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Abstract. The present study aimed to investigate the effect of 
laser therapy on the expression of vascular endothelial growth 
factor (VEGF) and basic fibroblast growth factor (bFGF) in the 
plasma of infants diagnosed with cutaneous hemangioma, in 
order to identify biomarkers for assessing the clinical efficacy 
of laser therapy. In total, 109 infants with superficial abdom-
inal hemangioma received laser treatment, of which 74 were 
diagnosed in the proliferation phase, 20 in the regression phase 
and 15 in the involution phase. In addition, 10 infants without 
cutaneous hemangioma were recruited as normal controls. 
The concentrations of VEGF and bFGF in peripheral plasma 
samples were measured using ELISAs. Dynamic changes in 
the VEGF and bFGF concentrations of 23 infants diagnosed 
in the proliferation phase were compared before and after laser 
therapy. The plasma concentration of VEGF in the proliferation 
phase group was significantly higher compared with that in the 
regression phase, involution phase and normal control groups 
(all P<0.01), whereas it did not differ significantly among 
the regression phase, involution phase and normal control 
groups (all P>0.05). The plasma concentration of bFGF in the 
proliferation phase group was significantly higher compared 
with that in the regression phase, involution phase and normal 
control groups (all P<0.01), while the bFGF level did not differ 
significantly among the regression phase, involution phase and 
normal control groups (all P>0.05). Following laser therapy, 
the plasma concentrations of VEGF and bFGF in infants with 
cutaneous hemangioma were significantly decreased (both 
P<0.01). These results suggested that VEGF and bFGF may 
serve as reliable indexes to evaluate the clinical efficacy of 
laser therapy for treating infantile cutaneous hemangioma.

Introduction

Hemangioma is a common type of infantile congenital benign 
tumor, which is characterized by abnormal proliferation of 
vascular tissues. It usually appears in the first weeks of life and 
grows most rapidly over the initial 6 months. Typically, growth is 
complete and involution has commenced by 12 months. Heman-
gioma proceeds through three phases including proliferation, 
regression and involution. If not properly controlled, it is likely 
to cause significant cosmetic injury or even threaten the patient's 
life  (1‑3). The cause of hemangioma is currently unknown. 
However, previous studies have suggested that the expression 
levels of vascular endothelial growth factor (VEGF) and basic 
fibroblast growth factor (bFGF) are closely correlated with the 
proliferation of the endothelial cells of a hemangioma (4‑9). 
Takahashi  et  al  (10) demonstrated that VEGF was highly 
expressed in the endothelial cells of proliferative phase heman-
gioma, whereas it was undetectable during the regression phase, 
indicating that VEGF is closely associated with the incidence 
and involution of hemangioma. Bielenbery et al (11) reported 
that high levels of bFGF were expressed in proliferative phase 
hemangioma tissue, whereas normal expression levels of bFGF 
were detected on the surface of hemangioma in the regression 
phase. Currently, laser therapy, hormonal therapy, radiotherapy, 
interferon treatment and surgery are used to treat hemangioma. 
Laser therapy has been increasingly adopted to manage infantile 
cutaneous hemangioma because it is a noninvasive technique 
that yields no secondary scarring or pigment alteration (12). 
The clinical efficacy of laser therapy for treating hemangioma 
is predominantly evaluated by a medical history and physical 
examination. However, a simple and reliable detection method 
is urgently required.

In the present study, the plasma levels of VEGF and bFGF, 
which are related to vascular hyperplasia, were detected in 
patients with hemangioma in varying phases to investigate the 
effect of laser therapy on plasma VEGF and bFGF concen-
trations in infants diagnosed with cutaneous hemangioma. 
The aim of this study was to identify simple and objective 
biomarkers for evaluating the clinical efficacy of laser therapy.

Patients and methods

Patient enrollment. A total of 109 patients, including 44 males 
and 65  females, diagnosed with superficial abdominal 
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hemangioma at the Department of Burn and Plastic Surgery of 
Shandong Provincial Hospital Affiliated to Shandong Univer-
sity (Jinan, China) between October 2009 and August 2012 
were recruited in the present study. Written informed consent 
was obtained from all patients, and ethical approval was 
obtained from Shandong Provincial Hospital Affiliated to 
Shandong University (Jinan, China). The inclusion criteria 
were as follows: i) Those with complete clinical data; ii) those 
who were able to comply with the doctors' prescription and 
complete the entire treatment; and iii) those who were able to 
complete the subsequent follow‑up. Of the 109 cases, 74 were 
assigned to the proliferation phase group, 20 to the regression 
phase group and 15 to the involution phase group. Further-
more, 10 patients (5 male) without hemangioma were enrolled 
in the control group, and 23 patients with hemangioma who 
were aged 40 days to 6 months, with lesion areas ranging from 
4‑30 cm2, were randomly selected to observe the superficial 
abdominal hemangioma and assigned to the dynamic observa-
tion group (Table I). All patients were admitted to our hospital 
for the first time and had not previously received laser therapy. 

Patients with hemangioma were staged according to 
previously described criteria (6). Briefly, hemangiomas were 
defined as in the proliferation phase if they rapidly grew upon 
admission and were observed as having a bright coloration 
and hard texture (Fig. 1A). Hemangiomas were classified as 
in the regression phase if their growth was stable or gradually 
diminished, and if they became white and the tumor texture 
was softened (Fig. 1B). Hemangiomas were defined as in the 
involution phase if they were completely stable and no further 
treatment was required (Fig. 1C).

Blood sample collection. Venous blood (2 ml) was collected 
from all patients in sterile anticoagulation tubes and centri-
fuged at 3,500 x g for 10 min at 4˚C. Subsequently, the plasma 
was collected, distributed into sterile EP tubes and stored at 
‑80˚C until use. 

Measurement of VEGF and bFGF concentrations. The plasma 
levels of VEGF and bFGF were determined using ELISAs 
(Human VEGF ELISA kit; Abcam, Cambridge, MA, USA).

Laser therapy. Prior to laser treatment, the site, size, onset time 
and severity of the hemangioma were evaluated. The lesional 
skin was anesthetized using 2% lignocaine (Teva Pharmaceu-
ticals, Petah Tikva, Israel). Laser therapy was performed by a 
proficient physician using an N‑Lite Pulsed Dye Laser (ICN 
Photonics Ltd., Llanelli, UK) at a wavelength of 585 nm, pulse 
length of 0.45 ms, spot diameter of 5 mm, at an energy density 
of 7.5 J/cm2 and a frequency of 1.5 Hz. Following 3 cycles of 
laser treatment, the tumor site was disinfected with benzalko-
nium bromide at a concentration of 0.1 mg/ml (Sigma‑Aldrich; 
EMD Millipore, Billerica, MA, USA) and intermittently cooled 
using an ice bag for 20‑30 min. Subsequently, mupirocin oint-
ment (Teva Pharmaceuticals) was applied three times per day 
for 4 days. Each cycle of laser therapy was delivered at a time 
interval of 1 month until the end of the treatment.

Statistical analysis. SPSS 16.0 software (SPSS, Inc., Chicago, 
IL, USA) was used for statistical analyses. Differences among 
multiple groups were analyzed using one‑way analysis of 

variance (ANOVA). Differences between two groups were 
analyzed by Least Significance Difference test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Changes in the plasma levels of VEGF and bFGF in 
patients with different phases of hemangioma. The plasma 
concentrations of VEGF in the different groups are shown 
in Table II. ANOVA revealed that the plasma concentration 
of VEGF was significantly different among the proliferation 
phase, regression phase, involution phase and control groups 
(F=27.824; P<0.001). LSD demonstrated that the plasma level 
of VEGF in the proliferation phase group significantly differed 
from those in the regression phase, involution phase and control 
groups (all P=0<0.001). Furthermore, it was demonstrated that 
there was no significant difference in the plasma concentration 
of VEGF between any two groups among the regression phase, 
involution phase and control groups (all P>0.05).

The plasma concentrations of bFGF in different patients are 
shown in Table III. ANOVA revealed that the plasma concen-
tration of bFGF significantly differed among the proliferation 
phase, regression phase, involution phase and control groups 
(F=38.738; P<0.001). LSD demonstrated that the plasma 
level of bFGF in the proliferation phase group significantly 
differed from those in the regression phase, involution phase 
and control groups (all P<0.001). In addition, it was shown that 
there was no significant difference in the plasma concentration 
of bFGF between any two groups among the regression phase, 
involution phase and control groups (all P>0.05).

Changes in the plasma levels of VEGF and bFGF in the 
dynamic observation group before and after laser therapy. 
The plasma concentrations of VEGF and bFGF in the dynamic 
observation group before and after laser therapy at the same 
time points are shown in Table  IV and Fig.  2. Statistical 
analysis revealed that the plasma concentrations of VEGF 
and bFGF in the dynamic observation group at the same 
time points differed significantly prior to and following laser 
therapy (VEGF: t=7.478, P=0.000; bFGF: t=7.785, P<0.001).

Discussion

In 1982, Mulliken and Glowacki (6) proposed a biological 
classification of vascular birthmarks on the basis of clinical 
manifestations, histopathological features and natural history, 
which was subsequently adopted by The International Society 
for the Study of Vascular Anomalies in 1996 (7). Since then, 
congenital vascular diseases have been further classified into 
hemangiomas and vascular abnormalities (8). Hemangioma, 
which results from abnormal proliferation of vascular endothe-
lial cells, is one of the most common types of congenital benign 
tumors during infancy, and rapidly grows and proliferates prior 
to the infant reaching 1 year‑of‑age (9). Previous studies have 
demonstrated that VEGF, bFGF and their receptors are closely 
associated with the proliferation of infantile cutaneous heman-
gioma (10). Takahashi et al detected upregulated expression of 
recombinant VEGF‑16539 in transgenic rabbit models, and a 
histological examination revealed hemangioma in the rabbit 
liver. Immunohistochemical analysis demonstrated that human 
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VEGF‑165 was expressed in hepatocytes rather than in rabbit 
plasma, suggesting that upregulated expression of VEGF‑165 
results in the incidence of hemangioma in transgenic rabbit 
models  (13). Takahashi  et  al  (10) analyzed hemangioma 
clinical specimens using immunohistochemical staining and 
found that the expression of VEGF was significantly upregu-
lated in proliferative phase hemangioma, whereas it was 
markedly downregulated in hemangiomas in the regression 
and involution phases. Bielenberg et al (11) utilized in situ 
hybridization and immunohistochemical analysis to measure 
the expression of VEGF and bFGF in hemangioma samples at 
various phases, and demonstrated that both VEGF and bFGF 
were highly expressed, suggesting that VEGF and bFGF are 
closely correlated with the incidence of hemangioma.

The majority of hemangiomas disappear by themselves and 
do not require any treatment. However, hemangiomas should 
be treated if they affect important structures, such as the eyes, 
nose, ears or windpipe, if they keep growing at a high speed, and 
if they become ulcerated and painful. Radiotherapy, hormonal 
therapy, interferon treatment, surgery and laser therapy are 
commonly employed for the treatment of hemangiomas (12). 
In plastic surgery, laser therapy has been frequently applied 

to treat superficial vascular illnesses including infantile cuta-
neous hemangioma and portwine stains (14). No complications, 
including hyperplastic or atrophic scars, have been reported 
after laser therapy. Over the past few decades, laser therapy has 
been widely applied to the treatment of hemangiomas at our 
hospital, resulting in the accumulation of clinical experience 
and clinical data. Furthermore, a favorable clinical efficacy and 
high degree of satisfaction have been obtained. In the present 
study, 109 infants diagnosed with hemangioma and under-
going laser therapy at our institution between October 2009 
and August 2012 were enrolled, including 74 patients with 
hemangioma in the proliferation phase, 20 in the regression 
phase and 15  in the involution phase. The potential effect 
of laser therapy on the plasma concentrations of VEGF and 
bFGF in infants was evaluated to explore a simple and reliable 
parameter to assess the clinical efficacy of laser therapy in the 
management of hemangioma.

The exact pathogenesis of hemangioma remains largely 
unknown. However, several studies have suggested the impor-
tance of angiogenic factors in the incidence and proliferation of 
hemangioma, which is likely caused by a disrupted balance in 
the stimulating and inhibitory factors of angiogenesis (15‑17). 

Figure 1. Photographs revealing different phases of infantile hemangioma. (A) Proliferation phase, (B) regression phase and (C) involution phase.

Table I. Demographic data of all participants.

	 Proliferation phase	 Regression	 Involution phase	 Control group	 Dynamic observation
Parameters	 group (n=74)	 phase (n=20)	 group (n=15)	 (n=10)	 group (n=23)

Age (months)	 1.0‑9.0	 4.0‑12.0	 11.5‑26.0	 1.3‑24.0	 1.3‑6.0
Male/female	 27/47	 8/12	 9/6	 5/5	 8/15
Lesion size (cm2)	 3‑36	 3‑20	 0	 0	 4‑30

Table II. Comparison of the plasma concentration of VEGF among the different groups (means ± standard deviation).

	 Proliferation phase	 Regression phase	 Involution phase	 Control group
Parameters	 group (n=45)	 group (n=18)	 group (n=11)	 (n=10)

Age (months)	 3.88±2.16	 9.17±2.68	 19.18±5.80	 7.83±6.32
Male/female	 16/29	 7/11	 7/4	 5/5
Body weight (kg)	 7.05±1.54	 9.92±2.87	 11.32±1.66	 8.05±2.05
Lesion size (cm2)	 6.67±6.94	 7.44±11.52	 0	 0
VEGF (pg/ml)	 268.64±256.16a	 42.89±37.90	 25.55±21.76	 26.50±23.50

aDenotes statistical significance. VEGF, vascular endothelial growth factor.
  

  A   B   C
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There is evidence that the expression levels of VEGF and 
bFGF in the peripheral blood of infants with proliferative 
phase hemangioma were significantly upregulated compared 
with those in patients with hemangiomas at the regression 
phase and normal controls, whereas they did not significantly 
differ between regression phase infants and healthy coun-
terparts (16). In the present study, the plasma concentrations 
of VEGF and bFGF in the proliferation phase group were 
significantly higher compared with those in the regression 
phase, involution phase and control groups, while no signifi-
cant difference was observed among the regression phase, 
involution phase and control groups. After several cycles of 
laser therapy, the plasma concentrations of VEGF and bFGF 
were declined to within the normal ranges (<40 and <300 pg/
ml, respectively), from the proliferation phase to the regres-
sion phase. For each hemangioma patient, the plasma levels 
of VEGF and bFGF were significantly reduced after laser 
therapy, suggesting that the laser therapy was able to lower 
the plasma concentrations of VEGF and bFGF.

To date, the majority of studies have focused on the histo-
pathological evaluation of hemangioma specimens of different 
phases, employing quantitative polymerase chain reaction 
and immunohistochemical staining (17,18). Conversely, the 
present study collected peripheral blood samples from infants 
diagnosed with hemangioma, which was a safe, noninvasive, 
sensitive and convenient method for assessing the different 
phases, and may be widely applied in clinical practice following 
validation by subsequent large‑scale clinical trials. Further-
more, the present study observed that individuals exhibited 

Figure 2. Changes in the plasma levels of VEGF and bFGF in the dynamic 
observation group before and after laser therapy. (A) Changes in the plasma 
concentration of VEGF before and after laser therapy (P<0.001). (B) Changes 
in the plasma concentration of bFGF before and after laser therapy (P<0.001). 
VEGF, vascular endothelial growth factor; bFGF, basic fibroblast growth 
factor. *P<0.05.

Table IV. Comparison of plasma levels of VEGF and bFGF in the dynamic observation group before and after laser therapy 
(means ± standard deviation).

Parameters	 Before laser therapy	 After laser therapy

Age (months)	 3.79±1.86	 6.31±1.76
Male/female	 8/15	 8/15
Body weight (kg)	 7.67±2.39	 9.13±2.39
Lesion size (cm2)	 9.46±10.99	 9.46±10.99
VEGF (pg/ml)	 63.22±38.84a	 30.74±31.22
bFGF (pg/ml)	 433.83±207.71a	 195.09±152.62

aDenotes statistical significance (VEGF: t=7.478, P<0.000; bFGF: t=7.785, P<0.000). VEGF, vascular endothelial growth factor; bFGF, basic 
fibroblast growth factor.
 

Table III. Comparison of the plasma concentrations of bFGF among the different groups (means ± standard deviation).

	 Proliferation phase	 Regression phase	 Involution phase	 Control group
Parameters	 group (n=51)	 group (n=20)	 group (n=15)	 (n=10)

Age (months)	 3.84±2.06	 9.20±2.54	 18.15±5.86	 7.83±6.32
Male/female	 19/32	 8/12	 9/6	 5/5
Body weight (kg)	 6.95±1.52	 10.20±3.04	 11.23±1.69	 8.05±2.05
Lesion size (cm2)	 6.37±6.60	 6.90±11.03	 0	 0
bFGF (pg/ml)	 490.75±255.21a	 129.10±130.41	 12.93±6.55	 7.40±4.88

aDenotes statistical significance. bFGF, basic fibroblast growth factor.
 

  A

  B
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different levels of sensitivity to laser therapy. The majority of 
the infants were highly sensitive to laser therapy; the plasma 
concentrations of VEGF and bFGF were rapidly decreased 
following laser therapy and favorable clinical outcomes were 
obtained. However, a minority of infants exhibited low sensi-
tivity to laser treatment; the plasma concentrations of VEGF 
and bFGF were maintained at relatively high levels following 
laser therapy. Therefore, the combined use of laser treatment 
with hormonal therapy or injection of medicines, such as 
propranolol, vincristine and interferon, may be considered (16).

In the present study, the plasma concentrations of VEGF 
and bFGF rapidly declined following laser therapy. Although 
the exact mechanism is unknown, it may result from the 
high‑energy laser selectively promoting the thermal coagula-
tion of hemoglobin, eventually leading to vascular occlusion. 
Hemoglobin absorbs the laser energy, forms thrombi and 
causes injuries to endothelial cells  (18), which is directly 
caused by laser therapy or indirectly by vascular occlusion. 
The complications of thrombosis and vascular occlusion after 
laser therapy block topical blood circulation to the heman-
gioma and lead to hypoxia, thereby causing the swelling, 
degeneration and necrosis of vascular endothelial cells. Upon 
the incidence of vascular endothelial cell injury, the expression 
levels of VEGF and bFGF were decreased and the prolifera-
tion of hemangioma was reduced accordingly. Therefore, the 
authors of the present study hypothesized that laser therapy 
may cause endothelial cell injury and subsequently affect the 
expression of VEGF and bFGF in endothelial cells, thereby 
promoting the progression of the proliferation phase into 
the regression phase. However, the underlying mechanism 
requires further elucidation. Furthermore, due to the diffi-
culty in collecting and preserving tumor samples, the sample 
size was relatively small. Therefore, subsequent studies with a 
larger sample size should be performed.

In conclusion, the present study demonstrated that, after 
several cycles of laser therapy, the cutaneous hemangiomas 
of infants with proliferative phase hemangioma were 
alleviated to the regression phase. Simultaneously, the high 
plasma concentrations of VEGF and bFGF in the prolifera-
tion phase were reduced to within their normal ranges during 
the regression phase, which was consistent with the clinical 
characteristics. Therefore, the plasma levels of VEGF and 
bFGF may be used to evaluate the clinical efficacy of laser 
therapy.
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