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Today’s lecture
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1. Overview of inborn errors of immunity and PIRDs

2. Focus on autoimmunity 

3. Focus on autoinflammatory diseases

4. Focus on allergic disorders



Over 400 IEI disorders were recognized 2020!
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Notarangelo et al, Science Immunology, 2020

>40 new genes a year

Now over

550



What phenotype do patients with IEI have?
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Susceptibility to infection

Susceptibility to autoimmunity

Susceptibility to inflammation

Susceptibility to severe allergies

Susceptibility to cancers



Classification of 500+ IEIs
1. Combined immunodeficiencies (includes SCID)
2. Syndromic immunodeficiencies
3. Antibody deficiencies
4. Primary immune dysregulation

1. HLH
2. fHLH with hypo-pigmentation
3. Regulatory T cell defects
4. Autoimmunity with or without lymphoproliferation
5. Immune dysregulation with colitis
6. Autoimmune lymphoproliferation
7. Susceptibility to EBV with lymphoproliferation

5. Phagocyte defects
1. Congenital neutropenia
2. Defects of motility
3. CGD and defects of NADPH oxidase
4. Non-lymphoid defects

6. Innate immunity
1. MSMD
2. Epidermodysplasia verruciformis
3. viral infections
4. Herpes Simplex encephalitis
5. Invasive fungal diseases
6. mucocutaneous candidiasis
7. TLR defects and bacterial susceptibility
8. non-hematopoietic tissues

7. Auto-inflammatory disorders
8. Complement deficiencies
9. Bone marrow failure syndromes
10.Phenoocpies
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Tangye et al JoCI 2022



Inflammation



Celsus

c. 25 BC – c. 50 AD

Tetrad of inflammation

calor (warmth)

dolor (pain)

tumor (swelling)

rubor (redness)

functio laesa (loss of function)



Guy de Chauliac

1301-1368

Lymph nodes swell

during infections

and return to normal after

More swelling represents

worse infection

1346 to 1353



Auto-Inflammation

• Auto-inflammation (“Periodic fevers”)

• Severe inflammation after infections
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Vasculitis, swelling,

unexplained fevers,

granulomas,

sarcoid/amyloid,

arthritis, colitis, 

rashes…

Fatigue



Autoimmunity

• When specific T and/or B cells attack one self

• Not the same as auto-inflammation, which is not antigen specific

• Evolution has given us weak mechanisms to prevent attacking oneself

• these checkpoints are easily thwarted after infections or severe inflammation

• or in many IEIs
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Tempo of inflammation
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Georg Schett & Markus F. Neurath , Nat Comm. 2019
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Savic et al, Nat Rev Rheum 2020



What to ask in your History for auto-inflammation

• Systemic or localized

• which systems

• Early onset or late

• Periodic or continuous (attack free duration)

• Triggers

• Disease attack/flare duration

• Consanguinity

• Family history

• Treatment response (empirical)
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Age of onset
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Triggers
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Duration of attack
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Flares are critical for understanding

auto-inflammatory diseases.

We need to measure cytokines and interferons

during the flares



Interval between attacks

23



Dermatological manifestations
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Broad categories

• Type 1 interferonopathies

• Inflammasomopathies

• Familial Mediterranean Fever

• NFKB-opathies

• Proteosome-opathies
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Type 1 interferonopathies

• Interferon alpha (12 genes)

• Interferon beta (1 gene)

• The diseases are

• Sensing intracellular viral infections when they aren’t there

• Over-reactions to type-I interferon 
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Type 1 interferonopathies
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Rodero and Crow Y, JEM 2016



Type 1 interferonopathies
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Savic et al, Nat Rev Rheum 2020



Clinical phenotypes overlap
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Rodero and Crow Y, JEM 2016



Treatment strategies
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hydroxychloroquine

Rev transcriptase

inhibitors

Rodero and Crow Y, JEM 2016

Jak inhibitors



NLRP3 controls much inflammation
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Swanson…Ting, NatRevImm 2019



NLRP3 gof
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Cold urticaria

Neonatal onset

Bone overgrowth
CNS and eye inflammation



Inflammasome
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Manthiram…Kastner, Nat Imm 2017



Inflammasome diseases are multi-system
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NLRP1 gain of function

Cutaneous symptoms are common



Familial Mediterranean Fever

• Periodic fevers, peritonitis, pleuritis, arthritis, erysipelas-like rashes

• 65% have their first attack before age 10

• Attacks 1-2 times monthly

• Diagnostic delay is huge (decades!)

• First described in 1945
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M694V

V726A
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Erysipelas like rashes

Ankle and hands



Pyrinopathies (MEFV or Pyrin)
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Savic et al, Nat Rev Rheum 2020

pyrin-associated autoinflammation with neutrophilic dermatosis (PAAND)

loss of pyrin inhibition 

WDR1



NF-κB-opathies
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AD gof inhibitor



Proteosomes

• The ubiquitin proteasome system (UPS) is responsible for selective, energy-

dependent protein degradation of ubiquitin-modified protein substrates to 

ensure protein homeostasis, regulatory protein function and antigen 

presentation

• Decides cell fate between repair and death
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Brehm et al, Ch 7 in Textbook of Autoimmunity, 2019 



Monogenic autoimmunity



Two kinds of autoimmunity

Antibody autoimmunity 

(“humoral”, B cells)

Cellular autoimmunity

(T cells)
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Humoral Autoimmunity examples
• Systemic disorders

• anti-dsDNA

• anti-histone

• ANCA

• ANA

• Clotting

• Lupus anticoagulants

• Antiphospholipid antibodies

• Thyroid

• GI

• Liver

• Smooth muscle, microsome, mitochondria

• Muscle

• Acetylcholine receptor

• CNS

• GAD65

• Blood cells

• Hemolytic anemia

• Thrombocytopenia
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Cellular Autoimmunity Examples

• Type 1 diabetes

• Multiple sclerosis

• Narcolepsy

• Inflammatory Bowel Diseases
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Important role of Tregs
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Bellanti JA (Ed). Immunology IV: Clinical Applications in Health and Disease. I Care Press, Bethesda, MD, 2012]



Inflammation is the fertile soil for autoimmunity
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Klareskog and Catrina, Nat Rev Rh 2015

PID

PID

PID

PIDPID



Autoimmunity: Is it genetic?
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Gale twins, both with CVID



The gut microbiome: something you ate?

54Wampach et al Nat Comm 2018
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Round et al, Nat Rev Immunol 2009

Inflammatory bowel disease, asthma, skin infections,

sinus infections



Why IEI leads to autoimmunity
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(failures of tolerance)

New epitopes exposed



1. Low T and B cell counts leads to 

autoimmunity



Lymphopenia

• Hypomorphic Rag, Artemis deficiency

• Range of severities

• Can present in adulthood

• 1:5476 Europeans has pathogenic (homoz or compound heteroz) variants!
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J Walter (USF)

J Walter (USF)



2. When T and B cells cannot kill 

themselves, leads to autoimmunity

ALPS (autoimmune lymphoproliferative disorder)



ALPS: defects of apoptosis

• Lymphadenopathy, HSmegaly, multi-

autoimmune cytopenias, autoimmune 

organ dz, risk of lymphoma

• Treatments: Suppress T cells (sirolimus), 

Targeting IL-17, HSCT
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Teachy D, Blood 2014

Grimbacher B, et al, JACI 2016



3. Central tolerance is needed to 

prevent autoimmunity



22q11.2DS (DiGeorge) Syndrome

• Speech and swallowing trouble

• Low ears, Small face

• Heart defects (75%)

• Low calcium levels

• Immunodeficiency (75%): thymus deficiency

• 1:3000 live births

• Autoimmunity ~10%

• Arthritis, thyroid, autoimmune cytopenias
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K Sullivan (CHOP)



Adults with DiGeorge Syndrome
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K Sullivan (CHOP)



APECED/APS-1 (Aire deficiency)

•  Kai Kisand, Pärt PetersonPublished in Journal of Clinical Immunology 2015

• Transcriptional coactivator

• Expression of peripheral tissue 

antigens in the medullary thymus

• AI adrenal insufficiency, 

hypopara, mucocutaneous 

candidiasis, anti-interferon 

antibodies

• auto-antibodies against IL-17A 

explains the chronic 

mucocutaneous disease

https://www.semanticscholar.org/author/Kai-Kisand/3526947
https://www.semanticscholar.org/author/P%C3%A4rt-Peterson/36770514


Dominant APS-1

68Anderson M and Casanova JL, Immunity 2015

Pathogenic mutations in PHD1 domain occur in 1:1250!



4. Impaired Treg function leads to 

autoimmunity



IPEX (Foxp3 deficiency)

• autoimmune GI disease

• Type 1 diabetes

• severe allergies

• severe autoimmunity

• severe infections

• Eosinophilia and high IgE

70

LRBA

CTLA4

CD25

many others

Orencia

treatment



5. Increased Type-1 interferons 

leads to autoimmunity



Type 1 interferonopathies

• Aicardi Goutieres syndromes

• Broad spectrum of auto-antibodies

• Cells think they’re infected with DNA or RNA viruses

• Lung inflammation

• Lupus

• Severe brain inflammation

• Skin vasculitis

• Glaucoma

• Developmental delays (if present early)

72



Type 1 interferonopathies

73
Rodero and Crow Y, JEM 2016



STAT1 gain of function

• Autosomal dominant

• Highly variable

• Chronic thrush

• Viral and bacterial infections

• AIHA, ITP, Autoimmune hepatitis
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Hambleton Blood 2016



STAT3 gain of function

• “ALPS + IPEX + STAT5b”

• Lymphoproliferation, prominent cytopenias

• dermatitis (>90%)

• T1D, enteropathy, hypothyroidism, arthritis

• recurrent infections, hypogam

• High IL6 - responds well to tocilizumab
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STAT3 GOF is not STAT3 LOF
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Flanagan, et al, Nat Gen 2014

gof lof



8. Hyperactivation of lymphocytes 

leads to autoimmunity



PIK3CD and PIK3R1

• Activated PI3 Kinase Delta Syndrome (APDS)

• Incidence: 1.5 per million

• Lung and sinus infections

• Severe, recurrent, persistent herpes virus infections

• EBV and CMV

• Opportunistic infections (warts, molluscum)

• Abscesses

• Enlarged Lymph nodes

• Autoimmune anemia

• Poor growth

• Lymphoma is common

80



Activated PI3 Kinase Disease

• Autoimmunity

• Lymphoproliferation

• looks like ALPS

• Antibody deficiency

• can look like CVID

• CMV and EBV infections

81

(e.g., ICOS, CD28)



9. Impaired B cell repertoire

leads to autoimmunity



Clonal redemption
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IgA bound to commensals

helps us get rid of autoimmunity

AIHA: Vh4-34 recognizes the I/i carbohydrate ag on RBCs

We are all born with auto-reactive B cells!



Microbiome regulates B-cell repertoire 
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Bunker Bendelac Immunity 2016

polyreactive

B cells

start here

B cells primed by 

commensal antigens

gut bacteria



Autoimmunity Treatments

• Anti-inflammation

• Low dose steroids

• Colchicine

• Plaquenil

• Thalidomide

• Immune suppression

• Steroids

• Azathioprine

• B cell depletion

• Rituximab and other CD20

• Inebilizumab

• Strong immune suppression/ablation

• Cyclophosphamide

• Campath (alemtuzumab)

• Hematopoietic stem cell transplantation
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Monogenic atopy



Monogenic atopic disorders
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Lyons, Milner JEM 2018
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Lyons, Milner JEM 2018



90

Lyons, Milner JEM 2018
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