
PNAS  2025  Vol. 122  No. 26 e2424867122� https://doi.org/10.1073/pnas.2424867122 1 of 11

RESEARCH ARTICLE | 

Significance

 Phosphatidylinositol-4,5-
bisphosphate 3-kinase (PIK3CA)-
related disorders are rare genetic 
conditions caused by somatic 
gain-of-function mutations in the 
PIK3CA gene, affecting cell 
growth, proliferation, and 
metabolism. These mutations 
often impair peripheral nerves, 
leading to severe neurological 
symptoms. To investigate this, we 
developed a mouse model with 
PIK3CA mutations in Schwann 
cells, replicating clinical features 
seen in patients. The study 
revealed a unique communication 
between mutated cells and 
neighboring healthy tissues, 
promoting growth and metabolic 
shifts via glycolysis activation. 
Early treatment with alpelisib, a 
PIK3CA inhibitor, significantly 
improved symptoms, but delayed 
treatment was less effective due 
to poor myelin penetration. These 
findings provide insights into 
disease mechanisms and 
underscore the importance of 
timely intervention.
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PIK3CA-related disorders are rare genetic disorders due to somatic gain-of-function 
mutations in PIK3CA during embryonic development, a pathway involved in cell 
growth, proliferation, and metabolism. Accumulating evidence from patients with 
PIK3CA-related disorders indicates that peripheral nerves are frequently affected, lead-
ing to severe neurological symptoms. However, the exact underlying mechanism of these 
disorders remains unclear. To address this, we developed a mouse model with a PIK3CA 
gain-of-function mutation specifically in Schwann cells, which successfully mirrored the 
clinical features observed in patients. In this model, we observed that PIK3CA-mutated 
cells communicate with neighboring healthy cells, such as adipocytes and hair folli-
cles, through a unique crosstalk mechanism that triggers their growth, proliferation, 
and anagen phase expansion. Additionally, we demonstrated that PIK3CA mutation in 
peripheral nerves leads to a metabolic shift through glycolytic activation. We investigated 
the effects of alpelisib, an approved pharmacological inhibitor of PIK3CA, in the model. 
Early administration of alpelisib significantly improved the signs and symptoms in the 
mice. However, when treatment was delayed, its efficacy was diminished due to the 
drug’s inability to penetrate the myelin sheath effectively. In summary, our study offers 
a valuable mouse model for studying PIK3CA-related neuropathy, uncovers a unique 
communication between healthy and affected tissues, and highlights the potential ben-
efits of early pharmacological intervention using alpelisib.

somatic mutation | nerve anomalies | PIK3CA

 PI3Kα is a ubiquitously expressed lipid kinase that controls signaling pathways participating 
in cell proliferation, motility, survival, and metabolism ( 1 ). At the cellular level, PI3Kα is 
mainly recruited through tyrosine kinase receptors. PIK3CA  encodes the 110-kDa catalytic 
alpha subunit of PI3K (p110α), which converts, at the plasma membrane, phosphatidy-
linositol 4,5-bisphosphate (PtdIns (4, 5)P﻿2 ) to phosphatidylinositol 3,4,5-triphosphate 
(PtdIns (3, 4, 5) P﻿3 ; or PIP3) and subsequently recruits PDK1, which in turn phosphorylates 
protein kinase B (AKT) on the Thr308  residue to initiate downstream cellular effects. PI3Kα 
also regulates many other pathways, including the Rho/Rac1 signaling cascade ( 2 ).

﻿PIK3CA﻿-related disorders are rare genetic conditions due to somatic gain-of-function muta-
tions in the PIK3CA  gene ( 3 ,  4 ). These mutations occur during embryonic development 
leading to variable clinical presentation at birth including asymmetrical overgrowth and vas-
cular malformations (called PIK3CA﻿-Related Overgrowth Spectrum, PROS) ( 3 ). Accumulating 
pieces of evidence in patients with PROS show that peripheral nerves are frequently involved 
( 3 ,  5       – 9 ). Indeed, patients often experience neurological symptoms including pain, carpal 
tunnel when the median nerves are affected, difficulty in motricity, and numbness ( 5   – 7 ,  9       – 13 ). 
Certainly, the neurological spectrum of PIK3CA﻿-related neuropathy is even broader but not 
yet fully described. Histologically, the affected nerves exhibit enlargement with a pseudo-onion 
bulb aspect ( 7 ,  12 ). Typically, these nerves are surrounded and separated by excessive growth 
of adipose tissue, commonly referred to as lipomatosis of the nerve ( 14 ). Currently, it remains 
unclear whether the somatic mutation primarily affects the nerves themselves or specifically 
targets the surrounding tissues, including the adipose tissue.

 Schwann cells in the peripheral nervous system generate myelin through spiral wrapping 
of their plasma membrane around axons ( 15 ). Peripheral nervous system myelination strictly 
depends on the fine-tuning of the AKT/mechanistic target of rapamycin (mTOR) pathway 
downstream of NRG1 (Neuregulin) type III and ErbB2/ErbB3 receptor signaling. Indeed, 
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constitutive AKT activation or conditional ablation of Phosphatase 
and Tensin homolog (PTEN) in Schwann cells in vivo results in 
focal hypermyelination and aberrant myelin ( 16 ,  17 ). Interestingly, 
specific loss of PTEN in Schwann cells was associated with inguinal 
white adipose tissue enlargement ( 18 ). Moreover, mTORC1 over-
activation has different impacts on myelination depending on the 
extent and on the timing of the overactivation. Indeed, high 
mTORC1 activity in the transition from the promyelinating to the 
myelinating stage hampers Schwann cell proliferation and delays 
the onset of myelination. On the contrary, high to moderate 
mTORC1 activity later in nerve development results in focal hyper-
myelination and in aberrant myelin ( 19   – 21 ). Finally, loss of func-
tion of mTORC1 alone or in combination with mTORC2 results 
in hypomyelination, thus further supporting a key role of mTOR 
in myelination ( 22 ,  23 ).

 All these findings suggest that, upstream of the AKT–mTOR 
axis, PIK3CA  gain-of-function mutations in Schwann cells during 
embryonic development may have a significant impact in myelina-
tion. To support this hypothesis, we investigated the consequence 
of PIK3CA  gain-of-function mutation in Schwann cells in a pre-
clinical model and then in patients. 

Methods

Animals. For this research, we crossed mice with specific genetic characteristics 
obtained from Jackson Laboratories. We bred homozygous R26StopFLP110* 
(Stock# 012343) mice with heterozygous MPZ-Cre (Stock# 017927) mice. The result-
ing offspring were classified as PIK3CAMPZ-Cre+ (R26StopFLP110*+/- x MPZ-Cre+) 
and PIK3CAMPZ-Cre− (R26StopFLP110*+/- x MPZ-Cre−) mice. The R26StopFLP110* 
mice produce a constitutively active p110* protein, which is a chimera consist-
ing of the iSH2 domain of p85 fused to the NH2-terminus of p110 through a 
flexible glycine linker. In order to create mice with tissue-specific expression of 
p110*, a loxP-flanked neoR-stop cassette was inserted into a modified version of 
pROSA26-1. This cassette was followed by cDNA encoding p110*, an frt-flanked 
IRES-EGFP cassette, and a bovine polyadenylation sequence (R26StopFLP110*). 
To track the activity of Cre recombinase, we further crossed PIK3CAMPZ-Cre+ and 
PIK3CAMPZ-Cre− mice with Gt(ROSA)26Sortm4(ACTB-tdTomato,-EGFP)Luo/J mice. 
These mice express a tdTomato fluorescent protein localized to the cell mem-
brane in all tissues, which is replaced by green fluorescent protein (GFP) upon 
Cre recombinase activity. Animals were fed ad libitum and housed at a constant 
ambient temperature in a 12-h light cycle. Animal procedures were approved by the 
‘Ministère de l’Enseignement Supérieur, de la Recherche et de l’Innovation (APAFIS 
N°20439-2018121913526398 and APAFIS N°30133-2020111914293579). All 
appropriate procedures were followed to ensure animal welfare.

The mice received daily treatment of alpelisib (MedChem Express, Germany; 
HY-15244) at a dosage of 50 mg kg−1 in 0.5% carboxymethylcellulose (Sigma 
Aldrich). The administration was performed through oral gavage from P21 or P60, 
or through intraperitoneal injection from P10 to P21.

Morphological Analysis. Mouse tissues were fixed in 4% paraformaldehyde and 
paraffin embedded. Tissue sections (4 µm thick) were stained with hematoxylin 
and eosin (H&E).

Semithin Section and Electron Microscopy. Semithin section and ultrastruc-
tural analyses of sciatic nerves were performed as follows: Tissues were removed 
and fixed with 2% glutaraldehyde (vol/vol) in 0.12 M phosphate buffer, postfixed 
with 1% osmium tetroxide (vol/vol), and embedded in Epon (Epoxy embedding 
medium SIGMA). Semithin sections (0.5 to 1 μm thick) were stained with tolu-
idine blue and examined by light microscopy (Olympus BX51TF). To perform 
morphometric analysis, digitalized images cross sections were obtained from 
corresponding levels of sciatic nerves with 4×, 10×, 20×, or 100× objectives 
and a Leica DFC7000T digital camera (Milan, Italy).

Sciatic nerves were fixed in 2.5% glutaraldehyde solutions. The prepared sam-
ples were examined in a JEOL 1011 transmission electron microscope (JEOL, 
Japan) with an ORIUS 1000 CCD camera (GATAN, France), operated with Digital 
Micrograph software (GATAN, France) for acquisition.

Blood and Plasma Analysis. At the conclusion of each experiment, the mice were 
subjected to blood sample collection using ethylenediaminetetraacetic acid (EDTA)-
coated tubes. To determine the blood count, fresh blood samples were analyzed 
using a hematology analyzer (ProCyte Dx; IDEXX Laboratories) and subsequently 
centrifuged at 500× g for 15 min. The plasma obtained from the centrifugation 
was utilized to measure the circulating levels of insulin (U-PLEX Mouse Insulin 
assay, Meso Scale Discovery, reference no. K1526HK) and IGF-1 (Novus Biologicals, 
ref#MG100) through enzymatic methods employing commercially available kits.

Open Field. The open-field test was conducted utilizing the Open Field Superflex 
box, equipped with Fusion software (version 5.3) from Omnitech Electronics 
(Columbus, OH). The measurements were carried out within a designated mouse 
room, ensuring protection from external noise and vibrations. To minimize stress, 
the mice were handled gently. Each mouse was positioned in the center of the 
cage, and their movements were observed and recorded for a duration of 15 
min. Following each test, the cage was thoroughly cleaned using 70% ethanol.

Grip Test. Grip strength performance of the mice was evaluated using a grip 
strength dynamometer obtained from Bioseb (Chaville, France). To assess hindlimb 
muscle strength, the mice were positioned on a grid surface. Gentle traction was 
applied to the mice’s tails in the opposite direction, and the maximum strength 
exerted by each mouse before releasing their grip was measured five times. A recov-
ery period of 30 s was provided between each measurement. The average value from 
the five measurements was calculated as the indicator of hindlimb grip strength.

Immunohistochemistry and Immunofluorescence. Tissue sections (4 μm 
thick) embedded in paraffin were subjected to antigen retrieval protocols using 
high temperature (120 °C) and high pressure in a pressure cooker, utilizing citrate 
buffer. Subsequently, the sections were incubated with primary antibodies as 
indicated in SI Appendix, Table S1. For the immunofluorescence procedure, the 
sections were treated with suitable Alexa Fluor-conjugated secondary antibod-
ies (Thermo Fisher Scientific), followed by analysis using an LSM 700 confocal 
microscope (Zeiss) or Eclipse Ni-E (Nikon). Immunohistochemistry detection was 
performed using appropriate horseradish peroxidase-linked secondary antibod-
ies and analyzed using E800 (Nikon).

BaseScope Assay. The BaseScope assays were conducted following the guidelines 
provided by the supplier (Advanced Cell Diagnostics, Newark, CA). The sections were 
first baked at 60 °C for 1 h and then subjected to deparaffinization in xylene (2 × 5 
min) and ethanol (2 × 2 min), followed by drying through baking at 60 °C for 30 
min. Pretreat 1 (hydrogen peroxide) was applied at room temperature for 10 min, 
followed by Pretreat 2 (target retrieval) at 100 °C for 15 min and Pretreat 3 (protease 
IV) at 40 °C for 30 min. BaseScope probes, such as BA-Hs-PPiB-1zz as a positive control, 
BA-DapB-1zz as a negative control, or Ba-HS-PIK3CA-H1047R, were then applied at 
40 °C for 2 h in a HybEZ oven. Subsequently, the sections were incubated with reagents 
AMP1 (40 °C, 30 min), AMP2 (40 °C, 30 min), AMP3 (40 °C, 15 min), AMP4 (40 °C, 
30 min), AMP5 (40 °C, 30 min), AMP6 (40 °C, 15 min), AMP7 (room temperature, 
30 min), and AMP8 (room temperature, 15 min). Finally, the slides were incubated 
with Fast Red for 10 min at room temperature in the dark, counterstained with Mayer 
Hemalun, dried for 15 min at 60 °C, and mounted in EcoMount permanent mounting 
medium (Biocare Medical, Pacheco, CA). The slides were analyzed using E800 (Nikon).

Sciatic Nerve Explant Culture. Sciatic nerve was removed carefully from the 
mice and placed into culture dishes and maintained free-floating in Dulbecco's 
Modified Eagle Medium containing: 2 mM L-glutamine, 100 U/mL penicillin, 100 
mg/mL streptomycin, in an atmosphere of 95% air and 5% CO2 at 37 °C. Explants 
were exposed to Alpelisib (MedChem Express, Germany; HY-15244) or DMSO 
for 8 h. Tissues were then harvested, washed in phosphate-buffered saline, and 
powdered for western blot experiments.

Western Blot. The tissues were crushed and subsequently lysed using radio 
immunoprecipitation assay lysis buffer containing phosphatase and protease 
inhibitors. The protein concentrations were determined using the bicinchoninic 
acid method (Pierce). Following that, the protein extracts were separated by 
SDS-PAGE and transferred onto the suitable membrane. The membrane was 
then incubated with the primary antibody (SI Appendix, Table S1), followed by 
the appropriate peroxidase-conjugated secondary antibody (at a dilution of 
1:10,000). Chemiluminescence signals were detected using Chemidoc MP, and 
the bands were quantified using Image Lab Software from Bio-Rad Laboratories.D
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Messenger ribonucleic acid (mRNA) Analysis. qPCR with reverse transcriptase 
was employed to quantify mRNAs in mouse tissues using CFX Connect from Bio-
Rad. The primers utilized for this analysis can be found in SI Appendix, Table S2.

Imaging Flow Cytometry (ImageStream). Skin samples were subjected to 
digestion using a digestion buffer. Subsequently, the cells were transferred to 
microtubes and analyzed using an Imagestream ISX mkII system (Amnis). This 
system integrates flow cytometry with comprehensive cell imaging and functional 
studies. Acquisitions were performed at a magnification of 40× for all samples. 
Data acquisition was conducted using INSPIRE software (Amnis), and the obtained 
data were analyzed using IDEAS software (version 6.2, Amnis).

Targeted Liquid Chromatography–Mass Spectrometry (LC–MS) Meta­
bolites Analyses. Blood samples were collected using EDTA tubes for plasma 
analysis and EDTA-free tubes for serum analysis. After centrifugation of the blood 
at 500 g for 10 min, plasma and serum were obtained. Cell, plasma, and serum 
samples were immediately snap-frozen in liquid nitrogen. For the extraction of 
metabolites in preparation for LC–MS analyses, the extraction solution composed 
of 50% methanol (MeOH), 30% acetonitrile, and 20% water was used. The volume 
of the extraction solution added was adjusted according to the cell number (1 
mL per 1 million cells) or the volume of plasma and serum (200 μL per 10 μL 
of plasma or serum). After the addition of the extraction solution, the samples 
were vortexed for 5 min at 4 °C and then centrifuged at 16,000 g for 15 min at 
4 °C. The supernatants were collected and stored at −80 °C until further analyses.

The LC–MS analyses were carried out using a Q Exactive Plus Orbitrap mass 
spectrometer equipped with an Ion Max source and a HESI II probe, coupled to 
the Dionex UltiMate 3000 UPLC System from Thermo Fisher Scientific. External 
mass calibration was performed using the standard calibration mixture every 7 d 
as per the manufacturer’s recommendation. Five microliters of each sample were 
injected onto a ZIC-pHILIC column (150 mm × 2.1 mm inner diameter, 5 μm) 
with a guard column (20 mm × 2.1 mm inner diameter, 5 μm; Millipore) for LC 
separation. The chromatographic gradient was run at a flow rate of 0.200 μL/min, 
with buffer A as 20 mM ammonium carbonate and 0.1% ammonium hydroxide 
(pH 9.2) and buffer B as acetonitrile. The gradient conditions were as follows: 
from 0 to 20 min, a linear gradient from 80 to 20% B; from 20 to 20.5 min, a 
linear gradient from 20 to 80% B; and from 20.5 to 28 min, holding at 80% B.

The mass spectrometer operated in full scan polarity switching mode, with the 
spray voltage set to 2.5 kV and the heated capillary held at 320 °C. The sheath 
gas flow was set to 20 U, the auxiliary gas flow was set to 5 U, and the sweep gas 
flow was set to 0 U. The metabolites were detected across a mass range of 75 to 
1,000 mass-to-charge ratio (m/z) at a resolution of 35,000 (at 200 m/z) with the 
AGC target set to 106 and a maximum injection time of 250 ms. Lock masses 
were used to ensure mass accuracy below five parts per million. Data acquisition 
was performed using Thermo Xcalibur 4.0.27.13 software, and the peak areas of 
metabolites were determined using Thermo TraceFinder 3.3 SP1 software. The 
metabolites were identified based on their exact mass of each singly charged ion 
and known retention time in the high-performance LC (HPLC) column.

2’-Deoxy-2’-[18F]Fluoro-D-Glucose (FDG) Positron Emission Tomography 
Computed Tomography (PET-CT) Imaging. Ten mice (PIK3CAMPZ-Cre−: two 
females, three males; PIK3CAMPZ-Cre+: three females, two males) underwent over-
night fasting with unrestricted access to water. The mice were anesthetized with 
1.9 ± 0.4% isoflurane in dioxygen, weighed, and their blood glucose levels were 
measured by drawing blood from the caudal ventral artery using an Accu-Chek® 
Aviva Nano A glucose meter (Accu-Chek, France). A 29G needle catheter (Fischer 
Scientific, France) connected to a 5 cm polyethylene tubing (Tygon Microbore 
Tubing, 0.010” × 0.030” OD; Fisher Scientific, France) was inserted into the caudal 
vein for radiotracer injection. A total of 9.4 ± 1.3 MBq of FDG (Advanced Applied 
Applications, France) in 0.2 mL saline was injected through the catheter. The mice 
were kept anesthetized on a warming plate for 45 min and then positioned on 
the dedicated PET-CT bed. Respiration and body temperature were monitored 
throughout the procedure. The body temperature was maintained at 34 ± 2 °C, 
and anesthesia levels were adjusted based on the breathing rate during the 
entire PET-CT examination.

CT scans were acquired using a PET-CT scanner (nanoScan PET-CT; Mediso 
Medical Imaging Systems, Hungary) with the following acquisition parameters: 
semicircular mode, 50 kV voltage, 360 full scan projections, 170 ms per projection, 
and binning 1:4. The CT projections were reconstructed using filtered retroprojection 

(filter: Cosine; Cutoff: 100%) with Nucline 3.00.010.0000 software (Mediso Medical 
Imaging Systems, Hungary). At 55 min posttracer injection, PET data were collected 
for 10 min in list mode and binned using a 5 ns time window, 400 to 600 keV energy 
window, and 1:5 coincidence mode. The data were reconstructed using the Tera-
Tomo reconstruction engine, a three dimensional (3D)-OSEM-based customized 
algorithm, incorporating scatter and attenuation correction.

Volumes-of-interest (VOIs) were delineated on the organs or anatomical 
structures of interest on PET/CT fusion slices using the PMOD software package 
(PMOD Technologies Ltd, Zürich, Switzerland). Spherical VOIs were drawn based 
on CT and PET information. The VOIs, including the sciatic nerves, were automat-
ically segmented at 75% and 33% of the maximum value. FDG accumulation 
was quantified as the Standard Uptake Value, which represents the ratio of the 
radioactivity concentration in the VOI to the whole-body concentration of the 
injected radioactivity.

Ex Vivo FDG Uptake Assessment by Gamma Counting and Autoradiography. 
Twelve mice (PIK3CAMPZ-Cre−: two females, five males; PIK3CAMPZ-Cre+: two females, 
three males) underwent overnight fasting with unrestricted access to water. The 
mice were anesthetized using 2.0% isoflurane in dioxygen, weighed, and their 
blood glucose levels were measured by drawing blood from the caudal ventral 
artery using an Accu-Chek® Aviva Nano A glucose meter (Accu-Chek, France). A 
29G needle catheter (Fischer Scientific, France) connected to a 5 cm polyethylene 
tubing (Tygon Microbore Tubing, 0.010” × 0.030” OD; Fisher Scientific, France) 
was inserted into the caudal vein for radiotracer injection. A total of 7.9 ± 1.6 
MBq of FDG (Advanced Applied Applications, France) in 0.2 mL saline was injected 
via the catheter, alternating between CRE+ and CRE− mice. The mice were kept 
anesthetized on a warming plate for 55 min and then killed by cervical dislocation. 
The right and left sciatic nerves were dissected.

The right sciatic nerves were placed in counting vials, and their weight and 
accumulated radioactivity were measured using a gamma counter (Hidex AMG 
Automatic Gamma Counter, Hidex AMG) with the following parameters: 30 s 
counting time, energy window: 480 to 558 keV, counting efficiency: 0.213.

The left sciatic nerves were exposed to dedicated phosphor imaging plates 
(GE Healthcare) for 2.5 d. The phosphor imaging plates were scanned with a pixel 
size of 50 μm using the AmershamTM Typhoon IP (Cytiva).

MRI Evaluation. The mice were subjected to MRI for the entire body using T2 
weighted sequences with fat saturation. Additionally, focused MRI of the brain 
was conducted using T1 and T2 weighted sequences. The assessment of peripheral 
myelin volume on the MRI scans was performed using IntelliSpace Portal software 
(Philips Healthcare) and 3D Slicer, utilizing manual segmentation tools. The volume 
was calculated by summing images based on 2D contours and the slice thickness. 
Furthermore, the thickness of the skin was measured at the vertex of each animal.

LC–MS Analysis of Alpelisib. Each tissue type was homogenized in 100% cold 
methanol (MeOH) at a tissue-to-solvent ratio of 1 mg tissue to 5 μL MeOH. After 
sonication for 20 s, the tissue extract underwent centrifugation at 13,000 g for 
30 min, followed by injection onto a Phenomenex Kinetex XB-C18 HPLC column 
(100 mm by 2.1 mm) at 45 °C. Reverse-phase HPLC analysis of Alpelisib was 
performed using a Shimadzu LCMS system 8040 with LabSolutions software. 
For separation, 20 micrograms of tissue extracts were injected onto the column. 
The mobile phase consisted of two eluants: Solvent A, which was 0.1% formic 
acid in deionized water (ddH2O), and solvent B, which was acetonitrile with 0.1% 
formic acid. Compounds were separated using a discontinuous gradient at a 
flow rate of 0.6 mL/min. The initial concentration of 20% in solvent B increased 
to 70% over 6 min, followed by a decrease to 20% over the next minute, and the 
initial conditions were then maintained for 14 min. Alpelisib was monitored using 
spectrophotometric absorbance (photodiode detector) in the wavelength range 
of 205 to 600 nm, as well as tandem mass detection. Mass measurement was 
performed in positive ion mode using multiple reaction monitoring (MRM) with 
an electrospray ionization source. Three MRM transitions were used for alpelisib: 
442.1 > 328.0, 442.1 > 288.0, and 442.1 > 115.1. Quantification was carried 
out by integrating the peak absorbance area using a calibration curve established 
with various known concentrations of alpelisib.

Statistics. Data were expressed as the means ± SEM. Survival curves were ana-
lyzed with the Mantel–Cox (log-rank) test. Differences between the experimental 
groups were evaluated using ANOVA, followed by the Tukey–Kramer post hoc D
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test when the results were significant (P < 0.05). When only two groups were 
compared, Mann–Whitney tests were used. The statistical analysis was performed 
using GraphPad Prism software (version 10.0.0).

Results

A Mouse Model of PIK3CA Gain-of-Function in Schwann Cells. We 
took advantage of the transgenic mouse strain, R26StopFLP110*, 
which, after breeding with Cre recombinase mice, express a 
dominant active PI3KCA transgene. R26StopFLP110* mice were 
crossed with Mpz Cre mice to generate PIK3CAMPZ-Cre+ animals that 
express a constitutively overactivated form of PIK3CA specifically 
in Schwann cells starting from E12.5 (24). In order to follow the 
Cre recombination, PIK3CAMPZ-Cre+ mice were then interbred with 
Gt(ROSA)26Sortm4(ACTB-tdTomato,-EGFP)Luo/J mice. These mice express in 
all tissues a cell membrane localized tdTomato fluorescent protein, 
that is replaced by GFP after Cre recombination. Littermate mice 
carrying Mpz Cre recombinase without PIK3CA transgene were 
used as controls (referred thereafter as PIK3CAMPZ-Cre−).

﻿PIK3CAMPZ-Cre+   mice were born at a Mendelian ratio and had no 
particular phenotype at birth. However, around P21 of age, mutant 
mice started to develop tremor with progressive hair extension 
( Fig. 1A  ). Around the age of P60, both male and female mice began 
to lose weight ( Fig. 1B  ). Neurological symptoms progressed then 
rapidly with severe tremor, difficulty in walking, very long hair 
(SI Appendix, Fig. S1A﻿ ), chronic hypoglycemia ( Fig. 1C  ), and finally 
significantly reduced survival rate (median survival 16 wk) ( Fig. 1D  ). 
Functional test performed at the age of P21 revealed that 
﻿PIK3CAMPZ-Cre+   mice had a significantly reduced walking distance, 
a longer resting time period, a reduced velocity, and less strength 
compared to controls ( Fig. 1E  ). These anomalies worsened with aging 
( Fig. 1F  ). Whole-body T2-weighted MRI at the age of P90 showed 
the presence of diffuse neurolemma hypertrophy with the presence 
of neurofibroma only in PIK3CAMPZ-Cre+   mice compared to controls 
( Fig. 1G  ). We then killed 20 PIK3CAMPZ-Cre+   and 20 control mice at 
the age of P90 when the disease was already severely affecting the 
mice. Necropsy revealed macroscopic bilateral enlargement of sciatic 
nerves and brachial plexus nerves with no other anatomical anomalies 
( Fig. 1H   and SI Appendix, Fig. S1B﻿ ). Complete blood count did not 
reveal any particular alteration (SI Appendix, Fig. S1C﻿ ). Nerve 
enlargement was confirmed by semithin section analysis of sciatic 
nerves which showed significantly increased area of transverse sections 
( Fig. 1H  ). The density of myelinated fibers was significantly reduced 
in mutant nerves and the majority of myelinated fibers were aber-
rantly myelinated with myelin degeneration and tomacula ( Fig. 1I   
and SI Appendix, Fig. S1 D –F ). Western blot and immunofluores-
cence studies confirmed AKT/mTOR pathway activation in Schwann 
cells of PIK3CAMPZ-Cre+   mice compared to PIK3CAMPZ-Cre−   ( Fig. 1J   
and SI Appendix, Fig. S1G﻿ ). Amnis ImageStream® system confirmed 
that Schwann cells isolated from PIK3CAMPZ-Cre+   mice were hyper-
trophic compared to controls ( Fig. 1K   and SI Appendix, Fig. S2A﻿ ). 
In addition, we observed enlargement of the skin thickness with 
disorganized and excessive adipose tissue surrounding the enlarged 
nerves ( Fig. 1 L  and M   and SI Appendix, Fig. S2B﻿ ). We also noticed 
hair follicles hypertrophy ( Fig. 1M  ). Skin thickness was increased due 
to hypoderm enlargement ( Fig. 1N  ). These findings were consistent 
with what was observed in patients ( Fig. 1O   and SI Appendix, Fig. S2 
﻿C  and D ).        

 To better characterize nerve degeneration in this model, we 
examined sciatic nerves at different time points of postnatal nerve 
development. At P7, we observed that the area of mutant sciatic 
nerves was not significantly increased, but the number of fibers 
that had myelinated was significantly reduced with many fibers 
that had completed axonal sorting but still devoid of myelin as 

compared to control nerves (SI Appendix, Fig. S3A﻿ ). These find-
ings suggest that overactivation of PI3K-mediated signaling delays 
the onset of myelination. This conclusion was further supported 
by semithin section analysis of sciatic nerves at P18 (SI Appendix, 
Fig. S3B﻿ ). At this time point, the number of fibers that had mye-
linated was significantly increased in the mutant as compared with 
P7, but still significantly reduced as compared with controls at 
P18 (SI Appendix, Fig. S3 A  and B ). Some myelinated fibers 
showed reduced myelin thickness, whereas approximately 15.6% 
displayed aberrant myelin, particularly tomacula and aberrant 
folding, which was already present at P7 (SI Appendix, Fig. S3A﻿ ). 
The area of mutant sciatic nerves was significantly increased as 
compared with controls. Interestingly, we observed many fibers 
carrying enlarged cytoplasmic areas surrounding the nucleus, sug-
gesting increased cytoplasmic volumes and shorter internodal 
length (SI Appendix, Fig. S3B﻿ ). Surprisingly, the majority of fibers 
with aberrant myelin were already degenerated at P30 (approxi-
mately 35%), while reduced myelin thickness was more evident 
in other myelinated fibers of mutant nerves (SI Appendix, Fig. S3 
﻿C  and D ). The number of myelinated fibers as well as their density 
was significantly reduced in mutant nerves with evident loss of 
fibers already at this stage which then exacerbates at P90 
(SI Appendix, Fig. S3 C  and D ).

 Overall, these data suggest that constitutive PIK3CA  activation 
in Schwann cells starting from E12.5 severely affects myelination, 
causing the formation of abnormal myelinated fibers. These fibers 
deteriorate quickly, leading to the loss of fibers and resulting in a 
severe clinical outcome.

 In order to gain a deeper understanding of the increased amount 
of adipose tissue around the nerves and the enlarged hair follicles, 
we sought to determine where Cre  recombinase was activated. 
Using immunostaining and flow cytometry we confirmed that the 
GFP, and indeed the Cre  recombinase, was only expressed in 
Schwann cells and not leaking either in adipocytes nor hair follicles 
( Fig. 2 A  and B   and SI Appendix, Fig. S3E﻿ ). The data imply the 
existence of a potential communication or interaction between 
the mutated cells and the neighboring cells. To strengthen the 
evidence of potential crosstalk and to validate our findings in 
humans, we utilized BaseScope™ in situ hybridization technology 
with the PIK3CA H1047R  probe on biopsies taken from patients 
with PIK3CA﻿-related neuropathies who carried this specific vari-
ant. Remarkably, we observed that the mutation was exclusively 
detectable in Schwann cells and not in adipocytes or hair follicles. 
( Fig. 2 C –E  ). Importantly, while adipocytes were not carrying 
PIK3CA mutation, they demonstrated increased AKT phospho-
rylation compared to control skins ( Fig. 2 F  and G  ). Similar obser-
vations were made in mice (SI Appendix, Fig. S4A﻿ ). Finally, we 
compared the intensity of P-AKT in the nerves of mice and in 
patients. As we previously reported ( 4 ), we observed that mutant 
mice demonstrated a higher degree of AKT activation compared 
to patients (SI Appendix, Fig. S4B﻿ ). Collectively, these findings 
provide strong evidence for communication between mutated cells 
and neighboring cells, leading to the activation of the AKT pathway.        

 Interestingly, an increase in skin thickness and hair follicle num-
bers in PIK3CAMPZ-Cre+   mice may suggest anomalies in this cycle. 
Hair follicles go through specific stages of cycle: anagen (growth), 
catagen (regression), and telogen (quiescent) ( 25 ). During the 
anagen phase, hair growth is accompanied by the expansion of 
intradermal adipocytes, which doubles the thickness of the skin 
( 25 ,  26 ). In PIK3CAMPZ-Cre+   mice, we observed a continuous 
expansion of the skin thickness with enlarged adipocytes, increased 
proliferation of hair follicle cells, and a higher density of hair 
follicles (SI Appendix, Fig. S4 C –E ). To assess hair growth propen-
sity, we partially shaved PIK3CAMPZ-Cre+   mice and age-matched D
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controls. At 9 wk of age, PIK3CAMPZ-Cre+   mice showed a faster 
coverage of the shaved area (SI Appendix, Fig. S4F﻿ ). Indeed, these 
findings suggest a potential crosstalk between mutated Schwan 
cells and hair follicles that promotes the anagen phase.

 Patients with nerve anomalies related to PIK3CA  mutations 
may exhibit chronic hypoglycemia. However, the underlying rea-
sons for these anomalies are elusive. We recently reported that the 

presence of PIK3CA  gain-of-function mutation specifically in 
adipocytes was associated with GLUT4 translocation at the cell 
surface membrane with permanent glucose entry into adipocytes 
leading to chronic hypoglycemia with low insulin circulating levels 
due to negative feedback on insulin secretion ( 27 ). Considering 
that the PIK3CAMPZ-Cre+   mice exhibited hypoglycemia, we opted 
to measure insulin levels and observed significantly reduced 
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Fig. 1.   A mouse model of PIK3CA-related pe-
ripheral nerve overgrowth. (A) Representative 
photography of PIK3CAMPZ-Cre− and PIK3CAMPZ-Cre+ 
mice at the age of P60. (B) Male and female body 
weights of PIK3CAMPZ-Cre− and PIK3CAMPZ-Cre+ mice. 
(C) Twelve-hour fasted glycemia in PIK3CAMPZ-Cre− 
and PIK3CAMPZ-Cre+ mice. (D) Kaplan–Meier survival 
curves of PIK3CAMPZ-Cre− and PIK3CAMPZ-Cre+ mice. 
(E) Open field functional test and evaluation of 
PIK3CAMPZ-Cre− and PIK3CAMPZ-Cre+ mice at the age of 
P21. (F) Open field functional test and evaluation 
of PIK3CAMPZ-Cre− and PIK3CAMPZ-Cre+ mice at the age 
of P90. (G) Coronal whole-body T2-weighted MRI 
of PIK3CAMPZ-Cre− and PIK3CAMPZ-Cre+ mice. Neuro-
lemma volume quantification. (H) Representative 
pictures and semithin sections of sciatic nerves 
of PIK3CAMPZ-Cre− and PIK3CAMPZ-Cre+ mice at P90 
with nerve section area quantification. (I) Semith-
in sections of sciatic nerves of PIK3CAMPZ-Cre− and 
PIK3CAMPZ-Cre+ mice at P90 with myelinated fibers 
and density quantification (myelinated fibers on 
area). (J) Western blot and quantification of p110, 
AKT phosphorylation at Ser473 and S6RP in sciatic 
nerves of PIK3CAMPZ-Cre− and PIK3CAMPZ-Cre+ mice. (K) 
Quantification of GFP-positive Schwann cell area 
of PIK3CAMPZ-Cre− and PIK3CAMPZ-Cre+ mice using Am-
nis ImageStream. (L) Axial T2-weighted MRI of the 
head and quantification of the skin thickness of 
PIK3CAMPZ-Cre− and PIK3CAMPZ-Cre+ mice aged of P90. 
(M) Representative H&E staining of skin section of 
PIK3CAMPZ-Cre− and PIK3CAMPZ-Cre+ mice aged of P90. 
Arrows indicate hair follicles. (N) Quantification 
of the different skin layers of PIK3CAMPZ-Cre− and 
PIK3CAMPZ-Cre+ mice aged of P90. (O) Representative 
H&E staining in skin biopsies from healthy controls 
and in patients with PIK3CA-related nerve anoma-
lies. Arrows indicate hair follicles.
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circulating levels compared to the control group ( Fig. 3A  ). Similar 
to our previous findings in mice harboring a gain-of-function 
mutation in PIK3CA  within adipose tissue ( 27 ), we observed that 
in PIK3CAMPZ-Cre+   mice reduced levels of insulin correlated with 
a decrease in the size of the β islets (SI Appendix, Fig. S5A﻿ ). 
Additionally, these mice displayed low circulating levels of IGF1 
(SI Appendix, Fig. S5B﻿ ), reduced expression of Igf1  mRNA in the 

liver (SI Appendix, Fig. S5C﻿ ), and a surge in the synthesis of liver 
IGFBP1 (SI Appendix, Fig. S5 D  and E ). We ruled out Cre leakage 
in skeletal muscle or in the liver as a possible explanation for the 
hypoglycemia (SI Appendix, Fig. S5F﻿ ). GLUT1 is the main glucose 
transporter in peripheral nerves and is expressed in perineurium 
( 28 ). We stained the tissue section and did not notice any differ-
ence of GLUT1 or GLUT 3 expression in the perineurium of 

A

C

D

F

G

B

E

Fig. 2.   PI3KCA gain-of-function mutations in 
Schwann cells activate the AKT pathway in 
surrounding adipocytes and hair follicles. (A) 
Representative immunostaining of GFP in the 
skin of PIK3CAWT-Cre− and PIK3CAWT-Cre+ mice. (B) 
Flow cytometry of GFP and S100 costaining 
of cells isolated from the skin of PIK3CAWT-Cre− 
and PIK3CAWT-Cre+ mice. (C) Representative H&E 
staining of skin biopsies from healthy controls 
and patients with PIK3CA-related neuropathies. 
(D) In situ hybridization using BaseScope assay 
of PIK3CA H1047R probe in the skin of healthy 
controls and patients with PIK3CA-related 
nerve disorders. Arrows show pink dots of 
hybridization. (E) Quantification of the number 
of spots localized either in the hair follicle, 
adipose tissue, or nerves. (F) Representative 
immunostaining of P-AKTThr308 in the skin of 
healthy controls and patients with PIK3CA-
related neuropathies and (G) Quantification.
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﻿PIK3CAMPZ-Cre+   compared to control mice ( Fig. 3 B  and C  ). We 
then stained the slides for GLUT4 and found that adipocytes 
surrounding the nerves of the PIK3CAMPZ-Cre+   mice had GLUT4 
accumulation at the cell membrane compared to controls 
( Fig. 3D  ). This finding, along with AKT phosphorylation, suggests 
that the accumulation of GLUT4 and the involvement of adipo-
cytes may contribute to the chronic hypoglycemia observed in 

mice. Therefore, it is plausible that Schwann cells early in devel-
opment release paracrine factor(s) that have the ability to activate 
the AKT pathway in surrounding cells, thereby potentially con-
tributing to the development of chronic hypoglycemia.        

 We thus conclude that we created a mouse model that faithfully 
reproduces the phenotype observed in patients with PIK3CA﻿-related 
nerve anomalies.  
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Fig. 3.   PIK3CAMPZ-Cre+ mice present severe endo-
crine disruption with features of aerobic glycolysis. 
(A) Insulin circulating levels in PIK3CAMPZ-Cre− and 
PIK3CAMPZ-Cre+ mice. (B) Representative immunoflu-
orescence costaining of GLUT1 and S100β in sciatic 
nerves of PIK3CAMPZ-Cre− and PIK3CAMPZ-Cre+ mice. (C) 
Representative immunofluorescence costaining of 
GLUT3 and S100β in sciatic nerves of PIK3CAMPZ-Cre− 
and PIK3CAMPZ-Cre+ mice. Testis was used as a positive 
control. (D) Representative immunofluorescence 
costaining of GLUT4 and Perilipin-1 in surround-
ing areas of the sciatic nerves of PIK3CAMPZ-Cre− and 
PIK3CAMPZ-Cre+ mice and quantification. (E) Graphic ex-
ample of metabolite modification observed in the 
plasma of PIK3CAMPZ-Cre− and PIK3CAMPZ-Cre+ mice. AU: 
Arbitrary units. (F) 18F-fluorodeoxyglucose uptake in 
sciatic and brachial of PIK3CAMPZ-Cre− and PIK3CAMPZ-Cre+ 
mice. (G) Gamma scintigraphy of isolated sciatic 
nerves of PIK3CAMPZ-Cre− and PIK3CAMPZ-Cre+ mice.
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PIK3CAMPZ-Cre+ Mice Demonstrated Metabolic Shift Toward 
Aerobic Glycolysis. We previously reported that PIK3CA 
gain-of-function mutation in adipocytes was associated with 
Warburg-like effect (27). Since we observed similar biological 
anomalies in PIK3CAMPZ-Cre+ mice with severe hypoglycemia 
and low circulating insulin levels, we examined the plasma of 
PIK3CAMPZ-Cre+ and control mice. Metabolomic analysis of 12 
wk old aged mice demonstrated features of aerobic glycolysis with 
increased lactate and pyruvate production, ketone formation (3 
beta hydroxybutyric acid), with increase in several tricarboxylic 
acid cycle intermediates such as aKG, cis-aconitate, fumarate, 
or malate, increase in fatty acid products such as myristic acid 
and carnitine consumption (Fig. 3E). Taken together, these data 
suggest that PIK3CAMPZ-Cre+ mice exhibit Warburg-like effect with 
the biosynthesis of macromolecules.

 To validate the metabolic switch, we conducted FDG uptake 
assays. Consistently, we observed a significant increase in FDG 
uptake in the peripheral nerves of PIK3CAMPZ-Cre+   mice compared 
to the control group ( Fig. 3F  ). In order to demonstrate that the 
increased FDG uptake was a result of potential aerobic glycolysis 
and not solely influenced by the surrounding adipose tissue, we 
isolated sciatic nerves from both mutant and control mice aged 
12 wk. Gamma scintigraphy confirmed that FDG uptake was 
only observed in the mutant nerves, distinct from the controls 
( Fig. 3G  ). Thus, the presence of PIK3CA  gain-of-function muta-
tion in Schwann cells is associated with aerobic glycolysis-related 
characteristics.  

Therapeutic Perspective for Patients with Severe PIK3CA-Related 
Nerve Disorders. Patient with PIK3CA mutation affecting the 
peripheral nerves frequently experience intense neurological pain, 
numbness, and motor limitation. We wondered whether alpelisib, 
a PIK3CA pharmacological inhibitor (29–33), could improve their 
conditions. Alpelisib has been recently granted accelerated approval 
by the US Food and Drug Administration (FDA) for patients 
with PROS but its impact on nerve anomalies related to PROS is 
unknown. In order to address this question, we started by treating 
PIK3CAMPZ-Cre+ mice with a preexisting severe phenotype (P60) 
with alpelisib. Despite administering alpelisib daily, there were no 
significant changes observed in mouse survival or improvement 
in neurological symptoms (Fig. 4A). MRI performed at the age 
of P90 (4 wk on treatment) showed that alpelisib had a moderate 
impact on the neurolemma volume (Fig.  4B) but significantly 
improved the skin thickness (SI Appendix, Fig. S6A). Semithin 
section analysis of sciatic nerves at P90 showed that the area as the 
myelinated fibers were similar between mutant vehicle-treated and 
alpelisib-treated nerves whereas the number of aberrant fibers was 
modestly decreased in mutant alpelisib-treated nerves (Fig. 4C). 
Western blot and immunofluorescence studies of sciatic nerves 
revealed that AKT phosphorylation was not affected by alpelisib 
(Fig. 4 D and E and SI Appendix, Fig. S6B). Based on these findings, 
we administered alpelisib at an earlier time point, starting from 
P21. The earlier administration of alpelisib resulted in a delay in 
the onset of neurological symptoms and a notable extension in the 
overall survival of the mice (Fig. 4A and SI Appendix, Fig. S6C). 
Nevertheless, the mice still developed neurological abnormalities 
as they aged. MRI performed at P90 (9 wk on treatment) of 
age showed moderate neurolemma hypertrophy (Fig. 4B) with 
correction of the skin thickness (SI Appendix, Fig. S6A). Mice were 
then killed and semithin section analysis revealed the persistence 
of morphological alterations in the nerve (Fig. 4C). Consistently, 
Western blot and immunofluorescence studies of sciatic nerves 
revealed that AKT phosphorylation was partially blunted by 
alpelisib (Fig.  4 D and E and SI  Appendix, Fig.  S6B). On the 

basis of these results, we decided to initiate alpelisib early after 
birth, starting at P10. Very early administration of alpelisib led to 
an improvement in neurological symptoms at P90. Furthermore, 
there was a significant reduction in the area of the nerve, in the 
number of aberrantly myelinated fibers and of degenerated fibers 
compared to mice treated with the vehicle control (SI Appendix, 
Fig. S7 A–D). Western blot and immunofluorescence analysis of 
the sciatic nerves revealed a significant decrease of AKT activation 
(SI Appendix, Fig. S7 E and F). In order to elucidate the differences 
in treatment efficacy between early and late administration, we 
formulated the hypothesis that the increased thickness of the 
nerve in aged mice could potentially impede the penetration of 
the drug. To investigate and validate this hypothesis, we isolated 
sciatic nerves from PIK3CAMPZ-Cre+ mice at three distinct ages 
(P10, P21, and P60). Subsequently, we exposed them ex vivo to 
either alpelisib or vehicle for a duration of 8 h. We observed that 
alpelisib effectively inhibited AKT phosphorylation at both P10 
and P21, but its inhibitory effect was no longer observed at P60 
(Fig.  4F). Alternatively, the penetration of the drug across the 
nerve blood barrier is permissive at P10 but is not or strongly 
reduced at later time point. To further explore these hypotheses, 
we measured alpelisib concentration in the sciatic nerves of mice 
with early and late treatment. We observed that while alpelisib 
concentrations in the nerves of young mutant and control mice 
were similar, the concentration was significantly lower in the 
nerves of older PIK3CAMPZ-Cre+ mice compared to age-matched 
controls (Fig. 4G).

 Last, we investigated the impact of alpelisib on various plasma 
metabolites and noted that the treatment led to a restoration of 
the majority of them. This effect was more pronounced when 
alpelisib was initiated early compared to late introduction 
(SI Appendix, Fig. S8 A  and B ).   

Discussion

 In this study, we present the outcomes of PIK3CA  gain-of-function 
mutations in Schwann cells. To investigate the effects, we devel-
oped a mouse model that exhibited a severe neurological pheno-
type and endocrine abnormalities similar to those observed in 
patients with PIK3CA﻿-related neuropathies. Additionally, we 
provided evidence of a communication pathway between the 
mutant cells and the surrounding tissues, leading to excessive 
growth of adipocytes and hyperplasia of hair follicles. Our findings 
indicate that the early administration of alpelisib, compared to 
delayed administration, improved the mouse phenotype likely 
because the drug penetrates more easily in small nerves with thin-
ner perineurial tissues and in younger animals the nerve blood 
barrier is likely more permissive. Alternatively, the progression of 
the phenotype is such to be hardly reverted or ameliorated when 
fiber degeneration and loss are already evident.

 The AKT/mTOR pathway plays a crucial role in the process of 
myelination and has been extensively explored ( 14             – 21 ). Indeed, 
overactivation of AKT, either through activating mutations or 
when PTEN is conditionally removed from Schwann cells, leads 
to localized excessive myelination and abnormal myelin formation 
( 16         – 21 ). The impact of mTORC1 overactivation on myelination 
varies depending on the degree and timing of the overactivation 
( 16 ,  17 ),  ( 18 ). Elevated mTORC1 activity during the transition 
from the promyelinating to the myelinating stage inhibits Schwann 
cell proliferation and delays the onset of myelination ( 16 ,  17 ). 
Conversely, when mTORC1 activity is moderately to highly 
increased at a later stage of nerve development, it causes localized 
excessive myelination and abnormal myelin formation ( 19   – 21 ). 
The observed phenotype resulting from PIK3CA overactivation D
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was characterized by a delayed onset of myelination, which was 
then followed by the development of abnormal myelination 
accompanied by rapid deterioration and loss of fibers. Other 
downstream targets that could be recruited may provide an expla-
nation for the phenotypic differentiation between PI3KCA and 
AKT/mTOR activation. It is important to note that the p110* 
mutant used in this study has been shown to more robustly recruit 
the AKT/mTOR pathway compared to the common PIK3CA 

variant observed in humans and may contribute to the severity of 
the phenotype observed in the mouse model ( 4 ).

 The important finding in this study is the increasing body of evi-
dence that highlights a communication between mutated cells and 
the neighboring healthy cells. We observed a significant correlation 
between PIK3CA  mutation in Schwann cells and both adipose tissue 
and hair growth in both mouse models and human patients. It is 
worth noting that, in patient with PIK3CA  mutation, the presence 
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Fig. 4.   Alpelisib improves PIK3CAMPZ-Cre+mice out-
come depending on their ages. (A) Kaplan–Meier 
survival curves of PIK3CAMPZ-Cre− and PIK3CAMPZ-Cre+ 
mice treated with vehicle, alpelisib starting at ei-
ther P21 or P60. (B) Whole-body T2-weighted MRI at 
P90 of PIK3CAMPZ-Cre−, PIK3CAMPZ-Cre+ vehicle-treated, 
PIK3CAMPZ-Cre+-treated with either alpelisib started 
at P21 or P60. Neurolemma volume quantification. 
(C) Semithin section analysis of sciatic nerves at P90 
of PIK3CAMPZ-Cre− and PIK3CAMPZ-Cre+ mice treated with 
vehicle, alpelisib starting at either P21 or P60. The 
graphs show the quantification of area, myelinat-
ed fibers, density (myelinated fibers on area), and 
percentage of aberrant fibers on myelinated fib-
ers. (D) Western blot and quantification of p110, 
AKT phosphorylation on residues Ser473 and S6RP 
in sciatic nerves of PIK3CAMPZ-Cre−, PIK3CAMPZ-Cre+ 
vehicle-treated, PIK3CAMPZ-Cre+-treated mice with 
either alpelisib started at P21 or P60. (E) Repre-
sentative immunofluorescence costaining of S100β 
and P-AKTThr308 in sciatic nerves of PIK3CAMPZ-Cre−, 
PIK3CAMPZ-Cre+ vehicle-treated, PIK3CAMPZ-Cre+-treated 
mice with either alpelisib started at P21 or P60 
(Upper). Representative immunofluorescence 
costaining of S100β and P-S6RP in sciatic nerves 
of PIK3CAMPZ-Cre−, PIK3CAMPZ-Cre+ vehicle-treated, 
PIK3CAMPZ-Cre+-treated mice with either alpelisib 
started at P21 or P60 (Lower). (F) Western blot 
and quantification of p110, AKT phosphorylation 
at Ser473 and S6RP in isolated sciatic nerves of 
PIK3CAMPZ-Cre− or PIK3CAMPZ-Cre+ mice that were then 
treated ex vivo with either vehicle or alpelisib for 8 
h. Sciatic nerves were collected at P7, P21, and P60. 
(G) Alpelisib measurements in plasma and tissues 
of PIK3CAMPZ-Cre− or PIK3CAMPZ-Cre+ mice treated with 
alpelisib started either at P10 or P60.
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of lipomatosis around neural anomalies is frequently observed ( 3 , 
 5       – 9 ). Here, we show that, in these cases, patients carry the mutation 
exclusively in Schwann cells and not in adipocytes. Indeed, this works 
highlights the tight connection between Schwann cells, adipose tissue, 
and hair follicles. It has long been suggested that PIK3CA mutations 
may be associated with a non-cell autonomous effect; this had never 
been proven before. In biopsies taken from overgrowth sites in 
patients, the low PIK3CA variant allele frequency, combined with 
diffuse AKT phosphorylation and the presence of multiple cell types 
from different embryonic lineages, led to this hypothesis ( 34 ). This 
phenomenon has been observed across various tissue types ( 35 ). Here, 
we provide evidence that PIK3CA-mutated cells may exert a non-cell 
autonomous effect. This finding opens broad avenues of investigation 
to identify putative secreted factors that could be crucial for under-
standing disease development, as well as potential new biomarkers or 
therapeutic targets. Furthermore, given the high frequency of PIK3CA 
mutations in oncology, this finding may have significant implications 
for cancer research.

 Finally, we found that alpelisib exhibited the ability to enhance the 
conditions of mice with PIK3CA﻿-related disorders. Additionally, it 
demonstrated an early penetration into the myelin sheath as opposed 
to when introduced at later stages.

 In conclusion, we report the outcomes resulting from a 
gain-of-function mutation in PIK3CA  using a preclinical model. 
We have identified potential interactions between mutant and 
healthy cells and ultimately demonstrate that alpelisib can ame-
liorate the disease; however, its efficacy may be constrained within 
a specific time period.    

Data, Materials, and Software Availability. All data needed to evaluate the 
conclusions in the paper are present in the paper and/or the SI Appendix.
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