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Capsule summary

Patients with germline mutations in P/IK3CD, immunodeficiency, lymphoproliferation, and
autoimmunity show a distinct pattern of abnormal B-cell maturation in the bone marrow.
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To the Editor

Class 1A Phosphoinositide 3-Kinases (PI3Ks) are lipid kinases that transduce signals
received from receptor tyrosine kinases, resulting in activation of downstream effectors
including AKT, mTOR, and BTK and regulation of multiple cellular processes?. PI3K
heterodimers are composed of a catalytic p110 subunit and a regulatory subunit p852. p1108,
one of three isoforms of the catalytic subunit, encoded by the PIK3CD gene, is preferentially
expressed in leukocytes, and plays a critical role in signaling via the B-cell receptor, IL-4R
and, TLRs and is therefore critical in B-cell development, activation, proliferation,
differentiation and B-cell mediated immunity3. Overexpression of p1106 confers oncogenic
potential®. Recently, patients were described with germline gain of function (GOF)
mutations in P/IK3CD leading to immunodeficiency, lymphoproliferation, and increased
incidence of B-cell lymphomas; termed p110 delta-activating mutation causing senescent T
cells, lymphadenopathy and immunodeficiency (PASLI)®, or activated PI3Kdelta syndrome
(APDS)8. Clinical and laboratory findings in these patients include recurrent sinopulmonary
bacterial infections, bronchiectasis, CMV and EBV viremia, lymphoproliferation in tissues,
progressive lymphopenia in peripheral blood, autoimmune cytopenias, and variable but
mostly abnormal immunoglobulin levels with reduced total and class-switched memory B
cells.

Herein, we report markedly abnormal bone marrow (BM) findings in 10 patients with
PIK3CD germline mutations showing characteristic precursor B-cell (hematogone)
hyperplasia with impaired maturation of B-cells. Patients were enrolled on IRB-approved
protocols and had a median age of 12 years (range 4-23 years) at the time of bone marrow
evaluation, and a male:female ratio of 1. One of the patients has a novel mutation (E1025G)
that has not been previously reported (Patient 10, see Table E1 in this article’s Online
Repository). Five of the patients were previously reported®. Relevant clinical and laboratory
data are summarized in Table E1. Patient samples were obtained in accordance with the
Declaration of Helsinki, with informed consent, and approval of the NIAID institutional
review board. BM biopsies were obtained prior to treatment. Flow cytometric
immunophenotyping of BM was performed in 7 patients, and the results were compared to 6
age-matched BM controls (see Methods in Online Repository and Table E1) using the
Mann-Whitney test. B-cell maturation was assessed using immunophenotypic criteria for B-
cell developmental stages previously described’: 8. A pvalue of <0.05 was considered
significant. Morphologic, immunohistochemical (IHC) and in situ hybridization studies were
performed on all 10 BM biopsies.

Morphologically, PIK3CD GOF BM aspirate smears showed increased immature lymphoid
cells (Figure 1A), many of which morphologically resembled blasts. BM biopsies showed
increased CD20+ and CD10+ lymphocytes for age (20-40% of all nucleated cells) by IHC
(Figure E1 in Online Repository). TdT positive cells ranged from 1-8% (median 5.3%)
(Table E2) and CD34- expressing early progenitors represented 2.6-3.3% (median 2.9%) of
all cells by IHC. Plasma cells were present in the BM highlighted by immunohistochemistry
for CD138 (Figure E1), and showed polytypic light chain expression by in situ hybridization
(ISH) for kappa and lambda light chains. ISH for EBV was positive in one case. IGH PCR
of the bone marrow aspirates demonstrated polyclonality.
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Flow cytometric analysis of BM aspirates showed significant abnormalities within the B-cell
compartment in P/IK3CD GOF marrows. Overall, the total number of CD19+ B lymphocytes
of all BM cells was not significantly different in P/IK3CD GOF patients (median 5.1%,
interquartile range [IQR] 3.4-17.6%) from age-matched controls (median 7.7%, IQR 3.7-
24.0%) (p=0.52). However, the distribution of B lymphocytes within distinct maturation
stages was markedly abnormal in PIK3CD GOF marrows. Among all B-lymphoid cells, the
median percentages of all three developmental stages of CD10* B cell precursors
(hematogones) were significantly higher in P/IK3CD GOF marrows than in controls (Figure
1B-C). Stage | hematogones (HG-1: CD10+[bright], CD20-), represented 2.90% (IQR 1.2—
5.6%) in PIK3CD GOF vs. 1.27% (IQR 0.54-2.3%) in controls (p=0.032). Stage Il
hematogones (HG-2: CD10+, CD20-) represented 71.56% (IQR 60.9-73.9%) in PIK3CD
GOF vs 29.05% (IQR 15.5-42.6%) in controls, (p=0.0012). Stage 111 hematogones (HG-3:
CD10+, CD20+), represented 24.10% (IQR 19.1-29.6%) in PIK3CD GOF vs 16.09% (IQR
6.8-19.3%) in controls (p=0.014). Most strikingly, the PIK3CD GOF marrows showed a
marked reduction in mature B-cells (CD10-, CD20+) (median 3.3%; IQR 0.45-4.3%)
compared to controls (median 51.49%, IQR 39.6-70.2%) (p=0.0012), suggesting impaired
maturation beyond the late hematogone or transitional B-cell (CD10+/CD20+) stage (Figure
1B). Surface immunoglobulin light chain expression was polytypic by flow cytometry
analysis and similar among the two groups. Of note, the increase in CD10 positive B-cell
precursors in the marrow coincided with increased CD10+ transitional B13 cells in the
peripheral blood (Table E1).

The increase in B-cell precursors and nearly absent mature B-cells seen in P/IK3CD GOF
marrows can mimic flow cytometry profiles seen in acute B lymphoblastic leukemia (B-
ALL). However, in addition to the maturation block, B-ALL commonly shows expression of
aberrant markers or phenotypic asynchrony’ which was not seen in P/K3CD GOF marrows.
Other benign conditions, which can demonstrate transient overlapping features include
immune reconstitution following BM transplantation, chemotherapy, or treatment with
rituximab’: 8,

Cytopenias were common with anemia in 8/10, thrombocytopenia in 6/10, and leukopenia in
3/10 patients. The cytopenias may be multifactorial in etiology given the presence of
splenomegaly (9/10), positivity for direct antibody test (DAT) in 5 out of 7 tested, and
presence of other autoantibodies in 4 out of 10 (Table E1). Of note, previous studies in mice
demonstrated a loss of anergy and the presence of self-reactive B cells after sustained
increase in P13K signaling due to PTEN deficiency®. Circulating B-lymphocytes were
abnormal, demonstrating increased CD10+ transitional B-cells and decreased CD20+CD27+
memory B cells® in the peripheral blood (Table E1). Serum immunoglobulin levels showed
elevated IgM in 7/10 cases, and decreased IgA in 5 patients. All but 3 patients had
diminished IgG levels prior to initiation of IVIG replacement. Impaired humoral immune
response was suggested by low titers of protective antibodies post vaccination observed in a
subset of patients tested (Table E1).

Of note, 3/10 patients developed B-cell lymphomas (Hodgkin lymphoma, diffuse large B-
cell lymphoma, and marginal zone lymphoma), underscoring the risk of malignant
transformation in the setting of sustained PI3K signaling, B-cell hyperplasia, and abnormal
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B-cell maturation®. In summary, the B-cell maturation pattern in BM of patients with
germline GOF PIK3CD mutations is markedly abnormal with characteristic hyperplasia of
B-cell precursors (CD10+) with impaired maturation beyond the late hematogone or
transitional B-cell stage. These findings suggest that the increased circulating transitional B-
cells characteristic of PIK3CD?® are related to abnormal B-cell maturation in the bone
marrow. This pattern is readily detected by flow cytometry and may help identify patients
who may benefit from genetic testing for mutations in PIK3CD.

Supplementary Material
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APDS activated P13Kdelta syndrome
BM bone marrow

GOF gain of function

IHC immunohistochemistry

ISH in situ hybridization

PASLE p110 delta-activating mutation causing senescent T cells, lymphadenopathy
and immunodeficiency

PI3K phosphoinositide 3-kinase
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Figure 1.
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Comparison of bone marrow in P/K3CD and healthy pediatric controls. A. Aspirate smears.

B. Flow cytometry analysis of B-cell maturation in CD19+ lymphocytes: early B-cell

precursor “hematogone” stage | (HG-1, black); stage Il (HG-2, red); stage 11l (HG-3, green),
and mature B-cells (purple). C. Scatter plots showing percentage of CD19+ lymphocytes in
HG-1, HG-2, HG-3, and mature B-cell stages.
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