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Introduction

B-cell expansion with nuclear factor kappa B (NF-κB) and 
T-cell anergy (BENTA) was first reported in 2012 as a rare 
primary immunodeficiency disorder [1]. It presents as con-
genital polyclonal B-cell lymphocytosis accompanied by 
splenomegaly, lymphadenopathy, and a reduced vaccine 
response. According to the recently updated 2022 classifica-
tion of inborn errors of immunity by the International Union 
of Immunological Societies Expert Committee, BENTA is 
classified as a predominantly antibody deficiency [2].
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Abstract
Purpose  B-cell expansion with nuclear factor kappa B and T-cell anergy (BENTA) is an inborn error of immunity char-
acterized by congenital polyclonal B-cell lymphocyte expansion. In this report, we present a case of a girl diagnosed with 
BENTA carrying a novel CARD11 germline mutation, aiming to clarify the clinical presentation of BENTA by conducting 
a literature review.
Methods  Genetic analysis, including whole-exome sequencing, was performed using genomic DNA extracted from the 
patient’s peripheral blood, oral mucosa, and fingernails. Additionally, a comprehensive literature review of cases with 
BENTA was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines.
Results  A p.Leu251Pro germline variant in the CARD11 gene was identified in an 18-month-old girl with a genetic diagno-
sis of BENTA. She required adenoidectomy and tonsillectomy due to airway obstruction causing wheezing. Her symptoms 
improved with prednisolone and sirolimus. The literature review we conducted identified a total of 34 cases of BENTA. 
Among these cases, 15 were either asymptomatic or showed improvement without requiring any specific treatment. How-
ever, all six reported deaths were diagnosed before the age of 3 years, with two attributed to refractory hemophagocytic 
syndrome and four caused by opportunistic infections.
Conclusion  We present a case of BENTA with life-threatening respiratory symptoms caused by a novel CARD11 germline 
mutation. The patient showed a positive response to immunosuppressive therapy, including sirolimus. While BENTA is typi-
cally regarded as a benign disorder, a literature review revealed that infants with BENTA are at high risk of severe outcomes 
and require therapeutic intervention.
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The pathogenesis of BENTA involves the hyperactiva-
tion of NF-κB and mammalian target of rapamycin (mTOR) 
signal pathways, which is caused by heterozygous germ-
line mutations in the CARD11 gene [1]. Upon recognition 
of antigens by the B-cell and T-cell receptors, CARD11 
triggers the activation of the NF-κB pathway by forming 
the CARD11-BCL10-MALT1 signalosome [3–5]. This 
pathway activation leads to the polyclonal proliferation 
of predominantly naïve B cells. Somatic mutations in the 
CARD11 gene can result in lymphoid malignancies, such as 
activated B-cell-like (ABC) diffuse large B-cell lymphoma 
(DLBCL) [6, 7].

Patients with BENTA are at an increased risk of respi-
ratory infections due to their immunodeficiency, leading to 
recurrent respiratory tract infections, sinusitis, otitis media, 
and viral infections, including Epstein-Barr virus [8]. Also, 
they may experience complications related to autoimmune 
diseases, such as autoimmune neutropenia and autoim-
mune hemolytic anemia [9]. Furthermore, patients with 
BENTA may exhibit poor responsiveness to immunizations, 
including the pneumococcal capsular polysaccharide vac-
cine, as well as the measles, rubella, and varicella vaccines 
[1]. While the polyclonal B-cell lymphocytosis in patients 
with BENTA generally improves with age, life-threatening 
events can occur during childhood, including refractory 
hemophagocytic lymphohistiocytosis, opportunistic infec-
tions, and complications related to immunosuppressive 
therapy [10].

In this report, we present a case of BENTA with a novel 
pathogenic germline variant in the CARD11 gene who 
received immunosuppressive therapy. In addition, our aim 
was to compare this case with previous cases by conducting 
a literature review in order to identify potential prognostic 
factors for BENTA.

Methods

Whole-Exome Sequencing

Genomic DNA was extracted from peripheral blood cells 
using the QIAamp DNA Blood Mini Kit (QIAGEN, 
Hilden, Germany). The extracted DNA was then captured 
using SureSelect Human All Exon 50 M, V5 Kits (Agilent 
Technologies, Santa Clara, CA, USA). For sequencing, 
the captured DNA underwent massive parallel sequencing 
using a HiSeq 2500 next-generation sequencer (Illumina, 
San Diego, CA, USA), with a 100 × 2 paired-end option. 
The germline mutations were identified using a pipeline 
specifically designed for whole-exome sequencing (WES; 
Genomon: http://genomon.hgc.jp/exome/), as previously 
described [11].

Sanger Sequencing

Polymerase chain reaction amplification of the CARD11 gene 
was performed using PrimeSTAR GXL DNA polymerase 
(Takara Bio Inc., Kusatsu, Japan), the forward primer 5′-​A​T​
C​T​C​T​G​C​C​C​A​T​C​A​C​C​A​A​C​T​C​C-3′, and the reverse primer 
5′-​C​C​T​C​C​T​T​G​T​A​G​C​G​T​C​T​G​A​C​G​A​T-3′ for subsequent 
Sanger sequencing. DNA samples were extracted from vari-
ous sources, including the patient’s peripheral blood, buc-
cal mucosa, and left toenail, as well as the peripheral blood 
of both the patient’s father and mother. Prior to conducting 
the genomic testing, written informed consent was obtained 
from the patient’s guardians.

Structural Modeling

The three-dimensional structure of the full-length human 
wild-type CARD11 protein was predicted using AlphaFold2 
[12]. The model, designated as AF-Q9BXL7-F1-v4, was 
obtained from the AlphaFold Protein Structure Database (​
h​t​t​p​​s​:​/​​/​a​l​p​​h​a​​f​o​l​​d​.​e​b​​i​.​a​​c​.​u​​k​/​e​n​t​r​y​/​Q​9​B​X​L​7, last updated in 
November 2022). The corresponding PDB file was ana-
lyzed using the PyMOL Molecular Graphics System, Ver-
sion 2.5.4 (Schrödinger, Inc., LLC, New York, NY, USA). 
This computationally predicted structure served as the basis 
for homology modeling to generate the mutant CARD11 
protein.

Literature Review

A systematic literature review was conducted following 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses guidelines using a combination of 
controlled vocabulary, when applicable, and keywords. 
The literature search was conducted on October 30, 
2023, in the PubMed database (​h​t​t​p​​s​:​/​​/​p​u​b​​m​e​​d​.​n​​c​b​i​.​​n​l​m​​
.​n​i​​h​.​g​o​v) and included articles published up until ​O​c​t​o​b​
e​r 2023. The search terms were “B-cell expansion with 
NF-κB and T-cell anergy”[TIAB] OR “BENTA”[TIAB] 
OR (“CARD Signaling Adaptor Proteins”[MH] AND 
(“lymphocytosis”[TIAB] OR “Lymphoproliferative”[TIAB] 
OR “B-Lymphocytes”[TIAB] OR “Primary Immunodefi-
ciency Diseases”[MH] OR “Gain of Function”[TIAB] OR 
“germline”[TIAB])) AND Humans[MH] AND English[LA] 
AND (“0000”[PDAT]: “2023/10/30”[PDAT]).

1 3

   78   Page 2 of 8

http://genomon.hgc.jp/exome/
https://alphafold.ebi.ac.uk/entry/Q9BXL7
https://alphafold.ebi.ac.uk/entry/Q9BXL7
https://pubmed.ncbi.nlm.nih.gov
https://pubmed.ncbi.nlm.nih.gov


Journal of Clinical Immunology           (2025) 45:78 

Results

Case Report

A 5-month-old infant presented to the hospital due to leu-
kocytosis. The infant was delivered vaginally at 39 3/7 
weeks gestation, weighing 3,030 g. At 4 months of age, the 
patient experienced bacterial meningitis caused by Strepto-
coccus pneumoniae serotype 35B, which is not covered by 
the 13-valent pneumococcal conjugate vaccine. The patient 
received appropriate antimicrobial treatment and did not 
exhibit any apparent neurological complications. However, 
the patient was referred to the hospital due to the persis-
tent leukocytosis of 35.5 × 109/L. The patient did not have a 
family history of immunodeficiency diseases or genetic dis-
orders. During the physical examination, mild splenomeg-
aly was observed, but no palpable lymphadenopathy was 
detected. Blood tests revealed an elevated white blood cell 
(WBC) count of 35.5 × 109/L, primarily consisting of B-lym-
phocytes. Additionally, mild anemia was detected with a 
hemoglobin level of 104 g/L, while the platelet count was 
308 × 109/L (Table S1). The serum IgG level was found to 
be elevated at 16.43 g/L. Flow cytometric analysis revealed 
an increase in CD19+ B cells, particularly in the naïve B-cell 
subset (CD19+CD20+CD27−IgD+), without an elevation in 
double-negative T cells (CD3+TCR-αβ+CD4−CD8−) (Table 
S1). Southern blotting of the IGH gene rearrangement 
demonstrated a polyclonal B-cell lymphocyte proliferation 
pattern (Fig. S1a). Analysis of the bone marrow aspirate 
revealed normal trilineage blood cell differentiation with 
no presence of immature blasts but an increased count of 
normal lymphocytes (Fig. S1b). WES identified a heterozy-
gous missense variant in the CARD11 gene (NM_032415, 
c.752T > C, p.Leu251Pro; Fig.  1a,b and S2a). Sanger 
sequencing of proband and family samples confirmed the 
identified variant as a de novo germline variant. Based on 
this finding, the patient was diagnosed with BENTA, char-
acterized by a gain-of-function germline mutation in the 
CARD11 gene. Without treatment, the patient’s polyclonal 
B-cell lymphocytosis continued to worsen. As a result, at 
20 months of age, the patient was hospitalized for an upper 
respiratory tract infection and wheezing, which was attrib-
uted to marked adenoid hypertrophy (Fig. 1c). The patient’s 
WBC count was markedly elevated at 196.9 × 109/L, and 
she experienced nasal congestion and apnea during sleep, 
necessitating the use of oxygenation. To address these 
symptoms, prednisolone (1.5 mg/kg/day) was administered, 
resulting in the shrinkage of enlarged tonsils and a decrease 
in the WBC count. However, as the prednisolone dosage 
was tapered, the patient’s respiratory symptoms worsened 
once again. As a result, she underwent an adenoidectomy 
and right tonsillectomy, which successfully resolved the 

wheezing. Unfortunately, 1 month later, the wheezing 
recurred, and the lymphocyte count increased once more. A 
chest computed tomography (CT) scan revealed bronchial 
stenosis and mediastinal lymphadenopathy caused by peri-
bronchial tissue proliferation. The patient’s treatment was 
modified to include sirolimus at a dosage of 1 mg/m2/day, 
along with the gradual withdrawal of prednisolone. After 2 
months, the patient’s wheezing completely disappeared, and 
subsequent CT scans revealed improvement in the bronchial 
stenosis and peribronchial tissue proliferation, with only 
minimal changes observed in the mediastinal lymph nodes 
and spleen. Thereafter, it is worth noting that the patient’s 
respiratory status remained stable with sirolimus. At 24 
months of age, the patient encountered an upper respiratory 
tract infection and transient leukocytosis, with a maximum 
WBC count of 55.5 × 109/L, which improved spontaneously 
without the development of bronchial stenosis. Over the 
subsequent months, the spleen size gradually decreased, and 
by 10 months after the initiation of sirolimus, the spleno-
megaly was no longer palpable. The patient was maintained 
on sirolimus monotherapy.

Literature Review

During the literature search, 229 records were initially 
identified. Out of these, 52 reports were selected for fur-
ther screening based on their titles and abstracts. Addition-
ally, 50 reports were identified for retrieval to examine their 
full texts. After the screening and retrieval process, 15 eli-
gible articles were selected, and a manual literature search 
identified one additional article. Thus, a total of 16 eligible 
articles in English were included, which provided informa-
tion on 34 patients (Table S2 and Fig. 2a) [1, 9, 10, 13–25]. 
Detailed procedures for the literature review are described 
in Fig. S3. The median age at the time of diagnosis among 
the 34 patients was 5 years (range: 0–80 years), including 
our patient. Among these patients, data on CD19+ B cells 
were available for 30 patients, with a median CD19+ B-cell 
count of 6.9 × 109/L (range: 0.6–48.2 × 109/L). The distribu-
tion of age and B-cell count among the patients is depicted 
in Fig. 2b, while the locations of the CARD11 gene muta-
tion are illustrated in Fig. S2b. Out of the 35 patients, 15 
presented with mild symptoms or were asymptomatic and 
did not require immunoglobulin replacement therapy, sple-
nectomy, or immunosuppressive therapy. Among the 21 
patients who were 3 years old or older at the time of diagno-
sis, all achieved long-term survival. However, among the 14 
patients who were younger than three years old at diagnosis, 
six died within 3–9 years of diagnosis. Two of these deaths 
were due to refractory hemophagocytic lymphohistiocyto-
sis, while the remaining four were caused by opportunistic 
infections.
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Fig. 1  Patient characterization. (a) The family pedigree. A heterozy-
gous c.752T > C, p.Leu251Pro variant was identified by whole-exome 
sequencing. The variant was not present in the unaffected parents. (b) 
Sanger sequencing of the CARD11 variant in the proband. (c) Pre-
sentation of the clinical course. The patient had persistently elevated 
leukocytic and lymphocyte counts, which increased sharply follow-
ing an upper respiratory tract infection, resulting in apneic attacks and 
wheezing. The gray line at the lower end of the graph indicates the age-
related upper limits for absolute lymphocyte counts. Administration 
of prednisolone (PSL), followed by tonsillectomy and adenoidectomy, 
improved the apneic attacks. Subsequent treatment with sirolimus led 

to further reductions in white blood cell count and improvements in 
wheezing. (i) Computed tomography (CT) scans revealing upper air-
way stenosis caused by adenoid hypertrophy triggered by respiratory 
infection. (ii) Temporary shrinkage was observed with PSL treatment. 
(iii) However, the condition worsened again after PSL tapering. (iv) 
Three-dimensional CT imaging of the tracheobronchial tree. The left 
bronchus (arrow) shows stenosis due to peribronchial tissue prolifera-
tion. (v) This stenosis improved after sirolimus treatment. WT, wild-
type; MEPM, meropenem; VCM, vancomycin; CTRX, ceftriaxone; 
PSL, prednisolone; URI, upper respiratory tract infection; WBCs, 
white blood cells; Lym, lymphocytes
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concomitant severe multisystem autoimmune diseases [9, 
10]. Immunosuppressive combination therapy, including 
steroids, rituximab, and sirolimus, was employed to treat 
cytopenia. Despite initial improvement, the course of treat-
ment eventually failed to control the progression of the dis-
ease in these two patients.

Four patients underwent sirolimus treatment. In two 
cases, the patients were initially suspected of autoimmune 
lymphoproliferative syndrome because of B-cell prolifera-
tion, splenomegaly, anemia, thrombocytopenia, and recur-
rent respiratory infections [9, 10]. Sirolimus effectively 
reduced the size of palpable lymph nodes and spleen in 
these two patients. In another two cases, the patients had 

Fig. 2  Clinical course of patients 
with B-cell expansion with 
nuclear factor kappa B and T-cell 
anergy (BENTA) identified 
from a literature review. (a) The 
swimmer plot illustrates the 
treatment courses of 34 patients 
with BENTA. (b) The distribu-
tion of age and B-cell count. 
The gray boxes represent the 
normal age-related ranges for 
absolute CD19+ B-cell counts. 
Out of the 16 patients who were 
younger than 3 years at the time 
of diagnosis, six died within 3–9 
years following their diagnosis 
due to refractory hemophagocytic 
lymphohistiocytosis or opportu-
nistic infections. UPN, unique 
patient number; SCIG, subcuta-
neous immunoglobulin; IVIG, 
intravenous immunoglobulin

 

1 3

Page 5 of 8     78 



Journal of Clinical Immunology           (2025) 45:78 

pathway, leading to abnormal proliferation and enhanced 
survival of immature B cells, with variable consistency 
among patients [1, 6, 10, 13, 17, 18, 22, 23, 25, 29]. These 
mutations also independently activate mTOR, as dem-
onstrated in studies involving DLBCL cell lines with the 
p.Leu251Pro variant [27] and in vitro analyses of the cells 
of patients with BENTA [21]. Remarkably, mTOR inhibi-
tion has been demonstrated to suppress germinal center 
responses in peripheral B cells, emphasizing its potential 
therapeutic utility in refractory B-cell lymphomas [30]. 
Hence, sirolimus, an mTOR inhibitor, is expected to be 
effective in alleviating symptoms in patients with BENTA. 
In previous reports, sirolimus demonstrated effectiveness 
in two patients by reducing adenopathy and splenomegaly, 
while it was found to be ineffective in two other patients [9, 
10]. In the present case, treatment with sirolimus resulted in 
a reduction in the number of B-lymphocytes in the peripheral 
blood and alleviated wheezing caused by airway narrowing 
due to lymphoid tissue proliferation, although prednisolone, 
which exerts inhibitory effects on NF-κB signaling, failed to 
prevent disease progression.

The prognostic factors for patients with BENTA are cur-
rently unknown. However, a literature review of 34 cases 
revealed that all six fatal cases were diagnosed at an age of 
less than 3 years. This suggests that younger patients with 
BENTA should be managed carefully, as they may have a 
worse prognosis. BENTA cases can vary in severity and 
may not always be mild or asymptomatic. In the present 
case, there was a marked increase in lymphocyte counts 
(WBC count: 196.9 × 109/L) compared to previous reports. 
In the future, if clinical factors such as age and lympho-
cyte count are found to be prognostic, they could provide 
valuable insights for making important clinical decisions, 
including the choice of drug treatment and/or the consider-
ation of allogeneic HSCT.

In conclusion, we diagnosed a patient with BENTA 
based on a novel heterozygous missense pathogenic germ-
line variant in the CARD11 gene (p.Leu251Pro). The patient 
responded well to treatment with prednisone and sirolimus. 
It is expected that future studies, involving a larger num-
ber of cases, will help identify prognostic factors that can 
assist in making important clinical decisions, including the 
indication for pharmaceutical intervention and/or allogeneic 
HSCT.
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Two patients underwent allogeneic hematopoietic stem 
cell transplantation (HSCT). The first patient was a 3-month-
old boy who received HSCT from a matched, unrelated 
donor to address severe immune dysregulation, including 
cytopenia, granulomatous lymphocytic interstitial lung 
disease, and nephrotic syndrome [10]. However, he expe-
rienced primary graft failure. Consequently, he received a 
second transplant from the same donor, but unfortunately, 
he again experienced graft failure and ultimately died due to 
an adenovirus infection. The second case involved an adult 
male who received a matched HSCT from his sister to treat 
chronic lymphocytic leukemia, which developed around the 
age of 44 [1]. Prior to the diagnosis, he had experienced 
persistent benign B-cell lymphocytosis since infancy. In 
adulthood, he presented with a persistent upper respiratory 
illness and pleural effusion. Following the HSCT, he has 
remained disease-free for five years.

Discussion

We present a case of a 5-month-old patient with 
BENTA, which is caused by a germline missense variant 
(p.Leu251Pro) in the CARD11 gene. This condition was 
effectively managed with sirolimus. Germline gain-of-func-
tion CARD11 mutations are known to cause BENTA, while 
somatic gain-of-function CARD11 mutations are frequently 
observed in patients with ABC DLBCL, which is an aggres-
sive and intractable subtype of DLBCL. The p.Leu251Pro 
variant, located in the Coiled-Coil domain of the CARD11 
protein (Fig. S2a), was first identified and confirmed as a 
gain-of-function mutation in patients with ABC DLBCL [6]. 
The gain-of-function CARD11 mutations in the Coiled-Coil 
domain activate NF-κB signaling by inducing spontane-
ous aggregation of the CARD11-BCL10-MALT1 complex, 
independent of cell-surface antigen receptor-stimulated 
phosphorylation [6, 26]. The p.Leu251Pro variant has been 
demonstrated to activate the NF-κB and mTOR pathways 
in experimental studies using transgenic cell lines [27]. 
The Catalogue of Somatic Mutations in Cancer database (​h​
t​t​p​​s​:​/​​/​c​a​n​​c​e​​r​.​s​​a​n​g​e​​r​.​a​​c​.​u​​k​/​c​o​s​m​i​c, accessed on October 30, 
2023) lists the p.Leu251Pro variant as a somatic mutation 
found in 14 cases of malignant lymphomas (12 DLBCL 
and two follicular lymphomas). Although this variant has 
been reported somatically, our case presents the first known 
germline occurrence of the p.Leu251Pro variant. We made 
a diagnosis of BENTA in the proband based on the criteria 
established by the American College of Medical Genetics 
and Genomics guideline (PS2, PS3, PM1, PM2, PP2, and 
PP4) [28].

The gain-of-function mutations in the CARD11 gene 
result in the constitutive activation of the NF-κB signaling 
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