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To the Editor:

Inositol phosphate 3-kinases (ITPKs) regulate inositol phosphate signaling downstream of 

TCR activation. Antigen receptor engagement activates phosphoinositide 3-kinase, which 

in turn phosphorylates the membrane-bound lipid phosphatidylinositol(4,5) bisphosphate 

to generate phosphatidylinositol(3,4,5) trisphosphate (PIP3). PIP3 binds to the pleckstrin 

homology domains of ITK/TEC-, PDK1-, and AKT-family kinases, resulting in their 

membrane recruitment and activation. Receptor signaling also activates phospholipase 

C-γ, which hydrolyzes phosphatidylinositol(4,5) bisphosphate to generate inositol 1,4,5-

trisphosphate (IP3).1 The binding of IP3 to its receptor on the endoplasmic reticulum 

releases calcium from the endoplasmic reticulum into the cytosol, thereby inducing calcium 

influx through store-operated calcium entry plasma membrane channels (Fig 1, A). ITPKs 

convert IP3 into inositol 1,3,4,5-tetrakisphosphate (IP4).1 IP4 enhances PIP3 binding to 

ITK, thus enhancing ITK activation and establishing a feedback loop of phospholipase 

C-g1 activation essential for T-cell development.2,3 IP4 also regulates inositol signaling 

by competing with membrane-bound PIP3 for binding to AKT, thereby limiting AKT 

activation.1 IP4 dampens store-operated calcium entry, thereby inhibiting calcium-dependent 

apoptotic pathways, and binds to the GTPase GAP1IP4BP to activate Ras and Rap to promote 

positive selection of thymocytes.
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There are 3 ITPK isoforms: ITPKA is expressed solely in neurons, whereas ITPKB and 

ITPKC are ubiquitous. They share highly homologous kinase domains at their C-terminus,1 

but differ in their N-terminus domains, enabling distinct subcellular localization and 

protein interactions. Itpkb−/−, but not Itpkc−/−, mice have defective thymic development, 

severe peripheral T-cell lymphopenia, and decreased peripheral B cells.4,5 We report 

the first patient with ITPKB deficiency associated with a T−B+NK+ severe combined 

immunodeficiency phenotype.

The daughter of consanguineous Egyptian parents developed failure to thrive, persistent 

thrush shortly after birth, recurrent pneumonias beginning at age 2 months, and Klebsiella 
pneumoniae skin abscesses at age 6 and 10 months. There was no evidence of organ 

abnormalities. At age 6 months, the absence of a thymic shadow was noted on 

chest radiograph and laboratory investigation revealed anemia, leukopenia, neutropenia, 

thrombocytopenia, and profound CD3+ CD4+ and CD8+ cell lymphopenia (Table I; see 

Table E1 in this article’s Online Repository at www.jacionline.org). CD19+ and CD56+ 

natural killer (NK)-cell numbers were normal. Serum IgG, which at age 6 months 

may reflect the contribution of transplacental maternal IgG, was borderline low; serum 

IgA and IgM were normal. Serial determinations showed persistent anemia, neutropenia, 

thrombocytopenia, and lymphopenia (Table E1). No additional immunophenotyping studies 

were available on the patient. She was treated with immunoglobulin replacement and 

antibiotics, and died at age 11 months with severe pneumonia and Staphylococcus aureus 
sepsis. The clinical and laboratory findings are consistent with T−B+NK+ severe combined 

immunodeficiency. The patient’s mother, father, and brother had no history of recurrent 

infections. CD3+, CD4+, CD8+, and CD19+ B-cell numbers were normal in the parents (see 

Table E2 in this article’s Online Repository at www.jacionline.org).

A targeted next-generation sequencing panel for 264 genes associated with primary 

immunodeficiency, performed at age 10 months, revealed no candidate variants. Whole-

exome sequencing identified a homozygous frameshift variant in ITPKB (c.2583delT, 

p.Arg862Glufs*4). The mutation is not present in the 1000 Genomes, ExAC, or NHLBI 

Exome Sequencing Project databases. In addition, no loss-of-function variants in ITPKB 
have been reported in the ExAC database, indicating the significant rarity of deleterious 

ITPKB mutations in the general population. Sanger sequencing revealed that the ITPKB 
mutation is homozygous in the patient and heterozygous in the parents and brother (see Fig 

E1 in this article’s Online Repository at www.jacionline.org). The variant is predicted to 

delete 84 C-terminal amino acids in the kinase domain (Fig 1, C and D). Other than ITPKB, 

no mutations in genes known or suspected to be associated with immunodeficiency were 

detected (see Table E3 in this article’s Online Repository at www.jacionline.org).

Because of the patient’s death, additional studies of the patient’s cells were not possible. 

Therefore, to assess the impact of the patient’s mutation on protein expression, HEK293T 

cells were transiently cotransfected with constructs encoding N-terminal FLAG-tagged wild-

type or mutant ITPKB together with green fluorescent protein (GFP). Immunoblotting 

revealed reduced expression and lower molecular weight of the mutant protein compared 

with wild-type ITPKB, with comparable expression of GFP (Fig 1, E). FLAG-tagged 

mutant and wild-type proteins were purified from transfected HEK293T cells and assessed 
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for their ability to phosphorylate IP3. The ITPKBArg862Glufs*4 mutant completely lacked 

kinase activity (Fig 1, F). As a complementary approach for demonstrating the impact of 

kinase-dead ITPKB, we treated normal human T cells with BAMB-4, a known inhibitor of 

ITPKB kinase.6 BAMB-4 inhibited Itk phosphorylation, promoted pAKT phosphorylation, 

and inhibited T-cell proliferation following CD3/CD28 ligation without affecting ITKPB 

expression (Fig 1, G–I). These findings provide further evidence that the absent kinase 

activity of the ITPKBArg862Glufs*4 mutant underlies the T-cell deficiency in the patient.

Itpkb−/− mice are normal at birth, but grow poorly and die by age 6 months, and have a 

cell-intrinsic, severe block in thymocyte differentiation from the CD4+CD8+ stage to the 

single positive stage, resulting in profoundly decreased CD4+ and CD8+ cell numbers in 

thymus and spleen.4,5 B-cell development is normal, but splenic B cells are reduced by 60% 

to 80% and respond poorly to antigen receptor activation.3 IgG, but not IgM, levels are 

reduced. Itpbk−/− mice develop progressive bone marrow failure with anemia, neutropenia, 

and thrombocytopenia, related in part to overactive AKT/mTOR signaling due to the loss 

of the restraint IP4 imposes on AKT activation by PIP3.7 Sepsis, overwhelming infection, 

and the effect of the mutation on progenitor cells may have contributed to the anemia, 

neutropenia, and thrombocytopenia in the patient. The similarities between the patient and 

the Itpbk−/− mice (Table I), in conjunction with absence of ITPKBArg862Glufs*4 kinase 

activity, support a pathogenic role of the patient’s ITPKB mutation. Unlike Itpbk−/− mice, 

the patient had normal B-cell number, a difference also noted in IL-7RA deficiency.8

ITPKB haploinsufficiency due to microdeletion of chromosome 1q42.1-q42.3 was reported 

in an adult with common variable immunodeficiency.9 In addition, the expressed ITPKB 

allele contained 2 polymorphisms. ITPKB expression was decreased by approximately 50%. 

The numbers of T and B cells were decreased, unlike in our patient’s parents.

We report the first patient with T−B+NK+ severe combined immunodeficiency with a 

kinase-dead ITPKB mutant, expanding the molecular defects associated. Our findings 

underscore the importance of considering ITPKB deficiency in newborns with severe T-cell 

lymphopenia.
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FIG 1. 
Homozygous ITPKB mutation in the patient. A, Schematic diagram of the role of ITPKB 

in cell signaling. B, Family pedigree. C, Linear map of ITPKB with the patient’s mutation 

in red. D, Ribbon diagram of the ITPKB kinase domain, with the fragment truncated in 

the patient’s ITPKBp.Arg862Glufs*4 mutant depicted in red. E, Top: Immunoblotting for 

FLAG, GFP, and actin of lysates from HEK293T cells cotransfected with N-terminal Flag-

tagged WT or mutant ITPKB together with GFP. Bottom: Quantification of the data from 

5 independent experiments. F, ITPKB kinase activity assessed using ADP-Glo with IP3 

substrate. Luminescence normalized to protein input. BKG, Background; Mut, mutant; WT, 

wild-type. n = 3 independent experiments, G-I, Effect of the ITPKB inhibitor BAMB-4 on 

the activation of normal T cells by anti-CD3+anti-CD28 as assessed by ITK phosphorylation 

after 2 minutes examined by intracellular FACS analysis (Fig 1, G), AKT phosphorylation 

after 20 minutes examined by immunoblotting (Fig 1, H), and proliferation examined by 

CTV dilution and ITPKB expression after 72 hours (Fig 1, I). Data in each panel show 

a representative experiment and the quantitative analysis of 3 independent experiments. 

DMSO, Dimethyl sulfoxide. Values and columns and bars in Fig 1, E–I, represent mean ± 

SD. *P < .05, **P < .01, ***P < .001.
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