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A new‑disease‑causing 
dominant‑negative variant 
in CARD11 gene in a Chinese case 
with recurrent fever
Peiwei Zhao 1,5, Qingjie Meng 2,5, Yali Wu 3,5, Lei Zhang 1, Xiankai Zhang 1, Li Tan 1, Yan Ding 3*, 
XiaoXia Lu 4* & Xuelian He 1*

Immunodeficiency 11B with atopic dermatitis (IMD11B, OMIM:617638) is rare primary 
immunodeficiency disease caused by germline dominant negative (DN) mutations in the CARD11 
gene. Affected patients present with immune dysfunction, recurrent infections and atopic dermatitis. 
In this study, we sought to identify and characterize the genetic variant in one patient with periodic 
fever, recurrent infections, and eczema. Trio whole-exome sequencing (WES) was employed in this 
patient and her parents, and Sanger sequencing validated the potential pathogenic variant. In vitro 
functional study was performed to evaluate the pathogenicity of genetic variant identified. A very rare 
missense mutation (c.2324C > T, p.S775L) in CARD11 gene (NM_032415) was identified by WES in the 
patient but not her parents. Luciferase reporter assays and co-immunoprecipitation demonstrated 
mutation exerts a dominant-interfering effect on wild-type CARD11, inhibiting the activity of NF-κB. 
RNA sequencing analysis also confirmed that mutant CARD11 inhibited down-stream transcriptional 
activity of NF-κB. A review of literature doesn’t found significant genotype–phenotype correlation. 
We identified a vary rare DN CARD11 mutation, expanding the genetic and phenotypic spectrum of 
CARD11.
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Abbreviations
DN	� Germline dominant negative
IMD11B	� Immunodeficiency 11B with atopic dermatitis
CARD11	� Caspase recruitment domain-containing protein 11
CARMA1	� Caspase recruitment domain membrane-associated guanylate kinase protein 1
MAGUK	� Membrane-associated guanylate kinase domain
IMD11A	� Immune disorders, including immunodeficiency 11A
LOF	� Loss of function
BENTA	� B cell expansion with NF-κB and T cell Anergy
GOF	� Gain of function
DLBCL	� Diffuse larger B cell lymphoma
ACMG	� American College of Medical Genetics and Genomics

Caspase recruitment domain-containing protein 11(CARD11), also known as caspase recruitment domain mem-
brane-associated guanylate kinase protein 1 (CARMA1), is a scaffolding protein and expressed in hematopoietic 
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tissue and lymphocytes1. CARD11 interacts with BCL10 and MALT1 to assemble the CARD11-BCL10-MALT1 
(CBM) complex and the assembly of CBM is an essential step in the activation of the IκB kinase (IκK)/nuclear 
factor kappa-B (NF-κB) through B-cell and T-cell receptors2–4.

Human CARD11 consists of 1154 amino asides and contains multiple functional domains, including a N-ter-
minal CARD (1–110), LATCH (112–130), coiled-coil (130–449), autoinhibitory and a C-terminal MAGUK 
(667–1140) domains. MAGUK is comprised of PDZ, L3, SH3 and GUK subdomains5,6. Germline CARD11 
mutations have been associated with three types of primary immune disorders, and different types of muta-
tions lead to different phenotypes. Bi-allelic loss-of-function (LOF) mutations are linked to immunodeficiency 
11A (IMD11A, OMIM 615206)7, whereas heterozygous gain of function (GOF) and dominant negative (DN) 
mutations cause B cell expansion with NF-κB and T cell Anergy (BENTA, OMIM 616452) and heterozygous 
dominant negative mutations causes immunodeficiency 11B with atopic dermatitis (IMD11B, OMIM 617638), 
respectively8,9. In addition, somatic mutations in CARD11 have been commonly found in some hematologic 
cancers, especially in diffuse larger B cell lymphoma (DLBCL)11.

IMD11B is characterized by early onset of moderate to severe atopic dermatitis and other allergic conditions 
in childhood, and patients may have recurrent infections and other immune abnormalities11. Laboratory stud-
ies revealed defects in T-cell activation and an elevated IgE levels12. Until now, only 17 different DN mutations 
from 62 patients have been reported, and most of them are located in the N-terminal CARD and CC domains 
of the CARD11 protein6,11,13–17.

In this study, we report a Chinese girl with periodic fever and recurrent infections, from whom a new-
disease-causing variant (c.2324C > T, p.S775L) in the CARD11 gene (NM_032415) was identified using whole 
exome sequencing (WES). Further investigation revealed that this mutation led to decreased NF-κB activation 
and had a DN effect in vitro. In addition, the clinical phenotypes and genotypes of all patients with IMD11B 
were summarized.

Materials and methods
Genetic tests
Informed consent was procured from the patient’s parents, and 2 ml peripheral blood samples were collected from 
the family members. This study was approved by the institutional review board of Wuhan Children’s Hospital, 
Tongji Medical College, Huazhong University of Science & Technology (NO. 2021R060-E01).

Trio-WES was conducted and the identified variant was confirmed by Sanger sequencing using self-designed 
primers (S775L-F: GCT​ATG​AGC​TCT​AAG​AGC​AGC; S775L-R: CAG​GTC​ATG​GTC​TGT​GAA​AGG). Conserva-
tion analysis of protein amino acid was conducted using MEGA software.

CARD11 plasmid construction and cell transfection
Wildtype CARD11 plasmid (WT-CARD11) was given by Xin Lin (http://​n2t.​net/​addge​ne:​44431) as a gift. S775L-
CARD11 and R30W-CARD11 plasmids (a DN mutation, included as a positive control)13, were generated by site-
directed mutagenesis. HCT116 cells were grown in DMEM supplemented with 10% fetal bovine serum (Gibco, 
Thermo Fisher Scientific), and transfected with 2 μg plasmids (pcDNA3.1, WT-CARD11, R30W-CARD11 
and S775L-CARD11) in 6-well plates using Lipofectamine 3000 (Invitrogen) according to the manufacturer’s 
instructions.

Western blot
Cells were harvested in 1% NP-40 lysis buffer (50 mM Tris, pH 7.4, 150 mM NaCl, 1 mM EDTA, 1% NP-40, and 
0.5% sodium deoxycholate), incubated on ice for 30 min, and centrifugated at 12,000 rpm for 10 min at 4 °C. 
Cell nucleoprotein was extracted using NE-PER™ Nuclear and Cytoplasmic Extraction Reagents (Thermo Fisher 
Scientific). 20 μg of total protein was resolved using a 12% SDS-PAGE followed by transfer to PVDF membrane 
blocked in PBS with 5% milk. The membranes were then probed with the following antibodies: CARD11 (Pro-
teintech, 21741-1-AP), NF-κB p65 (Cell Signaling Technology, #8242), lamin A/B (Cell Signaling Technology, 
#12586S) and GAPDH (Proteintech, 60004-1-Ig). After washing, the membrane was incubated HRP-conjugated 
secondary antibodies (Southern Biotech) and imaged by enhanced chemiluminescence (ECL, Thermo Fisher 
Scientific).

Luciferase reporter assays
After cultured for 12 h in 24-well plates (2 × 105 cells/well), HCT116 cells were co-transfected with 300 ng of 
pcDNA3.1 + , CARD11-expression vector (WT, R30W and S775L) as needed, 200 ng of pNFκB-luc (Bayotime, 
Shanghai, China) containing NF-κB binding motifs (GGG​AAT​TTCC), and 100 ng of pRL-TK control plasmid 
(containing Renillareniformis luciferase gene, Promega, Madison, WI). After 36 h, the cells were lysed and ana-
lyzed for luciferase activity using the Dual-Luciferase reporter Assay System (Promega, Madison, WI). Three 
independent experiments were performed to assess luciferase activity.

Co‑immunoprecipitation
Empty vectors (pcDNA3.1), Flag-tagged wild type, R30Wand S775L CARD11 variants, along with expression vec-
tors for HA-BCL10 were co-transfected into 293 T cells using Lipofectamine 3000 according to the manufacturer’s 
protocols. After cells were lysed, anti-HA immunoprecipitation were performed according to the agarose beads 
instructions (Immunoprecipitation Kit with Protein A + G Agarose Gel). Briefly, the sample and HA-Tag Rabbit 
antibody were incubated at 4 °C with continuous mixing. Then the antibody-antigen complex was added and 
incubated for 60 min at room temperature with continuous mixing. After a total of 3 washes with PBS containing 
0.1% Tween, samples were resuspended in elution buffer and prepared for electrophoresis.

http://n2t.net/addgene:44431
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RNA‑seq analysis
The experimental protocol was carried out as described previously18. RNA for RNA-seq was isolated from 
WT-CARD11 and S775L-CARD11 cells using TRIzol® reagent (Invitrogen) according to the manufacturer’s 
instructions. One mg of total RNA from each sample was used for cDNA library construction. High-throughput 
Sequencing was carried out on an Illumina sequencer instrument, and a total of 20 million reads per sample were 
acquired (2 × 108 bp). The raw data were processed for differential gene expression analysis using transcripts 
per million (TPM) mapped reads using the TopHat alignment program, and the expression values of reads were 
normalized using Log2TPM.

Statistical analysis
Graphpad Prism 5 software was used for statistical analyses. Data was subjected to unpaired Student’s t-test to 
compare two groups or a one-way analysis of variance (ANOVA) to compare one variable among three or more 
groups. The statistical significance is indicated by a p-value (*p < 0.05, **p < 0.01, ***p < 0.001). All experiments 
were performed in duplicates and repeated three times.

Results
Case presentation
The patient was a 2-year-and-9-month-old girl and referred to the department of rheumatology and immunol-
ogy with the chief complaints of periodic fever for 2 years and mouth ulcers for 4 months. Since the age of 8 
months, the patient had a febrile episode every 2–3 weeks with the maximum temperature being 40.3 °C and 
4–5 time of heat peak per day. The episode usually lasted 3–4 days, and the longest one lasted 42 days. The febrile 
episodes were accompanied by purulent tonsillitis and skin rash. There was no associated cough, sputum, joint 
pain and swelling, abdominal pain, vomiting, diarrhea, and ocular signs. The fever was resolved spontaneously 
or by occasionally oral antipyretics and antibiotics. During the febrile episodes, the increased inflammatory 
indicators, such as the white blood cell counts, C-reactive protein, and inflammatory factors were increased. At 
the age of 18 months, she had severe eczema and was treated with hydrocortisone butyrate 0.1% cream, and the 
symptom was in remission after 2 years of age. She was the only child and her parents were non-consanguineous. 
Her familial history and birth history were unremarkable.

On physical exam, the child was afebrile, and had normal growth and development. Several painfless lymph 
nodes (1.2 × 1.0 cm) were palpated in the neck. There were numerous ulcers on the mucous membrane of 
the mouths, slight bilateral pharyngeal erythema and tonsil enlargment. Laboratory examination showed her 
white blood cell count (14.28 × 109/L) was increased. The proportion of lymphocytes (32.1%, normal range 
23–69%) was normal (Table 1). The CD19 + B cell population was moderately high (1572 cells/mL, normal 
range 240–1317 cells/mL) and other lymphocytes were within the normal range. Serum IgM level was decreased 
(0.36 g/L, normal range 0.42–1.73 g/L), and IgG and IgE levels were normal. Inflammatory factors IL8 and TNFα 
increased significantly. Due to repeated fever and swollen lymph nodes, bone marrow aspiration was performed 
and no abnormality was observed. Abdominal CT scan was also normal (Fig. 1A). Based on the patient’s pheno-
type, the clinical diagnosis of periodic fever, aphthous stomatitis, pharyngitis, and adenitis (PFAPA) syndrome 
was considered by a rheumatologist.

Identification of a very rare germline CARD11 mutation
A trio-WES was performed to determine the cause of the patient’s periodic fever and make a further defini-
tive diagnosis. Bioinformatic analysis was conducted to screen possible pathogenic variants from the raw fastq 
sequencing data. A heterozygous missense mutation (c.2324C > T, p.S775L) was identified in the CARD11 gene 
(NM_032415), and Sanger sequencing analysis showed it was de novo and not found in her parents (Fig. 1B,C). 
The mutated site, located between the PDZ and SH3 domains, is conserved among different species (Fig. 1D). 
The germline variant has been found in the databases (rs2115038523) with no population frequency, while the 
somatic variant was not listed in the COSMIC database. This variant is interpreted as likely pathogenic according 
to American College of Medical Genetics and Genomics (ACMG) guidelines for variant classification. Based on 
the clinical presentations and genetic findings, the genetic diagnosis of IMD11B was made.

Dominant‑interfering effect of S775L mutation
As mentioned earlier, IMD11B was caused by heterozygous DN mutations in CARD11, to further clarify the 
pathogenicity of the S775L variant, an in-vitro functional study was conducted in HCT116 cells. First, we exam-
ined the effects of S775L on the expressions of CARD11 gene and protein by transfecting plasmids containing 
WT-CARD11, S775L, R30W (DN control), and pcDNA3.1( +), respectively. As shown in Fig. 2A–C, S775L did 
not affect CARD11 mRNA but obviously decreased the expression of CARD11 protein, which indicated that 
S775L could suppress the expression of CARD11 or impair the stability of CARD11.

As CARD11 functions in the activation of the NF-κB signaling pathway, to further investigate the effects of 
the S775L mutation, a pNF-κB-luc reporter system was used to evaluate NF-κB activation by transfecting plas-
mids containing pcDNA3.1(+), WT, S775L, R30W (DN control), and K344del (GOF control)18 to HCT116 cells, 
respectively. As shown in Fig. 2D, a significantly lower luciferase signaling was observed in cells with mutated 
S775L compared with that in cells with WT no matter expressing these plasmids alone or coexpressing them 
with equal WT to mimic heterozygous state of CARD11 mutant (Fig. 2D), suggesting S775L as a DN variant. As 
S775L was found to suppress the expression of CARD11, to reduce the influence of different protein expression 
levels on the NF-κB luciferase, we expressed equivalent levels of proteins of WT, S775L and R30W by adjusting 
the amounts of corresponding plasmid according to the expression level of proteins as shown in Fig. 2B. As 
expected, the luciferase activity of S775L, was significantly lower compared with WT (Fig. 2E), indicating that 
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S775 has a DN suppression, similar to R30W. Due to both LOF and DN suppression, it is not surprising that the 
levels of NF-κB p65 in the nuclear fraction were significantly decreased in mutant CARD11 compared to WT 
CARD11(Fig. 2F).

Additionally, several target genes, such as LAMTOR5, VAV2, BCL2L1, SKP2, IGF1R, RPS6KA1, ATP6V1C1, 
and FOS in the NF-κB and mTOR signaling pathways had lower expressing levels in HCT116 cells with mutated 
CARD11 than that in the WT, as detected by RNA-seq (Fig. 3A,B), which further confirms the S775L variant 
having a LOF suppression.

Immunoprecipitation experiments showed the interaction between CARD11 and BCL10, and mutated 
CARD11 was found to be involved in the formation of CBM complexes (Fig. 4A). Moreover, Flag-tagged 
CARD11 variants co-precipitated with wild-type HA-tagged CARD11 when co-expressed in HCT116 cells, show-
ing that mutant CARD11 can directly associate with wild-type CARD11 proteins in CBM complexes (Fig. 4B) 
and exert dominant negative effect.

Literature review of cases of DN mutations in the CARD11 gene
Literature review of all cases with DN mutations in CARD11 was conducted by using the keywords “CARD11 
gene” and “dominant negative mutation” in multiple databases including Pubmed, Medline, and Clinvar. We 
reviewed 7 articles including 62 cases6,11,13–17 and the clinical information of these patients were summarized 
in Table 2.

Among the 63 patients (from 26 families), including our patient (Table 2), there were 33 males and 30 females, 
ranging from 2 months to 77 years of age. The main clinical manifestations of the patients were atopic dermatitis 
(50/63), recurrent infections (43/63), asthma (33/63), and food allergies (21/63). More than half of the patients 
had low IgM levels (28/53). The overall clinical phenotypes were heterogeneous, where some patients have severe 
atopic dermatitis with or without comorbid infections, while others had mild symptoms with asthma or food 
allergies, and most patients improved over time. Furthermore, a DN mutation (I52T) in CARD11, was identi-
fied in a case of very early onset inflammatory bowel disease (VEO-IBD), thus, CARD11 was considered as one 
of VEO-IBD pathogenic genes, and this findings extends the clinical and immunologic phenotypes related to 
CARD11 gene deficiency17.

As shown in Fig. 1, a total of 17 germline DN mutations have been reported. Fifteen of these mutations lie 
within the N-terminal CARD or CC domains; and two mutations were in the GUK domain. Seven patients car-
rying the c.183_196dup variant from two families had severe specific dermatitis, infections, and pneumonia, 

Table 1.   Clinical laboratory examination of this patient.

Clinical manifestation Detection result Normal range

Age/sex 33 month/female

Age of onset 2 month

Clinical manifestation Recurrent infections and periodic fever, Oral ulcers

WBC (109/L) 14.28 5.5–12

RBC (1012/L) 4.45 3.7–5.3

PLT (109/L) 447 100–378

HGB (g/L) 113 110–149

Lymphocytes (%) 32.1 40–70

CD3 + T lymphocytes (n/µl) 3315 805–4459

CD3 + % 63.59 38.56–70.06

CD4 + T lymphocytes (n/µl) 2138 345–2350

CD4 + % 41.7 14.21–36.99

CD8 + T lymphocytes (n/µl) 880 314–2080

CD8 + % 16.91 13.24–38.53

CD19 + B lymphocytes (n/µl) 1572 240–1317

CD19 + % 30.11 10.86–28.03

CD16 + 56 + NK cells (n/µl) 232 210–1514

CD16 + 56 + % 4.45 7.92–33.99

IgG (g/L) 7.21 3.48–7.01

IgA (g/L) 1.88 0.28–1.08

IgM (g/L) 0.36 0.42–1.73

IgE (IU/mL) 7.55 0–60

IL2 (pg/mL) 5.76 0.32–1.46

IL8 (pg/mL) 1028.44 0–21.4

IL-12p70 (pg/mL) 3.64 0–3.2

TNF-a (pg/mL) 12.67 0–5.5

Bone marrow cell morphology No abnormal conditions
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indicating that this mutation may lead to a more severe phenotype10,14, but this conclusion requires more cases 
for verification. Other than that, no obvious genotype–phenotype correlation was observed.

Discussion
The possible association of hypomorphic CARD11 activity with atopy was first reported by Goodnow and col-
leagues in the unmodulated mice being homozygous for a hypomorphic Card11 mutation (p.Leu298Gln)19. 
This correlation was confirmed by Milner et al. in patients with severe atopic dermatitis carrying heterozygous 
hypomorphic mutations in CARD1111.

In this work, we reported a 2-year-and 9-month-old patient with periodic fevers, recurrent infections, and 
eczema. WES revealed a very rare germline mutation c.2324C > T (p.S775L) in the CARD11 gene, which was asso-
ciated with BENTA, IMD11B, and combined immunodeficiency (CID). Based on the patient’s clinical manifesta-
tions, laboratory test results and genetic findings, a genetic diagnosis of IMD11B was considered. Furthermore, 
we confirmed the DN effect of the S775L mutation through in vitro experiments. The results showed that at the 
same expression level as wild-type CARD11, S775L led to a downregulation of NF-κB signaling pathway activa-
tion, consistent with the previously reported DN R30W. As expected, the expression levels of several genes in the 
NF-κB and mTOR signaling pathways such as LAMTOR5, VAV2, BCL2L1, SKP2, IGF1R, RPS6KA1, ATP6V1C1, 
and FOS, were decreased in HCT116 cells with mutated CARD11 than that in the WT, which is consistent with 
the fact that CARD11 plays an important role in these pathways1,2.

To date, 17 germline DN mutations were identified. Interestingly, most DN mutations (11/17) are located in 
the CARD domain, a known hot spot for IMD11B; In addition, besides two (R975W and R974C) in the GUK 
domain, other DN mutations are located within the N-terminal < 200 AA range of the CARD and coiled-coil 
(CC) domains (which connect to CARD conformationally)20,21. No DN mutations was found between residues 
200–970, which includes the C-terminal portion of the CC domain, flexible linker, and PDZ and SH3 domains. 

Fig. 1.   Characterization of our patient with CARD11 gene mutation. (A) No abnormalities found on bone 
marrow smear. (B,C) Pedigrees of this family and sanger sequencing of CARD11 mutation. (D) Aligned amino 
acid sequence at this mutation among different species. The position at residue 775 is noted by a gray bar and 
highly conserved throughout all indicated species; (E) Scheme of the distribution of the CARD11mutations. 
Gain of function mutations are highlighted in red, dominant negative mutations are in blue, and loss of function 
mutations are in black. The mutation found in this study was marked in red box.
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S775 is located in the Linker 3 (L3) region (AA753-778) between the PDZ and SH3 domains of CARD11, which 
is distinct from the locations of previously reported DN mutations, highlighting the uniqueness of the identi-
fied DN variant S775L in this study and potentially providing novel insights into the molecular mechanisms of 
the DN effect.

The CARD and LATCH domains of CARD11 are recognized to participate in the Opening Step of CARD11 
signaling. The DN mutations at residues R30, E57, and R72 in the CARD, and H129 in the LATCH, could pre-
vent the inducible association of BCL10 and HOIP with CARD11 downstream of T-cell receprot triggering9,22. 
As mentioned above, S775 is located in the L3, between the PDZ and SH3 domains of CARD11. L3, SH3, L4, 
and GUK domains are essential for physiological CARD11 signaling and interact with three of the four small 
inhibitory elements (RE1-3) in the inhibitory domain of the protein to maintain a spatially close, auto-inhibited 
conformation; upon CARD11 signaling activation, this conformation changes, separating L3, SH3, L4, and GUK 
from REs to accommodate the activated receptor20,21. Therefore, we speculate that S775L may lead to abnormally 

Fig. 2.   Expressions of CARD11-WT and S775L in HCT116 cells. Expressions of RNA and protein of mutant 
CARD11 and its controls (A,B); (C) Expression levels of mutant CARD11 at different plasmid concentrations. 
(D) The expression levels of The activity of NF-kB dependent luciferase of cell extracts from each sample with 
equivalent plasmid was measured and recorded as a fold increase compared to control cells with WT-CARD11 
plasmid. (E) The activity of NF-kB dependent luciferase of cell extracts from each sample with equivalent 
protein was measured. (F) The levels nuclear fraction NF-kB p65 in HCT116 cells transfected with WT or 
mutant CARD11. GAPDH and Lamin B serve as a control. 2× and 3× indicates the amounts of plasmids 
used for transfection were double or triple, respectively. NC: normal control, cells transfected with pcDNA3.1 
plasmid. *p < 0.05, **p < 0.01, ***p < 0.001.
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enhanced interactions between L3 and REs, preventing the protein chain from unfolding properly and resulting 
in downregulation of signaling activation. In order to understand the underlying mechanism, more functional 
study is needed.

To date, a total of 62 patients with CARD11 DN variants were identified, and their clinical manifestations 
were highly heterogeneous6,11,13–17. Their main clinical manifestations were atopic dermatitis (79.4%), recurrent 
infections (68.2%), asthma(52.4%), and food allergies (33.3%). There was no significant genotype–phenotype 
correlation. Due to the clinical features, including repeated fever at fixed intervals every 2–3 weeks, spontaneous 
remission resolution (although she was occasionally treated with oral antipyretics and antibiotics), associated 
tonsillitis, cervical adenitis and skin rash, our patient was considered first as PFAPA at the time of admission. 

Fig. 3.   Transcriptomic analysis in HCT cells transfected with plasmids WT-CARD11 and R30W-CARD11 
in transcripts level and in gene level (A,B). Heat map of differentially expressed genes involved in NF-kB and 
mTOR pathways between WT and S775L by RNA-seq analysis in HCT116 cells. Color scales of heatmap refer to 
Log2TPM (C).

Fig. 4.   Anti-HA immunoprecipitation (IP) was performed in HCT116 cells transfected with pcDNA3.1, WT, 
R30W, S775L and HA-BCL10.Input lysates were immunoblotted with the indicated antibodies to confirm 
CARD11 expression. CARD11 mutants are still involved in the formation of CBM complexes (A). WT CARD11 
can directly associate with mutant CARD11 proteins (B).
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After performing WES and Sanger sequencing, a rare primary immunodeficiency disease, IMD11B, caused 
by the DN mutation in CARD11, was considered. To our knowledge, this is the first case of a DN mutation in 
CARD11 to have periodic fever with tonsillitis and skin rash.

The heterogeneity of clinical presentations in patients with CARD DN mutations could be explained by the 
following reasons. First, the phenomena that atopy was mild or absent in a number of patients may be because 
these atopic symptoms improved with age6,23,24, which is consistent with the skin features of our patient, who 
had severe eczema before 18 months of age, but now she has no skin problem. Second, the inhibitory effects of 
NF-κB activation is different, and some mutants are strong dominant-negative CARD11 variants (R30W, R72Q,) 
while others are moderate, or weak(N25Y, K83M)9, which may also determine the extent of phenotypic hetero-
geneity. Last, in addition to atopy, other clinical manifestations, such as infections, mouth ulcers, neutropenia, 
hypogammaglobulinemia, and lymphoma were observed in some patients, which suggests the complexity of 
pathways CARD11 involved, and more functional studies are needed.

Conclusions
We reported a de novo heterozygous variant in the CARD11 gene from a patient with repeated fever, recurrent 
infections, and atopic dermatitis. Our functional study provides evidence for the DN effect of this variant and 
expands the genetic spectrum of this gene. And also, we emphasize the value of WES for genetic diagnosis in 
rare diseases. Further, functional studies are equally important for a definitive diagnosis.

Data availability
The data underlying this article will be shared on reasonable request to the corresponding author. RNA-seq data 
were deposited into the NCBI database under accession number PRJNA998565 and are available at following 
URL: https://​www.​ncbi.​nlm.​nih.​gov/​biopr​oject/​PRJNA​998565. Novel variant was deposited into the Clinvar 
database with accession number SCV004014849, which was hold until the article published. The experimental 
data that support the findings of this study are available in Jianguoyun with the identifier URL: https://​www.​
jiang​uoyun.​com/p/​DRutw​nUQ9p​TKCRi​Y0M0F​IAA.
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