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To the editor,  

Folliculin interacting protein 1 (FNIP1) deficiency is an autosomal recessive inborn error of 

immunity caused by homozygous or compound heterozygous loss-of function (LOF) 

mutations in the FNIP1 gene (1,2). FNIP1 deficiency presents predominantly as an antibody 

deficiency associated with syndromic features, such as hypertrophic cardiomyopathy. Two 

different case studies reported clinical and immunological phenotypes of 6 patients from 5 
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families. Disease-causing FNIP1 homozygous LOF mutations were described for 4 patients 

from 3 different consanguineous families (1,2). One patient carried compound heterozygous 

mutations inherited from the parents, and one patient carried a splice-site mutation in 

conjunction with an uniparental disomy (2). Clinical manifestations of FNIP1 deficiency 

occurring within the first year of life include severe and/or recurrent upper and lower 

respiratory tract infections. Immunological abnormalities in the peripheral blood show 

strongly diminished (nearly absent) B cell numbers and severe reductions in all serum 

immunoglobulin isotypes (profound hypogamma/agammaglobulinemia) associated with 

severe or intermittent neutropenia (1,2). In addition to cardiomyopathy, central nervous 

system involvement was reported in 4 out of 6 patients (1,2). Microcephaly and motoric 

developmental delay was reported for 2 patients (1). In one patient, neurodevelopmental 

delay associated with magnetic resonance imaging abnormalities was reported (2). However, 

these manifestations were observed only in patients with consanguineous pedigrees, raising 

the possibility that they may be caused by other (as yet to be discovered) genetic factors. 

 

Case report 

In our cohort of primary antibody-deficient patients, we identified a new FNIP1-deficient 

male patient, bringing the total number of reported FNIP1-deficient patients to 7 

(Supplemental information Table 1). The patient, a child of non-consanguineous parents of 

European ancestry, presented with upper and lower respiratory tract infections from the 

first month of life. A primary immunodeficiency (PID) associated with severely decreased B 

lymphocyte counts and undetectable IgM (>0.05g/l), IgA (0.08g/l) and low IgG serum levels 
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(0.52g/l) together with an intermittent neutropenia was diagnosed at the age of 11 months, 

and Ig replacement therapy was initiated. Cardiomyopathy was diagnosed at the age of 3 

months, and the patient was treated until the age of 4 years with digoxin. He presented with 

a vascular enteropathy, and a deformation of the left foot (congenital convex pes valgus) 

was diagnosed at the age of 18 months. He also suffered from recurrent gingivitis and 

recurrent abscesses located at the anal margin.  Both complications were possibly associated 

with chronic neutropenia, which was responsive to granulocyte-colony stimulating factor (G-

CSF) treatment (Supplemental information figure 1). During his life, the patient suffered 

from several episodes of eczema (skin lesions) and presented delayed psycho-motor 

development (sitting at 11 months). A global intellectual developmental delay was later 

identified. Further investigation of the cardiomyopathy at the age of 18 years revealed a 

hypertrophic cardiomyopathy (left ventricle) associated with Wolff-Parkinson-White 

Syndrome. The patient died at 40 years of age due to heart failure associated with severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. The patient encountered 

SARS-CoV-2 during the first wave of infections in Europe; at this time SARS-CoV-2 vaccines 

were not available. During this time, a genetic analysis was undertaken to identify a possible 

monogenic defect. Trio-whole exome sequencing identified a nonsense variant 

(NM_133372.3; c.3334C>T; g.130982871; GRCh37) in the FNIP1 gene, which was 

heterozygous in the mother and appeared homozygous in the patient. The nonsense variant 

is located in exon 17 and is predicted to result in a premature stop codon Q1112*. This 

variant was not reported in the public data bases (gnomAD v3.1.2, ESP6500SI-V2, 1000 

Genomes) and is exclusive to the family in our internal database polyweb (containing 21709 
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Exomes and 7697 Genomes, June 2023). Comparison of the read depth in the trio-whole 

exome sequencing data across the genomic locus surrounding the FNIP1 gene identified a de 

novo copy number variant affecting the paternal allele. This large hemizygous deletion 

(approximate location 5: 130720000 - 131190000; GRCh37) affected the genes CDC42SE2, 

RAPGEF6, FNIP1 and MEIKIN (Supplemental information figure 2). The hemizygosity of the 

c.3334C>T variant was confirmed by Sanger sequencing on genomic DNA and on cDNA from 

the patient (Figure 1a). Immunoblotting demonstrated the absence of FNIP1 protein in 

patient-derived T cell blasts (consistent with previous reports) and patient-derived EBV-

immortalized B (B-EBV) cells (Figure 1b). Of note, the absence of the FNIP1 protein did not 

appear to affect FNIP2 protein abundance in these cells (Figure 1b). As previously described 

for FNIP1-deficient patients (1,2), peripheral B cells were barely detectable and a mild 

increase in CD3 T lymphocytes was observed at 30 years of age (Table 1). 

FNIP1 and its close homologue FNIP2 were identified as folliculin (FLCN) interacting proteins 

(3,4). The FLCN-FNIP1 complex has been shown to interact with adenosine monophosphate 

(AMP)–activated protein kinase (AMPK), a key enzyme that negatively regulates mTOR 

activity. This interaction implicates the complex as an important regulator for cellular energy 

consumption (5). The strong phenotype of FNIP1-deficient patients underlines the essential 

role of FNIP1 in B lymphocyte development and cardiomyocyte function. It also suggests a 

non-redundant function of FNIP1 in neutrophils.  

In summary, our case report of an additional FNIP1-deficient patient reinforces the clinical 

and immunological presentations of FNIP1-deficiency: a PID presenting with peripheral B cell 

deficiency, severe hypogammaglobulinemia/agammaglobulinemia, intermittent neutropenia 



“This version of the article has been accepted for publication, after peer review but is not the Version 
of Record and does not reflect post-acceptance improvements, or any corrections. The Version of 
Record is available online at: http://dx.doi.org/10.1007/s10875-023-01559-8. Use of this Accepted 
Version is subject to the publisher’s Accepted Manuscript terms of use 
https://www.springernature.com/gp/open-research/policies/accepted-manuscript-terms”. 
 

 

responsive to G-CSF treatment, in conjunction with hypertrophic cardiomyopathy of the 

ventricle associated with Wolff-Parkinson-White Syndrome and psycho-motor as well as 

intellectual developmental delay. 
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Figure legend  
Figure 1: FNIP1 deficiency. a) Pedigree and Sanger sequencing profiles from genomic DNA 
(gDNA) and cDNA. b) Immunoblots against FNIP1, FNIP2 and GAPDH as loading control were 
performed with cell lysates from B-EBV cells and T cell blast from patient and controls.  


