Letter to the Editor

p85a is an intrinsic regulator of
human natural killer cell effector
functions

To the Editor:

The inositol phospholipid signaling plays an important role in
the biology of natural killer (NK) cells." A major role in this
signaling cascade has been attributed to phosphoinositide-3
kinases (PI3K). Class I PI3Ks are divided into class IA (p110c,
pl10B, p110d) and class IB (pl110y) kinases, which interact
with the regulatory subunits p85a, pSOa, p55a, p85B and p55y
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(class TA) and p101 and p84 (class IB)." Mice lacking only the
p85a regulatory subunit, encoded by the PIK3RI gene, did not
show any NK-cell defects,” whereas mice lacking both the
p85a and its alternatively spliced variants p50a/pS5a showed
maturational and functional NK-cell defects.’ Recently, the
same monoallelic gain-of-function PIK3RI mutation was
identified in 12 patients affected with a hyper-IgM-like primary
immunodeficiency associated with T- and B-cell maturational
and functional defects.*® However, the impact of this p85a
mutant on human NK-cell maturation and function has not been
studied yet. We report on defective NK-cell effector functions,
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FIG 1. NK-cell cytolytic activity and IFN-y production in the presence of the p85a mutation. A, Patients’ NK
cells (patients 1 and 2) fail to upregulate CD107a on IL-2 stimulation against the human K562 erythroleuke-
mia cell line when compared with a representative healthy control (HD). B, Summarized data from 3
experiments for CD107a upregulation from 10 healthy controls (HD) and the 2 index patients (patients 1
and 2). C, Defective cytolytic activity of patient’'s PBMCs (patient 1) against NK-cell-susceptible human
K562 cell line either before (gray continuous line) or after overnight incubation in the presence of IL-2
(gray line with triangle) when compared with 5 healthy controls (HD) (black line without or with circle,
respectively). D, Evaluation of IFN-y production before (NS, not stimulated; upper panel) and after
(lower panel) stimulation with IL-12 and IL-18 in NK cells from the index patients (patients 1 and 2) and a
representative healthy donor. E, Summarized data for IFN-y production (shown as percentages of positive
cells) from 9 healthy controls (HD) and the 2 index patients (patients 1 and 2) (upper panel). Statistical
analysis was performed using the student t test (NS, not statistically significant). Histogram showing
IFN-vy production from patients 1 and 2 and a healthy control (HD) (lower panel). Pt., Patient.
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FIG 2. NK-cell cytolytic activity against EBV-infected B cells and IL-2-dependent proliferative capacity from
p85a-mutant patients. A, Evaluation of the cytolytic capacity of IL-2-activated NK cells from patients
(patients 1 and 2) and representative healthy control (HD) against the NK-cell-susceptible human target
cell line HLA class |- LCL 721.221 B-cell line. Representative experiment of 3 independent experiments. B,
Evaluation of the cytolytic capacity of IL-2-activated NK cells from patients (patients 1 and 2) (lower panels)
and healthy controls (HD) (upper panels) against patients’ EBV-infected B cells with and without anti—
HLA-I-blocking antibody (right and left column, respectively). Representative experiment of 3 independent
experiments. C, Evaluation of the proliferative capacity of IL-2-activated NK cells from the index patients
(patients 1 and 2) and representative healthy control (HD) as measured by Ki-67 intracellular expression.
Representative experiment of 3 independent experiments. Pt., Patient.

including degranulation, IFN-y secretion, and lysis of EBV-
infected cells in patients mutated in PIK3RI with dominant
activation of the PI3K pathway.

NK-cell maturation from PIK3R1-mutated patients was normal
(see Fig E1, A-C, and Results in this article’s Online Repository at
www.jacionline.org), which is in contrast with maturational
defects described in the animal model.’ Although human
NK-cell maturation was not perturbed, we decided, on the basis
of animal model data,” to investigate the functional consequences
of the PIK3RI mutation in human NK-cell biology. Baseline
degranulation against the human erythroleukemia cell line
K562, measured as CD107a expression of resting NK cells,
was similar between healthy controls and patients: 15%
(healthy donor [HD]) versus 14% (patient 1) and 6% (patient 2)
(Fig 1, A, upper panel, and B). Upon IL-2 stimulation, patients’

NK-cell degranulation against the human erythroleukemia cell
line K562 was significantly reduced as compared with healthy
controls: 23% (patient 1) and 34% (patient 2) versus 68% (HD)
(Fig 1, A, lower panel, and B). This impairment was also
confirmed with the cytotoxic chrome release assay (Fig 1, C),
underscoring an important role for p85a in this process in
humans, similar to what was observed in the p85a knockout
mice.” We then investigated whether IFN-y production, a
prominent biological feature of NK cells, was affected by the
presence of the p85a-dominant activating mutant. We thus
evaluated IFN-y production by patients’ and healthy controls’
NK cells before and after simultaneous stimulation with IL-12
and IL-18. Although, as expected, nonactivated NK cells from
the healthy controls and the patients did not produce IFN-y (2%
patient 1 and 1% patient 2 vs 3% HD [Fig 1, D, upper panel]),
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upon combined IL-12 and IL-18 stimulation, IFN-y production
by patients’ NK cells was significantly reduced as compared
with healthy controls (8% patient 1 and 21% patient 2 vs 76%
HD [Fig 1, D, lower panel, and E]). These results were confirmed
in 3 independent experiments, suggesting that p85a plays a
critical role in IFN-y production upon in vitro NK-cell simulation
with IL-12 and IL-18. Evaluation of IL-2-activated NK-cell
populations from affected patients did not show phenotypical
alterations or functional impairment in terms of redirected killing
experiments (see Fig E2 and Results in this article’s Online
Repository at www.jacionline.org). An important effector
function of NK cells is recognition and lysis of EBV-infected
B cells.” We decided therefore to investigate whether the p85a
mutation influenced this NK-cell function in affected patients.
NK cells are known to express inhibitory receptors, recognizing
autologous HLA class I molecules; therefore, the lack of HLA
class I-LCL 721.221 renders this human cell line an optimal target
for the evaluation of human NK-cell cytotoxic capacity.” Thus,
IL-2—-activated NK cells from the mutated patients (patients 1
and 2) and healthy controls (HDs) were tested against the
NK-cell-susceptible human target cell line HLA class I-LCL
721.221 and against patients’ EBV-infected B cells. Degranula-
tion was measured by CD107a upregulation. At difference with
healthy controls (Fig 2, A, upper panel), IL-2—activated NK cells
from patients 1 and 2 displayed reduced degranulation against the
LCL 721.221 B-cell line (Fig 2, A) and failed to upregulate
CD107a on encounter with the autologous EBV-infected B cells
(Fig 2, B, far upper and mid upper panels), even after masking
of HLA class I molecules (Fig 2, B, mid lower and far lower
panels), suggesting an essential role for p85a in human NK-cell
lysis of EBV-infected B cells. The defect of p85« mutant NK cells
in recognizing EB V-infected B cells may underline an increased
susceptibility to EBV-related infections and/or lymphoprolifera-
tive disorders for affected patients. To date, only 1 of the 12 re-
ported p85a-mutated patients4'(’ presented silent EBV-viremia
without mention of fulminant mononucleosis or lymphoma
development; nonetheless, patients mutated in p1103, a catalytic
unit regulated by p85a and other subunits,' have been reported to
present an elevated incidence of B-cell lymphomas, many of
which are EBV-related.” These findings therefore may be of
particular interest for clinicians following these patients in terms
of lymphoproliferation monitoring and may be of particular
relevance because pharmacologic manipulation of the PI3K
cascade has been recently introduced in the treatment of
lymphoid malignancies.'’

In a further set of experiments we evaluated the intracellular
expression of Ki-67 as an index of proliferative capacity of IL-2—
activated NK cells from patients and healthy controls. Our results
showed that the proliferative responses on IL-2 activation of
p85a-mutated NK cells, expressing normal surface levels of IL2R
(data not shown), were impaired as compared with healthy
controls (Fig 2, C), suggesting an intrinsic role for p85a in the
IL-2—dependent human NK-cell proliferative response.

Taken together, our findings define a novel intrinsic role for
p85a in human NK-cell effector functions, broaden the spectrum
of primary immunodeficiencies with NK-cell defects, and under-
score that only longer follow-up and more numerous patients’
cohorts will allow to better define the clinical implications of
human NK-cell impairment in the presence of the p85a mutation.
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RESULTS
Normal human NK-cell maturation in the presence
of dominant activating p85«a mutations

To determine whether activating mutations in PIK3R] affect
NK-cell maturation, PBMCs from 2 index patients (patients 1
and 2) were evaluated by multicolor flow cytometry. Both patients
presented normal percentages of circulating CD56 NK cells
(Fig E1, A).F' The evaluation of the expression pattern of
activating and inhibitory NK-cell receptors, including CD16,
natural cytotoxicity receptors (NKp46 and NKp30), KIRs
(KIR2D and KIR3D), NKG2A (inhibitory receptor), NKG2C
(activating receptor), CD62L, CD57, and chemokine receptors
(CXCR1 and CCR7) on human NK cells (both CD56""¢" and
CD56%™ subsets) allowed us to discriminate NK-cell subsets in
terms of maturational and functional status.”* We did not observe
abnormalities in the expression profile of activating and inhibitory
NK-cell receptors in human NK cells from p85a-mutant patients.
In addition, the expression of the chemokine receptors CXCR1
(responsible for the preferential migration of CD56%™
CD16+ into inflamed tissues) and CCR7 (responsible for the
preferential migration of CD56”€" CD16— NK cells into
lymphoid organs)™ on patients’ NK cells was unaltered as
compared with healthy controls (Fig E1, A). These results,
together with the normal expression of the maturation marker
CD57 on CD56%™ NK cells (Fig E1, A), a classical NK
maturational marker,=* are in contrast to the maturational defects
described in the animal model.®> Moreover, CD62L expression
on patients’ NK cells was similar to that observed on healthy
controls’ NK cells (Fig E1, A), suggesting that the sequential steps
of regular NK-cell maturation CD56™e" CD56%™CD62L+, and
CD56%™CD62L-F° are conserved in the presence of the dominant
p85a mutation. The expression of the activation marker CD69 on
NK cells was evaluated in patient 1 and did not show differences
as compared with the healthy control (data not shown). The
histograms of percentage expression and mean fluorescence
intensity of surface NK-cell receptor profile (Fig E1, B and C,
respectively) endorsed the normal immunophenotype observed
in the patients as compared with HDs. On the whole, these data
provide evidence that the p85a-dominant activating mutation
does not impair human NK-cell maturation.
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IL-2-activated p85a-mutated human NK cells do not
display phenotypical or functional alterations

Because human NK cells showed impaired in vitro
deagranulation and IFN-y production in the presence of
the p85a mutation, we decided to also evaluate whether 1L-2—
activated NK-cell populations from affected patients showed
phenotypical or functional alterations. Evaluation of the expres-
sion of activating NK-cell receptor NKG2D and coreceptor
CD244 (2B4), besides the ones already tested on resting
patients’ NK cells (Fig E1, A), on patients’ and healthy controls’
IL-2—activated NK cells did not show any significant differences
(Fig E2, A). Cross-linking of activating molecules such as CD16,
NKp46, 2B4 (CD244), and NKG2D (Fig E2, B) on patients’ and
healthy controls’ IL-2-activated NK cells showed similar
degranulation capacity against the murine P815 cell line
(FcyR+), in redirected killing experiments,”” as evaluated by
CD107a expression. These data suggest, therefore, that the
activating function of human NK-cell receptors is unaffected in
the presence of the p85a mutation. Finally, patient’s NK cells
showed normal perforin expression, comparable with the healthy
control (Fig E2, C).
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FIG E1. NK-cell phenotype in p85a-mutated patients. A, Flow cytometric evaluation of human NK-cell
receptor repertoire positivity on patients’ (patients 1 and 2) and a representative HD CD56+CD3— gated
NK cells. Values are expressed as percentages (%). B, Comparison of percentages of expression of the
NK-cell markers used for NK evaluation in this experiment. SD is shown only for values derived from 10
HDs. C, Comparison of MFI of different NK-cell receptors on CD56-positive NK cells from the patients and
a representative healthy control. MFI, Mean fluorescence intensity; Pt., patient.
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FIG E2. Evaluation of IL-2-activated human NK cells from p85a mutant patients. A, Flow cytometric
evaluation of the expression of activating NK-cell receptor NKG2D and coreceptor CD244 (2B4) on
IL-2-activated NK cells from patients (patients 1 and 2) (mid and right column) and a representative healthy
control (HD) (left column). Representative experiment of 3 independent experiments. B, Evaluation of
cytotoxic activity of human IL-2-activated NK cells from the patients (patients 1 and 2) (mid leftand mid right
column) and a representative healthy control (HD) (far left column) upon cross-linking of CD16, NKp46, 2B4
(CD244), and NKG2D against the murine P815 cell line (FcyR™) measured as upregulation of CD107a
expression. Summarized data from 3 independent experiments are shown in the far right column.
C, Perforin content in gated NK cells CD56"CD3~ derived from patient (patient 1) and from a representative
HD. Pt., Patient. *Statistical significance was defined by using the unpaired Student t test (P < .05).
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