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Abstract. The Notch signaling pathway is crucial in both 
adipogenesis and tumor development. It serves a vital role 
in the development and stability of blood vessels and may be 
involved in the proliferative phase of infantile hemangiomas, 
which express various related receptors. Therefore, it was 
hypothesized that the Notch signaling pathway inhibitor N‑[N‑
(3,5‑difluorophenacetyl)‑L‑alanyl]‑S‑phenylglycine t‑butyl 
ester (DAPT), a γ‑secretase inhibitor, might help accelerate 
the regression of infantile hemangiomas. The present in vitro 
study evaluated whether inhibition of the Notch signaling 
pathway using DAPT could alter adipogenesis in hemangioma 
stem cells (HemSCs) derived from infantile hemangioma (IH) 
specimens. A total of 20 infants (age, ≤6 months) with heman‑
giomas who had not yet received any treatment were selected, 
and their discarded hemangioma tissues were obtained. 
HemSCs were isolated from the fresh, sterile IH specimens and 
treated with DAPT. Reverse transcription‑quantitative PCR 
and western blotting were used to demonstrate the inhibition 
of the Notch signaling pathway by DAPT. A proliferation assay 
(Cell Counting Kit‑8), oil red O staining, flow cytometry and a 
transwell assay were used to detect proliferation, adipogenesis, 
apoptosis and migration of HemSCs. Treatment with DAPT 
upregulated the expression levels of CCAAT/enhancer‑binding 
protein (C/EBP) α, C/EBPβ, peroxisome proliferator‑activated 
receptor‑γ, adiponectin and insulin‑like growth factor 1, 
and promoted the proliferation, apoptosis, migration and 
lipid accumulation in HemSCs in vitro. Targeting the Notch 

signaling pathway using DAPT may potentially accelerate the 
regression of infantile hemangiomas.

Introduction

Hemangioma is the most common benign tumor in infants 
and involves a localized angiogenic lesion (1). The lesion typi‑
cally forms ~2 weeks after birth, grows for 6‑10 months, and 
subsequently regresses, being gradually replaced by fibrous 
adipose tissue in the next 7‑10 years (2). However, ~10% of 
patients experience persistent hemangioma, which can lead to 
disfiguration, blindness and even death (3).

Promoting adipogenesis in hemangioma stem cells 
(HemSCs) may accelerate hemangioma regression (4). The 
Notch, VEGF, angiopoietin, mTOR and Bax‑mediated signaling 
pathways have been associated with hemangioma regres‑
sion (5). Compared with other options of mechanism of action, 
there are only a few studies on the association between the 
Notch signaling pathway and infantile hemangioma (IH) (6,7). 
The Notch signaling pathway may serve a role in the occurrence 
and development of infantile hemangiomas (6,7). However, 
to the best of our knowledge, the effect of Notch inhibition 
by N‑[N‑(3,5‑difluorophenacetyl)‑L‑alanyl]‑S‑phenylglycine 
t‑butyl ester (DAPT) on IH has not been investigated. 
Although there may be a few scars and disfigurements, this 
treatment will produce fewer side effects and adverse reac‑
tions, and is more consistent with the natural progression of 
diseases (8). Furthermore, the expression levels of Jagged‑1 
and Notch‑4 are increased during the proliferative phase (9), 
and the expression levels of Notch‑1‑4 and some of its ligands 
[delta‑like 4 (DLL‑4) and Jagged‑1] are upregulated during the 
hyperplastic and regression stages (10). In addition, the Notch 
expression pattern can reflect vascular development from 
immature cells to endothelial lines (11).

The Notch signaling pathway influences cell‑cell contact, 
proliferation, differentiation and apoptosis (12). It is highly 
conserved and composed of four receptors (Notch‑1‑4) and five 
ligands (Jagged‑1 and ‑2, DLL‑1, DLL‑3, and DLL‑4), which 
serve important roles in vascular development and differentia‑
tion (13‑15). The expression levels of DLL‑4 are increased in 
tumor endothelial cells (16), and act as a negative regulator 
of tumor angiogenesis (17). Therefore, abnormal DLL‑4 
expression in tumor endothelial cells can lead to arteriovenous 
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malformation, blood vessel maturation and improved blood 
supply, which ultimately promotes tumor growth. The Notch‑1 
ECD fragment, comprising EGF repeats 1 to 13 (N11‑13), 
and the Notch‑1 ECD fragment, comprising EGF repeats 
1 to 24 (N11‑24), could control DLL‑4 expression in tumor cells; 
however, these molecules have not been tested in clinical trials, 
and they are expensive and difficult to obtain (18).

The Notch signaling pathway also helps control adipogenesis 
in HemSCs (19). Notch gene expression influences the differen‑
tiation of bone marrow mesenchymal stem cells into adipocytes, 
and inhibiting Notch signaling can enhance adipogenesis in 
bone marrow mesenchymal stem cells (20). In addition, inhibi‑
tion of Notch‑3 can promote the formation of adipose‑derived 
stem cells (21), and overexpression of the Notch intracellular 
domain in mice can cause fatty malnutrition (22). Activation of 
the Notch signaling pathway leads to two successive cleavage 
steps (23). The first step releases the Notch ectodomain (allowing 
transcription of downstream target genes), and the second step is 
rate‑limited by the complex formed by γ‑secretase and the Notch 
intracellular domain (24). The Notch intracellular domain is 
released from the cell membrane by γ‑secretase and transferred 
to the nucleus and subsequently binds to the DNA‑binding 
protein, hairless inhibitory factor, to regulate the expression of 
downstream molecules and ultimately influence differentiation, 
proliferation and apoptosis (25). As an inhibitor of γ‑secretase, 
DAPT prevents the release and transcriptional activation of 
the Notch intracellular domain, effectively blocking the Notch 
signaling pathway at the Notch receptor (26).

IH treatment regimens can vary based on the location, 
development speed and size of the tumors (27). Based on these 
factors, either local or systemic treatment is selected (28). 
For tumors that are in the early proliferative stage without 
affecting the surface of the skin, milder interventions, such 
as laser, freezing and chemotherapy, are more effective. When 
tumor infiltration is deep and large and affects the daily func‑
tioning of the child, or local treatment is ineffective, systemic 
treatment is preferred (27). However, systemic treatment can 
induce adverse reactions, including hair loss, nausea, vomiting 
and sleep disturbances (28). In the present study, a potential 
therapeutic agent, DAPT, was tested, providing a novel avenue 
for the treatment of hemangioma.

Compared with other Notch inhibitors, γ‑secretase inhibitors 
(e.g., DAPT) are the most popular and have been validated in 
numerous clinical trials (29,30), while other substances have 
not been clinically validated. DAPT is a synthetic compound; 
the chemical component of DAPT is N‑[N‑(3,5‑Difluorophe
nacetyl)‑l‑alanyl]‑S‑phenylglycine t‑butyl ester; a γ‑secretase 
inhibitor (31). Most γ‑secretase inhibitors used to achieve phar‑
macological inhibition of Notch signaling are still in the basic 
or preclinical stage of development, limiting the translation of 
fundamental findings into clinical practice (32). Previous studies 
have indicated that DAPT has potential antitumor activity (33,34). 
Therefore, the present study investigated whether the inhibition 
of the Notch signaling pathway using DAPT could alter adipo‑
genesis in HemSCs derived from IH specimens.

Materials and methods

Isolation and identification of HemSCs. The study protocol 
was approved by the Ethics Committee of The Second 

Affiliated Hospital of Anhui Medical University (approval 
no. YX2020‑050F1; Hefei, China). Written informed consent 
was obtained from the guardians of the patients.

Infant hemangioma tissues were collected from 20 infants 
(age range, 0‑6 months; median age, 4 months) with heman‑
gioma who were yet to receive any treatment and were 
hospitalized between January 2018 and December 2019 at The 
Second Affiliated Hospital of Anhui Medical University (Hefei, 
China). Among the 20 infants, 9 were male patients and 11 were 
female patients. The inclusion criteria were as follows: i) Age 
≤6 months; ii) specimen confirmed as hemangioma by clini‑
cians and pathologist and was in the proliferative phase (35)]; 
and iii) written informed consent was obtained from the legal 
guardians of the patients. Hemangioma tissues were surgically 
resected and stored immediately in DMEM (Cytiva) with 
high glucose, 10% FBS (Biological Industries) and 1% peni‑
cillin‑streptomycin (Beyotime Institute of Biotechnology) 
at 4˚C. Fat and skin tissues were removed, and the specimens 
were washed three times using PBS (Beyotime Institute of 
Biotechnology) before being cut into 0.1‑mm slices. The slices 
were digested at 37˚C for 2 h in water and 0.2% Collagen R solu‑
tion (SERVA Electrophoresis GmbH). The sample was strained 
twice using a 100‑µm filter, and CD133‑positive HemSCs were 
collected from the resulting suspension using the magnetic bead 
technique (36). The purified HemSCs were cultured at 37˚C 
with 5% CO2 using endothelial cell medium (ECM; ScienCell 
Research Laboratories, Inc.) supplemented with 10% FBS 
and 1% penicillin‑streptomycin (PS). The presence of CD133 
in the cells was confirmed by a BD LSR II flow cytometer 
(Becton, Dickinson and Company) using TruCountTM tubes 
(BD Biosciences). The absolute count of the cell population was 
obtained using FlowJo Analysis Software V10 (Tree Star, Inc.).

DAPT treatment and proliferation assay. For the proliferation 
assay, HemSCs were seeded into 96‑well plates (Corning, Inc.) 
at a density of 1.0x103 cells/well. After 24 h of serum starva‑
tion, DAPT (Beyotime Institute of Biotechnology) was added 
at concentrations of 0, 10, 20, 40 and 60 µM, and the cells 
were cultured at 37˚C for 72 h. Subsequently, Cell Counting 
Kit‑8 (CCK‑8) reagent (Dojindo Molecular Technologies, 
Inc.) was added to the culture and incubated for 4 h. Then, 
absorbance was measured at 490 nm using a microplate reader 
(ELx800; BioTek Instruments, Inc.). Another set of cells were 
then similarly recultured and treated with the optimumDAPT 
concentration that resulted in the highest absorbance in the 
previous culture for 0, 24, 48, 72 and 96 h, followed by the 
CCK‑8 assay, as aforementioned. Subsequently, HemSCs 
were seeded at a density of 1x106 cells/ml into 6‑well plates 
(Corning, Inc.) and cultured until they reached 50‑60% conflu‑
ence. The HemSCs were then starved in a serum‑free medium 
for 24 h, and treated with DAPT at concentrations of 2.5, 5, 
10, 20 and 40 µM, which were prepared from a stock solution 
in DMSO (Beyotime Institute of Biotechnology). The final 
concentration of DMSO in the culture medium was <0.25%. 
After 24 h of DAPT treatment in a 37˚C incubator with 
5% CO2, the medium was changed to a DAPT‑free medium. 
The optimal concentration (40 µM) of DAPT that resulted in 
the lowest measurable expression of Notch‑1 and ‑3 and the 
strongest cell viability was used for subsequent experiments. 
The medium was changed every 24 h.
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Adipogenic differentiation. DAPT (40 µM)‑treated HemSCs 
were evaluated by seeding 5.0x104 cells in 6‑well plates 
at 37˚C for 24 h. The standard medium (ECM plus 10% FBS 
and 1% PS) was replaced with an adipogenic differentiation 
medium (GUXMX‑90031; Cyagen Biosciences, Inc.). The 
cells were cultured in the adipogenic differentiation medium 
in a 37˚C incubator with 5% CO2 for 14 days, and the medium 
was replaced every 72 h.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from HemSCs using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.), and mRNA was 
reverse transcribed into cDNA using the PrimeScript™ RT kit 
(Takara Biotechnology Co., Ltd.), all steps were performed on 
ice. Reverse transcription was conducted at 37˚C for 15 min, 
followed by 85˚C for 5 sec and 4˚C for 10 min for heat inac‑
tivation. The expression levels of Notch‑1 and Notch‑3 at 
different DAPT concentrations were measured, and then the 
expression levels of proliferator‑activated receptor‑γ (PPARγ), 
CCAAT/enhancer‑binding protein (C/EBP) α, C/EBPβ, adipo‑
nectin and insulin‑like growth factor 1 (IGF‑1) at the same 
concentration were measured after the optimal concentration 
was determined. The expression levels of Notch‑1, Notch‑3, 
peroxisome PPARγ, C/EBP α, C/EBPβ, adiponectin and IGF‑1 
were quantified using β‑actin as an endogenous control. The 
CFX Connect Real‑Time System (Bio‑Rad Laboratories, 
Inc.) was used for RT‑qPCR according to the manufacturer's 
protocol, as follows: Preheating at 95˚C for 10 min, followed 
by 40 cycles of 95˚C for 15 sec and 60˚C for 1 min, extension 
at 72˚C for 35 sec, and 4˚C for preservation. The results were 
normalized to β‑actin expression levels, and the samples were 
analyzed in triplicate (37). Analysis of relative gene expression 
data was obtained by RT‑qPCR using the 2‑∆∆Cq method (38). 
The primer sequences are shown in Table I (Notch‑1 and ‑3) and 
Table II (PPARγ, C/EBP α, C/EBPβ, adiponectin and IGF‑1). 
Each reaction was performed in duplicate in a total volume of 
20 µl, containing1 µl cDNA, 10 µl SYBR® Premix Ex Taq II 
(Takara Biotechnology Co., Ltd.), 1 µl of each primer pair and 
7 µl DNase/RNase‑free water (Beijing Solarbio Science & 
Technology Co., Ltd.). The relative mRNA expression levels 
were measured using the 2‑ΔΔCq method (37) in triplicate.

Western blot analysis. HemSCs were cultured at 37˚C for 24 h 
after 24 h of treatment with DAPT at varying concentrations 

(2.5, 5, 10, 20 and 40 µM) at 37˚C and then homogenized in 
RIPA buffer (Beyotime Institute of Biotechnology) containing 
protease inhibitors (Pierce; Thermo Fisher Scientific, Inc.). 
The lysate was centrifuged at 4˚C in 16,099 x g for 30 min to 
remove cell fragments, and the protein‑containing supernatant 
was boiled in a sample protein buffer for 10 min. A Bradford 
Protein Assay kit (Beyotime Institute of Biotechnology) 
was utilized to determine the protein concentrations. The 
protein extracts (73 µg/lane) were subjected to sodium 
dodecyl sulfate polyacrylamide gel electrophoresis (Wuhan 
Servicebio Technology Co., Ltd.) on 10% polyacrylamide 
gels, and separated proteins were transferred to a polyvi‑
nylidene fluoride membrane (Cell Signaling Technology, 
Inc.). The membranes were blocked with 0.24% Tween‑20 
containing 5% non‑fat milk for 2 h at room temperature, and 
incubated with primary antibodies targeting β‑actin (dilu‑
tion, 1:1,000; cat. no. AF7018; Affinity Biosciences), Notch‑1 
(dilution, 1:500; cat. no. WL01991; Wanleibio Co., Ltd.) 
and Notch‑3 (dilution, 1:500; cat. no. WL02051; Wanleibio 
Co., Ltd.) at 4˚C overnight. The optimal concentration of 
DAPT was selected based on the lowest expression levels of 
Notch‑1 and ‑3, as measured by RT‑qPCR and western blot‑
ting. Additional cultures were prepared and protein samples 
were collected to evaluate the effects of DAPT treatment on 
the expression levels of β‑actin (dilution, 1:500; cat. no. 3700; 
Cell Signaling Technology, Inc.), PPARγ (dilution, 1:500; 
cat. no. BS‑0530R‑2; BIOSS), C/EBPα (dilution, 1:1,000; 
cat. no. BS‑1630R; BIOSS), C/EBPβ (dilution, 1:1,000; 
cat. no. BS‑1396R; BIOSS), adiponectin (dilution, 1:1,000; 
cat. no. BS‑0471R; BIOSS) and IGF‑1 (dilution, 1:1,000; 
cat. no. BS‑0014R; BIOSS). Membranes were incubated 
with horseradish peroxidase‑conjugated secondary antibody 
(cat. no. ZB2301; OriGene Technologies, Inc.) mixed with TBS 
with 0.24% Tween‑20 at a ratio of 1:10,000 for 1 h at 37˚C. 
The signal was detected using enhanced chemiluminescence 

Table I. Primer sequences used for reverse transcription‑
quantitative PCR.

Gene Sequence (5'‑3')

Notch‑1 F: AACAGCGAGGAAGAGGAGGA
 R: GCATCAGAGCGTGAGTAGCG
Notch‑3 F: ATCGGCTCGGTAGTAATG
 R: ACCTCCCAGGTAGTCA
β‑actin F: CTGGAACGGTGAAGGTGACA
 R: AAGGGACTTCCTGTAACAATGCA

F, forward; R, reverse.

Table II. Primer sequences used for reverse transcription‑
quantitative PCR.

Gene Sequence (5'‑3')

PPARγ F: CCATCCGCATCTTTCA
 R: GAGTTACTTGGTCGTTC
C/EBPα F: GGTGGACAAGAACAGCAACGAGT
 R: CCAGCACCTTCTGCTGCGTCT
C/EBPβ F: GGGCAAGAACTGCAAGAAGCC
 R: GCCTGGTAGCCGAGGTAAGC
Adiponectin F: AGGGAGACATCGGTGAAA
 R: AAGTAGTACAGCCCAGGAAT
IGF‑1 F: TATTTCAACAAGCCCACAG
 R: ATACATCTCCAGCCTCCTTA
β‑actin F: GGCACCCAGCACAATGAA
 R: TAGAAGCATTTGCGGTGG

C/EBPα, CCAAT/enhancer‑binding protein α; C/EBPβ, CCAAT/
enhancer‑binding protein β; F, forward; IGF‑1, insulin‑like growth 
factor 1; PPAR‑γ, peroxisome proliferator‑activated receptor‑γ; 
R, reverse.
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reagents (Beyotime Institute of Biotechnology), and protein 
expression was semi‑quantified based on grayscale analysis 
using ImageJ software (version 1.51s; National Institutes of 
Health).

Oil red O staining. After 14 days of adipogenic differentiation, 
the cells were washed with PBS and fixed in 4% paraformal‑
dehyde at 37˚C for 40 min. After the third wash, cells were 
stained for 10 min using a 40:60 mixture of water and a solution 
containing oil red O (100 ml isopropyl alcohol and 0.5 g oil 
red O; Sigma‑Aldrich; Merck KGaA) and filtered at 37˚C for 
30 min. The cells were observed and images were captured 
using an inverted light microscope (Nikon Corporation), and 
droplets were quantified using ImageJ software. The Oil Red 
O‑stained cells were quantified using ImageJ software. Data 
are presented as the average percentage of the maximum 
signal %.

Apoptosis assay. To evaluate apoptosis, HemSCs were seeded 
at a density of 1.0x106 cells/well into 6‑well plates (Corning, 
Inc.) and treated with 40 µM DAPT at 37˚C for 24 h, followed 
by staining with fluorescein isothiocyanate‑bound annexin V 
and propidium iodide (apoptosis detection kit; Beyotime 
Institute of Biotechnology). Cells were harvested and counted 
in a volume of 100 µl on a BD LSR II flow cytometer (Becton, 
Dickinson and Company) using TruCountTM tubes (BD 
Biosciences). Flow cytometry was used to determine the 
proportion of apoptotic cells. ModFit L T (4.0; Verity Software 
House, Inc.) was used in quantitative analysis of apoptosis. 
Additional cultures were prepared, and the cells were cultured 
in the adipogenic differentiation medium for 14 days after 
DAPT treatment. Subsequently, the cells were collected, and 
apoptosis was examined again by flow cytometry.

Transwell assay. Migration was evaluated at 37˚C using 24‑well 
Transwell inserts with ECM (600 µl) containing 30% FBS in 
the lower chambers. After 24 h of treatment with DAPT, 2x104 
HemSCs were added to 200 µl DMEM in the upper chambers 
at room temperature. After another 24 h of incubation at 37˚C, 
the cells in the bottom chambers were washed twice with PBS, 
fixed with 4% paraformaldehyde for 30 min and stained with 
a 0.1% crystal violet solution for 10 min at room temperature. 
After three washes with PBS, the cells were observed under a 
light microscope (magnification, x100) and the migratory cells 
were quantified using ImageJ software. Data are presented as 
the average percentage of the maximum signal %.

Statistical analysis. Data are presented as the mean ± standard 
deviation (n=3 for each experiment) and were analyzed using 
IBM SPSS software (version 23; IBM Corp.). An unpaired 
Student's t‑test was used to assess the differences between 
two groups, for multiple groups, one‑way analysis of variance 
followed by Bonferroni statistical tests was used to assess the 
mean values, P<0.05 was considered to indicate a statistically 
significant difference.

Results

Optimal concentration of DAPT for inhibition of the Notch 
signaling pathway. HemSCs were identified by flow cytometry. 

After magnetic bead sorting, the CD133 positivity rate of the 
first generation of HemSCs was 7.20% (Fig. 1A) and that of 
the third generation was 1.13% (Fig. 1B). This demonstrated 
that the proportion of CD133‑positive cells decreased with 
the increase of passage number. The results of RT‑qPCR 
(Fig. 2A and B) and western blotting (Fig. 2C‑E) demon‑
strated that treatment with DAPT influenced the expression 
levels of Notch‑1 and ‑3. When the DAPT concentration 
was 40 µM, the expression levels of Notch‑1 and ‑3 were the 
lowest, which was the optimal concentration of DAPT (data 
not shown).

Effects of DAPT on HemSCs. Adipogenic differentiation for 
14 days followed by DAPT treatment increased adiponectin 
(Fig. 3A), C/EBPα (Fig. 3B), C/EBPβ (Fig. 3C) and PPARγ 
(Fig. 3D) mRNA and protein (Fig. 3F) expression compared 
with the DMSO and the blank control groups. DAPT‑treated 

Figure 1. After magnetic bead sorting, (A) the CD133‑positive rate of the first 
generation of hemangioma stem cells was 7.20%, and (B) that of the third 
generation was 1.13%.
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cells exhibited higher expression levels of adiponectin 
(Fig. 3G), C/EBPα (Fig. 3H), C/EBPβ (Fig. 3I), and PPARγ 
(Fig. 3J) than those in the control groups (CON, ADIP and 
ADIP+DMSO). DAPT‑treated adipogenic cells exhibited the 
highest expression levels of IGF‑1, which were significantly 
higher than the other three control groups (Fig. 3E and K), 
whereas treatment with DMSO alone did not significantly 
influence the expression levels of IGF‑1 compared with those 
of the ADIP group.

It was also observed that treatment with DAPT increased 
the number and size of adipocytes based on oil red O staining 
of HemSCs after 14 days of adipogenic differentiation. The 
size of Oil Red O‑stained cells was quantified using Image J 
software (Fig. 4A and B). DAPT‑treated adipogenic cells had 
the highest number and largest size of lipid droplets, whereas 
treatment with DMSO alone did not appear to influence 
those parameters. DAPT promoted the migration of HemSCs 
(Fig. 4C and D) compared with the DMSO and control groups; 
however, no significant difference was observed between the 
control and DMSO groups. Apoptotic cells were detected 
using flow cytometry, which revealed that treatment with 
DAPT promoted apoptosis in HemSCs compared with that of 
the DMSO and control groups (Fig. 5A).

The inhibition of Notch signaling was proportional to the 
concentrations of DAPT used (2.5‑40 µM). DAPT at 40 µM 
induced the greatest proliferation among all groups in the 
cell proliferation assay (0‑60 µM; Fig. 5B). Therefore, the 
greatest inhibitory effect and proliferation were induced when 
the concentration of DAPT was 40 µΜ. Therefore, all other 

experiments were performed using a DAPT concentration of 
40 µΜ. The proportions of apoptotic cells were not signifi‑
cantly different between the groups cultured in adipogenic 
medium with DMSO and those cultured in adipogenic medium 
without DMSO (Fig. 5A). However, the proportion of apoptotic 
cells was the highest in the group cultured in DAPT‑containing 
adipogenic medium, and the proportion of apoptotic cells 
was the lowest in the group cultured in no‑treatment medium. 
The three adipogenesis groups (ADIP,ADIP+DMSO and 
ADIP+DAPT) also had higher proportions of apoptotic cells, 
and there was no difference observed between the control 
and DMSO groups (Fig. 5A). Based on the absorbance values 
at 490 nm in the CCK‑8 assay, DAPT stimulated the prolif‑
eration of HemSCs (days 1‑5) when compared with the control 
group. The highest absorbance value was observed in the 
DAPT‑treated group, and the proliferation of DAPT‑treated 
HemSCs (days 3‑5) was particularly promoted compared with 
that of the untreated group (Fig. 5C). Furthermore, there was 
no significant difference in proliferation between the DMSO 
and control groups.

Discussion

The Notch signaling pathway is essential in regulating various 
biological functions, tumor growth (39), vascular endothelial 
cell proliferation and adipogenesis (10,40). Previous studies have 
demonstrated that inhibition of the Notch signaling pathway 
can promote adipogenesis in cells (41,42). DAPT inhibits Notch 
receptor enzymatic hydrolysis, intracellular domain release and 

Figure 2. Expression levels of Notch‑1 and Notch‑3 in hemangioma stem cells, which were treated with six concentrations of DAPT (0, 2.5, 5, 10, 20 and 40 µM). 
Expression levels of (A) Notch‑1 and (B) Notch‑3 mRNA. In addition, the protein expression levels of Notch‑1 and Notch‑3 were evaluated using (C) western 
blotting and semi‑quantified using β‑actin as the loading control. The band densities of (D) Notch‑1 and (E) Notch‑3 were analyzed using ImageJ software 
*P<0.05, **P<0.01 (n=3). DAPT, N‑[N‑(3,5‑difluorophenacetyl)‑L‑alanyl]‑S‑phenylglycine t‑butyl ester.
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transcriptional activation by inhibiting γ‑secretase activity (43). 
It effectively blocks the signal from Notch receptor and thus 
inhibits the activation of the Notch signaling pathway (30). 
DAPT has also been documented to have little effect on 
other cellular signaling pathways (44). Previously, γ‑secretase 
inhibitors were mainly used to treat Alzheimer's disease (45); 
however, they have also been demonstrated to inhibit lung, 
breast, colorectal and pancreatic cancer (46‑49). However, 
deletion of Notch functional mutations in hepatocellular 
carcinoma and melanoma has established its role as a tumor 
suppressor (50). The activation of the Notch signaling pathway 
inhibits adipogenesis through autophagy activation and the 

PTEN‑PI3K/AKT/mTOR signaling pathway (20). The Notch 
signaling pathway inhibitors suppress this process and promote 
adipocyte differentiation (19‑20,51). It was hypothesized that 
the inhibition of the Notch signaling pathway might influence 
the proliferation of HemSCs and this hypothesis was exam‑
ined by measuring cell proliferation after treatment with five 
concentrations of DAPT (0, 10, 20, 40 and 60 µM). In the range 
of 0‑40 µM, HemSCs were in the proliferative state; however, 
when the concentration of DAPT rose to 60 µM, the prolifera‑
tion decreased. The greatest reduction in Notch‑1 and ‑3 mRNA 
and protein expression was observed at a DAPT concentration 
of 40 µM; however, concentration‑dependent inhibition was 

Figure 3. Exposure to DAPT promotes adipogenesis and hemangioma stem cell expression of adiponectin, C/EBPα, C/EBPβ and PPARγ. Expression levels 
of (A) adiponectin, (B) C/EBPα, (C) C/EBPβ, (D) PPARγ and (E) IGF‑1. In addition, expression was evaluated using (F) western blotting and semi‑quan‑
tified using β‑actin as the loading control. The band densities of (G) adiponectin, (H) C/EBPα, (I) C/EBPβ, (J) PPARγ and (K) IGF‑1 were analyzed using 
ImageJ software. n=3. ns, P>0.05, *P<0.05, **P<0.01 (n=3). ADIP, adipogenic medium; ADIP+DAPT, adipogenic medium containing DAPT; ADIP+DMSO, 
adipogenic medium containing DMSO; C/EBPα, CCAAT/enhancer‑binding protein α; C/EBPβ, CCAAT/enhancer‑binding protein β; CON, control; DAPT, 
N‑[N‑(3,5‑difluorophenacetyl)‑L‑alanyl]‑S‑phenylglycine t‑butyl ester; IGF‑1, insulin‑like growth factor 1; ns, not significant; PPARγ, peroxisome prolifer‑
ator‑activated receptor‑γ.
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observed in the range of 2.5‑40 µM, suggesting that there is a 
dose‑response relationship.

The regression of IH occurrs due to simultaneous increase 
in apoptosis and adipogenesis (52). The Bcl‑2 family members, 
Bcl‑2, Bcl‑x (53), giant seaperch iridovirus serine/threonine 
kinase (54) and voltage‑dependent anion channel 2 (55), are 
also mainly associated with apoptosis through a Bax‑mediated 
mechanism. The Notch signaling pathway serves an important 
role in angiogenesis and tumorigenesis, and only a few studies 
have investigated the role of Notch signaling in tumor regres‑
sion (56,57). The present data indicated that DAPT inhibited 
Notch signaling and could accelerate adipogenesis and apop‑
tosis in IH. Adipogenesis is regulated by a variety of factors, 
including C/EBPα, C/EBPβ, PPARγ and adiponectin (58). The 
C/EBP molecules serve different roles in regulating adipocyte 
differentiation (59): In pre‑adipocytes, C/EBPβ accelerates 
the induction of C/EBPα, which is an important part of the 
genetic cascade leading to adipogenesis (60). C/EBPα is an 
adipogenic transcription factor, which cannot independently 
induce adipogenesis and requires the co‑activity of PPARγ, 
which is a transcription factor that can independently induce 
adipogenic differentiation (61). Additionally, adiponectin 
promotes pre‑adipocyte differentiation via the PPARγ signaling 
pathway (62). Cell proliferation, differentiation and apoptosis 
depend on activation of the IGF‑1 signaling pathway (63). IGF‑1 
serves an important role in fat formation in HemSCs arising 
from IH and may be of interest for the treatment of IH (64). 

However, at present, the present fundamental research is only 
at the cell level and has not yet been certified in clinical trials. 
This will be investigated in subsequent studies.

The IGF‑1 polypeptide has multiple binding sites and can 
help regulate tumor development, growth and metastasis by 
inhibiting apoptosis, advancing the cell cycle and regulating 
angiogenesis (65). Furthermore, our previous study revealed 
that IGF‑1 regulates adipogenesis and proliferation of HemSCs, 
which may involve the IGF‑1 receptor and PI3K signaling path‑
ways (66).

Given the inter‑relatedness of the aforementioned 
processes, it was hypothesized that DAPT may accelerate IH 
regression via the Notch and IGF‑1 signaling pathways, and 
this hypothesis was examined in the present in vitro study.

A previous study has indicated that linsitinib (OSI‑906, 
an IGF‑1 receptor inhibitor) can reduce the expression of 
C/EBPα, C/EBPβ, PPARγ and adiponectin (67). In the present 
study, treatment with DAPT increased the expression levels 
of IGF‑1 in HemSCs. It was hypothesized that the IGF‑1 
signaling pathway also influences adipogenesis in infantile 
hemangioma. Therefore, treatment with DAPT may be 
useful for driving the regression of IH by influencing IGF‑1 
signaling.

One of the limitations of the present study was that the 
upper concentration limit for the inhibitory effects of DAPT 
was not established. In addition, only in vitro experiments were 
performed to characterize the effects of treatment with DAPT 

Figure 4. Differentiation and migration of HemSCs were improved by DAPT exposure. (A) Adipogenic differentiation of HemSCs. Magnification, x400. 
(B) Droplets were quantified using ImageJ software. The Oil Red O‑stained cells were quantified using ImageJ software. Data are presented as the average 
percentage of the maximum signal %. (C) Migration of HemSCs and (D) number of migrated cells at a magnification of x100. The migratory cells were 
quantified using Image J software. Data are presented as the average percentage of the maximum signal %. Exposure to DAPT was associated with an 
increase in adipocyte number and size. n=3. ns, P>0.05; *P<0.05; **P<0.01 (n=3). CON, control; DAPT, N‑[N‑(3,5‑difluorophenacetyl)‑L‑alanyl]‑S‑phenylgl
ycine t‑butyl ester; ADIP, adipogenic medium; ADIP+DAPT, adipogenic medium containing DAPT; ADIP+DMSO, adipogenic medium containing DMSO; 
HemSCs, hemangioma stem cells; ns, not significant.
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on adipogenesis in HemSCs. Therefore, further animal‑based 
in vivo studies are required to confirm the present hypothesis 
that DAPT may help drive hemangioma regression via the 
Notch and IGF‑1 signaling pathways.

In conclusion, treatment with DAPT regulated the prolifera‑
tion and differentiation of HemSCs and promoted adipogenesis, 
which was associated with the induction of the IGF‑1 signaling 
pathway. Comparison of adipogenic and nonadipogenic groups 
revealed that adipogenesis increased the apoptosis of HemSCs, 
and DAPT upregulated apoptosis. In addition, the DAPT‑treated 
adipogenic group of HemSCs exhibited higher expression levels 
of C/EBPα, C/EBPβ, PPARγ and adiponectin than the control 
group. Therefore, inhibition of the Notch signaling pathway 
using DAPT may contribute to apoptosis and proliferation, 

as well as adipogenesis in HemSCs. This may help drive the 
regression of IH. However, further studies are required to vali‑
date these observations and potentially help develop a treatment 
strategy to accelerate the regression phase of IH.
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