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Abstract

Purpose of Review Type I interferons (IFN«(3) induce the expression of hundreds of genes; thus, it is unsurprising that the
initiation, transmission, and resolution of the IFN«3-mediated immune response is tightly controlled. Mutations that alter nucleic
acid processing and recognition, ablate IFN o 3-specific negative feedback mechanisms, or result in dysfunction of the protea-
some system can all induce pathogenic IFN«[3 signalling and are the focus of this review.

Recent Findings Recent advances have delineated the precise cytoplasmic mechanisms that facilitate self-DNA to be recognised
by cGAS and self-RNA to be recognised by RIG-I or MDA-5. This helps clarify interferonopathies associated with mutations in
genes which code for DNase-II and ADAR1, among others. Similarly, loss of function mutations in Pol o, which lowers the
presence of antagonistic ligands in the cytosol, or gain of function mutations in RIG-I and MDA-5, result in increased propensity
for receptor activation and therefore IFN«f3 induction.

Summary As the aetiology of monogenic autoinflammatory diseases are uncovered, novel and sometimes unsuspected molec-
ular interactions and signalling pathways are being defined. This review covers developments that have come to light over the
past 3 years, with reference to the study of interferonopathies.

Keywords Autoinflammatory disease - Interferonopathy - IFNa - IFNb - IFNAR

Introduction

Monogenic type I interferonopathies comprise a group of het-
erogeneous autoinflammatory diseases associated with consti-
tutive activation of type I interferon (IFN«f3) signalling.
IFN«f3 is a multigene cytokine family that comprises multiple
IFN« subtypes (13 in human and 14 in mouse), a single IFNf3
gene, and other family members (IFN-w, -€, -0, and -«)
(reviewed in [1]). Early descriptions of this family
characterised IFN« 3 as factors released from cells that exhib-
ited potent antiviral activity, and it is now well accepted that
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IFN«f3 induces the expression of gene programs critical for
the control and clearance of most viruses (reviewed in [2]).
IFN«f3 canbe secreted by almostall cell types in the body,
primarily in response to activation of pattern recognition re-
ceptors (PRRs) that sense foreign or self-derived nucleic
acids. Once secreted, IFN«f3 acts in both an autocrine and
paracrine manner to exclusively engage the ubiquitously
expressed IFNaf3 Receptor IFN«3R). Ligand binding to
IFN« 3R activates a Janus kinase (JAK)/signal transducers
and activators of the transcription (STAT) pathway and trig-
gers the transcription of a diverse suite of genes known as
IFN-stimulated genes (ISGs) (Fig. 1). In addition to cell in-
trinsic anti-microbial effectors, IFN«f3 induces expression
of cytokines and chemokines, pro- and anti-apoptotic pro-
teins, and molecules involved in cellular metabolic processes
(reviewed in [3]). Given the extensive range of cellular pro-
cesses modified by IFNaf3 signalling and the universal ex-
pression of both receptor and ligands, it is no wonder that
IFN«f3 signalling has multiple levels of regulation, and that
inappropriate activation or propagation of the IFNo«f3 re-
sponse can lead to severe autoinflammatory disease.
Although the term itself was only coined in 2011, dis-
eases now classed as type I interferonopathies have been
reported and studied for almost a century, the prototypic
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Fig. 1 Newly described molecular mechanisms of IFN«f3 driven
autoinflammation. Mutations leading to loss of function are indicated
by black stars and red stars denote gain of function. Mutations which
lower the threshold for initiation of the IFN«f3 response or result in
decreased control of downstream signalling can all drive an IFNxf3-
mediated autoinflammatory disease. A. Gain of function mutations in
the genes coding for MDAS and Rig-I result in increased sensitivity of
these PRRs to cytosolic nucleic acids, leading to SMS or AGS.
Congruently, loss of function mutations in genes that code for sensors
of cytoplasmic nucleic acid can lower the threshold for PRR activation or
lead to activation by self RNA or DNA molecules. B. DNase II degrades
nucleic acids generated during apoptosis and phagocytosis, thus loss of
function mutations in the DNase II gene result in a build-up of cytosolic
DNA and consequent activation of cGas. C. XLPDR is driven by the loss
of the gene product of POLA 1. POLA1 deficiency decreases the presence

of which being Aicardi-Gouti¢res syndrome (AGS). They
are highly heterogeneous, and approximately 20 genes
have been implicated in driving IFN«f3 expression and
pathogenesis in autoinflammatory disorders. Due to the
rarity of patients, the variety of genetic causes and the
relative infancy of this field, the full spectrum of clinical
presentation is yet to be totally described. Interestingly, as
clinical presentation generally occurs in patient infancy,
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of cytosolic RNA:DNA hybrid molecules, which may act as antagonists
to certain PRRs, thereby raising the threshold for signal generation. D.
ADARI editing of Alu-Alu inverted repeats in dSRNA lowers their
binding affinity to MDAS5 and PKR, thereby inhibiting inappropriate
activation of IFNaf3. Loss of ADARI function therefore results in
AGS. E. Uncontrolled IFNof3 signalling in Pseudo-TORCH Syndrome
2 is driven by loss of USP18. USP18 negatively regulates IFN«f3
signalling by binding to IFNAR?2, thereby blocking interaction between
this receptor subunit and the signalling molecule: JAK1. F. Mutations
which result in proteasome dysfunction drive the build-up of poly
ubiquintinated proteins, which activates IFN«f3 signalling through an,
as yet, undiscovered mechanism. G. Mutations which decrease COPx
function result in an immune dysregulatory disease with an ISG
signature. H. Gain of function mutations causing the constitutive
activation STING drive SAVI

parallels have been drawn between monogenic
interferonopathies and in utero/early life systemic viral
infection, where IFN«f3 signalling is pronounced [4]. As
per the scope of this review, we will only focus on ad-
vances made over the last 3 years; however, we recom-
mend reviews by Rodero et al. 2016 [5] and Kretschmer
et al. 2017 [6] for a more comprehensive history and
discussion of Interferonopathies.
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Interferonopathies Driven by Nucleic Acid
Sensors

Mutations causing increased sensitivity of PRRs to nucleic
acids can drive constitutive activation of IFN«xf3 signalling.
One example of this is Singleton-Merten Syndrome (SMS), an
autosomal-dominant multi-system interferonopathy
characterised by progressive calcifications of large blood ves-
sels, dental and skeletal anomalies, osteoporosis, and less
commonly: generalised muscle weakness, psoriasis, and
ecarly-onset glaucoma [7]. By performing whole-exome se-
quencing on three unrelated SMS families, Rutsch et al. iden-
tified a missense mutation in /FIH1: ¢.2465G > A (p.R822Q),
which encodes the RNA sensor melanoma differentiation-
associated protein 5 (MDAS). This arginine to glutamine sub-
stitution occurs within one of the core helicase domains of
MDAS (HEL2); MDAS has two helicase domains which are
responsible for binding RNA and RNA-dependent adenosine
triphosphate (ATP) hydrolysis. R822Q is proximal to the a
highly conserved amino acid motif in HEL2 which mediates
MDAS conformational changes resulting in the creation of a
high-affinity nucleic acid binding site [8]. Thus, this mutation
may induce conformational changes which enhance MDAS
filament stability and consequent MDAS induction of IFN«[3
[9]. In line with this, whole blood samples from SMS patients
exhibited elevated expression of ISGs and in vitro overexpres-
sion studies revealed that this mutation conferred MDAS hy-
peractivity to self and non-self-dsRNA [9] (Fig. 1A).
Interestingly, six other gain of function point mutations in
IFIH] have been reported in the literature, almost all affecting
MDAS helicase domains. However, patients harbouring these
mutations predominantly exhibit neurological symptoms, and
as such, are diagnosed with AGS [10, 11]. IFIHI-mediated
AGS (AGS7) presents with delayed psychomotor develop-
ment, spasticity, basal ganglia calcification, cerebral atrophy,
and abnormalities of the deep white matter [11], which is dis-
tinct from SMS clinical features that manifest predominantly in
vessel, cutaneous and osseous tissue [7, 9]. However, pheno-
typic overlap between the two interferonopathies has been re-
cently described. In 2017, Bursztejn et al. identified three pa-
tients from a single family with a pathogenic heterozygous
mutation in /FTHI (c.1465G > A, p.A489T), who presented
with an elevated ISG signature in whole blood, and both
AGS-like (neurological) and SMS-like (dental) features [12].
Furthermore, Buers et al. reported a single patient who present-
ed with high levels of ISG expression in his peripheral blood
mononuclear cells (PBMCs) and a constellation of symptoms
highly suggestive of AGS. Yet, upon whole-exome sequencing
it was found that this patient harboured the p.R822Q mutation
in IFIH1, previously associated with SMS [13¢]. Collectively,
these studies indicate that there is a phenotypic continuum as-
sociated with mutations in /FF/HI; however, what other factors
influence clinical presentation is an open and exciting question.

Atypical SMS is less severe than classical SMS, presenting
with glaucoma yet without dental anomalies [14]. Jang et al.
described two mutations in DDX58: ¢.803G>T (p.C268F)
and c.1118A > C (p.E373A) which are located in the ATP-
binding motifs I and II of another RNA sensor: retinoic acid-
inducible gene I (Rig-I). As ATP binding and hydrolysis on
Rig-I prevents induction of IFN«f3 upon encounter with host
RNA molecules [15], the authors hypothesise that the gain of
function effect on Rig-I signalling in these patients is due to an
altered interaction between ATP and Rig-I, which lowers the
threshold required for induction of IFN« 3 (Fig. 1A) [14].

In contrast to gain of function mutations in nucleic acid
sensors, a suite of mutations in other genes can increase the
abundance of ligands for PRRs, which we will now discuss.

Interferonopathies Caused by Inappropriate
Regulation of Nucleic Acids

Constitutive activation of [FNx[3 signalling can result from loss
of function mutations in genes that code for regulators of nucleic
acid presence in the cytosol. Rodero et al. recently identified
three patients from two unrelated families demonstrating a spec-
trum of clinical features including: resolving neonatal anaemia,
membranoproliferative glomerulonephritis, liver fibrosis,
deforming arthropathy and increased anti-DNA antibodies.
This pathology was accompanied by global upregulation of
ISGs in whole blood samples and increased serum levels of
IFN«. There was also a non-interferon-mediated inflammatory
signature in patient serum, characterised by NFkB-driven cyto-
kines including TNFo. Whole-exome sequencing of patient and
parental DNA revealed biallelic mutations in DNASE?2:
c.347G>C (p.G116A) in two siblings and ¢.362A>T
(p.D121V) in the third, unrelated, patient [16]. DNASE?2 en-
codes the lysosomal endonuclease DNase II, which is essential
for the digestion of cytosolic DNA generated through apoptosis
and the phagocytosis of maturating erythroblast nuclei [17].
Both p.G116A and p.D121V decreased the endonuclease activ-
ity of DNase II, lysates from patient fibroblasts exhibited im-
paired ability to digest plasmid DNA compared to healthy con-
trols and this phenotype could be rescued by the expression of
wild-type DNase II [16]. The absence of DNase II in mice leads
to the accumulation of undigested DNA in the lysosomes of
macrophages, resulting in chronic IFN«f3 signalling via the ac-
tivation of the cytosolic PRR: cyclic GMP-AMP synthase
(cGas) (Fig. 1B) and consequently lethal perinatal anaemia
[16, 18]. Although not shown directly, Rodero et al. reason that
the cGas pathway is similarly activated in mutant DNase 11
patients leading to IFN«[3 driven autoinflammatory disease.
X-linked reticulate pigmentary disorder (XLPDR) is caused
by an intronic mutation (c.1375-354A > G) in POLA, which
alters gene splicing. POLAI encodes the catalytic subunit of
DNA polymerase-& (Pol «) and this mutation lowered Pol o
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expression [19]. Pol o complexes with primase to synthesise the
short RNA-DNA primer required for initiating DNA synthesis
during DNA replication [20]. XLPDR is characterised by diffuse
skin hyperpigmentation with a distinctive reticulate pattern,
coupled with recurrent pneumonias, bronchiectasis, chronic di-
arrhoea, and failure to thrive. Starokadomskyy et al. analysed
affected and unaffected individuals from 12 XLPDR families
and reported decreased expression of POLA1 mRNA in
XLPDR patient-derived cell lines which correlated to constitu-
tive enhancement of IRF- and NFkB-dependent gene expres-
sion. Furthermore, analysis of blood samples from XLPDR pa-
tients revealed significantly elevated IFNo2 concentrations and
elevated ISG expression [19]. This characterisation of XLPDR
has revealed a novel role for POLA in promoting the synthesis
of cytosolic DNA duplexes consisting of one DNA and one
RNA strand. In the absence of POLAI these duplexes were
downregulated, the authors suggesting that cytosolic
RNA:DNA duplexes could bind to PRRs such as cGas, Rig-I,
and MDAS without triggering their activation (Fig. 1C), com-
peting with their cognate ligands, and thereby raising threshold
for signal generation [19].

The long-studied AGS is genetically heterogeneous and
can occur due to mutations in various genes including
IFIHI, TREXI, or ADARI [21]. ADARI encodes an
adenosine-to-inosine editing enzyme: ADARI. Excitingly,
two recent publications have elucidated the relationship be-
hind MDAS and ADARI1 in driving AGS. ADARI1 editing of
Alu-Alu inverted repeats (IR-Alu) in dsRNA leads to mole-
cule destabilisation, thereby weakening the binding of self
dsRNA to MDAS. Ahmad et al. demonstrated that loss of
ADARI1’s dsRNA editing ability, through genetic deletion,
increases the pool of non-edited IR-Alu in the cytosol and this
triggers MDAS-mediated IFN&f3 production (Fig. 1D).
Similarly, gain of function mutations in MDAS can render this
PRR insensitive to ADAR1 introduced structural irregularities
in dsRNA, thereby leading to inappropriate activation of
MDAS [22¢]. Chung et al. also observed ADARI editing of
Alu elements and further demonstrated ADARI also inhibits
the activation of another dsSRNA sensor: protein kinase R
(PKR) (Fig. 1D). PKR is an ISG, so activation of this PRR
was secondary to MDAS induced IFN«f3. When activated,
PKR mediated shutdown of protein translation and cell death
[23¢]. Collectively, these two reports indicate that ADARI1
acts as negative regulator for both IFN«f3 production and
downstream responses to IFN«xf3.

Interferonopathies Associated with IFN
Signalling

In contrast to enhanced induction of IFN«f3, loss of function

mutations in negative regulators of IFN«f3 can lead to
prolonged or an aberrant response to IFN«f3 signalling and
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therefore pathology. TORCH Syndrome refers to severe in-
flammatory disease stemming from foetal or early life infec-
tion with a variety of pathogens, many of which induce a
robust IFN«f3 response, the term “TORCH” being an acro-
nym for: (T)oxoplasmosis, (O)ther agents, (R)ubella,
(C)ytomegalovirus, and (H)erpes simplex [24]. Pseudo-
TORCH Syndrome 2 is a sterile inflammatory disease which
manifests similar to TORCH Syndrome, hallmark features
include intracranial haemorrhage, calcification, brain
malformations, liver dysfunction, and death within days of
birth [25¢]. This devastating disease stems from loss of func-
tion mutations in the gene coding for ubiquitin-specific pepti-
dase 18 (USP18). USP18 negatively regulates IFN«f3 signal-
ling by binding to IFNAR2, thereby interrupting a JAK-
receptor interaction [26] (Fig. 1E). Two recessive loss-of-
function mutations of USPI8 in five individuals from two
unrelated families have been identified: a c.652C>T and a
large deletion at the 3' UTR region of USPI8 [25¢]. These
mutations result in a complete deletion of USP18 and conse-
quently, prolonged IFN«f3 signalling. Patient fibroblasts ex-
hibited enhanced IFN« 3R signalling and expression of ISGs
upon stimulation with IFNex. Interestingly, no baseline differ-
ence was observed between patient and healthy control sam-
ples, highlighting that USP18 deficiency does not alter the
induction of IFN«f3, rather the cellular response to this family
of cytokines. Importantly, transduction with USP18 amelio-
rated this enhanced induction of ISGs and activation of the
IFNafR signalling pathway in patient cells [25¢]. Pseudo-
TORCH Syndrome 2 emphasises the importance of negative
feedback in the IFN«f3 system.

Interferonopathies Caused by Unknown
Pathways

Unlike the previously described syndromes, the genetic
aetiology of several remaining interferonopathies currently
have no known link to IFN«f3 induction or signalling.
Proteasome-associated autoinflammatory syndrome
(PRAAS) is a spectrum of autoinflammatory diseases (previ-
ously known as Nakajo-Nishimura syndrome (NNS),
Japanese Autoinflammatory Syndrome with Lipodystrophy
(JASL), Joint contractures, Muscle atrophy, microcytic anae-
mia, and panniculitis-induced childhood-onset lipodystrophy
(JMP) syndrome, or chronic atypical neutrophilic dermatosis
with lipodystrophy and elevated temperature (CANDLE)) that
present in infancy and are characterised by annular erythema-
tous skin lesions with panniculitis-induced lipodystrophy, he-
patomegaly, arthralgias, recurrent fever, joint contractions
with muscle atrophy, and basal ganglia calcification. From a
genetic perspective, PRAAS is particularly interesting; a se-
ries of studies identified autosomal recessive homozygous or
compound heterozygous loss-of-function mutations in the
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gene which codes for the inducible proteasome component:
351 (PSMBS8) (p.T75M; p.G201V; p.A92T; p.M117V;
p.C135X) and PRAAS was therefore thought of as monogenic
[27-30]. However, patients who had no known mutation or
were only heterozygous for disease-associated mutations in
the PSMBS gene were later identified, and in an elegant
follow-up study, digenic inheritance of errors in other protea-
some subunits: PSMBY (p.G165D), PSMA3 (p.R233del;
p-HI11Ffs*10) and PSMB4 (5> UTR: ¢.-9G > A;
p.D212 V2124del; p.P16Sfs*45; p.Y222X), along with an-
other mutation in PSMBS (p.K105Q) were discovered.
Additionally, an autosomal dominant mutation in POMP
(p-E115Dfs*20) which encodes the proteasome maturation
protein, was also identified [31¢]. These loss of function mu-
tations confer a cumulative genetic burden, variably affecting
gene transcription, subunit expression or folding and subse-
quent proteasome assembly, ultimately leading to decreased
proteasomal activity.

The proteasome is a degradation system for misfolded
or damaged proteins marked for removal by
polyubiquitination (reviewed in [32]) (Fig. 1F). Studies
on PRAAS patients have demonstrated a high frequency
of ubiquitin-rich inclusions in lesional skin biopsies, com-
pared to healthy controls or control inflammatory disor-
ders. Patient-derived cells also exhibit enhanced ISG ex-
pression and well as constitutive STAT1 phosphorylation,
regardless of genotype [29, 30, 31+]. However, the link
between proteotoxic stress and activation of IFN«f} is
currently unexplored.

COPA Syndrome is an immune dysregulatory disease
which is associated with an ISG signature in peripheral blood
cells [33]. This disease presents in early life with cough and
tachypnea and is characterised by early onset polyarticular
arthritis, progressive lung disease, and often, renal complica-
tions [34-36]. COPA Syndrome is inherited in an autosomal
dominant manner, with variable penetrance, and results from
mutations affecting a narrow amino acid stretch in the COPA
gene resulting in non-functional gene product. COPA encodes
the o subunit of the coatomer complex 1 (COPx), which
regulates vesicular retrograde transport between the Golgi
and endoplasmic reticulum (ER) [37]. This syndrome is high-
ly complex and whether it should be classed as an
autoinflammatory or autoimmune disease is not entirely clear.
Aside from the observed ISG signature, COPA syndrome is
associated with autoantibody development, increased Th17
cells and proinflammatory cytokine expression [34]. What
drives the autoinflammatory component of this disease is un-
known; however, patient-associated COPA mutations result in
an increase in ER stress which, in turn, can activate proinflam-
matory transcriptional programs via calcium leakage (Fig. 1G)
[38, 39]. In vitro expression of COPA mutations activates the
unfolded protein response [34], perhaps indicating a link be-
tween PRAAS and COPA syndrome (Fig. 1G).

Treatment

Interferonopathy patients were traditionally treated with
broadly immunosuppressive drugs such as high-dose steroids
or methotrexate, with limited effectivity. Perhaps unsurpris-
ingly, these patients are also refractory to IL-1 blockade and
TNF antagonists. However, antibody-mediated blockade of
the proinflammatory cytokine IL-6, which can be induced
by IFN«f3, has exhibited some effectiveness in select patients
[28-30, 40, 41].

In vitro studies of patient cells have demonstrated that the
constitutive expression of ISGs and phosphorylation of
STAT1 is decreased upon co-culture with JAK inhibitors
(Tofacitinib, Ruxolitinib, and Baricitinib) [30, 42]. These
studies have led to Baricitinib (a reversible Jak 1 and 2 inhib-
itor) being approved for compassionate use in patients with
presumed interferon-mediated pathology (NCT01724580).
Preliminary data has shown that Baricitinib therapy signifi-
cantly decreases patient symptom scores, daily steroid require-
ment, and the presence of IFN biomarkers [43, 44].

Jak inhibitors are broadly immunosuppressive because Jak
molecules are utilised by a range of cytokines, not just
IFN«f, to induce signalling cascades. This may be particu-
larly advantageous in the case of patients suffering from
Stimulator of IFN genes (STING)-associated vasculopathy
with onset in infancy (SAVI). SAVI is driven by gain of func-
tion mutations leading to the constitutive activation of the
cytosolic sensor and adaptor protein: STING (Fig. 1H) [45,
46]. Activation of STING drives inflammation not only
through induction IFN«f3, but also by the activation of
NFkB signalling [47]. A recent study using the first SAVI
mouse model found that limitation of IFNof3 signalling by
genetic deletion of IRF3 did not ameliorate the
autoinflammatory phenotype [48], indicating that NFkB acti-
vation, rather than IFN« 3 signalling may be the primary driv-
er of immune dysregulation. Similarly, patients with loss of
function mutations in DNASE?2, which can lead to activation
of STING via cGAS, also exhibit elevated serum levels of
NFkB driven cytokines, and deletion of IFNxf3R in DNase
[I-deficient mice does not entirely protect these mice from
autoinflammatory complications [49]. Thus, Baricitinib and
other JAK inhibitors which can inhibit both IFN«3 and
NFkB driven inflammation may provide a more holistic
blockade of autoinflammation in these patients. Yet by the
same token, patients being treated with such a broadly immu-
nosuppressive therapy are at risk of opportunistic infections.
Kim et al. reported 44% of treated interferonopathy patients
developed a low level of BK viremia and Montealegre et al.
also reported viral, bacterial and fungal infections in some
Baricitinib treated patients [43, 44]. These opportunistic infec-
tions demonstrate the need for more targeted therapies for long
term treatment. Future advances will drive the development of
novel compounds specific to targets up or downstream of
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IFN«f dysregulation. Indeed, an ongoing study
(NCT02363452) is currently assessing the potential therapeu-
tic efficacy of antiretroviral agents in AGS patients with
TREX] deficiency, which aims at inhibiting reverse transcrip-
tion of retroelements.

Concluding Remarks

Although rare, interferonopathies provide us with a unique
glimpse into the regulation of a pleotropic and potent fam-
ily of cytokines. With the advancement of genomic se-
quencing, it is becoming easier to identify genes which
modulate facets of IFN«f3 signalling. In many cases, such
as gain of function mutations in PRRs or loss of function
mutations in molecules that process cytosolic nucleic
acids, the link to IFN«f induction is logical, with these
mutations effectively mimicking viral infection. However,
study of PRAAS has revealed a relatively unknown rela-
tionship between the build-up of polyubiqutinated proteins
and induction of IFN«f3. This is an exciting finding as it
indicates there is potentially an as yet undefined, cytosolic
sensor for protein aggregation. Indeed, it would be of in-
terest to compare and contrast clinical presentation and
cellular dysfunction of PRAAS with other
autoinflammatory disorders involving loss of function mu-
tations in deubiquitinases (DUBs), such as OTULIN-
related autoinflammatory syndrome (Steiner et al. 2018).
It is possible that autoinflammatory diseases associated
with the accumulation of ubiquitinated proteins in the cy-
tosol, through either proteasome dysfunction or decreased
DUB activity, are driven by the same upstream factors and
we are observing a spectrum of clinical manifestations
within a single disease. Indeed, although we have separat-
ed them for this series of reviews, it is important to remem-
ber that IFN«f3 and NK«kB signalling are generally con-
comitant. Thus, both of these pathways are likely to con-
tribute, in varying degrees, to a given autoinflammatory
disease, as observed in SAVI for example.

Our understanding of monogenic autoinflammatory dis-
ease is exponentially growing; however, there remain many
open questions. If [IFN« {3, IFN«3R, and many of the other
proteins discussed in this review are universally expressed,
why do certain tissues, e.g., neuronal tissue, suffer a higher
degree of inflammatory burden? Why do identical mutations
present with distinct phenotypes in different individuals, as
observed in /FIH] driven SMS and AGS? Elucidation of ab-
errant [FNo3-mediated inflammation is of great scientific in-
terest as it will likely result in the identification of novel ther-
apeutic targets not only to reduce pathology in
interferonopathy patients, but also for individuals diagnosed
with other inflammatory or metabolic syndromes, microbial
infections or cancer.
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