Taylor & Francis
Taylor & Francis Group
Adipocyte

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/kadi20

Effects of alpelisib treatment on murine Pten-deficient
lipomas

Lea M. Merz, Karsten Winter, Sandy Richter, Sonja Kallendrusch, Andreas
Horn, Sonja Grunewald, Nora Kléting, Kerstin Krause, Wieland Kiess, Diana
Le Duc & Antje Garten

To cite this article: Lea M. Merz, Karsten Winter, Sandy Richter, Sonja Kallendrusch, Andreas
Horn, Sonja Grunewald, Nora Kl6ting, Kerstin Krause, Wieland Kiess, Diana Le Duc & Antje
Garten (2025) Effects of alpelisib treatment on murine Pten-deficient lipomas, Adipocyte, 14:1,
2468275, DOI: 10.1080/21623945.2025.2468275

To link to this article: https://doi.org/10.1080/21623945.2025.2468275

8 © 2025 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

[N
h View supplementary material (&'

@ Published online: 17 Feb 2025.

N
CJ/ Submit your article to this journal &

||I| Article views: 716

A
& View related articles &'

View Crossmark data &'

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=kadi20


https://www.tandfonline.com/journals/kadi20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/21623945.2025.2468275
https://doi.org/10.1080/21623945.2025.2468275
https://www.tandfonline.com/doi/suppl/10.1080/21623945.2025.2468275
https://www.tandfonline.com/doi/suppl/10.1080/21623945.2025.2468275
https://www.tandfonline.com/action/authorSubmission?journalCode=kadi20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=kadi20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/21623945.2025.2468275?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/21623945.2025.2468275?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/21623945.2025.2468275&domain=pdf&date_stamp=17%20Feb%202025
http://crossmark.crossref.org/dialog/?doi=10.1080/21623945.2025.2468275&domain=pdf&date_stamp=17%20Feb%202025
https://www.tandfonline.com/action/journalInformation?journalCode=kadi20

ADIPOCYTE
2025, VOL. 14, NO. 1, 2468275
https://doi.org/10.1080/21623945.2025.2468275

Taylor & Francis
Taylor &Francis Group

RESEARCH ARTICLE

8 OPEN ACCESS | Gheck for updates

Effects of alpelisib treatment on murine Pten-deficient lipomas

Lea M. Merz?, Karsten Winter®, Sandy Richter?, Sonja Kallendrusch®<, Andreas Horn®, Sonja Grunewald®,
Nora Kloting®, Kerstin Krausef, Wieland Kiess?, Diana Le Duc?, and Antje Garten?

2Center for Pediatric Research, University Hospital for Children & Adolescents, Leipzig University, Leipzig, Germany; ®Institute of Anatomy,
Leipzig University, Leipzig, Germany; “Institute of Clinical Research and Systems Medicine, Health and Medical University Potsdam, Potsdam,
Germany; “Department for Dermatology, Venereology and Allergology, University Hospital Leipzig, Leipzig, Germany; Helmholtz Institute
for Metabolic, Obesity and Vascular Research (HI-MAG), Helmholtz Center Munich at the University and University Hospital Leipzig, Leipzig,
Germany; Department of Endocrinology, Nephrology and Rheumatology, University Hospital Leipzig, Leipzig, Germany; 9Institute of Human
Genetics, University Hospital Leipzig, Leipzig, Germany

ABSTRACT

Phosphatase and tensin homolog (PTEN) hamartoma tumour syndrome (PHTS) is a rare disorder
caused by germline mutations in the tumour suppressor gene PTEN, a key negative regulator of
phosphatidylinositol 3-kinase (PI3K)/AKT signalling. Children with PHTS often develop lipomas, for
which only surgical resection is available as treatment. We investigated the effects of the selective
PI3K-inhibitor alpelisib on Pten-deficient lipomas. After incubation with alpelisib or the non-
selective PI3K inhibitor wortmannin, we analysed histology, gene expression, and Pi3k pathway
in lipoma and control epididymal adipose tissue (epiWAT). Alpelisib increased adipocyte area in
lipomas compared to epiWAT. Baseline gene expression showed higher levels of markers for
proliferation (Pcna), fibrosis (Tgfb1), and adipogenesis (Pparg) in lipomas, while hormone-sensitive
lipase expression was lower than in epiWAT. Following alpelisib incubation, target genes of Pi3k
signalling and extracellular matrix factors were reduced. We confirmed Pi3k inhibition through
detecting decreased Akt levels compared to control treatment. Human lipoma samples treated
with alpelisib showed variable lipolysis responses, suggesting variability in therapeutic outcomes.
We established an ex vivo model to study alpelisib effects on Pten-deficient lipomas. These results
underscore the therapeutic potential of targeted PI3K inhibition in the treatment of PHTS-
associated lipomas, particularly in cases that are inoperable.
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Introduction
tissue growth and remodelling, as evidenced by the fact

Phosphatase and tensin homolog (PTEN) hamartoma
tumour syndrome (PHTS) is a group of rare heteroge-
neous disorders caused by germline mutations in the
tumour suppressor gene, PTEN. The corresponding pro-
tein is a dual lipid and protein phosphatase that depho-
sphorylates phosphoinositide substrates to decrease
intracellular levels of phosphatidylinositol-3,4,5-trispho-
sphate (PIP3), thereby counteracting phosphatidylinositol
3-kinase (PI3K) (Figure 1la). Through phosphoinositide-
dependent kinase 1 (PDPK1), PIP3 activates AKT, which
subsequently increases mTOR signalling. PTEN is
a major negative regulator of the PI3K/AKT/mTOR sig-
nalling pathway, which plays a crucial role in cell growth
and cellular energy metabolism [1-3](Figure 1a). By inhi-
biting PI3K/AKT signalling, PTEN has been demon-
strated to suppress tumour formation [4]. The PI3K/
AKT pathway plays a critical role in regulating adipose

that patients with PHTS not only face a high risk of
malignancies but also commonly develop lipomas [5,6].
Subcutaneous or visceral lipomas are frequent and are
observed in up to 39% of patients [7,8]. Lipoma growth
can impede organ function, leading to acute or chronic
life-threatening symptoms such as respiratory dysfunc-
tion or malnutrition [9,10]. Surgical excision remains the
only treatment option for lipomas in PHTS patients.
However, in some cases, the position of these lipomas
renders them inoperable and resected lipomas have a high
risk of recurrence. In addition to pathogenic PTEN var-
iants in patients with PHTS, multiple sporadic malignan-
cies also exhibit PTEN alterations [11]. Therefore, it is
crucial to establish systemic therapeutic strategies to miti-
gate the effects of impaired PTEN activity.

Alpelisib (BYL719) is a selective inhibitor of the
pl10a catalytic subunit of PI3K and a potential drug
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Figure 1. Schematic overview of PI3K/AKT/mTOR pathway and experimental design. a) PI3K activation induces conversion of
phosphatidylinositol-4,5-bisphosphate (PIP2) to phosphatidylinositol-3,4,5-trisphosphate (PIP3). PIP3 is bound by AKT leading to
AKT activation. Activated AKT indirectly stimulates mTOR regulating proliferation, lipolysis, adipogenesis, cell survival and growth.
Alpelisib and wortmannin are direct inhibitors of PI3K. PTEN counteracts PI3K by dephosphorylating PIP3 to PIP2. b) Representative
image of a 12- week-old homozygous Osx-Cre; Rb1™"™; Pten™™ mouse with an axillary lipoma. Second column: 2 lipomas in PBS
(upper image) and matching epiWAT control tissue in culture media (lower image). Third column: lipoma on sterile filter membranes
before cutting with tissue chopper. Fourth column: 500 um thick lipoma slices in culture media. Fifth column: 3 lipoma slices
cultured on liquid-air-interface. c¢) Representative H&E staining of lipoma tissue cross sections from dO and treatment conditions
(control, alpelisib and wortmannin) after 72 h of incubation. Scale bar=100 um. Tissue heterogeneity and morphology is well
maintained across all conditions.

for the treatment of Pten deficient lipomas and other
associated malignancies [12]. The first clinical study
showed that the administration of alpelisib could suc-
cessfully reduce the size of malignant and benign
tumours [13,14]. For example, alpelisib has been
approved for patients with PIK3CA mutated, advanced,
or metastatic breast cancer [13]. Moreover, alpelisib
treatment improved the clinical condition of patients

with CLOVES syndrome, a rare genetic disorder caused
by gain-of-function mutations in PIK3CA gene [15-
19]. The symptoms include congenital lipomatous
overgrowth, complex vascular malformations, epider-
mal naevi, skeletal abnormalities, and scoliosis.
Patients treated with alpelisib demonstrated a volume
reduction in vascular tumours, a decrease in hemihy-
pertrophy, and improvements in scoliosis symptoms



[14]. Several studies have confirmed the beneficial
effects of alpelisib in patients with PIK3CA-related
overgrowth syndrome [15-19]. Moreover, alpelisib
treatment induces tumour alterations in nude mice
with PIK3CA-driven tumours, ranging from tumour
stasis to regression [12]. In contrast to alpelisib, wort-
mannin is a steroid fungal metabolite that acts as a pan-
selective irreversible PI3K inhibitor. Patients suffering
from incurable solid tumours benefit from wortman-
nin-derived PX-866 as an add-on to conventional che-
motherapy [20,21].

Based on the aforementioned studies, we hypothe-
sized that alpelisib could be a promising new drug for
the treatment of Pten deficient lipomas. We aimed to
assess the pathobiology of Pten deficient lipoma and to
compare the therapeutic efficacy of alpelisib with that
of the pan-PI3K inhibitor wortmannin. In our previous
work [9], we demonstrated that incubation of PTEN-
haploinsufficient lipoma cells with alpelisib led to
reduced proliferation and increased senescence.
Building on these findings, we used ex vivo murine
lipoma tissue slices in this study, which are a more
physiological model compared to conventional 2D cell
culture. This approach allowed us to assess the impact
of alpelisib on adipocytes and progenitor cells within
the tissue context. Using this model, we were able to
determine adipocyte size, thereby gaining valuable
insights into both adipocyte hypertrophy and hyperpla-
sia. Additionally, by employing adipose tissue from the
same mouse as an internal control, we were able to
evaluate whether the observed effects of alpelisib were
specific to lipoma tissue. This methodology provides
a more comprehensive understanding of alpelisib’s
effects on lipoma tissue and its potential therapeutic
applications. Using mice with a conditional Pten/reti-
noblastoma (Rbl) knockout, we established an ex vivo
lipoma slice culture model and compared it with the
epigonadal white adipose tissue (epiWAT) from the
same mouse [22]. We used a semi-automated technique
to assess adipocyte size, which revealed an increase in
lipoma adipocyte area following alpelisib treatment.
Gene expression analysis showed higher expression of
the proliferation marker proliferating cell nuclear anti-
gen (Pcna), transforming growth factor beta (Tgfbl) and
adipogenic transcription factor peroxisome proliferator-
activated receptor (Pparg) in lipoma than in epiWAT
control tissue. Lipe encoding hormone sensitive lipase
was expressed at significantly lower levels in lipoma
and reduced further by alpelisib incubation.
Compared to wortmannin, alpelisib had a greater
impact on AKT and on genes involved in lipolysis
regulation. In conclusion, we established an ex vivo
model of Pten-deficient lipomas and explored the
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therapeutic potential of targeted PI3K inhibition.
Given the recurrence risk and limited systemic options,
addressing PI3K/AKT signalling dysregulation through
selective inhibitors like alpelisib offers a novel avenue
for therapeutic intervention.

Methods

This study adhered to ARRIVE guidelines, please see
checklist (Supplementary Table S1).

Mouse breeding and tissue collection

Osx-Cre:Rb1""Pten™ mice were bred by crossing
Pten™  (Stock  B6.129S4-Ptentm1Hwu/] 006440,
Jackson Labs) with Osx-Cre:Rb1"? mice that were
transgenic for a Tet-off GFP:Cre fusion construct
under transcriptional regulation of the Osterix(Osx)/
Sp7 promoter (B6.Cg-Tg(Sp7-tTA,tetO-EGFP/cre)
1Amc/], kindly provided by Dr. Stuart H. Orkin,
Boston Children’s Hospital) [23,24]. Mice were housed
and handled, and animal studies were conducted
according to guidelines approved by the local authori-
ties of the State of Saxony, Germany, and by the local
animal ethics review board (Landesdirektion Leipzig,
Germany; approval number TVV30/19).

The mice were housed under pathogen-free condi-
tions, with 12 h of light per day and unlimited access
to rodent chow and water. During breeding, Cre
expression was suppressed using chow containing
625mg/kg  doxycycline  (A112D70624;  Ssniff
Spezialdidten, Soest, Germany). Male and female non-
randomized mice were used for the experiments. At
3 weeks of age, Cre induction was achieved by wean-
ing the mice into normal chow. Genotyping of Pten
and Rb loxp sites and Cre transgene expression was
carried out as previously described [22,25,26]. Within
4 weeks of switching to normal chow, Cre-positive
mice started to develop uni- or bilateral non-
invasive lipomas in the axillary region [24,26,27]
(Figure 1b, first column). Mice were sacrificed by
cervical dislocation and dissected between 15 and
24 weeks of age. We determined baseline gene expres-
sion differences between untreated lipoma and con-
trol WAT tissues from eight mice. For histological
and gene expression analysis after 72h of inhibitor
treatment, lipomas and control epiWAT from six
mice (four males and two females) were used. To
evaluate pathway activation via western blot analysis,
after 72 h of inhibitor treatment, lipomas and control
epiWAT were obtained from five mice (one male,
four females).
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Tissue slice culture preparation and treatment

After reaching an average size of 5x 10 mm, the lipo-
mas and epiWAT were excised and placed on sterile
filter membranes. As previously described [28], tissue
was cut into 500 um thick slices using a tissue chopper
(MclIlwain TC752, Campden Instruments,
Loughborough, UK, or Saur, Reutlingen, Germany,
Figure 1b, second and third column). Lipoma tissues
and control epiWAT from each mouse were directly
frozen in liquid nitrogen or fixed in 4% PFA for day 0.
Subsequently, three slices were carefully transferred to
an insert on a liquid-air-interface in a 6-well plate
(Corning, New York, USA) and cultured at 37°C with
a CO, content of 5% (Figure 1b, fourth to fifth col-
umn). Lipoma tissue and epiWAT were cultured in
serum-free media containing Dulbecco’s Modified
Eagle’s medium (DMEM), insulin-transferrin-selenium
mixture (ITS), and penicillin/streptomycin (PenStrep)
[28]. The culture medium was then replaced for 48 h.
Slices were incubated with alpelisib (50 uM), wortman-
nin (100 uM) (Selleck Chemicals GmbH, Cologne,
Germany), culture medium, or DMSO (0.1%) for
24 h. After inhibitor incubation for 72h, the slices
were fixed in 4% PFA for histological analysis or snap-
frozen for RNA or protein isolation. The selected con-
centrations and timeframe were based on previous stu-
dies conducted by our group and others, as well as
optimization experiments designed to enhance detec-
tion of inhibitor effects while preserving tissue viability.

Imaging

After fixation for over 24 h in 4% PFA, the slices were
embedded in paraffin. Sections (10 um) were cut,
dewaxed, dehydrated in an alcohol series, and stained
with haematoxylin and eosin. Whole 10 um-thick slices
were visualized using a digital slide scanner
(Pannoramic Scan II, 3D HISTECH Ltd., Budapest,
Hungary). To assess tissue integrity, haematoxylin and
eosin (H&E) staining was performed, and 20 images
per condition were manually inspected. Adipocytes
were detected and measured (mean adipocyte area
and adipocyte diameter) using Mathematica (Version
13.2, Wolfram Research, Inc., Champaign, IL, USA)
[29]. For each image colourized cell masks were over-
layed to the original HE images and inspected to ensure
correct automatic adipocyte detection. Distributions of
adipocyte cell areas and mean diameters from different
experiments were calculated and plotted as distribution
curves. Cut-off values were determined at relevant
curve intersections.

Reverse transcription quantitative PCR (RT-qPCR)

For RNA extraction, slices were snap-frozen in liquid
nitrogen and extracted using an RNeasy Mini Kit
(Qiagen GmbH, Hilden Germany). RNA (500 ng) was
reverse-transcribed using M-MLV Reverse Transcriptase
(Invitrogen, Thermo Fisher Scientific, Inc., Waltham,
MA, USA). For quantitative RT-PCR, qPCR Master
Mix Low ROX (TagMan Mastermix FAST; Eurogentec,
Liege, Belgium) or Absolute qPCR SYBR-Green Low
ROX Mix (Thermo Fisher Scientific, Inc.) was used.
Measurements were performed using an Applied
Biosystems 7500 Real-Time PCR System (Thermo
Fisher Scientific, Inc.) with the following settings: activa-
tion at 95°C for 15min, 40 cycles of denaturation at
95°C for 15 s, annealing at 60°C for 30 s, and elongation
at 72°C for 30 s. The relative copy number of each
sample was calculated, in a first step normalized to the
housekeeper gene Tbp (TATA box binding protein) and
subsequently normalized to the DMSO control. The
expression levels of multiple genes associated with lipo-
lysis, adipogenesis, extracellular matrix remodelling, and
PI3K target genes were quantified. Primer sequences
used are listed in Supplementary Table S2.

Western blot

After snap-freezing, tissue slices were pooled, lysed
using TissueLyser II (Qiagen), and electrophoretic
separation by SDS polyacrylamide gel electrophoresis
was performed. Using standard protocols, proteins
were blotted onto nitrocellulose membranes, and
immunoblotting was performed to measure the amount
of phosphorylated and total protein. Information on
the antibodies used can be found in Supplementary
Table S3.

Human lipoma samples

Lipoma tissue samples were obtained after elective sur-
gical removal of sporadic lipomas from eight healthy
subjects (six males and two females, age range 34-72
years). Surgeries were performed in the Department of
Dermatology, Venereology, and Allergology at the
University Hospital Leipzig, Germany. This study
adhered to the Declaration of Helsinki and all proce-
dures were approved and monitored by the ethics
committee of Leipzig University, Germany (380/16-
ek). Written informed consent was obtained from all
the subjects. H&E-stained tissue sections of each sam-
ple were examined by light microscopy to confirm that
lipomas were of the conventional type, without any
cellular or nuclear atypia.



Human adipocyte isolation and lipolysis assay

Adipocytes were isolated by collagenase digestion, as
described previously [30,31]. Briefly, lipoma tissue (1-2
g) was washed twice with sterile PBS and cut into pieces
of approximately 0.5cm length. After digestion for
90min in a 200U/ml collagenase-HBSS solution
(Sigma, #C5138) in a 37°C shaking water bath, the
material was filtered through a nylon mesh (pore size
400 um) and centrifuged at 1,100 rpm at room tem-
perature for 5min. To assay lipolysis [31], the floating
adipocyte layer was transferred to a 1.5 ml Eppendorf
tube. The infranatant was removed, and adipocytes
were washed three times before adding 50 uL of packed
adipocytes to 100 uL of preadipocyte isolation buffer
(123 mm NaCl, 5 mm KCI, 1.3 mm CaCl2-2H20, 5 mm
glucose (Sigma G7021), 100 mm HEPES (AppliChem
A3268), 1% penicillin/streptomycin (PAA P11-010),
4% BSA, fraction V protease-free (SERVA 11,926))
containing 10 uM isoproterenol (Sigma, #16504) or
0.1% DMSO as a solvent control [31]. After shaking
for 2h at 37°C, 50 pL of infranatant was removed and
stored at —80°C until determination of released gly-
cerol, according to manufacturer’s instructions (Free
Glycerol Kit (Sigma, #F6428), Glycerol Standard
Solution (Sigma, #G7793). After removal of residual
infranatant, adipocytes were stored at —80°C until pro-
tein isolation.

Statistical analyses

Sample size was not calculated a priori, but determined
by mouse and human tissue availability. The persons
conducting experiments and data analysis were aware
of group allocation during the whole study. The cut-off
value referring to the percentage of small and large
adipocytes (Figure 2) was determined by calculating
the curve intersection point of the probability density
functions for the two groups.

Statistical analyses were performed using GraphPad
Prism, version 10.1. QOutliers were determined using
ROUT analysis (GraphPad Prism) and testing for nor-
mal distribution was performed using Kolmogorov-
Smirnov test and QQ plots. Significant differences
between two groups of non-normally distributed data
were tested with Mann-Whitney U test, for more than
two groups we used Kruskal-Wallis analysis of var-
iance (ANOVA) with Dunn’s correction for multiple
testing. Significant differences considering two inde-
pendent factors (tissue type and treatments) were
determined using two-way ANOVA with Dunnett’s
correction for multiple comparisons. For results
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normalized to the mean of the solvent control, which
was set to 1, a one-sample t-test was used to test for
significant differences from 1. Statistical significance
was set at p<0.05. For Western blot analysis, the
bands were densitometrically analysed using Fiji/
Image ] [32]. Phosphorylated proteins were normal-
ized to the corresponding total proteins, and a-tubulin
was used to normalize the total proteins. Data are
presented as mean +SD, n numbers are provided in
the figure legends.

Results

Murine lipoma adipocytes were smaller than
control epiWAT adipocytes

We established an ex vivo lipoma slice culture model
using lipomas and epiWAT from the same Pten/Rb
conditional knockout mice. Morphological analysis
revealed well-preserved tissue integrity under all the
conditions (Figure 1c).

Previous studies have shown that human lipoma
samples contain smaller adipocytes, most likely
because of adipocyte hyperplasia [33]. First, we inves-
tigated whether this was the case in mouse lipoma and
assessed the adipocyte area in untreated, uncultured
lipoma, and epiWAT control tissue (day 0). Similar to
the human lipoma samples, murine lipomas showed
a higher number of small adipocytes (density median
epiWAT 0.0003030, lipoma 0.00023, p<0.0001).
On day 0 before cultivation, lipoma adipocytes
showed a density peak at an adipocyte area of
280 um®, whereas epiWAT adipocytes plateaued
between 250 and 1300 um® (Figure 2a). We deter-
mined 547.85 um? as a cut-off value to compare adi-
pocyte are distribution of the lipoma and epiWAT
adipocytes. 29.9% of lipoma adipocytes exhibited an
adipocyte area <547.85 pmz, in comparison to control
epiWAT  adipocytes with 19.3%  <547.85 um’
(Figure 2a). Next, we tested whether the adipocyte
area distribution pattern changed after 72-hour incu-
bation in medium or medium containing 0.1% DMSO
and found that it did not. However, while control
epiWAT adipocytes showed a similar size distribution
after medium cultivation (density median epiWAT dO
0.0003030, after medium incubation 0.0003120, p =
0.2034; 1.66% less adipocytes with an area
<547.85um?), lipoma adipocytes showed a subtle
area decrease (density median lipoma d0 0.00023,
after medium incubation 0.000159, p < 0.0001; 4.8%
more adipocytes with area <547.85um’ 29.9% to
34.7%, Figure 2b).
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Figure 2. Adipocyte area in lipoma and epiWAT control tissue at d0 and after incubation with PI3K inhibitors. Each panel shows the
area distribution curves on the left and the percentage of adipocytes below and above 547.85 pm? as bar charts on the right. The
cut-off value of 547.85 um? was determined by calculating the curve intersection point of the probability density functions for
lipoma and epiWAT adipocytes and is indicated as a hatched line. The area distribution curves reflect the distribution of adipocyte
area values within the sample, i.e. The probability of adipocyte area occurrence for any given adipocyte area value. In the
accompanying bar charts, the percentage of adipocytes below/above 547.28 um? is depicted. a) Lipoma tissue with higher number
of small adipocytes compared to epiWAT at dO: before incubation lipoma adipocyte size peaked at 280 um? compared to
250-1300 pm? in epiWAT. 29.9% of lipoma and 19.3% of epiWAT adipocytes exhibited a mean area <547.85umZ> b) epiWAT
adipocytes after 72 h incubation in control medium showed similar size distribution as epiWAT adipocytes on d0, whereas lipoma
adipocytes after 72 h incubation in control medium showed subtle area decrease (epiWAT: 1.66% less adipocytes <547.85 um?,
lipoma: 4.7% less adipocytes <547.85 um? after 72 h incubation in control medium). ¢) After 72 h incubation alpelisib-treated lipoma
tissue showed subtle area increase (highest number of adipocytes in control medium: 280 pm?, in wortmannin: 245 um?, in alpelisib
400 um?). Number of adipocytes <547.85 um? decreased by 9.1% in alpelisib-incubated slices compared to control medium
incubation. Increase of lipoma adipocytes <547.85um’ in wortmannin-incubated tissue compared to control medium
incubation. d) After 72 h incubation, epiWAT slices both treated with alpelisib and with wortmannin showed a adipocyte area
reduction (control medium: 400-1600 um?, alpelisib 400-1000 pm?, wortmannin: 320-800 pm?). After alpelisib incubation, epiWAT
adipocytes <547.85 um? increased by 5.8% compared to control medium (control medium 17.7%, alpelisib 23.5%). After wortmannin
incubation, epiWAT adipocytes <547.85 um? increased by 8.2% (control medium 17.7%, wortmannin 25.9%). ) Comparison of
changes of adipocyte area of epiWAT and lipoma tissue slices after 72 h E) alpelisib incubation and f) wortmannin incubation.



The number of larger lipoma adipocytes increased
after alpelisib incubation

Next, we hypothesized that alpelisib treatment would
cause a change in adipocyte size. We expected either
a size increase, as inhibition of Pik3 p110a could poten-
tially suppress progenitor cell proliferation, or
a decrease, caused by the induction of lipolysis via
AKT inhibition [34]. We used the earlier determined
cut-off point (547.85 um?) for comparing the adipocyte
size distributions after incubation of tissue slices with
alpelisib to control medium.

Interestingly, lipoma slices treated with alpelisib
showed a subtle increase in mean adipocyte area (den-
sity median lipoma control 0.000159, density median
lipoma after alpelisib incubation 0.000189, p < 0.0001)
compared to solvent control treated lipoma slices. In
control treated lipoma slices, the highest number of
adipocytes had an area of 280 um?, the adipocyte area
of alpelisib-treated lipomas peaked at approximately
400 um* (Figure 2c,e). Furthermore, the number of
adipocytes <547.85um’ decreased by 9.1% (lipoma:
control medium 34.7%, alpelisib 25.5%, Figure 2c,e).
These findings suggest that alpelisib may simulta-
neously promote adipocyte hypertrophy and inhibit
progenitor cell proliferation, pointing to a dual effect
of alpelisib on lipomas. Control epiWAT slices treated
with alpelisib showed the opposite results, with
a decrease in the mean adipocyte area (density median
epiWAT control 0.000312, density median epiWAT
after alpelisib incubation 0.000301, p=0.0244) com-
pared to control treated slices. While epiWAT adipo-
cytes incubated in control medium mostly had a size
between 400 and 1600 um? alpelisib incubation
resulted in an increased number of epiWAT adipocytes
between 400 and 1000 um®. Moreover, the number of
adipocytes <547.85um” increased by 5.8% (epiWAT:
control medium 17.7%, alpelisib 23.5%; Figure 2d,e).

In contrast to alpelisib, 72 h of wortmannin incuba-
tion led to a decrease in the mean adipocyte area in both
lipomas (density median lipoma control 0.000159, den-
sity median lipoma after alpelisib incubation 0.000125, p
<0.0001) and epiWAT (density median epiWAT control
0.000312, density median epiWAT after alpelisib incuba-
tion 0.0003, p =0.0073). Compared to control medium-
incubated lipoma adipocytes with the highest number
having an area of 280 um® wortmannin-treated lipoma
adipocytes peaked at an area of 245um’. Moreover,
the number of lipoma adipocytes with a mean area
<547.85 um” increased by 15.25% (34.7% in control med-
ium-incubated vs. 49.9% in wortmannin-incubated,
Figure 2¢,f). The effect of wortmannin incubation was
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similar in epiWAT adipocytes, demonstrating an area
reduction in wortmannin-treated slices (peak between
400 and 1600 um®) compared to control tissue (peak
between 320 and 800 um?). The percentage of adipocytes
<547.85 um” increased from 17.7% to 25.9% (Figure 2d,f).
Notably, we additionally evaluated the density dis-
tributions of the diameter of lipoma and epiWAT adi-
pocytes. Consistent distribution  patterns were
observed, showing similar effects of alpelisib and wort-
mannin incubation (Supplementary Figure Sla-f).

Baseline gene expression differs between lipoma
and control WAT

Before examining the impact of alpelisib treatment on
gene expression, we determined the basal gene expres-
sion differences between lipoma and epiWAT. We com-
pared the expression of genes found to be differentially
expressed in either human PTEN knockout adipose pro-
genitor cells [35] or sporadic human lipoma [33] com-
pared to the respective controls. Genes encoding proteins
involved in adipogenesis regulation, lipolysis, and extra-
cellular matrix remodelling were analysed (Figure 3a).
We initially measured Pten expression levels, revealing
an expected residual but significantly lower Pten expres-
sion in lipoma tissue (Figure 3a). Our data showed sig-
nificantly higher expression levels of the proliferation
marker proliferating cell nuclear antigen (Pcna) in lipoma
(Figure 3a). Distinct patterns of gene expression were
observed for adipogenic transcription factors: peroxisome
proliferator activated receptor gamma (Pparg) expression
was significantly elevated, while sterol regulatory element
binding transcription factor 1 (Srebfl) expression was
significantly decreased in lipoma compared to epiWAT.
Similarly, we found a significant downregulation of hor-
mone sensitive lipase/lipase E (Lipe), but detected no
difference in adipose tissue triglyceride lipase/patatin-like
phospholipase domain-containing protein 2 (Atgl/Pnpla2)
or prostaglandin E receptor 3 (Ptger3) expression
(Figure 3a). Lysyl oxidase (Lox) and elastin (Eln) expres-
sion was significantly decreased, whereas the fibrosis
marker transforming growth factor beta (Tgfbl) was
increased in lipoma tissue, indicating extracellular matrix
remodelling (Figure 3a).

Alpelisib effects gene expression in lipoma
compared to epiWAT slices

Having identified three genes (Pcna, Pparg, Tgfbl)
that show higher expression in lipoma than in con-
trol WAT, we aimed to investigate whether alpelisib
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Figure 3. Gene expression patterns in Pten deficient lipoma versus epiWAT. a) Compared to control epiWAT, Pten was significantly
lower expressed in lipoma tissue (p=0.001), whereas Pcna (p=0.008), Pparg (p=0.015) and Tgfb1 (p=0.003) expression was
elevated. Srebf1 (p =0.008), Lipe (p < 0.0001), Lox (p =0.0013) and Eln (p < 0.0001) expression was significantly decreased in lipoma.
No difference was detected in Pnpla2 (p = 0.672) and Ptger3 (p = 0.0649) expression levels, with a trend towards lower expression of
Ptger3. Data are presented as fold changes lipoma/control adipose tissue, which is depicted by a line at 1 (meantsd, n=7-8
independent experiments). b-d) Pparg, Pcna and Tgfb1 expression in alpelisib-treated versus control-treated lipoma and epiWAT
slices. Expression of Pcna (p=0.0066), Tgfbl (p=0.046) and Pparg (p=0.059) was significantly reduced in alpelisib-incubated
compared to control incubated lipoma slices. Alpelisib-treated epiWAT slices did not show significant gene expression differences
compared to control treatment, with a trend towards lower Pcna expression in alpelisib vs control-treated epiWAT. Data were
normalized to the mean of solvent controls and presented as meanzsd (n = 3-10 independent experiments). Abbreviations: Pcna =
proliferating cell nuclear antigen, Tgfb1 = transforming growth factor beta, Pparg = peroxisome proliferator activated receptor
gamma, Srebf1 = sterol regulatory element-binding factor 1, Lox = lysyl oxidase, Eln = elastin, Lipe = hormone-sensitive lipase, Pnpla2
= patatin-like phospholipase domain-containing protein 2.

treatment would affect gene expression differently in
lipoma and control WAT. However, after 72h of
incubation with alpelisib, only Pparg showed
a significant difference in expression between lipoma
and control WAT (Figure 3b, p=0.0181). Alpelisib
incubation resulted in reduced Pparg expression
compared to control medium in lipoma tissue (bor-
derline significant, p=0.059), while its effect on
Pparg expression was less pronounced in control
WAT. Our findings revealed a significant decrease

in Pcna (p=0.0066) and Tgfbl (p=0.0464) expres-
sion in lipoma slices after incubation with alpelisib
compared to control medium. In contrast, there was
a trend towards reduced Pcna expression and no
significant effect on Tgfbl expression in alpelisib-
incubated compared to control-treated epiWAT
(Figure 3c-d).

Next, we investigated gene expression changes in
lipoma slices to compare the effects of the specific
Pik3 pl10a inhibitor alpelisib on pan-Pi3k inhibition



by wortmannin. We initially tested whether wortman-
nin incubation would be associated with effects on Pcna
expression similar to those observed with alpelisib
incubation. However, we observed no reduction in
Pcna expression following wortmannin incubation
(Figure 4a). Next, we tested two other Pi3k target
genes, Glutl (glucose transporter 1) and Pgkl (phospho-
glycerate kinase 1). Pgkl expression was not signifi-
cantly altered by either wortmannin or alpelisib
treatment (Figure 4b). In contrast, Glutl expression
was strongly upregulated after alpelisib treatment,
whereas wortmannin treatment had no significant
effect (Figure 4c, p=0.0005) compared to control
medium.

Next, we assessed whether alpelisib and wortmannin
treatment would alter the expression of genes involved
in extracellular matrix remodelling (Tgfvl, Lox, Eln).
Slices treated with wortmannin did not show changes
in expression of these genes. Tgfbl and Eln expression
was reduced after alpelisib incubation (Figure 4d-e),
whereas Lox expression was unchanged (Figure 4f)
compared to control medium.

Our data indicated that alpelisib treatment was asso-
ciated with increased mean adipocyte area in lipomas.
The reduced number of smaller adipocytes after alpeli-
sib incubation could be associated with downregulation
of the proliferation marker Pcna. Another factor con-
tributing to increased adipocyte size could be a decrease
in lipolysis. Therefore, we examined the expression of
the genes that regulate lipolysis. Expression of patatin
like phospholipase domain containing 2 (Pnpla2) was
unchanged (Figure 4g). Interestingly, the expression of
both Lipe and Ptger3, which displayed lower expression
in lipoma compared to epiWAT (Figure 3a), was
further diminished in slices cultured with alpelisib
compared to control medium (Figure 4h,i). Guanine
nucleotide-binding protein o subunit inhibitory (Gnai)
and monoamine oxidase (Mao A and B, Figure 4j-1)
expression did not change significantly after alpelisib
incubation. Similar to the lack of expression changes in
Pi3k targets and ECM remodelling, we did not detect
changes in the expression of lipolysis-related genes after
wortmannin treatment (Figure 4j-1).

Akt and Hsl were reduced after alpelisib treatment
in lipoma

Given the substantial differences in effects on gene
expression between alpelisib and wortmannin treat-
ment, we next evaluated the capacity of both inhibitors
to reduce Akt phosphorylation, a downstream target of
Pi3k. The amount of Pten protein was not affected by
inhibitor treatment but, as expected, was lower in
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lipomas compared to control WAT (Figure 5a).
Consistent with the reduced Pten levels, we observed
increased Akt phosphorylation in lipoma tissues.
Treatment with alpelisib, but not wortmannin, abro-
gated Akt phosphorylation in lipomas (p=0.0015,
Figure 5b). Moreover, total Akt was reduced after alpe-
lisib treatment compared to control medium in both
control and lipoma tissues (p =0.0447 for control, p =
0.07234 for lipoma tissue, Figure 5c¢).

Hormone-sensitive lipase (Hsl) is one of the down-
stream targets of Akt and is activated when Akt phos-
phorylation is attenuated. Therefore, we investigated
Hsl phosphorylation and found a significant increase
in alpelisib-treated lipoma slices compared to control-
treated lipoma slices (p=0.0001, Figure 5d). Notably,
we detected higher Hsl phosphorylation in lipoma
compared to control WAT slices after alpelisib treat-
ment (p =0.0105, Figure 5d). We also observed a trend
towards the downregulation of total Hsl protein follow-
ing alpelisib treatment compared to control medium in
lipomas (p = 0.0578, Figure 5e), supporting our findings
from gene expression analysis (Figure 4h). In line with
previous results, wortmannin treatment did not affect
the activation of Hsl.

Alpelisib affected glycerol release from a subset of
human lipoma adipocytes

Given our opposing observations of increased HSL
phosphorylation but reduced total HSL protein in
lipoma after alpelisib treatment, we wanted to examine
the effect of alpelisib on glycerol release as an indicator
of lipolysis. We used the supernatant obtained by chan-
ging the medium of the slice cultures after 48h of
incubation. We detected higher glycerol levels in
epiWAT supernatants than in lipoma supernatants,
with a difference in slices incubated with DMSO (bor-
derline significant with p =0.0564), but no significant
differences between control and inhibitor treatments
(Supplementary Figure S2A).

We examined glycerol release after alpelisib incuba-
tion in adipocytes isolated from human sporadic lipo-
mas. The beta-adrenergic agonist isoproterenol served
as a positive control for lipolysis. We found that unlike
isoproterenol, alpelisib did not elicit a significant lipo-
Iytic response in human adipocytes (p = 0.0002 for iso-
proterenol, p=0.374 for alpelisib, Figure 6a).
Furthermore, alpelisib did not increase HSL phosphor-
ylation (p =0.0006 for isoproterenol and p =0.1583 for
alpelisib; Figure 6b).

For incubation with isoproterenol, the released gly-
cerol showed a positive linear correlation with HSL
phosphorylation, which was not observed for alpelisib
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Figure 4. Expression differences of PI3K targets, genes involved in lipolysis and in extracellular matrix remodelling in alpelisib-treated
lipoma. a) Pcna expression was reduced (n = 8), while b) Pgk1 expression was not changed and c) GlutT expression was significantly elevated
(n=7)inlipoma tissue incubated with alpelisib compared to control-treated lipoma slices. Lipoma slices incubated with alpelisib exhibited d)
reduced Tgfb1 (n = 6) and e) Eln expression (n = 3), while F) Lox was not altered compared to control-treated lipoma tissue slices. G) Pnpla2
and h) Gnai expression was not altered, in contrast i) Lipe (n=3) and j) Ptger3 (n=3) expression was diminished after incubation with
alpelisib compared to control treatment. Opposite effects were seen regarding k) MAO A and I) MAO B expression levels after alpelisib
compared to control medium incubation. Lipoma slices incubated with wortmannin showed no gene expression changes compared to
controls. Data were normalized to the mean of solvent controls and presented as meanzsem (n = 2-8 independent experiments).
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incubation (r*=0.362 for isoproterenol, r*=0.003739
for alpelisib; Supplementary Figure S2b, c).

Interestingly, individual experiments revealed that
alpelisib incubation enhanced lipolysis in three out
of the nine lipoma adipocyte samples. These three
samples also showed an increase in phosphorylated
HSL (lipomas #1, #3, and #8; Supplementary Table
S4). Based on a limited sample size, we report that
incubation with alpelisib induces lipolysis in
a subgroup of human lipoma adipocytes.

Discussion

Patients with PHTS caused by germline PTEN var-
iants are at an increased risk of adipose tissue over-
growth, which can severely diminish their quality of
life. To date, no curative systemic treatment is avail-
able. We previously showed that alpelisib reduces the
proliferation of PTEN-haploinsufficient lipoma cells
in vitro [9]. Moreover, alpelisib has been shown to
provide substantial benefits to patients with PIK3CA-
related adipose tissue overgrowth [36]. To enhance
our understanding of PTEN-deficient lipoma
responses to alpelisib, we established an ex vivo mur-
ine Pten-deficient lipoma slice culture model. We
assessed histological and baseline gene expression dif-
ferences when comparing lipomas with control
epiWAT. We then treated lipoma and epiWAT slices

with the PI3K pll0a-specific inhibitor alpelisib and
the non-selective PI3K inhibitor wortmannin and
subsequently analysed tissue histology, gene expres-
sion, protein abundance, and PI3K/AKT pathway
activation.

In previous studies on human sporadic lipomas, we
and others demonstrated an increase in smaller-sized
adipocytes, which potentially occurs because of
increased adipose progenitor cell proliferation [33,37].
Our current data show similar results, with an
increased number of small adipocytes in untreated
murine Pten-deficient lipoma tissue compared to that
in epiWAT. In line with the hypothesis that adipose
progenitor cell proliferation is increased in lipomas, we
found that the proliferation marker Pcna is higher in
lipomas than in control tissues. Alpelisib treatment
caused a decrease in Pcna expression in lipomas and
epiWAT, indicating attenuation of adipose progenitor
cell proliferation in both tissues.

Kim et al. used a similar p110a-selective inhibitor
(PIK-75) during in vitro adipocyte differentiation of
3T3-L1 cells and demonstrated downregulation of the
adipogenic master transcription factor Pparg accompa-
nied by attenuated adipocyte differentiation [38]. These
findings align with our previous in vitro results on
alpelisib exposure in human PTEN haploinsufficient
lipoma cells, where we observed a reduction in lipoma
cell growth and adipogenesis [9]. Similarly, in the

significantly reduced in both, lipoma and control tissue. d) Phospho(Ser660)Hsl levels were increased in alpelisib-treated lipoma and
epiWAT tissue, with a significant increase in lipoma tissue compared to control-treated phospho(Ser660)Hsl and epiWAT. e) Total Hsl
abundance tended to be reduced in lipoma compared to epiWAT. Wortmannin treatment did not induce significant differences in
lipoma or epiWAT tissue compared to control treatment. Results from densitometric analyses of 2—-4 independent experiments are
shown as mean+sd with a representative Western blot image for each graph.



current study, Pparg was more highly expressed in
lipoma than in control epiWAT and was significantly
downregulated after alpelisib incubation. In epiWAT,
alpelisib showed no effect on Pparg expression, suggest-
ing a selective effect of pll10a PI3K inhibition on
lipoma adipocytes.

p110a is the main insulin-responsive catalytic PI3K
subunit in the adipose tissue [39,40]. Mice overexpressing
a constitutively active Pi3k p110a subunit develop adipose
tissue overgrowth with increased adipocyte size and lipo-
lysis reduction [36]. Moreover, Ladraa et al. found partial
recovery of adipocyte size in alpelisib-treated mice [36].
Due to inhibition of proliferation or enhanced lipolysis in
lipoma slices, we expected a reduction in the number of
small adipocytes and adipocyte area following treatment.
However, histological analysis revealed an increased adi-
pocyte area in the lipoma slices following alpelisib treat-
ment. In epiWAT slices, we observed a reduction in the
adipocyte area after incubation with alpelisib.
Interestingly, ~wortmannin  administration caused
a decrease in adipocyte size in both the lipoma and con-
trol tissues. The opposing effects of alpelisib and wort-
mannin on lipoma adipocyte size could be associated with
their different selectivities. Alpelisib specifically binds to
the PIK3 p110a subunit, whereas wortmannin is a pan-
PI3K inhibitor that affects additional PI3K subunits
(p110B, y, and §). Moreover, wortmannin inhibits
enzymes involved in DNA repair, cell division, and mito-
sis, including DNA-dependent protein kinase (DNA-PK),
ataxia telangiectasia (ATM), and polo-like kinase 1
(PLK1) [41,42]. Inhibition of PI3K/AKT signalling was
previously shown to induce morphological changes in
other cell types, which is in line with the changes in
adipose tissue cell size we observed [43]. In contrast to
altering adipocyte morphology, wortmannin incubation
did not significantly impact Pi3k-related gene expression
(Pcna) or Akt phosphorylation.

Glutl, encoding a ubiquitous glucose transporter,
has been shown to be induced upon insulin-mediated
activation of Pi3K/Akt/mTor signalling in various cell
lines [44]. Unexpectedly, in contrast to our previous
results [9], we observed an approximately 5-fold upre-
gulation of Glutl in lipomas after alpelisib incubation.
Our results indicate that Pi3K/Akt/mTor pathway inhi-
bition, with alpelisib, decreases both Akt phosphoryla-
tion and total Akt protein in lipoma tissue. Glutl
increase could be a compensatory mechanism in
response to alpelisib-induced PI3K/Akt/mTOR path-
way inhibition, attempting to maintain glucose uptake
and energy homoeostasis in lipoma cells.

Regarding genes related to lipolysis, we found that
Lipe encoding hormone sensitive lipase (Hsl) was
expressed at lower levels in lipomas than in control
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tissues. In contrast, Pnpla2 encoding another major
adipose tissue lipase, adipose triglyceride lipase (Atgl),
remained unaltered [45,46]. Hsl is a key enzyme
involved in the hydrolysis of triacylglycerols stored in
adipocyte lipid droplets [47] and is a phosphorylation
target of protein kinase A (Pka). PKA is inactivated
through the reduction of intracellular cAMP levels by
Akt-mediated activation of phosphodiesterase 3B
(Pde3b) [48]. Therefore, inhibition of the Pi3K/Akt
signalling pathway should increase Hsl phosphorylation
and enhance lipolysis. Alpelisib application further
decreased Lipe expression in lipoma tissues, which
was confirmed at the protein level. This effect was
specific, as the expression of Pnpla2 encoding Atgl
[45,46] remained unchanged. Other genes implicated
in lipolysis regulation did not show consistent
responses, with variable results for the expression of
genes encoding lipolysis inhibitors (Ptger3, Gnai,
MaoA, MaoB) [33,49].

As expected, alpelisib induced Hsl phosphorylation
in both control and lipoma tissues, with a significantly
higher phosphoHsl/Hsl ratio in lipomas. In line with
the mRNA expression results, total Hsl protein was
decreased in lipoma compared to that in control
WAT. We generally observed a strong downregulation
of all proteins tested after incubation with alpelisib,
limiting the conclusions we are able to draw from
these experiments.

Regarding murine tissue slice cultures, the functional
outcome of the increased Hsl phosphorylation could
not be determined by measuring glycerol release, as
inhibitor treatment did not alter glycerol content in
the supernatants of either tissue. To test whether HSL
phosphorylation correlates with glycerol release in
a different model, we used adipocytes isolated from
human lipoma tissues obtained after surgical removal
of sporadic lipomas from otherwise healthy subjects.
Interestingly, in human adipocytes, we observed
increased glycerol release following alpelisib treatment
in one third of the samples (3 out of 9). Consequently,
it would be valuable to investigate the factors that cause
increased glycerol release in alpelisib-treated lipomas.

In summary, we established a tissue culture model
allowing the incubation of lipoma and control tissue
with Pi3k inhibitors for up to 3 days without compromis-
ing cell morphology or viability. Alpelisib significantly
affected adipocyte size, gene expression and Pi3k/Akt/
mTor pathway activation in lipomas compared to control
WAT. Alpelisib treatment particularly affected prolifera-
tion and lipolysis markers, such as Pparg, Lipe, as well as
phosphorylated and total Hsl proteins. Our results indi-
cate that alpelisib may be a promising new treatment
option for patients with PHTS-related lipomas. Despite
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our promising findings, further in vivo validation is
necessary to confirm alpelisib’s therapeutic efficacy in
the systemic context of PHTS-associated lipomas.
Future research should explore long-term impacts of
alpelisib in clinical trials and its combination with other
PI3K inhibitors to optimize therapeutic outcomes.
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