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Objective: Haploinsufficiency of A20 (HA20) is a newly described rare
autoinflammatory disease caused by TNFAIP3 gene mutations. HA20 has
seldom been documented in the Chinese population. Herein, we report eight
patients with HA20 from three unrelated families in China.

Methods: Eight Chinese Han patients were diagnosed with HA20 in our
department from 2018 to 2021. Their clinical data and genotypes were
carefully documented and studied. The newly identified variants were
functionally verified. We also conducted a systematic literature review of
HA20, and the clinical characteristics and genotype of HA20 between the
Chinese population and other populations were compared.

Results: Eight HA20 patients from three families comprised six adults and two
children. There was one man and seven women. The clinical characteristics
included recurrent oral ulcers (8/8, 100%), fever (4/8, 50%), perianal ulcer (3/8,
38%), skin lesions (2/8, 25%), arthritis (1/8, 13%), and uveitis (1/8, 13%). Three
TNFAIP3 variants, A547T, c.1906+2T>G, and R271X, were identified. Two novel
variants, A547T and c.1906+2T>G, were validated to be pathogenic in our
study. In a literature review a total of 126 patients with HA20 reported by 35
articles were included. The clinical phenotype of Chinese HA20 patients was
similar to that of patients from other populations except for a lower frequency
of genital ulcers (16.7% vs. 54.4%, p < 0.01). Autoantibodies were detectable in
approximately one-third of the 126 patients, among which ANA and anti-
thyroid antibodies were commonly seen.
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Conclusion: The rarity and diversity of phenotypes make the diagnosis of HA20 a
huge challenge to physicians. HA20 should be considered in child-onset patients
with manifestations that resemble Behcet's syndrome, especially those whose
family members have similar symptoms. Gene testing is critically helpful for the
diagnosis of HA20. Two novel TNFAIP3 variants, A547T and c.1906+2T>G, were
identified in this study.
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TNFAIP3, familial behcet’'s syndrome, autoantibody, haploinsufficiency of A20, whole-
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Introduction

Behget’s syndrome (BS) is a polygenic systemic
autoinflammatory disease (SAID) typically manifesting as
recurrent oral ulcers, genital ulcers, uveitis, vasculopathy, and
gastrointestinal lesions (1). The onset age of BS is generally 30-
40 years old (2). Haploinsufficiency of A20 (HA20) is a newly
described rare autoinflammatory disease that resembles BS and
is caused by heterozygous loss-of-function mutations in the TNF
alpha induced protein 3 (TNFAIP3) gene (3, 4). Encoded by
TNFAIP3, A20 is a potent anti-inflammatory signaling molecule
in the nuclear factor kappa B (NF-kB) signaling cascade. It is a
ubiquitin-editing enzyme that plays a key role in the negative
regulation of inflammation and immune responses (5). Loss-of-
function mutations in the TNFAIP3 gene may weaken the
negative regulation of the NF-kB signaling pathway while
enhancing the inflammasome activation of the nucleotide-
binding domain-like receptor protein, both of which may lead
to an overproduction of proinflammatory cytokines (6). Most
HA20 patients have recurrent oral and genital ulcers, uveitis,
vascular and gastrointestinal lesions, arthritis, periodic fever,
skin lesions such as erythema nodosum, folliculitis, pustular
eruption, and psoriasis. Since many clinical features of HA20 are
similar to BS, a crowd of HA20 cases was initially diagnosed as
BS (3, 7-11). The clinical manifestations occur in early
childhood in HA20 and have strong household clustering (12,
13). Hence, it is also called familial Behget’s disease. At the same
time, patients with HA20 may have other clinical presentations
of autoimmune diseases and can be diagnosed with rheumatoid
arthritis (RA), systemic lupus erythematosus (SLE), or juvenile
idiopathic arthritis (JIA) in the early stages of the disease
(14-16).

To date, more than 100 cases of HA20 have been reported in
the English literature but are only sparsely documented in the
Chinese population (17-24). In this study, we reported eight
patients from three unrelated families of HA20 in China,
comprising six adults and two children. Three TNFAIP3
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variants were detected in these HA20 patients, including two
novel variants. We also conducted a literature review.

Patients and methods
Patients

The probands were diagnosed and followed up in our
tertiary medical center from 2018 to 2021. Complete medical
records and laboratory data were collected, including the
pedigrees and disease histories of kindred. Whole-exome
sequencing (WES) by next-generation sequencing was
performed in the Center for Genetic Testing, Joy Orient
Translational Medicine Research Centre Co., Ltd., Beijing,
China. This research was approved by the Institutional Review
Board of Peking Union Medical College Hospital and performed
according to the Declaration of Helsinki. Informed consent was
obtained from all participants.

In vitro stimulation

Fresh peripheral blood mononuclear cells (PBMCs) isolated
by gradient centrifugation from the proband of the second
family (P2) and healthy controls were maintained in RPMI
1640 basic medium with 10% FBS and 10 ng/ml TNF-a
(PeproTech, 300-01A-10) or 1 pg/ml LPS (Sigma, 1L4139) for
24 hours. The cell culture supernatant was collected for cytokine
measurement quantification, and the cells were harvested for
immunoblot analysis.

Reverse transcription-polymerase chain
reaction (RT-PCR)

Total RNA was extracted from frozen blood using an RNA
isolation kit (Simgen, 5201005). RNA was reverse transcribed
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using a Ist Strand cDNA Synthesis Kit (Takara, 6110). The
regions of TNFAIP3 in which the mutation ¢.1906+2T>G is
located were amplified using PCR with the forward primer 5’
GAAGTGGACTTCAGTACAAC-3" and the reverse primer 5’-
GGTTACCAAACCTGAGCATC-3’. PCR products were
separated using electrophoresis on a 1% agarose gel
(Beyotime, D0161S) in Tris acetate-EDTA buffer
(Beyotime, ST716).

Immunoblot analysis

Proteins were separated with SDS-PAGE and subsequently
transferred to polyvinylidene difluoride (PVDF) membranes. Blots
were incubated with the following primary antibodies: A20/
TNFAIP3 rabbit mAb (Cell Signaling Technology, 5630),
phospho-IKKo. (Ser176)/IKKB (Ser177) rabbit mAb (Cell
Signaling Technology, 2078), phospho-NF-«B p65 (Ser536) rabbit
mAD (Cell Signaling Technology, 3033), IL-1p rabbit mAb (Cell
Signaling Technology, 12703), NLRP3 rabbit mAb (Cell Signaling
Technology, 15101), caspase-1 rabbit mAb (Abcam, ab207802),
NF-kB p65 rabbit mAb (Abcam, ab32536), IKKf rabbit mAb
(Abcam, ab32135), and GAPDH mouse mAb (ZSGB-BIO, TA-
08). Immunoblots were probed with goat anti-rabbit IgG (H&L)-
HRP conjugated antibody (Easybio, BEO101) or goat anti-mouse
IgG (H&L)-HRP conjugated antibody (Easybio, BE0102),
developed using Chemiluminescent Western Blotting Substrate
(Millipore, WBKLS).

Cytokine quantification

We detected the levels of IL-1f, IL-6 and TNF-o. in plasma
and culture supernatant using enzyme-linked immunosorbent
assay (ELISA) kits (Dakewe Bioengineering, 1110122, 1110602
and 1117202) according to the manufacturer’s protocols.

Systemic literature review

A systematic literature search in PubMed was performed
using the terms ‘TNFAIP3’ and ‘A20 Haploinsufficiency’ up to
November 31, 2021. Eligibility criteria for inclusion were the
English language and no restriction on age, sex, or ethnicity. All
identified articles were read in full, and relevant information was
extracted and summarized. Finally, 35 articles containing a total
of 126 patients with HA20 were included and reviewed (8 cases
were included in this study). The clinical features and genotypes
of the HA20 patients between the Chinese population and other
populations were compared.
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Results
Case presentation

The first family

The proband (V:24, Figure 1A) of the first family (P1) was a
28-year-old Chinese Han woman. At 18 years of age, she had
recurrent high fever lasting several weeks once every half a year
without obvious triggers. When she was 21 years old, she
developed joint pain mainly involving the hands, wrists and
feet without joint swelling. Nonbacterial osteomyelitis was found
in her tibias via bone scan and biopsy. She had recurrent oral
and genital ulcers from the age of 22. In recent years, she also
suffered from recurrent erythema nodosa (Figure 1B) and
subcutaneous nodules, which were pathologically diagnosed as
panniculitis. She had multiple superficial and deep
lymphadenopathy, and the biopsy of lymph nodes revealed
reactive hyperplasia. She had no ocular symptoms, but
ophthalmic examination suggested the presence of old uveitis
in both eyes. There were no sicca symptoms, hearing loss,
gastrointestinal symptoms, folliculitis, vascular disease or
pathergy reactions.

Blood tests showed that the complete blood count (CBC),
complete biochemistry panel, and urine analysis were all within
the normal range. Antinuclear antibodies (ANA) (1:80), anti-[32-
GP1-IgM (41 RU/ml), and anti-neutrophil cytoplasmic
antibodies (ANCA) (1:20) were positive with low titers,
whereas rheumatoid factor (RF), anti-cyclocitrulline
polypeptide (CCP) antibodies, and anti-double-stranded DNA
(dsDNA) antibodies were negative. The erythrocyte
sedimentation rate (ESR) was 69 mm/h (normal range 0-20),
C-reactive protein (CRP) was 32.8 mg/L (normal range 0-3), and
immunoglobulin (Ig) G was 29.02 g/L (normal range 7-17). Her
chest CT showed no abnormalities. The result of the IFN-y
release test of T lymphocytes infected with tuberculosis (TB-
SPOT) was negative. Genetic testing identified a novel
heterozygous c.1639G>A, p. A547T variant in exon 7 of the
TNFAIP3 gene (NM_006290.4), a paternal heterozygous
¢.575C>T, p. A192 V variant in exon 3 of the NOD2 gene
(NM_022162.3), and a heterozygous ¢.577G>A, p. G193S
variant in exon 6 of the G6PD gene (NM_000402).

Pedigree analysis (Figure 1A) showed that the proband’s
grandmother (IIL:2) and maternal grandfather (IIL:3) were
cousins. One of her cousins (V:10) and her son (VI:7) had
G6PD deficiency. Her mother (IV:14) and her two sisters (V:22,
V:26) had recurrent oral ulcers, without arthritis, vulvar ulcers,
erythema nodosa or uveitis. Her father (IV:13) had no
symptoms. Genetic analysis confirmed the presence of the
TNFAIP3 A547T variant in her symptomatic mother and
sisters. The gene sequencing maps are shown in Figure 1C.
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Family 1 (c.1639G>A, p.A547T)
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FIGURE 1

Family pedigrees, clinical manifestations, and gene sequencing of HA20 patients. (A) Pedigree analysis of Family 1. (B) Erythema nodosa of P1
(V.24). (C) Whole-exome sequencing by Next Generation Sequencing of Family 1, showing the heterozygous TNFAIP3 (NM_006290.4):
c.1639G>A, p.A547T variant. (D) Pedigree analysis of Family 2. (E) Gene sequencing of Family 2, showing TNFAIP3 c.1906+2T>G heterozygous
variant in P2 (I11:5) and her daughter (IV:1). (F) Pedigree analysis of Family 3. P, proband; (+/-), Heterozygous variants; (-/-): Wild type;

(NA), Undetected.

The proband was initially treated with prednisone 15 mg per exhibit fever, arthralgia, oral ulcers, or eye discomfort after a year of
day, methotrexate 15 mg per week, and thalidomide 50 mg per treatment. ESR and CRP decreased to normal levels. Affected by
night. Methotrexate was replaced with tacrolimus and leflunomide the COVID-19 pandemic, she could not make regular follow-ups.
successively during follow-up for recurrent erythema nodosa. The She stopped taking medicine last year and had no discomfort
patient’s symptoms were significantly improved and she did not except for occasional erythema nodosa.
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The second family

The proband (III:5, Figure 1D) of the second family (P2) was
a 35-year-old Chinese Han woman who had suffered from
recurrent oral and genital ulcers since age 15. She also had
folliculitis in recent years, without recurrent fever, polyarthritis,
or uveitis. Regarding her medical history, she developed
proteinuria at age 32 and was diagnosed with nephrotic
syndrome. She received tacrolimus in the local hospital for
approximately two years, and the proteinuria was relieved.

CBC showed moderate anemia with a hemoglobin level of 89
g/L. Blood tests for the biochemistry panel and urine analysis
were all normal. Serum autoantibodies were all negative except
for a low-titer ANA (1:80). IgG (20.8 g/L) and ESR (26 mm/h)
were elevated, and CRP was normal. TB-SPOT was negative. A
novel heterozygote ¢.1906+2T>G in TNFAIP3 was detected by
gene testing.

Pedigree analysis (Figure 1D) revealed that her 13-year-old
daughter (IV:1) had suffered from recurrent fever, oral ulcers,
genital ulcers and abdominal pain since the age of nine. Each
episode lasted 3 to 4 days monthly. She had no polyarthritis,
folliculitis or other symptoms. One of her aunts (II:3) and two
cousins (III:3, III:4) had recurrent oral ulcers but no fever,
arthritis, vulva ulcers, follicles, or abdominal pain. Gene
testing demonstrated the TNFAIP3 ¢.1906+2T>G heterozygous
variant in the proband’s daughter. Her aunt and cousins refused
to do the gene testing for personal reasons. The gene sequencing
maps are shown in Figure 1E.

The proband received thalidomide with satisfactory
response for bipolar ulcers and folliculitis. Her daughter was
given adalimumab. No fever, bipolar ulcers or abdominal pain
occurred after the treatment.

The third family

In the third family, the proband (III:3, Figure 1F) (P3) was a 40-
year-old Chinese Han man who had recurrent oral ulcers since the
age of 10 and perianal ulcer with an abscess. At the age of 36, he
went to the local hospital for abdominal pain. He then had
intermittent fever, chills and diarrhea, without nausea or
vomiting. Multiple ulcerations of the terminal ileum, ileocecum,
stomach and duodenum were revealed by endoscopy, and
inflammatory bowel disease was diagnosed. Immunosuppressants
such as sulfasalazine, thalidomide, and azathioprine combined with
prednisone were only partially effective, while the symptoms
relapsed after tapering prednisone. He denied uveitis or arthritis.
Concerning his medical record, he had Henoch-Schonlein purpura
at age 30 and was diagnosed with Hashimoto thyroiditis half a year
ago with positive anti-thyroglobulin (TG) (148.3 IU/ml) and anti-
thyroperoxidase (TPO) (760 IU/ml) antibodies.

Laboratory tests showed elevated ESR (21 mm/h), serum
ferritin (SF, 506 ng/ml) and CRP (19 mg/L). Blood tests for CBC,
biochemistry panel, and autoantibodies were all normal. Urine
analysis was normal, and the fecal occult blood test was positive.
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Ig and complements were in the normal ranges. Gene testing
identified a pathogenic heterozygous ¢.811C>T, p. R271X
variant in exon 6 of the TNFAIP3 gene.

Pedigree analysis (Figure 1F) revealed that his 10-year-old
daughter (IV:1) developed recurrent oral ulcers and fever from
the age of 8, without gastrointestinal or ocular symptoms. She
had Hashimoto thyroiditis as well with positive anti-TPO
antibody (213 TU/ml). She also had positive ANA (1:80), anti-
cardiolipin antibodies (16 RU/mL) and anti-B2-GP1 antibodies
(93 RU/mL) with low titers; however, anti-extractable nuclear
antigen (ENA) antibodies, anti-CCP antibody, RF, ANCA, and
HLA-B27 were negative. ESR and CRP were in the normal
ranges. The proband’s mother (II:4) had recurrent oral ulcers.
His late maternal grandmother (I:4) had recurrent oral ulcers
and arthritis. She lost vision due to bilateral “eye inflammation”
for many years. The same heterozygous TNFAIP3 R271X variant
was identified in the proband’s daughter.

The proband was treated with infliximab plus
glucocorticoids and sulfasalazine with a satisfactory response.
ESR and CRP were decreased to normal levels after therapy.
Prednisone was tapered to 7.5 mg every other day. His daughter
received hydroxychloroquine 0.1 g per day and thalidomide 25
mg per night with good responses for oral ulcers and fever.

Pathogenicity validation of novel
TNFAIP3 mutations

Among the three TNFAIP3 variants detected in these HA20
patients, two novel variants, A547T and ¢.1906+2T>G, had
never been validated to be pathogenic.

To understand the significance of missense mutation A547T
to the structure of A20, three-dimensional (3D) structure
homology models of the A20 protein encoded by the wild type
and A547T variant (Figure 2A) were predicted using the I-
TASSER online server (25), and the architecture was visualized
using PYMOL Viewer software. The replacement of residue 547
from alanine to threonine resulted in altered hydrogen bond
interactions (hydrogen bond distance: WT: 2.1, A547T: 2.2) with
residue 551 and the overall three-dimensional structure of
the protein.

For the splice site variant c.1906+2T>G, potential splice sites
in intron 7 were analyzed using NetGene2 and BDGP. To further
explore whether part or all of intron 7 is retained in the coding
sequence of the variant ¢.1906+2T>G (Figure 2B), the regions of
TNFAIP3 in which ¢.1906+2T>G is located were analyzed using
RT-PCR. Agarose gel electrophoresis showed that ¢.1906+2T>G
had an additional band between 2500 bp and 3000 bp (Figure 2C
®), which was approximately 500-1000 bp longer than the wild-
type band (Figure 2C @, 1998 bp), suggesting that this splice site
variant resulted in intron 7 retention. Comparing the brightness
of these two bands, we found that the variant c.1906+2T>G was
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Pathogenicity validation of novel TNFAIP3 variants. (A) The predicted 3D structure of wild type (WT) and A547T variant of A20 protein. (B) Schematic view
of Complementary DNA analysis of WT and the splice site mutation c.1906+2T>G. (C) Agarose gel electrophoresis result. P2, the proband of the second
family; Ctrl, healthy controls. (D) Western blot analysis of A20 expression, NF-kB and NLRP3 inflammasome signaling pathway in PBMCs from P2 and
controls. (E) Cytokine (TNF-a, IL-6 and IL-1f) levels in plasma and culture supernatants of PBMCs from P2 and controls (mean + SD from three
independent experiments in P2 and n=3 controls, P values were determined by unpaired two-tailed Student's t-test).

more dominant than WT at the transcriptional level. At the
protein level, immunoblotting of PBMC lysates derived from P2
and healthy controls confirmed reduced basal, TNF-o.- or LPS-
induced expression of A20 (Figure 2D). As a consequence of
reduced A20 expression, the phosphorylation of IKK and NF-
kB, the key components of the NF-xB signaling pathway, was
more pronounced in P2-derived PBMCs than in control cells.
Considering the negative regulation of the NLRP3
inflammasome by A20 (26, 27), we further investigated
NLRP3 inflammasome activation with immunoblotting. We
observed exaggerated NLRP3 and pro-IL-1f in P2-derived
PBMCs after stimulation by LPS or TNF-o, especially the
former. Resulting from active NF-xB and NLRP3
inflammasome signaling pathways, the proinflammatory
cytokines TNF-0, IL-6 and IL-1f were all increased both in
plasma and cell culture supernatant compared with
controls (Figure 2E).
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Literature review

Ultimately, 35 articles related to HA20 patients were
retrospectively analyzed, including 126 patients (eight cases
were included in this study, Table 1) from 62 families. To
analyze the differences between Chinese HA20 patients and
those from other populations, we reviewed the clinical features
(age of onset, oral and genital ulcers, fever, arthritis,
gastrointestinal symptoms, ocular symptoms, skin lesions,
autoantibodies) and genotypes of both groups. Of the 126
cases, 36 were Chinese and 90 were from other populations,
including American, Italian, French, Japanese, and Indian. A
total of 57 different variant sites were identified (Figure 3B), of
which 20 were found in Chinese patients and 41 in patients from
other populations. Interestingly, four TNFAIP3 variants,
c.811C>T, ¢.133C>T, ¢.259C>T, and ¢.305A>G, were shared
by the Chinese population and the others. We found that the
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TABLE 1 Clinical manifestations of three Chinese pedigrees of A20 haploinsufficiency.

Pedigree TNFAIP3 variations Gender Age at onset Age at diagnosis Oral
(NM_006290) (years old) (years old) ulcers
1 c. 1639G>A p. A547T F 18 28 +
(exon 7)
F UN >18 +
F UN >18 +
F UN >18 +
2 c. 1906 + 2T>G (exon 7) F 9 12 +
F 15 35 +
3 c. 811C>T p. R271X M 15 40 +
(exon 6) B 3 10 N

Genital Skin Gastrointestinal ~ Fever Arthritis Uveitis Auto-Ab
ulcers lesions lesions
- + - + + + ANA(+), ANCA(+), B2GP1
(+)
+ - + - - - -
+ + - + - - ANA(+)
" _ + + - - anti-TG(+), anti-TPO(+)

ANA(+), anti-TPO(+), ACA
(+), P2GP1(+)

F, female; M, male; UN, unknown; Ab, antibodies; ANA, antinuclear antibody; ANCA, anti-neutrophil cytoplasmic antibody; ACA, anti-cardiolipin antibody; anti-TG, anti-thyroglobulin;

anti-TPO, anti-thyroperoxidase (TPO); B2GP1, anti-B2-glycoprotein 1 antibody; +, postive; -, negative.

clinical manifestations of patients carrying four missing entire
TNFAIP3 gene segments, c.del (6)q23.2q24.1, c.del (6)
q23.2q24.3 (134387945_147518246), c.del (6)q23.2q23.3 (3.4
Mb), and c.del (6)q23.2q24.3 (11.7 Mb), were not significantly
different from those of patients who had other genotypes. The
clinical features of Chinese HA20 patients were similar to those
of HA20 patients from other populations (p>0.05), except for
genital ulcers, of which the frequency was lower in Chinese
HA20 patients (16.7% vs. 54.4%, p<0.01) (Figure 3A). In
addition, we found that a significant proportion of HA20
patients carried autoantibodies (48/83, 57.8%), such as ANA
(24/83, 28.9%), anti-dsDNA antibodies (9/83, 10.8%), anti-Sm
antibody (2/83, 2.4%), anti-SSA antibody (2/83, 2.4%), anti-
ribosomal P protein antibody (2/83, 2.4%), anti-phospholipid
antibodies (4/83, 4.8%), ANCA (2/83, 2.4%), and anti-TG
antibody (15/83, 18%).

Discussion

In 2016, Zhou et al. first described HA20 (7). Patients with
HA20 commonly have disease onset in early childhood and
mainly manifest as recurrent fever, oral ulcers, gastrointestinal
ulcers, arthritis, retinal vasculitis, and rash (erythema nodosa)
with strong household clustering. In our study, eight Chinese
patients from three families were described. The clinical
characteristics included recurrent oral ulcers (8/8, 100%), fever
(4/8, 50%), perianal ulcer (3/8, 38%), skin lesions (2/8, 25%),
arthritis (1/8, 13%), and uveitis (1/8, 13%). There is a wide
clinical spectrum of illnesses described for HA20. In this study,
we considered three Chinese families, where each proband took
a long time to be diagnosed, with an average delay in diagnosis of
14 years. They were diagnosed with other diseases (CTD, BS, TB,
etc.) before being finally diagnosed. We suggest that HA20
should be considered in child-onset patients with
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manifestations that resemble BS, especially those whose family
members have similar symptoms. Gene testing is critically
helpful for the diagnosis of HA20.

The clinical phenotype of Chinese HA20 patients was similar
to that of patients from other populations except for a lower
frequency of genital ulcers. Intriguingly, in our study 50% (4/8)
of patients had autoantibodies, including ANA in 37.5% (3/8),
anti-TG antibody or anti-TPO antibody in 25% (2/8), ANCA in
13% (1/8), and anti-phospholipid antibodies in 25% (2/8).
Through a literature review, we found that HA20 patients had
a high positive rate of autoantibodies (28, 29). Autoantibodies
were detectable in approximately one-third of the 126 patients.
Among these, the most common autoantibodies were ANA
(28.9%), anti-TG antibody (18%), and anti-dsDNA antibody
(10.8%). Nevertheless, autoantibodies were rarely found in BS
patients. In a large cohort of Japanese BS patients, the frequency
of autoantibodies was only 5.2% (25). SAIDs are disorders
caused by the dysregulation of the innate immune system,
characterized by recurrent inflammation and the lack of
pathogenic autoantibodies or antigen-specific T cells (30), not
only in monogenic SAIDs such as HA20 but also in polygenic
SAIDs such as BS. However, the boundary between SAIDs and
autoimmune diseases is increasingly blurred. For example,
patients with type I interferonopathies may develop variable
autoantibodies. Additionally, autoantibodies can be found in
NLRP3-AID (31). Further studies are needed to explore whether
these autoantibodies detected in HA20 were accidentally
discovered or played a role in the pathogenesis of the disease.

WES is the ultimate strategy for diagnosing HA20. With the
development of gene sequencing technology and the increasing
understanding of HA20, WES has identified an increasing
number of new genotypes. To date, 62 mutations in TNFAIP3
have been found. We found three TNFAIP3 variants in our
study, A547T, c¢.1906+2T>G, and R271X, among which the
latter had been shown to be pathogenic (7). A heterozygous
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(A) Comparison of clinical phenotypes of HA20 patients in China and other populations. *P<0.05. (B) The locations of variants in the TNFAIP3
gene. The red arrows represent the locus of variants in the Chinese (20). The orange arrows represent the locus of variants from other

populations (41). The purple boxes represent co-owned variants (4).

A547T mutation was found in the proband of the first family,
which is characterized by a G to A substitution in exon 7,
resulting in missense alanine-to-threonine exchange. We
consider A547T to be a novel variant in HA20 because of the
typical manifestations of HA20 in the proband of the first family,
including oral and genital ulcers, fever, arthritis and uveitis, and
a minor allele frequency of < 0.0001 of this variant in the Asian
population. In addition, her mother and sisters who carried the
same variant had a similar phenotype. Interestingly, we
identified a paternal heterozygous NOD2 A192 V variant in
this patient, but her father had no symptoms of Blau syndrome,
and her manifestations were not consistent with Blau syndrome.
Due to the lack of functional studies for personal reasons of the
patient, the accurate pathogenic significance of A547T was
indeed unknown.

Intriguingly, we identified another novel variant located in
the noncoding region in the proband of the second family. Since
the minor allele frequency of ¢.1906+2T>G in the noncoding
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region is lower than 0.0001 in the Asian population and Alamut
functional software predicted that it might affect the splicing of
the protein, we think it might play a role in the clinical
manifestation of the proband and her daughter of the second
family. Further functional experiments showed that c.1906
+2T>G resulted in splice site mutation and reduced A20
expression. Abnormal A20 expression was believed to account
for the activation of the NF-«B and NLRP3 inflammasome
signaling pathways as well as high levels of proinflammatory
cytokines in the proband of the second family.

HA20 has only gradually been recognized in recent years. It
is a great challenge for us to deeply study widely heterogeneous
phenotypes, diverse immunological findings, and unpredictable
responses to therapies in this disease. For patients with early
onset BS-like symptoms and familial aggregation should be
tested genetically for A20 haploinsufficiency. We recommend
that the exact etiopathogenesis of HA20 caused by different
TNFAIP3 variants should be further explored. We hope our
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study, coupled with future studies, will enhance awareness of this
condition and improve the detection of HA20 globally.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material. Further
inquiries can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by Ethics Committee of Peking Union Medical College
Hospital. Written informed consent to participate in this study
was provided by the participants’” legal guardian/next of kin.

Author contributions

YT and BXW: study concept and design, acquisition, analysis
and interpretation of data, and drafting of the manuscript. LYP
and JW: collection, analysis, and interpretation of clinical data. YT
and MS: a critical review of the manuscript. YT and BXW
contributed equally to the work. All authors contributed to the
article and approved the submitted version.

References

1. Sakane T, Takeno M, Suzuki N, Inaba G. Behcet's disease. N Engl | Med
(1999) 341:1284€91. doi: 10.1056/NEJM199910213411707

2. ChenJ, Yao X. A contemporary review of behcet’s syndrome. Clin Rev Allergy
Immunol (2021) 61:363-76. doi: 10.1007/s12016-021-08864-3

3. Aeschlimann FA, Batu ED, Canna SW, Go E, Giil A, Hoffmann P, et al. A20
haploinsufficiency (HA20): clinical phenotypes and disease course of patients with
a newly recognised NF-kB-mediated autoinflammatory disease. Ann Rheum Dis
(2018) 77(5):728-35. doi: 10.1136/annrheumdis-2017-212403

4. Lawless D, Pathak S, Scambler TE, Ouboussad L, Anwar R, Savic S. A case of
adult-onset still s disease caused by a novel splicing mutation in TNFAIP3
successfully treated with tocilizumab. Front Immunol (2018) 4(9):1527.

5. Gans MD, Wang H, Moura NS, jevich IA, Rubinstein A. A Rubinstein: A20
haploinsufficiency presenting with a combined immunodeficiency. J Clin Immunol
(2020) 40:1041-4. doi: 10.1007/s10875-020-00823-5

6. Lee EG, Boone DL, Chai S, Libby S, Chien M, Lodolce JP, et al. Failure to
regulate TNF-induced NF-kappaB and cell death responses in A20-deficient mice.
Science (2000) 289:2350-4. doi: 10.1126/science.289.5488.2350

7. Zhou Q, Wang H, Schwartz DM, Stoffels M, Park YH, Zhang Y, et al. Loss-of-
function mutations in TNFAIP3 leading to A20 haploinsufficiency cause an early-
onset autoinflammatory disease. Nat Genet (2016) 48(1):67-73. doi: 10.1038/
ng.3459

8. Berteau F, Rouviere B, Delluc A, Nau A, Berre RL, Sarrabay G, et al.
Autosomic dominant familial behcet disease and haploinsufficiency A20: a
review of the literature. Autoimmun Rev (2018) 17(8):809-15. doi: 10.1016/
j.autrev.2018.02.012

Frontiers in Immunology

10.3389/fimmu.2022.955079

Funding

This work was supported by the Natural Science
Foundation of Beijing (Grant No.7192170); the National Key
Research and Development Program of China (Grant
No0.2016YFC0901500; 2016YFC0901501).

Acknowledgements

The authors would like to acknowledge the patients for their
consents to participate in the study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

9. Kadowaki T, Ohnishi H, Kawamoto N, Morio T, Fukao T, Kanegane H, et al.
Haploinsufficiency of A20 causes autoinflammatory and autoimmune disorders. ]
Allergy Clin Immunol (2018) 141(4):1485-1488.e11. doi: 10.1016/j.jaci.2017.10.039

10. Ohnishi H, Kawamoto N, Seishima M, Ohara O, Fukao T. A Japanese family
case with juvenile onset behcet’s disease caused by TNFAIP3 mutation. Allergol Int
(2017) 66(1):146-8. doi: 10.1016/j.alit.2016.06.006

11. Shigemura T, Kaneko N, Kobayashi N, Kobayashi K, Takeuchi Y, Nakano
N, et al. Novel heterozygous C243Y A20/TNFAIP3 gene mutation is responsible for
chronic inflammation in autosomal-dominant behcet’s disease. RMD Open (2016)
2(1):e000223.

12. Aksentijevich I, Zhou Q. NF-kappaB pathway in autoinflammatory diseases:
dysregulation of protein modifications by ubiquitin defines a new category of
autoinflammatory diseases. Front Immunol (2017) 8:399. doi: 10.3389/
fimmu.2017.00399

13. Duncan CJA, Dinnigan E, Theobald R, Grainger A, Skelton AJ,
Hussain R, et al. Early-onset autoimmune disease due to a heterozygous
loss-of-function mutation in TNFAIP3 (A20). Ann Rheum Dis June (2017)
28:783-86.

14. Wang S, Wen F, Wiley GB, Kinter MT, Gaffney PM. An enhancer element
harboring variants associated with systemic lupus erythematosus engages the
TNFAIP3 promoter to influence A20 expression. PloS Genet (2013) 9:¢1003750.
doi: 10.1371/journal.pgen.1003750

15. Adrianto I, Wen F, Templeton A, Wiley G, King JB, Lessard CJ, et al.
Association of a functional variant downstream of TNFAIP3 with systemic lupus
erythematosus. Nat Genet (2011) 43:253-8. doi: 10.1038/ng.766

16. Wang S, Wen F, Tessneer KL, Gaffney PM. TALEN-mediated enhancer
knockout influences TNFAIP3 gene expression and mimics a molecular phenotype
associated with systemic lupus erythematosus. Genes Immun (2016) 17:165-70.
doi: 10.1038/gene.2016.4

frontiersin.org


https://doi.org/10.1056/NEJM199910213411707
https://doi.org/10.1007/s12016-021-08864-3
https://doi.org/10.1136/annrheumdis-2017-212403
https://doi.org/10.1007/s10875-020-00823-5
https://doi.org/10.1126/science.289.5488.2350
https://doi.org/10.1038/ng.3459
https://doi.org/10.1038/ng.3459
https://doi.org/10.1016/j.autrev.2018.02.012
https://doi.org/10.1016/j.autrev.2018.02.012
https://doi.org/10.1016/j.jaci.2017.10.039
https://doi.org/10.1016/j.alit.2016.06.006
https://doi.org/10.3389/fimmu.2017.00399
https://doi.org/10.3389/fimmu.2017.00399
https://doi.org/10.1371/journal.pgen.1003750
https://doi.org/10.1038/ng.766
https://doi.org/10.1038/gene.2016.4
https://doi.org/10.3389/fimmu.2022.955079
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Tian et al.

17. Jiang W, Deng M, Gan C, Wang L, Mao H, Li Q. A novel missense mutation
in TNFAIP3 causes haploinsufficiency of A20. Cell Immunol (2022) 371:104453.
doi: 10.1016/j.cellimm.2021.104453

18. Chen Y, Huang H, He Y, Chen M, Seidler U, Tian D, et al. A20
haploinsufficiency in a Chinese patient with intestinal behcet's disease-like
symptoms: A case report. Front Immunol (2020) 11. doi: 10.3389/
fimmu.2020.01414

19. Zhang D, Su G, Zhou Z, Lai J. Clinical characteristics and genetic analysis of
A20 haploinsufficiency. Pediatr Rheumatol (2021) 19(1):1-10. doi: 10.1186/s12969-
020-00490-1

20. Li G, Liu H, Guan W, Xu H, Wu B, Sun L. Expanding the spectrum of A20
haploinsufficiency in two Chinese families: cases report. BMC Med Genet (2019)
20:124. doi: 10.1186/512881-019-0856-1

21. He T, Huang Y, Luo Y, Xia Y, Wang LL, Zhang H, et al. Haploinsufficiency
of A20 due to novel mutations in TNFAIP3. ] Clin Immunol (2020) 40:741-51. doi:
10.1007/s10875-020-00792-9

22. Zheng C, Huang Y, Ye Z, Wang Y, Tang Z, Lu J, et al. Infantile onset
intractable inflammatory bowel disease due to novel heterozygous mutations in
TNFAIP3 (A20). Inflammation Bowel Dis (2018) 24:2613-20. doi: 10.1093/ibd/izy165

23. Yan M, Li D, Aknai S, Abudureyim M. Mutation analysis of the TNFAIP3 in
A20 haploinsufficiency: A case report. Med (Baltimore) (2021) 100:e25954. doi:
10.1097/MD.0000000000025954

24. Dong X, Liu L, Wang Y, Yang X, Wang W, Lin L, et al. Novel heterogeneous
mutation of TNFAIP3 in a Chinese patient with behget-like phenotype and
persistent EBV viremia. J Clin Immunol (2019) 39:188-94. doi: 10.1007/s10875-
019-00604-9

Frontiers in Immunology

10

10.3389/fimmu.2022.955079

25. Yang J, Zhang Y. Protein structure and function prediction using I-
TASSER. Curr Protoc Bioinf (2015) 52:5.8.1-5.8.15. doi: 10.1002/0471250953.
bi0508s52

26. Duong BH, Onizawa M, Oses-Prieto JA, Advincula R, Burlingame A,
Malynn BA, et al. A20 restricts ubiquitination of pro-Interleukin-1f protein
complexes and suppresses NLRP3 inflammasome activity. Immunity (2015)
42:55-67. doi: 10.1016/j.immuni.2014.12.031

27. Vande Walle L, Van Opdenbosch N, Jacques P, Fossoul A, Verheugen E,
Vogel P, et al. Negative regulation of the NLRP3 inflammasome by A20
protects against arthritis. Nature (2014) 512(7512):69-73. doi: 10.1038/
naturel3322

28. Tsuchida N, Kirino Y, Soejima Y, Onodera M, Arai K, Tamura E, et al.
Haploinsufficiency of A20 caused by a novel nonsense variant or entire deletion of
TNFAIP3 is clinically distinct from behget’s disease. Arthritis Res Ther (2019)
21:137.

29. Hautala T, Vihisalo P, Kuismin O, Salla K, Kristiina R, Antti V, et al. A
family with A20 haploinsufficiency presenting with novel clinical manifestations
and challenges for treatment. JCR: J Clin Rheumatol (2021) 27:¢583-7. doi:
10.1097/RHU.0000000000001268

30. Ben-Chetrit E, Gattorno M, Gul A, Kastner DL, Lachmann HJ, Touitou I,
et al. Ruperto n: Consensus proposal for taxonomy and definition of the
autoinflammatory diseases (AIDs): a Delphi study. Ann Rheum Dis (2018) 77
(11):1558-65. doi: 10.1136/annrheumdis-2017-212515

31. Zhang L, Sun Y, Yu W, Wu D, Shen M, Wang R, et al. Autoantibodies in
NLRP3-associated autoinflammatory disease: a case report. Clin Exp Rheumatol
(2020) 38 Suppl 127(5):122-3.

frontiersin.org


https://doi.org/10.1016/j.cellimm.2021.104453
https://doi.org/10.3389/fimmu.2020.01414
https://doi.org/10.3389/fimmu.2020.01414
https://doi.org/10.1186/s12969-020-00490-1
https://doi.org/10.1186/s12969-020-00490-1
https://doi.org/10.1186/s12881-019-0856-1
https://doi.org/10.1007/s10875-020-00792-9
https://doi.org/10.1093/ibd/izy165
https://doi.org/10.1097/MD.0000000000025954
https://doi.org/10.1007/s10875-019-00604-9
https://doi.org/10.1007/s10875-019-00604-9
https://doi.org/10.1002/0471250953.bi0508s52
https://doi.org/10.1002/0471250953.bi0508s52
https://doi.org/10.1016/j.immuni.2014.12.031
https://doi.org/10.1038/nature13322
https://doi.org/10.1038/nature13322
https://doi.org/10.1097/RHU.0000000000001268
https://doi.org/10.1136/annrheumdis-2017-212515
https://doi.org/10.3389/fimmu.2022.955079
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Three Chinese pedigrees of A20 haploinsufficiency: clinical, cytokine and molecular characterization
	Introduction
	Patients and methods
	Patients
	In vitro stimulation
	Reverse transcription-polymerase chain reaction (RT–PCR)
	Immunoblot analysis
	Cytokine quantification
	Systemic literature review

	Results
	Case presentation
	The first family
	The second family
	The third family

	Pathogenicity validation of novel TNFAIP3 mutations
	Literature review

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


