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Propranolol inhibits stemness of hemangioma through Jagged1
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Background: Propranolol is used clinically to treat infantile hemangioma (IH), although the exact 
mechanism that underlies its effectiveness is not fully understood. The Jagged1/Notch signaling pathway is 
downstream of the β2-adrenergic receptor (β2-AR). Propranolol is a non-selective β2-AR blocker that was 
shown to inhibit demethylation adrenaline-induced Jagged1 expression. A previous study has shown that 
propranolol dose-dependently inhibits the growth of IH. However, the effects of propranolol on stemness of 
IH are not known and are thus addressed in the current study.
Methods: We analyzed the expression of Jagged1 and Notch3 in IH specimens, using genetic tools to alter 
Notch signaling. The transduced IH cells were treated with different doses of propranolol, and the effects on 
IH cell proliferation, migration, and potential for tumor sphere formation were investigated. The effects of 
altered Notch signaling on tumor formation in vivo were also assessed.
Results: Notch3 and Jagged1 were significantly upregulated in IH. Augmented Notch signaling in IH cells 
increased cell proliferation, migration, the potential for tumor sphere formation and in vivo tumor formation. 
On the other hand, reduced Notch signaling in IH cells decreased cell proliferation, migration, the potential 
for tumor sphere formation and in vivo tumor formation.
Conclusions: Jagged1/Notch signaling regulated the stemness of IH, and propranolol inhibited it through 
suppression of Notch signaling.
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Introduction

Infantile hemangioma (IH) is one of the commonest benign 
tumors in infants and young children, with a prevalence of 
3–10% (1). Based on its unique developmental cycle, IH 
has two stages: proliferation and regression (2). Cancer 
stem cells (CSCs) persist in IH, with characteristic CD133 
expression (3) as a signature. These CSCs have unlimited 
proliferation potential and are specifically resistant to 
radiotherapy and chemotherapy. Different soluble cytokines 
(including vascular endothelial growth factor (VEGF), 

insulin-like growth factors, etc.) can upregulate the 
expression of a variety of stem cell genes in IH, including 
Notch, fibroblast growth factors, Wnt, etc., to maintain the 
proliferation potential of the stem cells without initiating 
differentiation into a specific cell type (4). 

The Jagged1/Notch signaling pathway plays an 
important role in stem cell  commitment (5).  The 
biological behavior of bone marrow hematopoietic stem 
cells (HSCs) is regulated through the Jagged1/Notch1 
signaling pathway, which is crucial for HSCs to maintain 
both their proliferative potential and undifferentiated 
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state (6). Specifically, cancer cells can secrete soluble 
Jagged1 molecules to activate the Notch signaling pathway 
to promote tumor growth (7-11). In many cancers the 
Jagged1/Notch signaling pathway regulates the tumor 
formation rate, metastatic ability and resistance to 
chemotherapeutics of cells in vivo (7-11). In some malignant 
tumors that are not sensitive to chemotherapeutic drugs, 
the targeted tumor has been shown to activate the Jagged1/
Notch signaling pathway to increase cancer cell stemness to 
resist the damage from chemotherapy (12-14).

The Jagged1/Notch signaling pathway is abnormally 
expressed in IH. In 2009, Calicchio et al. found through 
genomics research that in proliferative IH, the expression 
of Notch4 and Jagged1 increased by 3.15- and 6.52-fold, 
respectively (15). In IH, cross talk between the VEGF and 
Notch pathways likely coordinates tumor progression (16). 
Notch3 and Jagged1 are expressed by IH (17), and further 
research by Boscolo et al. found that Jagged1 binds to the 
Notch3 receptor on the stem cell surface after cell contact, 
which activates the Notch3 receptor and downstream signals 
to initiate the differentiation of IH cells into pericytes (18). 
Blocking the binding of Jagged1 to its receptor significantly 
reduced the differentiation efficiency (18). Together, these 
reports demonstrate the critical role of the Jagged1/Notch 
signaling pathway in the tumorigenesis of IH. 

The Jagged1/Notch signaling pathway is downstream 
of the β2-adrenergic receptor (β2-AR) (19). Hence, β2-
AR blockers are expected to have a suppressive effect on 
Jagged1/Notch signaling and subsequent tumor stemness. 
Propranolol is a non-selective β2-AR blocker that was 
shown to inhibit demethylation adrenaline-induced Jagged1 
expression (20). A previous study has shown that propranolol 
dose-dependently inhibits the growth of IH (21). However, 
the effects of propranolol on stemness of IH are not known. 
Therefore, we hypothesized that propranolol may inhibit 
β2-AR and the downstream Jagged1/Notch signaling 
pathway to thus affect the stemness of IH. This hypothesis 
was tested in the current study. We present the following 
article in accordance with the ARRIVE reporting checklist 
(available at https://dx.doi.org/10.21037/atm-21-5563).

Methods

Ethics approval and consent to participate

Animal experiments were performed under a project license 
(No. XHEC-F-2021-072) granted by Ethics Committee 
of Shanghai Jiao Tong University School of Medicine. All 
animal experiments were carried out in compliance with 

the relevant guidelines and regulations for the care and 
use of animals issued by the Institutional Research Ethics 
Committee of Shanghai Jiao Tong University. A protocol 
was prepared before the study without registration.

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved 
by Institutional Ethics Board of the Shanghai Jiao Tong 
University School of Medicine (No. XHEC-D-2021-161) 
and informed consent was taken from all the patients.

All clinical data were anonymized, and all identifiable 
information and biological samples were stored according 
to local guidelines. For each animal experiment, power 
calculations (P<0.05) were performed to include sufficient 
numbers of animals. An allocation concealment method was 
applied for randomization in the allocating of experimental 
units to control and treatment groups. No criteria were 
used for excluding animals (or experimental units) during 
the experiment, and no data were excluded during the 
analysis. The study did not have humane endpoints.

Sample collection, cell isolation, culture and sorting

A total of 5 IH patients who had undergone surgical 
removal of IH tissue, but no preoperative medical treatment 
(including corticosteroids and propranolol), were recruited 
at the Xinhua Hospital of Shanghai Jiao Tong University. 
IH tissue and paired normal skin samples (NSk; from the 
same patient) were collected for analysis. Briefly, both 
samples were washed with phosphate-buffered saline 
(PBS) and minced to a fine paste followed by a PBS wash. 
The tissues were then digested with 2 mg/mL collagenase 
(Sigma-Aldrich, Rockville, MD, USA) for ≈2.5 h in a 
shaker at 37 ℃. The dispersed cells were filtered through a  
66-μmol/L nylon cell strainer, and then subjected to flow 
cytometry-based sorting for CD31-positive cells using a 
PE-cy7-conjugated mouse anti-human CD31 antibody 
(Becton-Dickinson Biosciences, San Jose, CA, USA). The 
obtained cells were cultured in Dulbecco’s Modified Eagle 
Medium (DMEM, Gibco, Shanghai, China) supplemented 
with 5% fetal bovine serum (FBS; Sigma-Aldrich) in a 5% 
CO2 incubator set at 37 ℃. Flow cytometry for isolating 
virally transduced cells was based on green fluorescent 
protein (GFP) direct fluorescence.

Cell transduction

The complete coding sequence for Jagged1 was obtained by 
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PCR using cDNA from the IH tissue of a human patient as 
a template. The sequence for small hairpin interfering RNA 
(shRNA) that targets and inhibits the translation of human 
Jagged1 mRNA (shJagged1) was 5'‑AGATCACTGTTTA
GATTTGCCATAGAG‑3', as described (22). The control 
applied a scrambled sequence. The adeno-associated virus 
(AAV) carried either the Jagged1 transgene or shJagged1, or 
the scrambled sequence under the control of a ubiquitous 
cytomegalovirus (CMV) promotor. A luciferase and a GFP 
reporter were connected by a p2A to allow simultaneous 
expression. The GFP reporter made the transduced cells 
visible and sortable by flow cytometry, while the luciferase 
reporter allowed the transduced cells to be traceable in 
living mice. HEK293T cells were maintained in DMEM 
(Invitrogen, Rockville, MD, USA) suppled with 5% fetal 
bovine serum (FBS; Sigma-Aldrich, Rockville, MD, USA) in 
a humidified incubator at 37 ℃ with a 5 % CO2 atmosphere. 
Co-transfection of HEK293T cells with prepared plasmids, 
serotype 2 helper plasmids and packaging plasmids was 
performed in a lipofectamine-3000 assay, followed by 
purification and titration. In vitro transduction of IH cells 
used a multiplicity of infection of 100 and the transduced 
cells were analyzed after 96 h.

Animal experiments

To receive xenografts and for analysis of bioluminescence, 
12-week-old male nude mice (3 groups, 6 mice in each 
group, female and male mice evenly distributed to exclude a 
possibility of the effects of sex on the experimental results; 
SLAC Laboratory Animal Co., Ltd., Shanghai, China) were 
anesthetized with 2.5% isoflurane inhalation. There were 
no expected or unexpected adverse events. Transduced IH 
cells (200 cells/mouse) were subcutaneously grafted above 
the root of the tail and the xeno-tumor was assessed with a 
bioluminescent assay (IVIS imaging system, Perkin Elmer, 
Santa Clara, CA, USA) at 1 month after transplantation. 
Briefly, 10 min before IVIS imaging, mice received an 
intraperitoneal injection of 200 mg/kg luciferin (Sigma-
Aldrich) were anesthetized with 2.5% inhaled isoflurane. 
The in vivo imaging system imaging parameters used 
standard protocols with optimization. Bioluminescence 
was determined as twice the background-subtracted ocular 
region of interest (ROI) flux from the 20-min imaging 
window. The bioluminescence level was obtained by 
subtracting the value at baseline from the value at the 
peak. The mice were humanely killed by 2.5% isoflurane 
inhalation followed by cervical dislocation. of nude mice.

Tumor sphere formation

The cells were cultured at a density of 1×104 cells/well 
in tumor sphere media (composed of DMEM, 20 ng/mL  
recombinant human epidermal growth factor, 20 ng/mL  
basic fibroblast growth factor, 10 ng/mL leukemia 
inhibitory factor and 60 μg/mL N-acetylcysteine; Gibco) 
and then exposed to different treatments to be analyzed 
after certain time intervals.

Cell proliferation assay

The proliferative potential of IH cells was assessed with an 
MTT assay (Roche, Indianapolis, IN, USA), in which the 
absorbance value (OD) of the cells was quantified at 540 nm.

Immunohistochemistry and western blot

Immunohistochemistry and western blots were done as 
routine, using primary antibodies including rabbit anti-
Jagged1, anti-Notch3, anti-NICD (Notch intracellular 
domain), anti-HES1 and anti-β-actin (ab7771, ab23426, 
ab8925, ab108937 and ab8227; Abcam, Cambridge, 
MA, USA). The secondary antibody used a horseradish-
peroxidase-conjugated anti-rabbit antibody (Jackson 
ImmunoResearch Labs, West Grove, PA, USA). The images 
were taken using microscopes (Nikon, Tokyo, Japan).

Real-time quantitative PCR (RT-qPCR)

A SYBR Green PCR Kit (Qiagen, Shanghai, China) was 
used for RT-qPCR with the designed primers purchased 
from Qiagen.  The primers were:  Notch3/NICD: 
5'‑GTGTGTGTCAATGGCTGGAC‑3' ( forward) 
and 5'‑GTGACACAGGAGGCCAGTCT‑3' (reverse); 
Jagged1:  5 ' ‑ATCGTGCTGCCTTTCAGTTT ‑3' 
(forward) and 5'‑GGTCACGCGGATCTGATACT‑3' 
(reverse); β-actin: 5'-CTCTTCCAGCCTTCCTTCCT-3' 
(forward) and 5'-AGCACTGTGTTGGCGTACAG-3' 
(reverse). The RT-qPCR reactions were performed in 
triplicate. The gene values were assessed with the 2−ΔΔCt 
method and obtained after sequential normalization to 
β-actin and the experimental controls.

Cell migration assay

Differently treated cells were seeded in the top chamber of 
a transwell insert (Millipore, Bedford, MA, USA) in serum-
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free medium, while the lower chamber of the transwell was 
filled with medium supplemented with 10% FBS. The cells 
that migrated to the lower surface were fixed with methanol, 
stained with crystal violet, and then quantified in 48 h.

Statistical analysis

The data was summarized and statistically analyzed with 
GraphPad Prism 7 (GraphPad, Chicago, IL, USA). One-way 
ANOVA was performed to compare the data from different 
groups. The values are expressed as mean ± standard 
deviation. Significance was considered when P<0.05.

Results

Bioinformatic analysis of activation of Notch signaling in IH

In order to under the molecular mechanisms that underlie the 
development of IH, we performed data mining of a published 
database, but to our surprise, the available databases for IH 
are limited. However, we did find a GEO source of human 
hemangioma data (GSE100682) that allowed us to perform 
an analysis of the gene filing in the IH samples, compared 
with the paired (NSk) samples. Among all the signaling 
pathways that were significantly upregulated in IH, we found 
that Notch signaling was pronounced, as shown in Figure 1A.  

Figure 1 Bioinformatic analysis of the activation of Notch signaling in infantile hemangioma (IH) using human hemangioma data 
(GSE100682). The gene filing in the IH samples was compared with that of paired normal skin samples (NSk). (A) Bar plot shows that 
Notch signaling was significantly enhanced in IH, compared with NSk. Differentiation analysis shows that Notch3 and Jagged1 from the 
Notch signaling pathway were both expressed at significantly higher levels in IH compared with NSk, presented as a heat map (B) and a 
volcano map (C). Fold increases in Notch3 (D) and Jagged1 (E). *P<0.05.
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The Limma R package identified Notch3 and Jagged1 from 
the Notch signaling pathway, which were all expressed at 
significantly higher levels in IH compared with NSk, as 
shown in a heat map (Figure 1B) and a volcano map (Figure 
1C). The fold increases are shown for Notch3 (Figure 1D) 
and Jagged1 (Figure 1E). Together, the bioinformatic analyses 
suggested that Notch signaling is activated in IH.

Activation of Notch signaling in IH specimens

Next, we analyzed the 5 IH specimens from the patients 
and the paired NSk were used as controls (Table S1). 
We detected significantly higher expression of Notch3  
(Figure 2A) and Jagged1 (Figure 2B) in the IH specimens. 

The fold increase of both factors was similar to those 
reported by GSE100682 (Figures 1D,1E,2A,2B). Next, 
immunostaining was performed in the IH and paired 
NSk samples. Although Notch3 (Figure 2C) and Jagged1  
(Figure 2D) were hardly detected in the NSk samples, 
strong nuclear staining of Notch3 (Figure 2C) and Jagged1 
(Figure 2D) was detected in the IH samples, confirming the 
findings from the mRNA analysis. Together, the findings 
suggested that Notch signaling is potently activated in IH.

Genetic alteration of activation levels of Notch signaling in 
IH cells 

In order to study the role of Notch signaling in IH, 

Figure 2 Analysis of 5 human infantile hemangioma (IH) specimens with the paired NSk for activation of Notch signaling. RT-qPCR for 
Notch3 (A) and Jagged1 (B) in the IH and paired NSk samples. Representative immunostaining of Notch3 (C) and Jagged1 (D) in the IH 
and paired NSk samples. n=5. *P<0.05. Scale bars =50 μm.
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we designed an AAV-mediated genetic manipulation 
strategy to allow either activation of Notch signaling 
by overexpressing Jagged1, or deactivation of Notch 
signaling by depleting Jagged1 through the expression of 
shRNA for Jagged1 (shJagged1), both under the control 
of a ubiquitous CMV promotor. A luciferase and a GFP 
reporter are both co-expressed, which was fulfilled 
through connecting p2A sequences among the transgenes 
(Figure 3A). A scrambled sequence was used as a control 
for Jagged1 and shJagged1 (Figure 3A). The GFP made the 
cells fluoresce green as a label of the transgene, Jagged1, 
scrambled, or shJagged1. The luciferase reporter allowed 
us to trace these cells in the living mice. Transduction of 

a selected primary IH line obtained from the 5 human IH 
specimens with these AAVs reached a very high infection 
efficiency, as shown by the flow cytometry analysis based 
on GFP (Figure 3B). We then examined the levels of 
Jagged1 and a Notch factor downstream of the connection 
between Notch3 and Jagged1, NICD, in these transduced 
cells. We found the overexpression of Jagged1 significantly 
increased the levels of Jagged1 and NICD mRNA, while 
depletion of Jagged1 significantly decreased their levels, 
in IH cells (Figure 3C). Moreover, the overexpression 
of Jagged1 significantly increased the protein levels of 
Jagged1, NICD and a NICD-downstream factor, Hairy 
and enhancer of split-1 (HES1), while depletion of 

Figure 3 Genetic alteration of activation levels of Notch signaling in infantile hemangioma (IH) cells. (A) Schematic of adeno-associated 
virus (AAV) that carried either Jagged1, shJagged1 or control scrambled sequence, under the control of a ubiquitous cytomegalovirus 
promotor. A luciferase reporter and a green fluorescent protein (GFP) reporter were co-expressed by connection to the transgenics with 
p2A sequences. The transduced cells were fluoresced green due to GFP. (B) Representative flow charts for transduced IH cells with different 
AAVs. (C) Cell in culture. (D) RT-qPCR for Jagged1 and NICD in transduced cells. (E) Western blot for Jagged1, NICD and HES1. n=5. 
*P<0.05. Scale bars =50 μm. Notch intracellular domain. Hes1, hairy and enhancer of split-1.
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Jagged1 significantly decreased the same protein levels in 
IH cells (Figure 3D,3E). Thus, this method successfully 
altered Notch signaling in IH.

Effect of altered Notch signaling on stemness of IH cells

Next, we examined the effects of Notch signaling on the 
stemness of IH cells in an MTT assay. Overexpression 
of Jagged1 significantly increased the growth of IH cells, 
while depletion of Jagged1 significantly decreased the 
cells’ growth (Figure 4A). Moreover, in the transwell cell 
migration assay, overexpression of Jagged1 significantly 
increased the migratory potential of the IH cells, while 
depletion of Jagged1 significantly decreased it (Figure 4B). 
Furthermore, the golden standard for cancer cell stemness, 
namely tumor sphere formation, was assessed, showing 
that overexpression of Jagged1 significantly increased 
sphere formation of IH cells, while depletion of Jagged1 
significantly decreased it (Figure 4C,4D). Together, these 
data suggested that Notch signaling increased the stemness 
of IH cells.

Effect of propranolol on the stemness of IH 

We have previously shown that propranolol dose-
dependently inhibits the growth of IH, but its effects on 
the activation of Notch signaling in IH are unknown. 
We addressed this question by firstly exposing IH cells to 
different doses of propranolol and measuring the levels 
of Jagged1 and NICD in the treated IH cells. We found 
that 50 μmol/L propranolol had no effect, but 100 μmol/L  
significantly decreased the levels of Jagged1 and NICD 
in IH cells, the degree of which was, however, not further 
increased when the dose of propranolol was increased 
to 150 μmol/L (Figure 5A). Moreover, the effects of 
propranolol on the protein levels of Jagged1, NICD and 
HES1 in IH cells confirmed the effects of propranolol on 
Jagged1 and NICD mRNA (Figure 5B). These data were 
consistent with our previous research, which showed that 
the optimal dose of propranolol to suppress IH growth 
was 100 μmol/L. In order to know whether the inhibitory 
effect of propranolol on IH growth is mediated by 
suppression of Notch signaling, we examined the rescue 
potential of overexpression of Jagged1 in 100 μmol/L 

Figure 4 Altered Notch signaling and stemness of infantile hemangioma (IH) cells. (A) MTT assay for transduced IH cells. (B) Transwell 
cell migration assay of transduced IH cells. Red *: IH-Jagged1 versus IH-scramble. Blue *: IH-shJagged1 versus IH-scramble. Tumor sphere 
formation assay, shown by representative images (C), and by quantification (D). n=5. *P<0.05. Scale bars =50 µm.
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propranolol-treated IH cells. For this, both IH-scrambled 
and IH-Jagged1 cells were exposed to either 100 μmol/L  
propranolol or control solution. In the MTT assay, 
we found that overexpression of Jagged1 abolished the 

inhibitory effect of 100 μmol/L propranolol on IH cell 
growth (Figure 5C). In the transwell cell migration assay, 
we found that overexpression of Jagged1 abolished the 
inhibitory effects of 100 μmol/L propranolol on IH cell 

Figure 5 Effect of propranolol on stemness of infantile hemangioma (IH) cells. (A) IH cells exposed to different doses of propranolol and 
the levels of Jagged1 and NICD in the treated IH cells were determined by RT-qPCR. (B) Western blot for Jagged1, NICD and HES1. 
(C) MTT assay under different conditions. (D) Transwell cell migration assay under different conditions. Tumor sphere formation assay 
for different conditions, shown by representative images (E), and by quantification (F). n=5. NS, non-significant. *P<0.05. Red *: IH-
Jagged1 versus IH-scramble that was exposed to null propranolol. Green *: IH-Jagged1 versus IH-scramble that was exposed to 100 μmol/L 
propranolol. Scale bars =50 μm. Notch intracellular domain. Hes1: hairy and enhancer of split-1.
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Figure 6 Effect of activated Notch signaling on in vivo growth of infantile hemangioma (IH). Equal numbers of IH-Jagged1, IH-shJagged1 
and IH-scramble cells (200 cells/mouse) were subcutaneously transplanted immediately above the root of the tail of nude mice. One 
month after transplantation, tumor formation was assessed by bioluminescence detection after a 5-min i.v. injection of luciferin, shown by 
quantification (A), and by representative images (B). n=6. *P<0.05.

migration (Figure 5D). In the tumor sphere formation assay, 
we found that overexpression of Jagged1 abolished the 
inhibitory effects of 100 μmol/L propranolol on IH sphere 
formation (Figure 5E,5F). Together, these data suggested 
that propranolol inhibited the stemness of IH through 
suppression of Notch signaling.

Effect of activated Notch signaling on in vivo IH growth

Finally, the same number of IH-Jagged1, IH-shJagged1 and 
IH-scrambled IH cells were subcutaneously transplanted 
into nude mice, and tumor formation was assessed by 
bioluminescence. Significantly larger tumors were observed 
in the mice grafted with IH-Jagged1, compared with IH-
scramble-grafted mice, shown by quantification (Figure 6A),  
and by representative images (Figure 6B). On the other 
hand, significantly smaller tumors were observed in 
mice grafted with IH-shJagged1, compared with the IH-
scramble-grafted mice, shown by quantification (Figure 6A), 
and by representative images (Figure 6B). Together, these 
findings suggested that activated Notch signaling promoted 
in vivo IH growth.

Discussion

The Notch signaling pathway includes a group of highly 
conserved molecules that play critical functions in a 

diversity of developmental and homeostatic processes, 
among which stemness is a very important one (23). Many 
different regulatory mechanisms are organized together to 
shape the exact activity of the Notch signaling pathway, to 
generate the precise output appropriate for the particular 
context (24). Past studies have strongly demonstrated 
the involvement of Notch signaling in controlling tumor 
stemness in different cancers (25). Because CSCs usually 
contribute to chemoresistance, it is crucial to target them to 
improve the efficacy of chemotherapy. IH seem to possess 
unique CSCs that express CD133 (3). Of note, current 
understanding of CSCs suggests that a single marker or a 
few combined markers may not be sufficient to fully define 
and characterize CSCs in certain tumors (26). Indeed, 
the recent technical improvement of next-generation 
sequencing may substantially further our understanding 
of CSCs in many different cancers (27), as currently such 
investigation is lacking for IH.

In this study, we concurrently studied the effect of 
propranolol as chemotherapy for IH and the role of Notch/
Jagged1 signaling in the stemness of IH. The rationale of 
this connection was the characteristic of propranolol as a 
specific non-selective β2-AR blocker that has been shown 
to inhibit demethylation adrenaline-induced Jagged1 
expression (20), and that Jagged1 and Notch3 are important 
downstream signaling cascades of β2-AR (19). 

First, we detected significant upregulation of Notch3 
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and Jagged1 in IH. We have previously shown a dose-
dependent suppression of IH growth by propranolol (28),  
so in this study we wanted to understand whether 
propranolol inhibits IH growth through Notch signaling 
and in addition, modulation of the stemness of IH. For 
this purpose, we used a genetic modification strategy to 
alter Notch signaling through Jagged1. The degree that 
the transduced IH cells were altered by Jagged1/shJagged1 
did not exceed that in the primary IH specimens or in a 
published public database, suggesting that our experiment 
was clinically relevant.

The important finding of this study that propranolol 
inhibited the stemness of IH through suppressing of 
Notch signaling is a critical step for future improvement 
of chemotherapy for IH by targeting Notch signaling. It is 
noteworthy that we did not study the interplay of IH cells 
with other cell types inside the tumor (e.g., endothelial 
cells or mesenchymal cells). The interactions among these 
cells are known to greatly affect the tumorigenesis and 
homeostasis of IH, and Notch/Jagged1 signaling would be 
involved in not only the crosstalk between tumor cells, but 
also between tumor cells and non-tumor cells. Our study 
should inspire future studies of these aspects.
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Supplementary

Table S1 Summary of patients’ characteristics and diagnosis details

Patient number Gender Age of surgery (months) Infantile hemangioma (IH) position Diagnosis IH on other sites

1 M 6.7 Perioral MRI, B ultrasound No

2 F 5.4 Perioral MRI No

3 F 8.5 Nose MRI No

4 F 9.2 Perioral MRI, B ultrasound No

5 M 4.3 Iris MRI No
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