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Summary

Aim. To experimentally study the effect of light of different ranges on the proliferation and migration 
of mesenchymal stem cells of human MSCs and to select its optimal parameters for treatment.
Materials and methods. The experiment was conducted in vitro on 260 cultures of human MSCs 
isolated from peripheral blood by magnetic separation. Cells were treated with pulsed LED light: 
475 nm, 516 nm, 635 nm or left unstimulated. All LED devices had a peak radiation intensity of 
80 mW/cm2. The average radiation intensity reached 40 mW/cm2. Irradiation was carried out 
at room temperature for 10 minutes at a distance of 2 cm from the cells. Cells embedded in a 2D 
fibrin gel matrix to study cell proliferation and a 3D fibrin gel matrix to study cell migration were 
studied. Hereby, cells used for 2D experiments were stimulated on day 0, while cells embedded in 
3D arrays were stimulated on day 0 and then every 24 h until quantification. The effect of different 
wavelengths on both proliferation and cellular metabolic activity of MSCs from peripheral blood 
was evaluated after initial light treatment at 24 hours, 48 hours and 72 hours.
Results. During the first 48 hours after stimulation, cells proliferated in all studied groups (stimulated 
and non-stimulated). At the same time, there were no significant differences between the groups 
at 24 hours and 48 hours. For 2D experiments, cells were stimulated only on day 0, whereas for 
3D experiments, stimulation was performed every 24 h. Quantification of cells migrating into the 
surrounding fibrin gel matrix showed that red and green light stimulation significantly affected 3D 
migration after 4 days. Irradiation with blue light had no significant effect on migration.
Conclusions. Thus, exposure of MSCs to red and green light increases cell proliferation in 2D and 
3D environments, while exposure to blue light decreases their metabolic activity. In our opinion, this 
fact should be used to modernize laboratory equipment and improve treatment regimens for patients 
using MSCs. Further research on the influence of light on the differentiation of MSCs is promising.

Keywords: pulse irradiation, green light, mesenchymal stem cells, stimulation of regeneration

INTRODUCTION

In recent decades, regenerative medicine (RM), the 

main task of which is to restore the structure and function 

of organs and tissues lost as a result of certain diseases or 

injuries, has been increasingly used in clinical practice. The 

human organism can regenerate at the level of a cell layer 

consisting of one or, perhaps, several types of closely related 

cells. This property is used in medicine to regenerate skin 

epithelium, in case of bone fractures, tendon and muscle 

ruptures, nerve trunk damage, etc. This property is also 

used in medicine. However, after damage to several layers 

of tissues (for example, skin epithelium and the underlying 

dermis) or disruption of the structure of tissues and 

organs always remain scars, which is a clear indication of 

incomplete regeneration. In such injuries, specific treatment 

methods must be applied for complete recovery. The arsenal 

of such methods constitutes the applied part of RM, and the 

indications for their application constitute the main feature 

of the RM field, which distinguishes it from other fields of 

medicine. Two main directions can be distinguished within 

RM: creation and use of structural carriers [1].
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Foreign clinical practice has convincingly shown that 

autologous mesenchymal stem cells (MSC) of patients 

(especially elderly or suffering from degenerative diseases) 

have, as a rule, significantly reduced proliferative potential 

[2], and allogeneic cells often cause transplant rejection 

reaction [3]. The fundamental danger of SC transformation 

during prolonged cultivation was also revealed. Thus, when 

adipose tissue SCs were cultured for more than two months 

(>20 passages), transformed cells were detected in 50 % 

of samples [4]. When SCs were injected into a wound, 

a significant part of them died after 24 hours due to 

unfavourable microenvironment [5]. At the same time, for 

the effective therapy of SCs, it is necessary to have a sufficient 

amount of them often in the shortest possible time.

As an additional highly effective physical stimulant of 

SC treatment, irradiation with an electromagnetic field of 

visible red and infrared ranges is well established [6, 7]. In 

a study by Barboza C. A. et al. [8] on adipose tissue MSCs it 

was shown that their proliferation on the first day was slowed 

down by 20 % in comparison with the control (at the same 

time there were 32 % more cells in the experiment at the 

zero point. Fukuhara E. et al. [9] also noted a similar effect 

in their studies, which the authors explain by the arrest of 

cells in the G2/M phase of the cell cycle on the first day 

after irradiation. There are several reviews summarizing the 

effects of light exposure on cells in the red and near-infrared 

regions. Some of them mainly discuss the mechanisms of 

light action on proliferation and apoptosis [10-12]. However, 

the works devoted to the effect on SC proliferation when 

exposed to pulsed light of other ranges are single [13].

AIM

To experimentally study the effect of pulsed light of 

different ranges on the proliferation, and migration of human 

MSCs and to choose its optimal parameters for treatment.

MATERIALS AND METHODS

This section describes the in vitro experiment 

conducted on 260 human MSC cultures isolated from 

peripheral blood by magnetic separation, containing 6.0 

× 106 cells. The LED lamps used for light therapy were 

provided by Pharma Complex Solutions, the official 

distributor of the German company MEDlight, Herford. 

Specifically, Treviolux and SmartComfort lamps were used.

The cells were exposed to pulsed LED light of different 

wavelengths, including blue (475 nm), green (516 nm), red 

(635 nm), or no stimulation (control). All LED devices had 

a peak irradiance of 80 mW/cm2, which was measured using 

a USB 2000 spectrometer (Ocean Optics, Florida, USA).

Simultaneously, we fulfilled the essential prerequisites 

to achieve a favourable impact on cell proliferation [14-16]. 

The cells were placed in Petri dishes containing a phosphate 

buffer during irradiation, and they were in a relatively 

inactive state, either functionally or due to unfavourable 

conditions (taken from patients with diabetes mellitus).

The study design included 20 cultures of MSCs from 

patients with diabetes mellitus as the control group (non-

irradiated cultures). Blood was collected from a peripheral 

vein of the patient. MSCs were obtained from human 

peripheral blood using the immunomagnetic separation 

method, which employs paramagnetic polystyrene 

microparticles coated with monoclonal antibodies to 

specific antigens. This method was chosen for its high 

purity range of 90-99 % and minimal cell loss. The 

AtoMACS 3 magnetic separator was used with monoclonal 

antibodies, following the instructions.

The cultures under study (20 in each series) were 

irradiated with red (λ=635 nm), blue (λ=475 nm), and 

green (λ=516 nm) light. An average radiation intensity of 

40 mW/cm2 was achieved, considering a pulse frequency 

of 50 % and a repetition rate of 2.5 Hz. The daily dose 

provided was 24 J/cm2. Illumination was performed at 

room temperature for 10 minutes, 2 cm away from the 

cells (fig. 1).

Figure 1. A schematic representation of the experiment.
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To study cell proliferation and migration, cells 

were embedded in 2D and 3D fibrin gel matrices. The 

cells used for 2D experiments were stimulated on day 0, 

while the cells embedded in 3D matrices were stimulated 

on day 0 and then every 24 hours until quantification  

(fig. 2).

   
Figure 2. Cells embedded in a 2D matrix.

 
Figure 3. 3D cell migration 4 days after green light irradiation.

Quantitative evaluation, representing changes in 

form factor, was performed 4 days after treatment of cell 

cultures. The following results were obtained: the area 

occupied by cells increased significantly after treatment 

with red (~43 %) and green (~47 %) light. Here, a 10 % 

decrease in form factor was observed in all groups (fig. 4).

Figure 4. Effect of irradiation of cultures with light of different range on MSC proliferation after culturing at concentrations of 0, 10, 100 and 
1000 ng / ml * p < 0.05; significant difference between the studied groups.
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At 7 days after culture treatment, this trend was 

maintained for cell cultures exposed to green and red 

illumination (respectively, the form factor decreased by 

about 15 % in the same groups).

As for the study of metabolic activity of cells, it was 

found that 72 hours after stimulation with light of different 

ranges, there was a decrease in it in all groups treated with 

light compared to the control, which reached statistical 

significance after irradiation with blue light.

DISCUSSION

Despite numerous studies examining the effect of 

wavelength on human MSCs [17-18], which indicate 

that this radiation parameter does not significantly affect 

MSC proliferation, our data suggest that the optimal values 

are λ = 516 nm and λ = 635 nm. Treatment with light of 

a wavelength of 475 nm leads to a decrease in the metabolic 

activity of MSCs. The absorption spectra of molecules are 

always significantly blurred, which explains the presence 

of at least four absorption peaks in the red and infrared 

regions and one in the violet in cytochrome c oxidase. 

Additionally, other photoreceptors in the respiratory chain, 

such as NADH-dehydrogenase, absorb in the blue region 

[11], and cytochromes b and c1 absorb in the green region 

[19, 20]. The mitochondrial respiratory chain can be 

activated by different wavelengths. However, this can lead 

to nonspecific effects since the process of mitochondrial 

respiration itself is nonspecific. The effect of light on MSCs 

is also nonspecific, as confirmed by the fact that light of 

the same wavelength can lead to an acceleration of either 

proliferation or differentiation, depending on the initial 

state of the cells [21-23, 25]. However, clinical studies have 

shown differences in patient exposure to light of different 

wavelengths. For instance, when treating wounds, it is 

preferable to use blue light due to its bactericidal and 

analgesic effects, as well as green light for its pronounced 

anti-edematous effect during the exudation phase. In the 

proliferative phase of wound healing, the use of red light 

is recommended due to its great regenerative effect. The 

presence of a specific action at the organismal level may 

indicate the possibility of a corresponding action at the 

cellular level. Several significant photoacceptors have 

been discovered outside mitochondria, such as opsins 

[23], cryptochromes [24], and NADP(H)-oxidase [25]. 

Additionally, there are many little- studied photoacceptors 

that can lead to specific reactions when activated.

CONCLUSIONS

Irradiation of MSCs with red and green light has 

been found to increase cell proliferation in both 2D and 

3D environments. Conversely, irradiation with blue light 

has been shown to reduce their metabolic activity. These 

findings suggest a potential for modernizing laboratory 

equipment and improving treatment regimens for patients 

using MSCs.

Prospects of further research: further studies on the 

effect of light on MSC differentiation are promising.
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Резюме

ВПЛИВ ІМПУЛЬСНОГО ВИПРОМІНЮВАННЯ РІЗНИХ ДІАПАЗОНІВ НА ПРОЛІФЕРАЦІЮ ТА МІГРАЦІЮ 

МЕЗЕНХІМАЛЬНИХ СТОВБУРОВИХ КЛІТИН ЛЮДИНИ IN VITRO

Юл ія В. Іванова1, Світлана М. Граматюк3, Ігор А. Кривроручко1, Віталій О. Прасол1,2, Інна С. Пуляєва1,2, 

Кирило В. М’ясоєдов1, Сергій В. В’юн1

1 – Харківський національний медичний університет, м. Харків, Україна
2 – Державна установа «Інститут загальної та невідкладної хірургії ім. В. Т. Зайцева Національної академії медичних наук України», 
м. Харків, Україна
3 – Інститут клітинної біореабілітації, м. Харків, Україна

Мета. Метою даної роботи було експериментальне вивчення впливу світла різних діапазонів на пролі-
ферацію та міграцію мезенхімальних стовбурових клітин МСК людини та вибір її оптимальних параме-
трів для лікування.
Матеріали та методи. Експеримент проводився  in vitro на 260 культурах МСК людини, виділених з пе-
риферичної крові методом магнітної сепарації. Клітини оброблялися імпульсним світлодіодним світ-
лом: 475 нм, 516 нм, 635 нм або залишалися нестимульованими. Усі світлодіодні пристрої мали пікову 
інтенсивність випромінювання 80 мВт/см2. Середня інтенсивність випромінювання сягала 40 мВт/см2. 
Опромінення проводилося за кімнатної температури протягом 10 хвилин на відстані 2 см від клітин. 
Досліджували клітини, вбудовані в 2D-матриці фібринового гелю для вивчення проліферації клітин та 
3D-матриці фібринового гелю для вивчення міграції клітин. При цьому клітини, що використовуються 
для 2D-експериментів, стимулювалися на 0-й день, тоді як клітини, вбудовані в 3D-матриці, стимулюва-
лися на 0-й день, а потім кожні 24 години до кількісної оцінки. Вплив різних довжин хвиль як на пролі-
ферацію, так і на клітинну метаболічну активність МСК з периферичної крові, було оцінено після по-
чаткової світлообробки при 24 годинах, 48 годинах і 72 годинах.
Результати. Протягом перших 48 годин після стимуляції клітини розмножувалися у всіх досліджуваних 
групах (стимульованих та нестимульованих). При цьому у терміни 24 години та 48 годин не було суттє-
вих відмінностей між групами. Для 2D-експериментів клітини стимулювалися лише на 0-й день, тоді як 
для 3D-експериментів стимуляція виконувалася кожні 24 години. Кількісна оцінка клітин, які мігрують 
в навколишню матрицю фібринового гелю, показала, що стимуляція червоним і зеленим світлом суттєво 
вплинули на 3D-міграцію через 4 дні. Опромінення синім світлом не чинило суттєвого ефекту на міграцію.
Висновки. Таким чином, опромінення МСК червоним і зеленим світлом збільшує поширення клітин 
у середовищі 2D і 3D, в той час як опромінення синім світлом знижує їх метаболічну активність. Цей 
факт, на наш погляд, доцільно використовувати з метою модернізації лабораторного обладнання та удо-
сконалення схем лікування пацієнтів із використанням МСК. Перспективними є подальші дослідження 
щодо світлового впливу на диференціювання МСК.
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