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ABSTRACT

The aim of this study was to investigate the effect of *?P application combined with timolol maleate on
circulating vascular endothelial growth factor and basic fibroblast growth factor in children with cutaneous
hemangioma. Eighty children with hemangioma treated in the Provincial Women and Children’s Hospital
from May 2018 to April 2019 were enrolled in the study, including 37 males and 43 females. The children
were randomized into two groups according to the experiment: the conventional treatment group (taking
one tablet of propranolol) and the combination treatment group (topical application of timolol maleate
and P application). mRNA expression of VEGF and TGF-b was increased in the conventional treatment
group compared with the combination treatment group (P<0.05). The protein expression of bFGF and IL-6
in the combined treatment group was lower than that in the conventional treatment group (P<0.05). The
conventional treatment group 30 (75.00%) had a lower tumor growth rate (P<0.05) than the combination
treatment group (92.50%), and the combined treatment group 32 (80.00%) had a significantly reduced
tumor depth compared with the conventional treatment group 21 (52.50%). There was no difference in
the rate of bronchospasm between the conventional treatment group and the combination treatment group
(P>0.05). 32P application combined with timolol maleate has a good therapeutic effect on hemangiomas,
which can reduce the expression of circulating vascular endothelial growth factor and basic fibroblast
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INTRODUCTION

Infantile hemangioma (IH) is a neoplastic proliferation
of endothelial cells that grows after birth and usually
subsides spontaneously (Abouzaripour ef al., 2018). IH is
a benign tumor of endothelial cells, which is characterized
by proliferation in infancy and then spontaneous
regeneration in the next 5-10 years, often leaving fibrous
fat residues, atrophic scar formation or telangiectasis (Shill
et al., 2018). The incidence rate in infants ranges from
4% to 10%. Common locations of hemangioma include
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the periorbital area, oropharynx, anterior ear, or parotid
gland area. Such hemangiomas require early and effective
treatment to prevent permanent sequelae (Willis et al.,
2019). The proportion of hemangioma concerns the high
incidence among infants and children. At present, there
are not many treatment options, and corticosteroids have
always been the first-line drugs for IH’s systemic therapy
(D’Haens et al., 2018). Recently, oral propranolol, a non-
selective B-receptor blocker, has become an alternative
drug for [H treatment (Gossiel ez al., 2008). Corticosteroids
and propranolol may incur significant systemic adverse
reactions (Anupam ef al., 2018). The limit on the number
of external agents has been adapted to corticosteroids and
imiquimod for IH treatment. Recently, it has been reported
that topical non-selective P-receptor blocker timolol
maleate is a potential new topical drug for IH. In this study,
timolol maleate combined with 32P application was used
to explore its effect on circulating vascular endothelial
growth factor (VEGF) and basic fibroblast growth factor
(bFGF) in infants with cutaneous hemangioma.
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MATERIALS AND METHODS

General information

Participants in the study were 80 infant patients
who underwent hemangioma treatment in the Provincial
Maternal and Child Care Hospital from May 2018 to April
2019, including 37 male children and 43 female children.
Aged 2~90 months, the infants had an average age of
31.57+6.28 months. There were 54 cases of vascular venous
malformations and 26 cases of proliferative hemangioma.
All the patients with vascular lesions were selected from
the Department of Vascular Abnormalities of Maternal and
Child Care Hospital, who were not completely cured.

Inclusion criteria: infant/children male or female, aged
1~10, first diagnosed with hemangioma by the hospital. If
hemangioma is not treated, compound hemangioma will
soon appear or affect appearance. The child should be
accompanied by a guardian.

Exclusion criteria: those with contraindications to
B-receptor blockers, including bronchial asthma, heart
failure, sinus bradycardia, hypoglycemia, hypotension,
heart block and known allergy to B-receptor blocker.
Those with ulcers or mucosal hemangioma and those
with abnormal mental state, congenital dementia were
excluded.

Medical ethics issues

The study obtained the informed consent of all
participants and their guardians and was strictly reviewed
and approved by the Institutional Review Board of
People’s Hospital.

Grouping

The children who participated in the study were
randomly divided into two groups: the conventional
treatment group (the patients in this group were treated
with propranolol tablets at a dose of 1.0 mg/kg once a day,
n=40), and the combined treatment group (the patients
were locally treated with timolol maleate, combined with
0.5% gel and 3?P application twice a day, n=40). The two
groups completed treatment and experiment with the
help of doctors and guardians, during which medication
was discontinued immediately for observation in case of
harmful complications.

Evaluation before and during treatment

Statistics on hemangioma lesion in children were as
follows: the head and neck area 39 (48.75%), chest 20
(25.00%), limbs 15 (18.75%) and genitalia 6 (7.50%). Most
children suffer from varying degrees of damage and impact
on vision, food intake, urination, or bowel movements due
to rapidly progressing ulcers or recurrent bleeding at the
lesion. Some others sought treatment due to the possible

cosmetic deformities in the future. Before treatment, all
patients underwent comprehensive medical history and
physical examination, including clinical examination,
ultrasound examination, echocardiography, blood pressure
and blood glucose measurement. It was planned that the
patients receive IHs score review, physical examination
(including blood pressure, heart rate, and blood glucose
measurements), body weight measurement at 1st, 3rd, 6th,
and 9th month after the start of treatment to adjust the dose
and record adverse reactions until the end of treatment.
All patients underwent detailed cardiac assessment via
echocardiogram and electrocardiogram and blood pressure
was measured.

Dose and duration

Children in each group received oral propranolol
or topical timolol maleate and 3°P application. With the
guardian’s consent, the propranolol dose was 1.0 mg/kg/
day, because propranolol has always been a concern for
safety of heart rhythm. In the other group, timolol maleate
0.5% gel was evenly applied to the tumor surface 3 times
a day with the dose depending on the surface area of the
lesion, and then 3?P application was given for combined
treatment. This dose was maintained throughout the
study period. The treatment purpose is to inhibit further
growth and promote complete regression of the lesion.
The treatment was continued until the objective goal was
reached or further improvement was impossible. Then,
oral dose of propranolol was gradually reduced by half
for 2 weeks and then to a quarter for 2 weeks, and then
the medication was stopped. When the tumor surface
composition showed no improvement, stop the topical use
of propranolol or gel.

Treatment effect/cure rate and occurrence of unfavorable
conditions

Two senior oral and maxillofacial surgeons
independently assessed all children by determining
their hemangioma score at each follow-up visit. The
hemangioma score was evaluated as effective, good, and
fairly good treatment to assess its mobility and severity.
Improvement indicators include 5 components: color,
surface consistency, hardness, ultrasound depth, and organ
involvement. Detailed information about the course of
treatment and adverse events, vital signs (including heart
rate and blood pressure, ulcers, efc.) were determined by
the attending physician, but were not routinely checked
at every follow-up visit. Improvement of hemangioma
is defined as the change of hemangioma color from dark
red to lighter shade. The full resolution of hemangioma
is defined as the absence of stains at the location of the
hemangioma.
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qRT-PCR

A blood sample of 1 mL was drawn from each child’s
vein on an empty stomach. The serum was separated
from the sample within 1 to 2 h and frozen at 20°C. Total
RNA was isolated from serum using TriFast and reverse
transcribed with random hexamer. RNA was diluted
to 500 ng/ul with RNase-free water. Ten microliters of
each sample was mixed with 1 pl of 3.5 uM anchored
oligomerization (dT) 23 and denatured at 70°C for 10 min,
and then incubated on ice for 2 min. Quantitative RT-PCR
was performed using DyNAmo SYBR Green qPCR kit
under the following thermal conditions: 95°C for 7 min,
95°C for 40 sec, 60°C for 30 sec, and the kit was placed
at 72°C for 15 sec. GAPDH was used as a standardized
control (Table I).

Table I.- RT-PCR primer sequences.

Gene Sequence (5’ — 3°)
VEGF U: CGGTTTATAGCGCATATCGT
D: CCCGGAGAGATTTTAGCTTAT

TGF-b U: TATGGTATAGCTGATCGAATG
D: GTATAGATCGGGTAATATAGA
GAPDH U: CGTCGCGCGCCCGTTTTATA

D: CGTATATATGGTATGATTAATAG

U, upstream; D, down stream.

Western blot analysis

For Western blot, Biopsy tissue samples were
homogenized with RIPA buffer containing protease
inhibitors. An aliquot of tissue lysate was used for protein
analysis and then separated on 12% SDS-PAGE. Western
blot analysis was carried out under a standard protocol
using antibodies from Santa Cruz Biotechnology. ECL
fluorescence imaging was used to visualize the bands.

Statistical analysis

One-way analysis of variance (ANOVA) was taken,
followed by Tukey post-hoc test, and a significance test
was performed for the difference in VEGF/FGF levels
between all patients and the control group. Correlation
was analyzed using Spearman rank correlation or Pearson
C test. A p value smaller than 0.05 is considered as
statistically significant. All analyses were performed using
Medcalc 9.0.

RESULTS AND DISCUSSION

qRT-PCR analysis on mRNA expression of VEGF, TGF-b

mRNA expressions of angiogenesis related factors
VEGF and TGF-b in the two groups were analyzed by
qRT-PCR, showing that mRNA expressions were higher

in the conventional treatment group than in the combined
treatment group (P<0.05) (Fig. 1, Table II).

VEGF

TGF-b

S-actin

Conventional
treatment group

Combined
treatment group

Fig. 1. qRT-PCR analysis on mRNA expression of VEGF,
TGF-b.

Table II.- mRNA expression levels of VEGF and
TGF-b (Xts, n=40) in conventional (A) and combined
treatment groups (B).

Group n VEGF TGF-b
A 40 1.93+£0.31 1.75+0.26
B 40 1.12+0.20 1.06+0.18
t value 5.127 4.068
P value 0.016 0.025

A, conventional treatment group treated with propranolol tablets at a dose
of 1.0 mg/kg once a day.

B, combined treatment group locally treated with timolol maleate, com-
bined with 0.5% gel and **P application twice a day.

Western blot analysis of protein expression of bFGF and
1L-6

Western blot analysis of protein expression of bFGF
and IL-6 in different groups showed that the protein
expression of bFGF and IL-6 was lower in the combined
treatment group than in the conventional treatment group
(P<0.05) (Fig. 2, Table III).

Table II1.- Protein expression levels of bFGF, IL-6 (Xs,
n=40) in conventional (A) and combined treatment
groups (B).

Group bFGF IL-6
A 2.14+0.38 1.95+0.26
B 1.34+0.22 0.86+0.13
t value 6.534 4.288
P value 0.003 0.013

For details of A and B groups, see Table II.
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Fig. 2. Western blot analysis of protein expression of bFGF
and IL-6.

Comparison of treatment effect

Six months after treatment, the hemangioma treatment
effect in the two groups was compared and evaluated. The
conventional treatment group 30 (75.00%) had lower
tumor growth arrest rate than the combined treatment
group 37 (92.50%) (P<0.05). The combined treatment
group had increased significant relief rate in tumor depth
32 (80.00%) compared with the conventional treatment
group 21 (52.50%) (P<0.05). The combined treatment
group had increased rate in shallower tumor color 36
(90.00%) compared with the conventional treatment group
25 (62.50%) (P<0.05). The conventional treatment group
had lower tumor area reduction rate 27 (67.50%) than the
combined treatment group (P<0.05) (Fig. 3, Table IV).

Before combinad treatment After combimed treatment

Fig. 3. Comparison of children in the combined treatment
group before and after treatment.

Comparison of cure rate

The conventional treatment group had higher fairly
good cure rate 15 (37.50%) than combined treatment group
7 (17.50%) (P<0.05), the combined treatment group had

higher good cure rate 19 (47.50%) than the conventional
treatment group 9 (22.50%) (P<0.05), and the combined
treatment group had higher rate of lesion disappearance
14 (35.00%) than the conventional treatment group 6
(15.00%), (P<0.05) (Table V).

Table IV.- Comparison of the treatment effect (Xzs,
n=40) in conventional (A) and combined treatment
groups (B).

Group Growth  Significant  Shallower Tumor
arrest relief in tumor area
tumor depth color reduction
A 30(75.0%)  21(52.5%)  25(62.5%) 19(47.5%)
B 37(92.5%) 32(80.0%)  36(90.0%) 27(67.5%)
x> value 5.217 4.326 6.140 5.278
P value 0.028 0.017 0.035 0.021

For details of A and B groups, see Table I1.

Table V.- Comparison of cure rate of the children (x+s,
n=40) in conventional (A) and combined treatment
groups (B).

Group Fairly good Good Lesion
disappearance

A 15(37.50%) 9(22.50%) 6(15.00%)

B 7(17.50%) 19(47.50%) 14(35.00%)

¥ value 5.268 4.084 6.221

P value 0.015 0.026 0.034

For details of A and B groups, see Table II.

Complications during treatment

During the treatment, both groups had complications
in different symptoms. Further medication was suspended
in case of low blood pressure and bronchospasm. The
conventional treatment group 3 (7.50%) had higher
hypotension rate than the combined treatment group 1
(1.42%) (P<0.05), combined treatment group 1 (1.42%)
had lower ulceration rate than the conventional treatment
group 4 (10%) (P<0.05). The combined treatment
group 8 (20.00%) had higher complication rate than
the conventional treatment group 3 (7.50%) (P<0.05).
No difference was shown in the rates of bronchospasm
complications between the conventional treatment group
and the combined treatment group (P>0.05) (Table VI).
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Table VI.- Comparison of complications (X+s, n=40)
between the conventional (A) and combined treatment
groups (B).

Group Hypotension Bronchospasm Ulceration Total

A 3(7.50%) 1(1.42%)  4(10%)  8(20.00%)
B 1(1.42%) 1(1.42%)  1(1.42%) 3(7.50%)
£value  5.628 6.135 5.039 4376
Pvalue  0.024 0.217 0.011 0.026

For details of A and B groups, see Table II.
DISCUSSION

IH is the most common benign vascular tumor in
infants, whose various risk factors include premature
birth, low birth weight, multiple pregnancies, advanced
maternal age and in vitro fertilization, etc. More than 60%
of TH affects the head and neck area (Cho et al., 2018).
Morphologically, hemangioma is divided into superficial
type, deep type and compound type (Van et al., 2018).
The effect of propranolol on IH can be attributed to the
molecular mechanisms: vasoconstriction, down-regulation
of the protein kinase pathway activated by RAF-mitogen,
reduced expression of VEGF and bFGF genes, inhibition
of angiogenesis, and induction of apoptosis (Dierkes
et al., 2018). Propranolol therapy may cause serious
systemic complications which demand close monitoring
of the infant. The most common side effects of propranolol
include hypotension, bradycardia, hypoglycemia and
bronchospasm (Schaalan et al., 2018). Oral propranolol
has become the standard treatment for high-risk and deep
IH, while timolol maleate is topically used for superficial
lesions to minimize systemic side effects (Bébarova ef al.,
2018). In this study, we introduced combination therapy
of local 32P application combined with timolol maleate,
which showed good therapeutic effect. Through statistical
analysis of complications of the two groups, the combined
treatment group 8 (20.00%) had a higher complication rate
than the conventional treatment group 3 (7.50%) (P<0.05).

In this study, the overall remission rate was 100%,
indicating that combination therapy can inhibit the growth
of compound IH and promote its regression. According
to reports, there are various methods for treating IH,
including laser surgery, cryosurgery, and medical
treatment (i.e., corticosteroids, vincristine, a-interferon,
cyclophosphamide, and propranolol). Their response rate
to compound IH is between 67%—100%. The previous
case series and observational studies have shown that after
the start of treatment, there are visible color changes and
marked softening of the lesion within 1 month, followed
by growth arrest or progressive rejuvenation (Martin et

al., 2019). As we all know, cytokines play an important
role in normal physiological processes (Zutt, 2019) as
putative regulators of proliferation and degeneration of
hemangioma. Changing the cytokine environment or the
expression of specific genes in the lesion through steroid
therapy provides insights into the possible mechanism of
hemangioma response to steroids (Gumina and Yan, 2019).
Hemangiomas are characterized by the proliferation of
capillary endothelial cells, multiple stratification of the
basement membrane and the accumulation of cellular
components including macrophages, plasma cells,
pericytes and mast cells (Desrosiers ef al., 2019). In this
study, it was observed that individuals with hemangiomas
had higher levels of bFGF. Western blot analysis of the
protein expression of bFGF and IL-6 in different groups
of children revealed that the combined treatment group
had lower protein expression of bFGF and IL-6 than
conventional treatment group (P<0.05). These results
indicate that the production and metabolism of bFGF and
VEGF are thought to be relevant to the pathogenesis of
hemangioma. However, steroids reduced the transcripts of
the cytokines PDGF-A and -B, IL-6, TGF-bl and -b3. The
reduced transcription of PDGFs is believed to promote
cell proliferation, suggesting that steroids may cause
accelerated regression of proliferative hemangiomas by
inhibiting these cytokines. After treatment, a decrease in
IL-6 m protein expression was observed. IL-6 is another
growth factor that plays a role in angiogenesis. According
to reports, this cytokine is attenuated by glucocorticoids
(Kawaguchi et al., 2019). VEGF is one of the most
effective angiogenesis factors in the growth of hemangioma
(Yang et al., 2019). The angiogenesis factor can increase
vascular  permeability, stimulate endothelial cell
proliferation, and prevent endothelial cell apoptosis (Wu
et al., 2020). According to the latest report, VEGF, matrix
metalloproteinase and estrogen enhance the mobilization
of bone marrow-derived endothelial progenitor cells, and
bone marrow progenitor cells seem to play a key role
in the formation of hemangioma due to five isoforms,
all of which are bound to VEGFR- 1 and VEGFR-2
receptors, thereby stimulating early hypoxia-induced
angiogenesis (Cheng and Liu, 2020). Such proliferation
depends on complex mechanisms, including activation of
angiogenin, metalloproteinases, tumor growth factor-b,
and platelet-derived growth factors. Some studies have
found that compared with progressive hemangiomas and
vascular malformations, VEGF is strongly expressed in
proliferative hemangiomas, showing different expressions
in some isoforms. However, although numerous studies
have examined expression of VEGF tissue, only one
study in the literature examined and found elevated
serum VEGF levels in hemangioma patients. Elevated
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serum VEGF levels were also found in two patients with
hemangioendothelioma (Gao et al., 2018).

To sum up, studies have shown that **P application
combined with timolol maleate has a good therapeutic
effect on hemangioma, which can reduce the expression of
VEGF and bFGF in circulation (Gao ef al., 2019).
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