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Effects of Notch signaling on proliferation, angiogenesis,
and adipogenesis of hemangioma-derived stem cells

Weidong Wang, Sheng Chen, Yuan Wang, Jie Cui, Weimin Shen
Department of Burns and Plastic Surgery, Children’s Hospital of Nanjing Medical University, Nanjing, Jiangsu, China

Hemangioma-derived stem cells (Hem-SCs) constitute the cellular basis for adipogenesis during infantile
hemangioma (IH) regression, with Notch signaling implicated in this process. To elucidate Notch’s role in
Hem-SCs biology, we isolated primary Hem-SCs from proliferative-phase IH specimens and validated their
stem cell characteristics. Three days post-intervention with the y-secretase inhibitor DAPT (N-[N-(3,5-difluo-
rophenacetyl)-L-alanyl]-S-phenylglycine t-butylester), we assessed Notch and PI3K/AKT signaling dynamics
while concurrently measuring vascular endothelial growth factor receptor (VEGFR) protein expression.
Cellular proliferation was quantified via CCK-8 assay. During adipogenic differentiation (Day 14), RTqPCR
evaluated Notch pathway genes (Notchl, Jaggedl, Hesl), while adipogenic commitment was determined
through Oil Red O staining and adipocyte-specific gene expression (PPARy, C/EBPa). We demonstrate that
DAPT suppresses Notch and PI3K/AKT signaling in Hem-SCs, concomitantly enhancing cellular proliferation
and angiogenesis. Simultaneous analysis of VEGFR expression revealed differential DAPT-mediated regula-
tion: VEGFR1 downregulation with concomitant VEGFR2 upregulation. During adipogenic induction, Notch
pathway genes (Notchl, Jaggedl, Hesl) were significantly downregulated. DAPT treatment further elevated
adipogenic markers (PPARy, C/EBPa) and lipid accumulation. Crucially, co-administration of the PI3K activa-
tor 740Y-P reversed DAPT-induced adipogenesis. Mechanistically, Notch inhibition promotes Hem-SCs prolif-
eration, angiogenesis, and adipocyte differentiation by attenuating PI3K/AKT signaling.
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Introduction

Infantile hemangioma (IH), the most common benign soft-tis-
sue tumor in infants, affects 5-10% of this population.!? Clinically,
IH manifests within the first postnatal week, undergoes rapid pro-
liferation during the initial 6 months, and subsequently enters an
involution phase characterized by gradual size reduction over the
following year. While most lesions fully regress by early childhood
(6-8 years), residual cutaneous changes -including textural abnor-
malities, dyschromia, and fibrofatty tissue deposition- frequently
persist, potentially resulting in scarring with cosmetic implica-
tions. When involving critical anatomical sites (e.g., periorbital,
airway) or presenting with large-volume lesions, IH may cause
destructive local effects including tissue compression, ulceration,
recurrent infections, and end-organ damage. Such high-risk IH car-
ries significant life-threatening potential, necessitating therapeutic
intervention to accelerate involution and mitigate complications.>#

The molecular mechanisms underlying IH regression remain
incompletely elucidated. Adipogenesis occurring during the invo-
lution phase may represent a key contributor to this process.>¢
Notably, clinical observations of increased adipose deposition fol-
lowing B-blocker therapy (e.g., propranolol) for IH provide sup-
porting evidence for this adipogenic hypothesis.

Stem cells (SCs) are pluripotent cells with multilineage differ-
entiation potential.” Hemangioma-derived SCs (Hem-SCs), isolat-
ed from IH, represent a subtype of SCs. They exhibit multilineage
differentiation capacity and can be induced to differentiate into
diverse cell types -including chondrocytes, osteoblasts, and
adipocytes- under specific conditions.® Furthermore, Hem-SCs
highly express multiple pro-angiogenic factors and critically con-
tribute to IH angiogenesis. Collectively, these properties suggest
that Hem-SCs may constitute the cellular basis for pathological
changes during IH proliferation and regression.

Vascular endothelial growth factor (VEGF) is a key cytokine
regulating the proliferation, differentiation, and maturation of vas-
cular endothelial cells, with a critical role in angiogenesis.” The
VEGF receptor family comprises five subtypes: VEGFR1 (Flt-1),
VEGFR2 (KDR/Flk-1), VEGFR3 (Flt-4), neuropilin-1 (NRP1),
and neuropilin-2 (NRP2). Among these, VEGFR1 and VEGFR2
are predominantly expressed on vascular endothelial cells and
serve as primary VEGF receptors, whereas VEGFR3 localizes to
lymphatic endothelial cells and specific capillary subtypes. Ligand
binding to VEGFR2 promotes vascular endothelial cell prolifera-
tion and angiogenesis. Conversely, VEGFR1 activation antago-
nizes VEGFR2-mediated proliferative signaling.'®!'" Consequently,
the differential regulation of VEGFR1 and VEGFR2 significantly
influences vascular pathogenesis in IH.

The Notch signaling pathway is an evolutionarily conserved
intercellular communication system that critically regulates cellu-
lar proliferation and differentiation. This pathway comprises three
core components: receptors, ligands, and intracellular effector
molecules. In mammals, Notch signaling involves four receptors
(Notch1-4) and five canonical ligands (Jaggedl, Jagged2, Delta-
like 1, Delta-like 3, Delta-like 4).'>!* Notably, transcriptomic
analyses reveal elevated expression of Notch pathway genes dur-
ing the regression phase of IH compared to the proliferative
phase.'* This differential expression profile suggests Notch signal-
ing may actively promote IH regression.

The PI3K/AKT signaling pathway orchestrates critical cellular
processes including proliferation, apoptosis, metabolism, and
angiogenesis."” This evolutionarily conserved cascade comprises
phosphatidylinositol 3-kinase (PI3K) and its downstream effector
serine/threonine kinase AKT (protein kinase B). The cell-perme-
able phosphopeptide 740Y-P serves as a potent PI3K activator that
potentiates PI3K/AKT signaling.!® Accumulating evidence impli-
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cates PI3K/AKT dysregulation in IH pathogenesis, with emerging
studies revealing crosstalk between Notch and PI3K/AKT path-
ways.!7!8 Mechanistically, Notch signaling activates PI3K/AKT
through suppression of phosphatase and tensin homolog (PTEN)
phosphorylation.'” However, at present, it is unclear whether the
Notch pathway and PI3K/AKT/mTOR pathway, crucial for cell
growth and proliferation regulation, have a special relationship in
IH. This is worth further study.

In this study, we investigated the functional consequences of
Notch signaling perturbation in cultured Hem-SCs. Our findings
demonstrate that Notch pathway modulation directly regulates
Hem-SCs proliferation, angiogenic capacity, and adipogenic dif-
ferentiation. Mechanistically, we identified crosstalk between
Notch and PI3K/AKT signaling, revealing a novel axis controlling
Hem-SCs fate. These insights provide a therapeutic framework for
targeted hemangioma intervention.

Materials and Methods

Preparation of hemangioma specimens

Hemangioma specimens were obtained from 10 IH cases
(Figure 1a) treated in the Department of Burns and Plastic Surgery
at the Children’s Hospital of Nanjing Medical University (Nanjing,
China) between May 2021 and August 2021, with a mean age of
3.6 (range, 2-6) months. All postoperative pathology reported IH
of the proliferative stage (Figure 1b). The protocol of this study
was approved by the Ethics Committee of Children’s Hospital of
Nanjing Medical University (approval no. 201902068-1; Nanjing,
China) in accordance with the Helsinki Declaration of 1975, as
revised in 2013. Written informed consent was obtained from all
patients or their legal guardians.

Isolation and identification of Hem-SCs

Fresh hemangioma specimens were collected. The skin and
adipose tissues were removed, and the hemangioma tissues were
cut into pieces; 0.2% collagenase A (Serva Electrophoresis GmbH,
Heidelberg, Germany) was then added and the tissues were digest-
ed at 37°C in a water bath for 2 h. When the tissue mass was dis-
persed into single cells or small cell masses, low glucose
Dulbecco’s modified Eagle’s medium (DMEM, ThermoFisher
Scientific, Waltham, MA, USA) and 10% fetal bovine serum (FBS,
HyClone, Logan, UT, USA) were added. The single-cell suspen-
sion was obtained by filtration with a 70-um mesh. Then, red blood
cell lysate (Beyotime Biotechnology, Haimen, China) was added,
and the mixture was centrifuged. The supernatant was discarded,
and the pellet was resuspended in DMEM supplemented with 10%
FBS. CD133* cells were isolated from the single-cell suspension
via magnetic-activated cell sorting (Miltenyi Biotec, Inc., Auburn,
CA, USA) using anti-CD133 microbeads. Cells were cultured on
fibronectin-coated plates (5 pg/cm?) in endothelial growth medi-
um-2 (EGM-2; Lonza Group, Ltd., Basel, Switzerland) supple-
mented with 20% FBS and 1% penicillin/streptomycin (HyClone).
Cultures were maintained at 37°C in a humidified 5% CO.,.

The primary cells were passaged according to 1:2. We have
observed the obtained Hem-SCs cells under an inverted phase-con-
trast microscope (Olympus, magnification x100). The fourth-gen-
eration Hem-SCs were digested with 0.25% trypsin (Takara,
Dalian, China) and centrifuged at 1000 g for 5 min. After washing
twice with phosphate-buffered saline (PBS, Gibco, Waltham, MA,
USA), they were resuspended in blocking buffer (BSA, Gibco) and
stained with FITC-conjugated antibodies against human CD90
(cat. no. #A14728; eBioscience; San Diego, CA, USA), CD29 (cat.
no. #14-0299-82; eBioscience), CD105 (cat.n o. #12-1057-42;
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eBioscience), CD34 (cat. no. #12-0349-42; eBioscience) and
CD45 (cat. no. #11-0459-42; eBioscience) antibodies for 10 min at
4°C. The stained cells were washed twice with PBS and detected
by flow cytometry (BD Biosciences, San Jos¢, CA, USA) and ana-
lyzed with WinMDI software (v2.9).

Proliferation assay

Hem-SCs were implanted in 96-well plates (Corning Inc.,
Corning, NY, USA) at a density of 2,000~3,000 cells per well. 0,
2.5, 5, and 10 umol/L of DAPT (Beyotime Biotechnology) were
then added. DAPT was dissolved in dimethyl sulfoxide (DMSO,
Beyotime Biotechnology). The final concentration of DMSO in the
medium was 0.1%. Hem-SCs were cultured for 72 h, and then
CCK-8 reagent (Dojindo, Tokyo, Japan) was added. Absorbance at
490 nm was measured using a microplate reader (Biotek ELx 800;
BioTek Instruments, Inc., Winooski, VT, USA). Hem-SCs were
implanted in 96-well plates at the density of 1,500~2,000 cells per
well. They were treated with 5 umol/L DAPT. CCK-8 reagent was
added after 0, 1, 3, 5, and 7 days of culture, and the cells were cul-
tured at 37°C for another 4 h. Absorbance readings at 490 nm were
recorded using a microplate reader.

Western blot

0,2.5,5,and 10 pmol/L DAPT were added to Hem-SCs. The
solution was changed every day and cultured for 72 h. When the
Hem-SCs were confluent, the original medium was replaced with
adipogenic medium (GUXMX-90031; Cyagen Biosciences, Santa
Clara, CA, USA), 5 umol/L DAPT and DMSO with the same con-
centration were added, and cultured for 7 days. The medium was
sucked and Hem-SCs were washed with PBS three times. Protein
lysates (Servicebio, Wuhan, China) were added to extract the total
protein of cells and the protein concentrations were detected. The
separation was performed using an 8% polyacrylamide gel
(Servicebio) by vertical electrophoresis. Then, the protein sample
was transferred to a poly-vinylidene fluoride membrane
(Servicebio) and sealed with 5% skimmed milk (Servicebio) at
room temperature for 1 h. The following primary antibodies (Cell
Signaling Technology, Inc., Danvers, MA, USA) were added
overnight at 4°C. The following primary antibodies were used:
Anti-NICD (cat. no. 3608, 1:1,000), Anti-Hes1 (cat. no. 11988,
1:1,000), Anti-VEGFRI1 (cat. no. 64094, 1:1,000), Anti-VEGFR2
(cat. no. 9698, 1:1,000), Anti-VEGFR3 (cat. no. 33566, 1:1,000),
Anti-p-PI3K (cat. no. 17366, 1:1,000), Anti-PI3K (cat. no. 4288,
1:1,000), Anti-p-AKT (cat. no. 9271, 1:1,000), Anti-AKT (cat. no.
9272, 1:1,000) and anti-B-actin (cat. no. 3700, 1:1,000). On the
next day, it was washed with PBS three times at room temperature.
Then the secondary antibody (cat. no. 7074; 1:2,000; Cell
Signaling Technology, Inc.) was added for 1 h incubation. Finally,
a chemiluminescence (Servicebio) solution was added for expo-
sure and development.

Table 1. Sequences of primers used for qPCR.
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Oil Red O staining

Hem-SCs were implanted in 6-well plates (Corning Inc.) at a
density of 50,000 cells per well. When the cells were confluent, the
original medium was replaced with an adipogenic medium and 5
umol/L DAPT, 10 umol/L PI3K/AKT signaling pathway agonist
740Y-P (Beyotime Biotechnology, dissolved in DMSO) and
DMSO with the same concentration, were added. After 14 days of
cell cultivation, the cells in each group were fixed with 2 mL 4%
paraformaldehyde (Beyotime Biotechnology) for 30 min, rinsed
with tri-distilled water 3 times and 60% isopropanol (Beyotime
Biotechnology) for 1 time. One (1) mL of Oil Red O working solu-
tion (Beyotime Biotechnology) was added to each well to stain at
room temperature for 20 min. After washing with tri-distilled water
2 times, the cells were observed under the microscope (Olympus,
magnification 100%), and images were taken (Nikon Corporation,
Tokyo, Japan). For semi-quantitative analysis, Oil Red O-stained
cells were extracted with 1 mL isopropanol per well (15 min incu-
bation). The eluate was transferred to 96-well plates (n=5 technical
replicates per sample), and absorbance at 490 nm was measured
using a microplate reader. Mean values were calculated for statis-
tical analysis.

RT-qPCR

Total RNA was extracted by the Trizol (Thermo Fisher
Scientific). The purity and concentration of the total RNA were
detected by using NanoDrop 2000 spectrophotometer (Thermo
Fisher Scientific). cDNA was synthesized by reverse transcription
of 1 pg of total RNA using a PrimeScript™ RT kit (Takara). The
cycling program consisted of a preliminary denaturation (90°C for
10 min), followed by 45 cycles (90°C for 15 sec and 55°C for 1
min). The data were obtained and analyzed by ABI7500 real-time
fluorescence quantitative PCR instrument (Applied Biosystems,
Foster City, CA, USA). Glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) was used as an internal reference gene for stan-
dardization, and the 244" method was used for relative quantita-
tive calculation. Primers for qPCR assays were from GenScript
Biotech Company (Nanjing, China) and their sequences are shown
in Table 1.

Statistical analyses

Data were expressed as the mean £SEM (n=10 for each exper-
iment). SPSS 23.0 (IBM Corp., Armonk, NY, USA) were used for
statistical analyses. An unpaired Student’s ¢-test was used to assess
the differences in comparing the two groups, and analysis of vari-
ance was applied for the analysis of the mean values among mul-
tiple groups. A value of p<0.05 was considered significant.

Gene Forward Reverse

Notchl CAAGAATGGTGCCAAGTGCC AAGCAGAGGTAGGCGTTGTC
Jaggedl CGGGAAGTGCAAGAGTCAGT TTGGTTTCACAGTAGGCCCC
Hesl CCCAACGCAGTGTCACCTTC TACAAAGGCGCA ATCCAATATG
PRAR-y ACCAAAGTGCAATCAAAGTGGA ATGAGGGAGTTGGAAGGCTCT
C/EBPa. GGTGGACAAGAACAGCAACGAGT CCAGCACCTTCTGCTGCGTCT
GAPDH CATGTTCGTCATGGGGTGAACCA AGTGATGGCATGGACTGTGGTCAT
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Results

Morphological observation and identification
of Hem-SCs

Isolated cells exhibited fibroblast-like morphology with irreg-
ular spindle shapes and cytoplasmic processes (Figure 1c). Flow
cytometry confirmed mesenchymal stem cell immunophenotype:
positive for CD29 (97.8%), CD90 (93.1%), and CD105 (88.7%);
negative for hematopoietic markers CD34 (1.11%) and CDA45
(0.69%) (Figure 1d).These observations preliminarily confirmed
that the isolated cells were Hem-SCs.

DAPT inhibits the expression of the Notch
signaling pathway in Hem-SCs

To determine if DAPT inhibits Notch signaling in Hem-SCs,
cells were treated with DAPT (0, 2.5, 5.0, or 10.0 uM). Western
blot analysis demonstrated dose-dependent Notch suppression: 5.0
and 10.0 uM DAPT significantly reduced NICD and Hes1 protein
levels (p<0.01), confirming effective Notch pathway inhibition
(Figure 2).

DAPT promotes proliferation of Hem-SCs

CCK-8 analysis demonstrated significant proliferation
enhancement in Hem-SCs treated with 5.0 (p<0.01) and 10.0
(»<0.05) uM DAPT, and DAPT at 5.0 uM exhibited the highest
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Figure 1. Morphological observation and identification of Hem-SCs. a) 4-mouth-old male children with hemangioma. b) Proliferative
hemangioma; hematoxylin and eosin staining, magnificationx100) ¢) The 4% generation cells of Hem-SCs under the inverted phase con-
trast microscope ; magnification 100x. d) Hem-SCs express CD29 (97.8%), CD90 (93.1%) and CD105 (88.7%), but do not express CD34

(1.11%) or CD45 (0.69%), according to flow cytometry.
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Figure 2. DAPT inhibits the expression of the Notch signaling pathway in Hem-SCs. Compared with the control group, 5.0 and 10.0 uM
DAPT groups significantly inhibited the expressions of NICD and Hesl1, which effectively blocked the Notch signaling in Hem-SCs. All
data presented as mean+ SEM, n=10; *p<0.05, **p<0.01 vs 0 uM group.
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proliferation activity among all groups (p<0.05; Figure 3a).
Growth curve quantification revealed sustained proliferative pro-
motion in the 5.0 uM DAPT group from days 3-7 compared to
untreated and vehicle controls (»p<0.01; Figure 3b).

DAPT differentially regulates VEGFR expression
in Hem-SCs

Western blot analysis revealed that pharmacological inhibition
of Notch signaling by DAPT in Hem-SCs significantly downregu-
lated VEGFR1 expression (p<0.01), upregulated VEGFR2
(p<0.01), and exerted no significant effect on VEGFR3 levels
(Figure 4).

Adipogenic differentiation of Hem-SCs suppressed
Notch signaling activity

RTqPCR analysis revealed significant downregulation of
Notchl, Jagged1, and Hes! transcript levels in Hem-SCs following
14-day adipogenic induction compared to non-induced controls
(p<0.01; Figure 5).

DAPT potently enhances adipogenic differentia-
tion of Hem-SCs

Oil Red O staining and semi-quantitative analysis confirmed
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successful adipogenic differentiation of Hem-SCs by day 14, evi-
denced by cytoplasmic lipid droplet accumulation in induced
groups versus non-induced controls (Figure 6a). No significant dif-
ference was observed between the adipogenic induction group and
DMSO vehicle control (»>0.05), ruling out solvent effects on dif-
ferentiation. Notably, DAPT supplementation during adipogenic
induction significantly enhanced lipid droplet formation compared
to both standard induction and DMSO groups (p<0.01). Consistent
with these findings, qPCR analysis demonstrated markedly elevat-
ed mRNA levels of adipogenic markers PPARy and C/EBPa in
DAPT-treated cells versus controls (p<0.01; Figure 6b).

DAPT suppresses PI3K/AKT signaling activity
in Hem-SCs

Western blot analysis demonstrated that DAPT-mediated Notch
inhibition significantly reduced the p-PI3K/PI3K and p-AKT/AKT
ratios compared to the DMSO vehicle control (p<0.05). These find-
ings indicate that DAPT suppresses PI3K/AKT signaling activity
by attenuating PI3K and AKT phosphorylation (Figure 7).

740Y-P reverses DAPT-mediated adipogenic
enhancement in Hem-SCs

The semiquantitative analysis of the Oil Red O-staining of the
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Figure 3. DAPT promotes proliferation of Hem-SCs. a) DAPT at 5.0 and 10.0 uM significantly promoted the proliferation of Hem-SCs
as compared with the control group, and DAPT at 5.0 uM exhibited the highest proliferation activity among all groups. *p<0.05, ** p<0.01
vs 0 uM group; #p<0.05 vs 5.0 uM group. b) The proliferation of DAPT-treated Hem-SCs (days 3-7) was enhanced compared with the
untreated group, and there was no significant difference in proliferation between the DMSO and control groups. All data presented as mean
+SEM, n=10. ns, no significance; *»<0.05, **p<0.01 vs control group.
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Figure 4. DAPT differentially regulates VEGFR expression in Hem-SCs. Western blot analysis demonstrated that DAPT-mediated Notch
inhibition reciprocally regulated VEGFR expression in Hem-SCs: significantly downregulating VEGFR1 (p<0.01), upregulating VEGFR2
(»<0.01), while maintaining unchanged VEGFR3 levels. All data presented as mean +SEM, n=10; **p<0.01 vs DMSO group.
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Figure 6. DAPT promotes whereas 740Y-P blocks the differentiation of Hem-SCs into fat cells. a) The Oil Red O-staining and the sub-
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cells revealed that after adding 740Y-P (PI3K/AKT agonist) during
the adipogenic induction of Hem-MSCs, the adipogenic effect was
similar to the simple adipogenic induction and the DMSO groups
with no significant difference(p>0.05). After adding DAPT and
740Y-P, compared with the DAPT group, the formation of red lipid
droplets in the cytoplasm decreased (p<0.05), similar to that in
simple adipogenic induction and the DMSO groups (Figure 5).
RTqPCR results revealed that after adding 740Y-P, the mRNA lev-
els of fat cell markers of PPARy and C/EBPa were similar to that
in the simple adipogenic induction and the DMSO groups. After
adding DAPT and 740Y-P, compared with the DAPT group, the
gene expressions of PRARy and C/EBPa decreased, similar to
simple adipogenic induction and the DMSO groups (Figure 5).

Discussion

The natural progression of IH encompasses stage-specific
histopathological restructuring, as evidenced by hematoxylin-
eosin analysis of lesional tissues. Proliferative-phase IH exhibits
hypercellular endothelial clusters forming primitive microvascular
channels, whereas involution-phase lesions demonstrate progres-
sive endothelial apoptosis, microvascular occlusion, and ultimate
adipose replacement.!” This morphological continuum establishes
angiogenesis and adipogenic differentiation as dual cornerstones
of the IH pathogenetic process that our study mechanistically deci-
phers through Notch/PI3K/AKT axis modulation in Hem-SCs.

Accumulating evidence identifies Hem-SCs as central drivers
of IH pathobiology.?*?! Hem-SCs function as IH progenitor cells
that recapitulate the disease’s proliferative-regressive cycle in
xenograft models.”? Their pathological significance arises from
Notch-mediated lineage plasticity: Jaggedl promotes
endothelial/pericyte differentiation to facilitate angiogenesis,
whereas Notch3 maintains vascular stability-genetic ablation of
Notch3 induces vascular collapse and suppresses lesion progres-
sion.??* This dual regulatory mechanism establishes Hem-SCs as
orchestrators of IH’s characteristic transition from hypervascular
proliferation to adipose involution.

Dose-response analysis identified 5 umol/L DAPT as the opti-
mal concentration for Notch inhibition in Hem-SCs, subsequently
applied throughout this study. CCK-8 assays revealed biphasic
proliferation kinetics: initial growth suppression (day 1, potentially
due to low-density paracrine limitations) followed by accelerated
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exponential proliferation from day 3 onward, demonstrating
DAPT’s potent mitogenic effect.

IH, a proliferative vascular endothelial tumor, is critically reg-
ulated by VEGF signaling with elevated ligand levels during pro-
liferation.”> HemECs exhibit pathogenic VEGFR dysregulation
(VEGFR1/1VEGFR2), while Notch ligand DLL4 (Delta-like lig-
and 4) serves as a tumor angiogenesis suppressor.?®?’
Paradoxically, DLL4 blockade increases vascular density but gen-
erates dysfunctional neovessels (narrow lumens, poor perfusion),
ultimately reducing tumor volume through nutrient deprivation.?

Western blot analysis demonstrated that Notch inhibition by
DAPT reciprocally modulates VEGFR expression in Hem-SCs:
suppressing VEGFR1 while upregulating VEGFR2, with VEGFR3
unchanged. This reveals cross-regulation between Notch and
VEGF pathways—a feedback loop coordinating vascular develop-
ment. Paradoxically, VEGFR2-driven endothelial proliferation
generates malformed vasculature (luminal stenosis, impaired per-
fusion), ultimately disrupting metabolic supply and suppressing IH
progression through vascular insufficiency.

Notch signaling suppresses adipogenesis in mesenchymal
SCs.? We further assessed Notch signaling dynamics during Hem-
SC adipogenesis via RTqPCR. Following adipogenic induction,
the expression of Notchl, Jaggedl, and Hesl significantly
decreased compared to non-induced controls, indicating that Notch
pathway suppression facilitates adipocyte commitment. Crucially,
DAPT-mediated Notch inhibition during adipogenic induction
markedly enhanced differentiation: both Oil Red O-staining (lipid
accumulation) and adipogenic markers (PPARy, C/EBPa) were
significantly upregulated versus standard induction and DMSO
vehicle groups. These results confirm Notch blockade promotes
robust adipocyte differentiation in Hem-SCs.

The PI3K/AKT pathway critically regulates cellular physiolo-
gy and pathology,® demonstrating multifaceted crosstalk with
Notch signaling: Notch-PI3K/AKT dysregulation drives T-cell
leukemogenesis;3! NICD activates PI3K/AKT via CBF-1 binding
on MVP promoter;*? while Notch inhibition suppresses PI3K/AKT
through Hesl-mediated PTEN derepression,’® establishing an
interconnected regulatory axis.

Western blot analysis of DAPT-treated Hem-SCs undergoing
adipogenic differentiation revealed decreased p-PI3K/PI3K and p-
AKT/AKT ratios, demonstrating Notch inhibition suppresses
PI3K/AKT signaling activity during adipocyte commitment.

To determine whether DAPT’s pro-adipogenic effect involves
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Figure 7. DAPT suppresses PI3K/AKT signaling activity in Hem-SCs. Western blot showed that after DAPT was added to the Hem-SCs
to block the Notch signaling pathway, compared with the DMSO group, the p-PI3K/PI3K, p-AKT/AKT ratios decreased. All data present-
ed as mean+ SEM, n=10; ns, no significance, *»<0.05 vs control group; *»<0.05 vs DMSO group.
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PI3K/AKT suppression in Hem-SCs, we co-administered DAPT
with the PI3K activator 740Y-P during adipogenic induction.
While 740Y-P alone did not inhibit adipogenesis, combined treat-
ment with DAPT and 740Y-P significantly downregulated adi-
pogenic markers PPARY and C/EBPa mRNA, reverting to baseline
levels observed in standard induction and DMSO controls. This
functional rescue demonstrates that 740Y-P reverses DAPT-medi-
ated adipogenic enhancement, confirming that DAPT promotes
adipocyte differentiation through PI3K/AKT pathway inhibition.

Based on the above discussion, we demonstrate that Notch
inhibition promotes Hem-SCs proliferation, angiogenesis, and
adipocyte differentiation via PI3K/AKT suppression. Our study
provides two novel mechanistic insights specific to IH pathogene-
sis: 1) we demonstrated, for the first time, that Notch inhibition dif-
ferentially regulates VEGFR subtypes (| VEGFR1/1VEGFR2) in
Hem-SCs, uncoupling proliferation from functional vasculogene-
sis and driving dysfunctional vasculature; and ii) we validated, via
740Y-P rescue, that the PI3K/AKT pathway serves as the primary
downstream effector of this Notch-mediated regulation. These
findings collectively establish Notch-PI3K/AKT modulation as a
promising mechanism-based therapeutic strategy for IH.

The present study has two key limitations: i) the functional het-
erogeneity among four Notch receptors (Notchl-4) and five lig-
ands (Jagged1/2, DLL1/3/4) is still unresolved; and ii) the results
in vitro require validation in vivo. Future studies should elucidate
isoform-specific Notch functions, and explore therapeutic transla-
tion via Notch inhibition combined with pro-adipogenic stimuli.
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