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Abstract: (1) Background: Human periodontal ligament
stem cells (HPDLSCs) are a unique population of
mesenchymal stem cells (MSCs). Recently, the positive
effects of photobiomodulation on the regulation of
MSCs proliferation and osteogenic differentiation have
gained significant attention. This study aimed to assess
the effects of photobiomodulation and vitamin D (as an
anabolic factor) on HPDLSCs for bone regeneration.

(2) Methods: HPDLSCs were collected, isolated, and
characterized and then divided into six groups: groups
I and II, control and (107 Mol) vitamin D, respectively;
group III, irradiation at 1 J/cm? of 808-nm diode laser;
group IV, irradiation at 1J/cm? and culture with vitamin D;
group V, irradiation at 2 J/cm?, and group VI, irradiation
at 2 J/cm? and culture with vitamin D. Cell viability assay
was measured through MTT assay and cell growth curve.
Alkaline phosphatase (ALP) enzyme activity and mRNA
levels of RUNX2, collagen 1 (Col-1), ALP, and osteonectin
were also assessed.

(3) Results: Photobiomodulation at 1 and 2 J/cm?
combined with vitamin D significantly promoted HPDLSC
proliferation (in MTT assay and cell growth curve
results) and osteogenic differentiation (through the gene
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expression of RUNX2, Col-1, ALP, and osteonectin levels (p
<0.05).

(4) Conclusion: Laser irradiation at 2 J/cm? combined
with vitamin D3 enhanced osteoblast differentiation and
proliferation of cultured HPDLSCs and thus could further
substitute bone grafting.

Keywords: Low-level laser; Dental Stem Cells; RUNX2;
Osteonectin; Growth curve.

Introduction

Cell-based bone tissue engineering emerges as a potential
alternative as it aims to generate new cell-driven,
functional tissue rather than fill a defect with a nonliving
graft material that usually ranges from natural autologous
or allogeneic or xenogeneic graft materials to synthetic
bone graft materials [1].

Stem cells from dental tissues have been evaluated
as reliable candidates in tissue regeneration, primarily
as they can be obtained from unnecessary organs, such
as the third molars, unlike other sources of mesenchymal
stem cell (MSC) (as the bone marrow or adipose tissue),
which is a comprehensibly complicated harvesting
process for patients [2,3].

Several studies have isolated and used dental stem
cells for bone regeneration. Seo et al. pioneered the proven
stemness of the multipotent cells presented in periodontal
ligament (PDL) tissues isolated from the middle third of
the root surface of the extracted tooth. Subsequently, PDLs
were used for its proven capability of tissue regeneration
as it is rich in periodontal stem cells, which can be easily
isolated and cultured in vitro for future use in vivo or in
tissue banking [4-8].

Stagesofosteoblast differentiation of stemcellsinclude
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preosteoblasts, mature osteoblasts, and finally osteocytes.
RUNZX2 serves as a master transcription factor of osteoblast
differentiation at the early stage in the commitment of
MSCs to the osteoblast lineage and through the expression
of bone matrix genes as collagenl. Moreover, RUNX2 is a
regulator of bone formation resulting from differentiated
osteoblasts after maturation. Collagen-1 (Col-1) is the most
common matrix protein that plays a role in cell adhesion,
proliferation, and differentiation of the osteoblast
phenotype and is produced during early osteogenic stem
cell differentiation [9].

Osteonectin (ON) is known as secreted protein acidic
and rich in cysteine and secreted by osteoblasts. ON gene
expression leads to binding of collagen and hydroxyapatite
crystals together thus promoting mineralization of
immature bone. ON is considered a special indicator for
the initial growth of hydroxyapatite crystals (the spark for
the mineralization process) [10].

Studies have proven that vitamin D has a direct
anabolic effect on osteoblasts and can increase bone growth
indirectly through increased calcium absorption [11].

Furthermore, 1,25-(OH)2D3, the active form of
vitamin D, has been demonstrated to stimulate in vitro
differentiation of MSCs into osteoblasts, mainly through
binding to its nuclear vitamin D receptor, leading to
expression of osteogenic genes (e.g., RUNX2, Col,
osteopontin, ON, and alkaline phosphatase [ALP]), which
were upregulated as in previous studies [12,13].

MSC differentiation and proliferation can be activated
by physical factors such as light-emitting diode (LED),
photobiomodulation therapy (PBM), electromagnetic
fields, and ultraviolet irradiation as well as by the presence
of specific proteins such as the Bone Morphogenetic
Protein. Because the use of these proteins increases the
treatment cost, PBM can be a suitable alternative to obtain
osteoblasts and their de novo calcification [14-17].

PBM is a nonthermal process (caused by light
photons of LED and low laser level) involving
endogenous chromophores (e.g., cytochrome C oxidase
and intracellular water), eliciting photophysical and
photochemical events at various biological scales [18,19].

Numerous studies have been conducted for using
aiding factors with dental stem cells for bone regeneration.
Studies have shown the impact of using vitamin D with
dental stem cells [12,13] and other studies using PBM
(using different types and low-energy wavelength lasers)
to enhance the proliferation and differentiation of dental
stem cells but, no data are available on the combined use
of all these factors.

This is the reason that a new era of regenerative
dentistry is directed to the use of dental stem cells
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combined with osteoconductive materials as vitamin D
(to increase the ability of dental stem cells for osteogenic
differentiation) with PBM effect of laser.

Aim of the study: Evaluation of the effect of
photobiomodulation and vitamin D on HPDLSCs
proliferation and osteogenic activity.

Null hypothesis: Neither photobiomodulation nor
vitamin D has effect on HPDLSCs osteogenic differentiation
when used separately or combined together than HPDLSCs
used alone.

Materials and Methods

Human periodontal ligament stem cells
(HPDLSCs) isolation and culturing

Sound impacted third molars were collected immediately
after extraction from healthy adult female patients (2025
years) from the outpatient clinic of Cairo University
and transferred into the basic medium RPMI-1640 with
L-Glutamine (BioWhittaker®, Lonza, USA, catalog number
(cat#) 12-702F) with 10% fetal bovine serum (LSP®, cat#S-
001B-BR) and 1% penicillin/streptomycin (Biowest ® USA,
cat# L0018-100).

Under the sterile condition, working within a
biohazard laminar flow hood (Thermo Fisher Scientific®,
USA). Teeth were washed with phosphate buffer saline
(BioWhittaker®, Lonza, USA cat#: 17-516F). A sterile
scalpel blade no. 15 was used to gently scrape PDL from
the middle third of roots and finally slice them into small
(1 mm?) pieces.

Then, PDL tissues were incubated into collagenase
type II (Sigma Aldrich, USA) for 2 h at 37°C, centrifuged,
filtered, and resuspended until the pellet was formed.
The cell pellet was plated and cultured in a density of
15-30 x103 cells/cm? in basic medium and incubated in the
culture at 37°C with 5.5% CO, and 90% -95% humidity.
The culture medium was changed every three days until
80%-95% confluence of the cell was achieved [24].

Ethical approval: The research related to human
use has been complied with all the relevant national
regulations, institutional policies and in accordance
the tenets of the Helsinki Declaration, and the protocol
approved by the ethics committee of National Institute of
Laser Enhanced Science (NILES, REC), Cairo University,
Egypt, on March 11 (identification number code 019026).
All procedures were performed in the Medical Biochemistry
and Molecular Biology Department (tissue culture unit) of
the Faculty of Medicine, Cairo University, Egypt.
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Table 1: showing study design and contents for each culture well group.

Groups / HPDLSC Vitamin D PBM 1)/ PBM 2)/
content cm2 cm2
Group | Yes No No No
Group Il Yes Yes No No
Group Il Yes No Yes No
Group IV Yes Yes Yes No
Group V Yes No No Yes
Group VI Yes Yes No Yes

Informed consent: Informed consent has been
obtained from all individuals included in this study.

Characterization of HPDLSCs
Immunological characterization of HPDLSCs

Fluorescence-activated cell sorting analysis was used to
confirm surface antigens specific to CD105 (R&D Systems,
USA; cat #, FAB1320F-025), and stem cells marker as CD29
(R&D Systems, USA cat #FAB2405P-025) and was negative
to CD 45 (R&D Systems, USA; cat # FAB114A), excluding
hematopoietic, endothelial cells.

Phonotypical characterization of HPDLSCs

Subsequent culture of HPDLSCs were examined under
an inverted microscope (Leica®, Germany) to confirm
the shape of stem cells and its special characters
(plastic adherence, spindle fusiform shape) of stem cells
.HPDLSCs were assessed under inverted microscope
as in lower section in figure 1, whereas HPDLSC made
colonies (as a CFU cells), expanded by time to form a
fusiform like cells adherent to the culture wells at day 21
of culture [25].

Differentiation media

Additionally, HPDLSCs were recultured in osteogenic
differentiation media (glycerol 2-phosphate disodium
salt hydrate, Sigma®, USA), supplemented with 10 mM
b-glycerophosphate, 0.05 mM ascorbic acid, and 100 mM
dexamethasone and divided into six groups and cultured
on six-well plates (for further real-time polymerase chain
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reaction [RT-PCR] process) and 96-well plates (for future
MTT assay) for 21 days.

Vitamin D preparation

An active form of vitamin D3 (1,25-(OH),) (cholecalciferol
[oily form] (PH, Eur, India) was used in the study, with
dose of 107 Mol, and distributed in six wells as 10000 I.U
but in 96 wells as 1000 1.U [26].

Cell culture groups

Furthermore, 96-well tissue culture plates were equally
divided into six groups as follows when passages 3-5 of
PDLSCs were achieved and mainly passage 4:

Group I, a control group without irradiation; group
II, HPDLSCs with vitamin D alone, without irradiation;
group III, HPDLSCs with laser irradiation at 1 J/cm? group
IV, HPDLSCs cultured with vitamin D and laser irradiation
at 1 J/cm? group V, irradiation at 2 J/cm?; and group VI:
vitamin D and laser irradiation at 2 J/cm?.

Laser irradiation

The culture dishes were wrapped within the dark paper
sheets with a hole of a diameter corresponding to the
diameter of the laser spot area of the headpiece to avoid
energy dispersion.

Cells were irradiated with a diode laser (SOLASE®,
LAZON Medical Laser Corporation, supplied from Mcs,
dental sector) in continuous wave mode parameters: 100
mW, wavelength of 808 nm, spot area of 0.5 cm? and
irradiation at 1and 2 J/cm?. Cells were double irradiated (at
0 and 48 h) with laser probe fixed perpendicular to each
plate, and irradiation was conducted in dark conditions.
The cells were distributed as there were empty wells
between seeded well cells to minimize the unintentional
dispersion of light between wells during laser application
[27].

Cell viability

MTT assay was used in the analysis, at 24 h and 7, 14, and
21 days after the first laser application, which was used
to assess cell metabolic activity through the number of
viable cells, and absorbance was directly proportional to
the number of living cells in culture. Cells were cultured



DE GRUYTER

Table 2: PCR gene primers that were used.
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RUNX2 Forward:

5’-ATGTGTGTTTGTTTCAGCAGCA-3’

Reverse:
5’-TCCCTAAAGTCACTCGGTATGTGTA-3’

Osteonectin Forward 5’-TGCATGTGTCTTAGTCTTAGTCACC-3’

Col-1 Forward: 5-AAAGTGAGAACGGGGAACCT-3’

ALP Forward: 5-CTGCCATCCTGTATGGCAATG-3’

Reverse: 3'-GCTAACTTAGTGCTTACAGGAACCA-5’
Reverse: 5’-GATGCAAAGCCAGAATGGAT-3"

Reverse: 5-AGACTGCGCCTGGTAGTTGTTG-3’

in 96-well plates for each time point, at a density of
1x10° cells/well, using MTT reagent (TACS, Trevigen,
Gaithersburg, USA), and absorbance of the samples was
monitored in an ELISA reader (Stat Fax 2200, Awareness
Technologies, Florida, USA) at 450 nm [28].

Cell growth curve

Cells were seeded in triplicate in 48-well microplates (8
x 10? cells/well) in the appropriate culture medium and
trypsinized and counted in a hemocytometer with trypan
blue at 7,14, and 21 days [29].

Quantitative RT-PCR for osteogenic genes
(RUNX2, Col-1, and osteonectin)

Total cellular RNA for RUNX2, Col1, ALP, and ON
were extracted using GF-1 Nucleic Acid Extraction Kits
(Vivantis® Technologies, USA,cat#GF-TR-050) and
reverse transcribed using a complementary DNA master
(SensiFAST™ Qne-Step Kit, USA,cat # PI-50217 V).

PCR assays were conducted according to the
manufacturer protocol in real-time PCR device (Step One
Applied Biosystems, USA).

The human-specific PCR primers of RUNX2, Col-,
ALP, and osteonectin were used (TagManGene, Applied
Biosystems, CA, USA). PCR primers of genes that were
used are presented in Table 2.

The RT reaction was followed by a real-time PCR
with a SYBR Green assay performed on an Applied
Biosystems (Step One System, SDS software version 2.1
and RQ Manager 1.2). GAPDH was used as an endogenous
reference control gene for normalization control [30].

ALP enzyme activity

Particularly, 96-well culture plates for each time point
(7, 14, and 21 days) were seeded with 1 x 10° cells/well,

homogenized in 50-pL assay buffer, centrifuged for 3
min. Alkaline Phosphatase Assay Kit (Amplite™ AAT
Bioquest, Inc., USA cat# 11950) was used by adding
para-nitrophenylphosphate, a chromogenic phosphatase
substrate, and then incubated at 37°C for 1030 min and
measured levels of ALP documented in kilo unit (KU)/100
mL [31].

Mineralization

Calcium deposition as a final product of the osteogenic
differentiation process was assessed using alizarin red S
staining on day 21. HPDLSCs were stained with a solution
of 1% alizarin red S (Bio Basic Inc., Canada) for 3 min at
room temperature and washed with distilled water [32].

Statistical analysis

All data are presented as mean = standard deviation ,
analyzed with Student’s t-test for two groups of data
or one-way analysis of variance with Turkey’s post hoc
test for multiple groups of data using GraphPad Prism
version 7, where P value was set as (P<0.05) to indicate a
statistically significant difference.

Results

Characterization of HPDLSC

— Immunological characterization was assessed as
PDLSC were negative to CD 45 surface antigen (a),
positive to CD 29 surface antigen (b), and positive to
CD105 (c), as shown in Figure 1a, b, and c.

— Phenotypical characterization of PDLSC was assessed
under an inverted microscope as in the lower section
in Figure 1, whereas PDLSC made colonies (e.g., CFU
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Figure 1: Characterization of HPDLSC immunological characterization (upper section) (a, b, and c) and phenotypical characterization (lower

section) (d).

cells), expanded by time to form fusiform-like cells
adherent to the culture wells at day 21 of culture
(Figure 1d).

Cellviability was assessed via MTT assay

It was measured at 24 h and 7, 14, and 21 days. It showed
that, after laser irradiation of 1 J/cm? and 2 J/cm?, MTT
activity had a statistically significant increase at day 7
and day 14 compared to the control group (p = 0.005).
Moreover, at day 14, there was a significant difference
between groups IIl and V (p = 0.04) with the highest
values of group V, giving the idea that laser irradiation at 2
J/cm? increases proliferation of HPDLSC compared to laser
irradiation at 1 J/cm?. However, at 21 days, a significant
value was obtained in the group with laser irradiation at 2
J/cm? and culture with vitamin D against vitamin D alone
(p <0.0001). These results confirmed a synergistic effect of
low-level laser and vitamin D in enhancing proliferation
of HPDLSC (Figure 2).

Growth curve

As shown in Figure 3, cell count increased throughout
the study by reaching the highest numbers at day 21. A
statistically significant difference between all groups
was noted (p < 0.05). The group irradiated with 2 J/cm?
and cultured with vitamin D showed 1.5-fold increase in
cell count compared to the control group and nearly 1.3-
folds increase compared to the vitamin D alone group,
denoting that laser irradiation added value to vitamin D
in increasing HPDLSC count in osteoblastic differentiation
media.

RT-PCR analysis for osteogenic genes
(RUNX2, Col-1, ALP, and osteonectin)

RUNX2

RUNX2 gene measures as an early marker for bone
differentiation. When measured on day 21, it showed a
statistically significant difference between all groups (p
< 0.0001), especially groups irradiated with 2 J/cm? than
those that were irradiated at 1 J/cm? It also showed a
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Figure 2: MTT assay measured at 24 h and 7, 14, and 21 days,
showing that, at 24 h, there was a statistically significant difference
between group VI and the control and vitamin D group (p = 0.008),
while, at 21 days, there was a statistically significant difference
between the treatment groups and control group (p < 0.0001). Data
were expressed as mean + standard deviation (SD); a P-value <0.05
indicated statistical significance.
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Figure 3: Growth curve for cell counts throughout the study showed
a statistically significant difference between all groups (p < 0.05)
with 1.5-fold increase in cell count in the 2 J/cm? + vitamin D group
(group V1) that in the control group.

significant difference in group with laser irradiation at 2
J/cm? and culture with vitamin D than in group V (laser
irradiation only at 2 J/cm?) (p < 0.0001).

Data analyzed showed that groups of vitamin D
combined with HPDLSCs showed higher significance
than groups with laser irradiation only or vitamin D alone
(Figure 4).

Data were expressed as mean + SD; a P-value <0.05
was significant. (*) denotes significant difference versus
control, (#) denotes significant difference versus vitamin
D, ($) denotes significant difference versus laser 1 J/cm?,
(@) denotes significant difference versus laser 1 J/cm?+
Vitamin D, (&) denotes significant difference versus laser
27J/cm?.
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relative gene expression to GAPDH

RUNX-2 gene expression

Figure 4: RUNX2 gene expression shows statistically significant
difference between all groups (p < 0.0001) with a significant
difference between groups with laser irradiation of 1)/cm?and 2 J/
cm? (p = 0.0001). The values were measured relative to GAPDH gene
levels.

Col-1and ALP

Similar results as those of RUNX2 were obtained from Col-1
and ALP gene levels when measured at the end of the
study (p < 0.0001). We measured them as Col-1 and ALP
genes and RUNX2 gene contribute to the early stages of
the osteogenesis process. The results are shown in Figures
5and 6.

Osteonectin

The late osteogenic marker was measured on day 21, and
it showed a statistically significant difference between
groups (p < 0.0001).There was no significant difference
between the vitamin D and control groups, indicating that
vitamin D alone does not affect HPDLSC differentiation.
However, with groups of laser irradiation at 2J/cm? (groups
V, VI), there were statistically different values against the
control and vitamin D groups (p = 0.0001) (Figure 7).

ALP enzyme activity

Day 7: There was no statistically significant difference
between groups with laser irradiation of 1 J/cm? or that
with culture of vitamin D and the control group, while
significant values were observed in 1 J/cm*+vitamin D,
2 J/cm?, and 2 J/cm?+ vitamin D groups compared to the
control group (p < 0.05).

Moreover, on day 14, a highly significant difference
was observed in the 2 J/cm? laser irradiated group and
those with culture with vitamin D compared to the control
and vitamin D alone groups (p = 0.002).
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Figure 5: Col-1 gene expression showed a statistical difference
between study groups (p <0.0001) with the highest values in group
VI (2 )/cm? + vitamin D). Data were expressed as mean + SD; P-value
<0.05 was significant. (*) denotes significant difference versus
control. (#) denotes significant difference versus vitamin D. ($)
denotes significant difference versus laser 1)/cm? (@) denotes
significant difference versus laser 1)/cm? + vitamin D.
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Figure 6: Alkaline phosphatase gene expression shows a
statistically significant difference between all groups that in the
control group (p < 0.0001), except for the vitamin D alone group.
Data were expressed as mean + SD; a p-value < 0.05 was significant.
(*) denotes significant difference versus control. (#) denotes
significant difference versus vitamin D. ($) denotes significant
difference versus laser 1)/cm?. (@) denotes significant difference
versus laser 1)/cm?+ vitamin D. (&) denotes significant difference
versus laser 2 J/cm?.

On day 21, the group with laser irradiation of 2 J/cm?
showed nearly 1.3-fold increase with a significant
difference compared to the group with 1J/cm? irradiation
(p < 0.001), showing that the increase triggers desired
biological reaction as indicated by Arndt-Schultz’s law.
However, the laser irradiation combined with vitamin
D groups (groups IV and VI) also showed a significant
difference (p < 0.0001) that confirmed the role of vitamin
D in enhancing the effect of low-level of laser irradiation
on HPLSCs (Figure 8).
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Figure 7: Osteonectin gene expression levels showed a statistically
significant difference between groups (p < 0.0001). There was a highly
significant difference between the laser 2 J/cm? + vitamin D group and
laser 1)/cm?+ vitamin D group (p < 0.0001). Data were expressed as
mean = SD; a p-value < 0.05 was significant. (*) denotes significant
difference versus control. (#) denotes significant difference versus
vitamin D. ($) denotes significant difference versus laser 1)/cm?. (@)
denotes significant difference versus laser 1J/cm?+ vitamin D. (&)
denotes significant difference versus laser 2 J/cm?.

8
® ALP O hour
6 =~ ALP7 days
E &= ALP14 days
=4
2 a4 =¥= ALP21 days
S
X
24
[} T T T T T T
N4 > i) > ESY
<° >~ N . v
& <Y o . S 2 . KN
< RS R > ,‘)
<t <
<
N @7

ALP at different time points

Figure 8: ALP enzyme activity levels measured at 0, 7, 14, and 21
days with a highly significant difference between the 2 J/cm? group
compared to the 1J/cm? (p < 0.001) on day 21. Moreover, the 2 )/

cm? and culture with vitamin D group showed highly statistically
significant difference than the control group (p < 0.0001). Data

were expressed as mean + SD; a P-value <0.05 was significant. (*)
denotes significant difference versus control. (#) denotes significant
difference versus vitamin D.($) denotes significant difference versus
laser 1)/cm? (@) denotes significant difference versus laser 1)/cm?+
vitamin D. (&) denotes significant difference versus laser 2 J/cm?.

Alizarin red S staining

There was increased mineralization and calcium nodules
formation in all study groups that was visible through
alizarin red stained nodules. Mineralized nodules were
formed in all groups with various degrees of stain intensity
reflecting their variable calcium content. As shown in
figure 22 (f) represents group VI (2J/cm?+ vitamin D)
showed highest calcified nodules number and deeply
stained than other groups.



DE GRUYTER

Latifa Mohamed Abdelgawad et al: Influence of photobiomodulation and vitamin D on osteoblastic ... =—— 179

Figure 9: :Alizarin Red stain of the study group on day 21 under microscope with a magnification of X200.Alizarin red stain deeply stains
calcium nodules formed after osteogenic differentiation where a: for control group , b:for vitamin D only group, c: for group 1J/cm?, d:for 1)/

c¢m?+ vitamin D, e:for 2J/cm? group, f:group of vitamin D and 2j/cm?.

Discussion

Many studies and trials have been advocated for bone
regeneration through different techniques. Dental stem
cell therapy with aid of different materials and proteins
and light therapy (low-level laser therapy) has been used
to easily obtain and use dental stem cells than other
sources of stem cells that may require aspiration of bone
marrow(bone marrow stem cells) or liposuction (adipose
stem cells).

Wu et al. in 2013 [19] studied HPDLSCs for osteogenic
proliferation and differentiation, which was enhanced
by low-level laser in constituent with this study, but
the cultured cells were irradiated with 660 nm. They
concluded that irradiated cells at 2 J/cm? promoted
HPDLSC proliferation. Moreover, they confirmed an
increase in the osteogenic differentiation through alizarin
red staining, and our study showed the same results. In
our study, we used 808-nm low-level laser irradiation for
its greater penetration depth and effect on HPDLSCs than
660 nm.

Use of 808-nm infrared laser photobiomodulation
was a result of previous studies that confirmed its effect
for promoting the proliferation of stem cells via activation
of cytochrome C oxidase (chromophore for red and near
infrared light photons) and subsequently increases
mitochondrial membrane potential, thus allowing the
mitochondria to produce more ATP. The results obtained
from this study of MTT assay, especially at day 21 (in
group V compared to group III), were similar to those of
earlier studies by Kreisler et al., who used different energy
densities of 809-nm low-level laser (1.96, 3.92, and 7.84
]J-cm™) to irradiate HPDLSCs [33, 21].

The particular effect of PBM in promoting stem
cell differentiation is proposed to be due to shifting

the metabolic profile from glycolysis to oxidative
phosphorylation (metabolic switch), which is a key factor
in stem cell osteogenic differentiation that was confirmed
by Wu et al [17]. Our findings are similar to those of an
earlier study by Choi et al. [34], who found the stimulating
effects of low-level laser irradiation occurred at energy
densities of up to 4 J/cm?, whereas the inhibitory effects of
PBM occurred at higher energy doses according to Arndt’s
Schultz law. This was also confirmed by Bouvet-Gerbettaz
et al. [35], who revealed a negative effect on osteoblast
differentiation promotion with 808 nm at 4 J/cm?

Furthermore, PBM absorption of irradiation by
structured intracellular water produces changes in
molecular vibrational energy and affects the tertiary
conformation of enzymes, ion channels, and other
proteins. The relatively small changes can activate
signaling pathways and further activation of transcription
factors and changes in gene expression [36].

RUNX2 has been known as a master gene that
orchestrates the osteogenic differentiation of MSCs.
RUNX2 was measured in all test groups, showing high
significance in group V (2 J/cm?) than group III (1 J/cm?).
These results agreed with those of a study by Peng et al.
[37], who reported that 620-nm red-light LED irradiation
promotes RUNX2 expression of bone marrow MSCs. Hong
etal. [26] concluded that vitamin D3 of 10”M concentration
significantly upregulated Col-1 mRNA expression as in
groups that were cultured with vitamin D (groups VI and
IV) compared to groups that were laser irradiated only
(groups V and III). Col-1 gene contributes to the early
stages of bone matrix deposition.

At the beginning of matrix mineralization, genes for
proteins such as osteonectin are expressed, but calcium
deposition can be visualized once mineralization is
completed, using alizarin red stain, as shown in this study



180 —— Latifa Mohamed Abdelgawad et al: Influence of photobiomodulation and vitamin D on osteoblastic ...

results clearly among all groups with varying degrees
representing the highest calcium nodules in group VI (2
J/cm?+vitamin D).

Studies that have described 1,25(0H),D3 to increase
MSC osteoblastic differentiation [13,38] used the active
form of vitamin D as an osteoconductive factor in the
cell therapy for bone regeneration. Additionally, a study
conducted by Wang et al in 2018 [1] used the same vitamin
D concentration we used in this study (107 M), showing
that vitamin D treatment to periosteal stem cells increased
ALP levels after osteogenic differentiation conditions,
similar to those obtained from study groups containing
vitamin D.

Moreover, Ji et al. in 2018 [39] elucidate the role
of 1,25-D3 in osteogenic differentiation of HPDLSCs by
upregulating Osteopontin and ALP enzymes and RUNX2
gene.

However, literature has limited data on the use of
laser PBM with vitamin D. It showed good results, such as
those in this study, through the expression of RUNX2 and
Col-1 genes as early markers and expression of osteonectin
gene as a late osteogenic marker compared with irradiated
groups, cultured without vitamin D. Such studies needed
more future trials to be used in upcoming applications of
cell therapy in bone regeneration.

Conclusion

Vitamin D3 upregulates osteogenic proliferation and
differentiation of HPDLSCs besides the PBM effect of
different energies (1 and 2J/cm?) with the greatest anabolic
effect using 2 J/cm? low-level laser irradiation.
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