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Abstract
Introduction: The purpose of this study is to investigate the effect of a low-power laser on the 
proliferation, migration, differentiation of different types of mesenchymal stem cells (MSCs) in 
different studies.
Methods: The relevant articles that were published from 2004 to 2019 were collected from the 
sources of PubMed, Scopus, and only the articles specifically examining the effect of a low-
power laser on the proliferation, differentiation, and migration of the MSCs were investigated.
Results: After reviewing the literature, only 42 articles were found relevant. Generally, most of 
the studies demonstrated that different laser parameters increased the proliferation, migration, 
and differentiation of the MSCs, except the results of two studies which were contradictory. In 
fact, changing the parameters of a low-power laser would affect the results. On the other hand, 
the source of the stem cells was reported as a key factor. In addition, the combination of lasers 
with other therapeutic approaches was found to be more effective. 
Conclusion: The different parameters of lasers has been found to be effective in the proliferation, 
differentiation, and migration of the MSCs and in general, a low-power laser has a positive effect 
on the MSCs, helping to improve different disease models. 
Keywords: Photobiomodulation therapy; Differentiation; Proliferation; Migration; Mesenchymal 
stem cell.
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Introduction
The absorption and utilization of vitamins, circadian 
rhythms, and sleep-wake cycles are examples of the light-
dependent systems that show the role of the light in the 
biological systems.1 The invention of the LASER (light 
amplification with stimulated emission of radiation) 
provided the opportunity to obtain high-power light 
at specific wavelengths and facilitated its application 
in biology and allowed a new field of research into the 
biological effects of radiation on animals and humans.2 
Low-level laser therapy (LLLT) was discovered in the 
1960s and was first used by the National Aeronautics 
and Space Administration (NASA) in order to accelerate 
wound healing in the space.3 PBM, or phot-modulation 
or a low-power laser is a non-invasive and non-toxic 
phototherapy that its wavelength is within the region of the 

red to near-infrared spectrum in the range of 600 to 1000 
nm. Its beneficial effects have been observed in a variety 
of diseases and physiological processes, including wound 
healing, hypoxic damage, and cerebral regeneration. 
Photo-modulation is biologically attributed to light 
absorption by the internal photoreceptor of the respiratory 
chain in the mitochondria, which induces mitochondrial 
activation within cells.3-5 At the cellular and molecular 
level, photons transmitted from a low-power laser can be 
absorbed by mitochondria, leading to an increase in the 
production of ATP.6 It has been well-established that the 
bio-stimulatory effects of the laser are influenced by the 
following parameters: wavelength, energy density, power 
output, frequency/duration of irradiation, distance cells 
and laser spot/probe.7,8 In most of the studies, the laser 
parameters may be different which could be resulted 

http://crossmark.crossref.org/dialog/?doi=10.15171/jlms.2019.S17&domain=pdf&date_stamp=2019-12-01
https://doi.org/10.15171/jlms.2019.S17
http://journals.sbmu.ac.ir/jlms


Journal of Lasers in Medical Sciences  Volume 10, Suppl 1, Autumn 2019 S97

                                                        The Effect of Photobiomodulation Therapy on the Stem Cells 

in distinct effects.  Evidence has shown that when the 
mesenchymal stem cells (MSCs) derived from adipose 
tissue are irradiated with 5 J/cm2, the proliferation 
and secretion of these cells increase substantially.6 The 
commonly reported PBM devices include helium-neon 
gas lasers, gallium–arsenide, neodymium-doped yttrium 
aluminum garnet, gallium aluminum arsenide (GaAlAs), 
indium gallium aluminum phosphide diode lasers, non-
thermal, non-ablative carbon dioxide lasers, LED arrays, 
and visible light.9

The Molecular Mechanism of a Low-Level Laser on 
Proliferation and Migration
TPKR/Ras/Raf/MEK/ERK/Mnk1/eIF4E/CyclinD1 
Pathway
Studies have shown that low-power lasers can induce 
TPKR (tyrosine-protein kinase receptor) like c-MET, 
which can activate the MAPK/ERK signaling pathway, 
thereby it may induce cell proliferation. EIF4E (eukaryotic 
initiation factor 4E) is a major regulator of cap-dependent 
mRNA that responds to various stimuli, including 
hormones, growth factors, and mitogens. On the other 
hand, low-level lasers can phosphorylate PHAS-1 (protein 
heat and acid-stable) and upregulate the expression of 
eIF4E, CyclinD, and also increases the proliferation of 
cells. EIF4E can also be directly phosphorylated by MNK1 
and MNK2.10,11

TPKR/PI3K/Akt/mTOR/eIF4E Pathway
PI3K phosphorylation is the most important downstream 
TPKR pathway. A low-level laser can increase the 
phosphorylation of Akt and the PI3K pathway, which 
induces the phosphorylation of PHAS-1 through the 
phosphorylation of mTOR and activates proliferation and 
cell migration through Elf4e phosphorylation.10,12-14

PI3K/Akt/eNOS Pathway
Nitric oxide (NO) has the capacity to increase angiogenesis 
and vasculogenesis. In fact, eNOS signaling pathway could 
result in a low level of NO. A low-power laser at 632.5 nm 
can enhance eNOS expression in endothelial cells, thereby 
promoting endothelial cell proliferation and migration, 
which plays an important role in angiogenesis.10,15,16

TPKR/PLC-gamma/PKC Pathway
The activation of PLC can catalyze phospholipids, thereby 
increasing the concentration of DAG, IP3. IP3 can 
increase calcium from the endoplasmic reticulum that 
activates PKC. PKC will be effective in cell proliferation, 
tumor proliferation, and the differentiation and apoptosis 
of cells. The low-power laser of 632.5 nm showed that it 
can increase calcium, thereby helping the proliferation of 
cells.10,17,18

ΔΨm/ATP/cAMP/JNK/AP-1 Pathway
The low-level laser could result in an increase in cAMP and 

consequently jNK phosphorylation, thereby increasing 
AP1. AP-1 enhances the expression of the genes involved 
in proliferation, survival, and angiogenesis.10,19,20

ROS/Src Pathway
The low-power laser can increase ROS which regulates 
the activity of different protein kinases. Src serves as a 
target for ROS, which has a specific role in various cellular 
processes, including proliferation, migration and cell 
survival.10,21

Bcl-2, Bax, p53, and p21 
The activated p53 can inhibit growth and induce apoptosis 
by upregulating the expression of BAX and P21 genes. 
Bcl-2 has been suggested as a regulator of the apoptotic 
pathway in which a low-power laser can increase the 
expression of BCL2 proteins and decrease the expression 
of BAX protein.10, 22

The ISCT for the MSCs offers at least three standard 
criteria which include adhesion to the plate, an increase 
in the expression of surface molecules, and differentiation 
into three classes. 

The purpose of this study was to summarize the results 
of the studies that have pointed toward the proliferation 
of these cells and their power of differentiation.4 A low-
power laser has the potential to be effective in the biological 
function of the MSCs. Therefore, the application of low-
level laser could be effective in accelerating bone fractures, 
wound healing, neuroregeneration, blood disorders, pain 
and inflammation, and dermatological treatments.23,24 It 
can also increase the therapeutic power of the adipose 
mesenchymal cells to treat the scar and fibrosis.6

The Variety of Mesenchymal Stem Cells
Umbilical Cord-Mesenchymal Stem Cells 
Using the photo-modulation or the low-power laser can 
increase proliferation and self-renewal function in the 
umbilical cord MSCs by increasing the expression of 
embryonic stem cell-associated genes such as Nanog, 
oct4, and sox2. This study also showed that the colony 
which formed the quality of the MSCs increased 
with low-level laser radiation and the differentiation 
properties of adipogenic and osteogenic in the MSCs 
were not different. Also, there was no difference in the 
level of adipogenic marker mRNA (PPARI, LPL) and the 
osteogenic marker (ALP, BGLAP) in the MSCs compared 
to the control group. In order to investigate mitochondrial 
activity in the MSCs, it has been shown that the intensity 
mean of rhodamin123 fluorescence increases significantly 
compared to the laser-free MSCs.23,25 Angiogenic 
properties increase significantly in the underlying laser 
MSCs by increasing the expression of angiogenesis-related 
genes (VEGF, PDGF, HGF, BFGF, ANGPT1, ANGPT2, 
SDF-a1), which can damage endothelial cells and can 
significantly increase total tube length and branch point 
compared to the laser-free MSCs. The study showed that 
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low-level laser irradiation could increase angiogenesis by 
the inhibition of apoptosis in the mesenchymal stem.4 
The results from a study also showed that using an 808 
nm laser could induce the neural differentiation of the 
umbilical cord MSCs to the neuron cells. The study also 
found that only an 808 nm laser could express the NeuN 
marker protein of neurons in 72 hours and a 635 nm laser 
increased the proliferation of the mesenchymal cells.25 A 
laser with a wavelength of 635nm amplified the umbilical 
cord mesenchymal cells if it proved that a low-power laser 
with 808nm failed to increase the proliferation of the 
same cells.26

Adipose Mesenchymal Stem Cells
It has been reported that the toxic effects of doxorubicin 
on the adipose mesenchymal stem cells can be reduced 
by using a low-power laser with a wavelength of 660 nm, 
output power of 30 mW, a laser beam of 0.028 cm2, and 
irradiation of 1.07 mW/cm2. A Low-power laser with 
these features increases the viability of the MSCs and 
inhibits apoptosis and oxidative stress in the MSCs that 
are treated with doxorubicin. A low-power laser (0.2, 
0.4, and 0.7) can restore the modified morphology of the 
treated cells with doxorubicin compared to the normal 
cells. Furthermore, IL-6 cytokine levels significantly 
increase by low-level laser radiation compared to the 
control group.27 Also, after the injection of the low-power 
laser mediated MSCs, the migration of the mesenchymal 
cells to the damaged tendon of the calcaneal tendons was 
elevated in rats in comparison with the laser alone, and 
the expression of the collagen III and IL- 10 increased. 
In this study, no difference was observed in the amount 
of TNFa cytokines among the groups.28 The GaAlAs 
laser (650 nm, 4 J/cm2) improved the repair in mouse 
model of skin photoaging by increasing the proliferation, 
differentiation, and secretion of the growth factor of the 
MSCs. Furthermore, the expression of the mesenchymal 
surface markers increased.5

A transplantation skin flap is used for skin lesions in 
plastic surgery. After the skin is removed from the donor, 
it is possible to discontinue the flow of vessels and the 
angiogenic growth factors are very important. A study 
showed that a low-power laser (660 nm ± 20 nm, 6 J/
cm2, 10 mV/cm2) could increase angiogenic factors in the 
adipose MSCs, and after transplantation, it was revealed 
that it could differentiate endothelial cells and improve 
function.29 This study also showed that apoptosis was 
reduced in the adipose MSCs after being treated with a 
low-power laser. After identification of CD31, CD34, 
vWF, and KD markers by using immunofluorescence, 
the differentiation of the MSCs into the endothelial 
cells was confirmed.30,31 A low-power laser (wavelength: 
660 nm + 20 nm, 220 V + 22 V, 50 Hz) can increase 
cell migration by increasing EKK1/2, and FAK which 
regulates cell adhesion and migration signals in cells. The 
studies also showed that the proliferation and viability of 

the MSCs increased. In this study, the growth factors of 
HGF and PDGF were also elevated.20 The use of a low-
power laser (808 nm, 3 J/cm2, 200 mV, 0.2 W/cm2) for 
seven days and 5 minutes with electromagnetic increased 
the proliferation and viability of the cells.32 After co-
culturing the adipose MSCs with smooth muscle cells, 
the proliferation and viability of the MSCs and the 
differentiation of the MSCs into smooth muscle cells was 
increased, but application of the low-power laser (636 nm, 
5 J/cm2) significantly increased the differentiation of the 
MSCs (33). The effect of a low-power laser (660 nm and 
0.5, 1 J/cm2) on the adipose and bone marrow-derived 
MSCs was dose-dependent and it increased the cell 
growth and proliferation without any nuclear changes.34 
Low-power lasers (660 nm, 550 mW/cm2) accelerated the 
ischemic limb function by accelerating endothelial cell 
differentiation and secreting growth factors (VEGF, HGF, 
and FGF).35 Using an adipose MSC in an acellular dermal 
matrix with a low-power laser (632.8 nm, 17 mW, 1 J/cm2) 
significantly improved bone formation and dramatically 
increased bone mineral density and bone mass volume.36

Bone Marrow Mesenchymal Stem Cells
A study showed that using chloroaluminium 
phthalocyanine nano-emulsion (AlClPc/NE) with a low-
power laser (20 mJ/cm2 at 670 nm) for 24 hours could 
induce the differentiation of the MSCs into the adipose 
cells. The expression of lipoprotein lipase and PPARY 
mRNA also increased in this group. The structures of 
lipid vacuoles were also observed 37. When the MSCs are 
used to treat damaged bones, it is essential to differentiate 
the MSCs into the bone cells, and this has already been 
studied, which has acknowledged the importance of this 
matter.38 A low-power laser (2 and 4 J/cm2) significantly 
increased the proliferation of the bone marrow MSCs and 
also differentiated them into the bone cells. Moreover, this 
study showed that a laser (16 J/cm2) could significantly 
suppress proliferation and differentiation into the bones. 
Low-power lasers of 4, 8, and 16 J/cm2 also inhibited 
the expression of TNFα.23 Using forskolin with a low-
power laser (20 mJ/cm2) in the bone marrow MSCs could 
differentiate them into the neuron cells. The expression of 
beta-tubulin II protein also increased in this study.24

Osteoporosis after menopause is a major concern in a 
society where bone density in women is reduced which 
could be resulted in increasing the risk of bone fracture. It 
was shown that a low-level laser in the osteoporosis MSCs 
from ovariectomized mice could significantly increase the 
optical density and cell viability compared to the control 
group.39,40 Also, another study showed that the effects 
of a low-power laser strongly depended on wavelength 
parameters, the number of laser therapy sessions, the state 
of MSC physiology, and the type of the laser.40 In Europe, 
about 1.5 million patients undergo jaw repair every year. 
Despite surgical interventions, about 20% of them still 
have dysfunction. Many studies have shown that the use 
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of MSCs in the oro-maxillofacial is very promising. A 
study also showed that the use of a low-power laser (808 
nm, 64 J/cm2) could increase the expression of RUNX2, 
ALP, and OSX. RUNX2 is the most important marker 
for osteoblast differentiation. In this study, the reduction 
of the pro-inflammatory factors (IL6, IL17) and the 
increase of anti-inflammatory cytokines (IL-10 and IL-
1) were observed.41 The low-power laser 808 nm, 4 J/cm2 

had no effect on the proliferation and differentiation of 
the MSCs into the osteoblasts and osteoclast cells.42 Low-
power lasers (15 Hz, 150 mJ, 2.25 W) can proliferate and 
differentiate the bone marrow MSCs into the osteoblasts 
cells in 3-dimensional collagen scaffolds that can be used 
in the treatment of periodontal diseases.43 A study showed 
that low-energy 660 nm red GaAlAs laser irradiation 
at different energy levels affected the physiological and 
molecular characteristics of the mouse bone marrow 
stromal cells and enhanced the expression of BMP2 
and IGFI, increasing proliferation and differentiation 
to the osteoblast cell. It was revealed that LLLT dose-
dependently increased osteoblast differentiation and 
mineral deposition.44

Cardiovascular disease is one of the leading causes of 
death in the world. New therapeutic approaches help 
reduce the size of the scar. In the final stage of the disease, 
cardiac transplantation is considered to have problems. 
Among therapeutic approaches, the stem cells that can 
overcome the defects caused by the disease are used. A 
study showed that the use of a low-level laser (780-950 
nm, 10-50 J/cm2) every day or every other day could be 
effective in treating the mesenchymal cells and increasing 
the survival, proliferation and homing of the MSCs.8 
The use of an 810nm low-power laser significantly 
reduced the infarct size and significantly increased the 
proliferation of the cells.45 The use of a low-power laser 
(0.5 J/cm2) could promote the proliferation of the MSCs 
and their myogenic differentiation and facilitate the 
secretion of VEGF and NGF.46 A low-level laser (660 
nm, 5 mW, 6, 10, 12 J/cm2) could significantly increase 
the proliferation and viability of the bone marrow MSCs 
in the ROS.47 In another study, using low-level laser 
promotes the proliferation and differentiation of bone 
marrow-derived MSCs (470 nm, 630 nm, and 660 nm).48 
The ischemia caused by myocardial infarction causes 
damage to the heart tissue that limits the capacity for the 
regeneration and restoration of the heart. Accordingly, 
the use of a 10 mW/cm2 low-power laser triggers the 
migration of the bone marrow MSCs to the tissue of the 
ischemia that can improve its function.49 The treatment of 
the bone marrow MSCs from rats with a low-power laser 
(5 mW/cm2, 15 mW/cm2) increased the proliferation 
and stimulated osteogenic differentiation in them.50 A 
low-power laser with high energy density would reduce 
the proliferation of the MSCs and could also inhibit the 
cytotoxic effects of carboplatin, cytarabine, paclitaxel, 
and vincristine drugs.51 A low-power laser (808 nm, 4 

J/cm2) would differentiate the bone marrow MSCs into 
osteoclasts and osteoblast.52 A low-power laser (3 or 6 J/
cm2, 810 nm) differentiated the bone marrow stem cells 
into neurons, and another low-power laser (810 nm, 2 or 
4 J/cm2) differentiated them into the osteoblast cells.53 In 
another study, the effect of a 635nm diode laser on the 
proliferation of the bone marrow-derived MSCs was 
examined and the results showed that the proliferation 
of these cells significantly increased after using low-level 
laser irradiation due to the MSC proliferation dependence 
on Kir channel activity. The activation of Notch-1 
pathway and its upregulation played an important role in 
this process. It was also revealed that using LLL not only 
activated Kir channels and stimulate Notch-1 signaling 
pathways but also coordinate upstream and downstream 
signaling of cell cycle regulators and induce mitogenic 
effects in the laser-irradiated cells (Table 1).54

Mesenchymal Stem Cells Derived From Dental Pulp
Dental pulp stem cells have fibroblastic morphology and 
self-renewal and are able to differentiate to different types 
of cells.55 Encapsulating the pulp stem cells and loading 
rhbmp4 in them and then low-power laser irradiation 
significantly increased osteogenic and odontogenic 
differentiation. A low-power laser increased the self-
renewal and survival of the pulpal stem cells.56 In these 
patients, engineering strategies were developed for the 
development of the alveolar bone. Therefore, the use of 
the stem cells for bone formation and its reconstruction 
required differentiation into the bone. A study also 
showed that the use of a low-power laser (5 J, 10 J, 20 
J) increased osteogenic differentiation in the dental pulp 
stem cells.55

Blood Mesenchymal Stem Cells
The repair of a damaged tendon is poor due to the 
dense extracellular matrix that uses the MSCs to repair 
the damaged tendon. A study showed that the human 
blood MSCs could be differentiated into tenocyte cells 
by a low-level laser; thus, the use of the growth factors 
such as EGF2, TGFB3, IGF-1, and Bfgf2 with a low-level 
laser could cause the expression of the most important 
tenogenic genes, including EGR1, TNV, and DCN.57

Conclusion
Adjusting different parameters of a laser is effective in the 
proliferation, differentiation, and migration of the MSCs 
and in general, a low-power laser will be able to have a 
positive effect on the MSCs, helping to improve different 
disease models.
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