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Abstract: Mesenchymal stem cells (MSCs) are undifferentiated cells that have the ability of self-renewal and trans-
differentiation into other cell types. They hold out hope for finding a cure for many diseases. Nevertheless, there are
still some obstacles that limit their clinical transplantation. One of these obstacles are the xenogeneic substances
added in either proliferation or differentiation media with subsequent immunogenic and infectious transmission
problems. In this study, we aimed to replace fetal bovine serum (FBS), the main nutrient source for MSC prolifera-
tion with xeno-free blood derivatives. We tested the effect of human activated pure platelet-rich plasma (P-PRP) and
advanced platelet-rich fibrin (A-PRF) on the proliferation of human adipose derived-MSCs (AD-MSCs) at different
concentrations. For the induction of MSC neural differentiation, we used human cerebrospinal fluid (CSF) at differ-
ent concentrations in combination with P-PRP to effect xeno-free/species-specific neuronal/glial differentiation and
we found that media with 10% CSF and 10% PRP promoted glial differentiation, while media with only 10% PRP
induced a neuron-like phenotype.
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Introduction Platelet-rich plasma (PRP) is a blood derivative
that provides a natural cocktail of autologous
growth factors capable of potentiating stem cell
proliferation, migration, and differentiation [37,
67]. Furthermore, it has the ability to up-regu-
late pluripotency markers and down-regulate
lineage-specific marker expression in human
MSCs, adipose-derived stem cells, and human
muscle-derived progenitor cells [30, 31, 45].
Additionally PRP can decrease cell death via
the reduction of expression levels of the Bcl-2-

Among the different types and sources of stem
cells, special attention has been directed to
adipose-derived mesenchymal stem cells (AD-
MSCs). Among the reasons are an easier and
less invasive collection technique than with
bone marrow, a high in vitro proliferative rate,
multi-differentiative potentiality, and tissue
repair properties [6].

Fetal bovine serum (FBS) is the most widely

applicable cell culture additive to stimulate cell
proliferation (Jayme, Epstein, and Conrad
1988), but the safety and suitability of FBS are
problematic due its high endotoxin content [11]
and the risk of infection transmission [10]. FBS-
free culture techniques would make in vitro cell
culture more economical and ethical [52].

interacting mediator of cell death (BIM) gene
and by inhibition of apoptosis [13].

Platelet-rich fibrin (PRF), a second-generation
platelet concentrate, [8], can be produced sim-
ply without any anticoagulants thereby eliminat-
ing the risk associated with the use of bovine
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thrombin [43]. Choukroun, a developer of PRF,
furthermodifiedittoanadvancedform called ad-
vanced PRF (A-PRF) [15] which released signifi-
cantly higher total quantities of growth factors
compared to traditional PRF [25].

It has been reported that in vitro differentiation
of MSCs into neural precursor cells before
transplantation may regulate the transplanted
cells differentiation in the damaged areas and
lower the risk of malignant transformation
compared to actively dividing precursors [26,
64-66].

There are several methods to induce differenti-
ation of MSCs into neural cells, but, most of
them use exogenous substances that pose cer-
tain risks, thus researchers have searched for
inducers that are close to the natural niche of
the human body. Cerebrospinal fluid (CSF) is
the best candidate (Ge et al. 2015) as human
CSF contains sufficient components and pro-
vides a physiological microenvironment suit-
able for induction of MSCs to differentiate into
NSCs [60].

In our present work, we aimed to produce xeno-
free/species-specific neural and/or glial differ-
entiation media via replacement of an exoge-
nous neural inducer substance with CSF and by
replacement of the xenogeneic FBS by one of
the platelet-rich blood derivative formulations.

Material and methods

Isolation of MSCs from adipose tissue in the
presence of FBS

In a sterile biological safety cabinet, a lipoaspi-
rate sample was taken from a 23-year-old wom-
an’s brachium. It was transferred from the
syringe to a sterile bottle and digested with
0.075% collagenase type 1 (17018-029, Gibco)
with shaking at 37°C for 45 minutes. Next the
bottle content was transferred into 2 Falcon
tubes containing 10 ml of complete media to
neutralize enzymatic activity of the collage-
nase, containing 90% DMEM-F12 (BEO4-687Q,
Lonza), 10% FBS (fetal bovine serum) (Cat.
10270, Gibco) and 1% Penicillin/Streptomycin/
Amphotericin B (Cat. 17-745E, BioWhittaker,
Lonza) [63]. The tubes were centrifuged at
1800 rpm/5 minutes; the resulting superna-
tant (oil + fat + collagenase) was discarded and
10 ml of complete media was added to the
resultant stromal vascular fraction (SVF). The
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tubes were centrifuged again at 1800 rpm/5
min. Next 20 ml of complete media was added
to each resultant pellet (after removal of the
supernatant). The pellets were then transferred
into 75 cm? tissue culture flasks and incubated
for 3 days in a CO, incubator at 37°C and 5%
Cco

2"

MSCs culture

Every 3 days, old complete media was removed
and replaced with 20 ml new complete media.
The flasks were observed daily with an inverted
microscope until the cells reached 90% conflu-
ence, as determined by visual observation.
When the percentage of the attached cells on
the plastic surface of the tissue culture flask
was nearly 90%, cells were subcultured from
each original flask into 2 flasks. In this state,
cells were designated as passage one (P1).
During the trypsinization process, the old media
was removed and replaced by 10 ml phosphate
buffer saline (PBS) (Cat. BE17-516F, BioWhi-
ttaker, Lonza) for about 30 seconds then the
PBS was removed. After that, 10 ml of pre-
warmed trypsin/EDTA solution (Cat. BE17-16
1E, BioWhittaker, Lonza) was added and the
flasks were checked with an inverted micro-
scope until the cells were seen to be separated
from each other but still attached to the flask.
At that stage the shape of the cells changed
from the spindle shape to spherical. The trypsin
was removed and the cells were incubated in a
CO, incubator for about 2 minutes during which
complete separation of cells occurred. After
that, 40 ml of complete media was added to
stop the trypsin effect. Cells were divided into 2
new flasks, each containing 20 ml of complete
media, and then incubated in the humidified
incubator at 37°C and 5% CO,. The culture of
the cells was continued untill passage 3 (P3) at
which, the isolated MSCs were characterized
using flow cytometer analysis (Soleimani and
Nadri 2009).

Flow cytometry

To confirm that isolated cells were MSCs, flow
cytometry was performed for CD9O, a marker
positive for mesenchymal stem cells and CD45,
one which is negative for mesenchymal stem
cells but positive for hematopoietic cells.

Cells in P3 after trypsinization were washed
twice in PBS containing 1% bovine serum albu-
min. The cells were then stained with anti-
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CD9O0-FITC and anti-CD45-FITC (all purchased
from BD Biosciences, USA) and incubated at
room temperature for 30 minutes in the dark.
After that, cells were washed with 2 ml of PBS/
BSA, centrifuged at 1500 rpm for 5 minutes
and the resulting supernatant was discarded.
Cells were resuspended in 0.4 ml of 1% para-
formaldehyde in PBS for fixation until acquiring
the sample on the flow cytometer. The data
were acquired and analyzed with a BD Accuri
C6 flow cytometer).

Preparation of activated pure PRP (P-PRP)

Whole blood from three different donors was
collected in PRP tubes containing Na citrate.
The tubes were centrifuged at 1200 rpm/10
minutes (160 x g/10 minutes) and the resul-
tant plasma was transferred into new tubes
lacking anticoagulant, avoiding buffy coat and
erythrocyte contamination. A second centrifu-
gation step was performed at 1500 rpm/15
minutes (250 x g/15 minutes). After the sec-
ond centrifugation the upper two-thirds con-
taining PPP (platelet poor plasma) was discard-
ed and the lower third containing PRP (platelet-
rich plasma) was collected [59].

After that, PRP was activated via the addition of
calcium chloride at a dose of 3.4 mg/ml in a
glass tube which was left in the incubator [54]
for 10 minutes after which the whole PRP
turned into a gel. The formed gel was allowed to
stand for 4 hrs, then compressed; the resultant
solution was centrifuged at 14799 rpm/10 min-
utes (16160 x g/10 minutes). The supernatant
collected was activated PRP, concentrated at
100%. From this other concentrations were
prepared by serial dilutions for the proliferation
assay. To collect a large volume of PRP, whole
blood was collected from 3 different donors;
about 500 ml blood from each one was collect-
ed into a triple blood bag for PRP preparation
and activation as discussed previously.

It was noted that if PRP were added directly to
culture media, without the activation process,
the platelets would chelate thanks to the calci-
um present in the media; which would then
change from a liquid form into a gel which would
not be useful. Chelation depends on the per-
centage of Ca?* present in the media. We found
that: PRP + DMEM low glucose Sigma = some
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gel fragments in the whole volume. PRP +
DMEM low glucose Lonza = No gel. PRP +
DMEM high glucose Lonza = some gel
fragments in the whole volume. PRP + Hams/
F12 Lonza = No gel. PRP + DMEM high glucose
+ Hams/F12 Lonza = No gel.

Preparation of A-PRF

From the same three donors of PRP, approxi-
mately 10 ml of whole blood each was collect-
ed in 3 vacuum glass tubes without anticoagu-
lant for A-PRF preparation.

The tubes were centrifuged at 1500 rpm/14
minutes [25] after which the formed gel was
collected using surgical tweezers and separat-
ed from the lower layer rich in red blood cells.
Thus most RBCs were removed to avoid precipi-
tation of RBCs in the culture, which would pro-
duce a false result. The gel was then com-
pressed [46] resulting in A-PRF exudates and
A-PRF membrane; A-PRF exudates were col-
lected for the experiment while the remaining
PRF membrane was discarded. The exudates
were centrifuged at 14799 rpm/10 minutes
(16160 x g/10 minutes) to precipitate RBCs.
The resultant supernatant collected and stored
at -20°C until use.

Cell proliferation assay

AD-MSCs were seeded at a density of 3000
cells/well in 96-well culture plates in complete
media (with 10% FBS) until the next day. Then
the complete media was replaced with serum-
free media (0% FBS) for 4 hrs. The serum-free
media was replaced with different concentra-
tions of activated PRP and advanced PRF: 20,
10, 5, 2.5, 1.25, 0.6% in serum-free media.
10% FBS was used as a control. Each concen-
tration was duplicated for each donor.

After 3 and 5 days, the proliferation rate was
evaluated using the MTT assay according to the
manufacturer’s instructions. MTT measures
the metabolic activity of mitochondrial enzymes
of the cultured cells. Tetrazolium salts were
transformed into visible dark blue formazan
deposits using cellular mitochondrial dehydro-
genase. The amount of color produced was
directly proportional to the number of viable
cells [50]. The plates were read by an ELISA
reader (BioTek, made in USA, SN 269050) at
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Table 1. Forward and reverse primers sequence for candidate genes

Gene Forward Reverse Anneal.Temp. Product length
MAP2 CCAATGGATTCCCATACAGG TCTCCGTTGATCCCATTCTC 56°C 100
Nestin GAGCAGGAGGAGTTGGGTTC TCCTCGCTCTCTTCTCTGCT 56°C 80

GFAP AGATCCACGAGGAGGAGGTT ATACTGCGTGCGGATCTCTT 65°C 122
GAPDH CCACCACACTGAATCTCCCC TGGTACATGACAAGGTGCGG 56°C 90

490 and 630 nm wavelengths and the mean
was taken.

Differentiation of MSC into neuronal and glial
cells

At P3 MSCs were trypsinized and one million
cells were collected as a control for RNA extrac-
tion and gene expression (undifferentiated
MSCs with 20% PRP). Then small numbers of
cells (30,000 cells) were seeded with culture
media containing 10% PRP in each 25 cm? tis-
sue culture flask. The next day, we added CSF
to the culture media at different concentra-
tions. The media were changed every day for 8
days and on the 9% day, all cells were collected
for RNA extraction and gene expression. The
groups (G) used were: G1 (the control group col-
lected during the proliferation stage with 20%
PRP just before starting the differentiation
stage and considered as day 0), G2 (0% CSF +
10% PRP in DMEM F-12), G3 (0.5% CSF + 10%
PRP in DMEM F-12), G4 (2.5% CSF + 10% PRP
in DMEM F-12), G5 (5% CSF + 10% PRP in
DMEM F-12) and G6 (10% CSF + 10% PRP in
DMEM F-12). CSF was collected by lumbar
puncture of a 31 year-old woman suffering from
benign intracranial hypertension (BIH) syn-
drome. BIH or pseudotumor cerebri is defined
by increased intracranial pressure, an absence
of ventriculomegaly, no evidence of intracranial
extensive lesion and normal CSF composition
[55]. Once CSF was drawn, it was transported
into the lab quickly and filtered with 0.2 um
syringe filter in a safety cabinet to sterilize the
sample from any contaminants, which might
have been introduced during collection. The
CSF was then aliquoted into sterile vials and
stored in -20°C until use.

RNA extraction and RT-PCR
Real time-PCR was performed for Nestin, a

neural progenitor marker; for microtubule-as-
sociated protein 2 (MAP2), a mature neuronal
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marker; and for glial fibrillary acidic protein
(GFAP), a mature astrocyte marker.

The first RNA preparation was performed be-
fore the induction of the cell differentiation as
a control sample; and at the 9th day of diffe-
rentiation, using Direct-zol™ RNA MiniPrep (Cat.
R2050, USA) according to the manufacturer’s
instructions. The extracted RNA’'s concentra-
tion was measured with a NanoDrop™ 2000
(Spectrophotometers; Thermo Scientific, USA).
cDNA was synthesized from total RNA using
the High-Capacity cDNA Reverse Transcription
Kits according to the manufacturer’s instruc-
tions. Finally, Real time-PCR with SYBR Green
was used to measure the expression of mRNA
of target genes, with GAPDH as an internal
reference using HERA SYBR Master Mix 2x
(WF1030400X) following the manufacturer’s
protocol. The primers used in the amplification
are shown in Table 1.

Statistical analysis

Using GraphPad Prism 6.0 (GraphPad Soft-
ware, Inc., La Jolla, CA, USA), means and SD
were calculated from triplicates. The relative
fold of change of gene expression was deter-
mined using a one-way analysis of variance
(ANOVA) followed by Dunnett’s post hoc test.
Data obtained were compared to the control,
and P < 0.05 was considered significant.

Results

Characterization of MSC cultured with 10%
FBS

Morphological analysis: On the 3rd day of isola-
tion, small spindle-shaped MSCs started to
appear with confluence of about 40%. They
adhered to the plastic surface of the flask with
large numbers of non-MSCs present. On the
6th day, the number of cells increased, and the
cells became larger and more spindle-shaped.
From the 2nd feed until passage 1 (P1) MSCs
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Figure 1. Analysis of undifferentiated AD-MSCs cultured with 10% FBS, 20% PRP and the 1st day after culturing
with 10% PRP just before addition of CSF for differentiation induction. (A, B) Flow cytometry analysis showed that
74.9% of AD-MSCs were positive for CD90 (A) and only 5.6% for CD45 (hematopoietic marker). Other images repre-
sent the morphological analysis via inverted phase contrast microscope. (C, F) represent day 1 of isolation showing
SVF containing a heterogeneous type of spherical cells suspended in the media. (D, G) represent day 6 of isolation
showing spindle-shaped MSCs attached to the plastic surface of the flask. (E, H) showed spindle-shaped MSCs with
a high density just before P3 with 4x magnification) while (I-K) show AD-MSCs after incubation with only 10% PRP
for 24 hr. Before addition of CSF showing different morphological changes, some cells are polygonal shaped with
astrocyte-like morphology (l), some other cells start to take tapered shape (J) and others still showed spindle shape
(K) with 10x magnification.

proliferated more and more, reaching a conflu- (Figure 1). In contrast, CD45, a negative mark-

ence of 90%, at which point subculture was
necessary. Culture continued until P3 and with
each feeding and passage process the number
of non-MSCs decreased and MSCs increased,
with the culture becoming more pure (Figure
1C-E). The morphological change was the same
as those of cells isolated and cultured with
20% activated P-PRP (Figure 1F-H).

Flow cytometry analysis: Flow cytometry re-
vealed that MSCs were positive for CD9O,
which is highly expressed in 74.9% of the cells
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er for MSCs and positive marker for hematopoi-
etic cells, was expressed in only 5.6% of the
cells (Figure 1).

Cell proliferation assay

The results of MTT assay demonstrate that the
addition of 20% of activated P-PRP induces a
higher proliferation rate of AD-MSCs in compar-
ison to P-PRP or 10% FBS either at 3 or 5 days.
20% of A-PRF induced a higher proliferation
rate of AD-MSCs than 10% FBS eitherat 3 or 5
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Table 2. Table shows the means of cell viability (%) as measured by
ELISA reader after culturing in 96-well plate with activated PRP and
A-PRF at different concentrations and 10% FBS as a control for three
days

A-PRF  A-PRF  A-PRF PRP PRP PRP
3 day 10% FBS
Donor A Donor B Donor C Donor A Donor B Donor C

20%  140.7% 125.1% 131.6% 163.8% 148.9% 156.1%
10% 103% 101.4% 99.2% 146.9% 119.4% 99.2% 100%

5% 86.9% 89.9% 86.3% 114.6% 95.6% 93.5%
25% 853% 87.7% 79.8% 96.9% 84.17% 82.1%
1.25% 85.3% 83.4% 79.1% 89.2% 76.9% 75.5%
0.6% 86.9% 82.7% T74.8% 94.6% T71.2% 59.7%

Table 3. Table for the means of cell viability (%) as measured by
ELISA reader after culturing in 96-well plate with activated PRP and
A-PRF at different concentrations and 10% FBS as a control for five
days

A-PRF  A-PRF  A-PRF PRP PRP PRP
5 day 10% FBS
Donor A Donor B Donor C Donor A Donor B Donor C

20% 169% 114.7% 124.7% 278.1% 167.8% 199%

10%  107.7% 83.6% 89.6% 193.6% 107.3% 99% 100%
5% 88% 76.3% 80.1% 1183% 86.3% 84.1%
25% 852% T74.7% 68.8% 102.1% T4.2% T79.7%
1.25% 88.7% 721% 65.8% 87.3% 621% T4.2%

0.6% 845% 67.8% 772% 95.7% 584% 67.3%

ed day after day until reach-
ing high confluence on the
9th day, at which point
extraction of RNA was per-
formed. There was no ch-
ange of cell morphology
among all groups with the
exception of G1 (control).
Some cells showed neural-
like shapes with a long pro-
cess on one side (axon-like)
and processes from other
sides (dendrite-like). Some
cells showed a polygonal
shaped body with short pro-
cesses, similar to astrocy-
te-like morphology. Starting
from the 7th up to the 9th
day the cell morphology be-
came less distinct with in-
creasing cell numbers (Fi-
gure 3).

RT-PCR analysis: The Nestin
gene expression was maxi-
mum in the control group
(20% PRP) compared to
other groups in which the

days; while 10% A-PRF showed no difference at
3 days and slightly lower than FBS at 5 days.
20% of activated P-PRP increased the prolifera-
tion rate significantly over 10% A-PRF (Tables 2
and 3).

Characterization of neuronal/glial cells

Inverted phase contrast microscopic of AD-
MSCs incubated at different time points with
different concentrations of CSF and PRP (Figure
2) revealed the presence of neural-like cells.
These cells were much pronounced in in pres-
ence of 0.5% CSF + 10% PRP at different time
points.

Morphological analysis of differentiated cells:
On the first day (after incubation of cells in only
10% PRP for 24 hr just before addition of CSF),
some cells still showed a spindle shape, while
other cells started to take tapered, triangular or
pyramidal shapes, with some displaying poly-
gonal shapes with astrocyte-like morphology
(Figure 3). Small numbers of processes devel-
oped from some cells. From the 2nd day until
the 9th day in all groups, cell numbers increas-
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expression levels were do-
wn-regulated, suggesting th-
at the cells moved to a differentiation stage
(Figure 3C). MAP2 gene expression was up-reg-
ulated in the 0% CSF + 10% PRP group, indicat-
ing that the decrease of PRP in the culture from
20% to 10% was associated with an increase
of neuronal differentiation (Figure 3A). Finally,
GFAP gene expression was down-regulated in
comparison to the control group and other
groups with the exception of 10% CSF + 10%
PRP group in which it was up-regulated, indicat-
ing glial differentiation (Figure 3B).

Discussion

There are criteria which must be taken into con-
sideration for stem cells to have clinical appli-
cation. Supplements used for either prolifera-
tion or differentiation must be xeno-free in
order to avoid immune rejection after trans-
plantation. Also, stem cells must proliferate in
sufficient numbers to meet the demands of
clinical transplantation [29].

Our study aimed to produce xeno-free autolo-
gous or allogenic neural lineage differentiation
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Figure 2. Inverted phase contrast microscopic images (A-D) of AD-MSCs in-
cubated at different time points with 5% CSF + 10% PRP; 2.5% CSF + 10%
PRP (E-H). (I-L) Some cells show neural-like morphology in presence of 0.5%

CSF + 10% PRP at different time points.

media. Thus we focused on 2 important points;
first, the replacement of FBS with a xeno-free
product during the proliferation stage; and sec-
ond, producing differentiation media (neural/
glial) from a xeno-free product to mimic the
natural niche.

Proliferation analysis

FBS is the proliferative source for MSC but it is
not the best choice for clinical applications
despite its acceptable results. This may be due
to its xenogeneic source, which increases the
risk of transmitting an infectious agent, as well
as immunogenic problems. So many studies
have been focused on the usage of different
blood concentration products such as PRP and
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PRF as a substitute for FBS in
various types of cell cultures.

Both PRP and PRF have re-
vealed promising but confus-
ing results in various stem-
cell-based tissue engineering
and regenerative medicine
applications (Masoudi et al.
2017). A-PRF is a modified
form of PRF which releases
significantly more growth fac-
tor over time compared to
standard PRF [25]. Thus, we
focused on P-PRP (specifical-
ly activated pure PRP) and
A-PRF as substitutes for FBS
and tested their effect on
AD-MSCs proliferation.

Our results show that both
activated P-PRP and A-PRF
are good inducers for AD-
MSCs proliferation and that
20% P-PRP and 20% A-PRF
are more potent than 10%
FBS in all donors either after
3 or 5 days. While 10% con-
centration varied between dif-
ferent donors, for activated
P-PRP the 10% was nearly si-
milar or slightly higher than
10% FBS; while for A-PRF, the
10% was nearly similar or
slightly lower than 10% FBS.
Also when compared between
activated P-PRP and A-PRF
and we found that 10 or 20% activated P-PRP
is more potent than 10 or 20% A-PRF res-
pectively.

Our results agree with most studies that report
that PRP induces cell proliferation, but the best
concentration that exerts the best effect varies
from one study to another.

Tavakolinejad et al. tested the effect of 10 and
15% human PRP (hPRP) on AD-MSC compared
to 10% FBS [51] and it was reported that 15%
hPRP was the most potent supplement for pro-
moting hAD-MSCs proliferation, followed by
10% hPRP and 10% FBS. Also [42, 57] reported
that 15% PRP and 20% PRP stimulated AD-
MSCs proliferation with no significant differ-
ence between them, so they concluded that

Am J Stem Cells 2019;8(2):38-51
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Figure 3. Analysis of AD-MSCs induced to differentiation. (A-C) are graphical representation of real-time quantitative
PCR analysis of MAP2 (A), GFAP (B) and Nestin (C) genes expression showing significant increase of MAP2 with 0%
CSF + 10% PRP indicating neural differentiation and significant increase of GFAP with 10% CSF + 10% PRP indi-
cating glial differentiation while Nestin is significantly decreased in all groups indicating that cells are addressed
toward differentiation. Other images represent the morphological analysis via inverted phase contrast microscope
for AD-MSCs after incubation with 0% CSF + 10% PRP (D-l), and 10% CSF + 10% PRP (J-O) at different time points,
some cells showing neural-like morphology (black arrow) and some others were showing astrocyte-like morphology
(red arrow) while at 9th day the cell morphology become less distinct with high increase in the cells number.

15% PRP was the optimal concentration for the
proliferation of AD-MSCs.

Our previous results are in conflict with other
papers. For example, [1] reported that 10% PRP
induced a higher proliferation effect on human
adipose tissue, bone marrow (BM) and Wharton
jelly, but more than 10% of PRP inhibited cell
growth. Others (Kakudo et al. 2008) reported
that the maximum promotion of AD-MSCs pro-
liferation was exerted by 5% of activated PRP,
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but that 20% did not promote. Also, [32] (Van
Pham et al., 2014) reported that 5% PRP is
sufficient to significantly enhance AD-MSCs
proliferation.

Furthermore [26] reported that 1% PRP stimu-
lated cell proliferation to a great extent but th-
at 3% and 5% PRP decreased proliferation in
comparison to 1% PRP. [7] found that PRP
enhanced AD-MSCs proliferation in a dose-
dependent manner from up to 50%.
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Other studies have reported PRP effects on
other types of cells. [39, 59] reported that 10%
PRP increased rat BM-MSCs proliferation in
comparison to FBS. [19] reported that P-PRP
stimulated tendon stem cell (TSCs) prolifera-
tion with increasing concentrations from 2% to
10%. [37] reported that low concentrations
(1-5%) of PRP stimulated the proliferation rate
of alveolar bone cells while higher concentra-
tions of PRP suppressed proliferation.

[45] reported that 2-20% PRP increased the
proliferation rate of amniotic fluid MSC and th-
at 10% PRP increased the proliferation rate of
skin fibroblasts. But [16] reported that 2.5%
activated PRP induced the maximum effect on
fibroblasts, with higher concentrations (3.5/
5.5%) resulting in a reduction of cell prolifera-
tion.

All these conflicting results may reflect the
fact that there is no standard protocol for PRP
preparation; or that different centrifugal speeds
were used; also that some studies used acti-
vated PRP while others used non activated
PRP; or that variations of the activation meth-
ods and anticoagulant types were used. Some
papers failed to report the type of PRP used,
whether it was L-PRP or P-PRP. This is all in
addition to fundamental individual differences
and the differences between the types of cells
tested. Therefore, it is difficult to assess the
quality of PRP preparations.

With respect to different centrifugal speeds, it
has been demonstrated that the optimal cen-
trifugation protocol for PRP preparation is 250
x g [2] and that more than 800 x g may
decrease the amount of released growth factor
[27]. For activated and non-activated PRP some
researchers reported that activated PRP and
activated PPP increased the proliferation rate
of human AD-MSCs and human dermal fibro-
blasts more than non-activated PRP and non-
activated PPP. Also, they reported that activat-
ed PRP increased the proliferation rate more
than activated PPP [24].

On the question of activation methodology, it
has been reported that the amount of growth
factors released from PRP differs according to
the type of activation method used. PRP fac-
tors release derived from 23 mM CaCl, activa-
tion contains 80% of the total PDGF content
and is easily produced; also CaCl, is an effec-
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tive and inexpensive method so it is suitable for
clinical use. Autologous thrombin induced less
platelet growth factors release than other acti-
vation methods and significantly less platelet
aggregation than bovine thrombin at 5 U/mL,
Thus, autologous thrombin is not recommend-
ed for PRP activation [54].

For pure PRP and leukocyte-rich PRP, studies
have demonstrated that P-PRP is better than
L-PRP. This was proven when some researchers
compared the effects of P-PRP and L-PRP on
tendon stem cells (TSCs) and found that P-PRP
stimulated the growth more than L-PRP. Also, it
has been reported that L-PRP inhibited the pro-
liferation of TSCs in a concentration-dependent
manner [19]. Other studies have tested the
effect of P-PRP and L-PRP on rat BM-MSCs and
demonstrated that the L-PRP group had fewer
cells than the P-PRP group after 5 and 7 days
of culture, reflecting the harmful effects of
TNF-a and IL-1p that are present in L-PRP in an
amount higher than P-PRP [59].

PRF is another blood concentration product,
which can simplify the preparation procedure
of PRP. It is prepared simply without anticoagu-
lant, with only one centrifugation step, and
needs no chemical additives to make a gel.
Clinical results appeared to have fewer contro-
versial aspects when compared to PRP [56].

The modified form of PRF called A-PRF is ex-
pected to contain relatively higher numbers of
white blood cells (WBC) [38], platelets [15] and
higher total quantities of growth factors com-
pared to traditional PRF. Also, because of low-
speed centrifugation, A-PRF fibrin clot is softer
than that of the original PRF [25].

So, in our study, we tested the effect of A-PRF
on AD-MSCs proliferation and found that 20%
A-PRF increases the proliferation rate more
than 10% FBS. Masuki et al. reported that
A-PRF stimulated human periosteal cell prolif-
eration in a dose-dependent manner (0.625-
10%) [38]. Margono et al. reported that 12.5
and 25% A-PRF increased fibroblast prolifera-
tion rate and 12.5 A-PRF increased fibroblast
proliferation rate more than 25% [36].

This implies that FBS can be replaced by 10%
or 20% activated PRP or 20% A-PRF to stimu-
late AD-MSCs proliferation and that will all
increase the proliferation rate, with 20% acti-
vated PRP giving the best effect.
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This is partially in agreement with [38] who
reported that PRP is more potent than A-PRF
on human periosteal cell proliferation; but they
also reported that maximal effect of PRP was
observed at 2.5%, while A-PRF stimulated cell
proliferation in a dose-dependent manner
(0.625-10%). These investigators also reported
that both A-PRF preparations contained TGF-
B1, PDGF-BB, VEGF, IL-1B3, and IL-6 at levels
similar to or higher than PRP preparations.

This is similar to the report of [56] who noted
that the potency on cell proliferation of PRP is
higher than PRF, and other scientists who have
reported that A-PRF released significantly high-
er total quantities of growth factors compared
to traditional PRF. This means that the amount
of growth factor in A-PRF is more than that of
PRP [25].

Differentiation analysis

Disorders related to the nervous system are
among the most critical problems that end with
severe complications and disability. Stem cell
therapy is one of the most important strategies
for these patients, to solve special problems
via use of allogeneic cells and differentiation of
cells into active nerve cells [41, 40, 53].

There are several protocols to induce the dif-
ferentiation of MSCs into neural cells including
exposure of cells to cytokines [19]; chemical
induction [22]; and therapeutic gene transfec-
tion [33]. Tissue regeneration is a complex pro-
cess driven by a cascade of factors. Use of only
a single factor usually is not sufficient to pro-
duce the needed therapeutic effects. The use
of a natural reservoir of growth factors would
have a better effect than the use of a single
growth factor [30, 31].

PRP is a natural reservoir of numerous growth
factors, including NGF, BDNF, PDGF, VEGF, IGF-
1, and TGF-B, which exert neuroprotective and
antiapoptotic effect on MSCs, neurons, SCs,
and human NSC [3, 9, 28, 34, 44, 49].

CSF is another natural reservoir of several
growth factors, such as bFGF, BDNF and GDNF
(glial cell-derived neurotrophic factor) [17, 20].
It has been reported that macro-molecules
available in CSF lead to the formation of a sig-
nal cascade altering the expression of tran-
scription factors and genes, impacting some of
the vital functions of cells [18].

a7

Based on previous published data, we expect-
ed that the combination of PRP (as an alterna-
tive to FBS) and CSF would be a potent neural
and/or glial differentiation factor and that it
improve results over those of previous studies.
We chose different concentrations of CSF rang-
ing from 0.5% to 10% (the most common range
of concentrations mentioned in previous stud-
ies), and we decreased the percentage of PRP
from 20% at the proliferation stage to 10% at
differentiation stage to allow as long as differ-
entiation period as possible to avoid rapid con-
fluence of the cells in the flask. This was
because both PRP and CSF increased prolifera-
tion rate. In fact, we found unexpected results
when PRP was combined with CSF; the expres-
sion of Nestin and MAP2 were downregulated
in groups with different concentrations of CSF
compared to the control sample (AD-MSCs at
proliferation stage with 20% PRP). At the same
time expression of GFAP was only upregulated
in combination with 10% CSF and 10% PRP
indicating glial differentiation. Cells cultured for
9 days with only 10% PRP showed the expres-
sion of MAP2 increased indicating a neurogenic
differentiation, while Nestin and GFAP were
downregulated in the same culture conditions
compared to control group.

This indicated that the combination of CSF and
PRP inhibited neuronal differentiation and stim-
ulated glial differentiation. The change in the
percentage of PRP has the ability to stimulate
neuronal differentiation.

Our finding of inhibitory effects of CSF on neu-
rogenesis and promoting effects on astroglio-
genesis is in agreement with the results of [35]
and [5] who tested the effect of adult human
CSF on rat fetal NSCs; and with those of [4] on
adult human NSCs. All these investigators dem-
onstrated that CSF stimulates the differentia-
tion toward glial cells, not in neuronal cells.

But [60] who tested the effect of human adult
healthy CSF on rat BM reported that cells were
positive for both neuronal specific enolase
(NSE, neuronal marker) and GFAP, and the
expression levels for NSE were higher than
GFAP. Others [47] tested the effect of rat
embryonic CSF (E-CSF) on rat BM-MSCs report-
ed that CSF can induce proliferation and neural
differentiation of BM-MSCs in an age-depen-
dent manner. [61] tested the effect of adult
CSF on human BM-MSCs and reported that
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CSF effects MSC differentiation in neural-like
cells. [12] tested the effect of normal child CSF
on WJ-MSCs, showing that CSF could play a role
as a strong inducer in dose-dependent and
time-dependent manners for Nestin, GFAP, and
MAP2. [41] concluded that rabbit CSF induc-
ed rabbit BM-MSCs to transdifferentiate into
neuronal cells and glial cells (astrocytes and
Oligodendrocytes). [18] tested the effect of
newborn rat CSF on trans-differentiation of
human dental pulp stem cells (hDPSCs).

We can draw some conclusions that the varia-
tion of the results depends on the source of the
MSCs and/or CSF and the variation is dose and
time dependent. In addition, the age of donor
(adult, child or embryonic) from which CSF is
obtained can affect the results.

Our results showed PRP as an inducer of neuro-
genesis. This is in agreement with (Hongmian Li
et al. 2013) who reported that 10% PRP is a
promoter for human AD-MSCs proliferation and
neurogenic differentiation in vitro. Finally, PRP
alone can induce neural differentiation at 10%
for 9 days; 10% CSF in combination with 10%
PRP induce glial differentiation.

Further studies need to be performed to un-
derstand the mechanisms of the neural inhibi-
tion by CSF, but this may be explained as fol-
lows: 1) both of CSF and PRP are rich in differ-
ent growth factors, and their combination may
result in a new inhibitory complex; 2) the time
of exposure of cells to CSF is very critical and
maybe early or late collection of cells may
affect differently the results. Also [61] report-
ed that CSF contains one or more factors that
inhibit differentiation into neural-like cells after
a finite period in culture; 3) it is possible that
another type of neuronal lineage would be ex-
pressed if we increased the investigated mar-
kers.

Acknowledgements

We acknowledge the efforts of staff members
at stem cell lab at Department of Cytology and
Histology, Faculty of Veterinary Medicine, Man-
soura University, Egypt.

Disclosure of conflict of interest

None.

48

Address correspondence to: Hany E Marei, Depart-
ment of Cytology and Histology, Faculty of Veterinary
Medicine, Mansoura University, Mansoura, Egypt.
Tel: (+20) 1288765616; E-mail: hanymarei@mans.
edu.eg

References

[1] Amable, PR, Teixeira MV, Bizon TR, Granjeiro
CM and Borojevic R. Mesenchymal stromal cell
proliferation, gene expression and protein pro-
duction in human platelet-rich plasma-supple-
ment media. PLoS One 2014; 9: e104662.

[2] BaussetO, Giraudo L, Veran J, Magalon J, Cou-
dreuse JM, Magalon G, Dubois C, Serratrice N,
Dignat-George F, Sabatier F. Formulation and
storage of platelet-rich plasma homemade
product. Biores Open Access 2012; 1: 115-23.

[3] Borselli C, Storrie H, Benesch-Lee F, Shvarts-
man D, Cezar C, Lichtman JW, Vandenburgh
HH, Mooney DJ. Functional muscle regenera-
tion with combined delivery of angiogenesis
and myogenesis factors. Proc Natl Acad Sci U S
A 2010; 107: 3287-92.

[4] Buddensiek J, Dressel A, Kowalski M, Runge U,
Schroeder H, Hermann A, Kirsch M, Storch A,
Sabolek M. Cerebrospinal fluid promotes sur-
vival and astroglial differentiation of adult hu-
man neural progenitor cells but inhibits pro-
liferation and neuronal differentiation. BMC
Neurosci 2010; 11: 48.

[5] Buddensiek J, Dressel A, Kowalski M, Storch A,
Sabolek M. Adult cerebrospinal fluid inhibits
neurogenesis but facilitates gliogenesis from
fetal rat neural stem cells. J Neurosci Res
2009; 87: 3054-66.

[6] Carbone A, Rucci M, Annacontini L, Portincasa
A and Conese M. Virulence comparison of hu-
man and poultry campylobacter Jejuni isolates
in a mouse model. Medical Research Archives
2017; Vol. 5.

[7]1  CervelliV, Scioli MG, Gentile P, Doldo E, Bonan-
no E, Spagnoli LG, Orlandi A. Platelet-rich plas-
ma greatly potentiates insulin-induced adipo-
genic differentiation of human adipose-derived
stem cells through a Serine/Threonine Kinase
Akt-dependent mechanism and promotes clini-
cal fat graft maintenance. Stem Cells Transl
Med 2012; 1: 206-20.

[8] Dohan DM, Choukroun J, Diss A, Dohan SL, Do-
han AJ, Mouhyi J, Gogly B. Platelet-Rich Fibrin
(PRF): a second-generation platelet concen-
trate. part i: technological concepts and evolu-
tion. Oral Surg Oral Med Oral Pathol Oral Radi-
ol Endod 2006; 101: e37-44.

[9] EmelE, Ergun SS, Kotan D, Glrsoy EB, Parman
Y, Zengin A, Nurten A. Effects of insulin-like
growth factor-l and platelet-rich plasma on sci-
atic nerve crush injury in a rat model. J Neuro-
surg 2011; 114: 522-8.

Am J Stem Cells 2019;8(2):38-51


mailto:hanymarei@mans.edu.eg
mailto:hanymarei@mans.edu.eg

(10]

(11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

49

Xeno-free adipose tissue-derived mesenchymal stem cells

Erickson GA, Bolin SR, Landgraf JG. Viral con-
tamination of fetal bovine serum used for tis-
sue culture: risks and concerns. Dev Biol Stand
1991; 75: 173-5.

Even MS, Sandusky CB, Barnard ND. Serum-
free hybridoma culture: ethical, scientific
and safety considerations. Trends Biotechnol
2006; 24: 105-8.

Farivar S, Mohamadzade Z, Shiari R and Fa-
himzad A. Neural differentiation of human um-
bilical cord mesenchymal stem cells by cere-
brospinal fluid. Iran J Child Neurol 2015; 9:
87-93.

Fukaya Y, Kuroda M, Aoyagi Y, Asada S, Kubota
Y, Okamoto Y, Nakayama T, Saito Y, Satoh K,
Bujo H. Platelet-rich plasma inhibits the apop-
tosis of highly adipogenic homogeneous pre-
adipocytes in an in vitro culture system. Exp
Mol Med 2012; 44: 330-9.

Ye Y, Zeng YM, Wan MR, Lu XF. Differentiation
of mesenchymal stem cells into neural stem
cells using cerebrospinal fluid. Cell Biochem
Biophys 2011; 59: 179-84.

Ghanaati S, Booms P, Orlowska A, Kubesch A,
Lorenz J, Rutkowski J, Landes C, Sader R, Kirk-
patrick C, Choukroun J. Advanced platelet-rich
fibrin: a new concept for cell-based tissue engi-
neering by means of inflammatory cells. J Oral
Implantol 2014; 40: 679-89.

Graziani F, Ivanovski S, Cei S, Ducci F, Tonetti
M, Gabriele M. The in vitro effect of different
prp concentrations on osteoblasts and fibro-
blasts. Clin Oral Implants Res 2006; 17: 212-9.
Grundstrom E, Lindholm D, Johansson A, Blen-
now K, Askmark H. GDNF but Not BDNF is in-
creased in cerebrospinal fluid in amyotrophic
lateral sclerosis. Neuroreport 2000; 11: 1781-
83.

Haratizadeh S, Nazm Bojnordi M, Darabi S,
Karimi N, Naghikhani M, Ghasemi Hamidabadi
H, Seifi M. Condition medium of cerebrospinal
fluid and retinoic acid induces the transdiffer-
entiation of human dental pulp stem cells into
neuroglia and neural like cells. Anat Cell Biol
2017; 50: 107-114.

Hu Y, Zhang Y, Tian K, Xun C, Wang S, Lv D. Ef-
fects of nerve growth factor and basic fibro-
blast growth factor dual gene modification on
rat bone marrow mesenchymal stem cell dif-
ferentiation into neuron-like cells in vitro. Mol
Med Rep 2016; 13: 49-58.

Huang CC, Liu CC, Wang ST, Chang YC, Yang
HB, Yeh TF. Basic fibroblast growth factor in ex-
perimental and clinical bacterial meningitis.
Pediatr Res 1999; 45: 120-7.

Fetal Bovine Serum Alternatives. Nature 1988;
334:547-8.

Jin W, Xu YP, Yang AH, Xing YQ. In vitro induc-
tion and differentiation of umbilical cord mes-

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

enchymal stem cells into neuron-like cells by
all-trans retinoic acid. Int J Ophthalmol 2015;
8: 250-6.

Joannides AJ, Webber DJ, Raineteau O, Kelly C,
Irvine KA, Watts C, Rosser AE, Kemp PJ, Blake-
more WF, Compston A, Caldwell MA, Allen ND,
Chandran S. Environmental signals regulate
lineage choice and temporal maturation of
neural stem cells from human embryonic stem
cells. Brain 2007; 130: 1263-75.

Kakudo N, Minakata T, Mitsui T, Kushida S, No-
todihardjo FZ, Kusumoto K. Proliferation-pro-
moting effect of platelet-rich plasma on human
adipose-derived stem cells and human dermal
fibroblasts. Plast Reconstr Surg 2008; 122:
1352-60.

Kobayashi E, Fltckiger L, Fujioka-Kobayashi M,
Sawada K, Sculean A, Schaller B, Miron RJ.
Comparative release of growth factors from
PRP, PRF, and advanced-PRF. Clin Oral Investig
2016; 20: 2353-2360.

Lai F, Kakudo N, Morimoto N, Taketani S, Hara
T, Ogawa T, Kusumoto K. Platelet-rich plasma
enhances the proliferation of human adipose
stem cells through multiple signaling path-
ways. Stem Cell Res Ther 2018; 9: 107.
Landesberg R, Roy M, Glickman RS. Quantifi-
cation of growth factor levels using a simplified
method of platelet-rich plasma gel prepara-
tion. J Oral Maxillofac Surg 2000; 58: 297-
300; discussion 300-1.

Lee AC, Yu VM, Lowe JB 3rd, Brenner MJ, Hunt-
er DA, Mackinnon SE, Sakiyama-Elbert SE.
Controlled release of nerve growth factor en-
hances sciatic nerve regeneration. Exp Neurol
2003; 184: 295-303.

Lee JY, Nam H, Park YJ, Lee SJ, Chung CP, Han
SB, Lee G. The effects of platelet-rich plasma
derived from human umbilical cord blood on
the osteogenic differentiation of human dental
stem cells. In Vitro Cell Dev Biol Anim 2011; 47:
157-64.

Li H, Han Z, Liu D, Zhao P, Liang S, Xu K. Au-
tologous platelet-rich plasma promotes neuro-
genic differentiation of human adipose-derived
stem cells in vitro. Int J Neurosci 2013; 123:
184-90.

Li H, Usas A, Poddar M, Chen CW, Thompson S,
Ahani B, Cummins J, Lavasani M, Huard J.
Platelet-rich plasma promotes the proliferation
of human muscle derived progenitor cells and
maintains their stemness. PLoS One 2013; 8:
e64923.

Liao HT, James IB, Marra KG, Rubin JP. The ef-
fects of platelet-rich plasma on cell prolifera-
tion and adipogenic potential of adipose-de-
rived stem cells. Tissue Eng Part A 2015; 21:
2714-22.

Am J Stem Cells 2019;8(2):38-51



[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

50

Xeno-free adipose tissue-derived mesenchymal stem cells

Lim JY, Park Sl, Oh JH, Kim SM, Jeong CH, Jun
JA, Lee KS, Oh W, Lee JK and Jeun SS. Brain-
derived neurotrophic factor stimulates the
neural differentiation of human umbilical cord
bloodderived mesenchymal stem cells and
survival of differentiated cells through MAPK/
ERK and PI3K/Akt dependent signaling path-
ways. J Neurosci Res 2008; 86: 2168-78.

Luo H, Zhang Y, Zhang Z, Jin Y. The protection
of MSCs from apoptosis in nerve regeneration
by TGFB1 through reducing inflammation and
promoting VEGF-dependent angiogenesis. Bio-
materials 2012; 33: 4277-87.

Ma Y, Liu M, He B. Adult cerebrospinal fluid
does not support neurogenesis from fetal rat
neural stem cells. Neurol Sci 2013; 34: 735-9.
Margono DA, Bagio DA, Nursasongko B and
Nazar K. Comparison of Advanced Platelet
Rich Fibrin (A-PRF) and Culture Media Condi-
tioned Warton’s Jelly (CMCWJ) on fibroblast
cells proliferation. Pesqui Bras Odontopedia-
tria Clin Integr 2018; 18: e408518.

Masoudi E, Ribas J, Kaushik G, Leijten J,
Khademhosseini A. Platelet-rich blood deriva-
tives for stem cell-based tissue engineering
and regeneration. Curr Stem Cell Rep 2016; 2:
33-42.

Masuki H, Okudera T, Watanebe T, Suzuki M,
Nishiyama K, Okudera H, Nakata K, Uematsu
K, Su CY, Kawase T. Growth Factor and Pro-In-
flammatory Cytokine Contents in Platelet-Rich
Plasma (PRP), Plasma Rich in Growth Factors
(PRGF), Advanced Platelet-Rich Fibrin (A-PRF),
and Concentrated Growth Factors (CGF). Int J
Implant Dent 2016; 2: 19.

Murphy MB, Blashki D, Buchanan RM, Yazdi
IK, Ferrari M, Simmons PJ, Tasciotti E. Adult
and umbilical cord blood-derived platelet-rich
plasma for mesenchymal stem cell prolifera-
tion, chemotaxis, and cryo-preservation. Bio-
materials 2012; 33: 5308-16.

Osathanon T, Nowwarote N, Pavasant P. Basic
fibroblast growth factor inhibits mineralization
but induces neuronal differentiation by human
dental pulp stem cells through a FGFR and
PLCy signaling pathway. J Cell Biochem 2011;
112: 1807-16.

Otify DY, Youssef EA, Nagy NB, Marei MK, Yous-
sif MI. Transdifferentiation of bone marrow
mesenchymal stem cells into neural cells via
cerebrospinal fluid. Biomedicine and Biotech-
nology 2014; 2: 66-79.

Van Pham P, Bui KH, Ngo DQ, Vu NB, Truong
NH, Phan NL, Le DM, Duong TD, Nguyen TD, Le
VT, Phan NK. Activated platelet-rich plasma im-
proves adipose-derived stem cell transplanta-
tion efficiency in injured articular cartilage.
Stem Cell Res Ther 2013; 4: 91.

Prakash S, Thakur A. Platelet concentrates:
past, present and future. J Maxillofac Oral Surg
2011; 10: 45-9.

[44]

[45]

[46]

[47]

(48]

[49]

(50]

(52]

(53]

(54]

(55]

Rao SN, Pearse DD. Regulating axonal re-
sponses to injury: the intersection between
signaling pathways involved in axon myelina-
tion and the inhibition of axon regeneration.
Front Mol Neurosci 2016; 9: 33.

Roubelakis MG, Trohatou O, Roubelakis A, Mili
E, Kalaitzopoulos |, Papazoglou G, Pappa KiI,
Anagnou NP. Platelet-Rich plasma (PRP) pro-
motes fetal mesenchymal stem/stromal cell
migration and wound healing process. Stem
Cell Rev 2014; 10: 417-28.

Saeed MA, EI-Rahman MA, Helal ME, Zaher
AR, Grawish ME. Efficacy of human platelet
rich fibrin exudate vs fetal bovine serum on
proliferation and differentiation of dental pulp
stem cells. Int J Stem Cells 2017; 10: 38-47.
Shokohi R, Nabiuni M, Moghaddam P, Irian S,
Miyan JA. Fetal cerebrospinal fluid promotes
proliferation and neural differentiation of stro-
mal mesenchymal stem cells derived from
bone marrow. Brazilian Archives of Biology and
Technology 2017; 60: 1-14.

Soleimani M, Samad N. A protocol for isolation
and culture of mesenchymal stem cells from
mouse bone marrow. Nature Protocols 2009;
4:102-6.

Sondell M, Lundborg G, Kanje M. Vascular en-
dothelial growth factor has neurotrophic activ-
ity and stimulates axonal outgrowth, enhanc-
ing cell survival and schwann cell proliferation
in the peripheral nervous system. J Neurosci
1999; 19: 5731-40.

Su WT, Chou WL, Chou CM. Osteoblastic dif-
ferentiation of stem cells from human exfoliat-
ed deciduous teeth induced by thermosensi-
tive hydrogels with strontium phosphate. Mater
Sci Eng C Mater Biol Appl 2015; 52: 46-53.
Tavakolinejad S, Khosravi M, Mashkani B,
Ebrahimzadeh Bideskan A, Sanjar Mossavi N,
Parizadeh MR, Hamidi Alamdari D. The Effect
of human platelet-rich plasma on adipose-de-
rived stem cell proliferation and osteogenic dif-
ferentiation. Iran Biomed J 2014; 18: 151-157.
Tekkatte C, Gunasingh GP, Cherian KM,
Sankaranarayanan K. “Humanized” stem cell
culture techniques: the animal serum contro-
versy. Stem Cells Int 2011; 2011: 504723.
Teharanipour M, Baharara J and Maryam M.
2009. The neuroprotective effects of CSF in-
traperitoneal injection on alpha motor degen-
eration after sciatic nerve compression in rat
Arak. Medical University Journal (AMUJ) Vol.
12, Number 3 (48); 101-108.

Textor JA, Tablin F. Activation of equine platelet-
rich plasma: comparison of methods and char-
acterization of equine autologous thrombin.
Vet Surg 2012; 41: 784-94.

Tzoukeva A, Deleva N, Kaprelyan Ara, Dimitrov
Ivan. Benign intracranial hypertension - etiolo-
gy, clinical and therapeutics aspects. Annual

Am J Stem Cells 2019;8(2):38-51



[56]

[57]

(58]

[59]

[60]

(61]

51

Xeno-free adipose tissue-derived mesenchymal stem cells

Proceeding (Scientific Papers) 2007; 13: 51-
53.

Upadhayaya V, Arora A, Goyal A. “Bioactive
Platelet Aggregates: Prp, Prgf, Prf, Cgf And
Sticky”. Journal of Dental and Medical
Sciences 2017; 16: 05-11.

Van Pham P, Bui KH, Ngo DQ, Vu NB, Truong
NH, Phan NL, Le DM, Duong TD, Nguyen TD, Le
VT, Phan NK. Activated platelet-rich plasma im-
proves adipose-derived stem cell transplanta-
tion efficiency in injured articular cartilage.
Stem Cell Res Ther 2013; 4: 91.

Pham PV, Vu NB, Pham VM, Truong NH, Pham
TL, Dang LT, Nguyen TT, Bui AN, Phan NK. Good
manufacturing practice-compliant isolation
and culture of human umbilical cord blood-de-
rived mesenchymal stem cells. J Transl Med
2014; 12: 56.

Xu Z,Yin W, Zhang Y, Qi X, Chen Y, Xie X, Zhang
C. Comparative evaluation of leukocyte-and
platelet-rich plasma and pure platelet-rich
plasma for cartilage regeneration. Sci Rep
2017; 7: 43301.

Ye Y, Peng YR, Hu SQ, Yan XL, Chen J, Xu T. In
vitro differentiation of bone marrow mesenchy-
mal stem cells into neuron-like cells by cere-
brospinal fluid improves motor function of
middle cerebral artery occlusion rats. Front
Neurol 2016; 7: 183.

Ye Y, Zeng YM, Wan MR, Lu XF. Induction of hu-
man bone marrow mesenchymal stem cells
differentiation into neural-like cells using cere-
brospinal fluid. Cell Biochem Biophys 2011;
59: 179-84.

[62]

[63]

[64]

[65]

[66]

[67]

Zhang L, Chen S, Chang P, Bao N, Yang C, Ti Y,
Zhou L, Zhao J. Harmful effects of leukocyte-
rich platelet-rich plasma on rabbit tendon stem
cells in vitro. Am J Sports Med 2016; 44: 1941-
51.

Zhu M, Heydarkhan-Hagvall S, Hedrick M,
Benhaim P, Zuk P. Manual isolation of adipose-
derived stem cells from human lipoaspirates. J
Vis Exp 2013; e50585.

Gugjoo MB, Amarpal A, Sharma GT. Mesen-
chymal stem cell basic research and applica-
tions in dog medicine. J Cell Physiol 2019;
234:16779-16811.

Gugjoo MB, Amarpal, Fazili MR, Shah RA,
Sharma GT. Mesenchymal stem cell: basic re-
search and potential applications in cattle and
buffalo. J Cell Physiol 2019; 234: 8618-8635.
Paldino E, Cenciarelli C, Giampaolo A, Milazzo
L, Pescatori M, Hassan HJ, Casalbore P.
Induction of dopaminergic neurons from hu-
man Wharton'’s jelly mesenchymal stem cell by
forskolin. J Cell Physiol 2014; 229: 232-44.
Zamani M, Yaghoubi Y, Movassaghpour A,
Shakouri K, Mehdizadeh A, Pishgahi A, Yousefi
M. Novel therapeutic approaches in utilizing
platelet lysate in regenerative medicine: Are
we ready for clinical use? J Cell Physiol 2019;
234: 17172-17186.

Am J Stem Cells 2019;8(2):38-51



