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Abstract. The vascular endothelial growth factor (VEGF) and
Notch signaling pathways have been identified to be involved
in the neovascularization, and angiogenesis of various tumor
types. However, there is little data regarding their roles and
association ininfantile hemangiomas (IHs). In the present study,
the significance and association of the VEGF-VEGEF receptor
(R)2, and & like canonical Notch ligand 4 (Dl14)-Notchl
pathways in different clinical phases of IHs were investigated.
Specimens in the proliferating phase (n=15) and involuting
phase (n=12) were collected. Quantitative polymerase chain
reaction was used to analyze the mRNA levels of VEGF,
VEGFR2, D14 and Notchl. A further 61 paraffin-embedded
IHs (26 in the proliferating group and 35 in the involuting
group) specimens were collected to investigate the protein
levels of Notchl and DIl4 using immunohistochemistry, and
then analyzed for the association between these factors and
microvessel density (MVD). The relative expression levels of
VEGF, VEGFR?2 and DIl4 mRNA in the proliferating group
were significantly higher compared with that in the involuting
group. In addition, the relative levels of Notchl mRNA were
similar in the proliferating and involuting phases. Expression
levels of VEGFR2 and DIl4 mRNA were positively corre-
lated with Notchl expression in the proliferating IHs. The
relative expression of VEGFR mRNA was positively corre-
lated with DIl4 in the proliferating and involuting groups.
Immunohistochemical staining demonstrated that Notchl
and DII4 protein were upregulated in the proliferating IHs
compared with the control group. In the proliferating IHs,
Notchl and DIl4 protein expression levels were positively
correlated with MVD, while in the involuting phase, only D114
was positively correlated with MVD. The expression levels
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of related factors in the VEGF and Notch pathways, and the
associations among them suggest that they may be involved
in the regulation of IH neovascularization and angiogenesis.

Introduction

Infantile hemangiomas (IHs) are the most common benign
vascular tumors and are characterized by abnormal prolif-
eration of vascular endothelial cells. About 80% of IHs
undergo the clinical phases of proliferation, involution, and
completely involution. The proliferating phase is character-
ized by pathological manifestations of irregular distribution
of abnormally proliferating vascular endothelial cells, with no
typical vessel-like structures observed. Most of these lesions
will undergo an involuting phase, which lasts 7-10 years, with
increase of vessel-like structures and decrease of endothelial
cell clumps. However, some IHs will leave residual changes
after completion of involution, such as telangiectasias,
fibro-fatty tissue, scars, excessive atrophic skin and pigment
changes. It can be observed in this phase that fat tissue fills the
space left by the regression of vascular structures. As can be
seen from these clinical phases and pathological features, the
development process of IHs is closely related to the abnormal
proliferation of endothelial cells. Therefore, the majority of
studies on the pathogenesis and treatment of IHs have focused
on influential factors of angiogenesis.

With increasing research, more and more pathways have
been found to be involved in the neovascularization and
angiogenesis of tumors. These pathways interact, influence
each other and form a variety of signaling networks. Earlier
studies showed that the vascular endothelial growth factor
(VEGF) pathway stimulates the proliferation and migration
of endothelial cells via activation of a series of downstream
signals; among these signals, the Notch pathway plays an
important role in the neovascularization and angiogenesis
of tumors (1). Moreover, research has shown that the VEGF
and Notch pathways interact and regulate each other in the
process of angiogenesis and growth in many solid tumors. But
few researchers have investigated the expression and relation-
ship of both pathways in the different clinical phases of IHs,
especially the impact of the Notch pathway on the transition
from proliferating to the involuting phase.

In this paper, we detected the expression of VEGF,
VEGFR2, Notchl, and 9 like canonical Notch ligand 4 (Dl114)
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in IHs at different periods by immunohistochemistry and
real-time quantitative PCR (Q-PCR), and then analyzed the
relationships between these factors and microvessel density
(MVD).

Materials and methods

Specimens. A total of 27 specimens were collected to inves-
tigate the levels of mRNAs of VEGF, VEGFR2, Notchl and
Dll4 by Q-PCR. All these fresh specimens were resected
from patients ranging in age from 3 months to 6 years old who
underwent operations between January 2012 and December
2013 at the Department of Aesthetic, Plastic, and Burn
Surgery of the Provincial Hospital Affiliated with Shandong
University (Jinan, China). The samples collected at the time of
surgery were cut in half; one half was stored in liquid nitrogen
at once and kept frozen at -80°C until mRNA testing, while
the other half was used for histological analysis to confirm
diagnosis of TH. Based on the results of histological analyses
and age, the patients were categorized into proliferating group
(n=15) or involuting group (n=12) according to the Mulliken
classification of IHs. Normal skin samples surrounding the
lesions were resected from 10 patients to serve as the control
group.

Another 61 paraffin-embedded IHs specimens were
collected to investigate the exprexssion of Notchl and D14
by immunohistochemistry. All these specimens were resected
from patients ranging in age from 50 days to 6 years old who
underwent operations between January 2009 and December
2013 at the Department of Aesthetic, Plastic and Burn Surgery
of the Provincial Hospital Affiliated with Shandong University.
Diagnoses of IHs were confirmed by histological analyses by
the Department of Pathology and divided into proliferating
group (n=26) and involuting group (n=35) based on age and
pathology results. Normal skin samples surrounding the
lesions were resected from 10 patients to serve as the control
group.

All procedures conformed to the National Institutes of
Health guidelines regarding use of human subjects. This study
has been approved by the Medical Ethics Committee of the
Provincial Hospital Affiliated with Shandong University.

Quantitative real-time PCR (Q-PCR). Total RNA was
isolated from frozen IHs tissue after grinding with TRIzol
reagent (Invitrogen, Carlsbad, CA, USA). cDNA was reverse
transcribed from the total RNA using Reverse Transcriptase
kit (Toyobo Life Science, Osaka, Japan) in a volume of
10 ul (5X reverse transcription buffer 2 ul, RT primer 0.5 ul,
reverse primer 0.5 ul, RNA template 1 g, MMLV RTase
0.5 ul, DEPC-H,0 5.5 ul). Quantitative RT-PCR reactions
were performed with specific primers designed using the
PrimerQuest program by HanBio (Shanghai, China), using
SYBR-Green PCR Master Mix (Toyobo Life Science)
according to manufacturer instructions. The reactions were
completed with 40 cycles in the LightCycler 96 PCR system
(Roche Applied Science, Penzberg, Germany) with a sequence
of 95°C for 3 min, 95°C for 15 sec, 60°C for 15 sec, and 72°C
for 20 sec in each cycle. Melt curve analysis and agarose gel
electrophoresis were carried out to confirm the specificity of
the amplified products. The relative concentrations of target
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Table I. Primers used to detect VEGF, VEGFR2, Notchl and
D114 mRNA.

Size
Gene Sequence (bp)
VEGF F: TGCCCGCTGCTGTCTAATG 131
R: GCGAGTCTGTGTTTTTGCAGG
VEGFR2  F: GCACGATTCCGTCAAGGG 85
R: TCTGGCTACTGGTGATGCTGTC
Notchl F: CAAGAATGGTGCCAAGTGCC 273
R: AAGCAGAGGTAGGCGTTGTC
D14 F: GGGCACCTACTGTGAACTCC 247
R: GCTGCCCACAAAGCCATAAG
hGAPDH F: CGCTCTCTGCTCCTCCTGTT 81

R: CCATGGTGTCTGAGCGATGT

VEGFR, vascular endothelial growth factor receptor; DIl4, d like
canonical Notch ligand 4; F, forward; R, reverse.

genes in different tissues were calculated by comparing with
the gene expression levels of GAPDH as an internal control
using the standard curve and cycle threshold values (Ct). The
primers for VEGF, VEGFR2, Notchl and DII4 are shown
in Table I.

Immunohistochemistry. All paraffin-embedded IHs speci-
mens were sectioned to 4 ym-thickness and then deparaffined
inxylene. After rehydration in grade alcohols, the sections were
treated by microwave oven for 15 min in 0.01 M citrate buffer
(pH 6.0) to optimize antigen retrieval. Peroxidase activity was
blocked by a 3% H,0, solution for 20 min, and nonspecific
binding sites blocked by diluted goat serum for 30 min at
room temperature. Samples were incubated with primary
antibodies overnight at 4°C in different dilutions following
the instructions of our streptomycin avidin-peroxidase kit
(SP kit; Zhongshan Co., Ltd., Beijing, China). Incubation
with PBS instead of primary antibody was used as a negative
control group. All sections were incubated with biotinylated
secondary antibody for 20 min at 37°C and then stained with
DAB solutions for 5 min. The nuclei were counter-stained
with hematoxylin and the samples then dehydrated, mounted
and examined.

Measurement of MVD. Positive expression of CD34 protein in
the cytoplasm appeared as brown granules in the cells. Three
fields with the most dense vascularization were selected under
a light microscope at a low magnification (x200), and then
MVD were calculated by the number of microvessels. Each
CD34 positive cell or one cluster of cells in the forms of strips
or tubes was calculated as one microvessel at a magnification
of x400. MVD = the mean number of the microvessels counted
from the three fields.

The immunohistochemistry results were assessed by two
different pathologists in the case of unknown clinical data.
The random images captured under microscope were analyzed
by Image-Pro Plus (IPP6.0) and the average optical density
(OD) of each index were calculated.
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Figure 1. The relative mRNA expression of VEGF, VEGFR2, Notchl, and D114 in different groups (“Significant difference between proliferating and involuting
groups; “Significant difference between proliferating and control groups; *Significant difference between involuting and control groups.). VEGFR, vascular
endothelial growth factor receptor; D114, 8 like canonical Notch ligand 4; Pro, proliferating; Invo, involuting.

Table II. The average OD and MVD in different groups.

Pro. Invo. Control
Notchl 0.378524+0.121362 0.338143+0.090709 0.111431+0.041648
Dll4 0.309514+0.108583 0.221769+0.060432 0.074411+0.028921
MVD 100.69+22 .54 43.35+13.08 11.67+7.19

OD, optical density; MVD, microvessel density; D114, 8 like canonical Notch ligand 4; Pro, proliferating; Invo, involuting..

Statistical analysis. All data were presented as the mean + stan-
dard error (mean + SD) or median (range), and then analyzed
with the SPSS 19.0 software package. ANOVA analysis of
variance and Kruskal-Wallis test were carried out to verify
the difference among the groups. The Spearman's correlation
analysis was applied to verify the relationship between the
expression levels of different factors. P<0.05 was considered
statistically significant.

Results

Q-PCR shows that the relative quantity of VEGF mRNA was
higher in the proliferating group than in the other groups, and
that VEGF mRNA expression was also significantly higher
in the involuting group than in the control group (H=22.833,
P=0.00). Expression of VEGFR2 mRNA was also higher in
the proliferating group than in the other groups (H=19.652,
P=0.00), but there was no significant difference between the
involuting and control groups. Notchl mRNA levels were
similar in the proliferating and involuting phases, both of
which showed higher levels of Notchl mRNA than the control
group (H=18.186, P=0.00). D1l4 mRNA expression was higher

in the proliferating group than in the involuting IHs and
normal skin (H=23.55, P=0.00) (Fig. 1).

We can conclude by the results of Spearman correlation
analysis that the relative expression of VEGFR2 mRNA was
positively correlated with Notchl expression in the prolifer-
ating IHs (r=0.654, P=0.008). VEGF and DIl4 expression
was also positively correlated in proliferating IHs (r=0.520,
P=0.038). In addition, D114 is correlated positively with Notchl
in the proliferating IHs (r=0.592, P=0.020). In the involuting
phase, there were not any significant relations among these
factors except for the positive relationship between VEGF and
Dll4 (r=0.601, P=0.039) (Fig. 2).

We used immunohistochemical staining to analyze protein
expression levels in IHs. Average OD of immunohistochemical
staining showed that Notchl and DII4 proteins were upregu-
lated in the proliferating IHs compared to the control group.
Dll4 protein expression was highest in the proliferating phase
(P<0.01), while Notchl protein expression was similar in the
proliferating and involuting phases (P>0.05). MVD in prolif-
erating IHs was 100.69+22.54, 43.35+13.08 in the involuting
group, and 11.67+7.19 in normal skin; these differences were
statistically significant (Figs. 3 and 4 and Table II).
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Figure 2. The correlation between relative expression of molecules in IHs. (A) Expression of VEGFR2 mRNA was positively correlated with Notchl in
the proliferating IHs (r=0.654, P=0.008); (B) expression of DIl4 mRNA was positively correlated with VEGF in the proliferating IHs (r=0.520, P=0.038);
(C) expression of DIl4 mRNA was positively correlated with Notchl in the proliferating IHs (r=0.592, P=0.020); (D) Expression of DIl4 mRNA was positively

correlated with VEGF in the involuting IHs (r=0.601, P=0.039). IHs, infantile hemangiomas; VEGFR, vascular endothelial growth factor receptor; D114, 6 like
canonical Notch ligand 4.

Figure 4. Immunohistochemistry staining of D114 (x40 magnification). (A) Proliferating group; (B) involuting group; (C) control group. D114, 6 like canonical

Notch ligand 4.
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Figure 5. Correlations between the average OD of DII4 and Notchl and MVD in IHs. (A) The ODs of Notchl was positively correlated with MVD in the
proliferating IHs (r=0.429, P=0.029); (B) the ODs of DI14 was positively correlated with MVD in the proliferating IHs (r=0.464, P=0.017); (C) there was no
significant correlation between Notchl and MVD in the involuting IHs (r=0.215, P=0.214); (D) the ODs of DI14 was positively correlated with MVD in the
incolution IHs (r=0.494, P=0.003). OD, optical density; D114, d like canonical Notch ligand 4; MVD, microvessel density; IHs, infantile hemangiomas.

In the proliferating IHs, the average ODs of Notchl and
Dll4 were positively correlated with MVD (P<0.05). In the
involuting phase, D114 was also positively correlated with
MVD, but there was no significant correlation between Notchl
and MVD (Fig. 5).

Discussion

Recent studies have focused on the factors impacting neovas-
cularization and angiogenesis in IHs, because the abnormal
proliferation of vascular endothelial cells in the tissue of IHs
has shown that the proliferation and growth of these tumors are
closely related with these processes (2). Neovascularization and
angiogenesis are complicated processes co-regulated by cell
factors in the extracellular microenvironment and involving
many different signaling pathways. Of these pathways, the
VEGF and Notch signaling pathways take an important
position (3-5). Currently, treatments for IHs include surgery,
drugs, radionuclides and laser treatment. Drug treatments have
undergone rapid development and are a first choice for IHs,
especially glucocorticoids and B-blockers, although the mech-
anism of these drugs is still not entirely clear. According to
current research, application of glucocorticoids and -blockers
can repress the proliferation of endothelial cells, and thus the
density of the microvessels and growth of the tumors (6,7).

Since therapy of IHs can depend on inhibition of proliferation
of endothelial cells and new formation of microvessels, and
since the VEGF and Notch pathways appear to play important
roles in the processes of neovascularization and angiogenesis,
it is of significant interest to investigate the expression of these
factors and analyze the relationships among them.

Numerous studies have shown that the VEGF family not
only has a crucial impact on the tumorigenesis, development
and invasion of many solid tumors such as gastrointestinal
cancer, urinary cancer, nervous system tumors, but that VEGF
signaling is also significant to the pathogenesis and prognosis
of tumors in the blood and lymphatic system (8). VEGF-A is
the ligand most involved in VEGFR-mediated angiogenesis
and it can promote the differentiation of vascular progenitor
cells into vascular endothelial cells (9). Among the receptors,
VEGFRI1 and VEGFR2 are mainly expressed on the cyto-
membrane of endothelial cells and take part in the processes of
angiogenesis. VEGFR?2 is the main mediator of the biological
effect of VEGF, and VEGFRI1 negatively regulates VEGR?2
by competitive binding with ligand (9). In our study, we
have found that the expression of VEGF and VEGFR2 were
significantly higher in the proliferating group of IHs than in
the involuting group and control group. This suggests that the
VEGF-VEGFR2 pathway might play an important role in the
neovascularization and angiogenesis of IHs.
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The Notch family consists of a group of transmembrane
protein receptors can be found in almost every organ and
tissue in invertebrate and vertebrate animals (10). Signals are
transferred along the pathway by a combination of different
ligands and receptors to regulate the proliferation, migration,
and apoptosis of almost all cells in the body. The specific
receptor Notchl and ligand D14 have been found expressed
mainly in vascular endothelial cells, and have been identified
as crucial factors in the proliferation and differentiation of
these cells (11). In a recent study, D114 was found expressed
mainly in tip cells rather than stalk cells in new blood vessels,
and was identified as a vital factor in the conversion of tip cells
to stalk cells, a process critical for maintaining extension and
maturation of new vessels (12). In a mouse model of embryo
neovascularization, knockout or mutation of DI14/Notch genes
led to early death of embryos due to dysfunction of the newly
formed vascular system (13-15). In this paper, we show that
expression of Notchl and DI4 in proliferating phase IHs was
elevated compared to the control group, and that both Notchl
and DIl4 protein expression positively correlated with MVD.
Our findings indicate that the expression of D14 and Notchl
promote angiogenesis in the proliferating phase of IHs. The
expression level of Notchl in the involuting phase was not
significantly different from that in the proliferating phase,
even though DII4 expression was decreased in the involuting
phase relative to the proliferating phase. This suggests that
the Notchl receptor might have another important role in the
involuting phase of IHs by binding to different ligands.

Numerous studies have established VEGF as the most
important cytokine in the proliferation of endothelial cells
and new formation of microvessels, and as a connecting link
between many other signaling pathways. A study carried out
by Hainaud et al (16) showed that VEGF-mediated upregula-
tion of DLL4 and stimulation of Notch can lead in turn to
upregulation of EphrinB2 and downregulation of EphB4,
both of which are downstream components of the of the
Notch pathway. However, this effect of VEGF on EphrinB2
was not observed in tumor models when Notch signals were
blocked (17). Furthermore, it has been also confirmed in many
experiments in vivo and in vitro that VEGF can upregulate
the expression of Jaggedl, DII1, Notchl and Notch4 (18-21).
However, according to other studies, overexpression of DIl4
or Notch significantly decreases expression of VEGFR2, in
turn decreasing the biologic effects of VEGF-A on the prolif-
eration and migration of endothelial cells (22). Stimulation of
DI1l4-Notch signals can also lead to upregulation of VEGFR1
and impairment of ERK activation of VEGF in human
umbilical vein endothelial cells (HUVECSs) and reduction
of vessel sprout length in a model of 3D tubulogenesis (23).
Together, current data shows that the Notch pathway seems
to play a different role from the VEGF pathway in neovas-
cularization and angiogenesis, and that there is a complex,
co-regulating relationship between the Notch and VEGF
pathways. In IHs the proliferating phase, we have observed
that expression of VEGFR2 was positively correlated with
Notchl expression, and also that expression of VEGF was
positively correlated with DIl4. These data confirm that DIl4
and Notchl may be downstream of the VEGF pathway. While
DIl4 protein expression was positively correlated with MVD
in both proliferating and involuting IHs, we believe that DI14
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and Notchl might be expressed mainly in the endothelial
cells which form microvessels and play vital roles in tumor
progression. Although we see synchronous expression of
DlI4 and Notch with VEGR and VEGFR2, the precise nature
of the interaction between the Notch and VEGF pathways
remains uncertain.

In conclusion, this paper provides an overview and new data
useful to confirm the relationship between VEGF-VEGFR2
and DIll4-Notchl pathways. These findings also show that
the DII4-Notchl pathway might play a key role in the new
formation of microvessels and maintenance of neovascular-
ization and angiogenesis in IHs. Interventions targeting the
DIl4-Notchl pathway might provide a new strategy for the
development of drugs to treat IHs.
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