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Abstract
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Background: Despite recent advances in the diagnosis and understanding of many autoinflammatory diseases,
there are still a great number of patients with phenotypes that do not fit any clinically- and/or genetically-defined

Case presentation: We describe a fourteen-year-old boy who presented at two and a half years of age with
recurrent febrile episodes. Over the course of the disease, the episodes increased in frequency and severity, with
new signs and symptoms continuing to appear. Most importantly, these included skin changes, splenomegaly and
transaminitis. Only partial control of the disease was achieved with anti-IL-1 therapy. Extensive investigation showed
generalized inflammation without immune deficiency, with increased levels of serum amyloid A and several pro-
inflammatory cytokines including interferon-y, as well as an increased type | interferon score. Exome sequence
analysis identified P369S and R408Q variants in the MEFV innate immunity regulator, pyrin (MEFV) gene and T260 M
and T320 M variants in the NLR family pyrin domain containing 12 (NLRP12) gene.

Conclusion: Patients with unclassified and/or unexplained autoinflammatory syndromes present diagnostic and
therapeutic challenges and collectively form a substantial part of every cohort of patients with autoinflammatory
diseases. Therefore, it is important to acquire their full genomic profile through whole exome and/or genome
sequencing and present their cases to a broader audience, to facilitate characterization of similar patients. A critical
mass of well-characterized cases will lead to improved diagnosis and informed treatment.

Keywords: Autoinflammatory disease, Periodic fever syndrome, Macrophage activation syndrome, Type | interferon

Background

The past 20 years have seen the identification of numer-
ous monogenic autoinflammatory diseases with systemic
and/or organ-specific inflammatory features. These
features include recurrent and episodic periodic fever,
serositis, arthritis, cutaneous inflammation, heightened
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production of IL-1p and innate immune cell activation
[1]. Study of these monogenic “experiments of nature”
with increasingly gene-agnostic DNA testing has ex-
tended our knowledge of the immune response, by iden-
tifying new disease-causing genes and inflammatory
pathways. This process has markedly improved the time-
liness and accuracy of diagnosis, and has informed
treatment - especially for individuals with atypical pre-
sentations [2]. Nevertheless, among patients with clinical
signs and symptoms of systemic inflammatory disease, at
least 40% do not fit any of the clinically-defined diseases,
and approximately 50% have no known pathogenic
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mutation in genes that are annotated to this family of
diseases [3, 4]. Thus, there is a clear need for more de-
tailed investigation into disease etiology, through
broader interrogation of genetic variants (exome or
whole genome sequencing) and complementary transla-
tional research studies aimed at improved molecular and
cellular phenotyping of disease. Here we present one
such case, a boy with a severe and persistent systemic
autoinflammatory disorder that, despite identification of
rare genetic variants and functional immunologic abnor-
malities, does not fit any currently-described diagnostic
entity.

Case presentation

A 4-year-old boy was referred to the Rheumatology
Clinic at the British Columbia Children’s Hospital for
evaluation of recurrent rash and fevers. Raised tender
erythematous plaques on his limbs had been present
intermittently since age 18 months, lasting for hours to
weeks. Intermittent fevers to 39°C, beginning in the
evening, and lasting for days to weeks, began at 2.5 years
of age, unassociated with the skin lesions, and without
identifiable precipitants. Symptoms associated with the
fevers included lethargy, arthralgia, myalgia, headache,
cough, vomiting and loose stool.

The parents are unrelated, and of East Indian Kenyan
ancestry. No relative has symptoms similar to those of
the patient. The boy was the product of a term preg-
nancy complicated by maternal antiphospholipid syn-
drome (resulting in three fetal losses prior to 6 weeks’
gestation), Graves’ disease (for which his mother had
received previous radiation), and maternal thyroxine
during the pregnancy. His father and two siblings are
healthy. As part of the investigations of recurrent fetal
loss, karyotype analysis indicated that the father carried
an apparently-balanced reciprocal translocation involv-
ing the long arms of chromosome 5 and 14 with karyo-
type 46,XY, t (5, 14)(q11.2;q32.1).

Initial laboratory investigations of the patient at age 4
years revealed elevated ESR, mild anemia, and low
leukocyte and platelet count. Because of concern about
continuing symptoms, and the presence of an autoinflam-
matory syndrome, extensive inital investigations were
performed with normal or negative results: quantitation of
C-reactive protein (CRP), liver enzymes, ferritin, blood
urea nitrogen (BUN), creatinine, urinalysis, immunoglobu-
lins (including IgD during a febrile episode), antinuclear
antibodies (ANA), anti-neutrophil cytoplasmic antibody
(ANCA), anti-cardiolipin antibody (aCL), von Willebrand
factor (VWF) antigen, complement (C3 and C4), tissue
transglutaminase (tTG), alpha-1 antitrypsin, TB skin test
and chest x-ray.

Genetic screening for Familial Mediterranean Fever
(FMF) showed compound heterozygous variants of
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uncertain significance in exon 3 of the MEFV gene,
p-P369S and p.R408Q. At the time of this writing, both
variants have conflicting interpretations in ClinVar
(www.ncbi.nlm.nih.gov/clinvar/). Subsequent analysis of
the parents determined that the father was also hetero-
zygous for both MEFV variants while the mother was
negative, which led to the conclusion that the two MEFV
variants are in cis position (on the same allele, thereby
constituting a haplotype). Prior to genetic investigation
of FMF, the patient was provisionally treated with
colchicine (0.3 mg BID) and minor improvement in the
recurrence, but not severity, of fever episodes was
observed. Several attempts to discontinue colchicine
treatment resulted in increased frequency of fever epi-
sodes, so colchicine was continued.

At 5 years of age, the skin rash became more extensive,
involving both lower extremities, and had the appear-
ance of erythema nodosum. He also developed moderate
hepatomegaly with mild elevation of liver enzymes (AST
range 78-158 U/L, ALT range 59-251 U/L) and elevated
LDH (range 938-1616 U/L), which continued to be ele-
vated for most of the time during the course of the dis-
ease (Table 1). He had persistent anemia and worsening
pancytopenia, with negative testing for infectious dis-
eases, inflammatory bowel disease, autoimmune hepa-
titis, and metabolic disease. Immunodeficiency
screening, including mitogen testing, T and B cell panel
and immunoglobulin levels were reported as normal or
negative. Bone marrow examination showed lack of iron
stores, but was otherwise unremarkable. Histopathology
of a liver biopsy showed mild to moderate lobular

Table 1 Frequently abnormal clinical laboratory values over the
course of disease®

Patient median  Patient range Normal range

A. Complete Blood Cell count (CBC) and liver function values

Hb (g/L) 114 96-126 125-165
WBC (x 10%/L) 3 1.7-109 39-102
Platelets (x 10%/L) 172 151-231 180-440
ALT (U/L) 83 25-650 0-50
AST (U/L) 97.5 66-178 0-36
LDH (U/L) 1151 133-1754 120-300
B. Inflammatory markers
CRP (mg/L) 5 0-45 0-5
ESR (mm) 14 4-42 0-15
Ferritin (ug/L) 70 29-465 31-177
SAA (ng/mL) 11,765 1752 - 193,855 1000-5000

®Median and range calculated from test results obtained approximately three
times a year over 10 years (age 5-14 yrs). Normal ranges are age-specific
values from the BC Children’s Hospital Clinical Laboratory. Changes in
parameters did not correlate with alterations in clinical state and neither
correlated with treatment modalities, except for a decrease in SAA upon
treatment with canakinumab (Fig. 1)
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hepatitis with hemophagocytic lymphohistiocytosis
(HLH). Laboratory evaluations for HLH, including NK
cell function, perforin/granzyme B percentages and sol-
uble IL-2 receptor (sIL-2R) levels were normal, while the
screening showed no mutations in MUNC13-4, PRFI,
STX11 or RAB27A genes.

Further testing was undertaken to pursue the possibil-
ity of an autoinflammatory syndrome. Sequencing of the
TNFRSFI1A and MVK genes revealed no variants associ-
ated with Tumor Necrosis Factor Receptor — Associated
Periodic Syndrome (TRAPS) or Hyper IgD Syndrome
(HIDS), respectively. Measurement of serum and cere-
brospinal fluid cytokines (Mesoscale Human Biomarker
40-plex) during a flare of disease showed elevated con-
centrations of several pro-inflammatory cytokines, most
notably, interferon (IFN)-y (Table 2). A type 1 IEN score
[5] based on the expression of 6 genes (IF127, IF144L,
IFIT1, ISG15, RSAD2, SIGLEC1), was elevated (4.531)
suggesting heightened activity of IFN-a and/or IFN-f.
Research-based whole exome sequencing showed rare
variants in the following genes:

a) NLRPI2: two heterozygous variants of unknown
significance in exon 3 (p.T260 M inherited from
mother and p.T320 M inherited from father) and
one heterozygous variant classified as likely benign
in exon 1 (p.G39V inherited from father);

b) CEPI164: two variants classified as likely benign
(homozygous p.P495R and heterozygous p.R1122C
inherited from father);

¢) COL6A3: one homozygous variant of unknown
significance (p.R1990W);

d) TREMLI: one previously undescribed homozygous
variant causing in-frame deletion.

Sanger sequencing of the NLRPI2 gene in the patient,
parents and siblings, showed that the variants did not
confidently co-segregate with disease status. Variants in
the MEFV gene and the NLRPI2 gene were subsequently
confirmed by clinical-based whole exome sequencing
(Table 3).

At age 6years, a diagnosis of periodic fever syndrome,
unclassified, with associated macrophage activation syn-
drome (MAS) features was given. Treatment with oral
prednisone (0.5-1 mg/kg/day) resulted in slight improve-
ment, but the patient continued to have episodes of illness.
His growth during this period was poor, he missed substan-
tial amounts of school and he was unable to participate in
sports and other extracurricular activities. He was started
on Anakinra at 2 mg/kg/day with minimal improvement,
but with a dose increase to 4 mg/kg/day, his fever episodes
became shorter, new lesions of the erythema nodosum-
like rash on the lower extremity were present on a less
frequent basis, and he had less need for supplemental
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corticosteroids. Despite these improvements, he continued
to have febrile episodes every 1-2 months, lasting 1-2
weeks, with accompanying painful skin nodules, hepatos-
plenomegaly, pancytopenia, and raised liver enzymes. A
dose increase of Anakinra to 8 mg/kg/day did not provide
any incremental symptomatic improvement and the drug
(but not prednisone) was discontinued because of severe
urticarial skin lesions. Following anakinra discontinuation,
serum amyloid A (SAA) levels were extremely high (193,
855 ng/mL, normal range 1000-5000 ng/mL) (Fig. 1).

At age 8.5 years, in the face of continuing disease, canaki-
numab at 4 mg/kg every 4 weeks was started and the pa-
tient had rapid and complete resolution of fever,
musculoskeletal pain, and fatigue; this enabled tapering of
prednisone and correlated with improved laboratory tests,
including a substantial drop in SAA (to 5000 ng/mL).
Nevertheless, he continued to have occurence of erythema
nodosum-like lesions primarily on the lower extremity, and
he had several episodes of fever requiring intermittent in-
creases in prednisone dose. After 1 year, the canakinumab
was discontinued for a period of time due to funding cover-
age issues. This led to a significant flare that, regardless of
daily high dose prednisone, subsided only after canakinu-
mab was restarted. During the following year he started to
have more frequent fever episodes occurring just prior to
the canakinumab dose. He had episodes of severe abdom-
inal pain with splenomegaly, and he suffered from frequent
headaches, often independent of fever. Ultrasound and
fibroscan were negative for liver fibrosis, cirrhosis and por-
tal hypertension. An extensive neurological workup that in-
cluded brain imaging (MRI/MRA/MRYV), ophthalmology
assessment and lumbar puncture, was normal. Eventually,
the canakinumab dose interval was reduced from 28 days
to 21 days.

After 4 years of canakinumab treatment, the patient
continued to have episodes of fever every 1-2 months
and frequent erythema-nodosum lesions. He had a trial
of increased canakinumab dose from 150 mg (5 mg/kg)
every 21 days to 300 mg (10 mg/kg) every 4 weeks. After
initial improvement on the higher dose, with fever oc-
curring only every 3—4 months and lasting only for 1
day, parents noted that the patient had an increasing fre-
quency of disease flares, occurring monthly. Canakinu-
mab was decreased to 150mg every 4 weeks, with
regular daily colchicine and continual low dose prednis-
one that is increased with febrile flares. This combin-
ation of medications has resulted in a relatively stable
clinical situation without any major febrile illness epi-
sodes. The patient has sustained modest linear growth,
and has maintained school attendance and participation.

Discussion
The patient we describe is typical of the many atypical
and unexplained patients seen in pediatric rheumatology
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Table 2 Cytokine concentration in patient serum and
cerebrospinal fluid
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Table 2 Cytokine concentration in patient serum and
cerebrospinal fluid (Continued)

Cytokine SERUM (pg/mL) CSF (pg/mL) Cytokine SERUM (pg/mL) CSF (pg/mL)
Patient  Controls Patient  Controls Patient  Controls Patient  Controls
(mean + SD) (mean = SD) (mean = SD) (mean +SD)
bFGF 2.28 4239+ 32,66 0.37 0.12+£0.04 VEGF-C 22630 35858 +95.79 ND 852+ ND?
CRP (S: x 10% 1.62 142+152 2842 106.67 £173.26 VEGF-D 304.25 35099+11984 21.61 3.04£240
. 3
CSF:x107) Cytokine concentrations in serum (S) and cerebrospinal fluid (CSF) from the
Eotaxin 50.88 5943 £29.41 19.99 342+347 patient and children (n =3 for serum, n =3 for CSF) admitted to BC Children’s
) Hospital for non-inflammatory conditions. Patient values that were 2 SD below
Eotaxin-3 0.95 2077 £17.00 ND ND or above control mean values are shown in bold
- ND no data; values below the lower range of detection: pg/ml, Eotaxin 3; 3.26,
GM-CSF 200 044x037 023 0332012 IL-1B; 0.04, IL-2; 0.09, IL-4; 0.02, IL-5; 0.22, IL-10; 0.03, IL-12p70; 0.11, IL-13; 0.24,
ICAM-1 (S: x10%  749.69 56843 +82.32 29.03 11.95+4.21 IL-17A; 0.74, TNF-B; 0.05, VEGF-C; 11.1
CSF: x 103) 2SD was not calculated because values were below the level of detection for
3 at least one individual
IFN-y (S: X 10°) 2.58 0.003 +0.001 1239 064+037
1B ND ND ND ND clinics. His predominant clinical symptoms - periodic
IL-1a 002 008009 043 044056 fever, recurrent erythema nodosum-like lesions, persist-
IL-2 ND 035+0.17 0.02  001+ND* ent splenomegaly and transaminitis were suggestive of
IL-4 0.06 0.03 +002 ND 0.03 + ND? several autoinflammatory diseases, but not one specific-
L5 ND 258+ ND? 062  033+004 ally. Hemophag(?cyt‘ic lymphohistiocytosis syndrome/
L6 196 0294035 167 046014 macrophage activation syndrome (HLI-‘[/M’AS) _ was
thought to be present based on the patient’s clinical
=7 2156 1543L724 221 264085 findings of fever, splenomegaly, as well as laboratory
IL-8 976 535294 43.93 12751052 findings of pancytopenia and liver biopsy showing tissue
IL-10 129 033+003 004  ND hemophagocytosis. However, the entirety of the patient’s
IL-12/IL-23p40  616.99 28575+7030 11.21  326+082 disease course and lab findings suggest that the HLH/
IL-12p70 013 004+ ND? ND 009+ 005 MAS has beep a secondary phenqmenon [6]. Althou.gh
13 0.80 0394012 ND 0.55 + ND? h'e has I?een ill for most of hls hffr and had extensive
diagnostic workup and genetic testing, he does not yet
IL-15 3.17 1.78 £ 046 5.1 1.94 £ 045 have a definitive diagnosis
IL-16 23907 20349+7313 667  292%155 Exome sequencing identified numerous variants of
IL-17A 6.83 330+274 ND 032+ 044 unknown significance in genes known to be associated
IP-10 (S: §1o3; 169.40 045+0.16 2.80 003 + 002 with periodic fever syndromes, namely two important
CSF:x107) autoinflammatory genes, MEFV and NLRP12. P369S and
MCP-1 33823 19579+900 55774 36826+8038  R408Q variants are found in exon 3 of the MEFV gene
MCP-4 2140 7085+ 7683 6.40 3734213 and appear to be in linkage disequilibrium [7]. When in
MDC (5: x10%) 1.07 1934009 7625 249405 cis ‘p051t10n, they are often assocmted‘ with a highly
variable phenotype, and infrequently with typical FMF
MIP-1a 28.33 9.10+2.19 18.95 307x167 i . .
symptoms [7, 8]. Additionally, published literature
MIP-16 17978 852047499 1132 6484448 reports that these variants both in cis and/or trans pos-
PIGF 4842 24001756 1529 1779+051 ition are found in patients with PFAPA, Henoch-
SAA (S: x10°% 1624  2228+3134 3127 21420+36814  Schonlein purpura, inflammatory myopathies, protracted
. 3 . . ’ .
CSF:x107) febrile myalgia syndrome and Behcet’s disease [9-12].
sFIt-1 84.64 9011199 3551 1293+7.90 Related to this was the report of a patient heterozygous
TARC 14794 37004+179.10 337  038+0.10 for P369S and R408Q variants with systemic lupus
Tie-2 (5: X10°) 575 4194099 1739 9714272 erthematosus—as§ocliated MAS [13]‘. Patieniis with thlese
— 7.08 3504096 022 004+ 0.00 variants anfi at?lplca FMF presentatl‘()fl can later develop
AA amyloidosis due to the deposition of SAA, even
TNF-B 243 0562051 ND 006+000 without mutations in exon 10, necessitating consider-
\égéMiw]og?X]O' 131 070500 67.62 19204670 ation of colchicine in symptomatic carriers [7, 14]. Fi-
% . . :
nally, these variants are also associated with later
VEGF 36213 2895643377 322 438150 presentation of FMF [15]. Together these reports indi-
VEGF 770.44 573564083 1.77 3.12+£0.69

cate the importance of P369S and R408Q variants in dis-
eases with an autoinflammatory component, although in
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Table 3 Gene variants® associated with patient’s clinical phenotype
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Gene Disease Mode of inheritance Variant Coding DNA Zygosity Inherited from PClassification

NLRP12 NLRP12-related Autosomal dominant / T260 M c779C>T Heterozygous Mother Variant of Unknown
disorder recessive Significance

NLRP12 NLRP12-related Autosomal dominant / T320M c959C>T Heterozygous Father Variant of Unknown
disorder recessive Significance

NLRP12 NLRP12-related Autosomal dominant / G39V 116G>T Heterozygous Father Likely benign
disorder recessive

MEFV FMF Autosomal dominant / P369S 1105C>T Heterozygous Father Variant of Unknown

recessive Significance
MEFV FMF Autosomal dominant / R408Q c1223G>A Heterozygous Father Variant of Unknown

recessive

Significance

“variants were discovered by WES and confirmed by Sanger sequencing
Pinterpretations from Clinvar at the time of writing

silico modeling suggests that these variants do not result
in significant modifications of pyrin’s function [7, 16].
The T260 M and T320 M variants in the NLRP12 gene,
inherited from mother and father in our patient, respect-
ively, have not been annotated to phenotypes in the lit-
erature, to our knowledge. T260 M is represented in the
ExAC and gnomAD databases in 81 and 153 individuals,
respectively, whereas T320 M is represented in these
same databases in 4 and 11 individuals, respectively [17].

NLRP12-associated hereditary periodic fever syndrome
is a rare autoinflammatory syndrome characterized by
episodic and recurrent periods of fever combined with
various systemic manifestations such as myalgia, arthral-
gia, joint swelling, urticaria, headache and skin rash.

Common trigger of these episodes is cold, which was
not evident in our patient.

This patient’s clinical symptoms and course were also
not completely consistent with FMF attacks, which are
usually brief episodes of fever accompanied by periton-
itis, pleurisy, arthritis or skin rash. Our patient’s disease
episodes were prolonged, and the skin findings not con-
sistent with an FMF rash. The importance of FMF het-
erozygosity in clinical situations has been controversial.
A population genotype study of four Mediterranean
groups done by Jeru et al. demonstrated that individuals
with a heterozygous MEFV mutation were at increased
risk of developing FMF with a relative risk of 6.3-8.1
compared to non-carriers [18].

200-19.39 Canakinumab
dose and interval
4mg/kg 6 mg/kg Smg/kg  5mg/kg 5 mg/kg 10 mg/kg 5 mg/kg
28 days 28 days 28 days 25 days 21 days 28 days 28 days
150+
o
S 1004
3O WOOW W 4
|
€ 20T
~
2 >16*
gy 11.77
10+ 9.53
3.95
l 1.75
0+ T T T T T T
%%%%»&»&»&,&‘9‘:‘9‘9,@\9@@'\'\'\'\,;b‘b‘b
A\ \»\“V«\”e\“v Ly u\"'«\”e\” W, e\"” iy e\"v Kig v\”«\”o\”»\” WA
Date (month/year)
Fig. 1 Timeline of canakinumab treatment, serum amyloid (SAA) concentration, and major disease flares. Bars show SAA concentrations (y-axis,
ng/ml x 10°, performed at Dynacare Laboratories, Canada; * exceeded upper limit of detection). Grey shading shows the start and end of periods
(x-axis, month/year) of canakinumab treatment with doses (mg/kg) and duration (days) annotated above. Stars represent major disease flares
lasting for more than 5 days and characterized by increased temperature, skin changes, abdominal pain and/or headaches
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Although none of this patient’s rare variants met cri-
teria to be regarded as pathogenic, we speculate that in
aggregate they might confer an “allelic burden,” such
that their combination could create an autoinflammatory
milieu consisting of increased pro-inflammatory cyto-
kines, SAA and both type I and type II IFN. The oper-
ation of more than one underlying mechanism could
also help to explain why the response to different treat-
ment modalities, including complete blockade of IL-1
(as suggested by cytokine analysis; Table 2), was variable
— with incomplete control of inflammation and persist-
ence of some milder symptoms. The issue of allelic bur-
den is well-described and well-accepted as it relates to
Polygenic Risk Scores (PRS) derived from Genome-Wide
Association Studies (GWAS). However, PRS rely on the
identification of common variants that individually con-
fer a small odds ratio for disease, whereas the additive
effects of rare alleles conferring moderate risk for disease
have proven more difficult to characterize. Additional
complexity ensues when more than one rare allele is
present in the same person, as the overlapping and/or
synergistic effects of genetic “hits” in more than one in-
flammatory pathway are difficult to deconvolute without
detailed assays that interrogate mechanism at multiple
levels. Furthermore, the intrinsic variability of autoin-
flammatory phenotypes may make them impossible to
predict from genotype alone.

Conclusion

In conclusion, we would like to emphasize the chal-
lenges faced by patients with unclassified / unexplained
autoinflammatory syndromes that may persist even after
a thorough workup with contemporary technologies.
Although each case is unique and extremely rare, to-
gether this group of patients represents a substantial
proportion of every autoinflammatory cohort. Therefore,
we strongly encourage the development of bioinformatic
mechanisms and clinical registries to aggregate similar
patients together creating a common ground for further
characterization of new autoinflammatory entities [19].
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