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 انًهخض

كطشٚمت نتعضٚض   (LLLT)انعلاج ببنهٛضس ٔاطئ  انطبلّ  تانًمهت انعهًٛ أ تتمٛى ْزِ انًشاخع الهدف:

ٚعذ انعلاج  الخلفية: تكبثش انخلاٚب اندزعٛت، يع انتشكٛض عهٗ آنٛبث انتحفٛض انضٕئٙ ٔانتأثٛشاث انتدشٚبٛت.

ٔاعذاً نتحفٛض تكبثش انخلاٚب اندزعٛت ٔتًبٚضْب فٙ انًختبش ٔفٙ اندسى انحٙ. حٛث  تببنهٛضس يُخفغ انطبل

تٕاخّ صساعت انخلاٚب اندزعٛت تحذٚبث بسبب يعذلاث انًُٕ انبطٛئت، يًب ٚدعم انعلاج ببنهٛضس يُخفغ 

لذ فٙ انطب انتدذٚذ٘. ٔ  (HSCs)استشاتٛدٛت يمُعت، ٔخبطت نهخلاٚب اندزعٛت انًكَٕت نهذو  تانطبل

فٙ انخلاٚب اندزعٛت بعذ انعلاج ببنهٛضس  ATP ٔDNA ٔRNAأظٓشث انذساسبث صٚبدة فٙ تخهٛك 

 (Photo-Stimulation)آنٛبث انتحفٛض انضٕئٙ  تانعهًٛت أ انًمبنت . تستكشف انذساستيُخفغ انطبل

ُٔٚبلش ، بًب فٙ رنك الاختلافبث فٙ انطٕل انًٕخٙ ٔيظبدس انهٛضس. تنهعلاج ببنهٛضس يُخفغ انطبل

انُتبئح انتدشٚبٛت حٕل تأثٛشاث انعلاج بٓزا انُٕع يٍ انهٛضساث عهٗ انتكبثش ٔانتًبٚض عبش إَٔاع انخلاٚب 

نتعضٚض  تطبلنتسهٛظ انضٕء عهٗ إيكبَبث انعلاج ببنهٛضس يُخفغ ا ِ انًمبنتتى فٙ ْز الاستنتاج: اندزعٛت.

عهٗ انخلاٚب  تتكبثش انخلاٚب اندزعٛت،  يٍ خلال انتحمٛك فٙ َتبئح انعلاج ببنهٛضس يُخفغ انطبل

انًضسٔعت، ٔخبطت انخلاٚب اندزعٛت انًكَٕت نهذو، نٕحع أٌ انتعشع نهعلاج ببنهٛضس يُخفغ انًستٕٖ 

اندزعٛت انًكَٕت نهذو. ثى  ٚسبب ايتظبص انفٕتَٕبث بٕاسطت انكشٔيٕفٕس داخم انًٛتٕكَٕذسٚب فٙ انخلاٚب

فٙ انخلاٚب اندزعٛت انًكَٕت نهذو، يًب ٕٚفش سؤٖ حٕل  ATP ٔDNA ٔRNAٚضٚذ يٍ يعذل تخهٛك 

تطبٛمّ فٙ انطب انتحفٛض٘ نهتكبثش ْٕٔ  بًثببت يٕسد أسبسٙ نًضٚذ يٍ انبحث فٙ انعلاخبث انمبئًت عهٗ 

 انخلاٚب اندزعٛت.

، انخلاٚب اندزعٛت، انخلاٚب اندزعٛت انًكَٕت نهذو تاطئ انطبل: انعلاج ببنهٛضس ٔةالكلمات المفتاحي 

(HSCs).ٙانطب انتدذٚذ٘ )انطب انتحفٛض٘ نتكبثش انخلاٚب(، انتحفٛض انضٕئ ، 
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Abstract 

 Objective: This review evaluates Low-Level Laser Therapy (LLLT) as a 

method to enhance stem cell proliferation, focusing on photo-stimulatory 

mechanisms and experimental impacts.Background: LLLT is promising for 

stimulating proliferation and differentiation of stem cells in vitro and in vivo. 
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Stem cell culture faces challenges due to slow growth rates, making LLLT a 

compelling strategy, especially for hematopoietic stem cells (HSCs) in 

regenerative medicine. Studies have shown increased ATP, DNA, and RNA 

synthesis in stem cells post-LLLT. The review explores LLLT's photo-

stimulatory mechanisms, including variations in wavelength and laser sources. 

It discusses experimental findings on LLLT's effects on proliferation and 

differentiation across stem cell types.Conclusion: This review highlights 

LLLT's potential to enhance stem cell proliferation, particularly HSCs, offering 

insights into its application in regenerative medicine. It serves as a foundational 

resource for further research in stem cell-based therapies. 

Keywords: low-level laser therapy, stem cells, hematopoietic stem cells, 

regenerative medicine, photo stimulation 

 

Introduction 

There are numerous possible applications of stem cells in research and 

medicine. Immunomodulatory properties and multipotent differentiation with 

their self-renewal capacity are the unique properties that give an advantage for 

tissue repair and regeneration applications.
1
 Furthermore, in vitro cell culture is 

one of the most basic methods used in cellular and molecular biology to study 

the biology, biochemistry, and metabolism of normal and diseased cells and is 

most helpful in the study of virology and oncology. Even though several 

mammalian cell lines can be cultured in vitro, their slow growth rate and 

susceptibility to contamination are major challenges in maintaining the cell 

lines for a prolonged period 
2,3

 Various techniques to improve the selective 

proliferation of the cell lines have been studied. The application of low-level 

laser is known to enhance in vitro cell proliferation.
4
 Recent research has also 

shown increased proliferation of in vivo stem cells when illuminated with low-

level laser therapy (LLLT). This leads to intracellular and extracellular 

chromophore activation and initiation of cellular signaling.
5,6

 The current 

review is aimed to assess the application of LLLT in stem cell proliferation and 

differentiation. 

Low-level laser therapy (LLLT) refers to the irradiation of low power lasers or 

light-emitting diodes (LEDs) to induce cell proliferation. Unlike high power 

lasers, which induce a thermal response and damage cellular components, low-

power lasers are based on non-ionizing radiation that induces photophysical and 

photobiological events in cells through endogenous chromophores. However, 

its cell-stimulating effects are limited to specific wavelengths only and are not 

effective below a recommended dose.
7
 

Mechanism of LLLT  

The first law of photobiology states that, low power light can alter biochemical 

reactions in the biological system once the photons are captured by the cells. 

Photochemical reactions are well-established in biological research. LLLT acts 
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through the Grotthuss-Draper law, which states that light must be first absorbed 

by a chemical entity for a photochemical change. In LLLT, the chemical entity 

is represented by cytochrome c oxidase (Cox), present in the mitochondrial 

electron transport chain (ETC).
8-10

 The photons cause the excitation of 

photoreceptors, which trigger a further chain of reactions. LLL irradiation 

favors cell proliferation through three main mechanisms, which have been 

discussed further.
11-14

 A schematic representation of LLLT mechanism is shown 

in (Fig. 1.). 

 
Fig. 1. Schematic representation of LLLT action on stem cells through different 

modes 

By increasing mitochondrial Cox and ATP activity 

Radiation pertaining to red and near-infrared (NIR) regions (600-1100 nm) 

potentially stimulates the cells through the photoreceptors of the mitochondria. 

Cox, through its multiple components, such as binuclear copper and heme 

centers, transfers electrons from water to oxygen. Cox is the terminal enzyme of 

the ETC and acts as an essential component in cellular energetics. Cox photo-

stimulation leads to more efficient electron transportation and increased ATP 

production. 
15,16

 As ATP concentration increases in the cell, the activity of ATP-

driven ion channels and antiporters such as Na
+
/K

+
, Ca

2+
 pump, ATPase 

Na
+
/H

+
, and Ca

2+
/Na

+
 also increases. Since ATP is the substrate for 

adenylcyclase, its concentration directly controls the level of cAMP. All the 

ATP-dependent activities are consequently dependent on the activity of 

terminal enzymes like Cox, and thus, it acts as a significant component in 

LLLT application. 

By preventing competitive inhibition of Cox by NO 

Coincidentally, Cox is competitively inhibited by nitric oxide (NO). NO binds 

to Cox through a coordinate bond, which can be dissociated using LLL.
17

 This 

dissociation favors the mitochondrial respiration and ATP production. Thus 

LLLT can protect the cells from NO-induced cell senescence.
18

 



 

 1167 

 

By generation of ROS and gene expression 

LLLT shifts the cellular redox potential and increases oxidation and ROS 

generation, which, in turn, modulate the intracellular signaling pathways, 

including the synthesis of proteins and nucleic acids, enzyme activation, and 

cell cycle. This leads to transcriptional changes through transcription factors 

responsible for gene expression, such as redox factor-1 (Ref-1)-dependent 

activator protein-1 (AP-1), nuclear factor B (NF-B), hypoxia-inducible factor 

(HIF)-1, and p53. 
19,20

 Upon LLL irradiation, genes responsible for cell 

proliferation, energy metabolism, and respiratory chain are up-regulated, 

whereas those responsible for cell degenerating pathways such as apoptosis are 

down-regulated.
21

 

Types of LLLT 

LLLT can be differentiated based on the wavelength of light used and the type 

of laser source used. LLL of different wavelengths have been used to study 

their effect on cells in vitro as well as in vivo. While visible, infrared, and 

ultraviolet light have been used in LLLT, the most effective results have been 

obtained from the light of 600-700 nm.
22

 In fact, the light of different 

wavelengths imparts different effects on the cells. For example, monochromatic 

light of 860 nm wavelength stimulates cell proliferation while that of 812 nm 

increases nucleic acid synthesis, 660 nm light increases the production of 

fibroblasts, and 632.8 nm wavelength light causes differentiation of fibroblasts 

to myofibroblasts.
23

 The 632.8 nm monochromatic laser light is reportedly one 

of the most effective lights in LLLT. It reportedly boosts keratinocyte 

proliferation, increases cellular motility, and enhances growth factor secretion 

from macrophages.  

Based on the laser source, LLLT can be categorized into two main classes. The 

helium-neon (He-Ne) laser transmits (red light) at 632 nm wavelength, while 

the gallium-aluminium-arsenide (Ga-Al-As) laser transmits infrared light at 830 

nm.
24

 Other laser sources for administering LLLT include Krypton (521-647 

nm) and Ga-As (904 nm).
25

 

Dose-dependent activity of LLLT 

Reports have shown that LLLT is effective only when administered at particular 

doses. Low doses yield better cellular response than high doses of the same 

wavelength.
26

 This typical phenomenon is termed as ―biphasic dose response‖ 

and is based on the Arndt-Schulz Law which implies that weak stimuli 

accelerate vital biological activities only up to a certain threshold. As the 

stimuli get stronger beyond that, a negative response is observed. The biphasic 

curve helps in determining energy levels for effective biostimulation.
27

 In 

LLLT, an energy density range of 0.5 to 4.0 J/cm
2
 of light between 600-700 nm 

is reported to improve proliferation rates of different in vitro cell lines.
23

 

Depth of Penetration of LLL 
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Depth of penetration measures how deep laser or light penetrates into a 

substance, including the biological tissues. It is the depth at which the 

radiation’s internal intensity decreases to 1/e (or around 37%) of its initial 

value. LLL light is in the limited range of 600-1000 nm in the biological 

window that can penetrate and spread into each cell of the tissues. Wavelengths 

of less than 600nm or more than 1000nm do not form the biological window as 

the blood cells, hair follicles, skin pigments, and water molecules obstruct the 

light.
28

 LLL light falling 600-700 nm penetrates the skin to 1-2 cm. The 800-

900 nm wavelength penetrates more into the tissue, reaching about 3-4 cm. A 

wavelength of 810 nm can aid the red blood cells to carry oxygen more 

efficiently from the lungs to different parts of the body. Hemoglobin 

specifically binds oxygen at 810 nm, which causes rapid binding activity.
29

 

Effect of LLLT on stem cells 

Multicellular organisms have partially differentiated or undifferentiated cells, 

which can proliferate into different kinds of cells indefinitely and divide into 

more stem cells of the same type. Seen in the embryonic stages and adult forms, 

these are the initial cells in a cell lineage, with each having a few distinct 

properties. Stem cells are unlike progenitor cells that do not have indefinite 

division, and precursor or blast cells have a commitment or differentiate into a 

particular cell type.
30,31

 Hematopoietic stem cells (HSCs) produce blood cells in 

a process known as hematopoiesis.
32

 In vertebrates, an event called endothelial-

to-hematopoietic transition gives rise to the initial HSCs that first occur at the 

ventral endothelial wall of the embryonic aorta, specifically in the aorta-gonad-

mesonephros region during mid-gestation.
33,34

 In adults, hematopoiesis occurs 

at the core of bones, known as red bone marrow. Mesoderm gives rise to the red 

bone marrow.
35

 HSCs give rise to two different lineages known as myeloid and 

lymphoid progenitor cells, which form different types of blood cells.
36

 HSCs 

remain in a dormant condition or reversible growth arrest like all adult stem 

cells. Dormant HSCs have altered metabolism, which helps the cells survive for 

a long duration in the bone marrow in a hypoxic environment.
5
 HSCs tend to 

end dormancy and divide again actively when triggered by cell damage or 

death. The transition from the quiescent stage to the dividing stage is regulated 

by specific pathways. Deregulation of the above may cause the exhaustion of 

stem cells or gradual loss of active HSCs in the blood system.
37,38

 HSCs can 

move between the bone marrow of different bones because they possess a 

stronger potential compared to other immature blood cells in crossing the bone 

marrow. The liver or spleen may also become the site of development for these 

stem cells. As a result, this will make it possible to extract HSCs directly from 

blood.
38

 

Light crosses the tissue interior (including the blood or HSCs) in two ways for 

interaction: absorption and scattering. Absorption is the interaction between a 

photon and an atom or molecule, resulting in the transfer of the entire energy to 



 

 1169 

 

the atom or molecule. Both the direction and energy of each photon may 

change, which results in inelastic scattering, or just the direction of the photon 

may change, resulting in elastic scattering.
39

 Elastic scattering may occur in 

HSCs when there is an interaction of the light or LLL with the biological 

tissues. 
39,40

 Irradiation with visible and infrared light is known to cause 

physiological stimulation of stem cells. Many studies have reported effective 

treatment of various diseases and conditions using LLLT, especially in 

regenerative medicine. LLLT is shown to positively affect cell growth, 

proliferation, and differentiation of stem cells. 

Factors affecting stem cell-LLL interaction 

Size, shape, the refraction index of the biological tissue core, and the 

wavelength used by the laser all affect the scattering and interaction of the light 

with the cell. Since absorption and scattering are affected by anatomy, 

biochemistry, and wavelength, determining the penetration and depth of light 

inside the biological tissues is an extreme problem. The effectiveness of the 

LLL is mainly related to the amount of light that reaches the target biological 

tissue. LLLT procedures require the determination of each irradiation and dose 

parameters in the output of the laser device according to the type of biological 

medium. Irradiation parameters include wavelength (nm), power (W), beam 

area (cm
2
), and laser pulse structure. While dose parameters include energy J, 

energy density J/cm2, treatment chronology, and irradiation pulse times. All 

these parameters, in addition to patient-specific conditions, make utilizing low-

level laser therapy and its dosimetry a pitfall in many research and clinical 

approaches.
41

 Wavelength in the range of 800-905nm has an effective role in 

the irradiation of HSCs because it essentially contributes to stem cell activity, 

communication, and the process of proliferation.
29

 

Effect of LLLT on hematopoietic stem cell growth and proliferation 

LLLT is reported to increase stem cell proliferation. The physiological state of 

the cells is an important parameter that determines the effect of LLLT. If the 

cells are in a poor growing state, LLLT has the maximum stimulatory effect on 

them. However, fully functional cells do not respond well to LLLT, and no 

therapeutic benefit has been observed.
42

 A pilot study conducted by Soto et al. 

(2015) studied the administration of LLLT as a preventative measure against 

oral mucositis in patients receiving HSC transplantation.
43 

Twelve children 

undergoing transplantation were treated with a combination of intraoral and 

extraoral laser therapy using red light (685 nm). A substantial decrease in oral 

mucositis was noticed at the end of the treatment.
43

 It has been found that LLL 

stimulated stem cell proliferation at 685 nm. It generates higher ATP, DNA, 

and RNA synthesis rates in stem cells and other cell lines with no cytotoxic 

effects. The growth and differentiation potential of long-term (about three 

years) cryopreserved human peripheral blood progenitors (PBPs) can be 

restored by LLLT.
44,45

 In another study, Santinoni et al (2020) explored the 
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combinatorial effect of coagulated bone marrow aspirate and LLLT on bone 

healing.
46

 They found that the application of LLLT resulted in a positive 

influence on bone regeneration mediated by stimulation of endothelial 

progenitors and HSCs, promotion of higher vasculogenesis, and heightened 

secretion of chemical mediators at the wound site.
46 

Hou et al. (2008) 

demonstrated the use of laser with 635 nm wavelength to significantly improve 

the proliferation of bone marrow-derived mesenchymal stem cells.
47

 Similar 

results were obtained by another study where apical papilla stem cells were 

irradiated with 650 nm wavelength LLLT, and proliferative enhancement of the 

cells was observed. An increased production of growth factors such as VEGF 

and TGFβ2 was observed along with higher osteogenic activity. 

Effect on stem cell differentiation 

Stem cell trans-differentiation to various types of cells is a pre-requisite for 

regeneration of injured tissue. Many experiments have also demonstrated 

enhanced cell differentiation upon LLL exposure. One study has reported ex 

vivo exposure of murine bone marrow cells to LLL increases their 

differentiation potential into myeloid progenitors.
48 

Bone marrow-derived 

mesenchymal stem cells have the potential to differentiate into osteoblasts, 

fibroblasts, adipocytes, myoblasts, and other kinds of functional cells in a 

suitable environment. LLLT has been shown to stimulate bone nodule 

formation in osteoblasts. Irradiated stem cells showed an increased production 

of osteoblast differentiating factors upon laser treatment.
49

 In another study, 

mesenchymal stem cells irradiated with 810 nm laser showed neuronal 

features.
50

 In a comparative study, Wang et al (2016) showed that osteoblast 

differentiation occurred better at laser lights of wavelength 420 and 540 nm 

compared to that of 660 nm and 810 nm.
51

 This was confirmed by biochemical 

analysis of calcium levels of the cells irradiated with different wavelength 

lights. LLLT has also been reported to have epigenetic effects in modulating 

DNA methylation and subsequent differentiation of stem cells.
52

 Significant 

results have shown that the implementation of specific wavelengths of light in 

the near-infrared region (808, 890, 905, and 1064 nm) displayed consequential 

outcomes in bone formation and wound healing.
1,45,53

 Table 1 summarizes the 

types of equipment, wavelengths, and their energy densities applied in the 

experiment. These results reveal the ability of LLLT to enhance HSC 

differentiation and proliferation in humans and mice, provided the right laser 

parameters are adopted. 

Table 1. Human bone marrow stem cells (hematopoietic stem cells) 

associated with LLL application.
34

 

Types of 

Light 

device 

Wavelength

s in nm 

Energ

y 

densit

y in 

J/cm
2
 

Related 

study fields 
Criteria References 

https://www.jkslms.or.kr/journal/popup_file.html?uid=206&file=&md=tbl&idx=3
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Red diode 

laser 
630 and 660 1 

In vitro, 

osteogenesi

s 

Osteogenic 

differentiation 

Fekrazad 

et al. 

2020
1
 

NIR laser 808 and 905 
0.93-

6.27 

In vitro, 

wound 
Proliferation 

Pasternak‐

Mnich et 

al. 2019
54

 

LED, 

diode 

laser, and 

NIR diode 

laser 

405, 635, 

and 808 
0.4 

In vitro, 

bone 

Proliferation, 

osteogenic 

differentiation 

at 635 nm 

Tani et al. 

2018
55

 

NIR laser 890 0.2 

In vivo, DM 

wound 

healing 

Proliferation 

shortened the 

inflammatory 

phase 

Amini et 

al. 2018
53

 

NIR laser 890 

0.2, 6 

days a 

week 

for 15 

days 

In vivo, DM 

wound 

Induced anti‐

inflammatory 

and angiogenic 

activities 

Fridoni et 

al. 2019
56

 

NIR diode 

laser 
808 

0.5, 1, 

2, 3, 

and 4 

In vitro, in 

vivo, 

gingival 

wound 

Gingival 

migration at 1 

J/cm
2
 in 

nonproliferatio

n 

Feng et al. 

2020
57

 

Collimate

d laser to 

IR light 

1064 

8.8, 

17.6, 

and 

26.4 

In vitro, 

adipocyte 

Adipogenic 

differentiation 

McColloc

h et al. 

2021
58

 

InGaAlP 

red laser 
660 

2.5, 

5.0, 

and 

7.5 

In vitro, 

osteogenesi

s 

Osteogenetic 

proliferation 

Vale et al. 

2017
59

 

Conclusions 

By investigating the outcome of LLLT on cultured cells, particularly HSCs, it 

has been observed that exposure to LLL causes photon absorption by the 

chromophore inside the mitochondria of HSCs. It then increases the ATP, DNA, 

and RNA synthesis rate in stem cells, indicating that more stem cells have been 

generated. In other words, a proliferation process is achieved. LLL is also 

applied to enhance other mitochondrial products like NADH, protein, and 

oxygen-consuming, reactive oxygen species. Remarkable results can be obtained 

by utilizing a wavelength laser in near-infrared (IR) region (600-1100) nm 
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applied for bone marrow, including HSCs. However, it is essential to supply 

more scientific evidence favoring the application of LLLT in cutting-edge stem 

cell techniques to achieve reliable clinical applications. 

List of abbreviations 

LLLT: Low-level laser therapy 

HSCs: Hematopoietic stem cells 

LLL: Low-level laser 

LEDs: light-emitting diodes 

ATP: Adenosine triphosphate 

DNA: Deoxyribonucleic acid 

RNA: Ribonucleic acid 

HIF: Hypoxia-inducible factor 

VEGF: Vascular endothelial growth factor 

TGF-β: Transforming growth factor-β 

IR: Infrared radiation 
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