837 57

Satrrars
n | ph shows the vinant usual name s first published) October 14, 2014
Phease refer 10 the variant detall by chicking on its name for possible odised momencliture N Sequence variants: 298

(Chae et al., 2009)



Febre Familiar do Mediterraneo

Heranca autossOmica recessiva
Mais comum em Judeus (1:135-1:500), Arabes, turcos,

Arménios, mas também em outras populacoes
mediterraneas

Episddios duram 1-3 dias com frequéncia variavel
Crises recorrentes de febre, poliserosite, eritema
erisipeliode (perna, articulacoes), 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-Inflamatodrias associadas a NLPR3

CAPS (Cryopyrin-Associated Periodic Syndromes)- Inflamacao associada a
mutacdes 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
#am|||a| COla MucEIe-WeIIs Neonatal-onset
autoinflammatory Syndrome multisystemic
syndrome/FCAS /MWS inflammatory

. . . disease/NOMID

Quadro precipitado — Nao tem relagéo com frio ——

o b - Surdez neurosensorial Atraso no crescimento,
POr €xposi¢ao a0 o (20%) papiledema, hidrocefalia
e tende a ter menor | : L

. PO R —— Avrtrite e artrite importante e

dimens&o sistémica |

deformante.

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



CAPS (Sindromes periddicas assoadas a criopirina)

———

1g44 CIAS1/NLRP3/cryopyrin (Hoffman, 2001) widtype  NACHT mutations G755 mutations

NLRP3 (CIASINALPYPYPAF I/CLRI.1) NM_001243133.1 (1q44)
DNA: 31054bp, mRNA: 4455bp, Protein: 1034aa closed
L mw \‘l‘._ L;_L

RIAN Ll

T T S T T
Ly T R T T NACHT

an|€»oo ﬁoo\,

direct
assembly?
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Sindrome PAPA (Pyogenic Arthritis Pyoderma grangrenosum
and Acne)

Artrite Estéril Piogénica, Pioderma
Gangrenoso e Acn

Mutacbes em PSTPIP1 (Chr 15)

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

PSTPIP1 BN /'

Autossomica Dominante

Sindromes piogénicas



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
& ¥
“ * * %
Intracellular * ok *ﬁ &
uric acid > T % ot
4 mg/ml *
< - * &
% )




Monogenic
autoinflammatory

disorders

FMF
PAAND
TRAPS

CAPS
NLRP12-AD
DADAZ2
HA20

~

autoinflammatory

Complex

disorders

AOSD
Schnitzler syndrome
PFAPA
IRP
SAPHO
Cb/uc
Gout

/

K Mixed Pattern\

Disorders

Behget syndrome
Reactive arthritis
Psoriasis

Ankylosing spondylitis

. _4

4 )

Polygenic
autoimmune

disorders

Rheumatoid arthritis
PBC
SPE
Myasthenia Gravis
ANCA-associated

vasculitis

& /

Monogenic
autoimmune

disorders

ALPS
IPEX
APECED




AN 2
\‘é% %‘ TNFR
‘66 | o
@ IL-1beta
e IL-18
Pro-caspase
ROS foscaghas Q@ @
o e
o 1o e s 3
: YO0 e} -6
* A °
© e]
Q@ ER stress Inflammasome Ci Q 5
€ .
@ Pro IL-1beta - Pro IL-18 ) @ TNF-alfa
Active caspase 0
@
(=]
Q
——————————— nucleus o ac::nr ’f":laa:iv::‘nt
@ o L\t s e o
< : actin filament @ @ IL-1RA
® e
@ _—
actin filament ‘A: R Vv IL-36RA
a disassembly 0§ v
THUGREUN c v
nucleic acid ligand ° b
00 4
Inosine o

actin monomer

¢
@ Adenosine Monocyte

Endogenous antagonist mutations
Loss-of-function mutations in genes encoding
endogenous cytokine antagonist impair the
antagonization of proinflammatory signals
DIRA, DITRA
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Sindromes Autoinflamatodrias: Mecanismos

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

 Dermatite pustular

e Deformidades dsseas

e Osteomielite multifocal

* Vasculte

 Doenca dssea inflamatéria

Responde ao tratamento com IL-1Ra

Mutacdo em IL-1RN (2qg14.2)
(autossomica recessiva)

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

T T T
e —— 1 . 2 1 13 }
— @ G/ a3 G-l 4

CDS joines
Posstions. neam 208/ 206 s

e < Sindromes piogénicas




Doencga piogénica cutanea (Deficiéncia no IL-36R e

psoriase do tipo 2)

- 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 inflamatorias 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 \

o
*IL-10R2

\’ Proinflammatory
cytokines: T4
IL-1, IL-6, TNF
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Type I interferonopathies *

Enhanced IFN gene expression due to accumulation
of endogenous nucleic acids (TREX1), enhanced
sensitivity or constitutive activation of a nucleic acid
(IFIH1) or non-nucleic (TMEM173) acid receptor of
the IFN signaling pathway
AGS, CANDLE, SAVI, RVCL

https://www.sciencedirect.com/science/article/pii/S1568997221000379



C Type 1 Interferon Pathway
Double Stranded DNA Double Stranded RNA
W Mw M]?%m

l

AIM2 Inﬂammasome

Bacterial = | RIG-1 MDA-5
Products
ok TBK1 )
=D \:T* " TRAF —* % MAVS
. W SUTAIAY
TLR 4 Ql

Transcription + Translation of IFN

!
Z/ o'. \E

Type 1 IFN stimulates JAK1/TYK2
receptors of downstream cells to activate
further inflammatory responses

Figure 2C: The interferon pathway is activated by the accumulation of nucleic acid in the
cytosol. Double stranded DNA is sensed by cGAS which generates cGAMP and stimulates
downstream STING (endoplasmic reticulum). STING activates TBK1 (golgi) which
phosphorylates IRF3 leading to its nuclear translocation to drive expression and release of type
1 interferon. This subsequently stimulates JAK1/TYK2 receptors of downstream cells to signal
through the JAK/STAT pathway (not shown) to promote further inflammatory gene expression.
In addition to RIG-1, MDA-5, AIM2, and cGAS, there are numerous other sensors of nucleic acid
such as endosomal TLRs, IFI-16, ZBP1 (not shown).
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Table 1. Heat map of autoinflammatory syndromes discussed in the main text.

¢ @ Nature < > i X —
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ies, fair hair,
dysmorphic
Adevated IgD

: ilblains

-ations

——— STING-Associated Vasculopathy with Onset in
- — Infancy: A Review Focusing on Pathophysiology and...
Visitar >

-ations

- A case of severe Aicardi-Goutiéres syndrome with a
homozygous RNASEH2B intronic variant | Human...

Dental dysplasia, aortic
calcification

PRAAS PSMB4, PSMA3,
POMP, PSMG,
PSMBS, PSMBY?,
PSMBI10
COPA syndrome COPA Kidney dysfunction
OPAID* 0AS1 FTT
ATAD34 deficiency* ATAD3A Dystonia, thyroiditis,
g ~ calcifications, HCM
ZNFX1 deficiency? ZNFX1 Renal disease

AGS: Aicardi-Goutiéres Syndrome (Imita infecgao viral)

SAVI: Stimulator of Interferon Genes (STING)-Associated Vasculopathy with Infantile onset

SMS: STM245-Mediated Syndrome (também chamada de SINE syndrome — STING-Independent Nuclease-related autoinflammatory disease)
PRASS: Proteasome-Associated Autoinflammatory Syndrome

COPA: Coatomer subunit alpha (COPA) Syndrome (Transporte retrogrado RE-CG)



Sigla / Nome Mecanismo principal |Manifestagao tipica [ldade de inicio Org3o-alvo principal |Genética / Mutagdo

AGS (Aicardi- Defeitos em enzimas Encefalopatia, Neonatal ou Cérebro, pele, figado TREX1,
T TS0 (615115 | que degradam calcificacoes primeiros meses RNASEH2A/B/C,

DNA/RNA cerebrais, lesoes tipo SAMHD1, ADAR,
chilblains IFIH1
SAVI (STING- Ativacao constitutiva Vasculite, ulceras, Primeiros meses de  Pulmao, pele, vasos TMEM173 (STING)
Associated do STING pneumonia vida
Vasculopathy with intersticial
Infantile onset)
SMS (STING- Mutacdo em Encefalopatia, lesdes Infancia Cérebro, pele STM245 / RNASET2
Independent RNASET2 (STM245), cuténeas,
Nuclease-related ativacao calcificacoes
NG E B A8 independente do cerebrais
disease) STING
S G EEG) [SE8 Defeito na Lipoatrofia, febre, Infancia Pele, figado, imune  PSMBS8, PSMB4, etc.
Associated degradacao de inflamacao sistémica
AN E 0 B3 proteinas — ativacao
Syndrome) cronica de IFN
COPA Syndrome Defeito no transporte Pneumonite, Infancia / Pulmao, rim, COPA
retrégrado Golgi >  glomerulonefrite, adolescéncia articulacoes

RE, ativa STING artrite



NF-kB-related disorders *
NF-kB pathway activation through
ubiquitination disorders or dysregulated
NOD2 signaling.

HA20, ORAS, LUBAC deficiency, CRIA
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Figure 2A: The NFkB pathway is
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Sindromes Autoinflamatdrias mediadas pela via NFkB
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Table 1. Heat map of autoinflammatory syndromes discussed in the main text.

Category Aurtoinflammatory Gene Clinical Features
Condition Fever ~ Joint ~ Rash  Ulcer  Eye GI CNS Vasculiis Lung  Bone HLH Infection Lipodys-Thrombo- DD Other
trophy cyropenia
NF-kB-opathies  Haploinsufficiency TNFAIP3
of A20
RAID RELA
RIPK]1 deficiency RIPK1
RIPK1 gain-of-function RIPK1
\ Orulipenia FAMI05B Lymphadenopathy
Blau syndrome NOD2 Sarcoidosis
CARDI4-mediated pustular psoriasis = CARD14
SYK-associated AID? SYK Lymphoma
TBK]1 deficiency* TBK1 Shorr stature
DEX* ELF4 Perianal abscesses
ROSAH* ALPK1 Splenomegaly, anhidrosis
Panniculitis

NDAS* IKBKG

RAID: RelA-Associated Inflammatory Disease
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Table 1. Heat map of autoinflammatory syndromes discussed in the main text.

Category Aurtoinflammatory Gene Clinical Features
Condition Fever  Joint  Rash  Ulcer  Eye GI CNS  Vasculiis Lung  Bone  HLH Infection Lipodys- Thrombo- DD Other
trophy cytopenia
NF-xB-opathies Haploinsufficiency TNEAIP3
of A20
RAID RELA
RIPK] deficiency RIPK1
RIPK1 gain-of-function RIPK1
Orulipenia FAMI05B Lymphadenopathy
Blau syndrome NOD2 Sarcoidosis
CARDI4-mediated pustular psoriasis ~ CARD14
SYK-associated AID? SYK Lymphoma
TBK1 deficiency* TBK1 Shorr stature
DEX* ELF4 Perianal abscesses
ROSAH* ALPKI Splenomegaly, anhidrosis
NDAS* IKBKG Panniculitis
Cytoskelopathies NOCARH CDC#2
ARPCIB deficiency ARPCIB
NCKAPI deficiency NCKAPI
PFIT WDRI
Enzymatic deficiencies ~ MKD MVK Elevated IgD
DADA2 CECRI
SIFD TRNTI - Sideroblastic anemia
PLAID PLCG2
| APLAID PLCG2
Other TRAPS I'NFRSFIA
VEXAS UBAlL Deep vein thrombosis
C2orfb69 deficiency* C2orf69 Hypomyelination,
microcephaly, DWS, FTT
HCK-associated AID* HCK Hepatosplenomegaly
IL-33 gain-of-function® 1133 Eosinophilic
dermatitis, IgE
STAT6 gain-of-function* STAT6 IgE, allergy
DPM: STAT4 - Poor wound healing,
hypogammaglobulinemia
LAVLE LYN ! Hepatosplenomegaly

RAID: RelA-Associated Inflammatory Disease



Sindromes Autoinflamatodrias: Mecanismos

ER stress
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Sindromes Autoinflamatdrias mediadas por falhas no
dobramento de proteinas

TN F-receptor TRAPS E Spondyloarthropathies
associated periodic QT —
syndrome I
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‘ .
T . Cleavage }
Aspecto TRAPS Espondilite Anquilosante
Proteina mal dobrada TNFR1 (mutado) HLA-B27 (misfolded homodimers)
Local de acumulo Reticulo endoplasmatico Reticulo endoplasmatico
Resposta celular ativada ER stress, UPR, NF-kB, MAPK ER stress, UPR, IL-23/IL-17 axis
Citocinas centrais IL-1B, TNF TNF, IL-17, IL-23
Tipo de imunidade envolvida Inata (inflamassoma) Inata + adaptativa (Th17, células NK)

Consequéncia clinica Febre periddica, artrite migratoria Sacroileite, espondilite axial crénica
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Figure 3. (a) Shedding of tumor necrosis factor receptor (TNFR) and abnormal signaling in tumor necrosis factor

receptor-associated perodic 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. lth
M.Y.ABDEL-MAWLA

Type 3: Protein folding disorders of the innate immune system
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Aterosclerose como doenc¢a autoinflamatodria
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Placa de aterosclerose contém cristais de colesterol dentro de fendas das lesOes .
Cristais se acumulam dentro e fora de macréfagos das lesdes dos vasos
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Doenca de Alzheimer e Ativacao do Inflamassoma NLRP3
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Doenca de Alzheimer
Depdsito de Beta-Amildide no Cérebro Associado com Microglia

Placa amildide




Terapia com anticorpos monoclonais




Doencas autoinflamatodrias

e e

Ativacao descontrolada de mecanismos da Imunidade Inata

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

Alteracoes 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: pos-trauma, alteracoes de temperatura
citotdxicas




Doencas Autoimunes x Autoinflamatoria

Table 2. A comparison of autoimmunity and autoinflammation.

Autoinflammation Autoimmunity
Etiology Genetics Mutations in germline encoded elements Generation of self-reactive lymphocyte
of innate immune system receptors by somatic recombination
Monogenic > polygenic Polygenic > monogenic
Immunology Failure of autoinhibitory mechanisms + Failure of immune tolerance and
constitutive inflammatory cytokine lymphocyte-driven tissue damage
signaling Self-reactive lymphocytes and autoantibodies
Demographics Age of onset Pediatric > adult Adult > pediatric
Family history +++ +/-
Clinical features Triggers Stress, infections, cold, physical exertion or Stress, infections, pregnancy
trauma, vaccination, menses, pregnancy
Recurrent fevers +++ Usually not the presenting complaint
Ocular Conjunctivitis, periorbital edema Episcleritis/scleritis, retinitis, iritis
Oral/genital ulcers +++ ot
Gastrointestinal Colitis in children, peritonitis IBD in adults
Bone inflammation ++ -
Other Rashes, synovitis, neurologic and renal involvement
Tests Elevated inflammatory During attacks Low grade at baseline
markers
Autoantibodies - +++
Yield of genetic testing +++ -
Response to treatment Colchicine, IL-1 blockers ~ +++ +
Antimetabolites®t, HCQ, - +++
CSA, tacrolimus
JAKi/TNF;, steroids +++

https://www.jrheum.org/content/jrheum/51/9/848.full.pdf
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