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Abstract 
Background and Aim: This study aimed to assess the effect of 660 
nm and 808 nm low-level diode laser irradiation on the production of 
vascular endothelial growth factor (VEGF) by human gingival 
fibroblasts (HGFs).    
Materials and Methods: In this in vitro experimental study, HGFs 
were cultured in McCoy’s 5A modified medium and assigned to three 
groups of control, 660 nm laser irradiation, and 808 nm laser 
irradiation. The concentration of VEGF was measured in the three 
groups at 1, 3, and 7 days after the intervention using ELISA. The three 
groups were compared in this respect using repeated measures 
ANOVA. Statistical significance was defined as P<0.05.    
Results: The concentration of VEGF in 808 nm laser group was 
significantly higher than that in the control and 660 nm laser groups 
(P<0.05). Also, the concentration of VEGF in 660 nm laser group was 
significantly higher than that in the control group (P<0.05). The 
concentration of VEGF at 7 days was significantly higher than that at 1 
and 3 days, and the value at 3 days was significantly higher than that 
at 1 day in all three groups (P<0.05). 
Conclusion: Within the limitations of this study, it appears that 
irradiation of 660 and 808 nm diode laser can increase the production 
of VEGF by HGFs.  
Keywords: Fibroblasts; Low-Level Light Therapy; Vascular Endothelial 
Growth Factors  
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Introduction 
Standard endodontic treatment is often 

recommended for immature teeth with a necrotic 
pulp due to caries, trauma, or periodontal 
problems [1, 2]. Regenerative treatments were 
recently suggested for management of such teeth 

considering the presence of open apex and the 
need for using an apical plug in these teeth, as 
well as the high risk of fracture of the thin root 
canal walls in the long-term [3]. Regenerative 
endodontic therapy aims to regenerate the pulp 
tissue by using a scaffold, stem cells, and growth 
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factors, and enable continuation of dentin 
formation in the root canal system. Ideally, 
regenerative treatments should induce the 
formation of blood clot to serve as a scaffold and 
induce the migration of cells. Growth factors 
should also induce the differentiation of stem 
cells to fibroblasts, nerve cells, and secondary 
odontoblasts to form connective tissue, nerve 
fibers, and vasculature [2, 4]. Fibroblasts play an 
effective role in pulp regeneration [5]. They 
produce different growth factors such as the 
vascular endothelial growth factor (VEGF), 
fibroblast growth factor, and bone 
morphogenetic proteins in this process. VEGF has 
numerous effects on the function of vascular 
endothelial cells and induces angiogenesis. Thus, 
it is the most important growth factor for 
differentiation of the vascular system [6, 7]. 
Impaired blood circulation in the formed scaffold 
causes the death of the cells migrated to this area. 
Thus, presence of VEGF is imperative for the pulp 
regeneration process to continue [8]. Human 
gingival fibroblasts (HGFs) are easily accessible 
and show better immune response compared 
with other cells differentiated from the stem cells 
[9]. Thus, they are commonly used for research 
purposes regarding pulp regeneration.  

Advances in laser technology paved the way 
for the use of low-level laser therapy (LLLT) for 
reduction of tissue inflammation, enhancement of 
wound healing, pain relief, and induction of tissue 
regeneration. Low level lasers with a wavelength 
range of 660-1100 nm can induce pulp 
regeneration without causing thermal damage 
[10]. Evidence shows that LLLT induces cell 
proliferation and differentiation, expression of 
angiogenic genes, osteogenesis, and 
dentinogenesis [10-12]. According to El Nawam 
et al. [10], low level diode laser at 660 nm 
wavelength increases the expression of VEGF 
gene and its receptor. Also, Gasparyan et al. [13] 
indicated that the efficacy of LLLT was 
comparable to that of VEGF in angiogenesis. 
Although HGFs are easily accessible and have 

high similarity to periodontal fibroblasts (as the 
origin of the cells migrating into the root canal 
space in the process of regeneration) [9], the 
production of VEGF by HGFs and the role of this 
group of cells in pulp regeneration have been less 
commonly addressed in scientific literature. 
However, these cells have an undeniably 
important role in wound healing, particularly in 
the periodontium [14]. Considering the gap of 
information regarding the effect of LLLT with 
different laser wavelengths on the production of 
VEGF by HGFs, this study aimed to assess the 
effect of 660 nm and 808 nm low level diode laser 
irradiation on production of VEGF by HGFs. 
 
Materials and Methods 

This in vitro experimental study evaluated 
HGFs (HGF3-PI 53) that were purchased from the 
Pasteur Institute of Iran (code C502) [15]. The 
minimum sample size was 9 wells in each group 
according to a study by Pansani et al. [14], 
assuming α=0.05, β=0.1, and mean cycle 
threshold of VEGF to be 165±43 in the laser and 
100±31 in the control group using two-sample t-
test power analysis.  
Cell culture:  

The HGF3-PI 53 cells obtained in cell flasks 
were cultured in McCoy’s 5A modified medium 
supplemented with 2% L-glutamine, HEPES, 15% 
fetal bovine serum, 0.4% antibiotic, 2% sodium 
pyruvate, and 0.2% antifungal agent under 
standard conditions at 37°C, 95% moisture, and 
5% CO2. When the cells reached adequate 
confluence, they were detached by using a 
mixture of trypsin-EDTA (3 cc) and transferred 
into a new culture plate (first passage). This 
process was repeated after 2 weeks (second 
passage). The second-passage cells were 
trypsinized, detached from the dish, and 
centrifuged at 1400 rpm for 10 minutes. The 
sediment was resuspended in the culture 
medium, and after cell counting, it was 
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transferred into a 96-well plate in equal amounts. 
The wells were then randomly divided into three 
groups of control (no laser irradiation), 660 nm 
laser irradiation, and 808 nm laser irradiation, 
with 9 wells in each group [16].  
LLLT: 

The medium was replaced 48 hours after 
culture. One group of the cells was irradiated with 
660 nm diode laser (ASTAR; Polaris2, Bielsko-
Biala, Poland) with 80 mW output power and 1 
J/cm2 energy density for 3 seconds. The second 
group was subjected to 808 nm diode laser 
irradiation (ASTAR; Polaris2, Bielsko-Biala, 
Poland) with 80 mW output power, and 1 J/cm2 
energy density for 3 seconds. To prevent light 
scattering and focusing on the respective well, the 
plate was wrapped with aluminum foil, and the 
wrap was perforated over the respective well for 
placement of the laser probe and laser irradiation 
through the hole.  
Measuring the concentration of VEGF:  

The concentration of VEGF was measured in 
all three groups at 1, 3 and 7 days after the 
intervention using a VEGF measurement kit 
(ZellBio, Germany) operating based on the 
sandwich technique by the ELISA [16]. 
Statistical analysis:  

Data were analyzed by repeated measures 
ANOVA with laser irradiation as the between-
subject factor using PASS 11 software. Statistical 
significance was defined as P<0.05.  
 
Results 

Table 1 presents the concentration of VEGF in 
the three groups. Two-way ANOVA showed no 
interaction effect of time and group on the 
concentration of VEGF (P=0.165). Irrespective of 
the group, the concentration of VEGF at 3 days 
was significantly higher than that at 1 day, and its 
concentration at 7 days was significantly higher 
than that at 3 days (P=0.001).  

Table 1. Level of VEGF (ng/mL) in the control, 660 nm laser, 
and 808 nm laser groups at 1, 3, and 7 days 
 

Group Day Minimum Maximum Mean ± SD 

Control 
1 0.099 0.144 0.131±0.014 
3 0.193 0.283 0.222±0.025 
7 0.255 0.374 0.327±0.038 

660 nm 
laser 

1 0.135 0.221 0.192±.0.026 
3 0.198 0.311 0.263±0.036 
7 0.318 0.489 0.417±0.048 

808 nm 
laser 

1 0.286 0.392 0.320±.0.031 
3 0.325 0.470 0.423±0.046 
7 0.443 0.677 0.571±0.061 

SD: Standard deviation 
 
Also, the concentration of VEGF in the control 

group was significantly lower than that in both 
laser groups at all time points (P=0.001). 
Moreover, the concentration of VEGF in 808 nm 
laser group was significantly higher than that in 
660 nm laser group at all time points (P=0.001; 
Figure 1). 

 
 

 
 
 
 
 
 
 
 
 

Figure 1. Comparative level of VEGF (in ng/mL) in the 
control, 660 nm laser, and 808 nm laser groups at 1, 3, and 7 
days  
 
Discussion  

This study assessed the effect of 660 nm and 
808 nm low level diode laser irradiation on 
production of VEGF by HGFs. The results 
indicated that the concentration of VEGF in 808 
nm laser group was significantly higher than that 
in the control and 660 nm laser groups. Also, the 
concentration of VEGF in 660 nm laser group was 
significantly higher than that in the control group. 
The concentration of VEGF at 7 days was 
significantly higher than that at 1 and 3 days, and 
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the value at 3 days was significantly higher than 
that at 1 day in all three groups.  

Pansani et al. [14] evaluated the effect of LLLT 
on production of VEGF by gingival fibroblasts 
obtained from young and elderly individuals, and 
reported an increase in concentration of VEGF in 
both cell types following irradiation of 780 nm 
laser with 2 and 3 J/cm2 energy densities, 
compared with the control group. No significant 
difference was noted between different energy 
densities in this respect. They concluded that 
LLLT of fibroblasts can induce tissue healing and 
angiogenesis. Although they assessed the effect of 
a different wavelength of laser (compared with 
the present study), they confirmed the optimal 
efficacy of LLLT for upregulation of VEGF gene in 
fibroblasts, which was in line with the present 
findings. El Nawam et al. [10] evaluated the effect 
of 810 nm and 660 nm diode laser irradiation on 
angiogenesis and formation of dentin-pulp 
complex and human dentin. They reported higher 
levels of VEGF in cells irradiated with 660 nm 
laser with 1 J/cm2 energy density compared with 
cells subjected to 660 nm laser irradiation with 3 
J/cm2 energy density. However, the level of VEGF 
was not significantly different in cells subjected 
to irradiation of 810 nm laser with different 
energy densities, and generally increased in all 
groups. They concluded that LLLT enhances 
angiogenesis through the effect of VEGF, and can 
aid in pulp regeneration and vital pulp therapy. 
Their methodology was similar to that of the 
present study and they reported results in line 
with the present findings; however, they did not 
assess HGFs. Szezerbaty et al. [17] evaluated the 
effect of 660 nm laser with 1 and 5 J/cm2 energy 
densities on production of VEGF. They reported 
that after 72 hours, irradiation of 660 nm laser 
with 5 J/cm2 energy density caused a significant 
increase in level of VEGF compared with 1 J/cm2 
energy density. They explained that factors such 
as energy density of laser can significantly affect 
the production of VEGF. We did not address this 

parameter in the current study. However, their 
results regarding the positive effect of 660 nm 
laser irradiation on angiogenesis were in 
agreement with the present findings. Chiarotto et 
al. [18] evaluated the wound healing effects of 
670 nm InGaP and 830 nm GaAlAs lasers on rats, 
and reported that both laser types significantly 
increased the expression of VEGF gene, 
angiogenesis, and proliferation of fibroblasts, 
compared with the control group. However, 670 
nm laser had a higher efficacy for proliferation of 
fibroblasts. Their results were in agreement with 
the present findings regarding enhancement of 
angiogenesis by LLLT. Illescas-Montes et al. [19] 
evaluated the effect of 940 nm diode laser on 
production of VEGF. They observed a significant 
increase in level of VEGF following irradiation of 
laser on HGFs twice (the second irradiation was 
performed after 144 hours). They discussed that 
laser irradiation can be used to increase the level 
of VEGF and enhance tissue healing. Although the 
laser wavelength in their study was different 
from that in the present study, their results 
regarding the optimal efficacy of LLLT for 
enhancement of VEGF confirmed the present 
findings. Szymczyszyn et al. [20] evaluated the 
effects of LLLT with 808 nm diode laser with 1.6 
W/cm2 energy density on endothelial cells from 
the radial artery of 14 patients. They assessed the 
blood samples of patients before and 24 hours 
after laser irradiation, and concluded that laser 
irradiation had no significant effect on serum 
level of VEGF. Their results were different from 
the present findings, which may be due to 
different methodology, not using ELISA for 
measurement of the level of VEGF, or laser 
irradiation through the skin in their study. Cury 
et al. [21] evaluated the effects of 660 nm and 780 
nm laser irradiation on angiogenesis in ischemic 
skin flaps in rats. They irradiated laser to 24 
points of a skin flap and concluded that 660 nm 
and 780 nm laser induced the production of VEGF 
and enhanced angiogenesis in ischemic skin flaps 
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in rats. Despite different study designs and 
methodologies, their results regarding the 
optimal effects of 660 nm laser irradiation on 
production of VEGF were in accordance with the 
present findings. Vitor et al. [22] assessed the 
effect of 660 nm laser irradiation with 2.5 and 3.7 
J/cm2 energy densities on human pulp 
fibroblasts. They demonstrated that 660 nm laser 
induced the secretion of angiogenic proteins by 
human dental pulp fibroblasts, and increased the 
production of VEGF-A and VEGF-C, and their 
receptors. No significant difference was noted in 
the efficacy of different energy densities of laser. 
The laser wavelength in their study was similar to 
that in the present study. However, the cell type 
and laser energy densities were different. 
Nonetheless, their results confirmed the efficacy 
of 660 nm laser irradiation for the enhancement 
of VEGF production, which supports the present 
results.  

The present study evaluated only one energy 
density of laser, which was a limitation of this 
study. Future studies should use different energy 
densities with the same wavelength to assess the 
effect of energy density on the results. Also, the 
frequency of laser irradiation cycles should be 
increased in future studies (e.g., laser irradiation 
of cells in three consecutive days) to assess the 
effect of this parameter on the level of VEGF. 

 
Conclusion 

Within the limitations of this study, it appears 
that irradiation of low-level laser, especially 808 
nm diode laser with 80 mW output power and 1 
J/cm2 energy density for 3 seconds can increase 
the production of VEGF by HGFs. This finding 
suggests the potential use of LLLT to promote 
tissue regeneration through increased 
angiogenesis. 
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