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Abstract

OBJECTIVE: To develop a set of clinical criteria that identifies patients with a potential
autoinflammatory IFNopathy.

METHODS: Based on a literature review, a set of clinical criteria identifying genetically
confirmed monogenic IFNopathies was selected. For validation, the clinical score was assessed

in healthy controls (HCs) and 18 disease controls, including 2 known autoimmune IFNopathies,
juvenile systemic lupus erythematosus (JSLE, n=4) and dermatomyositis (JDM, n= 4);
adenosine deaminase 2 deficiency (DADA2, n= 4); and oligoarticular juvenile idiopathic arthritis
(0JIA, n=6). We assessed an IFN score (IRG-S) in whole blood by NanoString using a previously
published 28-gene-IRG-S and a reduced 6-gene-IRG-S.
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RESULTS: The 12 patients with a possible IFNopathy had higher clinical scores (3-5) than

the patients with sJLE, JDM, DADAZ2, and 0JIA and in HCs. Both the 28-IRG-S and 6-IRG-S
were significantly higher in the autoinflammatory IFNopathy patients compared to HCs and o0JIA
and DADAZ2 patients but not different from patients with JSLE and JDM. Subsequently, genetic
analysis revealed mutations in genes previously reported in genes related to the IFN pathway in 9
of the 12 patients.

CONCLUSION: We developed a clinical score to identify patients with possible
autoinflammatory IFNopathies. A clinical score was associated with a high IRG-S and may serve
to identify patients with an autoinflammatory IFNopathy.

INTRODUCTION

Systemic autoinflammatory diseases are an expanding group of immunedysregulatory
diseases that present typically in early childhood with flares of sterile inflammation

that are driven by innate immune pathway activation without significant contribution of
autoantibodies or antigen-specific T cells.2 While the “classic autoinflammatory diseases,”
which include the hereditary fever syndromes and the cryopyrinopathies, illustrated the role
of interleukin (IL)-1-activating inflammasome dysregulation as pathomechanism that causes
these diseases, the description of autoinflammatory type-1 interferonopathies (IFNopathies)
in the past decade has expanded the spectrum of autoinflammatory diseases beyond IL-1.
This new group of autoinflammatory diseases is caused by dysregulation in innate immune
pathways that regulate type I interferon (IFN) production.?:3 These “autoinflammatory
type-1 IFNopathies” include chronic atypical neutrophilic dermatosis with lipodystrophy
and elevated temperature (CANDLE), Aicardi-Goutieres syndrome (AGS), and STING-
associated vasculopathy with onset in infancy (SAVI) and present with chronically elevated
expression of IFN-response genes (IRGs) in peripheral blood.* These diseases share
clinical and immunological features that are not present in the previously defined IL-1-
mediated “classic autoinflammatory diseases.” The autoinflammatory IFNopathies differ
from autoimmune diseases with a high IFN-related gene expression, such as systemic

lupus erythematosus (SLE) and juvenile dermatomyositis (JDM), who present with disease-
specific autoantibodies and adaptive immune response dysregulation including T and B
lymphocytes and dendritic cells, have a leading role in disease pathogenesis, and have
evidence of immune complex deposition-mediated organ damage;* these conditions have
been termed autoimmune IFNopathies.® The autoinflammatory IFNopathies may present
with peripheral vasculitis and other vasculopathies, cerebral calcifications, and variable
pulmonary disease. They often have fluctuating low-titer antinuclear antigen (ANA) and
other autoantibodies, but the presence of autoantibodies does not correlate with the disease
severity and immune complex deposition-mediated tissue damage (i.e., renal disease is not
a typical feature). However, some patients with autoinflammatory IFNopathies, such as
spondyloenchondrodysplasia (SPENCD), may develop classical features of SLE.5.7

As genetic testing and the assessment of the IFN-related gene expression that can be
quantified in an IFN-response gene score (IRG-S) are not widely accessible, we set out to
develop a clinical score that may allow to clinically define a disease subset with a high
likelihood of having an autoinflammatory IFNopathy or help stratify patients who may
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benefit from further work-up, including an assessment of an IRG-S, genetic testing, and or
treatment with Janus kinase (JAK) inhibitors.

First, we conducted a systematic literature review to define features of the known
autoinflammatory IFNopathies (described in detail below) and recruited a cohort of probable
autoinflammatory IFNopathies. Using the data from the literature review, we defined a list
of criteria that were common to the genetically defined autoinflammatory IFNopathies. Each
symptom was assigned a score of 1. We then calculated a clinical score by adding the
symptoms in the patients with a probable autoinflammatory IFNopathy.

To validate the score, we assessed an IFN score by NanoString technology. When elevated,
this would be consistent with ongoing IFN signaling® and measurement of IRG expression
is considered as a diagnostic tool in these diseases.8:? We compared the performance and
correlation of a previously developed 28-IRG-S with a more limited 6-IRG-S® that assesses
six IFN-induced genes only as well as the expression of C-X-C chemokine motif ligand 10
(CXCL10) alone.

Finally, we carried out genotyping to define the underlying genetic defect in these patients.
Thus we were able to assess the practical performance of the clinical score and the IFN
score for defining patients with monogenic autoinflammatory IFNopathy.

PATIENTS AND METHODS

Patients and defining clinical manifestations associated with type | IFNopathies

In our large clinical cohort of patients with autoinflammatory diseases, we defined patients
who had clinical features suggestive of an IFNopathy such as CANDLE-like, AGS-like,
and SAVI-like diseases (/7= 12). They will be referred to as “probable autoinflammatory
IFNopathy” patients.

A systematic literature review was conducted through MEDLINE and PubMed databases,
from inception to January 2017, using the following keywords: “type 1 IFNopathies,” “type
1 IFNopathy,” “mendelian IFNopathies,” “mendelian IFNopathy,” “autoinflammation and
IFN.” Case reports, original research articles, and review articles with a focus on type

I IFNopathies were analyzed. Both searches were limited to English language. We also
reviewed the references of these studies and review articles for additional publications.
Literature review was performed by two investigators (H.E.S. and E.D.B.) independently.
Discrepancies were resolved by discussion between the authors and with a third author
(S.0.). Twenty-five articles were included after elimination steps through title, abstract,
and full-text reviews (Supplementary Fig. S$1).2°:6.8.10-30 The clinical findings that were
reported to be associated with monogenic type 1 IFNopathies are summarized in Table 1.

Subsequently, data from 25 articles reporting monogenic IFNopathies were used in
the development of the “clinical” score for these diseases. The underlying monogenic
IFNopathies in the patients described in these 25 articles varied from AGS, SAVI,
CANDLE, SPENCD to ISG15 deficiency. We have classified the clinical findings into
seven categories according to the system involvement in this novel set of criteria:
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(1) skin manifestations (nodular erythema, violaceous plaques in cold-sensitive acral
areas); (2) vasculopathy (chilblain-like rash, microangiopathic vasculopathy, gangrene/
ulcers/infarcts in acral areas); (3) lipodystrophy, (4) joint manifestations (contractures, non-
erosive arthritis), (5) myositis (patchy), (6) central nervous system (CNS) manifestations
(basal ganglia calcifications, leukoencephalopathy, white matter disease, lumbar puncture
lymphocytic findings); (7) pulmonary involvement (interstitial lung disease, pulmonary
fibrosis, pulmonary hypertension); and (8) leukopenia/lymphopenia with flares. For any
criteria, the patient received only one point for the category.

All 12 patients with a probable autoinflammatory IFNopathy were then scored.

Control population

We included eight healthy controls (HCs) and four patients with juvenile SLE (JSLE),

four with JDM, six with oligoarticular juvenile idiopathic arthritis (0JIA), and four with
adenosine deaminase 2 deficiency (DADAZ2) as disease controls. HCs were age matched
with the patient group. There was no evidence of infection during the blood sampling. Acute
phase reactants were negative in all HCs.

Patients were diagnosed as having JSLE according to the International Systemic Lupus
Clinics Cooperation criteria.31 All JDM patients met the Bohan and Peter criteria;32:33
0JIA patients were classified according to the International League of Associations for
Rheumatology classification criteria.3* Diagnosis of all DADA2 patients was confirmed by
genetic analysis.

The demographic data, clinical manifestations, laboratory findings, and treatment were
assessed as well. SLE and oJIA patients were all newly diagnosed and treatment naive.
All DADAZ2 patients were on etanercept treatment. JDM patients were active and/or

were resistant to first-line conventional treatment.35 Written consents of the patients were
obtained according to the Declaration of Helsinki (1964). The study was approved by the
ethics committee of Hacettepe University (Nov. 04, 2015; GO15/678-28).

RNA isolation, measurement of gene expression, and calculation of IRG-S

28-IRG-S and 6-IRG-S were assessed in the 12 patients with probable autoinflammatory
IFNopathy and in the HCs and disease control groups.

RNA isolation and IRG-S calculation were performed as previously reported.®36 In short,
peripheral blood samples from all patients and controls were stored in PAX gene blood RNA
tubes (Qiagen, Germantown, MD). PAX gene RNA tubes are designed for the collection

of 2.5 ml of blood and contain 6.9 ml of a proprietary RNA-stabilizing reagent. PAX

gene blood RNA tubes were frozen first at =20 °C for 24 h, then transferred to be

stored at —80 °C. Total RNA was isolated by using the PAX gene RNA Isolation Kit
following the manufacturer’s recommendations. After RNA isolation, RNA concentration
was measured with a spectrophotometer. Gene expression was measured using NanoString
technology (nCounter FLEX Analysis System) according to the manufacturer’s instructions
(www.nanostring.com). NanoString technology is a quick and easy method to assess IFN
gene expression. Recently, this method was validated in treatment-naive patients with
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autoinflammatory IFNopathy.® NanoString technology provides a method for detecting
mRNAs with molecular barcodes called nCounter Reporter Probes without the use of reverse
transcription or amplification. Briefly, this technology includes three steps as follows:
hybridization, nCounter Prep Station, and nCounter Digital Analyzer.3” Subsequently, IFN6
and IFN28 scores were calculated according to mRNA expression levels of the type |
IFN-inducible gene using the nSolver software. First, the raw copy number of mRNA
transcripts of each gene was normalized to the geometric mean of the four housekeeping
genes (ALAS1, HPRT1, TBR, TUBB) for each individual. A Z-score for each IFN-inducible
gene was calculated using the following formula:®

[gene count — mean(HC gene expression)]
[standard deviation(HC gene expression)]

Z — score for each gene =

Then 28-IRG-S and 6-IRG-S scores were calculated by summing the 6 and 28 Zscores
for each sample, respectively. 6-IRG-S includes six IFN-related genes (/F/27, IFI44L,
IFIT1, ISG5, RSAD?Z, SIGLECI) and 28-IRG-S evaluates 28 IFN-related genes (CXCL10,
DDX60, EPSTI1, GBP1, HERCS, HERCS6, IFI27, IFI44, IFI44L, IFI6, IFITI1, IFIT2,
IFIT3, IFIT5, ISG5, LAMP3, LY6E, MX1, OAS1, OASZ, OAS3, OASL, RSADZ2, RTP4,
SIGLECI1, SOCS1, SPATS2L, USP18). CXCL10 (IP10) score was also calculated by
normalizing the CXCL10 counts to the geometric mean of the 4 housekeeping genes.®

Genetic analysis

Genetic analysis was carried out in the 12 patients with a probable autoinflammatory
IFNopathy. All patients were initially analyzed with the immune deficiency-dysregulation
panel in our department of immunology including the well-known IFN-related genes
(TREX1, RNASEHZB, RNASEH2C, RNASEHZA, SAMHDI1, ADAR, IFIHI1, PSMBS,
TMEM173, ISG15, ACP5) (n=12). In patients who did not have any of the above
mutations, whole-exome sequencing (WES) including variant filtering was performed (7
=3, 1 at NIH).

Statistical analysis

The SPSS version 21.0 (SPSS, Inc., Chicago, IL) was used for statistical analysis. The
variables were investigated using visual (histogram, probability plots) and analytic methods
(Kolmogorov—Smirnov/Shapiro—Wilk’s test) to determine whether or not they are normally
distributed. Descriptive analyses were presented using proportions, medians, minimum
(min), and maximum (max) values where appropriate. Differences in proportions between
groups were evaluated by the Chi-square test or Fisher’s exact test where appropriate.
Mann-Whitney U'test was used to compare the non-normally distributed continuous data
between two groups. p Value < 0.05 was considered as significant. Kruskal-Wallis tests
were conducted to compare the non-normally distributed parameters between groups.
Mann-Whitney U'test was performed to test the significance of pairwise differences using
Bonferroni corrections to adjust for multiple comparisons. For investigating the association
between non-normally distributed and/or ordinal variables, the correlation coefficients and
their significance were calculated using Spearman test.
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Demographic and clinical features

A total of 12 patients were included in the autoinflammatory IFNopathy group, 9 (75%)
were male. The median (min—max) age at symptom onset and current age were 3 (0.5-

9) years and 10 (4-20) years, respectively. Skin involvement was present in all patients
(Table 2). The most common skin findings were ulcers and rash in acral surfaces in nine,
panniculitis in four, livedo reticularis in four, chilblain-like rash in four, gangrene/infarcts of
fingers/toes in three, and Raynaud’s phenomena in two patients. One patient had classical
features of SAVI with severe tissue loss [published in ref. 17].

Eight patients had CNS involvement, including basal ganglia calcifications (7= 5), white
matter disease (n7= 3), progressive cerebral atrophy (7= 2), and CNS vasculitis (7= 2)
(Table 2). Four of these patients had motor-mental retardation and were also followed by the
neurology department, whereas the remaining three did not have a neurological deficit and
the CNS findings were picked up by magnetic resonance imaging (MRI) examinations. One
had optic neuritis.

Four patients had joint contractures, four had lipodystrophy, and one had non-erosive
arthritis. Three patients had interstitial lung disease established through computerized
tomography (CT). One patient also had pulmonary fibrosis. Chest CTs were not obtained
for the remaining nine patients since their clinical lung exam and X-rays were normal. One
patient had autoimmune hepatitis.

Fluctuating low-titer autoantibodies were detected among 11 patients, including ANA (n

= 11), anti-double-stranded DNA (7= 2), and anti-neutrophil cytoplasmic antibodies (7
=2), all at low titers. All except one patient (one of the sibs with an AGS mutation)

had occasional elevation of acute-phase reactants (APRs). However, at the time of the

blood sample collection, only two patients in this “autoinflammatory IFNopathy group” had
elevated APRs. Two patients had leukopenia. The comparison of the clinical findings of the
patients and controls is summarized in Table 2.

Developing a clinical score suggesting the presence of an IFNopathy

Subsequently with the systematic literature review, we developed a preliminary clinical
score to classify the autoinflammatory IFNopathy patients (Table 3). Table 1 shows the
main clinical findings associated with monogenic IFNopathies. Preliminary clinical score
consisted of eight items and all items were scored as no (0) or yes (1).

The clinical score that we propose was able to differentiate the autoinflammatory IFNopathy
patients since it was high in only them but not in autoimmune IFNopathies such as JSLE
and JDM and in DADAZ2 patients (Table 4). All of the patients in the autoinflammatory
IFNopathy group had clinical scores =3.
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Assessment of the IFN score confirmed elevation in all patients with presumed
autoinflammatory IFNopathy

The 28-IRG-S and 6-IRG-S were calculated for the “autoinflammatory IFNopathy” patients
and the HCs as well as the disease control groups. The clinical scores significantly
correlated with IFN6, IFN28, and CXCL10 scores (r=0.628, p=0.001; r=0.638, p=
0.001; r=0.608, p=0.001, respectively).

Both the 28-IRG-S and 6-IRG-S were significantly higher in the autoinflammatory
IFNopathy group compared to the HC and oJIA and DADAZ? patients. However, there
was no significant difference between the probable IFNopathy group and the autoimmune
IFNopathies, the JSLE and JDM patients. Interestingly, the CXCL10 (IP10) score was
significantly higher in the probable autoinflammatory IFNopathy patients compared to
patients with JSLE and JDM (Fig. 1; Supplementary Table S1). The 28-IRG-S positively
correlated with the 6-IRG-S (r=0.969, p< 0.001). The CXCL10 (IP10) score correlated
both with the 28-IRG-S and 6-IRG-S (r=0.521, p=0.001 and r=0.544, p=0.001,
respectively).

Genetic analysis confirms a genetic diagnosis in 9 out of 12 patients with a presumed
autoinflammatory disease

Genetic analyses provided a diagnosis for 9 of the 12 patients. Three patients with

a CANDLE-like disease manifestations (patients 3, 5, and 8) such as panniculitis,
lipodystrophy, and rash had mutations associated with AGS in /FIHI (p. Thr7021e) and
RNASEHZB (n=2; p.Alal77Thr homozygous), respectively. The patients with a CANDLE-
like phenotypes had no apparent neurologic symptoms, and their mental-motor development
was not delayed. However, all three had basal ganglia calcifications, and in contrast to
CANDLE patients, all had white matter disease on MRI (Table 5). Two siblings (patients

6 and 7) with a typical AGS phenotype had cerebral vasculitis and both had AGS-related
mutations in 7REX1 (homozygous p.Arg114Cys) (Table 5). One patient (patient 2) had a
homozygous intronic ¢.3443+8G>A mutation in a splice site of the ADARI gene. One AGS
patient (patient 11) was homozygous for the p.A/al77Thr mutation in RNASEHZB, which
was also present in two unrelated patients with a CANDLE-like phenotypes (patients 5 and
8) as described above (Table 5). All of these mutations were previously described. One
patient (patient 10) had a previously described SAVI-causing mutation (p.Asn154Sen). 1738

One patient (patient 4) without disease-causing mutations on the genetic panel who
subsequently had WES harbors a gain-of-function mutation in the STA73 gene (¢.893T>A,
p.11e298Asn) (Table 5). Another patient (patient 12) had a heterozygous mutation in

STIM1 (¢.1299C>T), which was recently linked to activation of the STING pathway.3%

This mutation has a minor allele frequency of 0.000021. But functional impact on IFN
signaling needs to be evaluated. The patient with the S7/M1 mutation (patient 12) resembled
SAVI with the digital necrosis, interstitial lung disease, and rash, whereas the suggestive
features of the patient with STA73 mutation (patient 4) were rash, fever, panniculitis, and
hepatosplenomegaly (Table 5).
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No mutations were identified in WES performed on two patients (patients 1 and 9), one
(patient 1) with an AGS-like phenotype with motor-mental retardation and the other (patient
9) with interstitial lung disease, lipodystrophy, and livedo reticularis. Furthermore, patient

2 had a mutation in ADARI, however, we were not able to confirm whether this was a
disease-causing mutation or a common single-nucleotide polymorphism (Table 5).

Almost all of the “autoinflammatory IFNopathy” patients received corticosteroids, five
patients also received hydroxychloroquine, and two patients received azathioprine. Five of
the 12 patients with autoinflammatory IFNopathy were treated with JAK inhibitors. After
the elevated IRG-S were obtained, three patients with CANDLE-like phenotype (patients
3, 5, and 8) and one patient with 7REXZ mutation (patient 6) were started on tofacitinib
(compassionate use). All of them were stable and had no new symptoms. One SAVI patient
has been on baricitinib for 4 years.40

DISCUSSION

Autoinflammatory IFNopathies have emerged as a new group of inflammatory diseases

that changed our concept of cytokines pathways that cause autoinflammatory diseases.®
Patients with autoinflammatory IFNopathies present with a range of clinical symptoms

that are distinct from those found in IL-1-mediated autoinflammatory disease and the most
common autoimmune pediatric rheumatologic diseases, such as JSLE and JDM with chronic
elevation of an IRG signature in the blood. The diagnosis of this novel group of diseases is
challenging as the assessment of an IFN score or IRG-S and sophisticated genetic testing are
not widely available. In the present study, our first objective was to provide the spectrum of
clinical manifestations and address the challenge in recognizing these patients by attempting
to develop a clinical score that will encourage physicians to request and order analysis of the
IFN pathway. This clinical score distinguished autoinflammatory IFNopathies from SLE and
JDM. Furthermore, it predicted a known genetically defined autoinflammatory IFNopathy in
75% (9/12) of the patients. On the other hand, the features of our patients and the genetic
results (Tables 4 and 5) highlight the clinical overlaps between AGS and CANDLE and
SAVI that is not well described in the literature. Three of the patients who clinically were
thought to have CANDLE (with neutrophilic panniculitis, etc.) and who were without any
clinical neurological features up-front had white matter disease. This raises the suspicion
that patients with white matter disease may be more likely to have mutations associated with
AGS. We have also presented one patient who resembled SAVI but had a mutation in ST/M1
(Table 5), another gene that was recently linked to activation of the IFN pathway.394

Our clinical score had an excellent correlation with the IFN score. Direct detection of
type | IFN protein in biologic samples has proved challenging, and while IFN have been
measured in serum, reliable assays for IFN are still not available. Thus indirect methods
are often used to infer the presence of type | IFN via quantification of IFN-responsive
genes.3” In their review of available methods for IFN detection, Lamot et al.3” conclude
that none have proven feasible for everyday clinical practice. We therefore assessed the
28-IRG-S using a previously published NanoString panel.2:3¢ We have found that the
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more reduced panel of 6 genes (IFN6-IRG-S) and a 28-gene panel (IFN28-IRG-S) scores
and the CXCL10 expression alone correlated well suggesting that in the context of a
suggestive clinical disease pattern expression of a small number of IRGs may be sufficient
to document elevation of IFN-stimulated genes. Although our cohort was small, we believe
that these results will have important implications for routine use. All of these scores were
significantly lower in diseases where IFN has not been implicated in pathogenesis, such

as 0JIA. On the other hand, the 8-IRG-S and 6-IRG-S were mildly elevated in DADA2
patients. As expected, these IFN scores were also high in the other autoimmune diseases
with high IFN, JSLE and JDM. Interestingly, we have noted that CXCL10 was significantly
higher among patients with autoinflammatory IFNopathies when compared to SLE: there
was a threefold difference that differentiated the two groups of patients. Furthermore,
CXCL10 scores were 2.5 times higher than in the four JDM patients. Given the small size of
the our JSLE and JDM cohort, studies in larger number of patients are needed to reproduce
and validate these findings.

The gold standard for the diagnosis of an autoinflammatory IFNopathy is identifying

the mutated gene. We had a very high yield in the genetic analysis of the presented
patients, thus our clinical score allowed us to detect patients with a high likelihood to
have a genetically defined IFNopathy. Whether a score >3 also identified patients with yet
genetically unidentified IFNopathies who may respond to IFN signal-blocking treatments
needs to be assessed in larger studies.

Our data suggest that a positive clinical score plus a high IFN score is highly suggestive

of a known Mendelian autoinflammatory IFNopathy. Nine of our patients subsequently had
a genetic diagnosis of a monogenic IFNopathy. Three of our patients with predominantly
CANDLE-like phenotypes had mutations previously associated with AGS (Table 5). All
these patients had basal ganglia calcifications and white matter disease without neurologic
symptoms.

One patient had SAVI with a disease-causing mutation in TMEM173, and one had a STAT3
gain of function mutation. We await this patient’s response to JAK inhibitors. Although
Sanchez et al.0 have reported favorable outcome with baricitinib in CANDLE patients, the
jury is out for the best treatment for many of these patients, particularly those who do not
have CANDLE.

A disease-causing genetic defect was not found in three patients who again had features
suggestive of an autoinflammatory IFNopathy. It remains intriguing to speculate that non-
monogenic genetic pattern may need to be considered as well.

Furthermore, one patient with a positive clinical score and high IFN score harbored a
heterozygous mutation in a gene associated with an immune dysregulation, the sensor
stromal interaction molecule 1 (STIM1) gene. Most recently, Srikanth et al.3° have
demonstrated that deficiency in the Ca2* STIM1 caused spontaneous activation of STING
and enhanced the expression of type | IFNs. However, more functional studies are needed to
determine the functional impact of this mutation and the pathways that induce the high IFN
score need to be assessed in future studies. Our data also suggest that, should an extended
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IRG panel of 28-IRG-S or 6-IRG-S not be available, then even CXCL10 assessment by
itself in the context of suggestive clinical findings was a good indicator of an elevated

more extensive IFN score given the high correlation of the CXCL10 with the 28-IRG-S and
6-IRG-S.

Fluctuating levels of autoantibodies were observed in 11 of the patients with
autoinflammatory IFNopathies, which did not discriminate them from JSLE and JDM.
However, the score easily differentiates these patients from patients with the autoimmune
IFNopathies, including JSLE and JDM. This may not be surprising as our patients have
early-onset disease and lack characteristic features for the well-known pediatric autoimmune
diseases including clinical features of immune-complex disease (i.e., butterfly rash and
immune-complex vasculitis or nephritis) that are typically present in SLE patients. On

the other hand, JSLE and JDM patients lack the clinical criteria of autoinflammatory
IFNopathies.

Given the recent encouraging treatment data in patients with autoinflammatory IFNopathies,
a “proper diagnosis” of an autoinflammatory IFNopathy can direct treatment decisions and
prevent the use of improper treatments. A total of four patients have been started on a JAK
inhibitor, mostly tofacitinib, since baricitinib is not available in Turkey. None of the patients
treated have so far achieved complete remission of their symptoms, which is consistent
with other case reports in AGS and SAVI.36:42 The patients started on JAK kinase inhibitor
treatment stabilized their disease and have not developed new symptoms. However, JAK
inhibitor treatment in patients with AGS and SAVI may not be as effective as anti-1L-1
treatment in the inflammasomopathies; we await further long-term observations. None

of our patients had mutations of CANDLE, which is the only monogenic disease where
prolonged remission with JAK inhibitor treatment has been reported in 50% of patients.36

Our study is limited by the small sample size. The clinical score was based on the clinical
findings of our review of the relevant literature. In our cohort, the sensitivity and specificity
of the test was 75%, but as proper sensitivity analysis cannot be performed in this small
cohort, validations needs to be performed in much larger and more diverse cohorts.

In our expanding spectrum of rare rheumatic diseases, the autoinflammatory IFNopathies
are a new class of diseases that we need to consider. The availability of measuring and
quantifying the IFN score expands the armamentarium of immunologic tests that assist

in characterizing dysregulated immune responses. The diagnosis of these patients by
genetic testing is still challenging in many parts of the world or a genetic analysis may

be unrevealing. On the other hand, we need to identify these diseases since the current
first-line treatment is JAK inhibition and the availability of treatment(s) that block the
IFN signaling pathway is expanding. The clinical score we developed identified patients
who had elevated IFN scores and may be helpful for the clinicians in identifying patients
with autoinflammatory IFNopathies. The clinical score alone or in combination with a
high IFN score should prompt genetic screening for mutations in the IFN pathway and
may serve as indications for a genetic analysis to be covered by the Health Authorities.
However, 3 of the 12 patients did not have a genetic diagnosis of a previously identified gene
causing autoinflammatory IFNopathy and studies to suggest whether these patients would
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respond to IFN-blocking therapies needs to be determined. In summary, our data show that
the clinical score was high only among patients with autoinflammatory IFNopathies and
distinguished them from autoimmune diseases, such as SLE. Furthermore, a clinical score
of >3 was associated with a high 28-IRG-S or 6-IRG-S that was higher than healthy and
diseased controls but not different from JSLE and JDM. Clinical criteria predicted a known
genetically defined autoinflammatory IFNopathy in 9/12 (75%) of patients with a probable
IFNopathy and may be used in identifying patients who need genetic testing, IFN score
assessments, and possibly access to IFN-blocking treatments.

CONCLUSION

The suggested clinical score may guide clinicians in their clinical practice. An
autoinflammatory IFNopathy should be considered in patients with a positive clinical score
and high IFN score, even if the genetic analysis is not confirmatory. Finally, the pediatric
community needs to design controlled studies with well-defined outcomes to define the best
management and treatment of these rare but important diseases.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Clinical findings reported to be associated with monogenic type 1 interferonopathies (results from the
systematic literature review)

Clinical findings

Skin involvement and
vasculopathic changes

Mucosal involvement

Musculoskeletal involvement

Central nervous system
involvement

Pulmonary and cardiac
involvement

Hematologic involvement

Ophtalmologic involvement

Metabolic involvement

Autoimmune findings

Other

Panniculitis

Nail dystrophy

Ulcers, rash in acral surfaces OR acral skin infarcts OR violaceous plaques/nodules in cold-sensitive acral
areas OR gangrene/ulcers/infarcts in acral areas
Nodular erythema

Violaceous periorbital rash

Sparse/thin hair

Livedo reticularis

Periungal erythema

Onychodystrophy

Immature PMNLSs in skin biopsy

Chilblain-like rash OR cold-induced acral dermatitis
Raynaud’s phenomena

Microangiopathic vasculopathy

Oral ulcers

Myositis (patchy)

Axial bone dysplasia OR skeletal dysplasia OR enchondromatous nonossifying metaphyseal and spondylar
lesions

Short stature

Joint contractures

Non-erosive arthritis

Lipodystrophy

Basal ganglia calcifications
Leukoencephalopathy
Progressive cerebral atrophy
White matter disease
Intellectual disability
Microcephaly
Polymicrogyria

Spasticity

Seizures

L/P findings (neutrophilic vs lymphocytic)
CNS vasculitis

Interstitial lung disease OR pulmonary fibrosis
Pulmonary hypertension

Leukopenia (or cytopenia) with flares
Dyserithropoesis

Thrombocytosis

Anemia

Keratoconjunctivitis
Glaucoma
Episcleritis

Metabolic manifestations exaggerated by steroid (truncal obesity, dyslipidemia, insulin resistance, acanthosis
nigricans)

Positive autoantibodies
Presence of autoimmune-mediated organ disease (e.g., SLE, autoimmune thyroiditis, DC+hemolytic anemia)
Presence of low-titer autoantibodies

High CRP value only in severe flares

Recurrent fever

Nasal septal perforation

HSM

Congenital infection-like syndrome OR pseudo-TORCH syndrome

CNS central nervous system, CRP C-reactive protein, DC direct Coombs, L/Plumbar puncture, PMNL, polymorphonuclear leukocyte, SLE

systemic lupus erythematosus

Pediatr Res. Author manuscript; available in PMC 2021 September 08.



Page 16

S6nmez et al.

Author Manuscript

snsorewsayiAia sndnj 91waisAs 775 ‘snidyue aiyredoipi

a1uaAn( Jenoieobijo /o ‘ajew py ‘snisoAworewap ajiuaAnl yyar ‘Ayredouoiapiaiul Ayzedon/ ‘10auU0d Ayljeay D/ ‘alews) 4 ‘Adusidlyap g aseullleap auISOUdPR ZWV(d ‘WalSAS SNOAISU [11USI SND

(0o (ov) 2 (001) ¥ (0o (0o (L9m) e (%) v JuawianjoAul d1BojoreWaH

o o (CrAN o (o (o (%) v Juawianjonur delpsed

(so)tT (0o (0o (0o (0o (so) e (%) u yuswianjonur Areuowind

(0o (ov) 2 (0o (0o (0o (2'99) 8 (%) U ‘JUBWBAJOAUI SND

o (02t o o (o (o (%) u uswianjonul [eusy

(09) ¢ (0o1) § (001) ¥ (00m) 9 (0o (LT9) 8 (%) U ‘JUBWSA|OAUI [218]8XSOINISNIN

(s e (oo1) § (001) ¥ (0o (0o (0o1) 2T (%) ¢ ‘JUBWIAAJOAUI UIS

T/E It 0/y /S g/e 6/€ (IN/4) Japua

F=uywar G=ugvava F=u)3aisc ©=u)vico (@=u)OH (eT=u)AyredoNd] juloINy

‘¢ slqeL

Author Manuscript

$]01U02 pue syuaNed ay) JO Ssainyes) [ealulD

Author Manuscript

Author Manuscript

Pediatr Res. Author manuscript; available in PMC 2021 September 08.



Page 17

S6nmez et al.

palinbal si € 15e9] 18 JO 9103S ® :Saseasip Alojewiwe|juiolne pajeipaw-(N41) uoJauaiul Yum siuaired AJISse]d 01 BLIS1LID UOITRIIISSeO [edlul]d Areulwijald

Author Manuscript

aimound Jequin] 477 ‘Wa1sAs SNOAJSU [BUII SND

8
L
9
S
A4
€
4
T

saJe]) yum eluadoydwAjeiuadoxna
(uoisuapadAy Areuownd ‘sisoiqiy Areuownd ‘aseasip Bun| [e11IsIalul) JUBWSAJOAUI Areuow|nd *
(sBurpuiy anAooydwA| 4/ ‘aseasip Jaew ayym ‘Ayredofeydasusoxna) ‘suoiedisiofed eijbueb [eseq) suomeisajiuew SN
(Ayoyed) smsoAN -
(SnIYME 9AISOJ8-UOU ‘S2INIORIILOD) SUOIILISa)IURW JUlof
AydonsApodiT
(seaue |eJoe Ul S1aseUI/SIB0IN/aUBIBURS ‘Ayredolnasen olyredoifueoloiw ‘yses axij-utejqpiyd) Ayredojnasen
(seale eloe aAIlISUSS-P|02 Ul sanbe|d SN0aJe|oIA ‘BlBYIAIS Je|NpoU) SUOIIeISa}IueW UIYS
(®4n1e01118Y] WO} PaAIBP) SBIyTedouo joyjoiul Alorewwe juioine o) eleliid ealuld

‘€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript

Pediatr Res. Author manuscript; available in PMC 2021 September 08.



Page 18

S6nmez et al.

WINWIXBW—WNWIUIW XZL—UIW ‘WaISAS SNOAIBU [1IU8d SND

(1) saA 10 (0) ou Se palods al1am swall ||

(-0 1
vI0
It
0
vI0
v
0
vI0
It

(1-0)0
St
S/0
S/0
S/0
S/0
S/0
St
St

(-0 1
viv
vI0
v/0
vI0
vI0
v/0
vI0
vI0

(o
9/0
9/0
9/0
9/0
9/0
9/0
9/0
9/0

(s¢)¢
rAvi4
rAYA
z18
zrie
Ay
AV
rAYL:

VA

(Xew-—u1w) uelpaw ‘alods [ealuld
sa.e]y yum eiuadoydwAj/eiuadoxna
JUBWaAjoAUl Ateuow|ng
suoneISajIUBW SND

SINSOAN

suoleISajIUeW Julop

AydonsApodi

Ayredojnasen

suoneISaJIURW UINS

y=U'NQC G=UZvaVa P=U'3ISC 9=U'VIC ZT=U'ssIyredouosieiul Alojewwejuioiny a|qeqo.d

9100s Areuiwipid eolulD

Author Manuscript

‘v alqeL

Author Manuscript

$]041U09 pue Sualred 01 8103S [eaIUID Areulwijaid Jo uonedljddy

Author Manuscript

Author Manuscript

Pediatr Res. Author manuscript; available in PMC 2021 September 08.



Page 19

Buisnea-aseasip 1ou Aja1] Inq Jea]d Jou 1oedwi feuonouny (sa1obAzowoy €6/ '0€ ‘9’0 Aouanbauy aja)ie @ywoub ‘g jusied) (dNS) wsiydiowAjod aproajonu-a)buls N.&_\Qv\q

ST Ul PaIIIUSpI 819M suolreInw Buisnes-sasessip ou ‘siusiied omy ul,

(B10a1mnsuipeolq pewouby/:sdny) aseqereq uonehalbby swouss Gywoub ‘uoieplelsl J0JoW ‘[BIUsW Y/ ‘Siurideal aseyd ainde 4y

S6nmez et al.

(auerren a211ds oseas!
21q1ssod) IS SMOLALIOUAS 3jIEE Il .Q.T%mmww 2 Buny ennsiaun ‘AydonsApodi| éaogcaw
SoA oFWILS U uonEInu SnobAzosa19H [EULION 5150493 [e}IBIp ‘YsSes PaonpuI-pjoD /7T 21 uaned
H12/TElYd .
B spinatuued "YANIN
sop  TSD6E5Y [HEHISYING Ul ol snobAzouioH 3|ge|leAB JON  ‘SLIBINOMal OPaAI] ‘UTeIg|Iyd ‘ysel paonpul-pjod §s TT Juaned
19SySTUSY d eluadolAo Buryenionyy ‘aseasip Bun) 0T Waned
SOA O<VI9r 2 95/ TWFW.L Ul uoneinw Buisnea-|AYS [ewoN [ennsiaul ‘uoneindweoine ‘sisolosu [enbig 5'0/02 ) :
~ sisolquy Areuownd ‘s1aofn ‘aseasip Hun|
SOA ST Ul PUNo} SIUEBLIEA Bursneo-aseasip aulap ON snunau ando [ennsiaul ‘AydonsApodi] ‘sLreinonal opal vIET 6 Jualled
H1L/TElY A ‘
. aseasIp Jajew ayym ‘snpijed
soA  V<96859 [HCHIASYIVG Ul uoEInu snobAzowoH snqojB ur uoneayded  AydonsApodif ‘sinotuued ‘yses paonpu-pjod Z/oT  (3-31aNVD) 8 usied
SAOITOIY d 1<O08E D
oN pFX L ut uotEnu snobAzowioH StInosen [e1g@1a0 ureiqIyo /5 (z a1s) £ waned
AT IOy d 1<O08E D
EN pFXFL Ut uonEnu snobAzowoH SIINOSEA [AGRISD  BIMIORAUOD "INl ‘S120]n [ENBIP ‘Ure|qiIyD Se/0T (1 1S) 9 Waned
1//T8Vd Y<96269
aseasip Janew aHym
SOA hmwlm.w bV Ul uonEInw snobAzouioH ‘uoneaiIofes eljbueb jeseg sninatuued ‘aseulwesuel) pajens|s ‘1ansH 2/S  (™I-31aNVYD) G waied
usy862s|1'd 'vY<1£68°2
eluadolfo
SAA SALYLS Ut uonEnul snobAzoizaH [ewoN Burrenmonyy ‘INSH ‘sinotuued ‘ysel ‘4ens- /9  wslred
THI91 :_mnmw_wbmmﬂﬁ %A%W\%Nwm%mn aseasIp Janew auym ‘snpijjed ainjoenuo0d ‘AydonsApodi|
BN 2 T snqojB ur uonesyId[eD ‘si1noIuued ‘yses paonpul-plod 1aneS S0/ (®1-371ANVO) € uaned
(r<o8+£11€) snpiped
- gF&VaY Ut dNS uowiLIod Jo} snobAzouioH snqo1B u1 uoneaydfeD HININ ‘S180In [eBIP ‘UrRIgIIuD £/8T Z waled
snneday
ST Ul punoj SjUELIEA Buisneo-aseasip ajulyep ON 3UNWILIIOINE ‘INJORIILO0D ‘YN ‘SeINIdRIILO0D
SOA 169 Je[NoLIUBALIR] ‘S1IeIN213a) OPaAl| ‘sIsoloau [enbig T/9T T Jualled
abe
Hdv sBuipuiy 1esuo-woldwis
ybIH adAouen 14 N [elue o oiBojoipey adAouayd [eoluld ebe wa1in) sjuaired

Author Manuscript

swuaied , Ayredouolapiaiul Alorewweuioine,, syl Jo sBulpuly [ea1U1]9 urew pue SISAjeue J118Ua9

‘'S al|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Pediatr Res. Author manuscript; available in PMC 2021 September 08.


https://gnomad.broadinstitute.org

Page 20

S6nmez et al.

Zcmcm__g:ﬁ_ Ajsnoinaid sem jusijed w_ﬁm

(oTauaned) &/ v pue ‘(2 pue g syuaned) IxF&L ‘(TT pue ‘g ‘s ‘g swaned) gzHIS NS Ul suoieinw pauodal Alsnoinald yim ﬂcw:mn_h

(sa106Azowoy 048z ‘1200000 Aouanbauy
al911e @ywoub ‘gTusned) 7/4S ‘(@wwoub uijussaid 1ou ' Juaired) &7/ S “(sa106Azowoy 018z ‘€200°0 Aouanbaly ajajie woub ‘€1d) 74/ Ul aseasip ylm pajeldosse Ajsnoinaid jou mco_§:_>_u

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Pediatr Res. Author manuscript; available in PMC 2021 September 08.



	Abstract
	INTRODUCTION
	PATIENTS AND METHODS
	Patients and defining clinical manifestations associated with type I IFNopathies
	Control population
	RNA isolation, measurement of gene expression, and calculation of IRG-S
	Genetic analysis
	Statistical analysis

	RESULTS
	Demographic and clinical features
	Developing a clinical score suggesting the presence of an IFNopathy
	Assessment of the IFN score confirmed elevation in all patients with presumed autoinflammatory IFNopathy
	Genetic analysis confirms a genetic diagnosis in 9 out of 12 patients with a presumed autoinflammatory disease
	Treatment

	DISCUSSION
	CONCLUSION
	References
	Fig. 1
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	Table 5.

