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Purpose. NLRP3-associated autoinflammatory disease (NLRP3-AID) is characterized by gain-of-function variants in the NLRP3 gene.
Since there are little literature focusing on pediatric NLRP3-AID in China, we aimed to elucidate the phenotypic and genotypic profiles
of Chinese patients with NLRP3-AID. Methods. Patients with NLRP3-AID at three rheumatology centers in China were genotyped
throughwhole exome sequencing or gene panel sequencing. Sanger sequencingwas performed on all patients and their parents. Clinical
phenotype, treatment, and prognosis were analyzed.Results. Nine patients withNLRP3-AIDwere enrolled betweenDecember 2014 and
October 2022 with an average follow-up period exceeding 30months. Themedian age of onset was 12months, and 66.7%were younger
than 3 years old. The diagnosis was significantly delayed and the median delay duration was 115 months. The patients most commonly
presented with rash (100%), arthritis/arthralgia (88.9%), lymphadenopathy (88.9%), fever (77.8%), and growth retardation (44.4%).
During acute attack, white blood cell, C-reactive protein, and/or erythrocyte sedimentation rate all increased in all cases, and inflam-
matory markers remained elevated beyond 7 days postfever resolution in 57.1% of patients (4/7). Two cases of chronic infantile
neurological cutaneous articular syndrome (CINCA) had clubbed fingers, one with interstitial lung disease, a finding rarely reported.
Treatment with glucocorticoids (77.8%) and biologic agents (33.3%) yielded 66% complete remission and 33% partial remission.
Genetic analysis identified eight pathogenic NLRP3 missense mutations, including one novel mutation. Conclusions. Our study
illuminated the distinct clinical and genetic features of Chinese NLRP3-AID patients, emphasizing the significance of early genetic
screening. Despite delayed diagnosis, treatment primarily with glucocorticoids and biologic agents, led to favorable outcomes. Genetic
heterogeneity, including a novel mutation, highlighted the complexity of NLRP3-AID in this population.

1. Introduction

NLRP3-associated autoinflammatory disease (NLRP3-AID) is
a spectrum of autosomal dominant inherited inflammasome

diseases caused by gain-of-function mutations in the NLRP3
gene encoding cryopyrin and is previously known as
cryopyrin-associated periodic syndromes (CAPS) [1]. NLRP3-
AID comprises three distinct presentations with increasing
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severity: familial cold autoinflammatory syndrome (FCAS),
Muckle–Wells syndrome (MWS), and neonatal-onset multisys-
tem inflammatory disorder (NOMID), also known as chronic
infantile neurological cutaneous articular syndrome (CINCA)
[2]. The estimated prevalence of NLRP3-AID is 1–2 in 1 million
in USA [3] and 1 in 0.36 million in France [4].

The clinical manifestations of NLRP3-AID are heteroge-
neous, characterized by self-subsiding fever and rash in mild
cases, while hydrocephalus and cognitive impairment in
severe cases. FCAS is typically presented with urticarial-like
rash, conjunctivitis, and fever following generalized cold
exposure, which is the mildest form of NLRP3-AID [2, 3].
MWS, first reported by Muckle and Wells [4] in 1962, shares
many similarities with FCAS but not triggered by cold expo-
sure. MWS is further marked by the presence of sensorineural
deafness and amyloidosis [4]. As for CINCA, it is the severest
condition of NLRP3-AID distinguished by chronic severe
urticarial-like rash, arthritis fever with significant central ner-
vous system involvement, and distal femur arthropathy [5].

The human NLRP3 gene is located on chromosome 1q44
consisting of nine exons [6] and mainly functions in the
assembly of the NLRP3 inflammasome. Gain-of-function
mutations of NLRP3 gene lead to unexpected activation of
the inflammasome and further result in overexpression of
proinflammatory cytokine IL-1β, therefore triggering systemic
inflammation [2]. Since its initial report in 2001 [7], more than
260 variants have been identified in NLRP3-AID patients.

Given the complexity of clinical presentations and genetic
diversity, our study addresses the paucity of research on pedi-
atric NLRP3-AID in China. With a cohort of nine children
and an average follow-up period exceeding 30 months, our
aim is to provide new clinical and genetic insights, contribut-
ing to early disease identification and improved recognition in
the Chinese pediatric population.

2. Methods

2.1. Study Subjects. The study protocol was approved by the
Institutional Review Board and the Medical Ethics Commit-
tee of The Second Affiliated Hospital and Yuying Children’s
Hospital of Wenzhou Medical University (2021-K-327-02).
The informed consent was obtained from the parents or
patients (if more than 18 years of age). The inclusion criteria
were the presence of a confirmatory NLRP3 genotype and at
least two of the following five typical symptoms [8]: (1)
urticarial rash, (2) cold/stress-triggered episodes, (3) senso-
rineural hearing loss, (4) chronic aseptic meningitis, and (5)
skeletal abnormalities (epiphysial overgrowth/frontal bos-
sing). Standardized case report form was used to record
the demographic information, genetic results, and clinical
features including symptoms, physical examinations, labora-
tory tests, and treatments.

The therapeutic outcomes were classified into complete
remission (CR), partial remission (PR), and no remission
(NR). NR was defined as no improvement in inflammatory
markers or improvement less than 50%, worsening of symp-
toms, or increased organ involvement. PR was defined as an
improvement of ≥50% in inflammatory markers and

symptom improvement with no increase in organ involve-
ment. CR was defined as normal inflammatory markers, dis-
appearance of symptoms, no increase in organ involvement,
and no active manifestations.

2.2. Identification of Genetic Variants. DNA samples were
extracted from peripheral blood of patients and their parents.
High-throughput sequencing was carried out to detect variants
of NLRP3 (NM_004895). The suspected variants would be fur-
ther investigated inHGMDandOMIMdatabases. Pathogenicity
predictions and conservative predictions were carried out by
such online software as REVEL [9], SIFT (http://sift.jcvi.org/
www/SIFT_enst_submit.html), PolyPhen-2 (http://genetics.
bwh.harvard.edu/pph2/), MutationTaster (http://www.muta
tiontaster.org/), and GERP++ (http://mendel.stanford.edu/
SidowLab/downloads/gerp/index.html). The pathogenicity of
each variant was calculated according to the criteria set by the
American College of Medical Genetics and Genomics (ACMG)
[10]. Sanger sequencing was performed on all patients and their
parents in our study to confirm the presence of the identified
variant loci.

2.3. Statistical Analysis. Continuous variables, including age
at onset, age at the first visit, and age at diagnosis, were
presented as median and range in box plots. Clinical features
were visualized in heat map. Categorical variables were sum-
marized by percentages and frequencies.

3. Results

3.1. Clinical Findings. Between December 2014 and October
2022, nine patients (four females and five males) who met the
inclusion criteria were recruited from Yuying Children’s
Hospital of Wenzhou Medical University, Children’s Hospital
of Nanjing Medical University or Children’s Hospital of Soo-
chow University in China, including six cases of FCAS, one
case of MWS and two cases of CINCA. The average follow-up
time exceeds 30 months, with five cases having follow-ups
longer than 3 years. The comprehensive information about
their family history provided by the participants and/or their
family members is presented in Figure 1. The majority of the
patients had disease onset during childhood, and six cases
(66.7%) were younger than 3 years old (Table 1). The
median and interquartile range (IQR) 25–75 of onset age was
8 (12, 48) months. The median and interquartile range (IQR)
25–75 of age at first visit and age at diagnosis were 90 (63, 125)
months and 115 (63, 130) months, respectively (Figure 2(a)).
The initial symptoms at the onset were fever (66.7%) followed
by rash (66.7%) and arthralgia (44.4%). The misdiagnosis rate
was as high as 44.4%, with instances involving erroneous
diagnoses of septic arthritis (F1-3), adult onset still’s disease
(F2-3), urticaria (F9-3), and newborn sepsis and intracranial
infection (F8-3). In addition, the family history was observed in
one case (11.1%), as NLRP3 mutation along with rash was
identified in F4-1.

As for the clinical features, increased levels of white blood
cell (WBC), C-reactive protein (CRP), and/or erythrocyte
sedimentation rate (ESR) had been identified in all of the
patients. Notably, two or more of these elevations were
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observed in 88.9% of the cases. Rash, joint symptoms
(including arthritis/arthralgia, swelling of the joints, and lim-
ited joint mobility), and lymphadenopathy were the most
common symptoms (Figure 3(a)–3(c) and Figure 3(g)–3(h),
the percentage of which were 100%, 88.9%, and 88.9%,
respectively. The most frequently affected joints in this study
were the knee and ankle joints, accounting for 50% and 25%,
respectively. Fever occurred in 77.7% of cases (7/9), and four
of them failed to obtain a normal range of inflammatory
indicators 7 days or more after the resolution of the fever.
Growth retardation was found in 44.4% (4/9) of the patients
while anemia was only identified in two patients. Several
instances of organ involvement were documented. The posi-
tive rates for hepatosplenomegaly, hematuria, aseptic men-
ingitis, and aphthous ulcers were 33.3%, 22.2%, 22.2%, and
22.2%, respectively. The occurrence of sensorineural deaf-
ness and ocular manifestations were 33.3% and 22.2%. The
eye involvement included optic papilla edema (F2-3) and
suspicious retinal phlebitis (F1-3). Of noteworthy signifi-
cance, atrophic hydrocephalus and clubbing fingers were
both observed in two CINCA cases within this study, and
the occurrence of interstitial pneumonia, a rarely reported
manifestation in previous studies, was noted in one CINCA
patient (F8-3) (Figures 3(d)–3(f ) and 3(i). The clinical

presentations are visualized in Figure 2(b) and have been
summarized by the rates of positive cases in Figure 2(c).

3.2. Genetic Characteristics. In total, eight heterozygous mis-
sense mutations in the NLRP3 gene were screened out
among those nine families, including seven known muta-
tions and one novel mutation (Table 1). The reported muta-
tion (c.1049C>T, p.T350M) [11], detected in patient F4-4,
was inherited from the father (Figure 1). The other six
known heterozygous mutations (K437N, D305N, G571R,
A352T, R262P, and L355P) [11–17] were considered de novo
mutations. The spontaneous missense mutation in NLRP3
(c.1982T>G, p.M661R of F7-4) was also identified which has
never been reported in previous studies.

In order to assess the pathogenicity of these eight mis-
sense mutations, five distinct predictive software tools were
employed to analyze the potential impacts of amino acid
substitutions resulting from these mutations. The ultimate
classification of each variant was determined following the
guidelines of ACMG, resulting in categorizations of either
“damaging” or “likely damaging.” Comprehensive informa-
tion regarding the identified NLRP3 mutations in this study,
along with corresponding pathogenic assessments, were pre-
sented in Table 1.
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FIGURE 1: The family trees of the nine Chinese families with NLRP3-AID. Males and females were represented by squares and circles,
respectively. The darkened symbol denoted that the member had been diagnosed with NLRP3-AID, and the patient above the arrow was the
proband.
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FIGURE 2: Summary data of clinical features of NLRP3-AID probands in this study. (a) Boxplot of the age distribution of the probands in this
study. The findings of this study were reported using the median and interquartile range (IQR) as statistical measures. The age at the first visit
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The genetic heterogeneity was found in this study. Three
different conditions of NLRP3-AID, including FCAS, MWS,
and CINCA, were all observed in variants situated on the
same structural domain (K437N, D305N, T350M, A352T,
R262P, and L355P). Moreover, there were variations in clini-
cal manifestations among the six patients diagnosed with
FCAS, implying different outcomes based on specific variants.
As for the two cases with the identical D305N mutation,
hearing loss and ocular manifestations were found exclusively
in one patient (F2-3) and were not observed in the other
(F3-4). As a result, the former was diagnosed with MWS,
while the latter was diagnosed with FCAS. The genotype-
phenotype correlations were visualized in Figure 2(b).

3.3. Treatment and Outcome. In this study, nonsteroidal anti-
inflammatory drugs (NSAIDs), glucocorticoid (GC), thalid-
omide, and methotrexate were administered to 88.9% (8/9),
77.8% (7/9), 66.7% (6/9), and 55.6% (5/9) of cases, respec-
tively. Among them, two patients used steroids in combina-
tion with thalidomide, two cases used steroids combined
with methotrexate, and three used a combination of steroids,
thalidomide, and methotrexate. In the use of biologics, there
were two patients who received tocilizumab (22.2%, 2/9), and
two patients who received canakinumab (22.2%, 2/9). Over a
follow-up period ranging from 7 to 50 months for all nine
cases, treatment outcomes were assessed. Notably, CR was
achieved in three cases (1 FCAS and 2MWS), PR in six cases,
and no cases displayed non-remission (NR). The specific
details of medication regimens were outlined in Table 1.

4. Discussion

This study analyzed clinical features, genotypes, and treat-
ment responses of nine NLRP3-AID patients in China. The
main clinical manifestations of NLRP3-AID in our cohort
were recurrent urticaria-like rash, arthritis, and periodic
fever with increased inflammatory markers. The incidence
of eye and ear organ involvement was 22.2% and 33.3%
separately, which was lower than the published data in other
regions but consistent with reports from China. Of note,
more than 60% of the patients had an onset age younger
than 3 years. Inflammatory markers had not returned to
normal more than 7 days after the subsiding of body tem-
perature in more than half of the patients. Alarmingly, the
misdiagnosis rate was 44.4% and the mean time of diagnosis
delay was more than 5 years in our cohort, reflecting a lack of
awareness regarding NLRP3-AID in China. Early diagnosis
and appropriate treatment could significantly improve the

quality of life, so the early identification of NLRP3-AID
pediatric patients was of utmost importance.

Furthermore, some rare presentations were found in our
patients. We observed interstitial lung disease (ILD) in a
CINCA patient at the onset of the disease (F8-3). The patient
exhibited the mutation c.785G>C, p.R262P and was diag-
nosed as CINCA presented with neonatal onset fever,
urticaria-like rash, and hydrocephalus. Initially, the patient
experienced respiratory distress after exercise, and chest
high-resolution computed tomography (HRCT) revealed
ILD, without clear evidence of infection. Then, he was trea-
ted with nebulized inhalation and a combination of NSAIDs
and tocilizumab. Inflammatory markers partially improved,
but the HRCT abnormalities persisted for several months.
Therefore, steroids were added to the treatment, and tocili-
zumab was replaced by canakinumab, resulting in the
improvement of lung imaging and respiratory symptoms.
There was a study that reported a CINCA patient with the
G307Vmutation, who exhibited no response to anakinra and
etanercept treatments. After switching to tocilizumab, the
patient achieved partial clinical relief; however, the patient
eventually succumbed to congestive heart failure and ILD
[18]. Shu et al. [19] reported a cohort of four NLRP3-AIDs
patients who presented with ILD at the onset of the disease
and achieved recovery within 3–6 months of Canakinumab
therapy, consistent with our report. Clubbing fingers were
found in two of our CINCA patients, including the patient
with ILD mentioned above, but the other patient did not
exhibit any symptoms of dyspnea, and his lung CT was
normal. This presentation was consistent with another clini-
cal report in China, but it was rarely described in previous
studies from other countries.

In terms of the association of phenotypes and genotypes,
the patient harboring the A352T variant diagnosed as FCAS
and did not have symptoms of nephrotic syndrome and
hearing loss, as previously reported [14]. However, shared
clinical features such as rash and fever were still present.
D305Nmutation was one of the most frequent NLRP3 muta-
tions and suggested it may be associated with early disease
onset, a chronic course, and hearing impairment [11, 15, 16].
It is interesting that this same variant locus resulted in two
different clinical phenotypes. In our cohort, p.D305N was
found in both FACS (F3-4) and MWS (F203) patients. The
FCAS was definitively diagnosed at the age of 7 without
hearing impairment, while the MWS patient was diagnosed
at 21 with sensorineural hearing loss. Hearing loss might
increase with age, indicating the need for special attention
to hearing testing during follow-up in these FCAS cases. If

was documented when the patients sought medical care at Yuying Children’s Hospital of Wenzhou Medical University, Children’s Hospital
of Nanjing Medical University, or Children’s Hospital of Soochow University. (b) Heat map of the clinical manifestations of the probands in
this study. WBC, white blood cell; ESR, erythrocyte sedimentation rate; CRP, C-reaction protein; NA, not available. The horizontal axis
represented amino acid changes, and amino acid changes on the same structural domain were indicated by the same color. The vertical axis
represents the clinical items. The numerical type was indicated by the color depth, and the binary type was indicated by the colors red and
blue, with red representing presence and blue representing absence. The increased levels of WBC, ESR, and CRP were highlighted in bold
format. (c) Bar chart of the symptom incidence among the probands in this study. The height of the bar represented the occurrence rate of the
symptom among the probands included in this study.
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the disease remained in continuous remission, whether hear-
ing impairment would no longer occur in these FCAS
patients still required further confirmation through long-
term follow-up.

In terms of treatment, the major therapeutic approach
was to block the function of IL-1 due to its central role in the
pathogenic mechanism. There were three available IL-1 inhi-
bitors as anakinra, rilonacept, and canakinumab [2], which

proved to be safe and effective through numerous trials
[20–25]. However, these medications were not easily acces-
sible in mainland China. So, in our cohort, the majority of
patients still received traditional disease-modifying antirheu-
matic drugs. However, we observed that in the biologics
group, 66.7% achieved CR, without steroid treatment. Organ
damage to the eyes and ears recovered to normal as disease
activity was controlled, reaching a state of CR, suggesting

FIGURE 3: Representative photographs of the probands diagnosed as NLRP3-AID. (a) Urticarial-like rash on the abdomen of F1-3. (b) Swollen
knees of F1-3. (c) Enlarged posterior auricular lymph node in F2-3. (d) Cranial magnetic resonance imaging (MRI) showed obstructive
hydrocephalus and atrophy in F1-3. (e) High-resolution computed tomography (HRCT) demonstrated interstitial pneumonia in both lungs
of F8-3. Scattered patchy, streaky hyperdense shadows in both lungs with blurred margins. (f ) Hydrocephalus face of F1-3. (g) Knee MRI of
F1-3 suggested bone destruction of the left patella, synovial hypertrophy, joint effusion, and popliteal cyst. (h) X-ray suggested right distal
femur and proximal tibia stem and bone expansion in F8-3. (i) Clubbing fingers of F1-3.
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that organ damage could partially reverse in this disease.
This further emphasized the importance of early diagnosis,
early treatment, and achieving standardized remission treat-
ment strategies.

In conclusion, the most common clinical manifestations
in NLRP3-AID patients were periodic fever of unknown ori-
gin, recurrent urticaria-like rash, and arthritis with increased
inflammatory markers. Notably, heightened clinical vigilance
was warranted when the above clinical features were present
in individuals under the age of three, particularly if the inflam-
matory indicators failed to return to baseline levels during
fever-free intervals. We also reported ILD and clubbing fin-
gers could be found in CINCA patients, one novel pathogenic
variant causing FCAS, expanding the clinical and genetic
landscape of NLRP3-AID.
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