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Abstract

Activated PI3Kδ syndrome (APDS) Type I results from gain-of-function mutations in PIK3CD, 

which encodes the p110δ subunit of PI3Kδ. Abnormal actin dynamics have been hypothesized to 

contribute to the lymphopenia associated with this disease but have not been studied in patients 

with APDS. We report a patient with APDS who had widespread necrotic skin lesions that were 

responsive specifically to immunosuppressive therapy. EBV-transformed lymphoblastoid cells 

(EBV-LCLs) from patients with APDS exhibit increased polymerized actin and increased 

apoptosis, suggesting a contribution of impaired actin dynamics to this disease.
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The importance of cytoskeletal remodeling in adaptive immunity has been underscored by 

mutations in genes encoding protein that regulate actin dynamics, including Coronin 1A, 

Wiskott-Aldrich syndrome protein, DOCK8, and WD repeat containing protein 1 (WDR1) 

[1,2]. The formation of immune synapses and signaling, cellular migration, phagocytosis, 

and survival depend on a balance between actin in its free monomeric form and polymerized 

filaments (F-actin) [1,3]. PI3Kδ is a member of the class I phosphoinositide 3-kinases 

(PI3Ks), that activates downstream effectors the regulate actin dynamics, including the 
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kinase Akt and Rac GTPases [4,5]. Heterozygous gain-of-function mutations in PIK3CD, 

which encodes the catalytic p110δ subunit of PI3Kδ that is preferentially expressed in 

hematopoietic cells, results in activated PI3Kδ syndrome (APDS). APDS is a primary 

immunodeficiency characterized by recurrent infections, lymphoproliferation, autoimmunity, 

defective T cell function, hypogammaglobinemia, and increased risk of malignancy [6–8]. 

The widely expressed PI3Kα isoform has been shown to regulate actin dynamics [9]. 

However, the impact of mutations in PIK3CD on actin polymerization in leukocytes has not 

been previously investigated. Here, we report a patient with APDS who had widespread 

inflammatory skin lesions and lymphocytes with an accumulation of cellular F-actin and 

increased apoptosis.

The patient is the daughter of healthy non-consanguineous Peruvian parents (Fig. 1A). She 

had two episodes of pneumonia within the first three months of life, followed by 

splenomegaly and lymphadenopathy. At four years of age, she developed inflammatory skin 

lesions characterized by pruritic, necrotic lesions on her scalp, extremities, torso, abdomen, 

and genitals (Fig. 1B, top panels). Skin biopsies revealed ulcers with an acute mixed 

inflammatory response and predominance of eosinophilic infiltrate in epidermis and dermis 

(Fig 1C), which grew P. aeruginosa, S. maltophilia, and methicillin-resistant S. aureus. The 

patient’s skin lesions did not improve after treatment with meropenem, vancomycin, 

cotrimoxazole, and fluconazole. Subsequent treatment with methylprednisolone led to rapid 

improvement of the lesions (Fig. 1B, bottom panels). Attempts to wean steroids led to 

recurrence.

The patient’s laboratory evaluation was notable for anemia, leukocytosis, eosinophilia, 

reduced numbers of B and NK cells, reduced numbers of naïve T cells, reduced numbers of 

recent thymic emigrants, and increased numbers of senescent CD57+ CD8 T cells (Table 1). 

Bone marrow biopsy revealed myeloid hyperplasia with predominance of eosinophils (Fig. 

1D). As the patient had a brother who died from pneumonia at six weeks of age, and a sister 

with who died from pneumonia at two months of age (Fig 1A), a monogenic immune 

dysregulation syndrome was considered. Targeted next generation sequencing of 264 genes 

associated with immunodeficiency and immune dysregulation [10] identified the previously 

described pathogenic heterozygous mutation PIK3CD (c.3061G>A, pE1021K) (Fig 1E&F)

[7]. The patient continues on IVIG and steroids and is undergoing evaluation for potential 

hematopoietic stem cell transplant. Rapamycin, an inhibitor of the PIK3/AKT/mTOR 

signaling pathway, reverses many of the clinical manifestations of APDS, but is not available 

in Peru.

We measured the levels of F-actin in B-lymphoblastoid cell lines (B-LCLs) from the 

proband, as well as a second patient with the PIK3CDE102K mutation who had typical 

manifestations of APDS, including respiratory infections, hepatosplenomegaly, 

lymphopenia, and lymphadenopathy. Measuring F-actin content in B-LCLs eliminated the 

confounding effects of concomitant infections and medications in the patients. F-actin levels 

in the patients’ B-LCLs were increased compared to controls (Fig 1G). As the accumulation 

of F-actin is known to trigger apoptosis through a caspase-3-like protease-dependent 

pathway [3,11], we measured cellular viability of BLCLs. Patient-derived BLCLs exhibited 

increased apoptosis compared to healthy controls (Fig. 1H).
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Patients with defects in WD repeat containing protein 1 (WDR1), a protein that regulates 

actin depolymerization, present with skins lesions similar to our patient. WDR1 deficiency 

overlaps with other clinical features typical of APDS, including respiratory infections, 

aberrant T cell activation, and B cell lymphopenia [2]. Due to defective actin 

depolymerization, WDR1-deficient patients have been reported to exhibit a four-fold 

increase in the F-actin content of leukocytes [2]. Increased F-actin content leading to cellular 

apoptosis can trigger an inflammatory response, leading to tissue damage, as was seen in our 

patient [3,12].

This report adds several notable findings to the expanding literature on APDS. Although 

increased susceptibility to skin infections has been described in patients with APDS [13], the 

rapid response of this patient to methylprednisolone demonstrates the importance of 

considering immunosuppressive therapies for inflammatory processes in patients with 

APDS, especially in low-resource settings. Prior studies have shown increased lymphocyte 

apoptosis in patients with APDS, but the underlying mechanisms are incompletely 

understood [7]. We suggest a model whereby increased F-actin contributes to lymphocyte 

apoptosis, leading to the release of inflammatory mediators and cytokines that culminate in 

inflammatory skin lesions (Fig. 1I).

Material and Methods

F-actin content and cell death

F-actin content and cell death were assessed by flow cytometry analysis. Patient B-

lymphoblastoid cell lines were generated from PBMCs from patients and healthy controls. 

The cells were stained with fixable viability dye eFlour 506 (Invitrogen 65–0866-14), 

labeled with APC Annexin V (Biolegend 640919) and phalloidin-FITC (Sigma Aldrich 

P5282), and analyzed using a LSRFortessa (BD).

Statistical Analysis

Two-tailed Student t test was used to compare the differences between groups using the 

GraphPad PRISM software (GraphPad Software, La Jolla, Calif).
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Highlights

• The PIK3CDE1021K mutation is associated with increased F-actin content and 

increased apoptosis in lymphocytes.

• Patients with APDS may present with inflammatory skin lesions requiring 

immunosuppressive therapy.
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Figure 1: 
Characterization of patient phenotype. (A) Family pedigree. (B) Inflammatory skin lesions 

pre- and post-treatment with methylprednisolone. (C) Skin biopsy (hematoxylin & eosin; 

original magnification 10X and 40X) showing epidermis with hyperparakeratosis, 

acanthosis, papillomatosis, spongiosis and inflammatory infiltrate composed of neutrophils, 

lymphocytes and eosinophils. Dermis has mixed inflammatory infiltrate, with numerous 

eosinophils at magnification 40x. (D) Bone marrow biopsy (hematoxylin & eosin; original 

magnification 10X and 40X) showing myeloid predominance due to increased mature 

eosinophils. Bands, metamyelocytes and myelocytes are also observed. (E) Sanger 

sequencing of PIK3CD c.3061G>A, pGlu1021Lys variant. (F) Linear diagram of PIK3CD. 

Patient mutation in red. (G) F-actin content assessed by median fluorescent intensity of 

permeabilized BLCLs stained with phalloidin-FITC. N=2 pts and 2 controls in 2 

independent experiments. (H) Cell death in BLCLs from 3 controls and 2 patients, pooled 

from 3 independent experiments. (I) Proposed mechanism by which dysregulated actin 
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dynamics may contribute to APDS pathology. Columns and bars represent means +/− SEM. 

*p<0.05, *** p<0.001; Student’s t test.
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Table 1.

Immunological profile of the patient at 4 years old.

Patient (normal range)

Hemogram

Hemoglobin, g/dL 7.8 (10.5 – 14.5)

WBCs, 103 cells/μL 17.7 (5.5 – 15.5)

Neutrophils, 103 cells/μL 11.0 (2.2 – 5.5)

Lymphocytes, 103 cells/μL 3.4 (1.5 – 8.5)

Monocytes, 103 cells/μL 0.4 (0 – 0.8)

Eosinophils, 103 cells/μL 3.30 (0 – 0.65)

Platelets, 103 cells/μL 112 (150 – 450)

Lymphocyte subsets

CD3+, 103 cells/μL 1.7 (0.7 – 4.5)

CD3+CD4+, 103 cells/μL 0.92 (500 – 2400)

CD45RA+CD31+, % CD4+ 11.2 (19.4 – 60.9)

CD45RA+CCR7+ %CD4 14.5 (65.2 – 85.8)

CD45RA+CCR7−, % CD4+ 0.8 (0.2 – 3.0)

CD45RA−CCR7+, % CD4+ 51.3 (2.9 – 9.8)

CD45RA−CCR7−, % CD4+ 33.4 (10.5 – 23.2)

CD3+CD8+, 103 cells/μL 0.67 (300 – 1600)

CD45RA+CCR7+, % CD8+ 1.8 (39.0 – 89.0)

 CD45RA+CCR7−, % CD8+ 33.6 (4.8 – 30.0)

 CD45RA−CCR7+, % CD8+ 3.4 (3.4 – 28.2)

 CD45RA−CCR7−, % CD8+ 56.3 (0.9 – 5.7)

 CD57+, %CD8+ 58.2 (<44.3)

CD19+, 103 cells/μL 0.111 (0.2 – 1.6)

CD27−IgD+, % CD19+ 50.0 (76.3 – 84.9)

CD27+IgD+, % CD19+ 6.2 (4.1 – 9.0)

CD27+IgD−, % CD19+ 23.5 (3.3 – 7.4)

CD3−CD56+, 103 cells/μL 0.037 (0.09 – 0.9)

Immunoglobulins

IgG, mg/dL 1602 (700 – 1600)

IgM, mg/dL 200 (40 – 260)

IgA, mg/dL 373 (70 – 400)

Values in bold are outside of the reference range.
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