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Abstract: Cryopyrin-associated periodic syndrome (CAPS) is a rare autoinflammatory disorder often misdiagnosed as urticaria or
urticarial vasculitis, thereby delaying treatment for patients. This report presents a large CAPS pedigree. The proband was a 57-year-
old man with recurrent urticaria-like rash, fever, and arthralgia for more than 50 years and hearing loss for 28 years. Sixteen of his
relatives had similar symptoms. One-generation sequencing revealed a c.778C>T; p.(Arg260Trp) variant in the NLRP3 gene,
confirming the diagnosis of CAPS. The aim of this case report is to raise awareness of CAPS and its various clinical manifestations,
highlighting that urticaria may be a presentation of autoinflammatory diseases, thereby improving diagnostic accuracy.
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Introduction

Cryopyrin-associated periodic syndrome (CAPS) is a rare autoinflammatory disease caused by mutations in the NLRP3
gene."> This condition is characterized by recurrent episodes of systemic inflammation with diverse clinical
manifestations.” CAPS encompasses three clinically overlapping phenotypes: familial cold-induced autoinflammatory
syndrome (FCAS, OMIM #120100),* Muckle-Wells syndrome (MWS, OMIM #191900),> and chronic inflammatory
neurologic cutaneous and articular syndrome (CINCA, OMIM #607115).° Various triggers can precipitate disease
manifestations, including cold exposure, fatigue, stress, infections, trauma, and sleep deprivation. In some cases, episodes
may occur spontaneously.” While the reported global prevalence of CAPS ranges from 2.7 to 5.5 cases per million, these
figures likely underestimate the true prevalence due to challenges in diagnosis and recognition.” This is particularly
evident in China, where CAPS remains poorly recognized, leading to frequent misdiagnosis. In this report, we present
a large CAPS pedigree consisting of 17 affected individuals. The proband, a 57-year-old male, has been experiencing
recurrent episodes of an urticaria-like rash, fever, and arthralgia for the past 51 years. In addition, he has suffered from
progressive hearing loss over the last 27 years. Significantly, similar clinical manifestations have been observed in
sixteen of his relatives.

Case Presentation

The proband is a 57-year-old man who presented with recurrent urticaria-like rash (without itching, Figure 1A and B),
arthralgia, and fever beginning at the age of six. Cold was a common trigger, and attacks usually lasted 2-3 days. At the
age of 23, the patient visited the hospital for the first time because of severe arthralgia. The diagnosis at that time
remained unknown. After intravenous injection of penicillin and dexamethasone, the patient’s symptoms improved for
a while, but recurrent attacks continued thereafter. At the age of 30, the patient reported a progressive deterioration in
auditory function, although medical consultation was not pursued. By the age of 45, his symptoms had worsened, and he
was diagnosed with urticaria vasculitis after a skin biopsy at another hospital. After receiving penicillin and
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Figure | (A) and (B) Urticaria-like rash on legs and right arm.

dexamethasone again, the patient’s symptoms improved temporarily. At the age of 57, the patient experienced frequent
tightness and shortness of breath after exercise. Based on electrocardiogram and coronary CT angiography, he was
diagnosed with unstable angina and underwent percutaneous coronary intervention (PCI). After PCI, the patient’s rash
and arthralgia worsened again. The patient received methotrexate 10 mg once a week and tofacitinib citrate 5 mg twice
a day for one week. However, there was no improvement in his symptoms. The treatments were discontinued due to
diarrhea. The patient has a positive family history, with 17 affected members in the pedigree, 10 of whom are currently
alive (Figure 2A). Most affected individuals exhibited symptoms including urticaria-like rash, fever, arthralgia, ocular
involvement, and hearing loss (Figures 2B). Due to the inconclusive initial diagnosis, the patient was referred to our
hospital for further evaluation and expert consultation.

Upon admission, we performed a comprehensive laboratory workup. Hematological tests revealed significantly
elevated inflammatory markers: interleukin-6 (IL-6) levels were 9.9 pg/mL (reference range: <5.9 pg/mL); high-
sensitivity C-reactive protein (hsCRP) was markedly elevated at 26.53 mg/L (reference range: <3.00 mg/L); erythrocyte
sedimentation rate (ESR) was increased to 47 mm/h (reference range: <15 mm/h); and tumor necrosis factor-alpha (TNF-
o) measured 9.7 pg/mL (reference range: <8.1 pg/mL). ANA17 profile: Positive for anti-nuclear antibodies (IgG, 1:80)
and weakly positive for anti-Jo-1 (34). All others negative. Audiological evaluation suggested sensorineural hearing loss.
X-rays showed osteoporosis and osteoarthritis of the hands, wrists, and knees. The skin biopsy demonstrated
a perivascular inflammatory infiltrate in the superficial and mid-dermis, composed of lymphocytes, neutrophils, and
mast cells. No fibrinoid degeneration or other features suggestive of vasculitis were observed. The findings are consistent
with a perivascular inflammatory pattern associated with autoinflammatory disorders, rather than primary vascular
inflammation (Figure 3A). In addition, genetic testing was performed. We identified the ¢.778C>T; p.(Arg260Trp)
variant in exon 3 of the NLRP3 gene (Figure 3B), a mutation known to cause FCAS or MWS. Based on the clinical
symptoms: urticaria-like rash, cold-triggered episodes, sensorineural hearing loss, and arthralgia; laboratory tests:
elevated hsCRP; and the genetic variant, the patient was diagnosed with CAPS.?

IL-1 inhibitors are the primary treatment for CAPS.® However, at the time of the patient’s consultation, these
medications were not available in China. The patient’s symptoms improved significantly with warmth. Therefore, he
did not use IL-1 inhibitors. We suggest that young affected family members consider the use of IL-1 inhibitors to forestall
organ damage.
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Figure 2 (A) The pedigree of the patient, red arrow represents the proband; (B) The clinical manifestations observed in affected family members.

Discussion

In this study, we report a CAPS pedigree, which to our knowledge is the largest CAPS pedigree reported to date. CAPS
includes 3 clinical entities. FCAS has the mildest clinical manifestations and is typically characterized by a systemic
inflammatory response triggered by cold exposure, including fever, urticaria, and arthralgia. MWS is the more severe
clinical entity, characterized by recurrent fever, headache, urticaria, arthralgia or arthritis, as well as sensorineural
deafness and type AA amyloidosis. NOMID/CINCA is the most severe form of CAPS and presents with urticaria,
fever, arthralgia, growth retardation, facial deformities (eg, proptosis and saddle-nose), chronic meningitis, sensorineural
deafness, cerebral atrophy, uveitis, enlarged lymph nodes, and hepatosplenomegaly. These symptoms can be easily
confused with a variety of common illnesses; therefore, increasing physicians’ awareness of CAPS will help in the early
diagnosis and treatment of CAPS.

CAPS is caused by mutations in the NLRP3 gene that encodes cryopyrin.” Cryopyrin is a key component of the
NLRP3 inflammasome, which plays a critical role in innate immunity. The NLRP3 inflammasome activates potent pro-
inflammatory cytokines such as IL-1p and IL-18 by interacting with caspase-1 to cleave their inactive precursors.'’
Additionally, the NLRP3 inflammasome can activate gasdermin D, a protein that forms pores in the cell membrane,
facilitating the release of pro-inflammatory cytokines into the extracellular environment and inducing pyroptosis.'’
Beyond its intracellular functions, activated macrophages can release the NLRP3 inflammasome, which further amplifies

the inflammatory response by activating extracellular and neighboring phagocytic cells to produce IL-1p. Point mutations
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Figure 3 (A) the skin biopsy; (B) A c.778C>T; p.(Arg260Trp) variant in exon 3 of the NLRP3 gene, red arrow represent mutation sites.

in the NLRP3 gene enhance abnormal formation of the inflammasome and dysregulated activation of IL-1p, leading to
a cascade of inflammatory responses.

As recommended in the 2021 EULAR/American College Guidelines, rapid disease control with IL-1 blockers is
essential to prevent the development of irreversible organ damage, avoid inappropriate treatment-related side effects, and
optimize health-related quality of life. Recent case reports further support these recommendations. Wei et al reported on
a patient with CAPS who presented with persistent fever, rash, swollen joints, recurrent cerebral infarctions, growth
retardation, and hearing loss from the age of 6 months.'? This patient was treated with prednisone, leflunomide,
thalidomide, and anakinra, which helped control disease activity initially. However, as the disease progressed, the patient
developed renal failure and uremia, ultimately requiring a kidney transplant. Post-transplant, the patient continued
anakinra therapy and the disease stabilized. In contrast, another report presented a patient with CAPS who underwent
renal transplantation for renal insufficiency caused by amyloidosis.'®> This patient received only traditional immunosup-
pressive therapy before the transplant and did not receive anakinra post-surgery. Seventeen months after the transplant,
her renal function deteriorated again, and a renal biopsy revealed secondary amyloidosis. These cases highlight the
critical role of IL-1 inhibitors in the early management of CAPS, particularly in preventing irreversible organ damage.

Conclusion

This case highlights the importance of a comprehensive clinical evaluation when a patient presents with recurrent fever,
joint pain, and an urticaria-like rash, as these symptoms may indicate an underlying autoinflammatory disease such as
CAPS. In cases where IL-1 mediated autoinflammatory diseases are suspected, it is crucial to measure specific
biomarkers of systemic inflammation, including CRP, ESR, and, when possible, serum amyloid A protein and S100
proteins. Genetic testing plays an important role in both confirming and ruling out the diagnosis. Once IL-1 mediated
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autoinflammatory diseases, such as CAPS, are diagnosed, Initiating IL-1 blocker therapy is crucial to prevent irreversible
organ damage and enhance the patient’s quality of life. Early and accurate diagnosis, along with timely treatment, are key
to managing this rare disease effectively and preventing long-term complications.

Abbreviations

CAPS, cryopyrin-associated periodic syndrome; FCAS, familial cold-induced autoinflammatory syndrome; MWS,
Muckle-Wells syndrome; CINCA, chronic inflammatory neurologic cutaneous and articular syndrome; hsCRP, high-
sensitivity C-reactive protein.
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