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ABSTRACT

Background: Dental regeneration benefits from improving the features of dental derived stem cells. Gallium-
aluminum-arsenide laser had a significant role in modification of cell behavior in different cell lines and cul-
ture conditions. Hence, exploring its mechanism and effect on dental derived stem cells would benefit pro-
spective regenerative dental therapies.

Objectives: To assess the impact of photo biomodulation by Low-Level-Laser on isolated Dental Pulp derived Stem
Cells and Periodontal Ligament derived Stem Cells regarding their proliferation and osteogenic differentiation.
Methods: Isolated DPSCs and PDLSCs from impacted third molars were subjected to Gallium-aluminum-arsenide
laser for 12 sec and 3.6 J/cm?. The proliferative capacity was evaluated via 3-(4,5-dimethylthiazol-2-yl),2,5-
diphenyltetrazolium bromide (MTT) Assay and Trypan blue stain. Cell osteogenic differentiation potentials were
assessed by alkaline phosphatase assay and alizarin red stain, polymerase chain reaction was performed to
quantify Nuclear factor Kappa gene expression.

Results: DPSCs subjected to laser bio-stimulation showed the best results regarding cell viability (MTT) and
osteogenic differentiation (ALP assay), and calcium deposition at 3 intervals (3, 7, 14 days), meanwhile, PDLSCs
subjected to laser bio-stimulation showed better result than control but less than DPSCs. While NF-KB gene
expression was proven to be approximately comparable for both groups. Generally, the Photo-bio modulated
groups showed better results than their control groups.

Conclusion: Low-level laser bio-stimulation (LLL) therapy improves DPSC and PDLSC osteogenic differentiation
and proliferation via the activation of the NF-KB pathway. Also, the DPSCs outperformed PDLSCs in terms of
performance.

Clinical significance: These results can be beneficial information and a reference database for more research in
tissue engineering, dental therapy, and regeneration.

1. Introduction

regenerative capacity (Philippe, 2015) and differentiation into osteo-
blasts, fibroblasts, and cementoblasts (Liu et al., 2020).

Dental derived stem cells may be employed to regenerate oral tissues.
they could be easily harvested from oral and dental tissues in addition to
their capacity for proliferation and differentiation (He et al., 2013).
Dental derived stem cells may come from a variety of sources. from
periodontal ligament, gingival, apical papilla, alveolar bone marrow-
MSCs, dental follicle, exfoliated deciduous teeth, dental pulp, and
tooth germ (Qiu et al., 2022).

They can differentiate into multiple specialized mesenchymal cells,
including dental cells, as they express markers of MSC like STRO1,
CD105, CD 146 (Gay & Chen, 2007). Previous studies on them showed
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Low-Level-Laser-Therapy is a non-thermal, non-invasive photo-
biomodulation procedure has many applications in the dental field, such
as improving mandibular movement, decreasing the pain of temporo-
mandibular disorders (Mazzetto et al., 2010), and treating dentine hy-
persensitivity (Yilmaz et al., 2011). It helps reduce inflammation and
pain, and contribute to wound healing in periodontal diseases (Bertolini
et al., 2011; Gholami et al., 2019).

It has been suggested that (PBM) can modify cellular behavior like
proliferation and differentiation of stem cells. Using LLLT together with
stem cells was recommended in regenerative medicine (Chang et al.,
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2020). Gallium-aluminum-arsenide laser (GaAlAs) enhanced the osteo-
genic differentiation of DPSCs besides their proliferation ability (Amid
et al., 2022; Gholami et al., 2021).

The objectives of the study:

The current work aim was to assess the effect of GaAlAs diode laser
on the proliferation and osteogenic differentiation potentials of DPSCs
and PDLSCs.

The hypothesis was that photo bio-stimulation improves the DPSCs
and PDSCs properties regarding proliferation potential and osteogenic
differentiation.

2. Materials and methods
2.1. Isolation of PDLSCs and DPSCs from extracted teeth

Collection of cells was performed from impacted third molars of
young patients (17-22 years). The research ethics committee (FDASU-
REC ID 012210) approved the informed consent form signed by the
patients. Isolation was performed according to (AlGhamdi et al., 2012;
Islam et al., 2021).

The cells were left in culture conditions for two weeks in Dulbecco’s
modified Eagle media DMEM (Gibco, USA) supplemented with 10 %
fetal bovine serum (LPS, UK), 1 % (Antibiotic-Antimycotic)(Gibco,
USA). The flasks were incubated at 37 °C in humidified air with 5 % CO2
by volume. The culture medium was replenished every three days
(Fig. 1).

Flow cytometry was used for characterization. DPSCs and PDLSCs
showed double bright surface expression of CD44/CD73. The CD73 and
CD44 cells were gated with CD45 (hemopoietic stem cell marker) and
the results revealed majority of the CD44 and CD73 positive cells, with
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small fractions for CD45 as in Fig. 1 (Wang et al., 2022).

Osteogenic medium (OM) was prepared by adding 50 NM dexa-
methasone, 0.2 mM ascorbic acid, and 10 mM b-glycerophosphate (all
Sigma, USA) to (DMEM).

2.2. Low-level laser photo-biomodulation

Gallium-aluminum-arsenide (GaAlAs) diode low-level laser with
808 nm wavelength Near InfraRed (NIR) (photon, Egypt) and Output
power 300mW was used. The equation used was Energy (J) = power
(W) X time (second) as in previous studies using GaAlAs laser with
different parameters (Amid et al., 2022).

Flask surfaces were masked except for a standard window to allow
the laser beam entrance. The handpiece tip was applied from the top at a
constant distance from the flask, by 90° angle under the laminar flow in
a dark room to prevent interference of other light for 12 s to get 3.6 J/
cm?. This procedure was done on day one and repeated on day three
(Sivakumar et al., 2019). The samples were divided into subgroups
(DMEM control groups (C- DPSCs, C- PDLSCs) and DMEM laser groups
(L-DPSCs, L-PDLSCs) used for cell viability assessment.

The same grouping at osteogenic media: OM control OM-DPSCs, OM-
PDLSCs), and OM laser group (L.OM-DPSCs, and L..OM-PDLSCs) were
used for osteogenic differentiation assessments.

2.3. Assessment of cell viability

2.3.1. Cell proliferation assay (MTT)

was performed on third passage cells according to the manufacture
instruction, the cell proliferation assay kit utilized was a Vybrant® MTT
Cell Proliferation Assay Kit with catalogue number M6494 (Thermo
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Fig. 1. Photomicrographs of isolated cells cultures taken by inverted microscope showing A: rounded cells immediately after isolation. B: Plastic adherence and
spindle shape cells after 3 days incubation. C: More confluent cells after two weeks of incubation. (phase contrast inverted microscopel0x) D: Characterization of
DPSCs using Multiparametric analysis: a representative FCM dot plot showing the gate protocol for DPSCs. The DPSCs were stained with stem cell markers (CD73,
CD44, and CD45). The CD44 and CD73 positive cells were gated in corresponding to CD45.
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Fisher, Germany). A spectrophotometer was used to measure Optical
density (OD) at 570 nm (Nawam, 2019) to estimate cell viability (ELx
800; Bio-Tek Instruments Inc., Winooski, VT, USA). The measurements
were performed in triplicates, and the average was calculated at in-
tervals of 3, 7, and 14 days Table 1.

2.3.2. Staining and imaging by Trypan blue stain

Cells were stained with Trypan blue after 14 days incubation Table 1
to measure exclusion-based proliferation (Mylona et al., 2022), and
pictures were acquired using an inverted light microscope.

The samples were inserted in a hemocytometer chamber to deter-
mine the number of dead cells., This formula estimated the number of
viable cells as follows: % of viable cell = [1,00 - (number of blue cells +
total number of cells) x100]. Then, Number of viable cells x 10 x1.1=
cells/mL culture to determine the total number of cells per milliliter
triblet measurement.

2.4. Assessment of osteogenic differentiation

2.4.1. Alkaline phosphatase activity in differentiated cells

After the conclusion of 14 days of incubation in OM, the alkaline
phosphatase activity was measured three times for each group on the
3rd, 7th and 14th days. Table 1 The cells were harvested according to
manufacture using an p-nitrophenyl phosphate as substrate and ALP test
kit (Sigma), the activity of ALP was determined according to the
manufacture then, spectrophotometer was used to measure the absor-
bance immediately at 405 nm (ELx 800; Bio-Tek Instruments Inc.,
Winooski, VT, USA). Producing A standard curve of absorbance versus
concentration and calculation of the ALP activity was normalized by the
protein‘s amount and expressed as mU/mg protein (Yilmaz et al., 2011).

2.4.2. Assessment of calcium deposition by Alizarin red stain (ARS)

To evaluate calcium deposition after 14 days. Table 1. Staining
coverslip with 1 mL of 40 mM Alizarin stain (ARS) and incubated for 30
min at 37 °C with shaking, examined under a microscope (Kotova et al.,
2021).

2.4.3. Assessment of proliferative gene expression Nuclear factor Kappa
(NF-kp3) polymerase chain reaction analysis (PCR)

After 14 days of incubation in Osteogenic media, extraction of a total
of mRNA was achieved using the RNeasy Mini Kit (Qiagen, Hildesheim,
Germany). in accordance with the manufacturer’s instructions, using the
Quantitect RT Kit (Qiagen, Hilden, Germany) Table 1.

“Quantification” of NF-k gene expression was amplified from total
RNA extracts using Quantitect primer assay - primer assays, cat no:
249900; [Hs_NF-k, ID: QT00396823]. Primordial Test. Quantitect Syber
green Master mix served to amplify the genes (Qiagen, Hilden, Ger-
many). Similarly in earlier research, the -actin (Hs ACTB) primer assay
(ID: QT000954231) was utilized as a housekeeping gene (Abdelgawad
et al., 2021). The five-plex Rotor-Gene PCR Analyzer was used to eval-
uate all samples (Qiagen, Germany). Gene expression levels were
analyzed using the ACt technique, with B-actin serving as a housekeeper
gene for normalization. The tests were repeated in triplicate.

Table 1
Summary for the tests applied.

Test Groups and subgroups included

MTT assay DMEM Control and laser groups (3, 7 & 14
days)

Trypan blue DMEM Control and laser groups (14 days only)

ALP activity OM Control and laser groups (3, 7 & 14 days)

ARS staining
NF-KB assessment cyclic
threshold

OM Control and laser groups (14 days only)
OM Control and laser groups (14 days only)
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2.5. Statistical analysis

Using version 23.0 of the statistical program for social sciences, data
were examined (SPSS Inc., Chicago, Illinois, USA).

3. Results

3.1. Assessment of LLLT on the proliferation capacity of DPSCs and
PDLSCs

3.1.1. Cell viability (MTT assay)

LLL promoted the proliferation when compared to control groups as
in Table 2. Our results revealed that the highest proliferation rate was
after 14 days of incubation in DMEM for all groups. Table 3 showed that
there were statistical differences when comparing the laser samples
together and with their control groups.

3.1.2. Staining with trypan blue

After 14 days, trypan blue stained cells were examined by an
inverted microscope (LABOMED, USA) with magnification power X10 to
determine the cell viability. Positively stained cells (dark blue) indicated
dead cells, while negatively stained ones indicated viable cells. L-DPSCs
had an obvious rise in viable cells count as compared to L-PDLSCs as in
Table 2. These readings illustrated that LLL had a positive influence on
cell viability.

3.2. Assessment of LLLT on differentiated PDLSCs and DPSCs

3.2.1. ALP activity of differentiated cells

The ALP levels raised with increasing the period of incubation in OM,
which indicated successful differentiation towards osteoblast like cells.
After two weeks of incubation, the best results were recorded for all
groups. LLL enhanced osteogenic differentiation of both types of cells.
Osteoblasts like cells of L.OM-DPSCs were significantly higher than L.
OM-PDLSCs regarding the ALP levels. Table 3 shows the statistical dif-
ferences between groups.

3.2.2. Alizarin red staining of minerals synthesized

Laser groups showed large intense bright red stained nodules indi-
cated Calcium deposited. Regarding the H-score and average percentage
area fraction after morphometric analysis, it was observed that the L.
OM-DPSCs had the highest H-score of 180 and the highest percentage
of stained positive cells, 90 %. Furthermore, the positive cell percentage
of the L.OM-PDLSCs was 82 % and 164 H-score. LLL boosted the oste-
ogenic capacity of both types of cells compared to control groups which
showed a minimum osteogenic capacity with H-score and percentage of
10 for C.OM-DPSCs and 5 for C.OM-PDLSCs (Table 2).

3.2.3. NF-KB assessment after 14 days of incubation in OM

There was an observed increase in NF-KB gene in laser-treated
groups rather than the control groups. Comparisons between groups
were illustrated in Fig. 2 and Table 3.

4. Discussion

Low-level laser has a bio-stimulatory effect on stem cells. There was
limited evidence on the proliferation of dental-derived stem cells using
wavelengths of 660-810-980 nm with energy densities of 0.1-3 J/cm2,
as mentioned at previous systematic review reported by (Boyce et al.,
2018). So, further researches were recommended to identify the LLLT
setting that increase proliferation of DMSCs, and still much remained
unrecorded about the comparative effect of PBM with different types of
dental-derived stem cells.

Due to their proliferative and multilineage capacities, PDLSCs and
DPSCs play a vital role in oral tissue regeneration (islam et al., 2021;
Wang et al., 2022). Consequently, our strategy suggested that dental
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Table 2

Summary for the assessments results in all groups.
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Group MTT assay Trypan blue ALP activity ARS staining (14 NF-KB assessment
(% of cell viability mean + SD (number of living ~ Mean + SD days) cyclic threshold
cells) (14 days) (14 days)
3 days 7 days 14 days count of ‘Qable 3 days 7 days 14 days % of (H- Ist 2nd” 3rd Mean
cells x 10 + SD . . .
stained score) reading  read- reading + SD
+ ve cells ing
C-DPSCs 0.82 + 0.99 + 1.35 £ 1.28 +0.03 - - - - - - - - -
0.01 0.10 0.15
Percentage 100.16 100.27 100.25
% % %
C-PDLSCs 0.60 + 1.04 £ 1.28 + 2.42 £+ 0.54 - - - - - - - - -
0.03 0.07 0.11
Percentage 99.89 % 99.71 % 100.16
%
L-DPSCs 1.03 £ 1.43 £ 2.69 + 8.82 £ 0.32 - - - - - - - - -
0.04 0.02 0.08
Percentage 128.44 143.97 199.04
% % %
L-PDLSCs 0.77 + 1.37 £ 214 + 5.47 £ 0.58 - - - - - - - - -
0.06 0.04 0.03
Percentage 125.53 131.38 167.40
% % %
OM-DPSCs - - - - 66.82 135.79 126.82 10 10 33.52 32.29 32.72 32.84
+ 4.82 +4.20 +3.11 + 0.62
OM- - - - - 68.26 109.76 142.23 5 5 32.72 31.52 32.65 32.30
PDLSCs + 2.69 + 6.43 + 5.96 + 0.67
L.OM- - - - - 87.86 192.51 200.19 920 180 37.52 36.58 37.06 34.81
DPSCs + 2.58 + 6.94 + 6.99 +0.41
L.OM- - - - - 73.77 193.57 193.57 82 164 34.81 34.81 35.07 34.70
PDLSCs + 4.69 + 2.60 =+ 2.60 + 0.44
Table 3
Summary of Tukey’s post-hoc test results in multiple comparisons between different groups.
Groups comparisons MTT assay Trypan blue

In DMEM

Mean difference

3 days

7 days

14 days

Mean difference
Count of viable (x10"4)

C DPSCs & L DPSCs

—0.17Significant

—0.43Highly significant

C DPSCs & C PDLSCs —0.22Highly significant —0.04Not significant
L DPSCs & L PDLSCs —0.26Highly significant 0.06Not significant
C PDLSCs & L PDLSCs —0.21Highly significant —0.33Highly significant

Groups comparisons
In OM

ATP assayMean difference
3 days

7 days

—1.33Highly significant
0.07Not significant
0.54Highly significant
—0.86Highly significant

14 days

—7.54Highly significant

—1.14significant

3.35Highly significant

—3.05Highly significant

Alizarin red PCR assay regarding gene expression Ct-NF-
Kp.

Mean difference

OM DPSCs& L DPSCs —21.04Highly —56.73Highly —73.37Highly Highly —1.96significant
significant significant significant significant
OM DPSCs & OM —1.44Not significant 26.03significant —15.41Highly Not significant 0.55Not significant
PDLSCs significant

L DPSCs & L PDLSCs 14.09significant 49.20Highly significant 6.62Highly significant Not significant 0.11Not significant
OM PDLSCs & L PDLSCs —5.51Not significant -33.55Highly significant ~ 51.34Highly significant Highly —2.40significant
significant

cells stimulated by LLL contribute to the enhancement of cell-based
therapy. In the current study employed the parameters more efficient
protocol on both DPSCs and PDLSCs.

GaAlAs laser diode was the laser of choice in many types of research
with variable wavelengths and energy intensities, applied to different
lines of dental stem cells (AlGhamdi et al., 2012; Islam et al., 2021). It
could induce hard tissue formation, increase ALP activity, dentino-
genesis and formation of calcified nodules (Nawam, 2019; Bidar et al.,
2021).

After reviewing previous research discussing the proliferation of
DPSCs (Nawam, 2019), the proliferation of DPSCs in the groups treated
with 3 J/ecm2 for 72 and 96 h were comparable to the biological re-
sponses observed in the present study. Another study comparing two
distinct energy densities (5 J/Cm2 and 7 J/Cm2) revealed that the
proliferation rate was higher after 72 h (Jeon et al., 2021). Islam et al.,
2021 proved better performance on using 7 J/cm2 on cryopreserved
DPSCs with repetitive irradiation doses. the current study obtained
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comparable amelioration in viability upon using lower frequencies as
the cell lines were freshly isolated which is a condition that would be
mimicked in performing future chairside maneuvers or allow applica-
tion of the PBM in cases of unavailable cryopreserved cell lines either
due to logistic, ethical, or legal issues.

Regarding PDLSCs, limited research estimated the effect of GaAlAs.
However, some researchers evaluated the effect of different types like
InGaAlP; 660 nm (Soares et al., 2015) or Nd: YAG;1064 nm (Wang et al.,
2022) which enhanced their proliferation rate.

DPSCs and PDLSCs have distinct proliferation potential even though
they are isolated from the same donors. The previous study by (Hakki
et al., 2015) compared their proliferative capacity and revealed that
DPSCs recorded higher proliferative potential than PDLSCs. That coin-
cided with our results when comparing two control groups together,
and, after LLLT, DPSCs always showed the best results.

A systemic review based on several studies to determine the effect of
photo-biomodulation with different parameters on DPSCs revealed an
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CT_NF-k expression

38 A

36 -

24

DPSCs Control

DPSCs

DPSCs + Laser

PDLSCs Control PDLSCs + Laser

Control

DPSCs + Laser

PDLSCs Control PDLSCs + Laser

m 32.84 3481 32.30 34.70
0.62 0.41 0.67 0.44
16358
o | w0o01"

Significant

Fig. 2. Bar chart showing multiple comparisons of CT_NF-kp expression in study groups. NS: p-value > 0.05 is insignificant; *p-value < 0.05 is significant; **p-value
< 0.001 is highly significant.

enhancement in proliferation rate, especially after 7 and 14 days of in-
cubation (Kulkarni et al., 2020). Another systemic review evaluated the
effects of PBM on PDLSCs. The proliferation rate, expression of different
indicative genes for osteogenesis, osteogenic differentiation and
inflammation suppression, were all proven to be ameliorated by the
application of different kinds of PBM (Mylona et al., 2022).

ALP assay was used to determine the osteogenic activity. Similar to
the findings of prior investigations on DPSCs (Nawam, 2019), the cur-
rent analysis revealed that ALP activity increased following the
administration of LLLT on day 14 (Bidar et al., 2021). Cells affected by
LLLT exhibited osteogenic differentiation capacity compared with those
non-affected. According (Wang et al., 2022), LLLT enhanced PDLSCs’
osteogenic differentiation, as we proved.

For further confirmation, 14 days after inducing osteoblast like cells,
ARS staining was used to detect osteogenic differentiation by analyzing
calcium concentration. Higher ca™ levels were detected after LLLT in
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Highly significant

our results which coincide with (Sivakumar et al., 2019) for DPCSs using
the same LLLT and (Wang et al., 2022) for PDLSCs using different LLLT.

Our results demonstrated that DPSCs and PDLSCs were distinct in the
osteogenic capacity as DPSCs revealed better investigations through
higher ALP activity after one week and after 2 weeks, moreover, higher
Ca** deposition levels by Alizarin red staining than PDLSCs. As dis-
cussed before (Kotova et al., 2021) DPSCs responded better to osteo-
genic stimuli than PDLSCs. Their biology and therapeutic potential were
distinct. DPSCs were excellent candidates for osteogenic bone-
replacement treatment.

A study using LLL with parameters nearly like ours was performed on
PDLSCs. The parameters were: 100 mW, wavelength of 808 nm, and 3 J/
cm2. improving osteoblast-like cells capacity was recorded (Abdelga-
wad et al., 2021).

NF-KB regulated various cellular events such as inflammation, pro-
liferation, bone modulation, even apoptosis besides, its role in neural
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crest-stem cells differentiation (Boyce et al., 2015; Kaltschmidt et al.,
2021). Previous studies clarified its role in bone remodeling as it
increased expression of BMP2, Runx2, and Osterix genes to regulate
mineralization process (Boyce et al., 2018; Jeon et al., 2021). Hence,
activation of NF-KB is considered as the gene of choice in the current
study due to its critical role in proliferation and osteogenic differentia-
tion. In previous studies (Hamblin, 2017; Migliario et al., 2018) whose
findings coincided with our findings, as increasing NF-KB levels in laser-
treated groups. Others used Alkaline phosphatase, Type 1 collagen,
Osteocalcin, and Bone sialoprotein genes for mineralization process
(Mirza et al., 2021; Karkehabadi et al., 2023).

PBM remains a promising perspective in ameliorating potentials of
dental tissues regeneration. PBM of cell lines in osteogenic media cul-
tures tackled the idea of creating regenerative conditions applicable in
other clinical cases where hard tissue regeneration is visualized.

Based on the results of this study, PBM with 3.6 J/cm? and NIF
wavelength (808 nm) showed best results of the proliferation potential
and osteogenic differentiation capacity of PDLSCs and DPSCs without
adversely affecting cell vitality. It also suggested that LLLI can be com-
bined with stem cells for regenerative treatments. While further studies
are needed to emphasize our findings in vivo. Moreover, explore the
underlying molecular mechanism of different cell lines and different
sources of PBM.
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