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Abstract

Background—Deficiency of interleukin 1 receptor antagonist (DIRA) is a recently described
autoinflammatory syndrome of skin and bone caused by recessive mutations in the gene encoding
the interleukin 1 receptor antagonist. Few studies have been published about this debilitating
condition. Early identification is critical for targeted lifesaving intervention.

Observations—A male infant, born to nonconsanguineous Puerto Rican parents, was referred
for management of a pustular eruption diagnosed as pustular psoriasis. At 2 months of age, the
infant developed a pustular eruption. After extensive evaluation, he was confirmed to be
homozygous for a 175-kb genomic deletion on chromosome 2 that includes the /LIRN gene,
commonly found in Puerto Ricans. Therapy with anakinra was initiated, with rapid clearance of
skin lesions and resolution of systemic inflammation.

Conclusions—Recent identification of DIRA as a disease entity, compounded by the limited
number of reported cases, makes early identification difficult. It is critical to consider this entity in
the differential diagnosis of infantile pustulosis. Targeted therapy with the recombinant human
interleukin 1 receptor antagonist anakinra can be lifesaving if initiated early. A high carrier
frequency of the 175-kb DIRA-associated genomic deletion in the Puerto Rican population
strongly supports testing infants presenting with unexplained pustulosis in patients from this
geographic region.

Diffuse Infantile Pustulosis is a rare cutaneous presentation for myriad dermatologic
conditions, such as bullous impetigo, tinea, bacterial folliculitis, scabies, miliaria, pustular
psoriasis, IgA pemphigus, acrodermatitis enteropathica, eosinophilic pustular folliculitis,
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erythema toxicum neonatorum, and transient neonatal pustular melanosis.! The least
commonly reported and most recently recognized cause of infantile pustulosis is deficiency
of interleukin 1 receptor antagonist (DIRA). DIRA is an early-onset autoinflammatory
syndrome of skin and bone caused by recessively inherited loss-of-function mutations in
ILIRN, the gene encoding the interleukin 1 (IL-1) receptor antagonist.2 Both IL-1a and
IL-1pB are proinflammatory cytokines that bind to the IL-1 type | receptor and are capable of
inducing an inflammatory response. The IL-1 receptor antagonist is encoded by the /LIRN
gene and has homology with IL-1a and IL-1p but functions as an antagonist of IL-1a and
IL-1B by competitively binding to the I1L-1 receptor and preventing the receptor from
forming a signaling complex. It can, thus, function as a negative regulator that is important
in controlling and stopping the response to IL-1. DIRA leads to unopposed action of 1L-1
with resultant life-threatening systemic inflammation involving the skin and other organs.
Treatment with the recombinant IL-1 receptor antagonist anakinra (Kineret; Swedish
Orphan Biovitrum) can be lifesaving due to opposing IL-1 action and its inflammatory
properties, as shown in the present patient.

REPORT OF A CASE

A 5-month-old boy was born prematurely at 31 weeks to healthy nonconsanguineous Puerto
Rican parents after an uncomplicated labor. At hospital discharge, the neonate appeared to
thrive until approximately 2 months of age, when he developed severe pustular eruption. His
clinical presentation and biopsy findings were thought to be indicative of infantile pustular
psoriasis; however, he did not respond to high-potency topical corticosteroid therapy. He
was referred to the Weill Cornell dermatology clinic for systemic psoriasis therapy

In addition to pustulosis, the patient was found to have onychomadesis (Figure 1) and failure
to thrive, weighing 7.5 Ib at 5 months of age (<5th percentile). At the time of his
presentation to the Weill Cornell dermatology clinic, we repeated the biopsy, which
demonstrated an acantholytic subcorneal pustular dermatosis. Histologically, these findings
were believed to be inconsistent with psoriasis, and the possibility of IgA pemphigus was
raised. The results of his laboratory studies revealed persistent leukocytosis, monocytosis,
iron deficiency anemia, and thrombocytosis. His erythrocyte sedimentation rate was
persistently elevated at 56 mm/h, and his C-reactive protein level was 192.5 mg/L (to
convert to millimoles per liter, multiply by 9.524) (Table 1). Total IgE level, eosinophil
count, myeloperoxidase level, biotinidase level, lymphocyte subset levels, and
immunoglobulin levels were normal. Given his diffuse cutaneous eruption and failure to
thrive, the patient was admitted to the hospital for further workup and optimization of
therapy.

On admission, the patient was tachycardic, with a heart rate of 166 beats/min. He had
anemia, with a hemoglobin level of 7.6 g/dL (to convert to grams per liter, multiply by 10)
and a hematocrit of 24.9%, and was transfused with 10 mL/kg of body weight of packed red
blood cells. Chest radiography revealed a patchy right upper lobe opacity, widening of the
lower ribs, and abnormally close-together vertebral attachments of ribs, suggestive of
decreased spine height. The osseous skeletal survey revealed decreased height of the lower
thoracic vertebrae with secondary rib crowding and angulated kyphosis centered at T9-T10;
an irregular and widened proximal radius; and an irregular, bulbous appearance of the left
proximal femur (Figure 2 and Figure 3). His left femur was shorter than his right. Skin
scraping for fungal culture revealed few Mucor species, and the results of potassium
hydroxide testing were negative. Results of skin bacterial cultures, blood cultures, and
nasopharyngeal viral cultures were negative. Results of fecal examination for white blood
cells, bacteria, ova, and parasites were all negative as well. The patient was treated with
topical corticosteroids, an antifungal regimen, and oral antibiotic agents for pneumonia and
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later for possible secondary skin infection without improvement. He continued to feed
poorly and to lose weight. He exhibited pain with movement and developed diffuse
desquamating scaly skin, which covered his entire body, sparing only his palms and soles
(Figure 4A); anemia; and persistent elevation of the erythrocyte sedimentation rate and C-
reactive protein level (Table 1).

Another biopsy specimen was obtained and was submitted for direct immunofluorescent
testing. Both biopsy specimens showed subcorneal and spongiform pustulation (Figure 5A)
accompanied by a neutrophilic eccrine hidradenitis (Figure 5B). Other inflammatory cells
were not seen. Foci of neutrophilimbued parakeratosis with attendant granular cell layer loss
were noted (Figure 6). Results of the immunofluorescent studies were negative.

The constellation and severity of the cutaneous and skeletal anomalies, and the persistence
of the patient’s systemic inflammation, prompted initiation of treatment with subcutaneous
anakinra at 3 mg/kg of body weight per day and genetic evaluation for DIRA. Several days
after starting anakinra therapy, the patient was also administered prednisolone, 0.3 mg/kg of
body weight per day, which was tapered and then discontinued after 3 months. Genetic
analysis revealed a homozygous 175-kb genomic deletion that has previously been described
in the Puerto Rican population, confirming the clinical diagnosis of DIRA. Within 48 hours
of initiation of anakinra treatment, there was dramatic improvement in the skin condition,
with cessation of exfoliation, appearance of fine superficial desquamation and erythema,
decreased pustules, and, eventually, appearance of normal skin (Figure 4B). Inflammatory
markers, including erythrocyte sedimentation rate and C-reactive protein level, began to
improve within 48 hours of initiation of treatment (Table 1), as did patient activity and
weight gain. The anemia resolved as well within 2 months.

COMMENT

DIRA is a rare disorder recently described by Reddy et al® and Aksentijevich et al.24 Thus
far, only 2 other patients of Puerto Rican descent have been described in the literature with a
genomic 175-kb deletion on chromosome 2q13 that encompasses 6 1L-1 family members,
including the IL-1 receptor antagonist. As a result of these mutations, no functional IL-1
receptor antagonist protein is secreted, leading to the loss of an inhibitor to counteract the
proinflammatory cytokines IL-1a and IL-1B. Aksentijevich et al># determined that the
allele frequency of the founder mutation in the Puerto Rican population around the area of
Arecibo is approximately 1.3%. The present patient is the most recently identified patient
who is homozygous for the Puerto Rican founder mutation. The biopsy findings in these
earlier studies describe infiltration of the epidermis and dermis by neutrophils with a
concomitant superficial folliculitis. The study by Reddy et al3 also emphasizes the
subcorneal localization of the pustule. The present biopsy findings are similar to those
described in the earlier studies. However, there was also significant accentuation of
inflammation to involve the eccrine apparatus. This inherent tendency for the neutrophils to
exhibit this pattern of syringotropism could also account for the prominent palmar-plantar
involvement in this patient.

The recombinant IL-1 receptor antagonist anakinra, a drug approved by the Food and Drug
Administration for the treatment of rheumatoid arthritis, is also used in other
autoinflammatory conditions, including cryopyrin-associated periodic syndromes and adult-
and juvenile-onset Still disease.> A study® of long-term use of the medication in children
with neonatal-onset multisystem inflammatory disease/chronic infantile neurologic,
cutaneous, articular syndrome showed that long-term treatment with anakinra is effective
but needs to be initiated early, before the development of irreversible lesions. These facts
underscore the importance of early diagnosis.
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The present patient was initially diagnosed as having pustular psoriasis based on clinical
presentation and biopsy results. The underlying illness was due to over-stimulation of native
IL-1, resulting in a cytokine milieu that closely recapitulates that found in psoriasis. The
mouse phenotype varies considerably depending on the genetic background onto which the
/L 1RN knockout is bred. The mouse /LRN-KO phenotype can vary from psoriasis-like skin
lesions involving the pinna of the ear and arthritis on the BALB/cA background to aortitis
and small vessel vasculitis on the BALBc/C57BL background.”~22 To date, 4 different
mutations have been described to cause DIRA, and all of them are founder mutations. A
fifth mutation is a novel 1-bp deletion introducing a frameshift in the protein sequence,
followed by a premature termination codon, and the first described compound heterozygote
with DIRA.# In addition to the genomic deletion found in the Puerto Rican population,
nonsense mutations leading to early truncation of the protein were found in Newfoundland,
Dutch, and Lebanese populations,? and the clinical presentation in patients from different
populations is similar.

Osteolytic bone lesions and periostitis are hallmarks of the disease in humans that have not
been described in mice. However, similar to what has been observed in mice, cells from
patients with DIRA overproduce several chemokines and cytokines when stimulated with
IL-1a, IL-1p, or lipopolysaccharide. Among cytokines or chemokines that are overproduced
in humans are IL-1a, macrophage inflammatory protein-1a, IL-8, and IL-6. This cytokine
milieu supports the expansion of IL-17—producing T cells (ie, T417 cells)8,10 and is
conducive to neutrophil accumulation since IL-17 elaborated by Ty17 cells is a potent
inducer of neutrophil accumulation.1913 Also, IL-17 staining has been shown in the skin of
patients with DIRA.2 Various mechanisms likely underlie neutrophil influx, including IL-1-
induced IL-8 production. Although IL-17 seems to be an attractive cytokine that regulates
granulocyte colony-stimulating factor and granulocyte colony-stimulating factor receptor
activity and can also induce the gene that encodes IL-8, the most potent neutrophil
chemoattractant, and CCL20 (macrophage inflammatory protein-3a.), a chemokine that
recruits dendritic cells and T cells, the contribution of IL-17 in this disease has not been
sufficiently evaluated.?

Other murine studies’ 1417 have focused on the important role of tumor necrosis factor
(TNF) in mediating the arthritis and dermatitis of mice with DIRA. Nakajima and
coworkers’ found that TNF inhibitors improved the dermatitis, whereas blocking IL-17
production had no effect on the dermatitis, indicating a more important role for TNF in the
pathogenesis of the cutaneous eruption. Presumably, unrepressed IL-1 enhances TNF
production in keratinocytes. Indeed, keratinocyte-derived TNF is an important mediator of
inflammation in psoriasis and works synergistically with IL-17. The role of TNF and IL-17
as possible mechanisms downstream of IL-1 in DIRA needs further evaluation. It remains
interesting to speculate whether the similarity of the DIRA-associated cutaneous eruption to
psoriasis in the murine setting and in humans could point to a role of IL-1 in psoriasis.
However, the results of studies?3-26 examining IL-1 expression in psoriasis and treatment of
psoriasis with the IL-1 receptor antagonist anakinra have not been conclusive, therefore
suggesting that the similarities of these diseases may lie in more downstream mechanisms.
Since the initial description of DIRA, several new cases have been identified, including
another patient born recently in the United States with the Puerto Rican mutation.2” Based
on the high carrier frequency of 2.6% in the northern Puerto Rican population, the incidence
of DIRA in the northern region of Puerto Rico might be as high as 1 in 6300 births.

Given the severity of the disease and the availability of specific therapy with anakinra, early
identification of the illness is critical for targeted lifesaving intervention. In areas with
known founder mutations, prenatal screening may help identify patients early.
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conclusion, it is important to include DIRA in the differential diagnosis of early-onset

diffuse pustulosis, particularly in premature infants and those of Puerto Rican descent. In
light of the existence of DIRA, a review of the literature for infantile pustular psoriasis leads
one to establish distinct categories of reported children: those with pustular psoriasis with
otherwise little chronic morbidity that responded to topical corticosteroid therapy and the
reported cases of recalcitrant infantile pustular psoriasis associated with sterile lytic bone
lesions.28-30 |t is likely that the latter cases represent additional patients with DIRA (Table
2).
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Figure 1.
Infantile pustulosis and onychomadesis at initial presentation.
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Figure2.
Chest radiograph showing crowding of the ribs due to decreased spine height.
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Figure 3.
Irregular, widened left radius with increased lucency consistent with a lytic lesion.
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Figure4.
A, Diffuse desquamating scaly skin on the back before treatment. B, Clear back skin after
anakinra therapy was initiated.
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Figure5.
Skin biopsy specimens. At variance with psoriasis is the presence of subcorneal pustulosis

(A) associated with superficial acantholysis along with a neutrophilic eccrine hidradenitis
(B) (hematoxylineosin, original magnification x20).
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Figure6.
The skin biopsy specimen shows granular cell layer diminution with neutrophilimbued
parakeratosis (hematoxylineosin, original magnification x40).
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Table 2

Deficiency of Interleukin 1 Receptor Antagonist Diagnosis

Diagnostic Stage Description

Clinical presentation Neonatal to several months of age
Pustular skin eruption
Failure to gain weight

Thrombosis
Joint swelling
Fever
Laboratory finding Elevated inflammatory markers (white blood cell count, erythrocyte sedimentation rate, C-reactive protein level)
Skeletal survey Multifocal osteolytic lesions, osteitis, widening of ribs
Skin biopsy Neutrophil infiltration of the epidermis and dermis, concomitant superficial folliculitis, subcorneal localization of
the pustule
Treatment Anakinra subcutaneous

Confirmation of diagnosis ~ /LZRN gene sequencing
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