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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/cm?2. 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 first48 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
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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].

87



AOCAIAKEHH?I

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
x 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
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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 (A=635 nm), blue (A=475 nm), and
green (A=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).
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Figure 1. A schematic representation of the experiment.
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To study cell proliferation and migration, cells while the cells embedded in 3D matrices were stimulated
were embedded in 2D and 3D fibrin gel matrices. The on day 0 and then every 24 hours until quantification

cells used for 2D experiments were stimulated on day 0,  (fig. 2).
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Figure 3. 3D cell migration 4 days after green light irradiation.

Quantitative evaluation, representing changes in  occupied by cells increased significantly after treatment
form factor, was performed 4 days after treatment of cell ~ with red (~43 %) and green (~47 %) light. Here, a 10 %
cultures. The following results were obtained: the area  decrease in form factor was observed in all groups (fig. 4).
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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 L =516 nm and A = 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 ¢ 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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Pestome

BMJIUB IMNYJIbCHOIO BUNMPOMIHIOBAHHSA PIBHUX OIAMA30HIB HA NMPOJIIPEPALIKO TA MITPALLIKO
ME3EHXIMAJIbBHUX CTOBBYPOBUX KJIITUH JIOAUHU IN VITRO

IOnia B. IsanoBa’, Ceitnana M. Mpamariok®, Irop A. Kpuepopyuko', Bitaniit O. Mpacon'2, InHa C. Myngesa'?,
Kupuno B. M’acoepnos’, Cepriii B. B’ioH’

1 — XapkiBCbkWiA HALOHAIbHWIA MELNYHNIA YHIBEPCUTET, M. Xapkis, YkpaiHa

2 — [lepxaBHa yCTaHoBA «IHCTUTYT 3aranbHOI Ta HEBIKARHOI Xipypril iM. B. T. 3aiiuesa HavjoHansHOT akanemil MeavyHux Hayk Ykpaidu,
M. Xapkis, YkpaiHa

3 — [HcTUTYT KNiTMHHOI BiopeabiniTawii, M. Xapkis, YkpaiHa

Merta. MeTolo AaHOI poboTI 6yAO eKcIIepuMeHTaAbHe BUBYEHHS BIIAUBY CBiTAa Pi3HMX Alalla30HiB Ha IIPOAi-
deparrito Ta Mirpariito MeseHXxiMaAbHUX cTOBOYpOBUX KAiTMH MCK AtoavHM Ta Bubip i1 onTMMaAbHMX TapaMe-
TPiB AASL AIKYBaHHSI.

Marepiaan Ta MeToan. ExcriepmmenT nposoamsest in vitro Ha 260 kyabrypax MCK AfoAuHY, BUAIA€HNX 3 TIe-
pudepnIHOI KPOBi METOAOM MarHiTHOI cenapamii. KAiTrHM 06poOAsIAMCS IMITyABCHUM CBITAOAIOAHUM CBiT-
Aom: 475 HM, 516 HM, 635 HM ab0 3aAUIIAAVCS HECTVMYABOBAHVMMM. Yci CBITAOAIOAHI PUCTPOT MaAM TiKOBY
inTeHcuBHicT BupoMiHioBaHHs 80 MBT/cM2. CepeaHs! iHTEHCMBHICTD BUIIPOMiHIOBaHHSI csiraAa 40 MBt/cM2.
OrnpoMiHeHHsI POBOAMAOCS 3a KiMHATHOI TeMIiepaTypu IpoTsarom 10 XBUMAMH Ha BiACTaHi 2 CM BiA KAITHH.
AocaiaxyBaan KAiTHHY, BOyAOBaHi B 2D-MaTpuii ¢pibpiHOBOTO reAlo AAsI BUBYEHH:I IpoAidepariii KAITHH Ta
3D-Marpurii ¢gibpIHOBOro TeAlo AAsI BUBYeHHs Mirparii kAiTvH. [Tpy 11pboMy KAITHHM, IO BUKOPUCTOBYIOTHCS
AAs 2D-excniepuMeHTiB, cTMyAoBaAucs Ha 0-11 AeHb, TOAI SIK KAITMHY, BOyAOBaHi B 3D-MaTpuIli, CTUMYAIOBa-
Aucs Ha 0-1f AeHb, a ITOTiM KOXHi 24 TOAMHM AO KiABKICHOIT OIIIHKM. BIIAMB Pi3HMX AOBXWH XBUAD SIK Ha ITPOAi-
depariito, Tax i Ha KAiTMHHY MeTaboaiuHy akTHBHiCTE MCK 3 niepudepnyaHoi KpoBi, 6yAO OLIiHEHO IiCAs IIo-
YaTKOBOI CBITAO0OPOOKY Ipy 24 roanHaXx, 48 roanHax i 72 roAuHax.

PesyabTaTn. ITpoTsrom neprmx 48 TOAVH MiCASI CTUMYASIIT KAITVMHM PO3MHOXYBAANCS Y BCIX AOCAIAKYBaHIMX
rpymax (CTMMYABOBaHMX Ta HECTMMYAbOBaHMX). [Tpy mpomy y Tepminm 24 roavHu Ta 48 TOAVH He 6YAO CyTTe-
BUX BiAMiHHOCTel MiX rpynamn. Aast 2D-eKcriepyMeHTIiB KAITVHI CTUMYAIOBaANCs Anire Ha 0-1 AeHb, TOAL K
AAsl 3D-excriepyMEeHTIB CTUMYASIITisl BUKOHYBaAacs KOXHi 24 roanun. KiAbKicHa OIiHKa KAITHH, SIKi MirpyIoTh
B HaBKOAMIITHIO MaTPHUITIO (hibpMHOBOIO TeAl0, II0Ka3aAa, IO CTYMYASIIiS YepBOHMM i 3eA€HIM CBITAOM CYTT€BO
BIIAVMHY AU Ha 3D-Mirpariiro uepes 4 AHi. OIpoMiHeHHsI CYHIM CBITAOM He YMHUAO CYTTEBOIO epeKTy Ha Mirpariio.
BucHoBku. TakuMm unHOM, onpomineHHs: MCK 4yepBOHMM i 3eA€HMM CBITAOM 30iABIIyE IOMIMPEHHS KAITUH
y cepeaosui 2D i 3D, B TOi Yac SK OIpOMiHEHHS CUHIM CBITAOM 3HIDKY€ IX MeTaboAiuHy axTuBHicTb. Llent
¢paxT, Ha HAIII ITOTASIA, AOLIIABHO BUKOPVICTOBYBATH 3 METOIO MOAEPHI3allii AabOpaTOpPHOro 0O6AaAHAHHS Ta YAO-
CKOHAAEHHSI CXeM AiKyBaHH:I namieHTiB i3 BuKxopuctanasamM MCK. IlepcrieKTHBHIMI € TIOAQABIII AOCAIAKEeHHS
IIIOAO CBITAOBOTO BIIAMBY Ha AndepenitiropanHs MCK.

Kntouoei crnoea: iMiyAbcHe OIIpOMiHEHH:sI, 3eA€He CBITAO, Me3eHXiMaAbHI CTOBOYPOBI KAITHHY, CTUMYA SIIIi sI
perenepartii
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