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Abstract

Autoinflammatory diseases (AlDs) are a heterogeneous group of disorders in which recurrent or continuous aseptic
inflammation arises primarily through antigen-independent hyperactivation of the innate immune system. The skin is
frequently involved with a wide variety of cutaneous manifestations, most of which are non-specific. Recognition of skin
lesions in AIDs may sometimes provide clues for a correct diagnosis. In this review, the cutaneous involvements of >20
selected AIDs were summarized and organized into different categories based on their characteristic manifestations,
such as urticarial dermatosis, neutrophilic dermatosis, granulomatosis, chilblain, lipodystrophy, and hyperkeratosis.
With this classification scheme, cutaneous manifestations in AIDs could be more easily identified to facilitate diagnosis

in clinical practice.
Keywords

autoinflammatory diseases < urticarial dermatosis * neutrophilic dermatosis ¢ granulomatosis < chilblain < lipoatrophy

*keratinization diseases

Introduction

Autoinflammatory diseases (AIDs) are a group of medical
disorders in which recurrent or continuous pathogenic in-
flammation arises primarily through antigen-independent
hyperactivation of immune pathways, derived from defects
or dysregulation of the innate immune system.!" 2 Since the
introduction of AIDs in 1999, >30 monogenic diseases and
some polygenic or multifactorial diseases have been classi-
fied among this clinical group.®! The skin is involved in many
AlDs, with a wide variety of cutaneous manifestations, which
can be non-specific but sometimes can be the key to a cor-
rect diagnosis. In this review, we summarize the cutaneous
lesions of main AIDs (Table 1) using a recently proposed der-
matological classification system based on characteristic skin
manifestations."
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Autoinflammatory Urticarial Dermatosis

The urticarial rash is a kind of skin lesion with red, raised,
and mostly itchy wheal.! Individual rash lasts for a few hours
to days and resolves without other skin changes. Symptoms
and flares in the group of autoinflammatory urticarial derma-
tosis are often triggered by cold or emotional stress.! The
presence of chronic urticaria in infants, especially triggered
by cold, is a cue for AlDs.

NLRP3-associated autoinflammatory disease (NLRP3-
AID)

NLRP3-AID, also known as a cryopyrin-associated periodic
syndrome (CAPS),?! is a group of autosomal dominant dis-
eases characterized by inflammation caused by a mutation
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Table 1: Cutaneous manifestations of main AlDs
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Cutaneous manifestation Disease Gene Systems-based classification?*!
Urticarial dermatosis NLRP3-associated autoinflammatory dis- NLRP3 Inflammasomopathy

ease (NLRP3-AID)

NLRP12-associated autoinflammatory NLRP12 Inflammasomopathy

disease (NLRP12-AID)

PLCG2 (phospholipase C gamma 2)-as- PLCG2 PLCG2 activation

sociated antibody deficiency and immune

dysregulation (PLAID)

FCAS4 NLRC4 Inflammasomopathy

Schnitzler syndrome Unknown Miscellaneous
Neutrophilic dermatosis PSTPIP1-associated arthritis, PG, and acne PSTPIP1 Actinopathy (actin cytoskeleton

(PAPA) dysregulation)

FMF MEFV Inflammasomopathy

PAAND MEFV Inflammasomopathy

Haploinsufficiency of A20 (HA20) TNFAIP3 NF-kB dysregulation

Majeed syndrome LPIN2 IL-1 activation
Granulomatosis BS NOD2 NF-kB dysregulation
Chilblain Familial Chilblain Lupus TREX1, SAMHD]1, STING1 Interferonopathy

AGS TREX1, RNASEH2B, RNASEH2C, Interferonopathy

RNASEH2A, SAMHD1, ADAR1, IFIH1

SAVI STING1 Interferonopathy
Lipodystrophy PRAAS PSMB8 Interferonopathy

ORAS OTULIN NF-kB dysregulation
Keratinization diseases DITRA IL36RN IL-36 activation

DIRA ILTRN IL-1 activation
Miscellaneous MKD MVK Inflammasomopathy

TRAPS TNFRSF1A Protein misfolding and endoplasmic

reticulum stress
DADA2 ADA2 Macrophage activation
YAOS NOD2 Miscellaneous

AGS, Aicardi-Goutieres syndrome; AIDs, autoinflammatory diseases; BS, Blau syndrome; DADA2, deficiency of adenosine deaminase 2; DIRA, deficiency of the IL-1
receptor antagonist; DITRA, deficiency of the IL-36 receptor antagonist; FCAS, familial cold autoinflammatory syndrome; FMF, familial Mediterranean fever; MKD,
mevalonate kinase deficiency; NOD2, nucleotide-binding oligomerization domain containing 2; NLR, nucleotide-binding oligomerization domain-like receptors;
ORAS, OTULIN-related autoinflammatory syndrome; PRAAS, proteasome-associated autoinflammatory syndrome; PG, pyoderma gangrenosum; PAAND, Pyrin-associ-
ated autoinflammation with neutrophilic dermatosis; SAVI, STING associated vasculopathy with onset in infancy; TRAPS, TNF receptor-associated periodic syndrome;

YAOS, Yao syndrome.

in the NLRP3 (nucleotide-binding oligomerization domain-like
receptors (NLR) family pyrin domain containing 3) gene.®
Gain-of-function mutations in NLRP3 can cause overactiva-
tion of the NLRP3 inflammasome leading to excessive pro-
duction of the pro-inflammatory cytokines, IL-18 and IL-18,
thus, leading to inflammation. The NLRP3-AID spectrum in-
cludes three overlapping phenotypes of increasing severity,
which were initially designated as a familial cold autoinflam-
matory syndrome (FCAS), Muckle-Wells syndrome (MWS),
and neonatal-onset multisystem inflammatory disease
(NOMID) or chronic infantile neurologic cutaneous and ar-
ticular (CINCA) syndrome. It has been suggested to add the
adjectives mild, moderate, and severe phenotypes, instead of
using the historical names FCAS, MWS, and CINCA/NOMID,
respectively.? In most patients, symptoms develop within the
first few years of life, although adult-onset cases have been
reported.®! The clinical manifestations of NLRP3-AID include
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systemic features such as fatigue, fever, headache, arthral-
gia, myalgia, and organ inflammation often presenting as
urticarial rash, conjunctivitis, sensorineural hearing loss, and
chronic sterile meningitis.!"!

The urticarial rash, which is listed as a major symptom in
the Eurofever/PRINTO classification criteria for CAPS,"
affects almost all patients with NLRP3-AID (89%) and is
similar in all three phenotypes.! The rashes, especially in
FCAS, often appear hours after cold exposure in areas not
directly exposed to cold, such as upper arm, trunk, buttocks,
or thighs with symmetrical distribution, accompanied by fe-
ver, headache, arthralgia, and conjunctivitis.’® ® The lesions
(Figure 1A) are pink or pale red macules or slightly raised
papules/plaques, which are usually neither edematous nor
annular but may have a peripheral halo of vasoconstriction.
The rashes are typically not itchy or with only slight pruri-
tus but are often sensitive to touch.® & Individual lesions
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Figure 1: Urticarial rash in NLRP3-AID (A), NLRP12-AID (B) and Schnitzler syndrome (C). PG in PAPA syndrome (D). Erythema nodosum-
like lesions in HA20 (E). Ichthyosiform dermatosis in Blau syndrome (BS) (F). Erythematous annular and maculopapular rash in

TRAPS (G). Livedo reticularis in DADA2 (H). Erythematous patches in YAOS (I). DADA2, deficiency of adenosine deaminase 2;

NLR, nucleotide-binding oligomerization domain-like receptors; PG, pyoderma gangrenosum; TRAPS, TNF receptor-associated

periodic syndrome; YAOS, Yao syndrome.

resolve within 24-48 h without scarring or hyperpigmenta-
tion, although more solid and persistent lesions mimicking
urticarial vasculitis can also develop.l' Urticarial rashes
in NLRP3-AID are reported to be more flattened and last
longer than in spontaneous urticaria, but they can be indis-
tinguishable. Dense interstitial and perivascular neutrophilic
infiltrations with no or mild dermal edema can be detected in
skin biopsies.®! Neutrophils are also seen within the epithe-
lia of sweat glands. Leukocytoclasia is frequently observed
but fibrinoid necrosis of the dermal small vessel wall is al-
ways absent.l'

NLRP12-associated autoinflammatory disease (NLRP12-
AID)

NLRP12-AID is an autosomal dominant disease caused
by mutations in the NLRP72 (NLR family pyrin domain
containing 12) gene. NLRP12-AID got its former name,
familial cold autoinflammatory syndrome 2 (FCAS2), owing
to its phenotypic resemblance to the NLRP3-associated
FCAS.!" Pathogenic mutations in NLRP12-AID are generally
believed to be loss of function. About 70% of patients had dis-
ease onset in childhood.!" 2 NLRP12-AlD is characterized
by episodic and recurrent fever, urticarial rash, arthralgia,
myalgia, and headache. Recent studies demonstrated that
deafness and vision loss are not rare in these patients.l'?
Half of the patients reported cold exposure as a trigger for
the episodes. Cutaneous involvement in NLRP12-AD in-
cludes evanescent pruritic urticarial rash on the trunk, face,
and extremities (Figure 1B) in 56% of patients.['? Cutis laxa,
erythematous malar rash, and oral ulcers have also been
reported.
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PLCG2 (phospholipase C gamma 2)-associated antibody
deficiency and immune dysregulation (PLAID)

PLAID, also known as FCAS3,'*" is an autosomal domi-
nant disorder caused by a genomic deletion in the PLCG2
gene and is characterized by cold urticaria, cutaneous
granulomas, humoral immune deficiency, and autoimmune
diseases. Mutant PLCG2 increased activation of mast cells
is considered responsible for the cold urticaria.l'® Patients
developed an erythematous, pruritic urticarial rash and
sometimes angioedema within minutes after exposure to
cold, such as cold atmosphere, aquatic activities, handling
cold objects, and ingestion of cold foods or beverages./'
Most patients had onset from infancy. Evaporative cooling
is a near-universal trigger. Localized cutaneous reactions to
water evaporation do not generalize, and most lesions re-
solve soon after rewarming. Skin lesion biopsy showed mast
cell infiltrates with degranulation. Some patients developed
blistering rashes at the tip of the nose, ears, and fingers soon
after birth.l'¥ Skin granulomas may appear on the face as ten-
der, red-brown, firm plaques and nodules, eventually leading
to skin atrophy.®!

Familial cold autoinflammatory syndrome 4 (FCAS4)

FCAS4 is an autosomal dominant disorder caused by
heterozygous mutation in the NLRC4 (NLR family caspase
recruitment domain (CARD) domain containing 4) gene.
The gain-of-function mutations in NLRC4 activated cas-
pase-1 leading to increased secretion of IL-1B3.1's: "1 FCAS4
is characterized by neonatal-onset episodic high fevers,
non-itchy urticarial rash, and arthralgia.l'” The symptoms
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were often induced by exposure to cold and resolved without
treatment in most cases. Skin biopsies showed a dermal
lymphocytic-histiocytic infiltrate rather than neutrophils as in
NLRP3-associated FCAS.!'®

Schnitzler syndrome

Schnitzler syndrome is an acquired late-onset (typically in the
fifth decade) AID, characterized by two defining features, IgM-k
(rarely IgG) monoclonal gammopathy, and recurrent urticarial
rash.l'® Other common clinical features include recurrent
fever, lymphadenopathy, arthralgia, bone pain, fatigue, and
systemic inflammatory response. Around 15-20% of patients
evolve into overt lymphoproliferative disease. Although the
etiology of Schnitzler syndrome is not completely understood,
overproduction of IL-1B has been demonstrated to play an
important role.['"™ The urticarial rash, usually associated with
fever, develops mostly on the trunk and limbs. The eruption
consists of erythematous macules or slightly raised papules
and plaques and is often more pronounced in the evening
hours (Figure 1C). The rash is usually mildly itchy and per-
sists for <48 h. Angioedema is rarely seen. The rash can be
exacerbated by heat or cold exposure, alcohol consumption,
stress, or physical exercise.?® Skin biopsies at a relatively
early stage demonstrate a neutrophilic dermal infiltrate
without significant dermal edema. Clustering of neutrophils
around sweat glands can be observed.?

Autoinflammatory neutrophilic dermatosis

A neutrophilic dermatosis is a group of inflammatory skin dis-
eases characterized by aseptic accumulation of neutrophils
in the skin."! The pathergy phenomenon can be commonly
observed and is considered a diagnostic feature.

PSTPIP1-associated arthritis, PG, and acne (PAPA)

PAPA, also known as pyogenic arthritis, pyoderma gangreno-
sum, and acne (PAPA) syndrome, is an autosomal dominant
disorder caused by mutations in the proline—serine—threonine
phosphatase-interacting protein 1 (PSTPIP1) gene. Mutated
PSTPIP1 leads to constitutive activation of the pyrin inflam-
masome, which results in overproduction of IL-13.[" Clinically,
PAPA is characterized by sterile inflammation of the skin and
joints.l'% The disease usually starts with deforming pyogenic
sterile arthritis in childhood and develops severe cystic acne
and pyoderma gangrenosum in adolescence and beyond.
4 Cutaneous manifestations are episodic and recurrent. The
most prominent feature is debilitating, aggressive ulcers, usu-
ally in the lower extremities, which are often diagnosed as
pyoderma gangrenosum (PG) (Figure 1D). PG usually starts
as a small erythematous tender papule, pustule, or nodule
and then progresses to a painful ulcer that expands rapidly
with necrosis and a well-demarcated, elevated, undermined,
violaceous border. PG may appear spontaneously or develop
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after minimal trauma or injection (pathergy phenomenon).®
The typical histology of PG shows epidermal ulceration and
a dermal-hypodermal inflammatory infiltrate mainly consist-
ing of neutrophils, without fibrinoid necrosis of vessel wall.l'?
Special histochemical stains and microbiological cultures must
be negative. Pustular, bullous, or vegetating lesions can coex-
ist with PG. PG is frequently accompanied by acne, often in
its more severe nodulocystic type. Acne rosacea with a promi-
nent pustular component has also been described.® The phe-
notypic spectrum of PSTPIP1-associated AlDs has recently
been expanded.?'"! For example, patients with pyoderma gan-
grenosum, acne, and suppurative hidradenitis with or without
arthritis have been reported as PAPASH syndrome and PASH
syndrome, respectively.

FMF

FMF, the most common monogenic autoinflammatory dis-
ease, is caused by gain-of-function mutations in the MEFV
gene. Most patients are of eastern Mediterranean descent,
but FMF has also been reported in other populations.??! In the
majority of patients, FMF is inherited in an autosomal reces-
sive manner, but some mutations are recognized to cause
dominant inheritance. Gain-of-function mutations result in
decreased phosphorylation of pyrin, the protein encoded by
MEFV, and lead to increased activation of the pyrin inflamma-
some and overproduction of IL-1(.2%1 Most patients present in
childhood. FMF is characterized by recurrent and self-limiting
episodes of fever lasting 1-3 days, abdominal and/or chest
pain, mono-oligoarticular arthritis, and erysipelas-like rash.
Long-term morbidity is mainly associated with renal amyloi-
dosis. The most typical skin manifestation is erysipelas-like
erythema, usually between the knee and the dorsum of the
foot. The rash occurs more frequently in children and is as-
sociated with the most common and most severe mutation,
M694V.®! The lesion presents as a warm, tender, erythema-
tous plaque with well-defined borders, usually <15 cm.® The
rash tends to subside within 24—48 h but may reoccur in the
same place after long-distance walking. Histological exami-
nation demonstrates edema of the superficial dermis and
sparse perivascular infiltrate composed of lymphocytes, neu-
trophils, and nuclear dust without vasculitis. Direct immuno-
fluorescence showed deposits of C3 in the wall of the small
vessels of the superficial vascular plexus, and fibrinogen and
IgM in some cases.?

PAAND

PAAND is a dominantly inherited disease due to unique ac-
tivating mutations in MEFV.?5 Patients present in childhood
with recurrent episodes lasting weeks and characterized by
neutrophilic dermatosis, and also fever, myalgia, myositis,
and sometimes abdominal pain."! Neutrophilic dermatoses
include severe pustular acne, sterile skin abscesses, hi-
dradenitis suppurativa, neutrophilic panniculitis, small-vessel
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vasculitis, and pyoderma gangrenosum. Skin biopsy reveals
predominantly neutrophilic, vascular, perivascular, and in-
terstitial infiltrate.?! It has been proposed to use a general
name, pyrin-associated autoinflammatory diseases (PAAD),
to encompass all diseases associated with pyrin defects or
MEFV mutations.®

Haploinsufficiency of A20 (HA20)k

HA20 is a recently discovered an autosomal dominant AID
caused by mutations of the tumor necrosis factor alpha-
induced protein 3 (TNFAIP3, also known as A20,) gene, with
early-onset and variable systemic inflammation. Pathogenic
mutations in A20 (a negative regulator of NF-kB) result in re-
duced expression of the wild-type functional A20, leading to
increased activation of NF-kB in stimulated cells and thus en-
hanced release of cytokines including IL-13, TNF, IL-6, IL-18,
and IL-17.1"® A20 also regulates B cell receptor and T cell re-
ceptor signaling. Therefore, HA20 has a wide range of clinical
presentations from Behget’s-like syndrome to autoinflamma-
tory conditions such as systemic juvenile idiopathic arthritis
(sJIA) and adult-onset Still's disease (AOSD), to classic au-
toimmune conditions including systemic lupus erythematosus
(SLE) and immunodeficiency.["® First symptoms appear be-
fore 10 years of age in 73% of patients.?® Recurrent painful
oral and/or genital ulcers reminiscent of Behget's disease de-
veloped in 64% of patients. Cutaneous abscesses, erythema
nodosum-like lesions (Figure 1E), acne, and folliculitis have
also been reported.?®

Majeed Syndrome

Majeed syndrome is a monogenic form of chronic non-
bacterial osteomyelitis (CNO).? It is caused by mutations in
the lipin 2 (LPIN2) gene and is autosomal recessive inherited.
Patients present with a triad of CNO, neutrophilic dermatosis,
and congenital dyserythropoietic anemia. Cutaneous mani-
festations include Sweet syndrome-like lesions, psoriasiform
lesions, palmoplantar pustulosis, acne, and PG.?7

Autoinflammatory Granulomatosis

Histopathologically, granulomatous dermatitis can be
classified into 2 groups: necrobiotic/necrotizing and non-
necrobiotic/necrotizing.?® Cutaneous diseases in the lat-
ter group are characterized by the formation of “tight,” non-
necrotizing/necrobiotic granulomas in the dermis, comprising
histiocytes admixed with variable numbers of lymphoid cells.

BS

BS is one of the three phenotypes of nucleotide-binding
oligomerization domain containing 2 (NODZ2)-associated
granulomatous disease, which also includes familial sar-
coidosis and familial Crohn’s disease.? It is an autosomal
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dominant disease characterized by the clinical triad of granu-
lomatous arthritis, uveitis, and dermatitis.?® BS is caused by
gain-of-function mutations in the NOD2 gene, likely through
hyperactivation of NF-kB. Cutaneous manifestations of BS
usually present early in life (before age 5 years) as the initial
symptom.!" 9 Typical lesions are small, erythematous non-
confluent papules, forming persistent desquamative rashes
on the trunk and further onto the face and extremities, which
gradually turn into brownish with a scaly appearance.® Skin
biopsies show non-caseating granulomas in the dermis, simi-
lar to sarcoidosis and Crohn’s disease, with a variable num-
ber of lymphocytes and eosinophils. Other types of lesions
have also been reported, including ichthyosiform dermatosis
(Figure 1F), panniculitis mimicking erythema nodosum, live-
doid lesions, leg ulcers, pityriasis lichenoides-like lesions,
and leukocytoclastic vasculitis.%

Autoinflammatory Chilblain

Chilblain, also called pernio, is a superficial and localized
inflammatory skin disorder that results from a maladaptive
vascular response to non-freezing cold, which most commonly
occurs on the toes, fingers, ears, and face.B" Chilblain lesions
typically present as a painful and pruritic erythrocyanotic dis-
coloration and swelling, persisting for >24 h. They usually
resolve spontaneously in 1-3 weeks. Blisters, erosions,
ulcerations, acrocyanosis, and Raynaud’s phenomenon may
be observed. Histopathologic findings of skin biopsy show
dermal edema with superficial and deep perivascular lym-
phocytic infiltrate. The distribution of the infiltrate particularly
around the eccrine gland is typical.

Familial Chilblain Lupus

Familial Chilblain Lupus, a type | interferonopathy, is autoso-
mal-dominantly inherited and can be caused by several genetic
defects in the process of type | interferon induction. Mutations
in the following three genes have been identified to be respon-
sible in different families: three prime repair exonuclease 1
(TREXT), SAM and HD domain containing deoxynucleoside tri-
phosphate triphosphohydrolase 1 (SAMHD1), and stimulator of
interferon response cGAMP interactor 1 (STING1).*2 Familial
Chilblain Lupus usually begins in early childhood and can lead
to severe mutilations due to acral ischemia.*? Histological
findings include a deep inflammatory infiltrate with perivascu-
lar distribution and granular deposits of immunoglobulins and
complement along the basement membrane.B3!

Aicardi-Goutieres Syndrome (AGS)

AGS, another type | interferonopathy, is a hereditary neurode-
generative AID, characterized by early-onset progressive en-
cephalopathy often leading to microcephaly, leukodystrophy,
and basal ganglia calcification, accompanied by increased
levels of IFNa and lymphocytosis in the cerebrospinal fluid.
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Clinical manifestations typically occur in infancy and disease
progression can result in profound psychomotor retardation,
and often death in early childhood. But asymptomatic indi-
viduals and delayed onset with the milder course are well
recognized. This disease is classified into 7 types according
to the causative gene: TREX1, RNASEH2B, RNASEH2C,
RNASEH2A, SAMHD1, ADAR1, and IFIH1. Most of their
encoded proteins have DNA/RNA degrading or modifying
activities and their dysfunction leads to the accumulation of
intracellular DNA/RNA. Because of excessive production of
type | interferon, a proinflammatory state is developed lead-
ing to vasculopathy.® The most severe neonatal form is typi-
cally due to mutations in the TREX1 gene."! The appearance
of chilblains upon cold exposure is an important clinical sign
for correct diagnosis. Acrocyanosis, periungual erythema,
and Raynaud’s phenomenon can also be seen. Chilblain le-
sions develop as tender plaques on the feet, hands, ears,
and nose, which spontaneously heal with possible hypopig-
mentation and atrophic scars. Histological findings include
a dense lymphocytic infiltrate in the superficial dermis, and
fibrinoid necrosis and thrombi within the lumen of the affected
vessels. Interface dermatitis and basal vacuolar degenera-
tion can be also present. Immunofluorescence studies and
stains for mucin are both negative.®

SAVI

SAVI is an autosomal dominant autoinflammatory vascu-
lopathy caused by gain-of-function mutations in stimulator of
interferon response cGAMP interactor 1 (STING1) gene, also
known as transmembrane protein 173 (TMEM173) gene, lead-
ing to constitutive activation of the encoded protein, STING,
and in turn production of type | interferons.?® SAVI is charac-
terized by fever attacks, interstitial lung disease, and severe
skin lesions on cold-sensitive areas. Although the vasculopa-
thy of SAVI can resemble AGS, interstitial lung disease dis-
tinguishes it from most other interferonopathies.!"! Cutaneous
manifestations begin in infancy, mostly before 6 months of
age. Patients suffer from erythematous purpuric patches and
plaques on acral regions (fingers, toes, ears, and nose) giving
rise to painful ulcerations with eschar formation, tissue infarc-
tion, and possible amputations. Dystrophic nail changes, nail
fold capillary abnormalities, telangiectasia of the extremities,
and hard palate have been reported. Erythematous plaques
on cheeks mimicking malar rash are a characteristic feature
of SAVI. Histological study shows dense neutrophilic infiltrates
and karyorrhexis in the vessel walls, leukocytoclastic vasculi-
tis, and microthrombotic angiopathy of small dermal vessels.*

Autoinflammatory Lipodystrophy
PRAAS

PRAAS, or more specifically proteasome subunit beta 8
(PSMB8)-PRAAS,? is a spectrum of autosomal recessive
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AIDs, caused by loss-of-function mutations of the PSMBS8
gene. These syndromes include Nakajo Nishimura syndrome
(NNS), joint contractures, muscular atrophy, microcytic ane-
mia, panniculitis-induced lipodystrophy (JMP) syndrome, and
chronic atypical neutrophilic dermatosis with lipodystrophy
and elevated temperature (CANDLE) syndrome. JMP syn-
drome appears to be the most severe phenotype.® PSMB8
mutations result in a pathologic reduction of proteasome
activity leading to mitogen-activated protein kinase (MAPK)
activation and subsequent upregulation of the interferon
pathway and sustained inflammatory response.® Patients
of PRAAS typically present during infancy, and common
clinical features are periodic fever, skin lesions, progres-
sive lipodystrophy, muscular atrophy/ myositis, basal ganglia
calcification, and hepatosplenomegaly. Pernio-like rash on
ears, nose, hands, and feet, triggered by cold, appears early
in life. Nodular erythema with infiltration and induration can
also be observed. Another type of lesion is recurrent annular
purpuric edematous plaques with raised borders and a flat
center lasting for several days. Violaceous eyelid swelling is
characteristic but typically seen in childhood and less visible
after puberty.’! The common histological feature is a mixed
perivascular and interstitial dense dermal infiltrate with pre-
dominantly CD 68+ mononuclear cells, histiocytes, eosino-
phils, and neutrophils, which often extends to the subcutane-
ous tissue. Panniculitis without vasculitis is reported in JMP
and CANDLE syndromes.B! Progressive localized lipomus-
cular dystrophy especially in the face and upper body with
elongated clubbed fingers is reported in all PRAAS cases.!"
The pathogenesis of lipodystrophy is not fully understood, be-
cause mild to moderate panniculitis observed in skin biopsies
from CANDLE patients can hardly explain the extensive fat
loss in areas without skin lesions.

ORAS

ORAS, also known as Otulipenia, is an autosomal reces-
sive disorder, caused by a loss-of-function mutation in the
OTU deubiquitinase with linear linkage specificity (OTULIN)
gene.l?®! This disorder is characterized by severe neonatal
onset of recurrent fever, arthralgia, erythematous rashes
with painful nodules, panniculitis, and lipodystrophy. Skin
biopsies reveal neutrophilic dermatosis and predominantly
septal panniculitis with vasculitis of small and medium-sized
blood vessels.®! Lipoatrophy in ORAS is considered pannic-
ulitis-associated.*!

Autoinflammatory keratinization diseases

Recently, AIDs showing psoriasis and related keratiniza-
tion diseases have specifically been designated as “auto-
inflammatory keratinization diseases”.*”! In this group of
AIDs, the main inflammation sites in the skin are the epi-
dermis and the upper dermis and the inflammation leads to
hyperkeratosis.
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DITRA

DITRA is an autosomal recessive AID, caused by loss-of-
function mutations in the interleukin 36 receptor antagonist
(IL36RN) gene. IL-36 receptor is expressed primarily in
the skin and other epithelial cells in contact with the envi-
ronment. Therefore, DITRA flares are featured by recur-
rent sudden-onset of severe generalized pustular psoriasis,
usually with onset during childhood, accompanied by fever,
malaise, and neutrophilia.®! Cutaneous manifestations pres-
ent at first as diffuse and painful erythema and then turn into
multiple small sterile pustules all over the body with scaly hy-
perkeratosis, and eventually coalesce to form large purulent
collections.® Interestingly, DITRA patients do not experience
other types of psoriasis.''® Skin biopsy show intraepidermal
spongiform pustules with clusters of neutrophils consolidated
in microabscesses, and acanthosis and parakeratosis.!"”

DIRA

DIRA, an autosomal recessive disorder, is caused by loss-
of-function mutations in the interleukin 1 receptor antagonist
(IL1TRN) gene and thus unopposed action at the IL-1 recep-
tors.®! DIRA is characterized by a neonatal-onset severe pus-
tular rash, multifocal sterile osteomyelitis, and periarticular
soft-tissue swelling.”! Fever is usually absent. The severity
of cutaneous presentation ranges from rare pustules to dis-
seminated pustulosis. Skin pathergy may lead to the devel-
opment of pustular lesions. Psoriatic nail changes, such as
pitting and onychomadesis, may also be present. Skin biop-
sies have shown infiltration of the epidermis and dermis by
neutrophils, formation of subcorneal pustules reminiscent of
pustular psoriasis.?®

Cutaneous Manifestations of Other Main AlDs
MKD

MKD, previously called hyperimmunoglobulin D syndrome
(HIDS), is an autosomal recessive disorder caused by loss-
of-function mutations in the mevalonate kinase (MVK) gene.
Mutated MVK results in the loss of pyrin inhibition.?® An as-
sociated disease, mevalonic aciduria (MVA), which is also
caused by a mutation in the MVK gene, is now considered
a severe phenotype of MKD.? Patients with MKD present
during infancy with fever, gastrointestinal symptoms, lymph-
adenopathy, arthralgia, myalgia, skin rash, and mucosal ul-
cers.®®¥ Aphthous stomatitis is one of the three criteria in the
Eurofever/PRINTO classification criteria for MKD,"! which
is reported in 60% of patients.?® Cutaneous lesions include
macules (0.5-2.0 cm) papules (39%) on the limbs and trunk,
urticarial lesions (15%), cellulitis-like plaques, erythema el-
evatum diutinum, erythema nodosum, petechiae or purpura,
and Sweet syndrome.®! A skin biopsy shows numerous poly-
morphonuclear neutrophils and few lymphocytes.%
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TRAPS

TRAPS is a dominantly inherited recurrent fever disorder
due to mutations in the TNF receptor superfamily member
1A (TNFRSF1A) gene, encoding TNF receptor type 1. It is
characterized by childhood-onset recurrent episodes often
lasting 1 to 4 weeks." Common symptoms during attacks
include fever, arthritis, myalgia, abdominal pain, head-
ache, conjunctivitis, and periorbital edema.“! Cutaneous
manifestation is various and present in 69-84% during the
attacks.®" Typical lesions include localized erythematous
macules and papules (Figure 1G), edematous patches or
plaques, and erysipelas-like rashes, commonly associated
with underlying myalgias, which are migratory in a centrifu-
gal pattern down the extremity in conjunction with the skin
lesions.*2l Migratory rash and periorbital edema are two
criteria listed in the Eurofever/PRINTO classification crite-
ria for TRAPS.I"! Histologically, skin lesions in TRAPS are
characterized by a perivascular dermal infiltrate of lympho-
cytes and monocytes without granulomatous or leukocyto-
clastic vasculitis.?

DADA2

DADAZ2 is an autosomal recessive multisystem disorder that
features early-onset vasculitis resembling the medium vessel
vasculitis polyarteritis nodosa, stroke, cytopenias, and immu-
nodeficiency.[" DADA2 is caused by mutations in the adenos-
ine deaminase 2 (ADA2) gene. The accumulation of adenos-
ine due to mutated ADAZ2 leads to uncontrolled activation of
neutrophils.#3 TNF appears to be the predominant driver of
inflammation in DADAZ2 patients.!" Symptoms at presentation
are often clinically indistinguishable from polyarteritis nodosa.
Cutaneous manifestations include livedo reticularis/racemo-
sa (Figure 1H), erythema nodosum, subcutaneous nodules,
purpura, Raynaud’s phenomenon, skin ulcers, and digital
necrosis. Livedo racemosa is the most frequent, reported in
73% of patients. Skin biopsies show medium vessel vasculitis
or leukocytoclastic vasculitis.*3

YAOS

YAQS, formerly termed NODZ2-associated autoinflammatory
disease (NAID), is a polygenic AID characterized by recurrent
fever, dermatitis, arthritis, swelling of the distal extremities, gas-
trointestinal and sicca-like symptoms with eyelid swelling.*4
The disorder has a genetic association with certain NOD2
variants. Intermittent dermatitis develops in 90% of YAOS pa-
tients, which often manifested as erythematous patches, flush-
ing, and plaques (Figure 11).146:41 The rash predominantly affects
the face, trunk, and limbs. It is mostly non-itchy or minimally itchy
and occurs every few weeks to months with a duration of several
days to weeks. Skin biopsies show spongiotic dermatitis in a
majority of cases, and granulomatous dermatitis is extremely
rare.16!
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Conclusions

The diagnosis of most AIDs requires not only a high index of
suspicion and but also a characteristic phenotype to trigger
a genetic sequencing. Although multiple systems are usu-
ally involved in AIDs, cutaneous lesions are often the first or
prominent clinical manifestations of AIDs. Therefore, the rec-
ognition of cutaneous phenotypes is crucial for a correct di-
agnosis of AlDs. In this review, the cutaneous manifestations
of >20 main AIDs were summarized. The phenotype-oriented
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