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Haploinsufficiency of A20 (HA20) is an inflammatory disease caused by mutations in the TNFAIP3 gene classically presenting with Behcet’s-like disease. A20 acts as an inhibitor of inflammation through its effect on NF-kB pathway. Here we describe four consanguineous patients (three sisters and their mother) with a predominantly autoimmune phenotype, including thyroiditis, type I diabetes, hemolytic anemia and chronic polyarthritis. All patients had recurrent oral ulcers, with only 1 patient presenting also recurrent fever episodes, as a classical autoinflammatory feature. Next generation sequencing identified a novel heterozygous frameshift mutation (p.His577Alafs*95) that causes a premature stop codon in the zinc finger domain of A20, leading to a putative haploinsufficiency of the protein. Functional analyses confirmed the pathogenicity of the mutation. The variant was associated with decreased levels of A20 in blood cells. Accordingly, ex-vivo lipopolysaccharide (LPS)-stimulated patients’ peripheral blood mononuclear cells (PBMCs) showed higher levels of p65 NF-kB phosphorylation, as well as increased production of the proinflammatory cytokines IL-1β, IL-6 and TNF-α. Moreover, in agreement with recent observations, demonstrating a role for A20 in inhibiting STAT1 and IFNγ pathways, markedly higher circulating levels of the two IFNγ-inducible chemokines CXCL9 and CXCL10 were detected in all patients. Supporting the findings of a hyperactivation of IFNγ signaling pathway in HA20 patients, patients’ monocytes showed higher levels of STAT1 without stimulation, as well as higher phosphorylated (active) STAT1 levels following IFNγ stimulation. In conclusion, our study show that in the clinical spectrum of HA20 autoimmune features may predominate over autoinflammatory features and demonstrate, from a molecular point of view, the involvement of A20 in modulating not only the NF-kB, but also the IFNγ pathway.
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Introduction

A20 haploinsufficiency (HA20) has been described as an autosomal-dominant-inheritance autoinflammatory disease characterized by Behcet’s-like disease symptoms, such as recurrent oral and genital ulcers and inflammatory bowel disease (IBD)-like pattern (1). It is caused by loss of function mutations in the tumour necrosis factor-a-inducible protein 3 (TNFAIP3) gene that encodes for the A20 protein. A20 is a highly conserved protein composed of two domains: the amino-terminal OTU (ovarian tumour) domain, with a de-ubiquitinase activity, and seven carboxyl-terminal zinc finger domains, with ubiquitin ligase and binding activities. It is involved in the negative regulation of the canonical nuclear factor-kB (NF-kB) signaling pathway, which plays fundamental roles in inflammation, immune responses and development. Since Zhou et al. first described HA20 in 2016 (1), several frameshift and nonsense mutations, in both the OTU and zinc fingers domains, have been described (2, 3).

Although HA20 has been first described as an early-onset autoinflammatory disease, recent studies described patients with late-onset presenting with autoimmune features, such as juvenile idiopathic arthritis, rheumatoid arthritis, inflammatory bowel diseases, systemic lupus erythematous, type 1 diabetes, psoriasis and coeliac disease. To date, the predominant autoimmune phenotype associated with HA20 is not clearly identifiable, as it also varies in family members carrying the same mutation (4).

In this study, we report a novel mutation in the TNFAIP3 gene leading to a predominantly autoimmune phenotype in four subjects (three sisters and their mother) from an Italian family.



Patients and Methods


Patients

Patient 1 (Pt1, the index patient) is a 17 years old girl who was seen in our hospital at the age of 5, because of an autoimmune thyroiditis requiring replacement therapy. The history included recurrent oral ulcers, most often minor, since early childhood. At the age of 7 years she presented at the Emergency Room of another hospital due to worsening fatigue and shortness of breath. Hematochemistry revealed severe hemolytic anemia with positive Coombs test (5.3 g/dl) requiring blood transfusion. She was treated with intravenous (IV) immunoglobulin and subsequently with glucocorticoids because of lack of response. Three years later, she presented five relapses of hemolytic anaemia treated again with IV immunoglobulin and glucocorticoids. Because of the frequent relapses in January 2015 she was treated with rituximab. One year after the CD20 depletion treatment, asymptomatic hypogammaglobulinemia was found. Immunoglobulin replacement therapy was started, still ongoing.

When she was 9 year she developed an antinuclear-antibody (ANA) negative polyarthritis (with involvement of wrists, ankles, fingers joints and ankles tendons), treated with intra-articular glucocorticoids and methotrexate. Etanercept was added when she was 17 age for unsatisfactory disease control after a polyarticular flare affecting the two wrists, the left ankle and several tendons, with good response. After 6 months of therapy she presented an arthritis flare involving only the left ankle treated with glucocorticoid intra-articular injection and no further relapse.

Patient 2 (Pt2) is a 20 years old girl who was admitted to our hospital at the age of 9 because of Type 1 diabetes. Her medical history included, similar to her sister, recurrent oral ulcers since early childhood. In the same hospitalization, autoimmune thyroiditis was diagnosed. She was evaluated for short stature (3° centile for height at that time): a GH secretion test was normal. At the age of 19 she presented with arthritis of both wrists and tenosynovitis of ankles. Treatment with methotrexate and etanercept was started. After 9 months, she does not show signs of active arthritis.

Patient 3 (Pt3) is a 13 year-old girl. She presented oral ulcers since childhood, like her sisters, and reports recurrent febrile episodes associated with cervical lymphadenopathy, not related to infections, between the age of 6 and 8. She had an episode of pneumonia at the age 7 years that resolved with standard therapy. She was evaluated for short stature (3° centile for height); GH secretion test was normal.

Patient 4 (Pt4) is a 46 years old woman, the mother of the three girls described above. She presented recurrent oral and genital painful ulcers since childhood, along with recurrent episode of acute abdominal pain, requiring occasional evaluations at the emergency department, with no definitive interpretation. An asymptomatic autoimmune thyroiditis was diagnosed at the age of 41 following the diagnosis in two of her daughters. She started replacement therapy. Her adult height is 10-20° centile.

The study was approved by the Bambino Gesù Children’s Hospital Ethical committee. Written informed consent was obtained from the individual(s) and/or minor(s)’ legal guardian/next of kin for the publication of any potentially identifiable images or data included in this article.



Genetics Analysis

DNA was extracted from peripheral blood with QIAgen columns (QIAsymphony DNA minikit, Qiagen, Hilden, Germany) according to the manufacturer’s instructions. Concentration and purity of DNA samples were quantified by ND-1000 spectrophotometer (NanoDrop; Thermo Scientific, Waltham, MA, USA) and by FLx800 Fluorescence Reader (BioTek, Winooski, VT, USA).

Trio-based whole-exome sequencing (WES) was performed on genomic DNA by using the Twist Human Core Exome Kit (Twist Bioscience) according to the manufacture’s protocol on a NovaSeq6000 platform (Illumina). The reads were aligned to human genome build GRCh37/UCSC hg19. The BWA Enrichment application of BaseSpace (Illumina) and the TGex software (LifeMap Sciences, Inc.) were used for the variant calling and annotating variants, respectively. Sequence data were carefully analyzed and the presence of all suspected variants was checked in the public databases (dbSNP and Genome Aggregation Database (gnomAD). Putative disease-associated sequence variants were distinguished from polymorphisms using the following filtering criteria: an allele frequency below 1% in gnomAD, species conservation of the underlying amino acid and a change in the protein’s primary structure. The variants were evaluated by VarSome (5) and categorized in accordance with the ACMG recommendations (6). Variants were examined for coverage and Qscore (minimum threshold of 30) and visualized by the Integrative Genome Viewer (IGV). The datasets presented in this study can be found in online repository (ClinVar: https://www.ncbi.nlm.nih.gov/clinvar/). The accession numbers is SUB10618687.



PBMC Isolation

PBMCs were freshly isolated by lymphocyte separation Ficoll centrifugation and cultured in complete RPMI 1640 medium. For ELISA 5x105 cells were cultured in 96 well in 200 μl complete medium. For mRNA and western blotting analyses 1x106 cells were cultured in 24 well in 1 ml of complete medium.



Western Blotting

PBMCs isolated from patients and HDs were starved for 2h in RPMI with 0,5% fetal bovine serum (FBS) and then collected for western blotting or stimulated for 30 minutes with lipopolysaccharide (LPS) 0.01μg/ml. PBMCs were then washed and lysed with RIPA buffer (Cell Signaling) and protein concentration was measured with BCA Protein assay (Pierce). 30 μg protein extracts were resolved by TGX precast mini Gels (4568084 BioRAD), transferred to nitrocellulose membranes (Amersham Life Sciences) and probed with antibody to A20 (D13H3), pS536- NF-kB (3033S), NF-kB (8242) and GAPDH (5174s), all from Cell Signaling Technology. Blots were developed with the ECL system (Amersham Biosciences) according to the manufacturer’s protocol. Band intensity were analyzed with Image LAB software.



RNA Isolation and Quantitative Real-Time PCR

PBMCs were stimulated for 3, 6 and 12 hours with 0.01 μg/ml of LPS or for 2 hours with 10 ng/ml of Interferon-gamma (IFNγ) and mRNA expression levels of the genes of interest were analyzed by Quantitative Real-Time PCR. Total RNA was extracted using Trizol Reagent (Ambion), and cDNAs were obtained using the Superscript Vilo kit (Invitrogen). Real-time PCR assays were performed using TaqMan Universal PCR Master Mix and gene expression assays from Applied Byosystems. Gene expression was normalized using human HPRT1 as endogenous control. Data were analyzed with the 2Δct method and are expressed as arbitrary units (AU).



Enzyme-Linked Immunosorbent Assays (ELISA)

PBMCs were stimulated for 24 hours with 0.01, 0.1 and 1 μg/ml of LPS and cytokine release in the conditioned media were analyzed by Enzyme-Linked Immunosorbent Assays (ELISAs), with commercially available kits accordingly to manufacturer instructions. Plasma from patients or healthy donors were analyzed by ELISA. IL-6 (DY206), IL-1β (DY201), TNF-α (DY210), CXCL9 (DY392) and CXCL10 (DY266) ELISA kits were all purchased from R&D Systems. The detection limits of the assays were 9,38 pg/ml (IL-6), 3,91 pg/ml (IL-1β), 15,6 pg/ml (TNF-α), 62,5 pg/ml (CXCL9) and 31,25 pg/ml (CXCL10).



Flow Cytometry

PBMCs were treated and analyzed as previously reported (7). Briefly, PBMCs were left unstimulated or stimulated with 10 ng/ml of human recombinant IFNγ (R&D Systems) for 10 minutes at 37°C. Anti-CD3, anti-CD14 and anti-CD16 (all from Becton Dickinson) staining was performed for 20 minutes at 4°C, in order to discriminate the monocyte, neutrophil, natural killer and T cell subpopulations. Whole blood cells where then fixed with Lyse/Fix Buffer 10 min at 37°C and further incubated 10 min at RT with FcBlock 1:200 in Stain Buffer (all from Becton Dickinson). After permeabilization with Perm Buffer II (BD PhosFlow) 20 min at 4°C, samples were stained with antibodies against phosphorylated Tyrosine (701) STAT1 (pSTAT1) and total STAT1 (all from Becton Dickinson) for 20 min at 4°C. Isotype-matched control mAbs were used to determine non- specific background staining. Samples were run on a BD LSRFortessa X‐20 instrument (BD Biosciences). Results were expressed as mean fluorescence intensity (MFI) or % of positive monocytes.



Statistical Analysis

Differences between groups were analyzed by the nonparametric Mann–Whitney U test. Significance level for statistical tests was at **p < 0.01 and ***p < 0.001 values. Graphpad Prism 9 software was used for statistical analysis and graphs.




Results

We studied an Italian family (Figure 1A) carrying a previously unreported mutation in the TNFAIP3 gene leading to A20 haplo-insufficiency. Disease onset occurred in early childhood in four female members of the same family. Among autoimmune manifestations, thyroiditis and chronic arthritis were present in 3/4 and 2/4 patients, respectively, and diabetes and hemolytic anemia in 1 patient. All patients presented recurrent oral aphtosis, that in 1 patient were associated to genital ulcers; Pt3 was the only with a classical, albeit mild, autoinflammatory phenotype (transient recurrent episodes of fevers) and no autoimmune manifestation up to the age of 14. Patients had stunted growth with final height below or slightly above 3rd percentile. Finally, Pt1 developed hypogammaglobinemia, not associated with recurrent infection, following rituximab administration (Table 1).




Figure 1 | Family pedigree and genetic analyses. (A) Pedigree of the family with the heterozygous mutation in TNFAIP3 gene. (B) Schematic diagram of A20 protein and the location of the new identified mutation. OTU, ovarian tumor domain; ZnF 1-7, zinc finger domains. (C) Whole exome sequencing identified a novel heterozygous mutation p.His577Alafs*95 in the TNFAIP3 gene. (D) Confirmation of the presence of the mutation in Pt2 and Pt3 by Sanger Sequencing.




Table 1 | Clinical and laboratory characteristics and treatment of the patients.



Next generation sequencing (NGS) analysis was performed first on Pt1 and her parents. A heterozygous c.1727dupC variant in the TNFAIP3 gene (NM_006290), introducing the frameshift variant p.His577Alafs*95, was identified in the Pt1 and her mother (Pt 4) (Figures 1B, C). The variant, located between the zinc finger domains 3 and 4 of the A20 protein (Figure 1B), was predicted to be damaging by in silico tools, since it introduces a premature stop codon leading to a putative haploinsufficiency of the protein. The same frameshift mutation was also present in the two sisters, Pt2 and Pt3, of our proband, as confirmed by Sanger sequencing (Figure 1D).

Since this mutation has not been reported before, we determined its functional relevance. We first analyzed by western blot the expression levels of A20 in peripheral blood mononuclear cells (PBMCs). Compared to healthy donors, all the patients showed a strongly reduced expression of A20 in PBMCs (Figure 2A).




Figure 2 | Reduced A20 function in vivo. (A) Western Blot and densitometric analysis of A20 protein levels in PBMCs isolated from patients (Pt1-4) and 2 healthy donors (HD). GAPDH was used as loading control. Densitometric quantification of A20 was reported (right graph). (B) PBMCs isolated from Pt1, Pt4 and one healthy subject (HD) were starved for 2 h in media with 0.5% of FBS and lysed or stimulated for 30 minutes with 0.01 μg/ml LPS and then lysed. Phosphorylated (S536) p65 NF-kB (P-p65) and total p65 NF-kB protein levels were assessed by Western blot analyses. GAPDH was used as loading control. The phosphorylated-p65 NF-kB/total p65 NF-kB densitometry comparative ratio was also reported (right graph). Similar results were obtained in two independent experiments.



Since A20 is a known critical negative regulator of NF-kB signaling (8), we investigated if A20 decreased levels were associated with a dysregulation of NF-kB activation, by assessing the phosphorylation status of the p65 NF-kB subunit (Serine 536, S536) in unstimulated and LPS-stimulated PBMCs from Pt1 and Pt4. Higher p65 NF-kB (S536) phosphorylation levels were detected in PBMCs isolated from these patients compared to healthy donors (HD), both in unstimulated and LPS-stimulated cells (Figure 2B).

To investigate the effects of the upregulation of NF-kB signaling in patients’ PBMCs, we analyzed the kinetics of mRNA accumulation of three cytokines known to be induced by NF-kB (9), such as IL-1β, IL-6 and TNF-α. As shown in Figure 3A, we observed that, compared to healthy donors, PBMCs from patients expressed markedly higher mRNA levels of all cytokines analyzed, particularly at shorter times (3 hours) following LPS stimulation. Consistent with these results, when we measured the cytokine levels released in conditioned media of PBMCs stimulated for 24 hours with increasing amount of LPS, we found that patients’ PBMCs produced markedly higher levels of IL-1β, IL-6 and TNF-α, compared to control PBMCs (Figure 3B). Interestingly, while in PBMCs from healthy donors there were no substantial differences in the cytokine levels produced following stimulation with increasing concentrations of LPS, in patients’ PBMCs we observed a progressive and marked increase in cytokine production, suggesting a persistent NF-kB activation, probably secondary to a defective A20-mediated NF-kB inhibition.




Figure 3 | PBMCs from HA20 patients express markedly higher levels of pro-inflammatory cytokines. (A) The mRNA expression levels of IL1B, IL6 and TNF were evaluated by qPCR analysis in PBMCs from patients (Pt1-4), a relative (father) and 2 healthy donors (HDs) unstimulated (US) or stimulated for the indicated hours h with 0.01 μg/ml of LPS. Results were obtained after normalization with the housekeeping gene HPRT1 and were expressed as arbitrary units (AU). (B) PBMCs isolated from patients (Pt1-4), a relative (father) and 4 healthy donors (HDs) were unstimulated (US) or stimulated for 24 hours with 0.01, 0.1 and 1 μg/ml of LPS and IL-1β, IL-6 and TNF-α protein levels were measured in the conditioned media by ELISA.



Consistent with observations in the literature, demonstrating a role for A20 in inhibiting STAT1 and showing higher circulating levels of IFNγ inducible chemokines in patients with HA20 and in A20 genetically deficient mice (10, 11), all our patients showed markedly higher circulating levels of CXCL9 and CXCL10 compared to healthy donors (Figure 4A). Notably, although high levels of both CXCL9 and CXCL10 were detected in all four patients compared to healthy subjects, Pt1 showed lower levels compared to other family mutated members, possibly due to the ongoing treatments with methotrexate and hydroxylchloroquine. The other patients were not receiving any immunomodulatory treatment at time of sampling. To further investigate the activation of the IFNγ signaling pathway, PBMCs of patients were unstimulated or stimulated ex vivo with IFNγ and total STAT1 and phosphorylated STAT1 (Tyrosine-701) were evaluated in monocytes. We found markedly high levels of total STAT1 in unstimulated monocytes of all four patients, compared to healthy donors (Figure 4B). In addition, following ex vivo stimulation with IFNγ, the percentage of monocytes positive for phosphorylated STAT1 (pSTAT1) was marked increase in 3 out of 4 patients, compared to that observed in healthy donors (Figure 4C). Accordingly, in ex vivo experiments, PBMCs from patients showed markedly higher mRNA expression levels of CXCL9 and CXCL10 in unstimulated condition as well as following stimulation with IFNγ (Figure 4D), further supporting the hyperactivation of the IFNγ signaling pathway in HA20 patients.




Figure 4 | Interferon gamma pathway is upregulated in HA20 patients. (A) CXCL9 and CXCL10 levels were measured in plasma samples collected from patients (Pt1-4) during different hospitalizations, from the father and from healthy donors (HD; n=15) by ELISA. Red bars indicate sample median. Statistical analyses were performed with Mann-Whitney test comparing each patient with HDs. **p<0,01; ***p<0,001. (B) Unstimulated PBMCs from patients (Pt1-4) and two healthy donors (HDs) were stained for total STAT1 levels. Results are reported as STAT1 mean fluorescence intensity (MFI) in monocytes (CD14+ cells). (C) PBMCs from patients (Pt1-4) and two healthy donors (HDs) were stimulated for 10 minutes with 10 ng/ml of IFNγ and phosphorylated STAT1 (pSTAT1) levels were detected by flow cytometry. Results were reported as % of pSTAT1 positive monocytes (CD14+ cells). (D) PBMCs from patients (Pt1-4) and one healthy donor (HD) were left unstimulated (US, white columns) or stimulated for 2 hours with 10 ng/ml of IFNγ (IFNγ, black columns) and CXCL9 and CXCL10 mRNA levels were analyzed by qPCR. Results were obtained after normalization with the housekeeping gene HPRT1 and were expressed as arbitrary units (AU). Similar results were obtained in two independent experiments.





Discussion

Herein, we describe the clinical features of four family members carrying a novel mutation in the TNFAIP3 gene leading to HA20. HA20 is an autosomal dominant genetic disease in which an insufficient production of A20 results in a decreased inhibition of the NF-kB signaling pathway. It classically presents with autoinflammatory features, particularly with a Behcet-like disease, often characterized by severe early-onset IBD. In addition to gastrointestinal manifestations, muscle-skeletal disorders with arthralgia and arthritis, ocular and skin involvement and recurrent fever are often present.

In contrast, in our family, the clinical picture is predominantly characterized by autoimmune features with the following manifestations: thyroiditis in 3 patients and chronic arthritis in 2 patients. In addition, Pt1 presented with recurrent hemolytic anemia and Pt2 with diabetes mellitus. Only Pt3 presented with recurrent episodes of fevers in childhood. It should be noted that all patients complained of oral ulcers since early childhood, and one patient presented genital ulcers, a typical features of HA20. A short stature is a common characteristic of all affected members.

The association of HA20 with autoimmunity is known in humans, as well as in animal models. Indeed, findings in mice models indicate that A20 plays a crucial role in the development and function of B cells (12). Indeed, loss of A20 in B cells leads to autoimmune pathology in old mice and defects in the generation and/or localization of the mature B cell subsets (13). In humans, the presence of autoantibodies at varying degrees has been described in patients with HA20 (14). Because of the co-occurrence of autoinflammatory and/or autoimmune features in HA20, several patients received a variety of initial diagnoses including autoimmune diseases, such as rheumatoid arthritis, juvenile idiopathic arthritis, autoimmune thyroiditis, systemic lupus erythematosus, inflammatory bowel disease (i.e. Crohn’s disease), as well as of autoinflammatory diseases including Behcet’s disease and periodic fever with aphtous stomatitis, pharyngitis and adenitis (PFAPA). Indeed, in three out of 4 of our patients anti-thyroid autoantibodies were also found and an initial diagnosis of autoimmune thyroiditis was made.

A20 negatively regulates NF-kB signaling through two mechanisms: a de-ubiquitination activity performed by the N-terminal OTU domain, and an ubiquitin ligation activity performed through its C-terminal Zn finger domains (8). Even if OTU and Zn finger domains of A20 have different biochemical functions and act on different proteins and pathways, their action converges on the inhibition of NF-kB activity. An increase of cytokines production, as well as of phosphorylation levels of NF-kB has been described in patients carrying mutations in both OTU and Zn finger domain (1, 15). Due to the great heterogeneity of clinical and prognostic presentation of HA20 (4), there has been an attempt to associate specific clinical manifestation with the positions of mutations (3). Autoimmune thyroid disorders and musculoskeletal disorders appear to be associated with mutation in the Zn finger domains and patients with Zn finger domain mutations usually present an early onset of the disease (3). However, a clear cut genotype/phenotype correlation has not been established, also due to the fact that most patients with OTU mutations described to date express truncated TNFAIP3 proteins that eliminate all the Zn finger domains.

Several studies highlighted that the spectrum of HA20 clinical manifestations can vary even among patients carrying the same mutation and/or belonging to the same family (15, 16) and that patients with the same pathogenic variant even respond differently to the same treatment regimen (4). Not surprisingly, our patients presented different clinical manifestations of variable degree of severity ranging from a mild (Pt3 and Pt4), moderate (Pt2) to a severe phenotype (Pt1). These data support the obvious hypothesis that additional genetic/environmental mechanisms may have a role in the pathogenesis of HA20.

No standard treatment has been established for the disease. Most cases seem to respond to glucocorticoids (3), but this therapy is burdened by severe side effects in the long term. The choice of treatment appears to be based on the patient’s dominant clinical phenotype. Colchicine, has been reported to be effective in some cases and reports with use of several immunosuppressants, such as methotrexate, cyclosporine-A, hydroxychloroquine and mycophenolate mofetil are present with variable response (3, 17). Because of the excessive production of inflammatory cytokines, cytokine inhibitors (anti-TNF, anti-IL-1, and anti-IL-6) are variably used as second-line treatments (3, 17). In our 2 patients with arthritis, a very satisfactory response to etanercept was observed.

The novel mutation identified in our patients (p.His577Alafs*95) causes the deletion of the A20 C-terminus, starting from Zn finger 4 domain and including Zn finger domains 4 and 7, which have been reported to be functionally relevant for A20 (18, 19). Consistent with previous observations, PBMCs isolated from our patients also showed higher levels of NF-kB phosphorylation that are associated with markedly higher production of IL-1β, IL-6 and TNF-α.

In agreement with recent evidence demonstrating a role for A20 in the inhibition of STAT1 expression in murine myeloid cells and in modulating IFNγ downstream genes (11), we found a marked increase in the circulating levels of the IFNγ-inducible chemokines CXCL9 and CXCL10 in all the patients studied, further supporting the functional relevance of this novel mutation. Consistent with data in mice, (11) we also showed that in circulating monocytes of HA20 patients the levels of total STAT1 are markedly higher than those observed in healthy subjects. Moreover, we also found that, following ex vivo stimulation with IFNγ, the percentage of monocytes expressing phosphorylated STAT1 is higher in patients than in healthy subjects, further demonstrating the hyperactivation of the IFNγ signaling pathway in our HA20 patients. Our results are consistent with recent data showing increased phosphorylation levels of STAT1 and STAT3 (20) and an elevation of the Type I IFN score in the whole blood of some patients with HA20 (21). Altogether, these evidence further support the role of A20 in regulating IFNs signaling pathways and provide the rationale for the therapeutic use of JAK1/2 inhibitors in HA20 patients unresponsive to the conventional treatments (20, 21).

In conclusion, we report a novel pathogenic mutation in TNFAIP3 leading to HA20. We confirm its functional relevance and demonstrate, that HA20 leads not only to increased NF-kB activation, but also to hyperactivation of the IFNγ pathway. We confirm that a significant clinical heterogeneity exists even among patients carrying the same mutation. The spectrum of HA20 clinical manifestations is expanding and, as highlighted by our report, autoimmune features may predominate over classical autoinflammatory Behcet-like features. It is tempting to suggest that organ and non-organ specific autoimmunity in the presence of early-onset recurrent oral ulcers should elicit suspicion for HA20.
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