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Abstract: Human dental pulp stem cells (hDPSCs) could be differentiated into neuron like-cells under particular
microenvironments. It has been reported that a wide range of factors, presented in cerebrospinal fluid (CSF), playing part
in neuronal differentiation during embryonic stages, we herein introduce a novel culture media complex to differentiate
hDPSCs into neuron-like cells. The hDPSCs were initially isolated and characterized. The CSF was prepared from the
Cisterna magna of 19-day-old Wistar rat embryos, embryonic cerebrospinal fluid (E-CSF). The hDPSCs were treated by
5% E-CSF for 2 days, then neurospheres were cultured in DMEM/F12 supplemented with 10 um retinoic acid (RA), glial-
derived neurotrophic factor and brain-derived neurotrophic factor for 6 days. The cells which were cultured in basic culture
medium were considered as control group. Morphology of differentiated cells as well as process elongation were examined
by an inverted microscope. In addition, the neural differentiation markers (Nestin and MAP2) were studied employing
immunocytochemistry. Neuronal-like processes appeared 8 days after treatment. Neural progenitor marker (Nestin) and
a mature neural marker (MAP2) were expressed in treated group. Moreover Nissl bodies were found in the cytoplasm of
treated group. Taking these together, we have designed a simple protocol for generating neuron-like cells using CSF from the

hDPSCs, applicable for cell therapy in several neurodegenerative disorders including Alzheimer’s disease.
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Introduction generative disease that have a major impact at quality of pa-
tient’s life. Considering that this type of disorder are rapidly

Degeneration of neurons is one of the features of neurode-  rising, it is important to access a strategy to disease preven-
tion. A treatment that has recently attracted the attention of

researchers is the differentiation of stem cells into neuron-
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E-mail: hatefdr@gmail.com useful is cerebrospinal fluid (CSF). CSF produced by Choroid
plexus with epithelial and vascular structure. To date, the

progression of disease. In this way, the material that seems
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findings has revealed that CSF has some microenvironment
which are necessary for neurogenesis such as transforming
growth factor-p (TGF-B), nerve growth factor (NGF), brain-
derived neurotrophic factor (BDNF), neurotrophin-3 (NT-3),
insulin-like growth factor (IGF), hepatocyte growth factor
(HGF), and basic fibroblast growth factor (b-FGF) [1]. Sev-
eral research have shown the role of CSF factors on prolifera-
tion and differentiation of mesenchymal stem cells (MSCs)
into neuron-like cells through the interacting by specific
receptor on the cell surface. This findings suggest that the
tissue microenvironment can induce the differentiation [2,3].
According to our previous study, we investigated the influ-
ence of CSF accompanied by retinoic acid (RA) on differen-
tiation of MMSCs into neuron-like Cells in vitro. The results
suggested that CSF accompanied RA lead to differentiation
of neuron-like cells from BMSCs in vitro [4]. As well CSF by
its factors such as IGFs regulates a condition that is required
for maintenance of neural progenitor cells that are located in
subgranular zone and subventricular zone. So, Alterations
in neural stem cell homeostasis can contribute to the conse-
quences of neurodegenerative disorder such as Alzheimer’s
disease (AD) [5,6]. On the other hand, the aggregation of
some misfolded proteins in AD cause the neuronal death in
the hippocampus [7,8]. However, without inductive condi-
tions, human dental pulp stem cells (hDPSCs) can express
neural progenitor marker such as Nestin and GFAP but un-
der specific conditions, can express the post-mitotic neural
marker like NeuN, which indicates their potential in neural
differentiation [9,10]. Although hDPSCs in condition media
with various molecules as inducer can differentiate into neu-
ron-like cells, their differentiations are incomplete [9]. Nev-
ertheless, one strategy to change the phenotype of hDPSCs
into neural-like cells is to simulate of neurons using growth
factors, cytokines and vitamins. Therefore, the current study
focuses on the evaluation of neurogenic potential of hDPSCs
using CSF and RA as inducers. These ecto-MSCs have some
characteristics which make them appropriate source for use
in cell therapy. For example, they are easily obtained from
dental pulp tissue, high proliferation potential and they can
differentiate into multiple cell lineages such as neurons in
vitro [9,11]. Other factors such as RA are used for differen-
tiation of stem cells into neuron-like cell. RA is one of the
most important morphogens is involved in the early stages of
central nervous system development and cause neurogenesis
[12]. So, this factor can be used as a therapeutic molecule to
induce regeneration of axons [13]. In this way, Sagha et al. [14]
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evaluated the effects of RA on stem cells and concluded that
RA increased the rate of neurogenesis. Although, different
factors have been investigated to differentiate MSCs into the
neuron-like cells, no suitable condition has provided for this
type of differentiation. We found that using CSF and RA on
the hDPSCs could improve the quality of the derived neuron
like-cells. Therefore, transplantation of this source of cells
probably can be considered as a therapeutic approach for the
neurodegenerative disease treatment.

Materials and Methods

Human dental pulp stem cells extraction and
cultivation

In this experimental study, the third molar teeth without
caries were collected under confirmed guidelines set by Den-
tal Clinic of Mazandaran University of Medical Science with
informed consent of the participants and in according to
Helsinki Declaration. The surfaces of the teeth were cleaned
by phosphate buffered saline (PBS), then the pulp tissue
was gently separated and cut into small pieces under sterile
conditions and enzymatically digested in digestion solution
which contained the trypsin 0.25% (Gibco, Gran Island, NY,
USA) enzyme, in the next step centrifuged at 800 rpm at 4°C
for 5 minutes, then the supernatant was removed. The iso-
lated cells were grown in DMEM/F12 (Gibco-Life Technolo-
gies, Invitrogen, Paisley, Scotland, UK) supplemented with
15% fetal bovine serum (FBS; Sigma, St. Louis, MO, USA),
L-glutamine (Gibco), Penicillin (100 units/ml) and Strepto-
mycin (100 mg/ml) (both from Sigma), half of the culture
medium was renewed every 2-3 days that coincides with
monitoring the cells in terms of growth and morphological
features via inverted microscope [11,15].

Collection of cerebrospinal fluid

CSF was collected from 19-day-old Wistar rat embryos. In
sterile conditions, CSF was collected from Cisterna magna
region and transferred into sterile micro tubes. After cen-
trifugation (14,000 rpm, 5 minutes, room temperature), the
supernatant was kept in -80°C temperature [1,16,17].

Neural differentiation induction

Neurospheres formation of hDPSCs was performed as
reported by Darabi et al. [18]. Briefly, 2x10° the hDPSCs cells
were added on a 24-well culture plate in medium contain-
ing serum-free DMEM/F12 with 5% embryonic cerebrospi-
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nal fluid (E-CSF) for 2 days. Then, the neurospheres were
cultured in the 6-well plate in DMEM/F12 supplemented
with 10° RA, 5% FBS, 2% B27, 100 ng/ml glial-derived neu-
rotrophic factor (GDNF, Invitrogen, Paisley, Scotland) and
200 ng/ml BDNF (Invitrogen, Paisley, Scotland) for 6 days.
In addition, 2x10° the hDPSCs cells were cultured on a 24-
well culture plate in basic culture medium for 2 days, and
then the neurosphers were transferred into the 6-well plate in
DMEM/F12 supplemented with 5% FBS, 2% B27, 100 ng/ml
GDNF and 200 ng/ml BDNF for 6 days. The cells which were
cultured in basic culture medium were considered as control

group.

Cell viability assay (MTT test)

The cell metabolic activity of isolated hDPSCs quanti-
tatively was assesed by the MTT (3-(4,5dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide) according to manu-
facturer instructions (Sigma-Aldrich). Briefly, hDPSCs were
seeded (4x10" cells/well, in triplicate) in a 6-well plate. After
incubation, under standard conditions of temperature and
humidity, removed the supernatant and the cells were ex-
posed to 50 pl of Dimethyl sulfoxide (Sigma-Aldrich), then
placed onto a roller for 5-10 minutes to dissolve the forma-
zan crystals. Finally, the absorbance measured at 570 nm by
a Cytofluor 4000 plate reader (PerSeptive Biosystems, Fram-
ingham, MA, USA) [19].

Morphologic evaluation

Morphologically differentiated cells were daily analyzed
by inverted microscope (Eclipse-TS100; Nikon, Tokyo, Ja-
pan). In addition, the longest protrusion in each cell was
considered as neurite out growth and the length of these
processes was measured on days 4 and 8 after differentia-
tion by Image J 1.41 software (National Institute of Health,
Bethesda, MD, USA).

Cytological evaluation
Crystal violet stain: In order to identify Nissl bodies in
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neural-like cells, Cresyl violet (Cresyl Echt Violet Stain,
Merck Germany) staining was performed on 8th day after
induction. Cells were fixed in 4% paraformaldehyde (PFA,
Sigma-Aldrich) for 20 min at room temperature and then
washed three times with PBS, and stained using 0.5% Cresyl
violet for a period of 2-3 minutes and positive reaction cells
were considered as neuron-like cells [4].

Bielschowsky’s silver stain: After washing, the cells were
incubated in solution that contains silver nitrate and ammo-
niacal silver nitrate for 15 minutes at 40°C. Then, developer
solution was used and the cell plates were washed in PBS.
Dark brown-black neurites were considered as a positive
reacted cells and axons length were measured using the soft-
ware Image ] 1.41 [10].

Immunocytochemistry evaluation

Expression of neuronal markers, Nestin and MAP2, was
evaluated in differentiated cells using Immunocytochemis-
try. After three times washing with PBS, differentiated cells
were fixed using 4% PFA. Then, the fixed cells were washed
with PBS three times after 15 minutes. In the next step, to
penetrate cells and inhibition of non-specific antigens, prob-
ably attached to secondary antibodies, they were incubated
with Triton X-100 (Sigma-Aldrich) for 30 minutes and bo-
vine serum albumin (BSA, Sigma-Aldrich) for 45 minutes
at room temperature, respectively. Then, the cells were in-
cubated for one hour with primary monoclonal antibodies.
After three times washing with PBS, the cells were kept with
suitable secondary antibodies conjugated with Phycoery-
thrin (PE, Sigma-Aldrich) for one hour at 37°C. Then, DAPI
(Sigma-Aldrich) was used for staining the nucleus. Finally,
the neural markers were examined using fluorescent micro-
scopes (Eclipse-TE600, Nikon) and imaging took place [20].

Real-time polymerase chain reaction

Total RNA was harvested from cell groups at different
stages of cell differentiation using Trizol Reagent (Invitrogen
Life Technologies, Carlsbad, CA, USA), after quantification,

Table 1. The sequences of the primers and conditions for real-time polymerase chain reaction

Gene Significance Forward primer (5-3) Backward primer (5-3") Size (bp)
Oct4 Stemness marker TATGCAAATCGGAGACCTG AAGCTGATTGGCGATGTGAG 143
Sox2 Stemness marker CCGTTACAGACAAGGAAGG CAACGATATCAACCTGCATG 195
Nestin Neuroprogenitor marker AAGAGAGCATAGAGGCAGTAA GAGATTTCAGTGTTTCCAGGT 93
NE-M Differentiating neuronal markers GACGGCGCTGAAGGAAATC CTTGGCGGAGCGGATGGCCT 142
NF-H Mature motor neuron marker CAGCCAAGGTGAACACAGAC GCTGCTGAATGGCTTCCT 189
GAPDH Internal control GTTGTCTCCTGCGACTTCA CTTAGAAGAGACGCAGAG 190
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Fig. 2. The comparison between the mean viability rates at experi-
mental and control groups in days (D) D2, D4, D6, and D8 (P<0.05).

5 ug RNA was reverse-transcribed into cDNA using oligo
dT primer and reverse transcriptase (Fermentas), according
to the manufacturers’ instructions. In this regard, random
primers (Fermentas) were used, under standard conditions.
Real-time polymerase chain reaction (PCR) amplifications
were conducted for 3 minutes at 95°C and PCR cycling con-
ditions were 95°C, 30 seconds; 60°C, 45 seconds; and 72°C,
45 seconds; for 40 cycles and 72°C for 7 minutes for the final
extension. For the real-time PCR analysis, the final products
were separated on a 1.5% agarose gele (Fermentas) and de-
tected with ethidium bromide, visualized and photographed
on a UV transluminator. The sequence of the primers which
are considered in this experiment are described in Table 1.

Statistical analysis

Statistical analysis was performed by SPSS for Windows,
Version 16.0 (SPSS Inc., Chicago, IL, USA). One-way ANO-
VA and Chi Square test were used to analyze the data based
on the comparison of the mean quantitative variables. In ad-
dition, significant level was considered as P<0.05.

www.acbjournal.org
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Fig. 1. Phase contrast microscopy photo-
graph. (A) Fbroblast like cells of human
dental pulp stem cells with spindle-
shaped morphology were observed. (B)
Morphological modifications of human
dental pulp stem cells 8 days after
induction by the inverted microscope.

Scale bars=100 pum (A, B).

10 um

Fig. 3. Cresyl violet staining. Human dental pulp stem cells at experi-
mental groups on day 8. Scale bar=10 pm.

Results

At the onset of cell culture, the hDPSCs were appeared
elongated-shaped. The cells could be proliferated consistently
and formed colony. Following, the cells were cultured and the
sub-cultured cells exhibited fibroblast-like morphology and
their phenotypes were kept during passages 3-5 (Fig. 1A).

Our morphological assay proved that specific neuronal
morphological changes were observed with bipolar and mul-
tipolar soma, large euchromatin nuclear, clear nucleolus and
a cytoplasm rich in granules in experimental group (Fig. 1B).
It should be noticed that induced cells in some cases estab-
lished their cytoplasmic processes and expanded synapses
with adjacent cells. In addition, button like areas were found
at the end point of cellular processes that may indicate the
functional connection between neurons. These structures
were only observed in treated group on day 8 (Fig. 1B). In
contrast, cells which were cultured in basic culture medium,
exhibited spindle-shaped fibroblast like-cell phenotype.

The percentages of viable cells in the experimental group
in all days was higher than in the control group. However,
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there is not seen a significant differences between two groups
(P<0.05) (Fig. 2).

According to the results of Cresyl violet staining, the most
of the neuron-like cells showed positive reaction. Moreover,
spherical objects similar to Nissl bodies were found within
the cytoplasm of these cells (Fig. 3).

One of the most important indicators of neuronal phe-
notype are presence of long process as axon in differentiated
cells observed and were measurable in the treatment groups
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from 4th day (Fig. 4A, B). The diameter of processes with the
same size or larger than cell body was measured in microm-
eter (um). The maximum length of axons was measured on
day 8 in the experimental group compared to control group
(Fig. 4C).

In order to identify neuroprogenitor cells and neuron-like
cells, Nestin and MAP2 markers were applied, respectively. A
high percentage of neural progenitors cells were detected in
the experimental group. However, the expression of MAP2,

C
Experimental Control
group group
Day 4 51.86 9.69
Day 8 178.13 23.94

Fig. 4. Biclschowsky’s silver staining at experiment group in days 4 (A) and 8 (B) (Scale bars=10 Ium). Q) Comparing the rate of axon gl‘owth

between the experimental group on days 4 and 8 with control group (P<0.01).

Relative mRNA expression
w

.

6 - Real time PCR

Fig.S. lmmunocyt()chcmistr}‘ of neuron-
like differentiated cells from human
dental pulp stem cells. Expression of
nestin the (A) control and (B) experi-
mental groups on day 3, (C) expression
of MAP2 in the experimental group on
day 8. Scale bars=10 pm (A-C).

1 D2
_I_ 1 D4
5 1 [ D6
‘I‘ Il D3
44 } ol *k Kk
. h
2 a « . . *kk
1 N 1 *kk
0 T T T T T T |* T T T 1
Oct4/Exp  Oct4/Co  Sox2/Exp  Sox2/Co Nestin/Exp Nestin/Co NF-M/Exp NF-M/Co NF-H/Exp NF-H/Co

Days (D)

Fig. 6. Real-time polymerase chain reaction (PCR) analysis for neural markers during in vitro differentiation of human dental pulp stem cells (n=3
biological samples, meantstandard deviation; *P<0.05, **P<0.01, ***P<0.001).
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known as a marker for mature neurons, was only observed
in the experimental group (Fig. 5).

Real-time PCR analysis revealed that higher expression of
Oct4 and Sox2 (pluripotency genes) were seen at first day of
neurospheres formation and their expresstion were remark-
ably decreased from day 4 to day 8 in experimental group
than control group. However, the level of nestin expresstion
was gradually increased from day 2 to day 4 in experimental
group. Whereas, the expresstion NF-M was increased from
day 4 to day 8. In addition, the expresstion NF-H was not
seen within first-two days of induction. Interestingly, their
expression were considerably increased from day 4 to day 8

(Fig. 6).
Discussion

Neurodegenerative disease is the progressive disorder
that causes the patient’s disability and it imposes the high
costs on patients and communities every year. Recently, the
researchers sought to reveal the early pathogenic hallmark in
AD and tried to block it [8]. In this way, they tried to prevent
the death of neurons or progenitor neuron stem cells. But,
the key point to consider is that the pathology of neurogical
disorders begins long before the onset of clinical symptoms.
So, without pre-clinic treatment, apoptosis is observed in
neural progenitor stem cells and mature neurons before the
appearance of cognitive symptoms [21]. Moreover, scientists
have designed various therapeutic drugs, but unfortunately,
the results have not been promising to replace the damaged
neurons, they only relieve some of the physical or mental
symptoms [10,22]. In contrast, stem cell therapy is one of the
most important strategies in medicine [23,24]. One of the
important factors to consider when choosing a cell source is
the ability of cells to differentiate into the neuron-like cells
in-vitro [24-26]. But most of these sources are obtained in
invasive approaches [27]. Also, the efficiency of these dif-
ferentiated cell is low and unpredictable [9]. Thus, in this
study we used hDPSCs which are considered as a suitable cell
source capable of neuronal differentiation. These cells de-
rived from the ectomesenchymal neural crest, therefor they
have biological characteristics of mesenchymal and neural
crest stem cells that is similar to the origin of CNS [27]. In
this regard, Zhang et al. [28] differentiated and transplanted
these cells into the hippocampus of AD mice and observed
higher repair ability compared with undifferentiated cells.
In this study, for the first step, hDPSCs isolated and cultured
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and the real-time PCR analysis showed the expression of
Oct4 and Sox2 that are related to pluripotency. In the next
step, the process of cell differentiation of these clonical cells
into neuron-like cells in neural culture media was considered
[29]. As CSF is in direct contact with the stem cells niche of
central nervous system, it seems that it contains factors such
as growth and neurotrophic factors, cytokines, molecules
binding extracellular matrix proteins and other nutrients
required for survival, proliferation and differentiation of
progenitor cells into mature neurons [30]. Considering the
E-CSF have higher mean total protein concentration such
as IGE-2 and TGF-B3 which is probably cause higher pro-
liferation and more neural differentiation [1]. Also, E-CSF
contains BMPs that cause to survival and phenotypic matu-
ration of neuronal progenitor stem cells in developmental
stages [17]. In this paper hDPSCs cultured with the medium
supplemented with E-CSF, we hypothesized that adding
E-CSF to the culture medium could provide a suitable mol-
ecules for differentiation of hDPSCs into neuron similar to
a microenvironment provided in embryonic period. Also, in
this study, the results showed that our treated cells survive in
sequential passages without losing their ability to proliferate
which is probably related to HGF/c-Met signaling that caused
to development and maintenance of the nervous system [17],
also, the results of MTT assay showed that the neuron-like
cells viability after induction by E-CSF was significantly
higher than control group. In healthy brain, the neurotrans-
mitters travel across the synapse but, neurodegenerative dis-
ease destroys the way electrical charges travel whithin cells
[31]. In current study, the differentiated cells in the treated
group connect with each other through synaptic -like con-
nections, which may serve as the functional properties of
the differentiated cells. One possible explanation for this
event is component of E-CSF such as memberanous particle
that have an effect on the modulation of signal transduction
[17]. Hence a profitable line of future research might be to
confirm this evidence such as physiological monitoring. Fur-
thermore, real-time PCR results illustrated the expression of
Nestin gene as Neuroprogenitor marker in treated hDPSCs
by E-CSF in the early days of the induction protocol. The
result lend support to Lehtinen’s study [32,33]. It seems that
adding RA into the E-CSF containing medium leads to early
differentiation of neural progenitor cells from hDPSCs. As
well, it induces the proliferation of neural progenitor cell
by IGF-2 that is just in E-CSF. In addition, CSF is able to
induce final differentiation of neural precursor cells to ma-
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ture neurons by its neurotrophins [17]. At this point, real-
time PCR showed the expression of NF-M and NF-H gene
(respectively, as differentiating neural marker and mature
motor neuron marker) at the end of the period of induction
by E-CSF which confirms the results obtained through im-
munocytochemistry. The results of outgrowth measurement
revealed that the highest growth of process -like neurite was
seen in differentiated cells on day 8 with significant differ-
ences. This was attributed to the combination of RA and
CSF which contains IL-1B and IL-6 and Neurotrophins [17]
which had synergistic effects on cells. The immunocyto-
chemistry findings showed that, the percentage of Nestin-
expressing cells in the treated group was higher than control
group, this result supports the previous claims [34,35]. In the
present study, the possible reasons for increasing the Nestin-
expressing cells in the treated group compared to control
group are that, CSF causes expression of genes such as Sonic
hedgehog and transcription factors such as PAX6 and PAX7
related neurogenesis. These factors not only cause the initial
differentiation of neural progenitor cells from hDPSCs, but
also the proliferation of neural progenitor cells. It should be
noted that a set of molecules such as BMP and Wnt interact
in the induction of neuronal differentiation in vivo [36]. Ac-
cording to the results, presence of MAP2 expressing cells
in treated group may be related to neurotrophic factors and
other substances in the CSF that decreases the expression of
the transcription factors and causes the transition from the
pre-neural form and provides induction of adult neurons
differentiation in culture medium. Furthermore, the mor-
phological features of differentiated cells were demonstrated
by cytological studies. Consistent with morphological assay,
Nissl bodies were characterized with Cresyl violet stain as
purple particles in the cytoplasm of cells and the percentage
of positive reacted cells was significantly increased in induc-
tion and post-induction stages. Neurospheres these findings
confirmed previous studies. Finally, further research investi-
gating in vivo experiment would be a very useful follow-up to
this study.

In conclusion, taking these together, we have designed a
simple protocol for generating neuron-like cells using CSF
from the hDPSCs, applicable for cell therapy in several neu-
rodegenerative disorders.
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