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INTRODUCTION

Urticarial rash is a common dermatological disorder characterized by sudden and recurrent onset of usually pruritic cutaneous wheals with pale central swelling, surrounded by skin erythema and edema, affecting about 15-25% of individuals [START_REF] Kanani | Urticaria and angioedema[END_REF]). Hives appears over any part of the body and individual lesions usually last for a few hours and up to 24 hours [START_REF] Criado | Chronic urticaria in adults: state-ofthe-art in the new millennium[END_REF]. In its acute form, the urticarial rash lasts for less than 6 weeks, while in the chronic form the rash extends over 6 weeks in a continuous or intermittent manner [START_REF] Kaplan | Pathogenesis of chronic urticaria[END_REF]. Chronic urticaria is more common in adults, with a peak age of onset between 20 and 40 years, and can be associated with significant morbidity and decreased quality of life. In the absence of physical triggers, chronic urticarial rash is called idiopathic or spontaneous [START_REF] Zuberbier | The EAACI/GA(2) LEN/EDF/WAO Guideline for the definition, classification, diagnosis, and management of urticaria: the 2013 revision and update[END_REF][START_REF] Beck | A Review of International Recommendations for the Diagnosis and Management of Chronic Urticaria[END_REF]. Allergy, autoimmune and infectious disorders can underlie chronic urticaria, a symptom that requires extensive tests for identifying the causative factors [START_REF] Beck | A Review of International Recommendations for the Diagnosis and Management of Chronic Urticaria[END_REF]. Urticarial rash can also be one of the symptoms of NLRP3-associated autoinflammatory disease (NLRP3-AID), a group of rare monogenic systemic autoinflammatory disorder previously known as Cryopyrin-Associated Periodic Syndrome (CAPS) [START_REF] Kuemmerle-Deschner | Diagnostic criteria for cryopyrin-associated periodic syndrome (CAPS)[END_REF][START_REF] Ben-Chetrit | Consensus proposal for taxonomy and definition of the autoinflammatory diseases (AIDs): a Delphi study[END_REF]. NLRP3-AID is clinically a heterogeneous syndrome and consists of three overlapping entities with increasing severity: (i) the familial cold autoinflammatory syndrome (FCAS, OMIM #120100) characterized by neonatal onset of cold-induced inflammatory episodes of fever, arthralgia and urticarial rash; (ii) the Muckle-Wells syndrome (MWS, OMIM #191900) characterized by infantile-to-childhood onset of recurrent attacks of fever, urticarial skin rash and arthritis with subsequent sensorineural hearing loss (SNHL); and (iii) the chronic infantile neurological, cutaneous and articular syndrome (CINCA, OMIM #607115) characterized by infantile onset of chronic persistent clinical disease course of ongoing fever, central nervous system involvement, continuous urticarial skin rash and deformative joint arthritis [START_REF] Jb | CAPS--pathogenesis, presentation and treatment of an autoinflammatory disease[END_REF].

NLRP3, the disease-causing gene is expressed mainly in myeloid blood cells, but also in B and T lymphocytes (Hoffman et al. 2001a;[START_REF] Sutterwala | Critical role for NALP3/CIAS1/Cryopyrin in innate and adaptive immunity through its regulation of caspase-1[END_REF]) and in keratinocytes which could therefore account for the predisposition of patients for urticarial rash [START_REF] Kummer | Inflammasome components NALP 1 and 3 show distinct but separate expression profiles in human tissues suggesting a site-specific role in the inflammatory response[END_REF][START_REF] Dai | Epidermal keratinocytes sense dsRNA via the NLRP3 inflammasome, mediating interleukin (IL)-1β and IL-18 release[END_REF]. The encoded NLRP3 protein (also known as cryopyrin) comprises an N-terminal pyrin domain (PYD), a central nucleotide-binding and oligomerization domain (NACHT, standing for NAIP, CIITA, HET-E and TP1), a NACHT-associated domain (NAD) and a C-terminal leucine rich repeats (LRR). NLRP3 initiates the assembly of a multiprotein complex called inflammasome [START_REF] Martinon | The inflammasome: a molecular platform triggering activation of inflammatory caspases and processing of proIL-beta[END_REF][START_REF] Schroder | The inflammasomes[END_REF] through the following steps: NLRP3 interacts with the adaptor protein ASC (Apoptosis-associated speck-like protein containing a CARD) leading to the assembly of ASC dimers into multimers designated as ASC specks [START_REF] Fernandes-Alnemri | The pyroptosome: a supramolecular assembly of ASC dimers mediating inflammatory cell death via caspase-1 activation[END_REF]. ASC specks, the hallmark of inflammasome activation, form a scaffold for recruitment and subsequent activation of procaspase-1 into caspase-1. Active caspase-1 cleaves proinflammatory cytokines, mainly IL1β, into their mature and secreted forms, which orchestrates the systemic inflammatory response [START_REF] Martinon | The inflammasomes: guardians of the body[END_REF].

NLRP3 mutations identified in NLRP3-AID patients result in a gain-of-function effect leading to NLRP3-inflammasome activation. Initially described in affected families as autosomal dominant disorders due to heterozygous NLRP3 mutations (Hoffman et al. 2001a), NLRP3-AID is now also known as a sporadic disease due to de novo germline or somatic mutations. Primarily identified in leukocytes from pediatric patients [START_REF] Saito | Somatic mosaicism of CIAS1 in a patient with chronic infantile neurologic, cutaneous, articular syndrome[END_REF][START_REF] Saito | Diseaseassociated CIAS1 mutations induce monocyte death, revealing low-level mosaicism in mutation-negative cryopyrin-associated periodic syndrome patients[END_REF][START_REF] Aróstegui | A somatic NLRP3 mutation as a cause of a sporadic case of chronic infantile neurologic, cutaneous, articular syndrome/neonatal-onset multisystem inflammatory disease: Novel evidence of the role of low-level mosaicism as the pathophysiologic mechanism underlying mendelian inherited diseases[END_REF][START_REF] Tanaka | High incidence of NLRP3 somatic mosaicism in patients with chronic infantile neurologic, cutaneous, articular syndrome: results of an International Multicenter Collaborative Study[END_REF][START_REF] Omoyinmi | Whole-Exome Sequencing Revealing Somatic NLRP3 Mosaicism in a Patient With Chronic Infantile Neurologic, Cutaneous, Articular Syndrome[END_REF][START_REF] Nakagawa | Somatic NLRP3 mosaicism in Muckle-Wells syndrome. A genetic mechanism shared by different phenotypes of cryopyrin-associated periodic syndromes[END_REF][START_REF] Lasigliè | Cryopyrinassociated Periodic Syndromes in Italian Patients: Evaluation of the Rate of Somatic NLRP3 Mosaicism and Phenotypic Characterization[END_REF], somatic mosaic NLRP3 mutations have been more recently found in some adult patients with a typical NLRP3-AID phenotype [START_REF] Zhou | Brief Report: Cryopyrin-Associated Periodic Syndrome Caused by a Myeloid-Restricted Somatic NLRP3 Mutation[END_REF][START_REF] Mensa-Vilaro | Brief Report: Late-Onset Cryopyrin-Associated Periodic Syndrome Due to Myeloid-Restricted Somatic NLRP3 Mosaicism[END_REF][START_REF] Rowczenio | Late-Onset Cryopyrin-Associated Periodic Syndromes Caused by Somatic NLRP3 Mosaicism-UK Single Center Experience[END_REF].

We describe here two unrelated elderly patients presenting for two decades with a chronic urticarial skin rash resistant to standard therapy and associated with systemic inflammation during the rashes. Two different mosaic NLRP3 mutations were identified by means of targeted sequencing using next generation (NGS) technologies. To identify the origin of these mutational events, we studied the mosaicism level in several cell types from both patients. In addition, to assess the pathogenicity of the identified variations, we studied their functional consequences using different in vitro assays.

RESULTS

Disease phenotype (Table 1)

Proband I, a 65-year-old man, had recurrent episodes of diffuse non-pruritic fleeting urticarial skin rash involving the trunk and limbs (Figure 1a). The rash was intermittent, lasted for a few hours (4-5 hours) and repeated every 2-3 days since the age of 49 years.

No triggers like cold exposure, physical exercise, stress, nutrition or medications were noted. The urticarial lesions were accompanied with high-grade fever (39C°), chills, and flu-like symptoms including arthralgia, fatigue and headache. There was no vasculitis, adenopathy, organomegaly or ophthalmological, abdominal or neurological manifestations.

During the crises, C-reactive protein (CRP) was elevated (20 mg/L). Immunological and infectious profile, serum protein electrophoresis and kidney function tests were normal.

Skin biopsy revealed urticarial lesions with a rich inflammatory infiltrate composed mostly of neutrophils with no signs of vasculitis (Figure 1c).

Proband II, a 67-year-old woman, developed the first episode of chronic urticarial skin rash at the age of 46 years. Urticarial lesions manifested as migratory transient erythematous plaques (Figure 1b), with no pruritus. Distributed over the whole body (thighs, abdomen, thorax, upper limbs and face), the rash, which were not triggered by cold, lasted fewer than 12 hours and occurred two to three times per week. It was associated with high-grade fever (39-40C°), chills, arthritis, myalgia, headache, adenopathy and hepatomegaly. No other abdominal or ophthalmological manifestations were observed. During the attacks, CRP levels ranged from 70 to 120 mg/L. At the age of 50 years, she developed bilateral SNHL. A skin biopsy revealed the presence of dermal neutrophilic infiltration with no alteration of capillaries and no signs of vasculitis (Figure 1d). Kidney function tests were normal and extensive analyses of the immunological and infectious profile were found negative. Serum protein electrophoresis revealed polyclonal hypergammaglobulinemia.

None of the patients had family history of skin, autoimmune or autoinflammatory disorders. In both probands, second generation H1-antihistamines (the standard therapy), oral corticosteroids and colchicine showed no efficacy.

Molecular analyses

With the aim to identify the etiology of the chronic recurrent urticaria that occurred in a systemic inflammatory context, we collected the genomic DNA from whole blood samples of Probands I and II. We looked for systemic autoinflammatory disorders (SAIDs) through targeted sequencing of the main genes so far involved in these conditions. In both patients, somewhat unexpectedly, somatic mosaic mutations in NLRP3 exon 3 were identified.

Proband I carried an in-frame deletion (c.926_934del p.(Gly309_Phe311del)), and Proband II a missense variation (c.1705G>A p.(Glu569Lys)). The mosaicism level in the whole blood DNA for c.926_934del was of 17.2% and of 11% for the c.1705G>A transition (Figure S1).

The in-frame deletion of three amino acids (Gly309, Ala310 and Phe311) identified in Proband I is located within the NACHT domain of NLRP3 (Figure 2a) in close proximity to the Walker B motif of the protein, which is a Mg2 + -binding loop implicated in ATP hydrolysis and essential for NLRP3-inflammasome activation [START_REF] Neven | Molecular basis of the spectral expression of CIAS1 mutations associated with phagocytic cell-mediated autoinflammatory disorders CINCA/NOMID, MWS, and FCU[END_REF]).

The glutamic acid residue at position 569 (Glu569), involved in the mutation identified in Proband II (p.Glu569Lys), belongs to the NAD domain of the NLRP3 protein, a domain of so far unknown function (Figure 2a). The identified mutations involved evolutionarily conserved amino acids in mammals (Figure 2b). Moreover, both the NLRP3 transcript, including exon 3 that contains these NLRP3 mutations (https://ecrbrowser.dcode.org) and the encoded regions are uniformly conserved across mammalian species [START_REF] Duéñez-Guzmán | The evolution of reproduction-related NLRP genes[END_REF]Lv et al. 2017).

Modelization of the NLRP3 structure, based on a Nod2 crystal [START_REF] Maekawa | Crystal structure of NOD2 and its implications in human disease[END_REF], showed that both the three deleted amino acids and Glu569 are located close to the Walker B motif (Figure 2c).

Cellular distribution of NLRP3 mosaicism

To study the cellular distribution of the NLRP3 mosaicism, different cell types were subsequently isolated from Probands I and II. The analyzed cells include monocytes, neutrophils, B and T cells that have a mesodermal embryonic origin, urinary epithelial cells that are representative of the endodermal embryonic cells and buccal cells that are of ectodermal origin. Targeted sequencing showed a wide distribution of the mutated alleles in the studied cells (Figure 3, lower panel and Figure S1). We took advantage of these data to look for the two identified NLRP3 variants by Sanger sequencing. This study revealed the presence of a superimposed sequence, mimicking a background noise, but corresponding to those mutations (Figure 3, upper Panel). Mutated alleles were detected in monocytes, neutrophils and B cells at average levels of 13% in Proband I and 12% in Proband II. The T cells showed a proportion of the mutated allele of 10% for Proband I and of 5% for Proband II. In buccal cells, the proportion of the mutated allele was of 3.8% for Proband I and it was estimated around 5% (using Sanger sequencing due to the low amount of DNA available) for Proband II. In the urinary epithelial cells, the proportion of the mutated allele was estimated around 5% (using Sanger sequencing) in both probands.

Impact of NLRP3 mutations on ASC speck formation

To assess the pathogenicity of the identified NLRP3 mutations, we tested their effects on NLRP3 function by studying ASC speck formation, a common readout of inflammasome activation (Man and Kanneganti, 2015). To this end, we transfected HEK293T (ASC-GFP_C1-FLAG) cells with plasmids encoding wild-type (WT) NLRP3 or NLRP3 carrying the deletion (pNLRP3-Del) or the missense variation (pNLRP3-Glu569Lys), or with an empty vector (EV). In agreement with the known role of NLRP3 in inflammasome assembly and ASC speck formation, cells transfected with pNLRP3-WT displayed a significantly higher percentage of ASC specks as compared to cells transfected with the EV alone. Importantly, cells transfected with the pNLRP3-Del or pNLRP3-Glu569Lys construct showed a significantly higher percentage of ASC specks as compared to cells transfected with pNLRP3-WT, thereby revealing a gain-of-function effect of the two identified mutations on inflammasome activation (Figure 4 and Figure S2).

Impact of NLRP3 mutations on IL1β secretion

To test the impact of the p.(Gly309_Phe311del) and p.(Glu569Lys) mutations on cytokine secretion, we used THP1 cells, which express endogenously NLRP3, ASC, procaspase-1 and IL1β. THP1 cells were first primed with PMA (Phorbol 12-Myristate 13-Acetate) in order to obtain an adherent macrophage-like phenotype and to induce IL1B gene expression. Cells were then transfected with pNLRP3-WT, pNLRP3-Del, pNLRP3-Glu569Lys or the EV and treated with lipopolysaccharide (LPS), a well-known activator of the NLRP3 inflammasome. IL1β secretion, a hallmark of inflammasome activation, was assessed in the cell culture supernatants. IL1β levels were found to be significantly higher in the supernatant of cells transfected with pNLRP3-Del or pNLRP3-Glu569Lys as compared to cells transfected either with pNLRP3-WT or with the EV (Figure 5).

Treatment

Consistent with the above-described data showing NLRP3-inflammasome activation, both probands showed complete remission with the anti-IL1R antagonist Anakinra (100mg/day) administered by subcutaneous injections. One week after Anakinra administration, both patients reported a significant clinical and biological improvement. A complete resolution of the urticarial skin rash, the fever and the systemic inflammation (CRP levels <5mg/L) was observed. Probands I and II are still under treatment today, having received the treatment for the past two and three years, respectively. During the follow-up period, kidney function tests were found to be normal in both probands. However, the treatment, has so far no effect on hearing loss.

DISCUSSION

We described two unrelated patients presenting long-term chronic urticarial skin rash of late-adulthood onset. The clinical presentation of the patients is reminiscent of neutrophilic urticarial dermatosis (NUD), a condition characterized by an urticarial rash with predominate neutrophilic infiltration at skin biopsy and systemic inflammation [START_REF] Kieffer | Neutrophilic urticarial dermatosis: a variant of neutrophilic urticaria strongly associated with systemic disease. Report of 9 new cases and review of the literature[END_REF][START_REF] Gusdorf | Neutrophilic urticarial dermatosis: A review[END_REF]. For two decades, our tow patients were refractory to anti-histamines, steroids and colchicine and, despite broad investigations, the underlying etiology was not identified. In both patients, the results of serum protein electrophoresis strongly argued against the diagnosis of Schnitzler syndrome, which is mainly characterized by the simultaneous occurrence of monoclonal gammopathy and chronic urticaria [START_REF] Gusdorf | Schnitzler Syndrome: a Review[END_REF]. Taken together, these data prompted us to look for possible gene mutations through the use of a targeted sequencing approach using NGS technology focusing on the main genes so far implicated in autoinflammatory disorders. Somewhat unexpectedly, this analysis identified in both patients a somatic mosaic NLRP3 variation, raising the question of a NLRP3-AID diagnosis in the two patients. The diagnosis of NLRP3-AID is indeed challenging for several clinical and molecular reasons.

Firstly, mostly reported in children (either in familial forms or sporadic cases), the clinical diagnosis of NLRP3-AID is puzzling in the absence of a contributive family history and in adult patients with late-onset chronic urticaria occurring in the context of systemic inflammation. Although the occurrence of deafness in such context should evoke the diagnosis of NLRP3-AID, hearing loss is common with aging. Of note, SNHL, which is a hallmark of MWS, was present in both probands. It was identified at the age of 50 years for Proband II, while, for Proband I, it was identified at the age of 65 years by means of audiometric tests that were performed once the NLPR3 mutation was found.

Secondly, regarding the molecular investigations, it is important to underline that mosaic mutations are usually undetectable by Sanger sequencing. Targeted sequencing using NGS technologies increases the sensitivity of detection of such somatic mutations and high-depth sequencing is necessary to detect low level mosaicisms. To further determine the cellular distribution of the mutated alleles, we analyzed the DNA obtained from patients' cells derived from different embryonic germ layers. A wide cell-type distribution was observed for both mutations suggesting that the mutational events arose early during human embryogenesis. Similarly, a wide tissue distribution of the mutated mosaic NLRP3 alleles has been also reported in five patients with a late-onset typical NLRP3-AID [START_REF] Rowczenio | Late-Onset Cryopyrin-Associated Periodic Syndromes Caused by Somatic NLRP3 Mosaicism-UK Single Center Experience[END_REF]. In patients carrying mosaic NLRP3 mutations, gonadal cells were not studied for obvious reasons. Consequently, vertical transmission to the offspring cannot be excluded. The mechanism underlying the late-disease onset in patients carrying widely distributed somatic mutations is so far not understood. Variable age of disease onset was also observed in patients with germline NLRP3 mutations [START_REF] Hoffman | Familial cold autoinflammatory syndrome: phenotype and genotype of an autosomal dominant periodic fever[END_REF]. As suggested by different authors [START_REF] Yu | Cryopyrin-associated periodic syndrome: an update on diagnosis and treatment response[END_REF][START_REF] Giat | Cryopyrin-associated periodic syndrome[END_REF][START_REF] Walker | Brief Report: Severe Inflammation Following Vaccination Against Streptococcus pneumoniae in Patients With Cryopyrin-Associated Periodic Syndromes[END_REF], external factors such as cold, stress or exercise could trigger the disease development.

Finally, to demonstrate the pathogenicity of newly identified NLRP3 variants and, therefore, to establish the diagnosis of NLRP3-AID, functional studies are mandatory. Indeed, NLRP3 variants do not always affect the protein function. The mosaic variations identified in our patients are located in two regions considered as hot spots for NLRP3 mosaicism [START_REF] Nakagawa | Somatic NLRP3 mosaicism in Muckle-Wells syndrome. A genetic mechanism shared by different phenotypes of cryopyrin-associated periodic syndromes[END_REF]. The in-frame deletion (p.Gly309_Phe311del) is located in the region of the NACHT domain (305-309 amino acids) that contains 8 out of the 47 reported mosaic mutations. The p.(Glu569Lys) variant is located in the NAD domain (565-572 amino acids) that includes half of the reported mosaic mutations (n=22/47). The threedimensional (3D) model of NLRP3 showed that these two hot spots including the in-frame deletion and the p.(Glu569Lys) variation are close to the Walker B motif, thereby suggesting their pathogenicity. Using in vitro assays, we found significantly higher ASC speck formation and IL1β secretion in cells expressing the NLRP3 mutants identified in our patients, thereby clearly demonstrating the pathogenicity of these mutations.

In conclusion, our data support the idea that in chronic urticaria, the presence of systemic inflammatory markers should evoke a NLRP3-related disorder. Beyond the search for NLRP3 mutations, functional assays demonstrating a gain-of-function effect of those variants are essential to confirm their pathogenicity. Consistent with mutations triggering NLRP3-inflammasome activation, complete remission can be achieved with antiinterleukin 1 receptor antagonists, thereby, highlighting the importance to identify the underlying cause of chronic urticaria in those patients.

PATIENTS AND METHODS

Patients

Clinical features were recorded on a standardized form. Informed written consent for genetic studies was given by the participants. Skin punch biopsy was performed on recent urticarial lesions after local anesthesia. Skin sections were stained with haematoxylin, eosin and saffron (HES) and examined under a light microscope.

Molecular analyses

Genomic DNA was extracted from peripheral blood leukocytes of Probands I and II using standard procedures. Peripheral blood mononuclear cells (PBMCs) were isolated from peripheral blood using Pancoll density gradient. PBMCs were separated by positive selection using immunomagnetic microbeads (MACS, Miltenyi Biotec), anti-CD14 (monocytes) followed by anti-CD15 (neutrophils), anti-CD19 (B cells) and anti-CD3 (T cells). DNA was then extracted from monocytes, neutrophils, B cells, T cells, urine and buccal cells using proteinase K digestion followed by phenol-chloroform extraction protocol. The DNA samples were sequenced following a targeted sequencing approach using a custom targeted capture (SeqCap EZ system, Roche) on a NextSeq500 or MiSeq (Illumina) platform as previously described [START_REF] Jeanson | Mutations in GAS8, a Gene Encoding a Nexin-Dynein Regulatory Complex Subunit, Cause Primary Ciliary Dyskinesia with Axonemal Disorganization[END_REF]. The position of the target oligos is available on request. We used a custom targeted capture which contains the coding and the untranslated regions (UTR) of the following genes: ADA2, CARD14, IL1RN, IL36RN, LACC2, LPIN2, MEFV, MVK, NLRC4, NLRP12, NLRP3, NOD2, PLCG2, PSMB8, PSTPIP1, RBCK1, TMEM173, TNFAIP3, TNFRSF11A and TNFRSF1A.

Sequence data were analyzed using an in-house double pipeline with sequence reads in fastq format aligned to the reference human genome (hg19) using BWA and Bowtie2.

Duplicate sequence reads were removed (by Picard and SAMtools, respectively). Variant calling was performed using GATK and SAMtools respectively. Additional screening of indels was performed by the Pindel software. Variant calls in VCF format were then annotated through ANNOVAR. All results obtained by this targeted sequencing were confirmed using Sanger sequencing. NLRP3 mutation numbering was based on the cDNA sequence (NM_004895).

Modelization of the NLRP3 structure

The 3D structure of the human NLRP3 protein has been modeled as follows: (i) using the HHpred software, we found that the 3D structure of the NACHT, NAD and LRR domains of Nod2 (5IRN, Oryctolagus cuniculus) [START_REF] Maekawa | Crystal structure of NOD2 and its implications in human disease[END_REF]) has been identified as the closest to human NLRP3 protein; (ii) using the Modeller software, the predicted structure of human NLRP3 has been obtained and (iii) using the Pymol software, the amino acids involved in mosaic NLRP3 mutations have been highlighted.

Plasmid constructs

Human NLRP3 cDNA was subclonned into the expression plasmid (pcDNA3.1/V5-His-TOPO, Invitrogen) to generate the wild-type expression vector (pNLRP3-WT) as described previously [START_REF] Jéru | PYPAF1 nonsense mutation in a patient with an unusual autoinflammatory syndrome: role of PYPAF1 in inflammation[END_REF]). Site-directed mutagenesis was subsequently performed to generate plasmids carrying either the deletion identified in Proband I (p.Gly309_Phe311del) designated as (pNLRP3-Del) or the previously reported p.(Glu569Lys) mutation that we identified in Proband II (pNLRP3-Glu569Lys), using the "quick change site-directed mutagenesis kit" (Stratagene, Le Jolla, CA). The resulting plasmid constructs were confirmed by Sanger sequencing.

Cell culture and transfection

HEK293T cells stably expressing FLAG-tagged procaspase-1 (procaspase-1-FLAG) and green fluorescent protein (GFP)-tagged-ASC (designated ASC-GFP and C1-FLAG) kindly provided by Professor Emad Alnemri (Thomas Jefferson University, Philadelphia, PA), were cultured in DMEM-F12 (Gibco). HEK293T cells (ASC-GFP and C1-Flag) were transfected with 375 ng or 500 ng of the following plasmids: pNLRP3-WT, pNLRP3-Del, pNLRP3-Glu569Lys, or with the EV using FuGENE-HD (Promega) for 24h. THP1 cells (ATCC ® -TIB202) were initially primed with 100 ng/ml PMA (Phorbol 12-Myristate 13-Acetate) for 3h, then transfected with 500 ng of pNLRP3-WT, pNLRP3-Del, pNLRP3-Glu569Lys, or with the EV using the FF-100 program in the 4D-Nucleofector™, Amaxa™ (Lonza) for THP1 cells. Following transfection, cells were treated with LPS 100 ng/ml and incubated at 37C°for 24h. At the indicated time, supernatants of transfected cells were collected and stored at -80°C for IL1β measurement by ELISA.

Speck quantification assay

Following HEK293T cells (ASC-GFP_C1-FLAG) transfection, the formation of ASC aggregates (specks) was calculated 24 hours later. Manual counting of cells containing ASC-GFP specks was performed in 5 representative randomly selected fields at 20× magnification. The percentage of specks was calculated as the number of specks divided by the total number of counted cells for three independent experiments. Cells were observed using a Nikon Eclipse TS100 inverted fluorescent microscope.

Statistical analyses

Differences were analyzed statistically using the unpaired student t-test and were plotted with the GraphPad Prism software. A p value <0.05 was considered as statistically significant. 
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