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Abstract

Introduction: Bone marrow stromal stem cells (BMSCs), a type of adult stem cells, secrete
bioactive molecules such as trophic factors, growth factors, chemokine and cytokines that may
be effective against oxidative stress in neurodegenerative diseases.

In this study, we examined the protective effect of BMSCs conditioned media (CM) and
photobiomodulation therapy (PBMT) on PC12 cells exposed to H202 as an oxidative injury
model.

Methods: BMSCs were cultured and confirmed by flow cytometry analysis and underwent
osteogenic and adipogenic differentiation. Then, PC12-H202 cells were co-treated with
BMSCs-CM and PBMT. The effect of BMSCs-CM and PBMT (He-Ne laser, 632.8nm, 3mW, 1.2)/
cm?, 378s) on Bax/Bcl2 expression, cell viability, was assessed by real-time PCR and MTT assay.
The length of the Neurite and cell body areas were assessed by Cell A software.

Results: Flowcytometry analysis, as well as osteogenic and adipogenic staining, confirmed the
BMSCs. The length of the Neurite was the highest in the group which received CM+PBMT and
cell body areas were significant in CM+PBMT compared to other groups. Based on our results,
elevating H202 concentration increased cell death significantly and using concentrations of
250 pM resulted in a dramatic increase in the mortality compared to the other groups.
Conclusion: Our result demonstrated that the combination of CM +PBMT has a protective effect
on PC12 cells against oxidative stress.
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Introduction

There is increasing evidence that reactive oxygen species
(ROS) such as free radicals and hydrogen peroxide (H202)
are involved in the pathophysiology of neurodegenerative
disorders.! One of the major culprits of oxidative
modification, damage to macromolecules such as DNA,
and also oxidative stress is H202 which is produced
during the redox reactions. It could change normal cellular

functions and integrity.?’ In fact, the oxidant/antioxidant
level is critical in neurodegeneration or neuroprotection.
The oxidant/antioxidant imbalance may lead to neuronal
apoptosis, but exact mechanisms underlying it are not
completely understood. Neuroprotection could be
guaranteed by several antioxidant enzymes inside cells, for
instance, superoxide dismutase (SOD) which constitutes
critical antioxidant defense.*® Previous studies pointed
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out that an elevated level of H202 in neuronal cells can
alter the gene expression, the mitochondrial function and
the mitochondrial permeability transition pore,®” which
ultimately could induce apoptosis. Therapeutic strategies
aimed at suppressing apoptosis signaling pathways
switched on by ROS might be promising for the treatment
of neurodegenerative diseases.*” Pheochromocytoma cell
line 12 (PC12) is widely used as a classical cell model for
studying neurons from the biochemical aspect. H202
may induce apoptosis in PC12 cells.'*!* According to stem
cell studies, bone marrow stromal stem cell (BMSC) and
adipose stem cells (ADSCs) have been found promising for
the treatment of neurodegenerative disorders.'>* Actually,
it is well documented that the systemic administration of
mesenchymal stem cells (MSCs) derived from different
tissues is neuroprotective. Neuroprotective effects of these
cells may be mediated by secretion of bioactive molecules
such as trophic factors, growth factors, chemokine,
cytokines, and extracellular microvesicles, which can
enhance cell survival. BMSCs condition medium (CM)
contains IGF-1, VEGE TGFp1, GDNE FGF-2, BDNE and
HGE and it has been reported by Cantinieaux et al that
BMSC-CM has several different properties such as anti-
apoptotic, proinflammatory, and angiogenic properties
and can enhance the outgrowth of axons through the
glial scar.'*'® Recently, the laser has been proposed for the
treatment of neurological diseases based on its positive
effects on the nervous system, particularly the reduction
of oxidative effects.'* Not only does photobiomodulation
therapy (PBMT) reduce the harmful effects of H202, but
also it increases the expression of antioxidants and reduces
oxidative stress.!” Nerve regeneration and tissue healing
are positively affected by low-energy lasers. These lasers
support chiropractic interventions in an effective way.
When the wavelength falls in the red and near-infrared
ranges, the laser has low energy and cannot cause any
type of biomolecular ionization and subsequent damage.
The application of PBMT is able to decrease or prevent
this phenomenon.'® In addition, there is an improvement
in the quality of the regeneration as well as the recovery
time. The enhancement of the recovery in the injured
nerves was followed by the application of PBMT which
resulted in an improvement of the nerve function and also
a significant overall functional recovery. The neural lesion
could be another area in which laser therapy could be
used effectively.”® Patients with different types of neural
lesions without responding to conservative treatment
have shown signs of improvement after treatment with
high doses of the laser applied to the site of the lesion.
Thus, it can be suggested that PBMT can promote the
neural function recovery by repairing or preventing
the extensive degenerative changes.”** In this study, we
examined the protective effect of BMSCs-CM and PBMT
on PCI12 cells exposed to H202 as an oxidative injury
model.

Materials and Methods

Bone Marrow Stromal Cell Extraction, Culturing and CM
Preparation

After being anesthetized with an intraperitoneal injection
of ketamine and diazepam, female Wistar rats (Razi
Institute for Serums and Vaccine, Karaj, Iran) were
euthanized. The BMSCs were extracted from rats’ femurs
by 18-gauge syringe and cultured in DMEM/F12 (Stem
Cell Technology Company, Tehran, Iran) + 10% FBS
(Sigma, USA), 100 u/mL penicillin (PC) (Sigma,USA),
100 mg/mL streptomycin (SP) (Sigma,USA). For
preparing the BMSCs-CM, the fourth passage of BMSCs
was used. Upon reaching 80% confluence, the cells were
washed three times using PBS (Sigma, USA). The current
media were replaced by serum-free DMEM/F12 (Stem
Cell Technology Company, Tehran, Iran) as a new media.
Lyophilized-drying was used to concentrate CM 20 fold
in accordance with the company’s instructions.?*

Flow Cytometry Analysis and Osteogenic and Adipogenic
Differentiation

Flowcytometry (Becton Dickinson, USA) was performed
for detecting CD105, CD90 (positive marker) and CD31,
CD45 (negative marker) on cells at the very same time in
order to define cell subsets based on lineage. The Cells
were labeled with fluorochrome-conjugated antibodies
and then analyzed by flow cytometry. For the purpose of
inducing the osteogenic differentiation, 1 x 10° cells/cm®
were plated in osteogenic media (Royan Institute, Iran).
We stained the cultured cells with Alizarin red (Sigma-
Aldrich, St. Louis, MO) in order to reveal the osteogenic
differentiation. To achieve the adipogenic differentiation,
1 x 10° cells/cm* were cultured in adipogenic media
(Royan Institute, Iran). After 3 weeks, we fixed and
stained them by oil (Sigma-Aldrich, St. Louis, MO) red
and analyzed them by microscope.

PBMT Administration

We used the IR laser (Mustang 2000; Technical Co.,
Moscow, Russia), the specifications of which are shown
below (see Table 1). In the present study, the pulse wave
(PW) parameters of PBM were used effectively. One day
after incubation by H202, PBMT initiated, 3 times a week
for the period of two weeks."

PC12 Cell Culture and Treatment

The PCI12 cells line were seeded within DMEM/F12
medium supplemented with 10% FBS, PC (1%) and SP
(1%). After culturing cells, they were treated with H202
(0,25, 50, 75,100, 150, 200, 250 uM) for 12 hours.” Finally,
the cells were exposed with BMSC-CM (4:1 ratio of CM)
and PBMT.

Examination of PC12 Cell Morphology
After seeding PC12 cells in plates, 20 random images, in
total, were obtained from each well for morphological
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Table 1. The Specifications of the Used Laser

Parameters Dose and Unit
Peak power output 80 W
Average power 1.15 mW
Power density 1.15 W/cm?
Wavelength 890 nm
Pulse frequency 80 Hz
Spot size 1cm?
Pulsed duration 180 ns
Energy density (ED) 1.5 )/cm?
The shape of the laser beam Circular
The frequency of treatment 3 times a week

analytical purposes. We assessed the cell body area and
the neurite length after administration of PBMT and CM.
In this study, the neurite length is the area covered by the
cells as previously reported and the sum of the lengths of
all primary branches and their associated twigs.*

MTT Assay

The PC12 cells were seeded and treated on 96-well
plate, and MTT (Sigma-Aldrich, St. Louis, MO) assay
was performed on each well. After 4-hour incubation,
the Medium was removed, the absorption spectrum of
the suspension was obtained around 590 nm, and cell
viability was measured and reported as the percentage of
control cells.?

Real-Time Polymerase Chain Reaction

In order to determine the abundance of gene transcripts
including Bax and Bcl2, total RNA was collected from
the removed spine in one week using RNA extraction
kit (Invitrogen, USA) according to the kit protocol. We
prepared the cDNAs by the Prime Script TM RT reagent
Kit (Fermentas, Lithuania). Reverse transcription was
carried out using a 96-well real-time polymerase chain
reaction (PCR) instrument with SYBR dye-based master
mix (Applied Biosystems, USA). Initial denaturation
was performed at 95°C for 30 seconds, annealing for
45 sec, extension at 72°C for 45 seconds and a final
polymerization at 65°C for 10 minutes. The primer
sequences and annealing temperature are briefed in
Table 2. We applied the comparative Ct method for gene
target expression analysis (2AACt)."S All samples were
normalized with GAPDH level, as the loading control.

Table 2. Primer Sequences Used in the qRT-PCR

Cell Viability Assay

Using the EukolightTM Viability/Cytotoxicity assay
(Molecular Probes), we distinguished living and dead
cells. The medium was changed using 4 mM ethidium
homodimer-1 and 2 mM calcein acetoxymethyl ester
(Sigma-Aldrich, St. Louis, MO). The Images of 20 random
microscopic fields were used to count the number of
viable and non-viable PC12 cells.”

Data Analysis

A one-way analysis of variance (ANOVA) along with the
Tukey posthoc test was performed for statistical analysis.
The data were expressed as mean + SEM and statistically
significant data had a P value < 0.05.

Results

Identification of BMSCs

A few hours after the initial culture of BMSCs, they began
to attach to the flask and showed a round form. 12 hours
later, they were characterized as dense fibroblast-like cell
colonies (Figure 1). Flow cytometry results showed that
these cells are positive for CD105 and CD90 markers
and negative for CD45 and CD31, which confirmed the
stem cell identity (Figure 1). In addition, in order to
investigate the differentiation potential of the cultured
cells, they were treated by osteogenic and adipogenic
mediums. The staining of the adipose-differentiated
group with oil red revealed the presence of fat droplets
among the differentiated cells (Figure 1), and the presence
of calcified sediment using Alizarin red staining between
the osteogenic differentiated cells proved the osteogenic
differentiation of these cells (Figure 1).

The Morphological Characteristics of PC12 Cells After
Treatment With PBMT and CM

As  previously mentioned, for examining the
morphological characteristics of the cells, numerous
images were captured from each well in all groups [control
and different concentrations of H202] (0, 25, 50, 75,100,
150, 200, 250 uM) and at least50 cells were randomly
examined in each group. Assessment of the results using
Cell A program revealed that after exposing the cells to
H202 for 12 hours and treatment with CM + PBMTthe
length and width of the neurite and cell body area were
the highest in the group that received CM+PBMT. These
measurements were lower in the group that was treated
with CM (Figures 2 and 3).

GENE Primer Type Sequence Annealing Temperature Product size (Base Pairs)
Bax F CCCGAGAGGTCTTTTTCCGAG 65 210b
R CCAGCCCATGATGGTTCTGAT P
F TACAGGCTGGCTCAGGACTAT
Bel2 R CGCAACATTTTGTAGCACTCTG 05 230bp
GAPDH F CCACAACTC TTCCATTCTC 59 200b
R CCAAGATTCACGGTAGATAC P
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Figure 1. Phase Contrast, Adipogenic and Osteogenic Differentiation in BMSC. Flowcytometry CD marker analyses of BMSC shows were

positive for CD105, CD90 and negative for CD45, CD 31.

Assessment of H202-Induced Cell Death in Different
Groups

As the PCI2 cells were treated with dose-response of
H202 (0, 25, 50, 75,100, 150, 200, 250 uM) for 12 hours,
the apoptosis rate was assessed using the MTT kit. The
results presented that increasing H202 concentration
significantly increased cell death. In addition, the
mortality rate rose dramatically after using concentrations
of 250 uM in comparison with the other groups. However,
in all three groups, there was a remarkable reduction in
survival compared to the control group (Figure 4).

The Effect of CM+ PBMT on the Cell Body Area and
Neuritis Length of the PC12 Cells After H202 Induction
Analyzing images using the Cell A program showed
that CM+ PBMT has a considerable role in reducing the
cell body area in different groups in comparison with
those that were only affected by H202. Additionally,

Figure 2. Morphology of PC12 Cell Line After Treatment by
CM, PBMT, CM+PBMT. PC12+H202 (A), PC12+H202+CM (B),
PC12+H202+PBM (C), PC12+H202+PBMT+CM (D).

CM+ PBMT, compared to the control group, reduced
the amount of cell body area significantly by acting on
the cells that were affected by H202-induced oxidative
stress. Moreover, comparing the results of the PBMT
+CM /H202 treated group with a group which was
only exposed to H202 revealed that PBMT+CM plays a
significant role in increasing neuritis length compared to
the control group (Figures 5 and 6).

Effect of CM+PBMT on the Apoptosis Rate and the BAX/
BCL2 Ratio in H202-Treated Cells

The results of real-time PCR analysis showed the Bax/
Bcl2 ratio decreased in CM+ PBMT compared to the
control group (Figure 7). The results of the assessment
of cell viability and survival in different groups showed
that CM+ PBMT remarkably increased the survival
of the H202-treated cells compared to the cells that
were only exposed to H202. Real-time PCR results
also confirmed this and the analysis of its outcome
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Figure 3. Effect of CM, PBMT, and CM+PBMT on Cell Viability.
CM, PBMT, and H202 were added to PC12. After 12 h, cell
viability was examined by MTT assay. Viability was calculated
as the percentage of living cells in treated cultures compared to
control cultures. *P<0.5.
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Figure 4. Dose-Dependent Cell Death Induced by H202 in PC12 Cell Line. Cell viability was examined by MTT assay. The survival rate
after 12 h was 35, 48, 55,63,70,77 and 85% of the control group in the group receiving 25,50, 75, 100,150, 200 and 250 uM of H202

respectively.
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Figure 5. Effect of CM, PBMT, CM+PBMT on the PC12 Neurite length was defined as the sum of lengths of all primary branches and their

associated twigs. * P<0.05 significant different from H202 groups.

showed that CM+PBMT significantly contributed to the
reduction of apoptosis due to oxidative stress caused by
H202 (Figure 7).

Discussion

The results of our experimental study showed that the
combination of PBMT and CM has a protective effect
on the PCI12 cells against H202. In fact, the BMSCs have
already been used to treat neurodegenerative diseases due
to their secretions such as trophic factors, growth factors,
chemokines, cytokines, and extracellular microvesicles.
Furthermore, BMSCs can be successfully differentiated
into different types of glial cells.*** In this study, the

PC12 cells showed the morphology of nerve-like cells.
First, they were exposed by various doses of H202 (50,
100, 150, 250 uM for 24 hours) and then Cell body area
and Neurite length were measured. A study by Ghorabi
et al. showed that the treatment of cells with H,O, not
only increased Cell body area but also decreased Neurite
length, which is consistent with our findings.** In our
study, the viability of the PC12 cells was assessed using
the MTT assay as well. Clementi et al. displayed that the
use of H O, (250 uM for 24 hours) reduced the viability
of the PCI12 cells; the results of our study were also
consistent with their findings.”® We used PC12 cell line
for several reasons. The PCI12 cells and the sympathetic
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Figure 6. Effect of H202, CM, PBMT, CM+PBMT on the PC12 Cells Morphology, The area of a cell body except its branches was defined

as cell body area.
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Figure 7. The Bax/Bcl2 Ratio in the Control and Experimental Groups. The Bax/Bcl2 ratio in the CM+PBMT group decreased in comparison

with the other groups. * P<0.05.

ganglionic cells have a similar phenotype. In our study,
the PC12 cells showed the morphology of nerve-like cells.
In fact, the high cost and also the conditions required for
hardening neurons in the laboratory conditions restrict
the application of neurons. Also, during nerve isolation,
adult nerve tissues are often damaged. On the other hand,
the PCI12 cells have high passage capability and they are
the best source of cells for studying the physiology and
pathology of the nervous system. The PC12 cells are used
in neurodegenerative disease models due to their easiness
in their proliferation and differentiation.”® In addition,
hypoxia is considered as one of the reasons for developing
neurodegenerative diseases which cause damage to the
neural tissue and impair the function of the nervous
system.”” Since hypoxia can lead to ischemia of neuronal
cells, PC12 cells are most often used in hypoxia studies.?®
Recent studies have shown that ROS increases in many
neurodegenerative diseases.”*® An increased level of

H202 followed by an increased ROS level occurs when
the ROS production exceeds the number of antioxidants
that are produced within the cells, resulting in oxidative
stress in the cells and causing mitochondrial dysfunction
and neuronal death.’™ In neurodegenerative diseases,
changes in neurons can cause sensory and/or motor
deficits. Therefore, it is important to find a way to prevent
apoptosis in neurons.*** In this study, we focused on the
neuroprotective effects of PBMT and BMSC-CM. We
investigated the Bax/ Bcl2 ratio for evaluation of apoptosis
by the real-time PCR technique in different groups. In our
study, H,O, induced apoptosis decreased the expression of
the Bcl2 gene and increased the expression of the Bax gene.
We used CM and PBMT for the treatment of the PC12
cells induced by H,O,. Due to neuroprotective effects,
the viability of the PC12 cells increased significantly, the
expression of the Bcl2 gene increased, and the expression
of the Bax gene decreased. A study by Res et al. proved that
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the use of BMSCs and their microvesicles can reduce the
toxicity of glutamate in the PCI2 cells by increasing the
expression of Bcl2 and decreasing the expression of Bax
and caspase 3. These results are confirmed by our study
as well.” In this study, PBMT had a positive effect on the
reduction of oxidative stress as well as the improvement
of the morphological markers of the PC12 cells. Based on
several reports, PBMT can promote energy metabolism
within the mitochondria. It can also accelerate the process
of cell division.*®” Besides an increased blood flow,
another effect of this laser, all these effects will promote
neuronal recovery.®® In a study on animal models, after
treating the hemisected spinal cords with an 810-nm
laser, the cell invasion became blocked immediately in
the treatment group, however, the damaged axons began
to sprout after 14 days and there was an increase in the
invasion of non-inflammatory cells and cell division. It is
proposed that the acceleration in the activities inside the
spinal cord environment may be the reason for the effects
the laser has on axonal regeneration.”

Conclusion
The combination of CM+PBMT has a protective effect on
the PC12 cells against H,O.,.
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