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Introduction

Abstract
Introduction: Transplantation of stem cells —
B ) 5 oo 3 1 and characterization
with a nanofibrous scaffold is a promising Rt | e s

approach for spinal cord injury therapy. The o P
aim of this work was to differentiate neural- %
like cells from placenta-derived mesenchymal
stem cells (PDMSCs) using suitable induction
reagents in three (3D) and two dimensional
(2D) culture systems. o
Methods: After isolation and characterization A
of PDMSCs, the cells were cultivated on poly-
L-lactide acid (PLLA)/poly caprolactone (PCL)
nanofibrous scaffold and treated with a neuronal medium for 7 days. Electron microscopy, qPCR,
and immunostaining were used to examine the differentiation of PDMSCs (on scaffold and tissue
culture polystyrene [TCPS]) and the expression rate of neuronal markers (beta-tubulin, nestin,
GFAP, and MAP-2).

Results: qPCR analysis showed that beta-tubulin (1.672 fold; P<0.0001), nestin (11.145 fold;
P<0.0001), and GFAP (80.171; P<0.0001) gene expressions were higher on scaffolds compared
with TCPS. Immunofluorescence analysis showed that nestin and beta-tubulin proteins were
recognized in the PDMSCs differentiated on TCPS and scaffold after 7 days in the neuroinductive
differentiation medium.

Conclusion: Taken together, these results delegated that PDMSCs differentiated on PLLA/PCL
scaffolds are more likely to differentiate towards diversity lineages of neural cells. It proposed that
PDMSCs have cell subpopulations that have the capability to be differentiated into neurogenic
cells.
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of PMSCs Differentiation analysis by: —

human embryonic stem cells, and neural progenitor

Brain and spinal cord injuries are the greatest severe
difficulties in medicine and contain a diversity of
neuropathology lesions." To date, some treatments have
been revealed to change the development of the disease and
none have effectively terminated the tissue degeneration.
In the current study, stem cells were examined as a graft
for neural cell substitution in neurodegenerative diseases.
Stem cells are defined as undifferentiated cells with the
potentiality of self-renewal and differentiation into multi-
lineage cells® that have been harvested from a varied
tissue. There are several studies on the differentiation
of neurons from fetal or adult neural stem cells (NSCs),

cells.*® However, the clinical uses of these stem cells are
problematic because of the ethical concerns, limitation
in the choice of lines, and tumor formation after
transplantation.” This, by no means, proposes that the
NSCs and embryonic stem cells (ESCs) will not serve as
an autologous cell source and transition from bench to
bedside, but even studies are necessary to identify other
stem cells such as mesenchymal stem cells (MSCs), with
the ability to create neurons with high efficiency. MSCs
appear to have the best potential for regenerative medicine
and are presently used in clinical trials for a number of
disorders.**°
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To date, MSCs have been isolated from different sources
such as bone marrow,'"! peripheral blood,"> umbilical
cord blood,” amniotic fluid,* and Wharton’s jelly®.
However, the usage of the placental tissue-derived cells
was recommended as a plentiful, ethically acceptable, and
simply accessible source of cells.'® "

A previous study showed that the tissue
microenvironment is a serious element in the
differentiation of stem cells and straight effects on their
function. Three-dimensional (3D) cultures are important
in cell engineering for the achievement of mature cells'®
by refining the cell-cell and cell-matrix interactions" that
directly impact cell functions.

The purpose of this study was to create the neural cells
from placenta-derived mesenchymal stem cells (PDMSCs)
using suitable induction reagents in the scaffold (3D) and
tissue culture polystyrene (TCPS) (2D) culture systems.

Materials and Methods

Fabrication and characterization
nanofibrous PLLA/PCL scaffolds
Poly-L-lactide acid (PLLA) and polycaprolactone
(PCL) were dissolved in chloroform (6% and 12 % w/w,
respectively) and N, N-dimethylformamide (DMF)
(Sigma, Steinheim, Germany) solution. Next, the aligned
nanofibrous PLLA/PCL scaffolds were created by an
electrospinning machine (distance: 200 mm, flow rate: 0.1
mL/h, the voltage: 24 kv). The Fourier-transform infrared
spectroscopy (FTIR) was used to ascertain the chemical
properties of PLLA/PCL nanofibrous scaffolds.

of electrospun

Isolation, cell surface, and multipotent differential
analysis of PDMSCs

The placental tissue was achieved after cesarean sections
(from a healthy donor) with the consent forms considering
the ethical principles of Tehran University of Medical
Sciences (TUMS) guidelines. A piece of placental tissue
was isolated, minced, washed (with a phosphate-buffered
saline solution), and digested in enzymatic treatment
(0.1% collagenase IV; Sigma Aldrich, St. Louis, MO)
for 2-3 hours in 37°C. The cell suspension was divided
by a sterile pipette from the rest of the undigested tissue
and cultivated in a plastic culture dish with DMEM
complemented with 10% FBS and 2% antibiotic (penicillin/
streptomycin) in incubator environment (37°C, 5%
CO2). Then, the non-adherent cells were detached from
the culture dish by trypsin-EDTA (0.25%) solvent, was
applied for subculturing up to 3 passages to reach enough
cells for carrying out the next experiments.”” To confirm
the MSCs identity, isolated cells (in the 3 passages) were
analyzed for the expression of surface antigens by using
antibodies against human CD105, CD73, CD90, CD44,
CD34, and CD45 surface antigens(eBioscience, San Diego,
CA) by Flow cytometry. To confirm the differentiation
potential, the cells were cultured in osteogenic (containing
50 mg ascorbic acid bi-phosphate (Sigma), 100 nM

dexamethasone (Sigma), and 10 mM beta-glycerol-
phosphate (Merck, Germany)) or adipogenic medium
(containing 0.5 mM 3- isobutyl-1-methylxanthine and
250 nM dexamethasone; Sigma). After 21 days, specific
staining (Alizarin Red S and Oil Red O) were used for the
evaluation of osteogenic and adipogenic differentiation
potential of PDMSCs, respectively.’

In vitro differentiation of cells on PLLA/PCL scaffold
The PLLA/PCL scaffold was positioned in alcohol
for sterilization and the cells were seeded on them.
For neural differentiation, the cells were treated in an
induction medium (DMEM (low glucose) added by 10
mM retinoic acid (RA, Sigma), 10 mM Forskolin and 0.5
mM IBMX for 7 days on PLLA/PCL scaffold and TCPS.
Next, the differentiated cells were used for qPCR and
Immunofluorescence assay.

MTT assay

The viability of cells on the scaffold (3D) in comparison
with 2D culture group was determined using MTT
assay. The 1.5 x 10° cells were cultured in 24-well cell
culture plate and on the scaffold at 37°C for 3 and 5 days.
Then, MTT solution (5 mg/mL) was added and after
3 hours, the formazan crystals were solubilized using
dimethylsulfoxide. The incubated suspension was read
at 570 nm using a microplate reader (ELX800; BioTeK,
Winooski, VT).

Immunostaining analysis

The cells (on TCPS and Scaffold) were fixed (4%
paraformaldehyde), permeabilized (with 0.5% Triton
X-100), incubated with primary antibodies for nestin
(Millipore) and beta-tubulin III (Sigma) at 4°C overnight,
and subsequently incubated with FITC-conjugated IgG
(Santa Cruz Biotechnology) at room temperature for 1
hour. For nuclear staining, the cells were incubated with
diaminobenzidine (DAB) solution (Sigma Chemical Co.)
for 30 seconds.

qPCR analysis

The total RNA was extracted, their quantification and
purity were determined, and cDNA was synthesized by
the PrimeScript 1st strand synthesis Kit (Takara. Japan).
Real-time PCR was done with an Applied Biosystems™
System (Life Technologies Corporation, USA). All genes
were subjected to 40 cycles, which consisted of initial
denaturation at 95°C for 15 minutes, followed by 40
cycles of denaturation at 95°C for 15 seconds, annealing
at 60°C for 30 seconds, and a final extension at 72°C for
30 seconds. The related specific gene primers are recorded
in Table 1.

Statistical Analysis
Statistical analysis was done by using Graph pad prism
6 app and Rest software for MTT assay and qRT PCR,
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Table 1. Neural gene primers used for g-PCR

Genes Primer sequences Size (bp)

Nestin F: 5" GAA GGT GAA GGG CAAATC TG 3’ 96
R: 5" CCTCTTCTTCCCATATTTCCTG 3’

GFAP F: 5" GCAGACCTTCTCCAACCTG 3’ 127
R: 5" ACT CCT TAA TGA CCT CTC CATC 3’

MAP2 F: 5" AGT TCC AGC AGC GTG ATG 3’ 97
R: 5" CAT TCT CTC TTC AGC CTT CTC 3°

TUBB3 F: 5" TGG AGT GAG AGG CAG GTG 3’ 76
R: 5 GTG TCG GCA GCA AGA TGG 3’

GAPDH F: 5" GTGAACCATGAGAAGTATGACAAC 3’ 123
R: 5" CATGAGTCCTTCCACGATACC 3’

respectively. Two-way ANOVA was performed for MTT
assay analysis.

Results
Isolation and characterization of cells from the placental
tissue
The isolated cells had a spindle-shaped morphology and
after osteogenic and adipogenic treatment showed the
differentiation into adipocytes and osteocytes. Moreover,
Flow cytometry result indicated that the cells are positive
for CD44, CD73, CD105, and CD90, and negative for
CD45 and CD34.°

The FTIR results showed the presence of both polymers
PLLA and PCL in the hybrid nanofibrous scaffold. The
peaks at 2948 and 2868 cm™ are due to the C-H stretching,
at 1758 and 1735cm-1 match up to the C=0 bonding, and
at 1183 cm™ is due to the C-O bending (Fig. 1).

MTT assay

The viability of isolated cells on the PLLA/PCL scaffold
was studied after 3 and 5 days of cultivating. The MTT
result showed that the proliferation of cells on the scaffold
was higher than those on TCPS (Fig. 2).

Neural differentiation of cells

To reveal the neural differentiation potential of the PMSCs,
the cells were seeded on TCPS and fibrous scaffold in the
neuroinductive medium. Morphological variations in the
cells were detected during differentiation (Fig. 3). Next,
circle and multipolar morphologies with cytoplasmic
branches were detected 5, 6, and 7 days after induction
in PDMSCs (Fig. 3). The electron microscopy images
indicated that the cells were attached and produced neurite
outgrowth on scaffolds (Fig. 4). After 7 days, we studied
the expression of neural genes and protein using gPCR
and immunofluorescence. Immunofluorescence showed
that nestin and beta-tubulin proteins were recognized in
the PDMSCs differentiated on PLLA/PCL scaffold and
TCPS after induction in neurogenic medium (Fig. 5).

qPCR analysis
The expression of four genes on the PLLA/PCL scaffold
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Fig. 1. FT-IR analysis of PLLA/PCL scaffold.
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Fig. 2. MTT assay analysis.

Fig. 3. Cell morphological changes in PDMSCs during induction.

and TCPS were examined by qPCR (Fig. 6). As presented
in Fig. 6, qQPCR showed that the expression levels of beta
tubulin (1.672 fold; P < 0.0001), nestin (11.145 fold; P<
0.0001), and GFAP (80.171; P< 0.0001) genes were higher
on scaffold related to TCPS.

Biolmpacts, 2020, 10(2), 117-122 119



Rahimi-Sherbaf et al

Fibers diameter diagram

Frequancy (%)
3 8 8 3
===
EEF
==8

s

=Nz
==

=]

s .«"@ ] ﬂs
& \@ .g““

Fig 4. SEM images of scaffolds. The PLLA/PCL scaffold (A) and PDMSCs differentiated 7 days after induction (B) on it. C) The frequency fiber diameter of

scaffold.

Discussion

Stem cell therapy is another methodology that has been
targeted for the restoration of the CNS damaged.”
MSCs have been intensively studied for stem cell-based
transplantation therapy and repairing spinal cord injury*"
due to the easy availability, low immunogenicity,”*
paracrine and immune modulatory effects.” Moreover,
scaffold transplantation supported tissuerepair by reducing
the cavity size at the lesion site.” This work was expected
to study appropriate stem cell and biomaterial interactions
for neural tissue engineering. To date, numerous stem
cells have been studied for neurological disorders, such
as ESCs>”% and MSCs. However, the complications of
ESCs such as ethical matters and tumorigenic capability
led many investigators to investigate alternate cell sources
for the treatment of diseases.

In this work, we studied the neural differentiation of
MSCs, isolated from placental tissue, which are waste after
childbirth; then they are simply available and cause no
ethical concerns.*** The PDMSCs have a spindle-shaped
morphology with multiple mesodermal differentiation.”
We designed to explore whether MSCs isolated from
human placental tissue can differentiate into neural
cells using induction medium including RA, cAMP, and

TCPS

Scaffold

forskolin supplementation as a neural induction factor,
in one step of induction protocol. The PDMSCs have
shown their capability in differentiating into neural-like
cells, with this characteristic being identified through
morphology, q-PCR, and Immunostaining. In this work,
the PDMSCs expressed neuronal genes and proteins after
treatment with DMEM supplemented with retinoic acid,
forskolin, and IBMX for 1 week. The q-PCR analysis
showed that neurogenic genes including MAP-2, beta
tubulin, and nestin were expressed in PDMSCs on TCPS
culture. Furthermore, Immunostaining results revealed
that beta-tubulin and nestin proteins were expressed in
PDMSCs.

Research projects on tissue engineering recognize that
the scaffold properties may impact the fate decision of
the stem cells.’*> Number studies are motivated on the
improvement of fibrous scaffolds to conduit the lesion
cavities and provide tissue renovation.3* A perfect
scaffold would contain the properties such as good
biocompatibility, low immunogenicity, appropriate
biodegradability once grafted in vivo, appropriate
properties for adhesion and axonal renewal of the cells,
and the capability of offering guidance to the regenerating
axons.* Jakobsson et al** showed that PCL nanoscaffolds

Merged

Merged

Fig. 5. Immunofluorescent imaging of cells. The seeded cells on scaffold and TCPS were retained in neural induction medium for 7 days and examined for
beta tubulin and nestin proteins expression. Furthermore, to visualize nuclei, the cells were co-stained with 4,6-diamidino-2-phenylindole (blue).
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Fig. 6. The gPCR analysis of neural genes. The expression of four genes
in day 0 (control) and in day 7 of PDMSCs on TCPS and scaffold were
examined. The Rest software was used for statistical analysis of data.

displayed excellent cell survival and raised neuronal
differentiation, as related to cultures grown in 2D
dishes.”” Moreover, the PLLA scaffold can encourage the
neural differentiation of MSCs by supporting neuron
differentiation and neurite outgrowth in order to
mimic a natural extracellular matrix of natural collagen
throughout the scaffold.”® However the hybrid scaffolds
have an overall exceptional beneficial over other fibers.**
In our study, we established a PLLA/PCL hybrid scaffold
for neural differentiation of PDMSCs. Numerous studies
have revealed the impacts of electrospun scaffolds of
biomaterials* to support the neural differentiation of stem
cells. In the present study, we studied the impact of PLLA/
PCL nanofibrous scaffold, invented by electrospinning
techniques, on the neural differentiation of PDMSCs. In
this study, after exposure of PDMSCs to neural induction
media, the qPCR analysis showed that the neurogenic
genes including beta-tubulin, MAP-2, nestin, and GFAP
were expressed in seeded cells on the fibrous scaffold.
The scaffolds have 3D features that recapitulate the innate
microenvironment of the cells and simulate some features
of the natural extracellular matrix of tissue.*? In this study,
the PDMSCs seeded on the scaffolds can modify the
expression of the neural genes. QPCR analysis showed that
in PDMSCs differentiated on the scaffolds, neural genes
such as beta-tubulin, nestin (neuro-ectoderm marker),*
and GFAP (glial lineage marker)* were expressed at
higher levels compared to cells differentiated on TCPS
dishes. However, it is possible that the interaction between
the cells (PDMSCs) and the fibrous scaffold (PLLA/PCL)
can raise the expression of the specific neuronal markers.*

Conclusion

Taken together, these results indicated that the PDMSCs
differentiated on PLLA/PCL scaffolds are more likely to
differentiate towards diverse lineages of neural cells. It
proposed that PDMSCs have a subpopulation of the cells
that are able to be differentiated into neurogenic cells.
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