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Abstract: Autoinflammation is defined by aberrant, antigen-independent activation of the innate
immune signaling pathways. This leads to increased, pro-inflammatory cytokine expression and
subsequent inflammation. In contrast, autoimmune and allergic diseases are antigen-directed im-
mune responses from activation of the adaptive immune system. The innate and adaptive immune
signaling pathways are closely interconnected. The group of ‘complex multigenic diseases” are a
result of mutual dysregulation of both the autoinflammatory and autoimmune physiologic compo-
nents. In contrast, monogenic autoinflammatory syndromes (MAIS) result from single mutations
and are exclusively autoinflammatory in their pathogenesis. Studying the clinical and histopatholog-
ical findings for the various MAIS explains the phenotypical correlates of their specific mutations.
This review aims to group the histopathologic clues for autoinflammation into three recognizable
patterns. The presence of these histologic patterns in a pediatric patient with recurrent fevers and
systemic inflammation should raise suspicion of an autoinflammatory component in MAIS, or, more
frequently, in a complex multigenic disease. The three major histopathological patterns seen in au-
toinflammation are as follows: (i) the ‘neutrophilic’ pattern, seen in urticarial neutrophilic dermatosis,
pustular psoriasis, aseptic neutrophilic folliculitis, and Sweet’s syndrome; (ii) the ‘vasculitic’ pattern
seen in small vessel-vasculitis (including hypersensitivity /leukocytoclastic vasculitis, thrombosing
microangiopathy and lymphocytic vasculitis), and intermediate-sized vessel vasculitis, mimicking
polyarteritis nodosa; and (iii) the ‘granulomatous’ pattern. Beyond these three patterns, there are
additional histopathologic clues, which are detailed below. It is important for a dermatopathologist
to recognize the patterns of autoinflammation, so that a diagnosis of MAIS or complex multigenic
diseases may be obtained. Finally, careful histopathologic analyses could contribute to a better
understanding of the various clinical manifestations of autoinflammation.

Keywords: autoinflammation; cryopyrin; inflammasome; interferonopathies; pustular psoriasis; lupus
erythematosus; neutrophilic urticarial dermatitis; pyoderma gangrenosum; suppurative hidradenitis

1. Introduction
1.1. Innate versus Adaptive Immunity: Autoinflammatory Versus Autoimmune Disease—What
the Dermatopathologist Needs to Know

Innate immunity is our first line of defense and rapidly recognizes molecules unique
to pathogens via pattern recognition receptors, such as the toll-like receptors. However,
there is no memory after repeated exposure. Innate immunity employs macrophages, neu-
trophils and mast cells, and at a molecular level, complement and antimicrobial peptides.
In contrast, adaptive immunity is a second line of defense, utilizing T- and B-lymphocytes.
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Adaptive immunity is highly specific since highly diverse lymphocytes can target spe-
cific antigens. Adaptive immunity remembers these specific antigens upon subsequent
exposure to the antigen, with the ability to be reactivated. Adaptive immunity is also
self-tolerant as it distinguishes self-antigens from foreign antigens [1].

Dysfunction of innate immunity is rare and results from an antigen-independent
hyperactivation of molecular pro-inflammatory pathways, leading to ‘autoinflammatory’
diseases. Dysfunction of adaptive immunity is frequent and results from non-pathogen
activation of inflammation. The non-pathogen is a self-antigen in autoimmune diseases
and an environmental antigen in allergic diseases. The inherited diseases that cause autoin-
flammation, called ‘monogenic autoinflammatory syndromes’ (MAIS), are characterized
by recurrent fever, increased cytokine expression, and episodic inflammation, resulting in
potential end-organ damage. In contrast to autoimmune diseases, the increased, chronically
active cytokine expression does not require auto-reactive lymphocytes or immunoglobu-
lins to self-antigens. Although MAIS may be triggered by an infectious pathogen, their
hallmark is the persistence of inflammation in the absence of a recognizable infection [2-6].

Despite these differences, autoinflammation and autoimmunity are interlinked. Com-
plex multigenic diseases have different amounts of both autoinflammatory and autoim-
mune components within their pathogenesis. Complex multigenic diseases include com-
mon diseases such as lupus erythematosus (LE), Crohn’s disease, spondyloarthropathies,
and type-1 diabetes mellitus, among others. In contrast to complex multigenic diseases,
the rarely-encountered group of monogenic syndromes are either entirely autoimmune or
autoinflammatory [7].

The MAIS encountered in pediatric dermatology may arise due to four major modes
of activation of the innate immunity as follows: (1) interleukin (IL)-1 activation; (2) type-
I-interferon (IFN) activation; (3) nuclear-factor-kappa B (NF-«B) activation; and (4) M1
macrophage activation: [1,5,6,8-10].

1. IL-1 activation. The binding of an antigen to a pattern recognition receptor acti-
vates a pro-inflammatory cascade of intracellular, multimeric protein complexes
called ‘inflammasomes.” Inflammasomes are defined by their sensor proteins, which
oligomerize to activate caspase-1, also called IL-1-converting enzyme, leading to
proteolytic activation of IL-1b. Multiple inflammasomes are well-understood, in-
cluding pyrin and cryopyrin. Cryopyrin is also called NLR family pyrin domain
containing 3 (NLRP3). MAIS resulting from mutations within inflammasomes are
also called ‘inflammasomopathies’. Unleashed IL1-induced inflammation can also
result from deficiency of IL1 and IL36 receptor antagonists. Phospholipase C gamma
2 (PLCy2) is a cytoplasmic signaling enzyme, which, when recruited to the membrane
upon receptor activation, induces the release of endoplasmic reticulum calcium stores,
thereby leading to increased intracellular calcium levels and activation of the NLRP3
inflammasome.

2. Type I interferon (IFN) activation (Type I interferonopathies). Autoinflammatory
diseases related to IFN activation, also called interferonopathies, reflect aberrant
activation of type I IFN pathways (IFN-« and IFN-{3), which are involved in an-
tiviral defense. Type I IFN production is triggered by viral RNA or DNA, and
interferonopathies may arise through disorders of intracytoplasmic accumulation
of endogenous nucleic acid due to their decreased degradation, through inherent,
increased intracytoplasmic nucleic acid sensing or through a proteasome dysfunction.

3.  NF-«B activation (NFkBopathies). The NF-kB complex is a central signaling hub
within the cytoplasm, integrating signals from multiple cell-surface receptors, includ-
ing TNF receptors and intracellular pattern recognition receptors, like the nucleotide-
binding oligomerization domain 2 (NOD2) receptor. NF-«B allows the freeing of
several transcription factors, which move to the nucleus and trigger expression of
proinflammatory genes. Activation of caspase-activating recruitment domain, mem-
ber 14 (CARD14) also leads to enhanced NF-«B activity. A20 is a negative regulator of
NF-kB and A20 insufficiency also results in an NFkBopathy.



Dermatopathology 2021, 8

204

4. M1 macrophage activation. Adenosine deaminase 2 deficiency results in increased pro-
inflammatory M1 macrophages (as opposed to anti-inflammatory M2 macrophages).

Figure 1 summarizes the major activated pathways with their corresponding MAIS
and mutated genes. Dysregulation of innate immunity is far more complex than this
illustration, which has been simplified for didactic purposes. Of note, this dysregulation of
innate immunity is interdependent with adaptive immunity.

Major monogenic autoinflammatory syndromes in pediatric Dermatology
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Figure 1. The major monogenic autoinflammatory syndromes in pediatric dermatology based on the major pathogenesis

pathways. Mutated genes in parenthesis next to their corresponding syndrome; AGS, Aicardi Goutieres Syndrome; APLAID,

autoinflammation and phospholipase C gamma 2 associated antibody deficiency and immune dysregulation; CANDLE,

Chronic atypical neutrophilic dermatosis with lipodystrophy and elevated temperature; CAPE, Caspase-activating recruit-

ment domain, member 14 associated papulosquamous eruption; DADA?2, Deficiency of adenosine deaminase 2; DIRA,

Deficiency of IL-1 receptor antagonist syndrome; DITRA, Deficiency of IL-36 receptor antagonist; FCAS, Familial cold

autoinflammatory syndrome; FMF, Familial Mediterranean fever syndrome; HA20, Haploinsufficiency of A20; HIDS,

Hyperimmunoglobulinemia D syndrome; MWS, Muckle-Wells syndrome; NOMID, Neonatal-onset multisystem inflam-

matory disease; PAAND, Pyrin-associated autoinflammation with neutrophilic dermatosis; PAPA, Pyogenic Arthritis,

pyoderma gangrenosum and acne; PLAID, Phospholipase C gamma 2 associated antibody deficiency and immune dysregu-

lation; SAVI, Stimulator of interferon genes (STING) associated vasculopathy of infancy; TRAPS, TNF receptor-associated

periodic syndrome.

1.2. Histopathological Clues to the Diagnosis of Autoinflammation

Autoinflammation is devoid of any specific histopathological clue. In fact, different
mutations in the same molecular pathway can produce different clinical and histopatho-
logical findings. MAIS, which result from single mutations in a pathway, demonstrate
close, phenotypic correlations with specific mutations. This information has led to a better
understanding of the aberrant activation of the same pathways in the group of complex
multigenic diseases [9]. With this knowledge, the dermatopathologist can better recognize
histologic patterns associated with autoinflammation and integrate them into a patient’s
particular clinical presentation. Beyond recognition, this understanding also provides an
opportunity for the use of more targeted treatments. Finally, the identification of histologic
patterns associated with MAIS allows for a better understanding and classification of
inflammatory diseases in general.

This review will focus on the identification of the three main histopathological pat-
terns, followed by the identification of more subtle histopathological clues. These patterns
will then be correlated with clinical findings, which are usually from pediatric patients.
The three main histopathologic groups are: (1) neutrophilic; (2) vasculitic; and (3) granulo-
matous. Identification of any pattern may lead to a diagnosis of either a MAIS or a complex
multigenic disease. Figure 2 delineates the histopathological patterns of autoinflamma-
tion in both major MAIS and complex multigenic diseases and Table 1 classifies the main
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monogenic autoinflammatory syndromes based on their mechanism of pathogenesis and
relevant histopathological findings.

Major cutaneous histopathological patterns of autoinflammation

in monogenic and polygenic syndromes
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Figure 2. Major cutaneous histopathological patterns (neutrophilic, vasculitic and granulomatous) seen in autoinflammation
in both monogenic autoinflammatory syndromes (Red) and complex multigenic diseases (Green); AGS, Aicardi Goutieres
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Table 1. Main histopathological findings for the major monogenic autoinflammatory syndromes with their mechanism of pathogenesis and identified mutated genes (in parenthesis):

AGS, Aicardi Goutiéres Syndrome; APLAID, autoinflammation and phospholipase C gamma 2 associated antibody deficiency and immune dysregulation; CANDLE, Chronic atypical

neutrophilic dermatosis with lipodystrophy and elevated temperature; CAPE, caspase-activating recruitment domain member 14 associated papulosquamous eruption, DADA2, deficiency

of adenosine deaminase 2; DIRA, Deficiency of IL-1 receptor antagonist syndrome; DITRA, Deficiency of IL-36 receptor antagonist; FCAS, Familial cold autoinflammatory syndrome;
FCLE, Familial chilblain lupus erythematosus; FMF, Familial Mediterranean fever syndrome; HA20, Haploinsufficiency of A20; MWS, Muckle-Wells syndrome; NAID, NOD-2 associated
autoinflammatory syndrome; NOMID, Neonatal-onset multisystem inflammatory disease; PAAND, pyrin-associated autoinflammation with neutrophilic dermatosis; PAPA, Pyogenic
Arthritis, pyoderma gangrenosum and acne; PLAID, Phospholipase C gamma 2 associated antibody deficiency and immune dysregulation; SAVI, Stimulator of interferon genes (STING)

associated vasculopathy of infancy; TRAPS, TNF receptor-associated periodic syndrome.

Interleukin-1 activation

Ep FMF (MEFV) Erysipelas-like erythema in the only pathognomic cutaneous marker of FMF and is characterized by mild papillary dermal edema,
£ dilated vessels, sparse perivascular mononuclear cell infiltrate admixed with neutrophils and nuclear dust
o]
o Pyri tivati
g yrin activation PAAND (MEFV) and Neutrophilic dermatosis comprising the phenotypical spectrum of pyoderma gangrenosum, neutrophilic folliculitis, abscess and acne,
) PAPA (PSTPIP1) PAAND also shows small vessel leukocytoclastic vasculitis
]
E Cryopyrin/NLRP3 Crvopvrinopathies: Neutrophilic urticarial dermatitis: perivascular and interstitial neutrophilic infiltrate with variable leukocytoclasia, linear interstitial
< YOopPY Yopy P . arrangement of neutrophils as ‘Indian file’, neutrophilic epitheliotropism including intraepidermal and peri-eccrine involvement,
= activation FCAS, MWS, NOMID o . g
K] absence of fibrin in vessel walls, no significant dermal edema
IL1 receptor antagonist DIRA (ILRN) Pustular psoriasis (psoriasiform epidermal hyperplasia, subcorneal spongiform pustulation, neutrophilic aggregates within
1L36 receptor antagonist DITRA (IL36RN) parakeratotic stratum corneum), dense intradermal neutrophilic infiltrate with peri-eccrine involvement

. Dense perivascular and interstitial granulomatous infiltrate, palisading granulomas around necrobiotic collagen, dense neutrophilic
Ph;)sp t}}ohpase C gamma 2 APLAID (PLCG2) infiltrate, intense papillary dermal oedema leading to subepidermal blistering
activation

PLAID (PLCG2) Neutrophilic urticarial dermatitis (cold-induced urticaria) and non-caseating sarcoidal granulomas

[[ype I Interferon activation

Intracytoplasmic nucleic
acid accumulation

AGS (TREX1, RNASEH2A,
RNASEH2B, RNASEH2C, SAMHDL1,
ADARLI, IFIH1)

and FCLE (TREX1, SAMHD1)

Thrombotic microangiopathy associated with findings of chilblain lupus erythematosus (vacuolar interface dermatitis, lymphocytic
vasculitis, peri-eccrine lymphocytic infiltrate)

Increased intracytoplasmic
nucleic acid sensing

SAVI (TMEM137)

Thrombotic microangiopathy

Proteasome dysfunction

CANDLE (PSMBS)

Histiocytoid Sweet syndrome: dense perivascular and interstitial mononuclear cell infiltrate composed of immature myeloid cells
admixed with mature neutrophils, eosinophils and leukocytoclasia
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NF-«B activation

Lymphocytic vasculitis: perivascular lymphocytic infiltrate showing tight cuffing within both superficial and deep dermis, absence of

TNF receptor 1 activation TRAPS (TNFRSF1A) fibrin within vessel walls
NOD?2 activation Blau (NOD2) Non-caseating sarcoidal granulomas with lymphocytic coronas
NAID (NOD2) Subacute spongiotic dermatitis, irregular epidermal acanthosis with overlying parakeratotic hyperkeratosis
CARDI14 activation CAPE (CARD14) Pityriasis rubra Pllal‘ls gpsor1a51f0rg1 epidermal hyperplasia, 1r11egular hyperkeratosis, alternating vertical and horizontal orthokeratosis
and parakeratosis, follicular plugging), absence of acantholysis
A20 insufficiency HA20 (TNFAIP3) Non-specific (oral aphtous erosions or ulcerations similarly to Behcet’s disease)

M1 macrophage activation

Deficiency adenosine
deaminase 2

DADA?2 (CECR1)

Polyarteritis nodosa: neutrophilic infiltrate around and within muscular arteriole walls (intermediate-sized vessels at the
dermo-hypodermal junction), disruption of the internal elastic lamina, fibrin deposition and intraluminal thrombosis
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2. Autoinflammatory Diseases: Correlating Histologic Patterns with Specific Diseases
2.1. The Neutrophilic Pattern

The neutrophilic pattern can be further subdivided into 4 groups as follows: (a) vas-
culopathic; (b) pustular psoriasis; (c) aseptic neutrophilic folliculitis, including pyoderma
gangrenosum (PG); and (d) Sweet’s syndrome.

2.1.1. The Vasculopathic Pattern

The vasculopathic reaction pattern includes a group of diseases in which inflammation
produces erythematous and slightly infiltrated plaques, resulting from vasodilatation,
increased vessel wall permeability with resulting slight dermal edema. In contrast to
the “vasculitic” pattern, there is no vessel wall damage and the lesions resolve rapidly.
The vasculopathic pattern contains the spectrum of diseases in neutrophilic urticarial
dermatitis (NUD), and the erysipelas-like erythema of the familial Mediterranean fever
(FMF) syndrome. The NUD group contains the spectrum of cryopyrin-associated periodic
syndromes (CAPS) or ‘cryopyrinopathies’. CAPS includes three main diseases: (1) familial
cold autoinflammatory syndrome (FCAS); (2) Muckle-Wells syndrome (MWS); and (3)
neonatal onset multisystem inflammatory disorder (NOMID). The remaining diseases
associated with NUD are systemic LE, Schnitzler syndrome and adult-onset Still-disease in
adults. The two latter diagnoses are only seen in adults and will only be briefly mentioned.

NUD is characterized by chronic, recurrent urticarial wheals lasting 24—48 h. Unlike
usual urticaria, the lesions may last more than 24 h and are not responsive to antihistamine
treatment. Of note, the eruption has a diurnal variation, being absent or discrete in
the morning but gradually increasing in severity into the evenings. Histopathological
examination of NUD shows no epidermal change or subjacent edema. There is a dense,
perivascular and interstitial neutrophilic infiltrate with leukocytoclasia. The neutrophils
may show a linear interstitial arrangement between collagen bundles. Neutrophils may
show epitheliotropism and a peri-eccrine accentuation (‘neutrophilic hidradenitis”) [11,12].
Dilated vessels often contain neutrophils. No true leukocytoclastic vasculitis is present
with fibrin in venule walls. A few eosinophils may be present [13,14].

CAPS are due to mutations leading to cryopyrin activation. There exists a spectrum of
different disease-severity syndromes, from mild disease in the FCAS; intermediate disease
in MWS; and severe disease in NOMID [15,16]. FCAS starts in the first year of life with an
urticarial eruption and flu-like symptoms induced by cold stimuli, including ingestion of
cold liquid [17]. A less common variant, termed ‘FCAS2’ (NLRP12-related disease), has
a later onset in childhood with symptoms lasting 2-10 days [18]. MWS is intermediate
in terms of disease severity and characterized by fever, a chronic evanescent urticarial
eruption, arthralgia, conjunctivitis and systemic AA amyloidosis, often leading to renal
impairment. Fever may be absent. Symptoms usually appear within the first 6 months of
life but may also develop later in adolescence. In contrast to FCAS, attacks in MWS are not
cold-induced, and the episodes tend also to last longer, usually 1 to 2 days. Similar to FCAS,
patients with MWS describe a pattern of worsening symptoms in the evening. The course
of the disease varies among individuals, ranging from recurrent attacks to near-continuous
symptoms [16]. NOMID, is also called chronic infantile neurologic cutaneous and articular
syndrome (CINCA). NOMID is the most severe form of CAPS and is characterized by an
urticarial eruption associated with arthralgia and neurologic manifestations. The onset
is within 6 months of age with two thirds of patients being affected at birth, or even in
utero. The duration of attacks is usually less than 24 h. The initial presentation is similar to
other CAPS disease with variable degrees of articular and neurologic involvement [19,20].
A histologic finding of NUD with a peri-eccrine neutrophilic hidradenitis in the correct
clinical setting should raise suspicion of NOMID (Figure 3) [12,21].
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Figure 3. Neutrophilic urticarial dermatitis (NUD) in neonatal-onset multisystem inflammatory disease (NOMID). (A) Fe-
male newborn with an urticarial eruption associated with recurrent fever, increased serologic inflammatory markers, and
aseptic purulent meningitis; (B) H&E, x10. A perivascular, interstitial and peri-eccrine (arrow) mononuclear cell infiltrate
admixed with neutrophils and rare eosinophils; (C) H&E, x20. A perivascular neutrophilic infiltrate with leukocytoclasia
but no fibrinoid necrosis in vessel walls; (D) H&E, x10. Dilated lymphatics containing numerous neutrophils; (E) H&E,
x20. Peri-eccrine neutrophilic hidradenitis.

Non-bullous neutrophilic LE, a variant of systemic LE which clinically and histopatho-
logically resembles NUD, is a cutaneous marker suggesting progression to systemic disease.
On histology, there is a vacuolar interface dermatitis with apoptotic keratinocytes in addi-
tion to typical NUD. Direct immunofluorescence studies show granular IgG deposition
along the dermal-epidermal junction. Neutrophil-rich lupus panniculitis can also be seen in
the context of progression to systemic LE, in contrast to the usual lymphocytic panniculitis
seen in chronic cutaneous LE [22].

NUD is also seen in Schnitzler syndrome and adult-onset disease, which are only
briefly mentioned because they appear in adulthood. Schnitzler syndrome is characterized
by chronic urticaria associated with recurrent fever, lymphadenopathy, increased erythro-
cyte sedimentation rate, leukocytosis and a monoclonal gammopathy, which is usually IgM,
or rarely, IgG in the ‘Schnitzler variant’. The disease may progress to a blood dyscrasia, es-
pecially ‘Waldenstrom” macroglobulinemia. Histopathology in Schnitzler syndrome shows
typical NUD or mononuclear-cell infiltrate with a perivascular accentuation. Eosinophils
are sparse or absent [23]. Adult-onset Still’s disease has a ‘typical’ and an “atypical’ clini-
cal presentation. The typical presentation has an evanescent urticarial eruption of NUD.
The atypical presentation has more persistent lesions, often in a photo-distributed pattern
with a reticular or rippled-like pattern and associated with a more aggressive disease course
and associated malignancy (lymphoma, breast cancer). In addition to histologic features of
NUD, the “atypical” eruption also shows psoriasiform hyperplasia with focal parakeratosis,
dyskeratotic keratinocytes in the superficial epidermis, and small intraepidermal clusters
of neutrophils. The dermis has superficial perivascular lymphocytes with or without
interstitial neutrophils [24].
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The final disease in the vasculopathic group is erysipelas-like erythema (ELE), which
is a minor diagnostic criterion for the diagnosis of the familial Mediterranean fever (FMF)
syndrome. Clinically, FMF has recurrent, self-limited attacks of fever for ~3 days with
polyserositis involving the peritoneum, pleura and synovium [25-27]. There is a favorable
response to colchicine and progression to amyloidosis if untreated. ELE is the only pathog-
nomonic cutaneous marker of FMF and is seen in a minority of cases of FMF (7—46% of all
patients and 15-20% of children). ELE typically occurs on the lower extremities with well-
demarcated plaques, no larger than 15 cm in diameter, and it may be triggered by physical
exercise. The lesions subside with rest over 48-72 h [28]. Histopathological findings for
ELE are subtle with no epidermal change, mild papillary dermal edema, dilated blood
and lymphatic vessels and a perivascular infiltrate of lymphocytes and neutrophils with
variable amounts of leukocytoclasia. Eosinophils are absent (Figure 4) [29]. Endothelial
cells may appear swollen. Although blurring of some vessel walls may be observed, no
fibrin deposition occurs and leukocytoclastic vasculitis is not observed. This may be due to
the short duration of the attacks, which is insufficient to provoke vessel wall damage [29,30].
However, direct immunofluorescence shows deposits of IgM, C3, and fibrinogen in the
small-sized vessel walls within the papillary dermis [28,30]. A recurrent subepidermal
bullous eruption has been reported with ELE with negative direct immunofluorescence
study findings [31].
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Figure 4. Erysipelas-like erythema in familial Mediterranean fever syndrome (FMF): (A) 34-year-old female with a recurrent,

well-demarcated erythematous plaque on the right buttock, spontaneously resolving within 2-3 days; (B) H&E, x4. Mild

papillary dermal edema, dilated blood and lymphatic vessels surrounded by a mild inflammatory cell infiltrate; (C) H&E, x20.

Perivascular infiltrate of lymphocytes and neutrophils with slightly thickened vessel walls, but devoid of fibrin deposition.

2.1.2. The Pustular Psoriasis Pattern

Pustular psoriasis with its related disorders is the second type of neutrophilic pat-
tern. This pattern occurs in the deficiency of IL-1 receptor antagonist syndrome (DIRA),
deficiency of IL-36 receptor antagonist syndrome (DITRA), pustular psoriasis (including
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generalized pustular psoriasis and palmoplantar pustulosis), and amicrobial pustulosis of
the skin folds.

DIRA is a recessive loss-of-function mutation of the IL-1RN gene, which encodes
the IL-1 receptor antagonist. The result is neonatal generalized pustular psoriasis, fever
with elevated inflammatory markers, joint swelling, multifocal osteolytic lesions, hep-
atosplenomegaly and interstitial lung disease. The outcome is poor, leading to death with
multi-organ failure. The rash mostly involves the face including oral and conjunctival
involvement, and there is also diffuse pustular psoriasis with erythematous, scaly plaques.
Nails may be involved. Pathergy may also be present. Histopathologically, the changes
are identical to pustular psoriasis with psoriasiform epidermal hyperplasia, neutrophils
in parakeratotic foci, and spongiform subcorneal pustules. In contrast to usual pustular
psoriasis, neutrophils may densely infiltrate the dermis and show peri-eccrine accentuation.
Leukocytoclastic vasculitis has also been reported, with vasculitis being present even in
the deeper subcutaneous adipose tissue adjacent to bone [32,33].

IL-36RN is a negative regulator of IL-36 receptor signaling, and loss of function is
present in the monogenic syndrome called DITRA and in complex multigenic diseases
such as generalized pustular psoriasis, palmoplantar pustular psoriasis, and acrodermatitis
continua of Hallopeau. DITRA is characterized by recurrent episodes of generalized
pustular psoriasis, fever, systemic inflammation and leukocytosis. Histopathological findings,
like DIRA, are identical to pustular psoriasis though the density of the neutrophilic infiltrate
in the papillary dermis appears to be denser than in pustular psoriasis (Figure 5) [34,35].

Figure 5. Pustular-psoriasis in deficiency of IL-36 receptor antagonist syndrome (DITRA): (A) 5-year-old boy with an

erythrodermic eruption showing confluent, non-follicular, aseptic pustules on an erythematous background; (B) H&E,
x 4. Psoriasiform epidermal hyperplasia with aggregates of subcorneal and intra-epidermal neutrophils; (C) H&E, x10.
Spongiform pustules, neutrophils in a parakeratotic stratum corneum, and a neutrophilic infiltrate in the papillary dermis.
Courtesy of Deborah Salik.

CARD14 gain-of-function mutations result in a monogenic syndrome called CARD-
14-associated-papulosquamous eruption (CAPE) and the complex multigenic diseases
of generalized pustular psoriasis and palmoplantar pustular psoriasis [35-37]. CAPE is
identical to pityriasis rubra pilaris (PRP) type V, which causes a hereditary, pediatric form
of PRP. There is early onset in life with prominent facial involvement, typically sparing
the lower lip, and associated arthritis. The patients have features of psoriasis, PRP, or a
combination of both with erythroderma [38,39]. The histopathological findings for CAPE
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are identical to PRP, showing psoriasiform hyperplasia with irregular hyperkeratosis,
alternating vertical and horizontal orthokeratosis and parakeratosis and follicular plugging.
In contrast to typical PRP, both psoriasis and CAPE lack acantholysis [40].

Amicrobial pustulosis of the folds and the scalp, rather than occurring in monogenic
diseases, occurs in a few complex multigenic inflammatory diseases, most frequently
systemic LE, mixed connective tissue disease, Sjogren syndrome and Crohn’s disease.
Age ranges from 12 to 63-years-old (mean 30 years). Clinically, there are non-follicular-
based pustules on an erythematous ground. Histopathology shows spongiform pustulation
identical to pustular psoriasis [41].

2.1.3. The Aseptic Neutrophilic Folliculitis Pattern

Aseptic neutrophilic folliculitis is the third type of neutrophilic pattern. Aseptic neutrophilic
folliculitis is the primary lesion seen in PG, hidradenitis suppurativa (HS) and acne.

The folliculitis may occur in a variety of overlapping syndromes that show neu-
trophilic folliculitis, pyogenic arthritis and seronegative spondyloarthropathies including
ankylosing spondylitis and psoriatic arthritis. The syndromes have been grouped in a set
of so-called ‘P’ syndromes as follows: PAPASH (pyogenic arthritis, pyoderma gangreno-
sum, acne, suppurative hidradenitis); PsAPASH (psoriatic arthritis, pyoderma gangreno-
sum, acne, suppurative hidradenitis); PASS (pyoderma gangrenosum, acne, suppurative
hidradenitis and ankylosing spondylitis); PASH (pyoderma gangrenosum, acne, suppu-
rative hidradenitis); and PAPA (pyogenic arthritis, pyoderma gangrenosum, acne) [42].
PAPASH, PASH and PAPA syndromes are all MAIS [43,44]. PAPA syndrome is variably
expressed with onset of joint disease between 1 and 16 years of age and acne beginning
in puberty, associated with mild physical trauma. Severe, cystic, disfiguring acne appears
after the joint disease [45,46].

Some consider erosive pustular dermatosis of the scalp to be a neutrophilic folliculitis
similar to PG, especially because it may start after mechanical trauma (younger patients)
or treatment of actinic keratoses (older patients). It is possible, however, that the disease in
younger patients is an aseptic neutrophilic folliculitis, while the disease in older patients
is the result of an inability to maintain epithelialization in severely actinic-damaged skin.
Reports of histopathologic findings, though, do propose that the primary lesion may be,
similarly to PG, a neutrophilic folliculitis [47].

Pyrin-associated auto-inflammation with neutrophilic dermatosis (PAAND) is due to
mutations in the MEFV gene. Features of FMF such as amyloidosis and serositis are absent.
PAAND is characterized by childhood-onset of recurrent episodes of PG, acne, fever (which
last for weeks as opposed to days in FMF), elevated acute-phase reactants, arthralgia,
and myalgia/myositis and pyogenic arthritis. Leukocytoclastic vasculitis, reported as
‘neutrophilic small-vessel vasculitis’, has also been described (see below) [48].

Haploinsulfficiency of A20 (HA20) causes recurrent oral and genital ulcers mimicking
the bipolar aphthosis of Behget’s disease. Although the histopathological findings for this
syndrome have not yet been elucidated, this syndrome can be included in this group since
mucosal ulceration, acne and folliculitis have been described [49]. Monogenic Behget’s
disease can be also caused by rare, identified mutations in genes of the NF-«B pathway [50].

2.1.4. Sweet’s Syndrome

Sweet’s syndrome is the last group of neutrophilic patterns. Various MAIS produce
the neutrophilic, histiocytoid and necrotizing variants. FMF can produce the neutrophilic
variant [51]. Chronic atypical neutrophilic dermatosis with lipodystrophy and elevated tem-
perature (CANDLE) syndrome is similar to the histiocytoid variant of Sweet’s syndrome.
CANDLE causes annular violaceous plaques, persistent eyelid swelling and lipodystrophy.
Histopathological findings for CANDLE show a superficial and deep dermal interstitial in-
filtrate of CD68+, CD163+, myeloperoxidase+, CD45+ mononuclear myeloid cells, admixed
with leukocytoclasia [52]. Necrotizing Sweet syndrome, often misdiagnosed as infectious
necrotizing fasciitis, is a diagnostic pitfall, and occurrence after a surgical procedure or
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a trauma is an important clinical clue. A careful clinical correlation can help exclude a
hematologic disorder, particularly myelodysplastic syndrome, a connective tissue disease,
an endocrine disorder, or a drug eruption (granulocyte colony-stimulating factor) [53].
Familial autoinflammatory necrotizing fasciitis is a recently described NFkBopathy [50,54].
Recurrent sterile necrotizing fasciitis should lead one to suspect this disease, since an
aggressive surgical therapeutic approach after a misdiagnosis of a bacterial infection can
cause rapid disease progression and death.

2.2. The Vasculitic Pattern

The second histopathological pattern leading to suspicion of autoinflammation is
vasculitis and it can be seen in either small-sized vessels (capillaries and post-capillary
venules), or intermediate-sized vessels that have muscular walls (arterioles).

2.2.1. Small Sized-Vessel Vasculitis

The MALIS that produce small-sized vessel vasculitis include leukocytoclastic vasculitis,
the thrombotic microangiopathy seen in the interferonopathies, and the lymphocytic
vasculitis seen in tumor necrosis factor receptor-associated periodic syndrome (TRAPS).

Leukocytoclastic vasculitis is a non-specific cutaneous marker of auto-inflammation
and has been described in various MAIS, including FMF, PAAND, NOMID, PAPA and
hyperimmunoglobulinemia D syndrome (HIDS) [55]. HIDS, also called mevalonate ki-
nase deficiency, is characterized by recurrent fever lasting from 5 to 7 days, cervical lym-
phadenopathy and splenomegaly, joint disease, and gastrointestinal symptoms. Cutaneous
lesions have been reported as morbilliform, urticarial and purpuric. More frequently, how-
ever, the lesions lack a morphological description and are reported simply as a ‘rash’ [56-58].
Histopathology shows small vessel vasculitis, including Henoch-Schonlein purpura and
erythema elevatum diutinum [58-60].

Thrombotic microangiopathy is the histopathological hallmark of the interferonopath-
ies, all characterized by mutations that lead to the aberrant release of type I IFN and
inflammation simulating viral infection or systemic LE. The thrombotic microangiopathy in
the interferonopathies causes severe necrotic chilblains, leading to digital amputations and
ear-tissue loss. The patients also present with features of systemic lupus erythematosus
(i.e., antinuclear antibodies specific for SLE) [61]. Monogenic systemic LE with cytopenia,
glomerulonephritis, arthritis and oral ulcers also belongs to this group of MAIS [1,62].
Aicardi-Goutieres syndrome and familial chilblain lupus are allelic phenotypes of the same
disease [63,64]. Patients with Aicardi-Goutieres syndrome also develop severe neurologi-
cal disease with intracranial basal ganglia calcifications [65,66]. Stimulator of interferon
genes (STING)-associated vasculopathy with onset in infancy (SAVI) has interstitial lung
disease and may be misdiagnosed as granulomatosis with polyangiitis [67-70]. Finally,
spondyloenchondrodysplasia is characterized by skeletal dysplasia, and neurological
developmental delay with intracranial calcification [61]. Histopathological findings for
Aicardi-Goutieres syndrome and familial chilblain lupus are identical to chilblain LE. There
is vacuolar interface dermatitis, absent or mild papillary dermal edema and a superficial
and deep lymphocytic infiltrate, often with a peri-eccrine accentuation. There may also be
a lymphocytic vasculitis, with thick vessel walls, red cell extravasation and formation of
intraluminal thrombi (Figure 6) [61,65].

TRAPS, another of the MAIS, is characterized by prolonged episodes of fever and
systemic inflammation (myalgia, arthralgia, fasciitis, pericarditis, periorbital edema and
conjunctivitis). Abdominal pain is the most prominent finding. Eighty percent of cases
occur in childhood, with the episodes lasting 2-4 weeks, with intervals from months to
years. Periorbital edema and cellulitis-like subcutaneous inflammation of the upper limbs
is a characteristic feature. The cutaneous lesions start as erythematous macules and patches,
which are variable in size. They may migrate proximal-to-distal on the extremity [71-73].
Histopathology shows a superficial and deep lymphocytic infiltrate with tight venule
cuffing but no fibrin within vessel walls [73,74].
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Figure 6. Thrombotic microangiopathy in Aicardi-Goutieres syndrome: (A,B) 1-year-old female with acral necrotic bullous

chilblains (C) H&E, x4. Vacuolar interface dermatitis associated with numerous apoptotic keratinocytes, epidermal necrosis

and subepidermal bulla. similar to necrotic chilblain lupus erythematosus; (D) H&E, x20. Fibrin deposition in small-sized

vessel walls associated with intraluminal thrombi.

2.2.2. Intermediate-Sized Vessel Vasculitis

The MALIS that cause intermediate-sized vessel vasculitis are deficiency in adenosine
deaminase 2 (DADAZ2) and VEXAS (vacuoles, E1 enzyme, X-linked, autoinflammatory,
somatic) syndrome. Histopathology shows features identical to cutaneous polyarteritis
nodosa (PAN).

DADA2 or monogenic polyarteritis is an autosomal recessive vasculopathy due to CECR1
(cat eye syndrome chromosome region, candidate 1) mutation. The disease is characterized by
PAN, lymphopenia and pancytopenia, and a B-cell immunodeficiency [75,76]. The vasculitis
starts early in life and is characterized by the triad of livedo racemosa, recurrent fever and
strokes [77-79]. DADAZ2 also has microangiopathic involvement, with clinical findings
similar to the interferonopathies with necrotic chilblains [77,80]. Importantly, any diagnosis
of PAN in a child should always exclude DADA2, since early implementation of anti-TNF
therapy may prevent a stroke. Histopathological findings for DADA2 show a neutrophilic
infiltrate with the neutrophils being present in and around and muscular arteriole walls
where there is fibrinoid necrosis. The internal elastic lamina is disrupted, and there are
hyalin fibrin rings with intraluminal thrombi [79,81]. We have also been confronted by a
case of DADAZ2 in a child with extensive livedo, whose skin biopsy revealed a mononuclear
cell infiltrate surrounding thrombosed intermediate-sized vessels simulating lymphocytic
thrombophilic arteritis (Figure 7).

The VEXAS syndrome is caused by mutations of the UBA1 gene. No pediatric cases
have been reported. VEXAS syndrome is characterized by fever, cytopenias, characteristic
vacuoles in myeloid and erythroid precursor cells, dysplastic bone marrow (myelodys-
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plastic syndrome or multiple myeloma), relapsing polychondritis, Sweet’s syndrome,
polyarteritis nodosa, and giant-cell arteritis [82].

Figure 7. Deficiency of adenosine deaminase 2 syndrome (DADA?2): (A,B) 6-year-old boy with livedo racemosa on the lower
limbs; (C,D) H&E, x10 (C), x20 (D). Intraluminal thrombi within intermediate-sized vessels at the dermal-subcutaneous
junction and a surrounding mononuclear cell infiltrate simulating lymphocytic thrombophilic arteritis.

2.3. The Granulomatous Pattern

The granulomatous pattern is the third pattern seen in autoinflammation. This pattern
is seen with NOD2 mutations in Blau syndrome and with PLCy2 mutations in ‘autoin-
flammation and phospholipase C gamma 2 associated antibody deficiency and immune
dysregulation” (APLAID) and “phospholipase C gamma 2 associated antibody deficiency
and immune dysregulation” (PLAID). Both NOD2 and PLCy2 mutations are associated
with Crohn’s disease [83,84].

Blau syndrome (early-onset sarcoidosis) is characterized by the triad of articular, cu-
taneous and ocular non-caseating granulomatous inflammation. The disease begins very
early in life. The cutaneous lesions initially are monomorphic, non-confluent papules,
and late lesions are heterogenous with confluent papules, plaques, nodules and panniculi-
tis. Histopathological findings are consistently sarcoidal granulomas in both early and
late lesions [85-87]. Granulomas in Blau syndrome and granulomas in NOD2-associated
Crohn’s disease show distinct morphologic features with granulomas with large lympho-
cytic coronas, emperipolesis of lymphocytes within multinucleated giant cells and giant cell
apoptosis seen only in Blau syndrome [88]. In contrast to Blau syndrome, NOD2-associated
autoinflammatory syndrome (NAID) occurs in adults. NAID has gastro-intestinal symp-
toms instead of uveitis with cutaneous erythematous patches and plaques. Histopathologi-
cal findings in NAID show a non-specific spongiotic dermatitis [89]. Patients may show
phenotypical overlap between Blau syndrome, NAID, and Crohn’s disease [84,86,90,91].

PLAID and APLAID are allelic diseases that are both caused by PLCy2 mutations,
which produce a B-cell immunodeficiency. Mutations responsible for PLAID are dele-
tions that result in enhanced PLCy2 signaling and mutations responsible for APLAID are
missense mutations that decrease the threshold required for PLCy2 activation. PLAID is
associated with autoimmune diseases (thyroiditis, vitiligo, positive antinuclear antibodies)
and cold-induced urticaria. The histopathological findings for cold-induced urticaria are
similar to the NUD already discussed in the cryopyrinopathy section. Neonates with
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PLAID also have blistering ulcerations, especially on the nose, ears and fingers. Ulceration
usually spontaneously resolves, but, in a few cases, it may progress, thereby leading to
destruction of ear and nose cartilage. In neonates with self-resolving ulceration, isolated
granulomatous patches may develop later in life. The histopathology of these patches
shows non-caseating granulomatous inflammation. APLAID is associated with a neonatal-
onset vesicular-bullous eruption and recurrent acral hemorrhagic blisters. Histopathology
in APLAID shows a dense perivascular and interstitial granulomatous infiltrate, palisading
granulomas around areas of collagen necrobiosis, and a dense neutrophilic infiltrate. Leuko-
cytoclastic vasculitis is also observed. Bulla formation can result from intense papillary
dermal edema [92-95].

3. Conclusions

Autoinflammation can be suspected upon cutaneous histopathological examination
and based on recognition of three main histopathological patterns: the neutrophilic, the
vasculitic and the granulomatous patterns. In this review we have described the journey
of the dermatopathologist, beginning with the identification of these histopathological
patterns, followed by the identification of additional histopathological clues and the corre-
lation of these findings with the clinical manifestations in the pediatric patient. This would
lead to the identification of an activated regulatory pathway and the diagnosis of a MAIS
or a complex multigenic disease.
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and immune dysregulation
Chronic Atypical Neutrophilic Dermatosis with Lipodystrophy and

APLAID

CANDLE Elevated temperature

CAPE caspase-activating recruitment domain, member 14 associated
papulosquamous eruption

CAPS cryopyrin-associated periodic syndromes

DADA2 deficiency of adenosine deaminase 2

DIRA Deficiency of IL-1 Receptor Antagonist syndrome

DITRA Deficiency of IL-36 Receptor Antagonist

FCAS Familial Cold Autoinflammatory syndrome

FMF Familial Mediterranean Fever syndrome

HA20 Haploinsufficiency of A20

HIDS Hyperimmunoglobulinemia D syndrome

IFN interferon

IL interleukin

LE lupus erythematosus

MAIS monogenic autoinflammatory syndromes

MWS Muckle-Wells syndrome

NOMID neonatal-onset multisystem inflammatory disease
PAAND pyrin-associated autoinflammation with neutrophilic dermatosis
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PAPA Pyogenic Arthritis, Pyoderma gangrenosum and Acne

PAPASH  Pyogenic Arthritis, Pyoderma gangrenosum, Acne, Suppurative Hidradenitis

PASH Pyoderma gangrenosum, Acne, Suppurative Hidradenitis

PASS Pyoderma gangrenosum, Acne, Suppurative hidradenitis and ankylosing Spondylitis
PLAID Phospholipase C gamma 2 associated antibody deficiency and immune dysregulation

PLCy2 Phospholipase C gamma 2

PsAPASH  Psoriatic Arthritis, Pyoderma gangrenosum, Acne, Suppurative Hidradenitis
SAVI Stimulator of interferon genes (STING) associated vasculopathy of infancy
TRAPS TNF receptor-associated periodic syndrome

VEXAS Vacuoles, E1 enzyme, X-linked, Autoinflammatory, Somatic syndrome

References

1. Nigrovic, P.A; Lee, P.Y.; Hoffman, H.M. Monogenic autoinflammatory disorders: Conceptual overview, phenotype, and clinical
approach. J. Allergy Clin. Immun. 2020, 146, 925-937. [CrossRef] [PubMed]

2. Stojanov, S.; Kastner, D.L. Familial autoinflammatory diseases: Genetics, pathogenesis and treatment. Curr. Opin. Rheumatol.
2005, 17, 586-599. [CrossRef] [PubMed]

3. Chitkara, P; Stojanov, S.; Kastner, D.L. The hereditary autoinflammatory syndromes. Pediatr. Infect. Dis. ]. 2007, 26, 353-354.
[CrossRef]

4. McDermott, M.F,; Aksentijevich, I. The autoinflammatory syndromes. Curr. Opin. Allergy Clin. Immunol. 2002, 2, 511-516.
[CrossRef] [PubMed]

5. Figueras-Nart, I.; Mascar6, ].M.; Solanich, X.; Herndndez-Rodriguez, J. Dermatologic and Dermatopathologic Features of
Monogenic Autoinflammatory Diseases. Front. Immunol. 2019, 10, 2448. [CrossRef]

6.  Shwin, KW.,; Lee, C.R.; Goldbach-Mansky, R. Dermatologic Manifestations of Monogenic Autoinflammatory Diseases. Derm. Clin.
2017, 35, 21-38. [CrossRef] [PubMed]

7. Lipsker, D.; Saurat, J.-H. Neutrophilic cutaneous lupus erythematosus. At the edge between innate and acquired immunity?
Dermatology 2008, 216, 283-286. [CrossRef]

8.  Stankovic, K.; Grateau, G. What's new in autoinflammatory diseases? Rev. Med. Interne 2008, 29, 994-999. [CrossRef]

9. Nguyen, T.V,; Cowen, EW.; Leslie, K.S. Autoinflammation: From monogenic syndromes to common skin diseases. J. Am.
Dermatol. 2013, 68, 1-20. [CrossRef]

10. Kelley, N.; Jeltema, D.; Duan, Y.; He, Y. The NLRP3 Inflammasome: An Overview of Mechanisms of Activation and Regulation.
Int. ]. Mol. Sci. 2019, 20, 3328. [CrossRef] [PubMed]

11. Broekaert, SM.C.; Boer-Auer, A ; Kerl, K.; Herrgott, I.; Schulz, X.; Bonsmann, G.; Brehler, R.; Metze, D. Neutrophilic Epithe-
liotropism Is a Histopathological Clue to Neutrophilic Urticarial Dermatosis. Am. J. Dermatopathol. 2016, 38, 39-49. [CrossRef]
[PubMed]

12. Kolivras, A; Theunis, A.; Ferster, A.; Lipsker, D.; Sass, U.; Dussart, A.; André, J. Cryopyrin-associated periodic syndrome: An
autoinflammatory disease manifested as neutrophilic urticarial dermatosis with additional perieccrine involvement. J. Cutan.
Pathol. 2011, 38, 202-208. [CrossRef] [PubMed]

13.  Gusdorf, L.; Lipsker, D. Neutrophilic urticarial dermatosis. An entity bridging monogenic and polygenic autoinflammatory
disorders, and beyond. J. Eur. Acad. Dermatol. Venereol. 2020, 34, 685-690. [CrossRef] [PubMed]

14. Gusdorf, L.; Lipsker, D. Neutrophilic urticarial dermatosis: A review. Ann. Dermatol. Vénéréologie 2018, 145, 735-740. [CrossRef]

15. Aksentijevich, I.; Putnam, C.D.; Remmers, E.F,; Mueller, ].L.; Le, J.; Kolodner, R.D. The clinical continuum of cryopyrinopathies:
Novel CIAS] mutations in North American patients and a new cryopyrin model. Arthritis Rheumatism. 2007, 56, 1273-1285.
[CrossRef]

16. Neven, B.; Prieur, A.-M.; Maire, P.Q.D. Cryopyrinopathies: Update on pathogenesis and treatment. Nat. Clin. Pract. Rheumatol.
2008, 4, 481-489. [CrossRef] [PubMed]

17.  Hoffman, H.M.; Wanderer, A.A.; Broide, D.H. Familial cold autoinflammatory syndrome: Phenotype and genotype of an
autosomal dominant periodic fever. J. Allergy Clin. Immunol. 2001, 108, 615-620. [CrossRef]

18. Jeru, I; Duquesnoy, P.; Fernandes-Alnemri, T.; Cochet, E.; Yu, J.-W.; Lackmy-Port-Lis, M.; Grimprel, E.; Landman-Parker, J.;
Hentgen, V.; Marlin, S.; et al. Mutations in NALP12 cause hereditary periodic fever syndromes. Proc. Natl. Acad. Sci. USA 2008,
105, 1614-1619. [CrossRef]

19. Kilcline, C.; Shinkai, K.; Bree, A.; Modica, R.; Scheven, E.V.; Frieden, 1.]. Neonatal-Onset multisystem inflammatory disorder: The
emerging role of pyrin genes in autoinflammatory diseases. Arch. Dermatol. 2005, 141, 248-253. [CrossRef]

20. Goldbach-Mansky, R.; Dailey, N.J.; Canna, S.W.; Gelabert, A.; Jones, J.; Rubin, B.I,; Kastner, D.L. Neonatal-Onset multisystem
inflammatory disease responsive to interleukin-1beta inhibition. N. Engl. |. Med. 2006, 355, 581-592. [CrossRef]

21. Shinkai, K.; McCalmont, T.H.; Leslie, K.S. Cryopyrin-associated periodic syndromes and autoinflammation. Clin. Exp. Dermatol.
2008, 33, 1-9. [CrossRef]

22. Brinster, N.K,; Nunley, J.; Pariser, R.; Horvath, B. Nonbullous neutrophilic lupus erythematosus: A newly recognized variant of

cutaneous lupus erythematosus. J. Am. Acad. Dermatol. 2012, 66, 92-97. [CrossRef]


http://doi.org/10.1016/j.jaci.2020.08.017
http://www.ncbi.nlm.nih.gov/pubmed/33160483
http://doi.org/10.1097/bor.0000174210.78449.6b
http://www.ncbi.nlm.nih.gov/pubmed/16093838
http://doi.org/10.1097/01.inf.0000258777.86510.da
http://doi.org/10.1097/00130832-200212000-00006
http://www.ncbi.nlm.nih.gov/pubmed/14752334
http://doi.org/10.3389/fimmu.2019.02448
http://doi.org/10.1016/j.det.2016.07.005
http://www.ncbi.nlm.nih.gov/pubmed/27890235
http://doi.org/10.1159/000113940
http://doi.org/10.1016/j.revmed.2008.01.022
http://doi.org/10.1016/j.jaad.2012.11.002
http://doi.org/10.3390/ijms20133328
http://www.ncbi.nlm.nih.gov/pubmed/31284572
http://doi.org/10.1097/DAD.0000000000000390
http://www.ncbi.nlm.nih.gov/pubmed/26317390
http://doi.org/10.1111/j.1600-0560.2010.01638.x
http://www.ncbi.nlm.nih.gov/pubmed/21062341
http://doi.org/10.1111/jdv.15984
http://www.ncbi.nlm.nih.gov/pubmed/31562783
http://doi.org/10.1016/j.annder.2018.06.010
http://doi.org/10.1002/art.22491
http://doi.org/10.1038/ncprheum0874
http://www.ncbi.nlm.nih.gov/pubmed/18665151
http://doi.org/10.1067/mai.2001.118790
http://doi.org/10.1073/pnas.0708616105
http://doi.org/10.1001/archderm.141.2.248
http://doi.org/10.1056/NEJMoa055137
http://doi.org/10.1111/j.1365-2230.2007.02540.x
http://doi.org/10.1016/j.jaad.2009.05.019

Dermatopathology 2021, 8 218

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.
44.

45.
46.

47.

48.

Sokumbi, O.; Drage, L.A.; Peters, M.S. Clinical and histopathologic review of Schnitzler syndrome: The Mayo Clinic experience
(1972-2011). J. Am. Dermatol. 2012, 67, 1289-1295. [CrossRef]

Santa, E.; McFalls, ].M.; Sahu, J.; Lee, ].B. Clinical and histopathological features of cutaneous manifestations of adult-onset Still
disease. J. Cutan. Pathol. 2017, 44, 591-595. [CrossRef]

Livneh, A.; Langevitz, P.; Zemer, D.; Zaks, N.; Kees, S.; Lidar, T.; Migdal, A.; Padeh, S.; Pras, M. Criteria for the diagnosis of
familial mediterranean fever. Arthritis Rheum. 1997, 40, 1879-1885. [CrossRef] [PubMed]

Tamir, N.; Langevitz, P.; Zemer, D.; Pras, E.; Shinar, Y.; Padeh, S. Late-Onset familial Mediterranean fever (FMF): A subset with
distinct clinical, demographic, and molecular genetic characteristics. Am. J. Med. Genet. 1999, 87, 30-35. [CrossRef]

Padeh, S.; Livneh, A.; Pras, E.; Shinar, Y.; Lidar, M.; Feld, O.; Berkun, Y. Familial Mediterranean Fever in the First Two Years of
Life: A Unique Phenotype of Disease in Evolution. . Pediatr. 2010, 156, 985-989. [CrossRef]

Lidar, M.; Doron, A.; Barzilai, A.; Feld, O.; Zaks, N.; Livneh, A.; Langevitz, P. Erysipelas-like erythema as the presenting feature
of familial Mediterranean fever. J. Eur. Acad. Dermatol. Venereol. 2012, 27,912-915. [CrossRef]

Kolivras, A.; Provost, P.; Thompson, C.T. Erysipelas-like erythema of familial Mediterranean fever syndrome: A case report with
emphasis on histopathologic diagnostic clues. J. Cutan. Pathol. 2013, 40, 585-590. [CrossRef]

Barzilai, A.; Langevitz, P.; Goldberg, I.; Kopolovic, J.; Livneh, A.; Pras, M.; Trau, H. Erysipelas-like erythema of familial
Mediterranean fever: Clinicopathologic correlation. J. Am. Acad. Dermatol. 2000, 42, 791-795. [CrossRef] [PubMed]

Akman, A.; Cakcak, D.S.; Coban, E.; Ozbudak, H.I; Ciftcioglu, M.A.; Alpsoy, E.; Yilmaz, E. Recurrent bullous lesions associated
with familial Mediterranean fever: A case report. Clin. Exp. Dermatol. 2009, 34, 216-218. [CrossRef] [PubMed]

Aksentijevich, I.; Masters, S.L.; Ferguson, PJ.; Dancey, P.; Frenkel, J.; Van Royen-Kerkhoff, A.; Laxer, R.; Tedgérd, U.; Cowen, EW.,;
Pham, T.-H.; et al. An Autoinflammatory Disease with Deficiency of the Interleukin-1-Receptor Antagonist. N. Engl. ]. Med. 2009,
360, 2426-2437. [CrossRef] [PubMed]

Minkis, K.; Aksentijevich, I.; Goldbach-Mansky, R.; Magro, C.; Scott, R.; Davis, ].G.; Sardana, N.; Herzog, R. Interleukin 1 Receptor
Antagonist Deficiency Presenting as Infantile Pustulosis Mimicking Infantile Pustular Psoriasis. Arch. Dermatol. 2012, 148,
747-752. [CrossRef]

Marrakchi, S.; Guigue, P.; Renshaw, B.R.; Puel, A.; Pei, X.-Y.; Fraitag, S.; Zribi, J.; Bal, E.; Cluzeau, C.; Chrabieh, M.; et al.
Interleukin-36-Receptor Antagonist Deficiency and Generalized Pustular Psoriasis. N. Engl. |. Med. 2011, 365, 620-628. [CrossRef]
Bachelez, H. Pustular psoriasis and related pustular skin diseases. Br. |. Dermatol. 2018, 178, 614-618. [CrossRef]

Spoerri, I.; Herms, S.; Eytan, O.; Sarig, O.; Heinimann, K.; Sprecher, E.; Itin, P.; Burger, B. Inmune-regulatory genes as possible
modifiers of familial pityriasis rubra pilaris—Lessons from a family with PRP and psoriasis. . Eur. Acad. Dermatol. Venereol. 2018,
32, €389-e392. [CrossRef]

Sugiura, K. Autoinflammatory diseases in dermatology: DITRA and CAMPS. Nihon Rinsho Men’eki Gakkai Kaishi Jpn. ]. Clin.
Immunol. 2017, 40, 169-173. [CrossRef] [PubMed]

Craiglow, B.G.; Boyden, L.M.; Hu, R; Virtanen, M.; Su, J.; Rodriguez, G.; McCarthy, C.; Luna, P.; Larralde, M.; Humphrey, S.; et al.
CARD14-associated papulosquamous eruption: A spectrum including features of psoriasis and pityriasis rubra pilaris. J. Am.
Acad. Dermatol. 2018, 79, 487-494. [CrossRef]

Takeichi, T.; Sugiura, K.; Nomura, T.; Sakamoto, T.; Ogawa, Y.; Oiso, N.; Akiyama, M. Pityriasis Rubra Pilaris Type V as an
Autoinflammatory Disease by CARD14 Mutations. JAMA Dermatol. 2017, 153, 66-70. [CrossRef]

Ring, N.G,; Craiglow, B.G.; Panse, G.; Antaya, R.J.; Ashack, K.; Ashack, R; Faith, E.F,; Paller, A.S.; McNiff, ].M.; Choate, K.A.; et al.
Histopathologic findings characteristic of CARD14-associated papulosquamous eruption. J. Cutan. Pathol. 2020, 47, 425-430.
[CrossRef]

Schissler, C.; Velter, C.; Lipsker, D. Amicrobial pustulosis of the folds: Where have we gone 25 years after its original description?
Ann. Dermatol. Vénéréol. 2017, 144, 169-175. [CrossRef] [PubMed]

Gottlieb, ].; Madrange, M.; Gardair, C.; Sbidian, E.; Frazier, A.; Wolkenstein, P.; Bachelez, H. PAPASH, Ps APASHand PASSautoin-
flammatory syndromes: Phenotypic heterogeneity, common biological signature and response to immunosuppressive regimens.
Br. ]. Dermatol. 2019, 181, 866-869. [CrossRef]

Zhang, X.; He, Y;; Xu, H.; Wang, B. First PSENEN mutation in PASH syndrome. J. Dermatol. 2020, 47, 1335-1337. [CrossRef]
Marzano, A.V,; Trevisan, V.; Gattorno, M.; Ceccherini, I.; de Simone, C.; Crosti, C. Pyogenic Arthritis, Pyoderma Gangrenosum,
Acne, and Hidradenitis Suppurativa (PAPASH): A New Autoinflammatory Syndrome Associated with a Novel Mutation of the
PSTPIP1 Gene. JAMA Dermatol. 2013, 149, 762-764. [CrossRef]

Tallon, B.; Corkill, M. Peculiarities of PAPA syndrome. Rheumatology 2006, 45, 1140-1143. [CrossRef] [PubMed]

Smith, E.J.; Allantaz, E; Bennett, L.; Zhang, N.; Gao, X.; Wood, G.; Kastner, D.L.; Punaro, M.; Aksentijevich, I.; Pascual, V.; et al.
Clinical, Molecular, and Genetic Characteristics of PAPA Syndrome: A Review. Curr. Genom. 2010, 11, 519-527. [CrossRef]
[PubMed]

Tomasini, C.; Michelerio, A. Erosive pustular dermatosis of the scalp: A neutrophilic folliculitis within the spectrum of neutrophilic
dermatoses: A clinicopathologic study of 30 cases. J. Am. Acad. Dermatol. 2018, 81, 527-533. [CrossRef]

Masters, S.L.; Lagou, V.; Jéru, I; Baker, PJ.; Van Eyck, L.; Parry, D.A.; Lawless, D.; De Nardo, D.; Garcia-Perez, ].E.; Dagley, L.F.;
et al. Familial autoinflammation with neutrophilic dermatosis reveals a regulatory mechanism of pyrin activation. Sci. Transl.
Med. 2016, 8, 332ra45. [CrossRef] [PubMed]


http://doi.org/10.1016/j.jaad.2012.04.027
http://doi.org/10.1111/cup.12935
http://doi.org/10.1002/art.1780401023
http://www.ncbi.nlm.nih.gov/pubmed/9336425
http://doi.org/10.1002/(SICI)1096-8628(19991105)87:1&lt;30::AID-AJMG6&gt;3.0.CO;2-B
http://doi.org/10.1016/j.jpeds.2009.12.010
http://doi.org/10.1111/j.1468-3083.2011.04442.x
http://doi.org/10.1111/cup.12132
http://doi.org/10.1067/mjd.2000.103048
http://www.ncbi.nlm.nih.gov/pubmed/10775856
http://doi.org/10.1111/j.1365-2230.2008.02884.x
http://www.ncbi.nlm.nih.gov/pubmed/19187302
http://doi.org/10.1056/NEJMoa0807865
http://www.ncbi.nlm.nih.gov/pubmed/19494218
http://doi.org/10.1001/archdermatol.2011.3208
http://doi.org/10.1056/NEJMoa1013068
http://doi.org/10.1111/bjd.16232
http://doi.org/10.1111/jdv.15029
http://doi.org/10.2177/jsci.40.169
http://www.ncbi.nlm.nih.gov/pubmed/28747603
http://doi.org/10.1016/j.jaad.2018.02.034
http://doi.org/10.1001/jamadermatol.2016.3601
http://doi.org/10.1111/cup.13633
http://doi.org/10.1016/j.annder.2016.10.018
http://www.ncbi.nlm.nih.gov/pubmed/28242094
http://doi.org/10.1111/bjd.18003
http://doi.org/10.1111/1346-8138.15527
http://doi.org/10.1001/jamadermatol.2013.2907
http://doi.org/10.1093/rheumatology/kei178
http://www.ncbi.nlm.nih.gov/pubmed/16527883
http://doi.org/10.2174/138920210793175921
http://www.ncbi.nlm.nih.gov/pubmed/21532836
http://doi.org/10.1016/j.jaad.2018.10.029
http://doi.org/10.1126/scitranslmed.aaf1471
http://www.ncbi.nlm.nih.gov/pubmed/27030597

Dermatopathology 2021, 8 219

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Aeschlimann, FA ; Batu, E.D.; Canna, S.W.; Go, E.; Giil, A.; Hoffmann, P; Laxer, R M. A20 haploinsufficiency (HA20): Clinical
phenotypes and disease course of patients with a newly recognised NF-«B-mediated autoinflammatory disease. Ann. Rheum. Dis.
2018, 77, 728. [CrossRef] [PubMed]

Kaustio, M.; Haapaniemi, E.; Go6s, H.; Hautala, T.; Park, G.; Syrjanen, ].; Einarsdottir, E.; Sahu, B.; Kilpinen, S.; Rounioja, S.;
et al. Damaging heterozygous mutations in NFKB1 lead to diverse immunologic phenotypes. J. Allergy Clin. Immunol. 2017, 140,
782-796. [CrossRef]

Oskay, T.; Anadolu, R. Sweet’s syndrome in familial Mediterranean fever: Possible continuum of the neutrophilic reaction as a
new cutaneous feature of FMF. |. Cutan. Pathol. 2009, 36, 901-905. [CrossRef]

Torrelo, A.; Patel, S.; Colmenero, I.; Gurbindo, D.; Lendinez, F; Hernandez, A.; Paller, A.S. Chronic atypical neutrophilic
dermatosis with lipodystrophy and elevated temperature (CANDLE) syndrome. J. Am. Acad. Dermatol. 2010, 62, 489-495.
[CrossRef]

Sanchez, I.M.; Lowenstein, S.; Johnson, K.A.; Babik, J.; Haag, C.; Keller, J.J.; Shinkai, K. Clinical Features of Neutrophilic
Dermatosis Variants Resembling Necrotizing Fasciitis. JAMA Dermatol. 2019, 155, 79-82. [CrossRef]

Kaustio, M.; Hautala, T.; Seppédnen, M.R.J. Primary Immunodeficiency, a Possible Cause of Neutrophilic Necrotizing Dermatosis.
JAMA Dermatol. 2019, 155, 863-864. [CrossRef]

Jain, A.; Misra, D.P.,; Sharma, A.; Wakhlu, A.; Agarwal, V.; Negi, V.S. Vasculitis and vasculitis-like manifestations in monogenic
autoinflammatory syndromes. Rheumatol. Int. 2018, 38, 13-24. [CrossRef] [PubMed]

Durel, C.-A.; Aouba, A.; Bienvenu, B.; Deshayes, S.; Coppéré, B.; Gombert, B.; Hot, A. Observational Study of a French and
Belgian Multicenter Cohort of 23 Patients Diagnosed in Adulthood with Mevalonate Kinase Deficiency. Medicine 2016, 95, e3027.
[CrossRef]

Korppi, M.; Van Gijn, M.E.; Antila, K. Hyperimmunoglobulinemia D and periodic fever syndrome in children. Review on therapy
with biological drugs and case report. Acta Paediatr. 2011, 100, 21-25. [CrossRef]

Drenth, J.P.; Boom, B.W.; Toonstra, J.; van der Meer, ] W. Cutaneous manifestations and histologic findings in the hyperim-
munoglobulinemia D syndrome. International Hyper IgD Study Group. Arch. Dermatol. 1994, 130, 59-65. [CrossRef] [PubMed]
Miyagawa, S.; Kitamura, W.; Morita, K.; Saishin, M.; Shirai, T. Association of hyperimmunoglobulinaemia D syndrome with
erythema elevatum diutinum. Br. ]. Dermatol. 1993, 128, 572-574. [CrossRef] [PubMed]

Boom, B.W.; Daha, M.R.; Vermeer, B.].; van der Meer, ].W. IgD immune complex vasculitis in a patient with hyperimmunoglobu-
linemia D and periodic fever. Arch. Dermatol. 1990, 126, 1621-1624. [CrossRef]

Munoz, J.; Marque, M.; Dandurand, M.; Meunier, L.; Crow, Y.J.; Bessis, D. Interféronopathies de type I. Ann. Dermatol. Vénéréol.
2015, 142, 653-663. [CrossRef] [PubMed]

Omarjee, O.; Picard, C.; Frachette, C.; Moreews, M.; Laucat, ER.; Sprauel, P; Belot, A. Monogenic lupus: Dissecting heterobeneity.
Autoimmun. Rev. 2019, 18, 102361. [CrossRef] [PubMed]

Giinther, C.; Berndt, N.; Wolf, C.; Lee-Kirsch, M.A. Familial Chilblain Lupus Due to a Novel Mutation in the Exonuclease II
Domain of 3’ Repair Exonuclease 1 (TREX1). JAMA Dermatol. 2015, 151, 426-431. [CrossRef]

Beltoise, A.S.; Audouin-Pajot, C.; Lucas, P.; Tournier, E.; Rice, G.I.; Crow, Y.J.; Mazereeuw-Hautier, J. Lupus-engelures familial:
Quatre cas sur trois générations. Ann. Dermatol. Vénéréol. 2018, 145, 683-689. [CrossRef] [PubMed]

Kolivras, A.; Aeby, A.; Crow, Y.J.; Rice, G.I; Sass, U.; André, J. Cutaneous histopathological findings of Aicardi-Goutiéres
syndrome, overlap with chilblain lupus. J. Cutan. Pathol. 2008, 35, 774-778. [CrossRef]

Lee-Kirsch, M.A.; Wolf, C.; Glinther, C. Aicardi-Goutiéres syndrome: A model disease for systemic autoimmunity. Clin. Exp.
Immunol. 2014, 175, 17-24. [CrossRef]

Liu, Y,; Jesus, A.A.; Marrero, B.; Yang, D.; Ramsey, S.E.; Montealegre Sanchez, G.A.; Tenbrock, K.; Wittkowski, H.; Jones, O.Y.;
Kuehn, H.S; et al. Activated STING in a Vascular and Pulmonary Syndrome. N. Engl. J. Med. 2014, 371, 507-518. [CrossRef]
Munoz, J.; Rodiere, M.; Jeremiah, N.; Rieux-Laucat, F.; Oojageer, A.; Rice, G.I.; Rozenberg, F.; Crow, Y.].; Bessis, D. Stimulator of
Interferon Genes—Associated Vasculopathy With Onset in Infancy. JAMA Dermatol. 2015, 151, 872-877. [CrossRef]

Crow, Y.J.; Casanova, J.-L. STING-Associated Vasculopathy with Onset in Infancy—A New Interferonopathy. N. Engl. |. Med.
2014, 371, 568-571. [CrossRef] [PubMed]

Chia, J.; Eroglu, EK.; Ozen, S.; Orhan, D.; Montealegre-Sanchez, G.; De Jesus, A.A.; Goldbach-Mansky, R.; Cowen, E.-W. Failure to
thrive, interstitial lung disease, and progressive digital necrosis with onset in infancy. J. Am. Acad. Dermatol. 2016, 74, 186-189.
[CrossRef] [PubMed]

Stojanov, S.; McDermott, M.F. the tumour necrosis factor receptor-associated periodic syndrome: Current concepts. Expert Rev.
Mol. Med. 2005, 7, 1-18. [CrossRef]

Masson, C.; Simon, V.; Hoppe, E.; Insalaco, P.; Cissé, I.; Audran, M. Tumor necrosis factor receptor-associated periodic syndrome
(TRAPS): Definition, semiology, prognosis, pathogenesis, treatment, and place relative to other periodic joint diseases. Jt. Bone
Spine 2004, 71, 284-290. [CrossRef] [PubMed]

Toro, ].R.; Aksentijevich, I.; Hull, K.; Dean, J.; Kastner, D.L. Tumor necrosis factor receptor-associated periodic syndrome: A novel
syndrome with cutaneous manifestations. Arch. Dermatol. 2000, 136, 1487-1494. [CrossRef]

Farasat, S.; Aksentijevich, I.; Toro, ].R. Autoinflammatory Diseases: Clinical and Genetic Advances. Arch. Dermatol. 2008, 144,
392-402. [CrossRef]


http://doi.org/10.1136/annrheumdis-2017-212403
http://www.ncbi.nlm.nih.gov/pubmed/29317407
http://doi.org/10.1016/j.jaci.2016.10.054
http://doi.org/10.1111/j.1600-0560.2008.01158.x
http://doi.org/10.1016/j.jaad.2009.04.046
http://doi.org/10.1001/jamadermatol.2018.3890
http://doi.org/10.1001/jamadermatol.2019.1201
http://doi.org/10.1007/s00296-017-3839-6
http://www.ncbi.nlm.nih.gov/pubmed/29032440
http://doi.org/10.1097/MD.0000000000003027
http://doi.org/10.1111/j.1651-2227.2010.01974.x
http://doi.org/10.1001/archderm.1994.01690010063008
http://www.ncbi.nlm.nih.gov/pubmed/8285741
http://doi.org/10.1111/j.1365-2133.1993.tb00238.x
http://www.ncbi.nlm.nih.gov/pubmed/8504052
http://doi.org/10.1001/archderm.1990.01670360085015
http://doi.org/10.1016/j.annder.2015.06.018
http://www.ncbi.nlm.nih.gov/pubmed/26363997
http://doi.org/10.1016/j.autrev.2019.102361
http://www.ncbi.nlm.nih.gov/pubmed/31401343
http://doi.org/10.1001/jamadermatol.2014.3438
http://doi.org/10.1016/j.annder.2018.07.014
http://www.ncbi.nlm.nih.gov/pubmed/30217686
http://doi.org/10.1111/j.1600-0560.2007.00900.x
http://doi.org/10.1111/cei.12160
http://doi.org/10.1056/NEJMoa1312625
http://doi.org/10.1001/jamadermatol.2015.0251
http://doi.org/10.1056/NEJMe1407246
http://www.ncbi.nlm.nih.gov/pubmed/25029336
http://doi.org/10.1016/j.jaad.2015.10.007
http://www.ncbi.nlm.nih.gov/pubmed/26584874
http://doi.org/10.1017/S1462399405009749
http://doi.org/10.1016/j.jbspin.2003.10.008
http://www.ncbi.nlm.nih.gov/pubmed/15288852
http://doi.org/10.1001/archderm.136.12.1487
http://doi.org/10.1001/archderm.144.3.392

Dermatopathology 2021, 8 220

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Elkan, P.N.; Pierce, S.B.; Segel, R.; Walsh, T.; Barash, J.; Padeh, S.; Zlotogorski, A.; Berkun, Y.; Press, J.J.; Mukamel, M.; et al.
Mutant Adenosine Deaminase 2 in a Polyarteritis Nodosa Vasculopathy. N. Engl. J. Med. 2014, 370, 921-931. [CrossRef] [PubMed]
Fayand, A.; Sarrabay, G.; Belot, A.; Hentgen, V.; Kone-Paut, I.; Grateau, G.; Georgin-Lavialle, S. Les multiples facettes du déficit
en ADA2, vascularite, maladie auto-inflammatoire et immunodéficit: Mise au point a partir des 135 cas de la littérature. Rev. Méd.
Interne 2018, 39, 297-306. [CrossRef] [PubMed]

Zhou, Q.; Yang, D.; Ombrello, A.K.; Zavialov, A.; Toro, C.; Zavialov, A.V,; Stone, D.L.; Chae, ].].; Rosenzweig, S.D.; Bishop, K.;
et al. Early-Onset Stroke and Vasculopathy Associated with Mutations in ADA2. N. Engl. ]. Med. 2014, 370, 911-920. [CrossRef]
Caorsi, R.; Penco, F.; Grossi, A.; Insalaco, A.; Omenetti, A.; Alessio, M.; Conti, G.; Marchetti, F.; Picco, P.; Tommasini, A.; et al.
ADA2 deficiency (DADA?2) as an unrecognised cause of early onset polyarteritis nodosa and stroke: A multicentre national study.
Ann. Rheum. Dis. 2017, 76, 1648-1656. [CrossRef]

Pichard, D.C.; Ombrello, A.K.; Hoffmann, P; Stone, D.L.; Cowen, E.W. Early-onset stroke, polyarteritis nodosa (PAN), and livedo
racemosa. J. Am. Acad. Dermatol. 2016, 75, 449-453. [CrossRef]

Santiago, T.M.G.; Zavialov, A ; Saarela, J.; Seppanen, M.; Reed, A.M.; Abraham, R.S.; Gibson, L.E. Dermatologic Features of ADA2
Deficiency in Cutaneous Polyarteritis Nodosa. JAMA Dermatol. 2015, 151, 1230-1234. [CrossRef]

Caorsi, R.; Penco, E; Schena, F.; Gattorno, M. Monogenic polyarteritis: The lesson of ADA?2 deficiency. Pediatr. Rheumatol. 2016,
14, 51. [CrossRef]

Beck, D.B.; Ferrada, M.A.; Sikora, K.A.; Ombrello, A.K.; Collins, J.C.; Pei, W.; Balanda, N.; Ross, D.L.; Cardona, D.O.; Wu, Z.;
et al. Somatic Mutations in UBA1 and Severe Adult-Onset Autoinflammatory Disease. N. Engl. ]. Med. 2020, 383, 2628-2638.
[CrossRef] [PubMed]

Szymanski, A.M.; Ombrello, M.J. Using genes to triangulate the pathophysiology of granulomatous autoinflammatory disease:
NOD2, PLCG2 and LACC1. Int. Immunol. 2018, 30, 205-213. [CrossRef] [PubMed]

Yao, Q.; Li, E.; Shen, B. Autoinflammatory disease with focus on NOD2-associated disease in the era of genomic medicine.
Autoimmunity 2019, 52, 48-56. [CrossRef]

Wilodek, C.; Clinch, J.; Planas, S.; Shaw, L. Widespread papular eruption in an infant. Clin. Exp. Dermatol. 2018, 43, 212-215.
[CrossRef]

Caso, F; Galozzi, P; Costa, L.; Sfriso, P.; Cantarini, L.; Punzi, L. Autoinflammatory granulomatous diseases: From Blau syndrome
and early-onset sarcoidosis to NOD2-mediated disease and Crohn’s disease. RMD Open 2015, 1, e000097. [CrossRef] [PubMed]
Poline, J.; Fogel, O.; Pajot, C.; Miceli-Richard, C.; Rybojad, M.; Galeotti, C. Early onset granulomatous arthritis, uveitis and skin
rash: Characterisation of skin involvement in Blau syndrome. |. Eur. Acad. Dermatol. Venereol. 2019, 34, 340-348. [CrossRef]
Janssen, C.E.L; Rosé, C.D.; Hertogh, G.D.; Martin, T.M.; Bader-Meunier, B.; Cimaz, R.; Wouters, C.H. Morphologic and immuno-
histochemical characterization of granulomas in the nucleotide oligomerization domain 2-related disorders Blau syndrome and
Crohn disease. J. Allergy Clin. Immunol. 2012, 129, 1076-1084. [CrossRef] [PubMed]

Yao, Q.; Su, L.-C.; Tomecki, KJ.; Zhou, L.; Jayakar, B.; Shen, B. Dermatitis as a characteristic phenotype of a new autoinflammatory
disease associated with NOD2 mutations. J. Am. Acad. Dermatol. 2013, 68, 624-631. [CrossRef]

Shen, M.; Moran, R.; Tomecki, K.J.; Yao, Q. Granulomatous disease associated with NOD2 sequence variants and familial
camptodactyly: An intermediate form of NOD2-associated diseases? Semin. Arthritis Rheu. 2015, 45, 357-360. [CrossRef]
[PubMed]

Dziedzic, M.; Marjaniska, A.; Babol-Pokora, K.; Urbariczyk, A.; Grzesk, E.; Miynarski, W.; Kottan, S. Co-existence of Blau syndrome
and NAID? Diagnostic challenges associated with presence of multiple pathogenic variants in NOD2 gene: A case report. Pediatr.
Rheumatol. Online J. 2017, 15, 57. [CrossRef] [PubMed]

Moran-Villasefior, E.; Saez-De-Ocariz, M.; Torrelo, A.; Arostegui, J.I; Yamazaki-Nakashimada, M.A.; Alcantara-Ortigoza, M.A.;
Gonzalez-Del-Angel, A.; Velazquez-Aragon, J.A.; Lopez-Herrera, G.; Berron-Ruiz, L.; et al. Expanding the clinical features of
autoinflammation and phospholipase Cy2-associated antibody deficiency and immune dysregulation by description of a novel
patient. J. Eur. Acad. Dermatol. Venereol. 2019, 33, 2334-2339. [CrossRef]

Aderibigbe, O.M.; Priel, D.L.; Lee, C.-C.R.; Ombrello, M.J.; Prajapati, V.H.; Liang, M.G.; Milner, ].D. Distinct Cutaneous
Manifestations and Cold-Induced Leukocyte Activation Associated with PLCG2 Mutations. JAMA Dermatol. 2015, 151, 627-634.
[CrossRef] [PubMed]

Milner, ].D. PLAID: A Syndrome of Complex Patterns of Disease and Unique Phenotypes. |. Clin. Immunol. 2015, 35, 527-530.
[CrossRef] [PubMed]

Ombrello, M.; Remmers, E.E; Sun, G.; Freeman, A.F; Datta, S.; Torabi-Parizi, P.; Subramanian, N.; Bunney, T.D.; Baxendale, RW,;
Martins, M.; et al. Cold Urticaria, Imnmunodeficiency, and Autoimmunity Related toPLCG2Deletions. N. Engl. ]. Med. 2012, 366,
330-338. [CrossRef] [PubMed]


http://doi.org/10.1056/NEJMoa1307362
http://www.ncbi.nlm.nih.gov/pubmed/24552285
http://doi.org/10.1016/j.revmed.2017.11.006
http://www.ncbi.nlm.nih.gov/pubmed/29273180
http://doi.org/10.1056/NEJMoa1307361
http://doi.org/10.1136/annrheumdis-2016-210802
http://doi.org/10.1016/j.jaad.2016.01.057
http://doi.org/10.1001/jamadermatol.2015.1635
http://doi.org/10.1186/s12969-016-0111-7
http://doi.org/10.1056/NEJMoa2026834
http://www.ncbi.nlm.nih.gov/pubmed/33108101
http://doi.org/10.1093/intimm/dxy021
http://www.ncbi.nlm.nih.gov/pubmed/29538758
http://doi.org/10.1080/08916934.2019.1613382
http://doi.org/10.1111/ced.13354
http://doi.org/10.1136/rmdopen-2015-000097
http://www.ncbi.nlm.nih.gov/pubmed/26509073
http://doi.org/10.1111/jdv.15963
http://doi.org/10.1016/j.jaci.2012.02.004
http://www.ncbi.nlm.nih.gov/pubmed/22464675
http://doi.org/10.1016/j.jaad.2012.09.025
http://doi.org/10.1016/j.semarthrit.2015.05.007
http://www.ncbi.nlm.nih.gov/pubmed/26164256
http://doi.org/10.1186/s12969-017-0188-7
http://www.ncbi.nlm.nih.gov/pubmed/28750667
http://doi.org/10.1111/jdv.15918
http://doi.org/10.1001/jamadermatol.2014.5641
http://www.ncbi.nlm.nih.gov/pubmed/25760457
http://doi.org/10.1007/s10875-015-0177-x
http://www.ncbi.nlm.nih.gov/pubmed/26206677
http://doi.org/10.1056/NEJMoa1102140
http://www.ncbi.nlm.nih.gov/pubmed/22236196

	Introduction 
	Innate versus Adaptive Immunity: Autoinflammatory Versus Autoimmune Disease—What the Dermatopathologist Needs to Know 
	Histopathological Clues to the Diagnosis of Autoinflammation 

	Autoinflammatory Diseases: Correlating Histologic Patterns with Specific Diseases 
	The Neutrophilic Pattern 
	The Vasculopathic Pattern 
	The Pustular Psoriasis Pattern 
	The Aseptic Neutrophilic Folliculitis Pattern 
	Sweet’s Syndrome 

	The Vasculitic Pattern 
	Small Sized-Vessel Vasculitis 
	Intermediate-Sized Vessel Vasculitis 

	The Granulomatous Pattern 

	Conclusions 
	References

