N

N
N

HAL

open science

Autoinflammatory diseases: State of the art

Sophie Georgin-Lavialle, Antoine Fayand, Francois Rodrigues, Claude

Bachmeyer, Léa Savey, Gilles Grateau

» To cite this version:

Sophie Georgin-Lavialle, Antoine Fayand, Frangois Rodrigues, Claude Bachmeyer, Léa Savey, et
al.. Autoinflammatory diseases: State of the art.

10.1016/j.1pm.2018.12.003 . hal-03486058

HAL Id: hal-03486058
https://hal.science/hal-03486058
Submitted on 20 Dec 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License

La Presse Médicale, 2019, 48, pp.e25 - e48.


https://hal.science/hal-03486058
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Version of Record: https://www.sciencedirect.com/science/article/pii/S0755498218304858
Manuscript_e416d1la2lefle4f5al5del5550555ac6

LPM

QMR Autoinflammatory diseases
Autoinflammatory diseases: state of the art

Authors:
Sophie Georgin-Lavialle¢, Antoine Fayan Francois RodriguésClaude Bachmey&rLéa
Savey, Gilles Grateatr.

Affiliations:

'Sorbonne Université, AP-HP, Hopital Tenon, Service de médecine interne, Centre de
référence des maladies auto-inflammatoires et des amyloses d'origine inflammatoire
(CEREMAIA), F-75020, Paris

INSERM UMRS 933, Hpital Trousseau, Assistance Publique Hopitaux de Paris,

Universig Pierre et Marie Curie (UPMC)-Paris 6, Paris, France

Corresponding author:

Dr Sophie Georgin-Lavialle

Internal medicine department, Tenon hospital, 4 rue de la Chine, 75020 Paris, France
Sorbonne Paris Université, Assistance Publiqapidux de Paris.

E-Mail: sophie.georgin-lavialle@aphp.fr

1

© 2018 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/


http://www.elsevier.com/open-access/userlicense/1.0/
https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S0755498218304858
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0755498218304858

Key points

Monogenic autoinflammatory diseases are charaetrizy genetic abnormalities encoding
proteins involved in innate immunity.

Their main feature is the presence of peripheralodl inflammation in crisis without
infection. The best-known autoinflammatory diseases mediated by interleukin 1 and
consist in the 4 following diseases: familial Medianean fever, cryopyrinopathies,
TNFRSF1A-related intermittent fever, and mevalorabase deficiency.

In the last 10 years, many other autoinflammatasgakes have been discovered, especially
thanks to the progress in genetics.

The diagnosis of autoinflammatory disease is maiphged on anamnesis, presence of
peripheral blood inflammation during attacks andeji&e analysis which are more and more

sensitive.
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Abstract

Autoinflammatory diseases are characterized by tennanmunity abnormalities. In
autoinflammatory diseases (AID), inflammatory bldeidmarkers are elevated during crisis
without infection and usually without autoantibagli@ he first 4 described AID were familial
Mediterranean fever, cryopyrin-associated perioftiger syndrome (CAPS) oNLRP3-
associated autoinflammatory disea®RI(P3-AID), mevalonate kinase deficiency (MKD)
and TNFRSF1A-receptor associated periodic fever syndrome (TRAPSince their
description 20 years ago, and with the progreskgeretic analysis, many new diseases have
been discovered; some with recurrent fever, otthélts predominant cutaneous symptoms or
even immune deficiency. After describing the 4 dnistal recurrent fevers, some polygenic
inflammatory diseases will also be shortly desatisach as Still disease and periodic fever
with adenitis, pharyngitis and aphtous (PFAPA) sgntk. To better explore AID, some key
anamnesis features are crucial such as the famnaf, the age at onset, crisis length and

organs involved in the clinical symptoms. An aqpit@se response is mandatory in crisis.



1-INTRODUCTION

Since the term autoinflammation was coined, sew#géihitions and therefore classifications
of autoinflammatory diseases (AID) have been predo¢l). We will retain here the
definition of auto-inflammatory diseases as diseaitle clinical and biological inflammatory
component and linked to an anomaly of innate immyuf@). Many advances in genetics over
the past decade have led to the discovery of sewevamonogenic AID each year. The best-
known subgroup because first described is the Uditamy recurrent fevers" subgroup,
including 4 historical interleukin (IL)-1 dependediseases: familial Mediterranean fever
(FMF), the most frequent AID, cryopyrinopathies ahiform a spectrum of diseases related
to NLRP3 mutations KNRLP3-associated autoinfammatory disease NELRP3-AID),
mevalonate kinase deficiency (MKD) and TRAPS synaeq Tumor Necrosis Factor type 1A
Receptor-Associated Periodic fever Syndrome) (1,3).

Interestingly, genetic discoveries in recent ydage shown that some monogenic diseases
have a different clinical expression dependinglendite of the mutation in the gene; indeed,
the clinical spectrum of the diseases associatedutations of the following genddEFV,
NLRC4, NOD2, PSTPiP1 has been extended (4-8). Another advance in genetidhe
discovery of patients displaying somatic mutatiohgenes associated with AID either when
the disease occurs late in life or if it occurshyean life but among these patients, only a
fraction of cells is mutated (9-14). This articlena to summarize the main AID, their

pathophysiology and the treatment’s principles, tanpgropose a diagnostic approach.

2-MAIN PATHOPHYSIOLOGICAL PATHWAYS INVOLVED IN AID

The innate immune response has evolved to protegansms from exogenous and
endogenous hazards that threaten, damage or déstrayganism (figure 1). The goal of the
immune response is to eliminate or sequester thecswf the disturbance and restore tissue
function and homeostasis. Innate immune system uasdisnited number of receptors
recognizing exogenous and endogenous moleculas;unften the pathway is activated it
leads to the production of proinflammatory cytoldrad chemokines to recruit immune cells
into tissues and coordinate tissue defense. Tadawaippropriate and damaging responses,
there are many regulatory mechanisms. Autoinflarongatdiseases are caused by

abnormalities that can occur at each stage ofntineuine response and its regulation.

Some of the autoinflammatory diseases are due texaggerated detection of extracellular

and intracellular danger signals. The best examgiesnflammasomopathies due to a genetic
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abnormality of a component of a cytosolic recepamponsible for facilitated or permanent
production of pro-inflammatory cytokines (15). lnfhmasomes are protein platforms, which
in response to danger signals will recruit casdasmpable of cleaving pro-liBland pro-IL-
18, and result in secretion of IL-1 and IL-18 pnflammatory cytokines.
Inflammasomopathies are diseases associated withtions of inflammasomes: pyrin (FMF,
PAAND), NLRP3 (CAPS), NLRC4, NLRP12; in these dises, the role of interleukin-1 is
major (15).

Ubiquitination is the process which leads to thecsic and regulated binding of one or more
ubiquitin molecules to a target protein. The maumction of this post-translational
modification are the recognition and destructionthaf protein thus labeled by the proteolytic
complex of the proteasome. Ubiquitination invoherwymes called ligases E1, E2 and ES3.
This highly dynamic process is reversible: thiscatled deubiquitination is the process by
which Ubiquitin chains are removed from substratexlified by a class of enzymes known
as deubiquitinases (DUB) (16,17). There are akldd@ proteases with DUB activity
including the proteins A20 and OTULIN, which furani as negative regulator of NF-kB
signaling; the linear assembly complex of the Imehiquitin chain (LUBAC) - is a set of
proteins: HOIP, HOIL-1 and SHARPIN which, togethdth the E3 ligase, helps to maintain
the stability of membrane receptors including tiFTL (TNFR1) receptor, TLR and IL-1R
(16,17). After stimulation with pro-inflammatorygsials, LUBAC is recruited to attach linear
Ub chains to target substrates: thus, in the ewértn anomaly of one of the constituent
proteins of LUBAC, this reduces its stability inetleells. Since immune responses must be
regulated to avoid chronic inflammation, LUBAC ady is counter-regulated by such as
OTULIN and A20. OTULIN hydrolyses the linear Ub @fms which reduces activation of the
NF-kB and A20 pathway, can direct proteins to theotgasome (16,17). Recently,
deregulation in the ubiquitin pathway has been megoin patients with auto-inflammatory
diseases: abnormalities associated with defectseirdinear assembly of the ubiquitin chain
(LUBAC), and abnormalities associated with defeats protein deubiquitination: A20
deficiency (HA20) and otulinopenia (ORAS) (16,1825

Other autoinflammatory diseases are due to insefficclearance of proteins in the immune
system that are no longer needed, proteasomedethseases, or to an accumulation of
poorly-folded proteins in the endoplasmic reticuluesponsible for increased secretion of
pro-inflammatory cytokines; an example of such @ma@ism is TRAPS syndrome (15).
Finally, some autoinflammatory diseases are linkedhe inability to regulate cytokine

signaling, which will lead to the development ofnabmal cytokine loops that amplify and
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perpetuate inflammatory responses. A good exanfalEsomechanism is illustrated by DIRA
and DITRA, in which the IL-1 and IL-36 signals oftokine antagonists are absent (15).

In the ADA2 deficiency, there is an imbalance ie thalance of pro- and anti-inflammatory
macrophages in favour of pro-inflammatory macro@sagvhich causes inflammation of the
vessel walls and the release of pro-inflammatotglapes, including TNF (26).

In interferonopathies, some mutations induce typeedrferons pathway activation leading to

increased proinflammatory cytokine secretion(27).

3-DESCRIPTION OF THE MAIN MONOGENIC AUTO-INFLAMMATO RY
DISEASES (TABLE 1)

3.1. The four « historical » recurrent fevers

Recurrent fevers are characterized by recurreatkgtof systemic inflammation manifested
by sudden episodes of fever associated with eld\atate phase proteins and several clinical
manifestations affecting mainly the skin and muegsauscles and joints, and digestive tract;
the most frequent symptoms are cutaneous rashesjtse(peritonitis, pleuritis, pericarditis),
arthromyalgia and lymphadenopathy. Attacks of diseare usually separated by symptom-
free intervals of varying duration, characterizgddomplete wellness, normal growth and
normalization of inflammation biomarkers.

3.1.1. Familial Mediterranean fever (FMF)

Familial Mediterranean fever is the most frequertnogenic auto inflammatory disease,
which is associated with mutations MEFV gene (28-34). The main symptoms are acute
inflammation attacks in serosa leading to recurfehtile abdominal pain in most cases and
the most feared complication is inflammatory amytsis (29).

Epidemiology

FMF mainly affects patients originating from MediEnean countries such as Arabic
populations, Armenians, Sephardic Jews, Turks, heba Italian and Greek (29). In
Sephardic Jews and Armenians, the frequency ingtdreeral population of heterozygous
carriers of a mutation IMEFV gene is estimated from 1/4 to 1/6; and the wordidwi
estimated number of patients is around 100 000{29,3

Genetics and mechanisms

The association betwed@EFV gene and FMF was discovered in 19MEFV is a gene of
average size, located in chromosome 16, compriEhgxons, and encoding a protein named
pyrin (from the Greek name of fever: pyros) (29eTdisease begins in 80 to 90% of cases

before the age of 20 years and has a recessivecadb transmissionIEFV is expressed
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only in circulating neutrophils and to a lesser rdegin monocytes; the most frequent
pathogenidMEFV mutations stand in exon 10, especially the M692%/,31).

Inflammatory attacks of FMF

Acute attacks are characteristic of the disease,aanindicated by its name, fever is almost
constant during attacks; it is rarely isolated, anelquently there are signs of acute
inflammation of serosa, in decreasing order of desgy peritoneum, pleura, testicular
vaginal and pericardium. Acute abdominal attac&fien impressive and in the presence of a
first attack, suspicion of acute appendicitis atitpaitis can lead to emergency surgery. Other
organs frequently affected are joints, skin, esghcin the form of a erysipelas-like erythema
of the lower limbs (figure 2.A), and muscles witlyaitgias; most often only one organ is
affected during an inflammatory attack and thetpagum is the main target (31,33,35).
Acute attack lasts from a few hours to 72 hourgallg 2-3 days, and resolves spontaneously,
sometimes leaving the patient tired for a few madags. Attacks are recurrent without any
regularity and with a very variable frequency frome subject to another and from one period
of life to another for a given subject. Patientwehano clinical signs when they are not
experiencing attacks. However, some manifestat@nge disease can extend beyond the
usual 72 hours, such as acute arthritis and ptetlamyalgias that can last several weeks.
Clinical inflammation or its sequelae can have aowlt repercussion, especially joint
involvement such as coxitis, much more rarely osahronic ascites by chronic peritoneal
inflammation. Patients homozygous for thi&EFV M694V mutation usually display a more
severe clinical form. Some diseases are more fralyuassociated with FMF such as Ig A
vasculitis, hidrosadenitis suppurativa and a spétiZ®AB27 negative spondyloarthritis, most
often axial (29). Clinical inflammatory attack isc@mpanied by the usual peripheral blood
inflammation abnormalities: neutrophilic polynucéexy elevation of acute phase response
proteins including C reactive protein (CRP) andiseamyloid associated (SAA) (29,31).

AA Amyloidosis secondary to FMF

AA or inflammatory amyloidosis, kidney is the mairgan involved; amyloid nephropathy
was the leading lethal cause in patients with Fiveore the era of colchicine (36,37). Other
organs preferentially affected are the digestiaettand thyroid; heart involvement is very
rare in this type of amyloidosis. Genetic and/oviemmental factors are involved in the
development of amyloidosis in FMF. Several studiesngly suggest that amyloidosis occurs
preferentially in association with homozygdd&FV M694V mutation. Among the candidate
genes playing a role in modifying the expressiorihef disease are the genes encoding the

SAA protein derived from the AA protein forming alogl deposits in inflammatory
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amyloidosis (=AA amyloidosis). In humans, it hagbehown that some polymorphisms in
SAA1.1 variant significantly increases the risk of amgiusis during FMF compared to other
genotypes at th&AA1 loci (31,38). Rarely some patients without clihisgmptoms of the
disease can be diagnosed at the stage of AA anoglisidwhich is considered as a, FMF
Phenotype II, which could be explained by the exise of subclinical inflammation during
FMF, as revealed by the systematic measurementdiars of inflammation between acute
attacks (39).

Diagnosis

The diagnosis of FMF is based on a combinationliofcal arguments and genetic diagnosis
(28,29,31). There are neither specific clinical nsigof FMF, nor specific marker of
inflammation available in a routine diagnosis. Hiere, the diagnosis of FMF may be a
diagnosis of exclusion of other diseases, dependmthe clinical signs observed, which is
however based on elements of certainty. Severalodatriteria have been proposed to help in
the diagnosis of FMF. They are almost all baseé @ariable composition of the following
elements: 1) presence of the most common clinigalss 2) presence of AA amyloidosis, 3)
familial character, 4) efficacy of colchicine, 5xctusion of another well-defined disease
(28,31). The discovery of th®IEFV gene and mutations responsible for FMF provides a
definite diagnostic aid, with the preliminary ddtilty of defining when a DNA sequence
variation becomes a pathogenic mutation. In thesgoree of suggestive clinical signs, the
detection of 2 mutations IMEFV (homozygosity or composite heterozygosity) conéirtine
diagnosis of FMF (31). The diagnosis of FMF carpdie® made in subjects belonging to
populations at risk and who have recent signs, Vitle inflammatory attack, not always
fulfilling the criteria sets. Genetic analysis makié possible to start treatment at an early
stage. In the presence of at most one mutationdidognosis neither can be stated, nor be
excluded since it is possible that not all mutaioesponsible for FMF are yet known. It is
now established, as with other recessive disetts#ssome individuals who are heterozygous
for a mutation in theMEFV gene may have clinical signs requiring colchidireatment. It is
possible that in this case the clinical signs mayimish or even disappear in adulthood (40—
42). Finally, and very rarely, in some non-Mediggean family’s certain variants of the
MEFV gene are associated with an inflammatory domideatase (43—-46).

Treatment

There is no real treatment for acute inflammatdigck except classical antalgics (29,31).
The main treatment is preventive, and colchicinefigient to prevent both attacks and AA

amyloidosis development. The dosage in adults kseairl mg/day which is often enough to
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prevent attacks, but higher doses are sometimeasree until 2.5 mg/day. Treatment with
colchicine may be continued during pregnancy awethteon (47-51). Once amyloidosis is
established, colchicine treatment may stabilizealrempairment, even when nephrotic
syndrome exists (36,52). Rarely, patients can bistent to colchicine, and experts have tried
to definite colchicino-resistant patients. Amonggé patients or in case of colchicine major
side effects, interleukin-1 inhibitors have recgnpiroved their efficiency but should be

prescribed after expert advice, as those expebsilegics need to be use reasonably (29,31).

3.1.2. Cryopyrinopathies (Cryopyrin Associated Pendic Syndrome-CAPS) orNLRP3-
associated Auto-Inflammatory DiseaseNRLP3-AID) in new nomenclature

Three clinical entities previously defined indepently were finally genetically grouped
because there were all associated WtHRP3 mutation: Muckle Wells syndrome, Family
Cold Autoinflammatory Syndrome (FCAS) and CINCA dyome (chronic, infantile,
articular, neurological, cutaneous and articulader the name of cryopyrinopathies or CAPS
(cryopyrin associated periodic syndrome); the comnieature is cold-induced urticaria
(figure 2.B) (53,54). Muckle-Wells syndrome refete the association of urticaria,
predominantly renal amyloidosis and sensorineugaring loss, transmitted in the autosomal
dominant mode. Clinical inflammatory attacks in@udn addition to urticaria defining the
disease), signs of eye inflammation, and less aftémitis. FCAS is characterized by delayed
onset (several minutes to hours) by environmenkglogsure to cold. Hives attacks are
associated with other signs: fever, arthritis aodjenctivitis, The CINCA syndrome is a
disease which is expressed from the first daysfef &and which is defined essentially by a
triad: cutaneous, neurological and articular. $kgns include diffuse, non-pruritic urticarial
erythema, neurological damage, chronic meningiisd progressive joint arthropathy,
especially of the knees, which can be severely rdedd. This triad is associated with a
characteristic facial dysmorphia (53).

Mutations of NLRP3 have been discovered in subjects with these 3qtipees where the
most specific clinical symptom in chronic urticagad peripheral inflammation. Somatic
mutations have been found among patients withoutatiom by Sanger genetic analysis,
especially in CINCA syndrome (12,55); a recent eavireports on 64 patients with somatic
mutations and suggests that those can be found @6no 19% of patients with a clinical
phenotype of cryopyrinopathy (56). Nowadays, gemdt suggest looking for NLRP3
mutations by next generation sequencing when tiseaehigh suspicion of cryopyrinopathy

even when the disease began in adulthood (56).
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The treatment is based on interleukin-1 inhibitetsich have shown dramatic efficacy in
patients with all 3 phenotypes, with a restriction central nervous system involvement and
deafness, especially if the delay between the beggnof symptoms and the diagnosis is long
(57-60).

3.1.3. Intermittent hereditary TNF-1A receptor-related intermittent hereditary fever
(TRAPS)

TRAPS is a very rare disease and probably represaniarge proportion of hereditary
autosomal dominant transmission fevers of patieditgplaying abdominal pain with
inflammation during more than one week among p&iéom all origins (61). The symptoms
of inflammatory attacks are in some cases richeverf and abdominal pain can be
accompanied by myalgia, muscle stiffness, conjuiiistj arthralgia, chest pain, testicular
pain and two signs that are probably most speddidhis variety of hereditary fever -
periorbital edema and cutaneous rash. The mostalygutaneous signs are very painful
pseudocellulitis affecting the upper as well asdowmbs, migrating from the root to the
extremity of the limb during attack and which ismogyte inflammatory fasciitis. Other skin
signs that are polymorphic and less typical of TBAdXist in more than 50% of patients. AA
amyloidosis can complicate the course of this clerarflammatory disease in some families
(61).

The gene responsible for TRAPS syndrome encodesh&iTNF type 1A receptor. Most
mutations concern the cysteins underlying the apatructure of the extracellular part of
TNFRSFAL, which reinforces the suspicion of theathmgenicity. The mechanisms of the
disease are not yet fully understood. Initiallyatésed in families of Irish and Scottish origin,
this disease exists in all populations (61,62). Thi&gnosis, based on the clinical data
described above, must be confirmed by genomic DMAly&sis for TNFRSF1A mutations
(63).

Treatment with colchicine has no proven effect avpnting inflammatory attacks, nor does
it appear to prevent the occurrence of amyloidasigticosteroids, on the other hand, have a
definite effect and reduce the severity and dumatb inflammatory attacks which can last
several weeks and in some cases be infraclini€jl @ecently interleukin 1 inhibitors use
during crisis or as attack prophylaxis has shoveneificacy; therefore, anakinra and/or

canakinumab can be used in this indication (64,65).

3.1.4. Mevalonate kinase deficiency (MKD)
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Mevalonate kinase deficiency (MKD), formerly calledyperimmunoglobulinemia D
syndrome (HIDS) was firstly described in 1984; t{hesence of an original biochemical
marker, the elevation of serum IgD, allowed thevihlialization of this hereditary autosomal
recessive transmission condition (66). The clinespects were well described in a series of
50 patients by Drentét al, essentially of Dutch and French origins and comdid on a series
of 103 and on a series of 50 described by Baderreet al (67,68). The disease usually
begins in childhood. Inflammatory attacks typicdlgt 7 days and can relapse every 4 to 8
weeks, with fever reaching at least 39°C, accormgzhbly focal signs in 2/3 to 3/4 of cases:
abdominal pain, diarrhea, vomiting, arthralgia bg@arthralgia and sometimes arthritis. Skin
or mucosal manifestations are frequent and veryowarincluding erythematous macules,
urticarial lesions and sometimes mouth ulcers (&gR.C). Relatively specific compared to
the 2 previous varieties of fevers, are hepatogplegaly and especially the presence of
painful cervical adenomegalies in 94% of cases6@6, There are no clinical signs of
inflammation between attacks and the disease isnagely complicated by AA amyloidosis
(66,69). The individualization of this condition sv@ased on the existence, both during and
between attacks of a high level of serum IgD, highHhevel of serum immunoglobulin D is
probably not highly specific and may also occuFMF and TRAPS (70). ThMVK gene,
mutated in this disease, codes for an enzyme othltesterol pathway, mevalonate kinase,
whose partial deficiency underlies the phenotyp®&D and the complete deficiency is the
cause of a pediatric disease: mevalonic aciduriaild@n with this disease also have
inflammatory attacks typical with hyperimmunogloibuD syndrome, growth retardation,
dysmorphia and severe neurological disorders. Ttimate mechanisms of inflammation
associated with this metabolic disorder involves ithterleukin-1 pathway (15,71). To date,
mevalonaturia is mainly used among children andsér@m IgD assay is not very specific
and therefore rarely used (70).

The usual anti-inflammatory drugs, -corticosteroidsolchicine, non-steroidal anti-
inflammatory drugs, are generally not very actinetlus variety of inflammation (66). Recent
studies showed the efficacy of IL-1 inhibitors, esiplly canakinumab with a continuous
treatment (65,72,73).

3.2. ADA2 deficiency (DADA2) (figure 3)
First described simultaneously by two teams in 2@keficiency in adenosine deaminase 2

(DADA?2) is a rare autoinflammatory disorder chaesizted by three cardinal types of

manifestations: inflammatory vascular manifestatjomematologic manifestations and, to a

11



lesser extent, immunodeficiency (74,75). Case tsmince 2014 have continuously widened
the clinical spectrum of the disease, with greaiatimn of clinical presentation even among
related patients (26,76).

DADA2 is an autosomal recessive disease, whoseechas been highlighted by a whole
exome sequencing genetic approach: it results fomsrof-function mutation oADA2 (also
calledCECRY, standing for Cat Eye syndrome Chromosome Regiodidate 1)ADA2 gene

is mapped to the g arm of chromosome 22 (22ql1hd)recludes 13 exons; the gene encodes
the adenosine deaminase 2, a dimeric enzyme makuyessed by myeloid cells which is
involved in the purine metabolism (26,76). To damre than 60 disease-causing mutations
have been reported with poor genotype-phenotypeeledion; most of them being novel
mutations, only found within one single patientfamily; however, most common variants
seem to be more frequent in certain population:4pRsin Georgian Jewish and Turkish
individuals, p.R169Q in Dutch population and p.TA60 Italian patients (76—78).
Pathogenesis of DADAZ is still mysterious despiteAR’s enzymatic activity; ADA2 has
been shown to have a substantially lower affinity fts substrate (adenosine and 2'-
deoxyadenosine) than ADAL in physiological condiipthereby ADAL rather than ADA2
accounts for almost all of adenosine deaminatiah itus likely that the catalytic defect of
ADAZ2 is not responsible for the clinical manifestas — although patients displaying a
collapsed ADA2 activity could have a more severeengtype (77,79). Main
physiopathogenic hypothesis is a shift of the mpitage balance toward a pro-inflammatory
M1 polarization rather than an anti-inflammatory NdBlarization leading to endothelial
disruption (75). Indeed, ADA2 has previously bebéowged to have a growth-factor activity
and accounts of an ADA2-dependent T cell proliferatand monocyte-macrophage
differentiation/proliferation which could be defit in DADA2 patients(80). The role of type
| interferon has also been hypothesized accordmgsdveral observation, though not
investigated yet (81-83).

DADA2 diagnosis is based on the identification oegpathogenic variant ADA2 at the
homozygous state or two compound heterozygous gaittio variants oADA2; serum ADA2
activity is another useful tool, which is constgritiw in DADA2 patients (84).

Clinical presentation varies widely between pasergven within the same family; first
symptoms usually occur during early childhood, rabefore 10 years old and 25% before
one year old; however late diagnosis can be domnlkeeasldest patient reported to date was 59
yo at the time of the diagnosis(26,76,85). DADAZi@ty affects both genders worldwide
(26,76). First articles on DADA2 described the amfimatory-vascular phenotype of the
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disease, which is by far the most frequently regmbrit consists of a vasculitis of medium-
and small-sized arteries fulfilling periarteriti®dosa criteria (PReS or EULAR criteria) in
one third of patients (74,75). As in most otheromitammatory diseases, fever and
inflammatory syndrome wax and wane along with vassusymptoms —neurological and
cutaneous symptoms being the most common; ischeinikes account for majority of
neurological manifestations of DADA2 with typical RMl findings consistent with acute or
chronic small-vessels ischemia of the deep braatenand/or the brain stem; involvement of
medium-sized vessels is less frequent: to date @mypatient with intracranial aneurysm and
3 with intracranial stenosis or irregularity hasbeeported; transient ischemic attacks are
also frequently described; hemorrhagic strokes lads@ been reported, although an uncertain
proportion of them could be explained by antipkttedr anticoagulant therapies given for
previous ischemic strokes (26,76,78). Skin vasatlog present in 75% of patients, is
characterized by a livedoid rash and rarely diséarosis; in some cases — but not all — skin
biopsy shows a non-granulomatous necrotizing vassuggestive of cutaneous PAN and
also nonspecific leukocytoclasic vasculitis andrpamlitis have also been observed in others;
other less frequent cutaneous/mucosal manifesgtioclude non-specifi skin rashes and
mouth ulcers (76). Vasculitis can also affect otheyans, such as the gastro-intestinal tract,
kidney or liver (26,76,78).

Anti-TNF therapies are now the cornerstone of tleattment of the vascular phenotype of
DADAZ2; it controls inflammatory symptoms of vasdidi and prevents strokes whereas
classical immunosuppressive therapies have shosappointing results (75,76). Of note,
antiplatelet or anticoagulant therapies for iscleerstrokes are considered at risk of
hemorrhagic transformation and there is no congensuheir indication, unlike other causes
of ischemic stroke(75,76).

DADA2 is associated with a mild immunodeficiencynkéd to compromised B cell
compartment, resembling to common variable immuficdacy (CVID): approximately
25% of DADAZ2 patients suffer from hypogammaglobakmia (IgM being the most
affected) and 20% experience recurrent infectiof6,87). Considering the humoral
immunodeficiency, the most commonly infections effféhe lower and upper respiratory
tracts; however, herpes virus infections, congjstmainly of recurrent herpes simplex
outbreaks, are also reported; though T cell compamt is normal; Thus, immunodeficiency
is almost never an isolated symptom of DADA2 inirgle patient (86,87). Treatment of
immunodeficiency is based on intravenous immunagliobsupplementation in case of

recurrent infections (86,88). Interestingly, coti@e of IgM defect was reported in a few
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patients treated with ant-TNF therapies (86). Hnahllogenic hematopoietic stem cells
transplantation (HSCT) may be an alternative iresexcases (89).

Hematological disease is the third cardinal matatgsn: mild cytopenia, especially anemia
and leukopenia are frequent (26,78). Regardingreelrematological phenotypes, pure red
cell aplasia is the most described and affects teifduof patients; severe neutropenia has also
been described; The only effective treatment ok¢heevere hematological phenotypes is
HSCT (76,89).

Recently a case mimicking Castleman disease has bmgorted and the patient was

successfully treated with tocilizumab (76,90).

3.3.- Other monogenic AlID

3.3.1. Diseases with urticaria as a main feature

In this type of AID, systemic inflammation is dorabed by a characteristic urticarial rash
occasionally associated with other variable clihiozanifestations. CAPS are the most
emblematic AID of this group, but other pathologiicanditions such as NLRP12 or NLRC4
deficiency are entities with close clinical presgioins. The latter condition may also be
associated with severe episodes of macrophageatotivsyndrome.

Diseases related to NLRC4 mutations

Recurrent fevers linked to mutationsNifRC4 were first described in 2014 among 3 families
(91-93). In two families, phenotype consisted imeonatal association of macrophage
activation syndrome and early onset inflammatorwdlodisease; the third family presented
with an autosomal dominant cold urticaria withoetrfatological or digestive involvement.
To date, 28 cases have since been described, 7%%icti being familial with an autosomal
dominant transmission, 25% being caused by de mowtations, probably because of the
severity of one particular phenotype(94-96). Twifedént phenotypes seem to differentiate
among case reports: a first group of patients hanry early onset of disease (mean 1.8
months after birth), high fever with macrophageivatton syndrome (90%), severe
enterocolitis (80%) and an unspecific cutaneous (@8%) leading to very high mortality rate
(40%); a second phenotype suffers from a mildezatie with later onset (mean 39 months).
Tropism is cutaneous with urticaria or erythematoodes, articular frequent (arthromyalgias)
and ocular (conjunctivitis or sicca syndrome). Ehds neither reported vital organ
involvement, nor mortality nor growth retardatid®(96). Interestingly, interleukin-18 was
always markedly elevated when assayed, for botmgifipes and even between attacks.

Treatment is not yet codified: used for severegpesi of the first phenotype, glucocorticoids,
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anakinra and ciclosporin provided complete remissio only one third of cases, whereas
TNF-alpha inhibitors or vedolizumab were not efiti; anti-interleukin 18 and anti-IFN
gamma agents gave interesting results in life-tereag situations (92). In the second
phenotype, abstention or symptomatic treatment WBAIDs was often preferred, while two
paradoxical reactions to anakinra which worsenihgrthritis and induced a Crohn disease,

were described out of three trials (94).

Periodic fever associated with NLRP 12 mutations

Recurrent fevers linked to mutationsNifRP12 were first reported in 2008 in two Caribbean
twins suffering from arthralgia, periodic fever aodld-induced urticaria, with spontaneous
amendment of disease during adolescence (97). Biedast description, 36 cases have been
reported with considerable clinical heterogenegyween authors. Regarding genetics, most
cases are related MLRP12 polymorphisms or VUS, rendering adequate charaeton of

the disease even more difficult; for instance, m€&$e review of the literature with no critical
analysis of case reports analyzed 29 patients derexd as having HLRP12-related disease
(98). Only 30% of 29 patients displayed a histofyelevated acute phase reactant or CRP
during crises; fifty percent of cases were sporaaid only 6 patients presented variants with
undetectable frequency in the general populatioe;remaining 23 patients were diagnosed
based on polymorphisms or variants of undetermisigaificance(98). The authors also
included 9 patients from Be Pieri et al. letter who had no diagnosBtiRP12-associated
periodic fever (99). Meanwhile, a Russian team exoee NLRP12 variants in 246 children
suffering from periodic fevers with 86% of commoariable immunodeficiency diagnostic:
15 patients wittNLRP12 variants were retained as having an autoinflammatisease linked

to NLRP12; they presented a very low frequencyrtitaria, arthralgia and cold sensitivity,
respectively 13%, 20% and 20%, but 60% of recurnefieictions (100). Recurrent infections
in NLRP12 related disease are only reported by this authatrof the 18 identifiedNLRP12
variants in this article, twelve had a detectabbngfiency in the general population (99).
Considering all 36 declared cases in the literatilvere is neither report of organ failure, nor
amyloidosis nor disease-related mortality; altogetithe actual published data seems both
insufficient in quantity and quality to currentl§fiem with certainty thatNLRP12 mutations

can produce genuine autoinflammatory syndromes1@0)-

3.3.2. Diseases with recurrent fever as a main feae

Recurrent fever associated with TNFRSF11A mutations
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A French team reported three patients with hergditecurrent fever and a mutation of the
TNFRSF11A gene, a gene known to regulate fever in roden®d)(1This mutation was
associated with increased secretion of severahrmfiatory cytokines and altered the
biological effects of the receptor on MB- signalling. This entity was clinically very close
TRAPS syndrome, with prolonged fevers, and is daset with mutations in a gene of the
same family,TNFRSF11A (101).

Recurrent fever and polyarthritis with LACC1/FAMINnutations.

A mutation of theLACCL/FAMIN gene has been found to date among 15 patientspal
consanguineous marriages with systemic forms afpathic juvenile arthritis from Saudi
Arabia (n=13) or Lebanon (n=2); the transmissiors \matosomal recessive (102,103). This
gene encodes the laccase enzyme, which belongketanulti-brass oxidase family that
contains other enzymes such as ceruleoplasmin. palients displayed symmetrical
polyarthritis in both small and large joints witkver and inflammatory syndrome beginning
between 12 and 36 months of life. Other clinicghsiincluded maculopapular rash (n=13),
organomegaly (n=7), deep adenomegalies (n=2); aatyeris developed macrophage

activation syndrome (102,103).

3.3.3. Diseases with sterile skin /joint / bone ildmmation as a main feature

Other autoinflammatory diseases are dominated dnylesinflammation of joints, bones and
skin. This category contains many different rareedses. The most frequent are those
associated witiNOD2/CARD15 mutations, of which nearly 150 mutations are dbscr to
date.

Diseases associated with NOD2 mutations

Blau syndrome: this is a dominant autosomal disdiaged to function gain mutations of
CARD15/NOD2 gene, which most typical presentation is a triath woint, cutaneous and
ocular involvement (104). It is named “Blau syndesnin familial forms and early onset
sarcoidosis in sporadic forms. Regarding rheumgto#d lesions, more than 90% of patients
have symmetrical polyarthritis with synovitis andnésynovitis, mainly affecting the
extremities: hands with an involvement of proxirmderphalangeal joints, which can lead to
camptodactily, wrists, ankles and knees. Cutan&sisns consist of a maculo-micro-papular
erythematous and eczema-like rash, beginning ifitsteyear of life, which may mimic atopy
or vulgar ichthyosis; a skin biopsy will show grésma without necrosis. Ophthalmological

involvement is responsible for granulomatous useitry serious in 80% of patients. Other
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rarer injuries include: a knotty rash, cranial medamage (104). Interestingly, a case of Blau
syndrome with a somatic mutation gain of NOD2 fiumthas recently been published (14).
Other NAID disease, foNOD2-associated autoinflammatory diseases: in 2011, aal
described a new category of auto inflammatory disezalled NAID forNOD2-associated
autoinflammatory disease (or more recently Yao symé) which is associated with variants
of NOD2 IV58+158 or R702W (105-107). It is a sporadic rgiffecting Caucasians with a
feminine predominance (70%) and diagnosed at a ragarof 35 years old; Patients display
recurrent episodes featuring erythematous or mapldgues of the trunk in most cases, non-
erosive oligo or polyarthritis in almost 80% of easwith fairly characteristic swelling of the
distal extremities, gastrointestinal symptoms swash abdominal pain and diarrhea, and
recurrent fever with general symptoms such asdatignd weight loss; sometimes serositis
are noted (105,106). However, it is important tmaé cautious about this entity, which
merely associates sporadic cases of non-specifengifipes with genetic variants of

undetermined significance to date.

Diseases associated with PSTPIP1 mutations

Diseases related tdPSTPIP1 mutations are called PAID forPSTPIP1-associated
autoinflammatory diseases (6,108) . To date, mbam 27 different mutations have been
described in thePSTPIP1 gene, which encodes a protein called CD2-BP1 (Gibding
protein 1), an adaptive protein that can bind ftammasome pyrin; this protein is involved
in the organization of cytoskeletal structures &ad an impact on the cellular dynamics of
innate immunity cells, the release of IL-1 and matlan of T cells activation (6). Patients
experience recurrent inflammatory attacks with esyst signs such as fever, inflammatory
skin and joint lesions; In fact, as in cryopyrintpas, it is a spectrum of diseases, the most
frequent and firstly described was PAPA (Pyogenithiétis, Pyoderma gangrenosum and
Acne syndrome). Since then, several different clihientities associated with different
mutations of this gene have been identified, thestmgerious being PAMI syndrome
(PSTPiP1-Associated Myeloid-related-protein. In PAMere is an increase in the synthesis
of a pro-inflammatory alarmin: MRP8/14 (myeloidatdd-protein) protein, also known as
calprotectin or S100A8/A9 protein which seems iesting to measure in peripheral blood of
patients with PAID-compatible clinical phenotype arder to guide the sequencing of
PSTPiP1 when high (6).

PAPA syndrome (Pyogenic Arthritis, Pyoderma gangsem and Acne syndrome). This

syndrome is the most common disease associatedR8IRiP1 mutations and combines
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recurrent arthritis with neutrophilic disease inrmthan 75% of cases and cutaneous lesions:
severe cystic acne in more than 50% of cases, py@dgangrenosum in 33% of cases, mouth
ulcers, aseptic abscesses, aseptic pustules, swgsetpsoriasis or even suppurated
hidradenitis (109).

PAMI syndrome PSTPiP1-Associated Myeloid-related-proteinemia Inflammgteyndrome.

It is clinically associated with aseptic arthriis more than 55% of cases, pyoderma
gangrenosum in almost half of cases, ulceratedoamgcrotic lesions in 30% of cases, acne
and/or pustular rash in 20-25% of cases (6). Sigpscific to this entity include
hepatosplenomegaly in almost 90% of cases, polygughy in 40% of cases and
pancytopenia (almost constant neutropenia, veryuéat anemia, thrombocytopenia in half
of the cases) (6,108). Nephropathy may occur wéihak impairment in 20%; growth
retardation or mental retardation. Rarely cerelaatulitis may develop (6). Biologically, the
main characteristics, almost 90% of cases, arextnereely high serum calprotectin level
(MRP8/14) and hyperzincemia , both being a muclpEmand faster way to diagnose PAMI
syndrome than genetics (6,108). These patients hageod response to anti-interleukin-1
biologics such as anakinra.

PAPASH syndrome (Pyoderma gangrenosum, Acne andétditis Suppurativa) was given
for the combination of aseptic arthritis, pyoderrgangrenosum, acne and suppurated
hidradenitis. This entity is close to features emtered among patients with nicastrin
mutations NCSTN) and/or mutations iMEFV exon 2 (seénfra) (110).

PAPA-like syndrome (Pyogenic Arthritis, Pyodermangi@nosum and Acne-like syndrome)
combines arthralgia of acne and pyoderma gangremasiouth ulcers and anemia (111).

PAC syndrome (Pyoderma gangrenosum, Acne and tileer@olitis) combines ulcerated
colitis and severe acne, recurrent skin ulcerati@evere pustular rash with sometimes

pyoderma gangrenosum (112).

Auto-inflammatory syndrome with neutrophilic dermasis associated with MEFV exon 2
mutations (PAAND=periodic auto-inflammation with nérophilic dermatosis).

It is a dominant autosomal syndrome discoveredalhitin 2016 in a large Belgian family
with recurrent episodes of fever with arthromyalgiad neutrophilic dermatosis beginning
early in life (4). MutationdVMEFV in the p.S242R position (exon 2) have been foumd i
different domain from the classical FMF mutatiomtswas then confirmed in two other
patients, one French and one Lebanese (4). A eesnt publication has demonstraMBFV

mutation in exon 2, codon p.E244S, in a family pafish origin with three affected members
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(5). They had pustular acne, suppurative hidragenipyoderma gangrenosum and
neutrophilic panniculitis. These two publicatiom®® that the spectrum of diseases linked to
MEFV mutations is not limited to the classic familialeMterranean fever of recessive
transmission since, in the case of exon 2 mutapatients of non-Mediterranean origin have
a dominant transmitted disease with neutrophilicrdgoses in the foreground and may even

mimic suppurative hidradenitis (4,5,27).

Majeed's Syndrome (LPIN2 mutations)

It is an autosomal recessive disease, describetd few predominantly Bedouin families,
which combines recurrent multifocal chronic osteetfitis, recurring fevers every 2 to 4
weeks lasting during 3 to 4 days or more, neutl@pldermatosis, especially Sweet's
syndrome or aseptic skin pustulosis or even pger@sd congenital anemia. Most often the
diagnosis is made in childhood with associated gnawetardation, but a few cases have been
described in adolescents/young adults. MutationtheLPIN2 gene have been reported in
these patients (113,114).

DIRA: Inflammatory disease associated with mutat®mf the IL-1 receptor antagonist or
DIRA (deficiency of the interleukin one receptor ggonist).

Recessive mutations of the IL-1 receptor antagdmse been found in some children with
highly inflammatory neonatal disease associatetl pitstules resembling pustular psoriasis,
multifocal aseptic osteomyelitis with periostitBatients display no or mild fever but have
significant elevation of the biological markers ioflammation. The disease is autosomal

recessive and highly susceptible to anakinra itibibiof interleukin-1(115) .

DITRA: Inflammatory disease associated with mutat® of the IL-36 receptor antagonist
or DITRA (deficiency of the interleukin thirty-sixeceptor antagonist).

It is an autosomal recessive disease described1di # Tunisian families. Patients with
generalized pustular psoriasis who started mostlghildhood. All of them had a diffuse
erythematous, squamous, rapidly erythematous ragsbgressing with relapses and
accompanied by high fever associated with an inftatory syndrome. These patients are at
risk of sepsis and anakinra has been partiallycgife in some patients (116). More recently

ustekinumab may have a complete efficacy on gesegas and skin rash (117).
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NAIAD: Auto inflammatory syndrome with arthritis ad dyskeratosis associated with
NLRP1 mutations (NAIAD).

This new entity described in 2017 in 2 familiesiigosomal recessive or dominant according
to mutations (118). The onset is early in life,idgrthe first six months: clinical presentation
is rich with polymorphic mucosal and skin damagechsuas papillary or filiform
hyperkeratosis, pseudo-phrynoderma, HPV negativedydomas, extended candidiasis;
polyarthritis predominant in the knees, anklesstgriand hands, with abnormalities in bone
growth, and unexplained recurrent fever often dased with dysimmunity. NLRP1
inflammasome activating mutations are responsibleiriterleukin-1 hypersecretion and a
decrease in CD27+ memory B cells, and anti-TNFntirla-1 therapy has been shown to be
effective(118). Other mutations MMRLP1 have been described with a different clinical

phenotype (15).

CAMPS: Pytiriasis rubra pilaris syndrome associataith CARD14 mutations

This dominant autosomal disease has recently beserided in families with pityriasis rubra
pilaris (119,120). The disease begins before the @g3 years and is characterized by
extensive erythematous and sometimes scaly coalesgtensive plaques containing islets of
healthy skin associated with follicular papules gamoplantar keratoderma but without
psoriasis-like lesions (119,120). The mutationthef CARD14 gene encode a protein mainly
expressed on keratinocytes and capable of actiyatie NF-KB pathway Histologically,
there is a parakeratosis, or orthokeratosis, aoarsland mononucleated dermal infiltrate
(119).

Hidradenitis suppurativa associated with nicastnmutations (NCSTN)

In 2011 Liu described cases of suppurativa hidrdideassociated with mutations of the
NCSTN gene (121). Nicastrin is a transmembrane protegse glycoprotein acting as a
gamma-secretase (121). Since then, several teawesrbported families with a dominant
autosomal transmission of suppurativa hidradeimtseveral countries such as China, France
and Iran (122-124). Depending on the families aff@@resenting with only recurrent aseptic
abscesses of the large folds (axillar, inguinakineal, and anorectal) or associated with
pyoderma gangrenosum and acne; this disease efdhemr differential diagnosis of diseases
associated withPSTPiP1 mutations (PAID) andMEFV exon-2 mutations (PAAND)
(4,5,124,125).
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3.3.4. Ubiquitinopathies

In addition to the well-known autoinflammatory idekinl (IL-1) and interferon pathways,
the range of possibilities widens with the desaipbf negative regulation defects of the NF-
KB pathway. The NKB pathway initiated upon contact of a ligand withmbr necrosis
factor receptor 1 (TNFR1) plays a critical roletire initiation of the inflammatory process
since it produces major cytokines such as IL-lerleukin 6 and TNF; its downregulation is
essential for stopping the inflammatory process @pknds on the level of ubiquitination of
TNFR1-associated proteins and other intermediatmpooinds. A20 and OTULIN are
proteins that modify ubiquitination and their defean induce the NKB pathway activation

with excessive production of proinflammatory cytwds (16,126).

HA20 haploinsufficiency (table 2).

The initial description by Zhoet al, reported 16 patients with HA20 and clinical featu
more detailed in a recent publication by the saeant (18,19). The patients come from 7
families including 5/7 multiplexes with a dominagreinsmission. In these initial patients, the
disease began early in life with some similaritiéth Behcet's disease due to the presence of
bipolar aphthae in most patients as well as odoftlammation (19). It was distinguished by
the presence of febrile attacks in most cases dn@dys associated with biological
inflammation during attacks which are not usual Behget's disease with systemic
inflammation observed only during attacks of sdimsivasculitis and digestive involvment
and rare in Asian populations. Fifty-one patienéven yet been reported in the literature
within 3 years, mostly women (60%), and more freglyefrom Japan (60% of all cases) but
the disease can affect worldwide. The main featareshe dominant autosomal transmission,
the early age at onset, in the first year of kfied the oral aphtae lesions in 88% of cases even
though genital aphtae ulcers can also occur in 68%ases. Recurrent fever and digestive
symptoms, such as bloody diarrhea are frequenhglaitacks. Cutaneous lesions are various
(45%) and arthromyalgia observed in 1/3 patientsie Ghird of patients displayed
autoantibodies especially antinuclear and thyrpielegfi antibodies (16,19,127).

All patients described required treatments randimmgm colchicine alone (effective in 8
patients) to combinations of corticosteroids andmimosuppressants (methotrexate,
azathioprine, thalidomide, cyclophosphamide, taiaiti). Overall corticosteroids were
effective but with high levels of corticosteroidpggdence responsible for major side effects.
The biotherapies used were anakinra, tocilizumaig, anti-TNF and were considered to

influence systemic inflammation. Intraveinous imraglobuline replacement therapies have
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been used in the few patients with associated hainimrmune deficiency; in patients with
HA20 a personalized therapeutic approach should irelpart on detected cytokine levels
since there is probably a large phenotypic vaiigbithich complicates the establishment of

standardized management (18,126,127).

ORAS: otulinopenia or ORAS (OTULIN-related autoirdmmatory syndrome) by mutations
of OTULIN.

A new recurrent hereditary fever has been discavereonnection with mutations of a gene
called OTULIN that encodes a deubiquitinase (20,25). Two teapserted a total of four
mutations of this gene in eight patients from foansanguinous families of different origins
(English, Turkish and Pakistani). It is an autosbmecessive transmission disease
characterized by severe neonatal systemic inflammpamanifestations consisting of
prolonged fevers, joint swelling, severe diarrhatin\growth delay. The attacks are long and
do not resolve without treatment (20,25). On thén dkevel, various rashes have been
described including erythema, pustules, subcutaeodules, panniculitis and lipodystrophy.
Fever usually lasts for about two weeks. Seruml totanunoglobulin levels is discreetly
elevated and sometimes there are anti-smooth muasitibodies. Five of 6 patients with
ORAS reported in the literature were treated itytivith anti-TNF drugs; with the last one

received corticosteroids and anakinra (20,25,18j,12

3.4. Interferonopathies

It is a heterogeneous group of diseases charamtiebiy increased expression of interferons
(IFN) type 1 that can lead to the secretion of mitammatory cytokines by innate immune
cells. These diseases are mainly diagnosed in giaiediand have phenotypic similarities and
skin signs of chilblain lupus or livedo presenttie first few months of life and neurological
manifestations (from asymptomatic cerebral calatfins to encephalopathies) (129,130).

A disease called SAVI, known as STING-associatescuimpathy with onset in infancy,
belonging to interferonopathies, has been desciibg@atients with severe skin vasculopathy
with possible ulcers and interstitial lung diseageh can progress to early pulmonary fibrosis
and systemic inflammation; This dominant autosomtisbase is associated with gain-of-
function gain mutations oTMEM173 encoding a protein called STING (130-132). Lung

damage is severe and is the main cause of deattmaydequire lung transplantation (130).

3.5. MAI with immune deficiency
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3.5.1. Deficits inHOIL1 and HOIP

Mutations of HOIL-1 (or RBCK1), a subunit of the LUBAC complex which ubiquitins
intracytoplasmic proteins before addressing thetheégroteasome, have been described by a
French team. This syndrome associates recurrenter,fevnflammatory colitis,
hepatosplenomegaly, adenomegalies, recurrent piogefections and severe B immune
deficiency (decrease in switched B lymphocytes), ha autoimmunity. There is cardiac
amylopectinosis (23).

Mutations ofHOIP (or RNF31), another subunit of the LUBAC complex which ubimates
intracytoplasmic proteins before addressing therthéoproteasome, have been described by
the same French team; this syndrome combines areetUever with arthralgia, diarrhea,
splenomegaly, subclinical amylopectinosis and lyanmhectasis, no autoimmunity,

hypogammaglobulinemia and T-cell abnormalities §133

3.5.2. Diseases associated wiL.CG2 mutations (PLAID and APLAID)

Two dominant autosomal diseases associated wiflkrelift mutations of the same gene,
PLCgamma2, are responsible for autoinflammation associatéd immune deficiency and
immune deregulation: PLAID and APLAID.

The PLAID ("PLCGZ2-associated Antibody-deficiency and Immune Dysragoh") was
described in 27 patients from three American faesilin 2012: all had environmental cold
urticaria with a positive ice cube sign (100%), iemmune deficiency close to a common
variable immunodeficiency (CVID) with recurrent ENiRd pulmonary infections (75%), the
presence of anti-nuclear antibodies or autoimmuseade including thyroid disease in 56%;
seven patients had granulomas on skin biopsy exdimin(134). This disease is on the verge
of autoinflammation (low level) and dysimmunity\{idevel).

APLAID (false sense mutations with function gaimjtially described in a family, is
therefore rarer. It means "AutoinflammatoBLCG2-associated Antibody-deficiency and
Immune Dysregulation”. It combines the presencebufous and/or oozing skin lesions
(without cold urticaria), enterocolitis, ocular liemmation (ulceration/erosion, which can lead
to intraocular hypertension and cataracts), nowifipenterstitial lung disease, arthralgia and
moderate immunuodeficiency with recurrent sino-putary infections due to low serum
levels of IgM and IgA. These PLCgamma abnormalitieslify the intracellular metabolism

of calcium, activating the inflammasome NLRP3(135).
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3.5.3. PFIT for periodic fever with immunodeficieny and thrombocytopenia (WDR1
mutation).

It is an autosomal recessive disease describethéofirst time in 2017 in Pakistani twins
from inbreeding parents (136). From birth, it comgs recurrent fever, mouth ulcers and
perianal canker sores, severe opportunistic irdastwith encapsulated bacterium or fungus
and thrombocytopenia with small-sized platelets5§13he disease is linked to mutations in
the WDR1 gene, whose loss of function leads to the accuipulaf actin molecules that
activate pyrin, responsible for interleukin-18 hsgeeretion. Disturbance of the cytoskeleton
leads to dysfunction of T cells, antigen-presentoells and megakaryocytes, such as in
Wiskott-Aldrich syndrome (136). The only effectitherapy to date appears to be bone
marrow allografting, corticosteroids and biotheespibeing only partially effective and

increasing the risk for infection (136).

3.5.4. TRNT1 mutations in SIFD syndrome

Mutations of theTRNT1 gene associated with a syndrome associating: irardeficit
sideroblastic anemia, recurrent fever and delayedeldpment (SIFD for Sideroblastic
anemia with B-cell Immunodeficiency, periodic Fesyemnd Developmental delayRNT1
mutations) (137). The cases mainly concern yournigreim of all ethnic origins who present
with severe (microcytic) anemia (7g/dL), recurriaver, attacks of major digestive symptoms
such as diarrhea, various neurological signs (epyledeafness, mental retardation), as well
as nephrocalcinosis and panhypogammaglobulinemith, atbsence of total B lymphocytes.
Only one adult has been reported to date due to imigrbidity/mortality rates. Th&RNT1
gene encodes an RNA polymerase necessary for ¢igtosaturation and transfer of RNAt to
mitochondria (137,138).

3.5.5 Other rare AID with immunodeficiency

ADA2 deficiency is frequently associated with hypognaglobulinemia and is described
above in section 3.4 (26,76). More recently pasiemith TNFAIP3 mutation (described in
section 3.2.4.1) andlOD2 variations (described in section 3.2.3.1) havenbeported with
immune deficiency (18,128,139).

Mutations in NFKB1 and NFKB2 were associated in some cases with autoinflammnato
features and primary immunodeficiencies which comichic Behget's disease or common
variable immunododeficiency with or without alopeand viral infections such as EBV
infection (140,141) .

24



3.6. H syndrome

H syndrome is an autosomal recessive genodermdirssig described by Molho-Pessaeh

al in 2008 (142). It is associated with mutationsSiif€29A3 gene which encodes the human
equilibrative nucleoside transporter 3 (hENT3) (143e name of H syndrome was chosen to
represent the most frequent features: cutaneouserdigmentation and Hypertrichosis,
Hepatosplenomegaly, Hearing loss, Heart anomalidgpogonadism, low Height,
Hyperglycemia/insulin dependant diabetes mellitnd &lallux valgus/flexion contractures.
Cutaneous hyperpigmentation and progressive sdemmtous induration, typically affecting
the medial thighs are pathognomonic. Other systei@atures are reported as well as,
exophthalmos or eyelid swelling, lymphadenopathgstgp intestinal symptoms such as
chronic diarrhea, pancreatic dysfunction, skeletdnormalities(142,144). Histological
examination of skin lesions or lymphadenopathy showarked fibrosis and infiltration by
small histiocytes expressing CD68; perivasculattiafes composed of lymphocytes, plasma
cells, and mast cells accompanied by hemosiderposigon [24]. It can mimic Rosai-
Dorfman disease with CD60+ S100+ CD1la- histiocyuefitration and emperipolesis
(145,146). It belongs to the R group of the reviskdsification of histiocytoses and related
neoplasms by the Histiocyte Society [26]. Chronitaimmation is a classic biological feature
and some patients display recurrent fever. It can severe and often refractory to
conventional immunosuppressive drugs or blockadetefleukin-1 and tumor necrosisand

a few reports suggesting efficacy of tocilizumakénheen published (147,148).

4-NON-MONOGENIC AID.

Non-monogenic AID can be called "unclassified" Mathen they do not meet the criteria for
the diseases mentioned above but have the gendiratakbiological criteria for
autoinflammatory diseases. These diseases arectdrd@zad by episodes of recurrent fever
with biological inflammatory syndrome and clinidalatures of the auto-inflammatory type,
without any genetic cause being identified to d&eme non-Mendelian inflammatory
diseases have clinical, histological, pathophysgiiclal or genetic similarities with inherited
autoinflammatory syndromes, but appear to have l&femtorial origin.

4.1. Schnitzler's syndrome

Schnitzler's syndrome, defined by the associatiomdalt acquired urticaria and monoclonal

IgG or IgM by L. Schnitzler in 1972, shares withyapyrinopathies a clinically and
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histologically very similar rash (neutrophilic wairia) (149). A Dutch team reported the
presence of NLRP3 somatic mutations restricted h® myeloid line in patients with
Schnitzler's syndrome but they were not confirmmed larger population (150,151).

4.2. The systemic form of juvenile idiopathic arthitis and Still's disease in adults

The systemic form of juvenile idiopathic arthriigS-AJl) is classified as an idiopathic
juvenile arthritis but is a auto-inflammatory disea(152). According to the International
League of Rheumatology Associations classificatiba,definition of FS-1AJI is a fever of at
least two weeks duration preceding or accompangitigritis of unknown origin, of at least
six weeks duration, which begins before the ag&6oyears; accompanied by at least one of
the following signs: fugitive rash (figure 2.D), exbpathy, hepatomegaly and/or
splenomegaly, serositis. The exact etiology of KB4 currently imperfectly known but is
characterized by a deregulation of innate immunity.

Adult onset Still's disease is undoubtedly a hefeneous entity characterized by the
association of 4 clinical-biological cardinal eleme& marked fever, evanescent skin rash,
arthralgia or arthritis, and neutrophilic polynumiehyperleukocytosis in the absence of
rheumatoid factor or antinuclear antibodies (15Bjus defined, Still's disease was an
autoinflammatory disease before the hour, althainghmolecular and cellular mechanisms
underlying it have not yet been fully elucidated.

The management of these two entities aims to ol memission of systemic and articular
manifestations and prevent complications such amt jalestruction, inflammatory
amyloidosis. Treatment is based on non-steroid@iaftammatory drugs (NSAIDs) in mild
and in severe forms corticosteroids, methotrexaig anti-IL1 and anti-IL6 biotherapies,
especially in cases of joint damage (154).

4.3. Aseptic abscess syndrome

It is defined by the existence of diffuse tissusadsses with neutrophils, predominantly in
intra-abdominal organs, and more rarely extra-abdaim(lung, brain, skin); it may be
associated with Crohn's disease or relapsing pohytitis, or even with pyoderma
gangrenosum, or be isolated; there is sometimestiodé personal of familial history
(155,156).

4.4.PFAPA syndrome
PFAPA syndrome is the leading cause of recurrerdrfen pediatrics; the acronym PFAPA
stands for "periodic fever aphtous stomatitis phgitys adenitis” (157). This syndrome

combines recurrent fever of very regular frequeabput once a month with pharynagitis,
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mouth ulcers (figure 2.C), cervical adenopathy, stimes headache, and abdominal pain for
3 to 6 days. Single-dose steroids are very effecfithe prognosis is good: usually clinical

signs disappear in adolescence, but adult casesdt@ady been described (157,158).

5-DIAGNOSTIC CHECK-LIST FOR AID (TABLE 3)

Table 3 proposes a plan to guide the clinician sctipg an AID. Some specific features
suggesting on or another AID are indicated in thedtcolumn. The plan of a AID's
semiological analysis to orientate itself towarts tor that category and guide a possible
genetic analysis.

5.1. Family history

Draw the family tree and collect the country orioegof origin of his grandparents. The
objectives are to look for Mediterranean area orignd see if each generation is affected,
ssuggesting dominant autosomal transmission orthencontrary, horizontal transmission
suggesting recessive heredity; just like inbreedingns orientating towards a recessive trait.
Cases of death due to kidney failure (dialysisguasi) as well as other inflammatory diseases
possibly more frequent in families with AID (inflanatory disease of the digestive tract,

psoriasis, spondylitis etc.) will also be investegh

5.2. Personal history

Ask for the age at onset (beginning of symptomsl)the duration of attacks in days : The age
at which the first symptoms began is very importargévoke a Mendelian AID. For example,
in the most severe phenotypes of cryopyrinopathigg&aria is often present in the first few
days of life; in the case of mevalonate kinase cikdiicy, febrile seizures and digestive
disorders often begin in the first year of life. Molikely to be referred to as Somatic
Mutagenic AID if symptoms are atypical (mitigateaf) begin after age 40 yo. Similarly, the
duration of relapses is interesting to collect: whige crisis lasts more than 7 days, one thinks
more of a TRAPS syndrome (or more rarely of théctkyicy in mevalonate kinase), than of a

familial Mediterranean fever (figure 4).

5.3. Clinical symptoms in crisis (fiqure 5 and tal# 1).

Recurrent fevers are usually accompanied by stgredtclinical signs, with the three systems
most commonly involved being the cutaneous/mucatigkstive tract and musculoskeletal
systems. Table 1 summarizes the main outcomesndet to be addressed as a matter of

priority for an AID.
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Cutaneous features (figure 2)

The most suggestive skin lesiosn are urticaria, maiders and or bipolar aphtae, erythema,
pustules, livedo, lipodystrophy of the face or Isnbrostbite, livedo, purpura. Any suspicious
lesion must be biopsied in search of a specifidological lesion (neutrophilic filtrate,
vasculitis, granulomas...). The patients shoulpo$sible take pictures of their lesions when
attacks occur at home and send them to their physhly email or cellular phones or present
them during the consultation.

Articular

The interrogation looks for myalgia, arthralgia andl specify their location. The clinical
examination will look for arthritis, synovitis armtguments for sacroilitis, spondyloarthritis.
The main serous membrane localizations are théopedm responsible for abdominal pain,
the pleura, responsible for chest pain and lesguémetly the pericardium, synovial and the
tunica vaginalis.

Digestive tract

Apart from abdominal pain of aseptic peritonitisarap-like pain can be secondary to deep
adenomegalies; diarrhea is sometimes found at nideoé the FMF crisis but is above all
reminiscent of inflammatory colitis (MKD, or oth&iD with MICI). In case of surgery, the
surgical report must be retrieved.

Neurological

Interrogation and clinical examination look for deahe, chronic aseptic meningitis, stroke,
paraparesis

Ophthalmic

Interrogation and clinical examination look for iti® conjunctivitis, scleritis, episcleritis,
glaucoma.

ORL

Interrogation and clinical examination look for serineural deafness, chondrite, cervical
adenomegalies

Immuno/hematological

Interrogation and clinical examination look for laépsplenomegaly, peripheral
adenomegalies, repeated bacterial infections oorypistic infections suggesting immune

deficiency, signs consistent with cytopenia (palparpura)

5.4. Blood test to detect inflammatory markers in dsis
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The presence of an acute phase response in clisisba objectively assessed by measuring
CRP, search for a hyperleukocytosis with a predamge of neutrophilic polynuclears in the

bloodstream and sometimes erythrocyte sedimentadi@nin children. The patient should be

given a blood test prescription for attacks, anceehevidence of CRP elevation (three

different attacks) for at least 6 months must btheyed to consider AID as possible. In

addition, it is also interesting to have the resdliCRP level during the non-crisis time to

check their normal rate. Except in interferonopeghiCRP levels are always elevated in crisis
of AID.

5.5. Check for diagnostic criteria

Some diseases are defined by diagnostic critedla as FMF, diseases associated with NOD2
or NAID mutations, Schnitzler's syndrome, Stilliseshse and cryopyrinopathies [14-19]. For
the 4 historical recurrent fevers (FMF, TRAPS, CARKD, there is a website which allows
the clinician to be directed towards one of theigeases with an online algorithm (link:
http://printo.it/eurofeer/scoreCriteria.asp) deysld by the pediatrician’s from Eurofever
working group (63). It can be useful in daily piaetto guide a request for targeted DNA

analysis.

6-MAIN TREATMENT STRATEGIES

Daily colchicine remains the reference and preveritieatment for FMF attacks. Compliance
must be verified in the event of inefficiency. FOAPS, anti-IL-1 is the reference treatment
and provides a complete control of inflammatory ifestations in more than 90% of cases.
In other rare monogenic AIDs dependent on intelitedk treatment is not always codified.
Overall in inflammasomopathies, anti-IL-1 drugs sempted first, then if ineffective, should
be discussed anti-IL-6 or anti-TNF drugs, the faltteing very effective in ADA2 deficiency
(76). In ubiquitinopathies, anti-IL-1 agents haweb used, sometimes successfully and in the
event of failure of anti-TNF agents. About the rdigeases combining immunodeficiency and
autoinflammation, their treatment is not codifigds necessary to act in priority on the most
clinically severe auto inflammatory symptoms by é&otherapy and to discuss a
supplementation by polyvalent immunoglobulin on titeer hand, or even bone marrow
allograft in some very severe cases. In generalirrlatment of these very rare diseases must
be discussed/decided in a multidisciplinary cordidh meeting with experts who are used to

treat these patients.
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7-CONCLUSIONS

Analysis clinical signs during relapses is very artpnt for the precise diagnosis of an auto-
inflammatory disease (AID). More and more effectiiatments for inflammatory
manifestations are available to relieve patientd prevent the development of secondary
amyloidosis (AA amyloidosis), the chronic complicat of these inflammatory diseases.
Since the discovery of the familial Mediterraneawer gene 20 years ago, great progress has
been made in genetics to better dismember these deeases of innate immunity.
Interestingly, the same gene may be responsibla f@ried spectrum of more or less severe
clinical phenotypes such as cryopyrinopathies aséasges associated wMEFV mutations;
and for some newly discovered diseases, the phgicogpectrum is certainly not yet
completely known: such as tBA®A2 deficiency. Indeed, in that disease, initially ctésed in
2014, other features were recently reported witiepts displaying immunodeficiency or
even erythroblastopenia or a Castleman-like dis€@60)! Thus, this is a new field of
systemic diseases in adult and pediatric internatlione, which will lead to interesting
opportunities in clinical, pathophysiological anéngtic discoveries for the next coming

years.

Conflicts of interest:
The authors state that they have no conflict ofriggt in relation to this manuscript. The
following authors declare that they have receivechsional fees as consultants or assistance

in attending congresses of Novartis and SOBI laboes: SGL, GG.

30



References

1.

10.

11.

Grateau G, Hentgen V, Stojanovic KS, Jéru IsAlam S, Steichen O. How should we
approach classification of autoinflammatory diss@9dat Rev Rheumatol. 2013
Oct;9(10):624-9.

Ben-Chetrit E, Gattorno M, Gul A, Kastner Dladhmann HJ, Touitou |, et al.
Consensus proposal for taxonomy and definitiornefautoinflammatory diseases
(AIDs): a Delphi study. Ann Rheum Dis. 2018 Aug 12;

Manthiram K, Zhou Q, Aksentijevich I, Kastnek.Dl'he monogenic autoinflammatory
diseases define new pathways in human innate inignand inflammation. Nat
Immunol. 2017 Jul 19;18(8):832—42.

Masters SL, Lagou V, Jéru |, Baker PJ, Van BycRarry DA, et al. Familial
autoinflammation with neutrophilic dermatosis rdgearegulatory mechanism of pyrin
activation. Sci Transl Med. 2016 Mar 30;8(332):3815.

Moghaddas F, Llamas R, De Nardo D, Martinezeg#tha H, Martinez-Garcia JJ,
Mesa-Del-Castillo P, et al. A novel Pyrin-Assocasutoinflammation with
Neutrophilic Dermatosis mutation further defines3t8 binding of pyrin and
distinction to Familial Mediterranean Fever. AnneRim Dis. 2017 Aug 23,

Holzinger D, Roth J. Alarming consequencesteiatlammatory disease spectrum due
to mutations in proline-serine-threonine phospleatateracting protein 1. Curr Opin
Rheumatol. 2016 Sep;28(5):550-9.

Romberg N, Vogel TP, Canna SW. NLRC4 inflammmagpathies. Curr Opin Allergy
Clin Immunol. 2017 Sep 27;

Caso F, Galozzi P, Costa L, Sfriso P, Cantariflunzi L. Autoinflammatory
granulomatous diseases: from Blau syndrome anyg-easet sarcoidosis to NOD2-
mediated disease and Crohn’s disease. RMD Opeb;20).e000097.

Sarrabay G, Grandemange S, Touitou |. Diagrafsisyopyrin-associated periodic
syndrome: challenges, recommendations and emecgimeepts. Expert Rev Clin
Immunol. 2015;11(7):827-35.

Omoyinmi E, Standing A, Keylock A, Price-KuehR, Melo Gomes S, Rowczenio D,
et al. Clinical impact of a targeted next-generasequencing gene panel for
autoinflammation and vasculitis. PLoS ONE. 20177)2(0181874.

Rowczenio DM, Trojer H, Omoyinmi E, Arosteglij Arakelov G, Mensa-Vilaro A, et

al. Brief Report: Association of Tumor Necrosis teadReceptor-Associated Periodic

31



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Syndrome With Gonosomal Mosaicism of a Novel 24{dotide TNFRSF1A
Deletion. Arthritis & Rheumatology (Hoboken, NJR15 Aug;68(8):2044-9.
Mensa-Vilaro A, Teresa Bosque M, Magri G, Hany Martinez-Banaclocha H,
Casorran-Berges M, et al. Late onset cryopyrin-giaged periodic syndrome due to
myeloid-restricted somatic NLRP3 mosaicism. Arier& Rheumatology (Hoboken,
NJ). 2016 Jun 6;

Mensa-Vilaro A, Cham WT, Tang SP, Lim SC, Gdez-Roca E, Ruiz-Ortiz E, et al.
Brief Report: First Identification of Intrafamilid#ecurrence of Blau Syndrome due to
Gonosomal NOD2 Mosaicism. Arthritis & Rheumatoldgioboken, NJ). 2016
Apr;68(4):1039-44.

de Inocencio J, Mensa-Vilaro A, Tejada-Pak&oEnriquez-Merayo E, Gonzélez-
Roca E, Magri G, et al. Somatic NOD2 mosaicism leuBsyndrome. J Allergy Clin
Immunol. 2015 Aug;136(2):484-487.e2.

Harapas CR, Steiner A, Davidson S, MastersASLUpdate on Autoinflammatory
Diseases: Inflammasomopathies. Curr Rheumatol B&8 May 30;20(7):40.
Aksentijevich I, Zhou Q. NkB Pathway in Autoinflammatory Diseases:
Dysregulation of Protein Modifications by UbiquitiPefines a New Category of
Autoinflammatory Diseases. Front Immunol. 2017;8.39

Kattah MG, Malynn BA, Ma A. Ubiquitin-Modifym Enzymes and Regulation of the
Inflammasome. J Mol Biol. 2017 Nov 10;429(22):348%—

Aeschlimann FA, Batu ED, Canna SW, Go E, GilHAffmann P, et al. A20
haploinsufficiency (HA20): clinical phenotypes atidease course of patients with a
newly recognised NF-kB-mediated autoinflammatogedse. Ann Rheum Dis. 2018
May;77(5):728-35.

Zhou Q, Wang H, Schwartz DM, Stoffels M, P#ik, Zhang Y, et al. Loss-of-
function mutations in TNFAIP3 leading to A20 hapisifficiency cause an early-onset
autoinflammatory disease. Nat Genet. 2016 Jan;48(4] 3.

Zhou Q, Yu X, Demirkaya E, Deuitch N, StoneTBai WL, et al. Biallelic
hypomorphic mutations in a linear deubiquitinastngeotulipenia, an early-onset
autoinflammatory disease. Proc Natl Acad Sci USHL.&Sep 6;113(36):10127-32.
Shigemura T, Kaneko N, Kobayashi N, Kobay#&shiakeuchi Y, Nakano N, et al.
Novel heterozygous C243Y A20/TNFAIP3 gene mutatsoresponsible for chronic
inflammation in autosomal-dominant Behget's dise&dD Open.
2016;2(1):e000223.

32



22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Kadowaki T, Ohnishi H, Kawamoto N, Hori T, Niswra K, Kobayashi C, et al.
Haploinsufficiency of A20 causes autoinflammatongl autoimmune disorders. J
Allergy Clin Immunol. 2018 Apr;141(4):1485-1488.e11

Boisson B, Laplantine E, Prando C, Gilianisgaelsson E, Xu Z, et al.
Immunodeficiency, autoinflammation and amylopectison humans with inherited
HOIL-1 and LUBAC deficiency. Nat Immunol. 2012 D&8(12):1178-86.

Boisson B, Laplantine E, Dobbs K, Cobat A,ardino N, Hazen M, et al. Human
HOIP and LUBAC deficiency underlies autoinflammatianmunodeficiency,
amylopectinosis, and lymphangiectasia. J Exp Méd52Jun 1;212(6):939-51.
Damgaard RB, Walker JA, Marco-Casanova P, EioifgV, Titheradge HL, Elliott PR,
et al. The Deubiquitinase OTULIN Is an Essentiagleve Regulator of Inflammation
and Autoimmunity. Cell. 2016 Aug 25;166(5):1215-0220.

Fayand A, Sarrabay G, Belot A, Hentgen V, kBt |, Grateau G, et al. [Multiple
facets of ADA2 deficiency: Vasculitis, auto-inflanatory disease and
immunodeficiency: A literature review of 135 caéesn literature]. Rev Med Interne.
2018 Apr;39(4):297-306.

Davidson S, Steiner A, Harapas CR, MastersASLUpdate on Autoinflammatory
Diseases: Interferonopathies. Curr Rheumatol R@p3 May 30;20(7):38.

Livneh A, Langevitz P, Zemer D, Zaks N, Kee&iBar T, et al. Criteria for the
diagnosis of familial Mediterranean fever. ArthgiRheum. 1997 Oct;40(10):1879-85.
Georgin-Lavialle S, Hentgen V, Stankovic Stojac K, Bachmeyer C, Rodrigues F,
Savey L, et al. [Familial Mediterranean fever]. Régd Interne. 2018 Apr;39(4):240-
55.

Ozen S, Batu ED, Demir S. Familial Meditermam&ever: Recent Developments in
Pathogenesis and New Recommendations for ManageRrent Immunol.
2017;8:253.

Ozen S, Demirkaya E, Erer B, Livheh A, Ben4@ih&, Giancane G, et al. EULAR
recommendations for the management of familial N&ethnean fever. Ann Rheum
Dis. 2016 Apr;75(4):644-51.

Padeh S, Berkun Y. Familial Mediterranean fe@eirr Opin Rheumatol. 2016
Sep;28(5):523-9.

Ozen S, Batu ED. The myths we believed in liahiediterranean fever: what have

we learned in the past years? Semin ImmunopatBab 3ul;37(4):363-9.

33



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Hentgen V, Grateau G, Kone-Paut I, Livheh &déh S, Rozenbaum M, et al.
Evidence-based recommendations for the practicabgement of Familial
Mediterranean Fever. Semin Arthritis Rheum. 2018;8&(3):387-91.

Alghamdi M. Familial Mediterranean fever, mwiof the literature. Clin Rheumatol.
2017 Aug;36(8):1707-13.

Livneh A, Zemer D, Langevitz P, Laor A, SoBaiPras M. Colchicine treatment of
AA amyloidosis of familial Mediterranean fever. Aamalysis of factors affecting
outcome. Arthritis Rheum. 1994 Dec;37(12):1804-11.

Hentgen V, Grateau G, Kone-Paut I, Livneh &déh S, Rozenbaum M, et al.
Evidence-based recommendations for the practicabgement of Familial
Mediterranean Fever. Semin Arthritis Rheum. 2018;0&(3):387-91.

Cazeneuve C, Ajrapetyan H, Papin S, Roudotavad F, Geneviéve D, Mndjoyan E,
et al. Identification of MEFV-independent modifyiggnetic factors for familial
Mediterranean fever. Am J Hum Genet. 2000 Nov;68T(36-43.

Altunglu A, ErtenS, Canoz MB, Yuksel A, Ceylan GG, Balci S, et aleRbtype 2
familial mediterranean fever: evaluation of 22 cesges and review of the literature
on phenotype 2 FMF. Ren Fail. 2013;35(2):226-30.

Marek-Yagel D, Berkun Y, Padeh S, Abu A, ReaMolf H, Livheh A, et al. Clinical
disease among patients heterozygous for familiadiMeanean fever. Arthritis
Rheum. 2009 Jun;60(6):1862—6.

Hentgen V, Grateau G, Stankovic-Stojanoviéd\Kselem S, Jéru |. Familial
Mediterranean fever in heterozygotes: are we abéeturately diagnose the disease in
very young children? Arthritis Rheum. 2013 Jun;§3(654—-62.

Sénmez HE, Batu ED, Bilginer Y, Ozen S. Diggaring colchicine in symptomatic
carriers for MEFV (Mediterranean FeVer) variantin®heumatol. 2017
Feb;36(2):421-5.

Rowczenio DM, lancu DS, Trojer H, Gilberts@y Gillmore JD, Wechalekar AD, et
al. Autosomal dominant familial Mediterranean fewreNorthern European Caucasians
associated with deletion of p.M694 residue-a casesand genetic exploration.
Rheumatology (Oxford). 2017 Feb;56(2):209-13.

Sarrabay G, Touitou I. Dominant familial Medianean fever. Rheumatology
(Oxford). 2017 Feb;56(2):173-5.

34



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Stoffels M, Szperl A, Simon A, Netea MG, Piaga TS, van Deuren M, et al. MEFV
mutations affecting pyrin amino acid 577 cause swiwal dominant autoinflammatory
disease. Ann Rheum Dis. 2014 Feb;73(2):455-61.

Aldea A, Campistol JM, Arostegui JI, Rius Ja3dd M, Vives J, et al. A severe
autosomal-dominant periodic inflammatory disordéhwenal AA amyloidosis and
colchicine resistance associated to the MEFV H4v@&ant in a Spanish kindred: an
unusual familial Mediterranean fever phenotypermther MEFV-associated periodic
inflammatory disorder? Am J Med Genet A. 2004 JAR4A(1):67-73.

Nabil H, Zayed A, State O, Badawy A. Pregnamatcome in women with familial
Mediterranean fever. J Obstet Gynaecol. 2012 N@8)3256-9.

Mijatovic V, Hompes PGA, Wouters MGAJ. FanlilMediterranean fever and its
implications for fertility and pregnancy. Eur J @&tsGynecol Reprod Biol. 2003 Jun
10;108(2):171-6.

Indraratna PL, Virk S, Gurram D, Day RO. U$edachicine in pregnancy: a
systematic review and meta-analysis. RheumatolOgyofd). 2017 Sep 23;
Ben-Chetrit E, Ben-Chetrit A, Berkun Y, Benddiit E. Pregnancy outcomes in
women with familial Mediterranean fever receivirgahicine: is amniocentesis
justified? Arthritis Care Res (Hoboken). 2010 F&(X):143-8.

Ben-Chetrit E, Levy M. Reproductive systenfamilial Mediterranean fever: an
overview. Ann Rheum Dis. 2003 Oct;62(10):916-9.

Zemer D, Pras M, Sohar E, Modan M, Cabili §rJ. Colchicine in the prevention
and treatment of the amyloidosis of familial Medigmean fever. N Engl J Med. 1986
Apr 17;314(16):1001-5.

Quartier P, Rodrigues F, Georgin-Lavialle@yppyrin-associated periodic
syndromes]. Rev Med Interne. 2018 Apr;39(4):287-96.

Kuemmerle-Deschner JB, Ozen S, Tyrrell PN,d<Baut |, Goldbach-Mansky R,
Lachmann H, et al. Diagnostic criteria for cryopyassociated periodic syndrome
(CAPS). Ann Rheum Dis. 2017 Jun;76(6):942-7.

Rowczenio DM, Gomes SM, Arostegui JI, Menskidi A, Omoyinmi E, Trojer H, et
al. Late-Onset Cryopyrin-Associated Periodic Synuee Caused by Somatic NLRP3
Mosaicism-UK Single Center Experience. Front Immu@017;8:1410.

Labrousse M, Kevorkian-Verguet C, BoursieR8wczenio D, Maurier F, Lazaro E,

et al. Mosaicism in autoinflammatory diseases: @yym-associated periodic

35



S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

syndromes (CAPS) and beyond. A systematic reviaw Rev Clin Lab Sci. 2018
Sep;55(6):432-42.

Kuemmerle-Deschner JB, Hofer F, Endres T, afboetze B, Blank N, Weil3barth-
Riedel E, et al. Real-life effectiveness of canakmab in cryopyrin-associated periodic
syndrome. Rheumatology (Oxford). 2016 Apr;55(4):638.

Lachmann HJ, Kone-Paut I, Kuemmerle-DeschBeL 8slie KS, Hachulla E, Quartier
P, et al. Use of canakinumab in the cryopyrin-aisged periodic syndrome. N Engl J
Med. 2009 Jun 4;360(23):2416-25.

Kuemmerle-Deschner JB, Haug |. Canakinumaiatrents with cryopyrin-associated
periodic syndrome: an update for clinicians. ThdvMusculoskelet Dis. 2013
Dec;5(6):315-29.

ter Haar NM, Oswald M, Jeyaratnam J, AntdBalron KS, Brogan PA, et al.
Recommendations for the management of autoinflammyatiseases. Ann Rheum Dis.
2015 Sep;74(9):1636-44.

Georgin-Lavialle S, Kone-Paut I, Delaleu Jr&aay G, Grateau G, Touitou I, et al.
[Tumor necrosis receptor associated periodic syndrefRAPS): State of the art]. Rev
Med Interne. 2018 Apr;39(4):256—64.

McDermott MF, Aksentijevich I, Galon J, McDesthEM, Ogunkolade BW, Centola
M, et al. Germline mutations in the extracellulandhins of the 55 kDa TNF receptor,
TNFR1, define a family of dominantly inherited amftammatory syndromes. Cell.
1999 Apr 2;97(1):133-44.

Federici S, Sormani MP, Ozen S, Lachmann Hidakan G, Woo P, et al. Evidence-
based provisional clinical classification critefitat autoinflammatory periodic fevers.
Ann Rheum Dis. 2015 May;74(5):799-805.

Grimwood C, Despert V, Jeru |, Hentgen V. @mdnd treatment with anakinra: a
treatment option for selected TRAPS patients. Riaalogy (Oxford). 2015
Sep;54(9):1749-51.

De Benedetti F, Gattorno M, Anton J, Ben-Gh&irFrenkel J, Hoffman HM, et al.
Canakinumab for the Treatment of AutoinflammatopcRrrent Fever Syndromes. N
Engl J Med. 2018 17;378(20):1908-19.

Galeotti C, Georgin-Lavialle S, Sarrabay Guitau I, Koné-Paut I. [Mevalonate
kinase deficiency in 2016]. Rev Med Interne. 20%8;89(4):265-70.

van der Hilst JCH, Bodar EJ, Barron KS, Frédk®renth JPH, van der Meer JWM, et

al. Long-term follow-up, clinical features, and &tyeof life in a series of 103 patients

36



68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

with hyperimmunoglobulinemia D syndrome. MediciBaltimore). 2008
Nov;87(6):301-10.

Bader-Meunier B, Florkin B, Sibilia J, AcqueaiC, Hachulla E, Grateau G, et al.
Mevalonate kinase deficiency: a survey of 50 patieRediatrics. 2011
Jul;128(1):e152-159.

Ter Haar NM, Jeyaratnam J, Lachmann HJ, Sitpddrogan PA, Doglio M, et al. The
Phenotype and Genotype of Mevalonate Kinase DefigieA Series of 114 Cases
From the Eurofever Registry. Arthritis & RheumatpjaHoboken, NJ). 2016
Nov;68(11):2795-805.

Ammouri W, Cuisset L, Rouaghe S, Rolland MB@|pech M, Grateau G, et al.
Diagnostic value of serum immunoglobulinaemia Delem patients with a clinical
suspicion of hyper IgD syndrome. Rheumatology (@Xfo2007 Oct;46(10):1597—
600.

Park YH, Wood G, Kastner DL, Chae JJ. Pyritammasome activation and RhoA
signaling in the autoinflammatory diseases FMF diaS. Nat Immunol.
2016;17(8):914-21.

Rafig NK, Lachmann H, Joensen F, Herlin T,damo PA. Tocilizumab for the
Treatment of Mevalonate Kinase Deficiency. Case Regiatr. 2018;2018:3514645.
Deshayes S, Georgin-Lavialle S, Hot A, Duréd (Hachulla E, Rouanes N, et al.
Efficacy of Continuous Interleukin 1 Blockade in Wdonate Kinase Deficiency: A
Multicenter Retrospective Study in 13 Adult Pateeahd Literature Review. J
Rheumatol. 2018 Mar;45(3):425-9.

Navon Elkan P, Pierce SB, Segel R, Walsh TagaJ, Padeh S, et al. Mutant
adenosine deaminase 2 in a polyarteritis nodosaul@sathy. N Engl J Med. 2014 Mar
6;370(10):921-31.

Zhou Q, Yang D, Ombrello AK, Zavialov AV, Tof@ Zavialov AV, et al. Early-onset
stroke and vasculopathy associated with mutatio®A2. N Engl J Med. 2014 Mar
6;370(10):911-20.

Meyts I, Aksentijevich I. Deficiency of Aderine Deaminase 2 (DADA2): Updates on
the Phenotype, Genetics, Pathogenesis, and Treatin€lin Immunol. 2018
Jul;38(5):569-78.

Van Montfrans JM, Hartman EAR, Braun KPJ, Hekam EAM, Hak EA, Nederkoorn
PJ, et al. Phenotypic variability in patients WkBA2 deficiency due to identical
homozygous R169Q mutations. Rheumatology (Oxf&@dl6 May;55(5):902-10.

37



78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Caorsi R, Penco F, Grossi A, Insalaco A, OrtieAgAlessio M, et al. ADA2
deficiency (DADAZ2) as an unrecognised cause ofyeanket polyarteritis nodosa and
stroke: a multicentre national study. Ann Rheum R&17 Oct;76(10):1648-56.
Hashem H, Kelly SJ, Ganson NJ, Hershfield Mé&ficiency of Adenosine Deaminase
2 (DADA2), an Inherited Cause of Polyarteritis Ned@and a Mimic of Other Systemic
Rheumatologic Disorders. Curr Rheumatol Rep. 20&{7519(11):70.

Zavialov AV, Gracia E, Glaichenhaus N, FraRc&Zavialov AV, Lauvau G. Human
adenosine deaminase 2 induces differentiation afangtes into macrophages and
stimulates proliferation of T helper cells and nmgtrages. J Leukoc Biol. 2010 Jan
8;88(2):279-90.

Belot A, Wassmer E, Twilt M, Lega J-C, Zeef LBojageer A, et al. Mutations in
CECRL1 associated with a neutrophil signature ifpperal blood. Pediatr Rheumatol
Online J. 2014;12:44.

Uettwiller F, Sarrabay G, Rodero MP, Rice IGlgrue E, Marot Y, et al. ADA2
deficiency: case report of a new phenotype andInowation in two sisters. RMD
Open. 2016;2(1):e000236.

Skrabl-Baumgartner A, Plecko B, Schmidt WMniKpN, Hershfield M, Gruber-
Sedimayr U, et al. Autoimmune phenotype with typetérferon signature in two
brothers with ADA2 deficiency carrying a novel CECRiutation. Pediatr Rheumatol
Online J. 2017 Aug 22;15(1):67.

Rama M, Duflos C, Melki I, Bessis D, Bonhom&eMartin H, et al. A decision tree
for the genetic diagnosis of deficiency of adeneslaaminase 2 (DADA2): a French
reference centres experience. Eur J Hum Genet. A0135(7):960-71.

Springer JM, Gierer SA, Jiang H, Kleiner Duideh N, Ombrello AK, et al.
Deficiency of Adenosine Deaminase 2 in Adult SiginMany Years of a
Misdiagnosed Disease With Severe Consequences. Iftorunol. 2018;9:1361.
Schepp J, Proietti M, Frede N, Buchta M, Hibsd&, Rojas Restrepo J, et al.
Screening of 181 Patients With Antibody Deficierioy Deficiency of Adenosine
Deaminase 2 Sheds New Light on the Disease in Adott. Arthritis & Rheumatology
(Hoboken, NJ). 2017 Aug;69(8):1689—700.

Schepp J, Bulashevska A, Mannhardt-Laakman@&t,H, Yang F, Seidl M, et al.
Deficiency of Adenosine Deaminase 2 Causes Antiliaelfjciency. J Clin Immunol.
2016 Apr;36(3):179-86.

38



88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Van Eyck L, Hershfield MS, Pombal D, Kelly &anson NJ, Moens L, et al.
Hematopoietic stem cell transplantation rescuegntineunologic phenotype and
prevents vasculopathy in patients with adenosieeniease 2 deficiency. J Allergy
Clin Immunol. 2015 Jan;135(1):283-287.e5.

Hashem H, Kumar AR, Miiller |, Babor F, BredRrisDalal J, et al. Hematopoietic
stem cell transplantation rescues the hematolggmahunological and vascular
phenotype in DADAZ2. Blood. 2017 Oct 3;

Van Nieuwenhove E, Humblet-Baron S, Van Eycb& Somer L, Dooley J, Tousseyn
T, et al. ADA2 Deficiency Mimicking Idiopathic Muttentric Castleman Disease.
Pediatrics. 2018 Sep;142(3).

Kitamura A, Sasaki Y, Abe T, Kano H, YasutokoAn inherited mutation in NLRC4
causes autoinflammation in human and mice. J Exg. 2@14 Nov 17;211(12):2385—
96.

Romberg N, Al Moussawi K, Nelson-Williams Giggler AL, Loring E, Choi M, et al.
Mutation of NLRC4 causes a syndrome of enterosaditid autoinflammation. Nat
Genet. 2014 Oct;46(10):1135-9.

Canna SW, de Jesus AA, Gouni S, Brooks SRreéviaB, Liu Y, et al. An activating
NLRC4 inflammasome mutation causes autoinflammatitth recurrent macrophage
activation syndrome. Nat Genet. 2014 Oct;46(10)0+64

Rodrigues F, Hentgen V, Bachmeyer C, Kone-R&#glot A, Grateau G, et al.
[NLRC4 associated autoinflammatory diseases: Aesyatic review of the current
literature]. Rev Med Interne. 2018 Apr;39(4):279-86

Canna SW, Girard C, Malle L, de Jesus A, RambE Kelsen J, et al. Life-threatening
NLRC4-associated hyperinflammation successfullgterd with IL-18 inhibition. J
Allergy Clin Immunol. 2017 May;139(5):1698-701.

Romberg N, Vogel TP, Canna SW. NLRC4 inflamomagpathies. Curr Opin Allergy
Clin Immunol. 2017 Sep 27;

Jéru |, Duquesnoy P, Fernandes-Alnemri T, €oEh Yu JW, Lackmy-Port-Lis M, et
al. Mutations in NALP12 cause hereditary periodieer syndromes. Proc Natl Acad
Sci USA. 2008 Feb 5;105(5):1614-9.

Shen M, Tang L, Shi X, Zeng X, Yao Q. NLRP1Ranflammatory disease: a Chinese
case series and literature review. Clin Rheumai7 Jul;36(7):1661—7.

39



99. De Pieri C, Vuch J, Athanasakis E, Severini,@vbvella S, Bianco AM, et al. F402L
variant in NLRP12 in subjects with undiagnosed qdid fevers and in healthy
controls. Clin Exp Rheumatol. 2014 Dec;32(6):993—4.

100. Kostik MM, Suspitsin EN, Guseva MN, Levina ,A&zantseva AY, Sokolenko AP, et
al. Multigene sequencing reveals heterogeneityldRR12-related autoinflammatory
disorders. Rheumatol Int. 2018 May;38(5):887-93.

101. Jéru |, Cochet E, Duquesnoy P, Hentgen VjrCBpMitjavila-Garcia MT, et al. Brief
Report: Involvement of TNFRSF11A molecular defentautoinflammatory disorders.
Arthritis & Rheumatology (Hoboken, NJ). 2014 Se{%H62621—7.

102. Kallinich T, Thorwarth A, von Stuckrad S-Logen-Wolff A, Luksch H, Hundsdoerfer
P, et al. Juvenile arthritis caused by a novel FANILACC1) mutation in two children
with systemic and extended oligoarticular coursali®r Rheumatol Online J. 2016
Nov 24;14(1):63.

103. Wakil SM, Monies DM, Abouelhoda M, Al-TassdnAl-Dusery H, Naim EA, et al.
Association of a mutation in LACC1 with a monogefaon of systemic juvenile
idiopathic arthritis. Arthritis & Rheumatology (Hoken, NJ). 2015 Jan;67(1):288-95.

104. Wouters CH, Maes A, Foley KP, Bertin J, RGEe Blau syndrome, the prototypic
auto-inflammatory granulomatous disease. PediaduRtatol Online J. 2014;12:33.

105. Yao Q, Shen B. A Systematic Analysis of Treait and Outcomes of NOD2-
Associated Autoinflammatory Disease. Am J Med. 2P1EF;130(3):365.€13-365.€18.

106. Yao Q, Shen M, McDonald C, Lacbawan F, MdRaishen B. NOD2-associated
autoinflammatory disease: a large cohort study uRtaology (Oxford). 2015
Oct;54(10):1904-12.

107. Yao Q, Zhou L, Cusumano P, Bose N, Piliangdyakar B, et al. A new category of
autoinflammatory disease associated with NOD2 geuiations. Arthritis Res Ther.
2011;13(5):R148.

108. Holzinger D, Fassl SK, de Jager W, Lohsedyig UF, Gattorno M, et al. Single
amino acid charge switch defines clinically distipmoline-serine-threonine
phosphatase-interacting protein 1 (PSTPIP1)-assatiaflammatory diseases. J
Allergy Clin Immunol. 2015 Nov;136(5):1337-45.

109. Lindwall E, Singla S, Davis WE, Quinet RIMIbPSTPIP1 gene mutation in a patient
with pyogenic arthritis, pyoderma gangrenosum amdPAPA) syndrome. Semin
Arthritis Rheum. 2015 Aug;45(1):91-3.

40



110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

Braun-Falco M, Kovnerystyy O, Lohse P, Ruaidk Pyoderma gangrenosum, acne,
and suppurative hidradenitis (PASH)--a new autamfinatory syndrome distinct from
PAPA syndrome. J Am Acad Dermatol. 2012 Mar;66(39:415.

Geusau A, Mothes-Luksch N, Nahavandi H, Ri¢kl, Wise CA, Pourpak Z, et al.
Identification of a homozygous PSTPIP1 mutatioa jpatient with a PAPA-like
syndrome responding to canakinumab treatment. JAMAnNatol. 2013
Feb;149(2):209-15.

Zeeli T, Padalon-Brauch G, Ellenbogen E,&&arig O, Sprecher E. Pyoderma
gangrenosum, acne and ulcerative colitis in a patigth a novel mutation in the
PSTPIP1 gene. Clin Exp Dermatol. 2015 Jun;40(4):3@7

Stern SM, Ferguson PJ. Autoinflammatory kdieeases. Rheum Dis Clin North Am.
2013 Nov;39(4):735-49.

Rao AP, Gopalakrishna DB, Bing X, FergusorAP&notypic Variability in Majeed
Syndrome. J Rheumatol. 2016 Jun;43(6):1258-9.

Aksentijevich I, Masters SL, Ferguson PJ,d@grP, Frenkel J, van Royen-Kerkhoff
A, et al. An autoinflammatory disease with defiagmof the interleukin-1-receptor
antagonist. N Engl J Med. 2009 Jun 4;360(23):2426-3

Rossi-Semerano L, Piram M, Chiaverini C, DeaRd D, Smahi A, Koné-Paut I. First
clinical description of an infant with interleukB6-receptor antagonist deficiency
successfully treated with anakinra. Pediatrics.320tt;132(4):e1043-1047.
Bonekamp N, Caorsi R, Viglizzo GM, Graaf M t&noia F, Grossi A, et al. High-
dose ustekinumab for severe childhood deficienantefleukin-36 receptor antagonist
(DITRA). Ann Rheum Dis. 2017 Sep 2;

Grandemange S, Sanchez E, Louis-Plence R Maa-Them F, Bessis D, Coubes C,
et al. A new autoinflammatory and autoimmune synw@ssociated with NLRP1
mutations: NAIAD (NLRP1-associated autoinflammatieith arthritis and
dyskeratosis). Ann Rheum Dis. 2017 Jul;76(7):1191-8

Takeichi T, Sugiura K, Nomura T, Sakamot@gawa Y, Oiso N, et al. Pityriasis
Rubra Pilaris Type V as an Autoinflammatory Diselge&€ ARD14 Mutations. JAMA
Dermatol. 2017 Jan 1;153(1):66—70.

Fuchs-Telem D, Sarig O, van Steensel MAMkds&D, Israeli S, Nousbeck J, et al.
Familial pityriasis rubra pilaris is caused by miaias in CARD14. Am J Hum Genet.
2012 Jul 13;91(1):163-70.

41



121. LiuY, Gao M, LvY, Yang X, Ren Y, Jiang T,a. Confirmation by exome
sequencing of the pathogenic role of NCSTN mutatioracne inversa (hidradenitis
suppurativa). J Invest Dermatol. 2011 Jul;131(7)QL2.

122. Faraji Zonooz M, Sabbagh-Kermani F, Fattghtatlaee M, Akbari MR, Amiri R, et
al. Whole Genome Linkage Analysis Followed by Whek®me Sequencing Identifies
Nicastrin (NCSTN) as a Causative Gene in a Mulkgtamily withy-Secretase
Spectrum of Autoinflammatory Skin Phenotypes. Ebt\Dermatol. 2016
Jun;136(6):1283-6.

123. Miskinyte S, Nassif A, Merabtene F, UngehedeM, Join-Lambert O, Jais J-P, et al.
Nicastrin mutations in French families with hidrades suppurativa. J Invest Dermatol.
2012 Jun;132(6):1728-30.

124. Vinkel C, Thomsen SF. Autoinflammatory symdes associated with hidradenitis
suppurativa and/or acne. Int J Dermatol. 2017 A&@p811-8.

125. Marzano AV, Ceccherini |, Gattorno M, FanbniCaroli F, Rusmini M, et al.
Association of pyoderma gangrenosum, acne, andusagye hidradenitis (PASH)
shares genetic and cytokine profiles with otheoiaftammatory diseases. Medicine
(Baltimore). 2014 Dec;93(27):e187.

126. Steiner A, Harapas CR, Masters SL, DavidsclnSJpdate on Autoinflammatory
Diseases: Relopathies. Curr Rheumatol Rep. 20183@80(7):39.

127. Berteau F, Rouviere B, Delluc A, Nau A, Laf@eR, Sarrabay G, et al. Autosomic
dominant familial Behcget disease and haploinswdficy A20: A review of the
literature. Autoimmun Rev. 2018 Aug;17(8):809-15.

128. Aksentijevich I, Zhou Q. NkB Pathway in Autoinflammatory Diseases:
Dysregulation of Protein Modifications by Ubiquitidefines a New Category of
Autoinflammatory Diseases. Front Immunol. 2017;8.39

129. Jain A, Misra DP, Sharma A, Wakhlu A, AgarWaNegi VS. Vasculitis and
vasculitis-like manifestations in monogenic autl@nfmatory syndromes. Rheumatol
Int. 2017 Oct 14;

130. Picard C, Belot A. [Type | interferonopathiegerature review]. Rev Med Interne.
2016 Sep 19;

131. LiuY, Jesus AA, Marrero B, Yang D, Ramsey S&nchez GAM, et al. Activated
STING in a vascular and pulmonary syndrome. N Bngled. 2014 Aug
7:371(6):507-18.

42



132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Crow YJ, Casanova J-L. STING-associated Vapathy with onset in infancy--a new
interferonopathy. N Engl J Med. 2014 Aug 7;371(68571.

Boisson B, Laplantine E, Dobbs K, Cobat Asafiéino N, Hazen M, et al. Human
HOIP and LUBAC deficiency underlies autoinflammatianmunodeficiency,
amylopectinosis, and lymphangiectasia. J Exp Méd52Jun 1;212(6):939-51.
Ombrello MJ, Remmers EF, Sun G, Freeman Aftals, Torabi-Parizi P, et al. Cold
urticaria, immunodeficiency, and autoimmunity rethto PLCG2 deletions. N Engl J
Med. 2012 Jan 26;366(4):330-8.

Zhou Q, Lee G-S, Brady J, Datta S, Katan Mil&h A, et al. A hypermorphic
missense mutation in PLCG2, encoding phospholifga8¢ causes a dominantly
inherited autoinflammatory disease with immunodeficy. Am J Hum Genet. 2012
Oct 5;91(4):713-20.

Standing ASI, Malinova D, Hong Y, Record huMling D, Blundell MP, et al.
Autoinflammatory periodic fever, immunodeficien@nd thrombocytopenia (PFIT)
caused by mutation in actin-regulatory gene WDREX@ Med. 2017 Jan;214(1):59—
71.

Chakraborty PK, Schmitz-Abe K, Kennedy EK,mvéaly H, Naas T, Durie D, et al.
Mutations in TRNT1 cause congenital sideroblastieraia with immunodeficiency,
fevers, and developmental delay (SIFD). Blood. 20t4 30;124(18):2867—71.
Wiseman DH, May A, Jolles S, Connor P, Po@elHeeney MM, et al. A novel
syndrome of congenital sideroblastic anemia, B4ioathunodeficiency, periodic
fevers, and developmental delay (SIFD). Blood. 20di3;122(1):112-23.

Yao Q, Shen M, Fernandez J. NOD2-associat@indlammatory disease and immune
deficiency. J Allergy Clin Immunol Pract. 2016 Ad¢#):780-2.

Shi C, Wang F, Tong A, Zhang X-Q, Song H-Mj E-Y, et al. NFKB2 mutation in
common variable immunodeficiency and isolated agkcerticotropic hormone
deficiency: A case report and review of literatkedicine (Baltimore). 2016
Oct;95(40):e5081.

Chen K, Coonrod EM, Kumanovics A, Franks BErtschi JD, Margraf RL, et al.
Germline mutations in NFKB2 implicate the noncamahiNF«B pathway in the
pathogenesis of common variable immunodeficieney. AHum Genet. 2013 Nov
7;93(5):812-24.

Molho-Pessach V, Agha Z, Aamar S, Glaser &;ier V, Hiller N, et al. The H

syndrome: a genodermatosis characterized by iretlirayperpigmented, and

43



143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

hypertrichotic skin with systemic manifestation&\rd Acad Dermatol. 2008
Jul;59(1):79-85.

Molho-Pessach V, Lerer |, Abeliovich D, AghaAbu Libdeh A, Broshtilova V, et al.
The H syndrome is caused by mutations in the nsaedransporter hRENT3. Am J
Hum Genet. 2008 Oct;83(4):529-34.

Molho-Pessach V, Ramot Y, Camille F, DovieBabay S, Luis SJ, etal. H
syndrome: the first 79 patients. J Am Acad Derm&6l4 Jan;70(1):80-8.
Rossbach H-C, Dalence C, Wynn T, Tebbi Gsdfabad histiocytosis mimics Rosai-
Dorfman disease: brothers with lymphadenopathyautérine fractures, short stature,
and sensorineural deafness. Pediatr Blood Cang@6. @ct 15;47(5):629-32.

Emile J-F, Abla O, Fraitag S, Horne A, HamdhDonadieu J, et al. Revised
classification of histiocytoses and neoplasms efrttacrophage-dendritic cell lineages.
Blood. 2016 02;127(22):2672-81.

Bloom JL, Lin C, Imundo L, Guthery S, Stepga@ S, Galambos C, et al. H
syndrome: 5 new cases from the United States vaitielfeatures and responses to
therapy. Pediatr Rheumatol Online J. 2017 Oct YZI)1F6.

Rafig NK, Hussain K, Brogan PA. Tocilizumai the Treatment of SLC29A3
Mutation Positive PHID Syndrome. Pediatrics. 2010¢/{440(5).

Gusdorf L, Lipsker D. Schnitzler Syndromé&eview. Curr Rheumatol Rep. 2017
Aug;19(8):46.

de Koning HD, van Gijn ME, Stoffels M, JonggkJ, Zeeuwen PLIM, Elferink MG,
et al. Myeloid lineage-restricted somatic mosaicafLRP3 mutations in patients
with variant Schnitzler syndrome. J Allergy Clinrmnol. 2015 Feb;135(2):561—4.
Rowczenio DM, Pathak S, Arostegui JI, Mendasd A, Omoyinmi E, Brogan P, et
al. Molecular genetic investigation, clinical fess, and response to treatment in 21
patients with Schnitzler syndrome. Blood. 2018 MAr31(9):974-81.

Cimaz R. Systemic-onset juvenile idiopathtbritis. Autoimmun Rev. 2016
Sep;15(9):931-4.

Fautrel B. Adult-onset Still disease. BestdPRes Clin Rheumatol. 2008
Oct;22(5):773-92.

Theodoropoulou K, Georgin-Lavialle S. [Systejuvenile onset idiopathic arthritis
and adult onset still disease]. Rev Med Suisse8 E&b 14;14(594):372-7.

44



155.

156.

157.

158.

André MFJ, Piette J-C, Kémény J-L, NinetegjoJP, Delevaux I, et al. Aseptic
abscesses: a study of 30 patients with or withdiammatory bowel disease and
review of the literature. Medicine (Baltimore). 20May;86(3):145—-61.

André M, Aumaitre O. [Aseptic abscesses synd}. Rev Med Interne. 2011
Nov;32(11):678-88.

Hofer M, Pillet P, Cochard M-M, Berg S, KR Kone-Paut I, et al. International
periodic fever, aphthous stomatitis, pharyngitesvecal adenitis syndrome cohort:
description of distinct phenotypes in 301 patieRiseumatology (Oxford). 2014
Jun;53(6):1125-9.

Cantarini L, Vitale A, Sicignano LL, Emmi 8errecchia E, Patisso |, et al. Diagnostic
Criteria for Adult-Onset Periodic Fever, Aphthousi8atitis, Pharyngitis, and Cervical
Adenitis (PFAPA) Syndrome. Front Immunol. 2017;8&0

45



Tables.

Table 1. Orientation of AID from clinical, biological or histological main features.
Table 2. Main characteristics of HA20 with autoinfammatory features from literature.
Table 3. A diagnostic-check-list for AID.

Figures legends

Figure 1. Main known pathophysiological pathways inmonogenic autoinflammatory
diseases.

Panel A. In the first described and most known ngemic autoinflammatory diseases, there
is an excessive production of pro-inflammatory kytes (especially interleukins 1, 6, 18 and
TNFa) by pyrin or NLRP3 inflammasomes. In mevalonateakendeficiency the activation of
the pathway also results in stimulation of pyritheTdanger signal can also come from a
failure of protein folding as in the mutations TIFRSF1A (TRAPS syndrome) which leads
to increased secretion of oxygenated radicals (R&®) thus activate inflammasomes.
Recently discovered autoinflammatory diseases ugvother inflammasomes such as NLRP1
or NLRC4-NAIP. The inflammasome activation can alsome from an imbalance of
endogenous antagonists in the rare mutatioms1dN (DIRA syndrome) otL36RN (DITRA
syndrome).

Panel B. INADA2 deficiency, there is an imbalance in the balarfcenacrophages M1/M2
with an excess of pro-inflammatory macrophagesvasadulitis.

Panel C. Diseases that result in stimulation ofKB-pathway are either related to gain of
function of activatorsNOD2 mutations) or loss of function of inhibitors suahthe LUBAC,
OTULIN and HA20 ubiquitin-ligases.

Panel D. Interferonopathies have several entitiverev mutations induce overexpression of
the interferon gene. In those diseases there ixeess of interferon and pro-inflammatory

cytokines.

Figure 2. Most frequent cutaneous and mucosal lesis in AID.
Panel A: Erysipelas-like erythema in the ankle opatient during an attack of familial
Mediterranean fever.

Panel B: Urticaria in a patient with cryopyrinopath
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Panel C: Oral aphtae in a patient with mevalonatade deficiency.

Panel D: fugitive erythematous lesion in a patieith adult onset Still's disease.

Figure 3. Main features of DADA2

This figure compiles the most important elementknow on DADA2. On panel A are
represented the main clinical features, in redtiost frequent and most specific compared to
other AID. On panel B: a family tree showing typiaatosomal recessive transmission — with
consanguineous parents — which is the most freqgtypet of transmission in DADA2. On
panel C are represented strokes that usually agaelrin life. On panel D is represented an
hypogammaglobulinemia, since immunodeficiency mking common variable
immunodeficiency is one of de cardinal manifestatiof DADA2. On panel E is represented
a cutaneous livedo, a frequent clinical featuréhefdiseases as well as abdominal pain (panel

F) and arthromyalgia (panel G).

Figure 4. Main chronological features of AID.

The main chronological features that can help tolgthe diagnosis to one AID or another
are represented on this figure. On panel A is sspred the usual attack length in familial
Mediterranean fever (2-4 days); on panel B is regméed the specificity of PFAPA with very
often the same interval of days between 2 atta®kspanel C is represented this long attack
length of TRAPS between 7 and 21 days; On the pBnisl represented Still disease with
usually very long attack from 15 to 30 days, andremore when not treated. It emphasizes

the importance of asking of attack length and tierval between 2 crises.

Figure 5. Main clinical features of the most frequat AID.

The main features during crisis of the four histafimonogenic AID are represented on 4
panels: A for familial Mediterranean fever; B fdLRP3-associated autoinflammatory disease
(NLRP3-AID); C for TNFRSF1A receptor associated periogj;mdrome; D for mevalonate
kinase deficiency. For each disease the main symgp#re written in red and the frequency of

amyloidosis is written at the bottom of each sutbjec
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Abbreviations:

APLAID: Autoinflammation and PLCg2-associated Amily deficiency and Immune
Dysregulation

CAMPS: CARD14-mediated pustular psoriasi3&RD14-associated psoriasis

CANDLE: chronic atypical neutrophilic dermatosis thvi lipodystrophy and elevated
temperature syndrome

CAPS: cryopyrin-associated periodic fever syndromiRP3-associated autoinflammatory
diseaseNLRP3-AID)

CINCA: Chronic infantile neurological, cutaneouslarticular syndrome

DIRA: Deficiency of the IL-1 receptor antagonist

DITRA: Deficiency of the IL-36 receptor antagonist

DUB: deubiquitinase

FCAS: Familial cold autoinflammatory syndrome

FCAS2: Familial cold autoinflammatory syndromeNLRP12-associated autoinflammatory
disease).

FMF: Familial Mediterranean fever

HA20: A20 haploinsufficiency

LUBAC: Linear ubiquitin chain assembling complex

MKD: mevalonate kinase deficiency

MWS: Muckle Wells syndrome

NAIAD: NLRP1-associated autoinflammation with arthritis andkéyatosis

NAID: NOD2-associated autoinflammatory diseases

NLRC4-MAS: NLRC4 associated macrophage activation syndrome

ORAS: Otulin related autoinflammatory syndrome

PAAND: Pyrin-associated autoinflammation with negtnilic dermatosis

PAID: PSTPIP1-associated autoinflammatory diseases

PAMI: PSTPiP1-Associated Myeloid-related-proteinarmflammatory syndrome

PAPA: syndrome pyogenic arthritis, pyoderma gangsem and acne

PAPASH: PSTPiP1-associated Pyoderma gangrenosune, &wd Hidradenitis Suppurativa
PAC: Pyoderma gangrenosum, Acne and ulcerativei€oli

PFAPA: Periodic Fever Aphtous Stomatitis Pharysgkdenitis

PFIT: Periodic Fever with Immunodeficiency and Trhimcytopenia

PLAID: PLCg2-associated Antibody deficiency and Ioma Dysregulation

SAVI: STING-associated vasculopathy with onsehiiaincy
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SIFD: Sideroblastic anemia with B-cell Immunodeddinty, periodic Fevers and
Developmental delay

TNFRSF11A: TNF1ti—Receptor associated periodic syndrome

TRAPS: TNF-Receptor associated periodic syndrome
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Possible amyloidosis

A Chest pain Abdominal pain +++ B Cerebral inflammation
Aseptic meningitis
Hearing loss
Cold-induced urticaria .
| Ocular involvment
= +++ . L e
= | Conjonctivitis, uveitis
. Abdominal pain
Myalgia
Arthralgia
Z 4 Arthromyalgia
Fever Fever
Erysipela-like erythema AIRN
Not rare Amyloidosis Possible amyloidosis
C Arthromyalgia Ocular involvment D
Peri orbitar oedema, pain, conjonctivitis Cutaneous eurologic involvement
involvement Headaches, mood disorders
Abdominal pa Cervical adenopathy Aphtosis, rash
= : Lymphadenopathies +++
. Articular and
Abdominal muscular signs ++
) involvement +++
v Migratory rash '
Fever
Fever

Very rare amyloidosis




Table 1. Orientation of AID from clinical, biological or histological main features.

Main clinical, biological or histological Presence in the four historical hereditary recurrent Presence in other AID
features fevers
Main cutaneous or mucosal features
Urticaria NLRP3-associated autoinflammatory disease (NLRP3-AID) | NLRP12-associated autoinflammatory disease (NLRP12-AID)
MVK NLRC4

PLAID (PLC-gamma2)
Schnitzler’s syndrome

Neutrophilic dermatosis TRAPS (TNFRSF1A)

PAAND (MEFV)

DIRA (/L-1 RN)

DITRA (IL-36 RN)

PAPA Syndrome (PSTPiP1)

ORAS Syndrome (OTULIN)

Majeed Syndrome (LPIN2)

Proteasome associated diseases= CANDLE (PSMBS8)
Aseptic abcesses syndrome

Aphtous ulcer MKD (MVK)
CAPS (NLRP3)

Familial cold urticaria with NLRP12 mutations (NLRP12)
Majeed Syndrome (LPN2)

A20 haploinsufficiency (TNFAIP3)

NOD?2 associated autoinflammatory diseases (NOD2)
PFAPA

PAPA-like (PSTPiP1)

Erythema FMF (MEFV)

TRAPS (TNFRSF1A)
Familial cold urticaria with NLRP12 mutations (NLRP12)

NLRC4-MAS (NLRC4)

TNRF11A- receptor associated periodic syndrome
(TNFR11A)

Systemic juvenile arthritis (LACC1)

Adult and children onset Still disease

Pustulosis and/or psoriasis

Pityriasis rubra pilar

PAAND (MEFV exon 2)
DIRA (/L-1 RN)

DITRA (IL-36 RN)

PAPA et PAMI (PSTPiP1)
CAMPS (CARD14)

Acne, sterile abcess
Pyoderma gangrenosum,
And/or hidradenitis suppurativa

PAAND (MEFV exon 2)

PAID (PSTPiP1)

Nicastrine associated diseases (NCSTN)
Aseptic abcesses syndrome

Eczema, atopic dermatosis

NAID (NOD2)
Blau Syndrome (NOD2)

Livedo 0 Interferonopathies
ADA2 deficiency (ADA2)
Lipodystrophy Proteasome-associated autoinflammatory syndrome

(PRAAS)

Hyperpigmentation and hypertrichosis

H syndrome (SLC29A3)

Digestive features

FMF (MEFV) NLRC4-MAS (NRLC4)
MVK Ubiquitinopathies (A20, Otulin)
NLRP3
TRAPS (TNFRSF1A)
Neurological features
Chronic recurrent meningitis CAPS (CINCA, MWS) NLRP3 NLRC4
MKD (MVK)

Strokes

Interferonopathies
SFID (TRNT1)
ADA2 deficiency (ADA2)

Hematological or immunological abnormalities

Immunodeficiency 0

PLAID (PLC-gamma?2)
Ubiquitinopathies (HOIL-1)
SFID (TRNT1)

ADA?2 deficiency (ADA2)
PFIT (WDR1)

Cytopenia 0

PFIT (WDR1)

SFID (TRNT1)

NLRC4-MAS

Majeed Syndrome (LPIN2)

Autoantibodies 0

Ubiquitinopathies (A20, ORAS)

NAIAD (NLRP1)

PLAID (PLC-gamma2)
Interferonopathies

ADA2 deficiency (ADA2)

Monoclonal immunoglobulin 0

Schnitzler’s syndrome

Histological features

Granuloma 0

Blau syndrome (NOD2)

ADA2 deficiency (ADA2)

PLAID et APLAID (PLC-gamma2)
ORAS Syndrome (OTULIN)

Vasculitis FMF (MEFV)

PAAND (MEFV)

A20 haploinsufficiency (TNFAiP3)
ORAS (OTULIN)

PAPA (PSTPiP1)

ADA?2 deficiency (ADA2)

SAVI Syndrome (TMEM173)




Table 2. Main characteristics of HA20 with autoinflammatory features from literature.

Characteristics Details Frequency (%)
Epidemiology Geographic origin :
- Japan 60%
- Europe 30%
- Turkey 10%
Sex ratio : women 68.6%

Age at onset

Minimum 2 months
Maximum 20 years

92% in childhood

Crisis length Between 3 to 14 days. Sometimes persistent symptoms

Crisis recurrences Between 1to 12/year

Main clinical symptoms Buccal aphtae ulcer 88%
Recurrent fever 78%
Genital aphtae ulcer 68%
Digestive features (pain/diarrhea) 57%
Cutaneous lesions 45%
Arthromyalgia 31%
Ocular symptoms 10%
Cardiovascular features 8%
Immunodeficiency 6%
Central nervous system features 4%

Autoantibodies (n=17) especially: 33%
- antithyroidis (n=8)
- antinuclear(n=4)

Efficient treatments - Colchicine (n=8) 15.7%
- Infliximab (n=6) 11.7%
- Anakinra (n=2) and adalimumab (n=2) 8%




Table 3. A diagnostic-check-list for AID.

Elements to investigate

Details to check

Most famous elements that usually orientate toward one
of the most frequent AID

1-Familial history

Mediterranean origin FMF
Dominant transmission CAPS, TRAPS, HA20
Recessive transmission MKD, DADA2

Sporadic case

PFAPA, Still disease

2-Personal history

Age at onset
- early (birth or during the firsts years)
- during or after childhood

CAPS, MKD, DADA2

Duration of crisis

FMF: 2 to 4 days

MKD: 5 to 8 days

TRAPS: 7 to 21 days

Still disease: 15 to more than 30 days

3-Clinical symptoms

Digestive (abdominal pain)

FMF, TRAPS, MKD

Cutaneous (urticaria, erythema, aphtae, livedo)

urticaria: CAPS

Rheumatic: arthromyalgia

livedo: DADA2

Neurological (meningitis)

bipolar aphtous: HA20

Ocular (conjunctivitis, uveitis)

Still disease, TRAPS

ENT (hearing loss) CAPS
CAPS

Recurrent infections CAPS
DADA2

4-Peripheral inflammation

CRP level and neutrophil cell count elevation
during attacks

Normal rate after attack resolution

All AID (except interferonopathies)

5-Existence of diagnostic
criteria

Only in some AID

FMF
CAPS

NOD2 AID
Schnitzler disease
Still disease






