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Abstract

The purpose of this study was to analyse the potential of platelet-rich plasma (PRP) culture media to induce osteogenic differentiation of
periodontal ligament stem cells and dental pulp stem cells compared with four other methods of culture. Both types of cell were collected
from 35 healthy patients and cultured in five different media (Dulbecco’s modified eagle’s medium (DMEM); DMEM and melatonin; DMEM
and PRP; DMEM and ascorbic acid 200 pmol; DMEM and L-ascorbate 2-phosphate 50 wmol). Cells were characterised by flow cytometry.
Alizarin Red stain, alkaline phosphatase stain, and the expression of collagen type 1 (Col-1), runt-related transcription factor (RUNX2),
osteoprotegerin, and osteopontin (quantified by qRT-PCR) were used to detect the osteogenic profile in each culture. Flow cytometry showed
that both types of stem cell were a homogeneous mixture of CD90(+), CD105(+), STRO-1(+), CD34 (—), and CD45 (—) cells. Dental pulp
stem cells that were cultured with PRP showed the best osteogenic profile (RUNX2 p =0.0002; osteoprotegerin p=0.001). The group of these
stem cells that showed the best osteogenic profile was also cultured with PRP (osteoprotegerin p=0.001). Medium five (with L-ascorbate
2-phosphate 50 wmol added) showed an increase in all osteogenic markers for periodontal ligament stem cells after PRP, while the best culture
conditions for osteogenic expression of dental pulp stem cells after PRP was in medium four (ascorbic acid 200 pmol added). These results
suggested that culture in PRP induces osteogenic differentiation of both types of stem cell, modulating molecular pathways to promote bony
formation.

© 2017 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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Introduction

Treatment with stem cells is one of the most promising strate-
gies for the repair and regeneration of tissues and organs.'
Although adult stem cells are not totipotent, they can renew
themselves for the lifetime of the organism, and can differ-
entiate into many types of mature cells.”
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Mesenchymal stem cells (MSC), which are present in bone
marrow and in adipose and connective tissue,” have been
identified in dental pulp and periodontal ligaments. Stem cells
interact with signal molecules to differentiate into specific
line cells. Cells derived from dental pulp and periodontal lig-
ament express MSC markers including CD105, CD73, CD90,
CD146, and STRO-1 but do not express CD45 and CD34 cell
surface markers, and can also differentiate into osteoblasts
and odontoblasts.*

Stem cells from dental pulp and periodontal ligaments
are a good option for bony regeneration in the treatment of
periodontitis and for the reconstruction of deficient alveo-
lar bone for dental implants.’ They have also been used for
reconstruction of bony defects with autologous platelet-rich
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plasma (PRP) but their efficacy for improving tissue regen-
eration is controversial.® MSC derived from umbilical cord,
adipose tissue, and bone marrow, combined with PRP induce
osteogenesis in vitro,” and in vivo, dental pulp stem cells with
PRP showed osteogenic potential around dental implants.
However, to our knowledge, the response of both types of
cell cultured in a PRP medium for osteogenic differentia-
tion in vitro has not been studied. Furthermore, they have
the potential for mineralisation in response to appropriate
pharmacological induction, but we do not yet know which
specific media will influence appropriate tissues for bony
regeneration.

The purpose of this study therefore was to analyse the
potential of PRP culture media (compared with four other
methods of culture) to induce the osteogenic differentiation
of stem cells from dental pulp and periodontal ligaments.

Material and methods
Cell isolation

Sixty human impacted third molars were collected from 35
healthy patients (aged between 18 and 30 years) after they
had given written informed consent according to the protocol
approved by the Ethics Committee of Dentistry, Pontificia
Universidad, Javeriana, Bogota.

The teeth were immersed in Dulbecco’s modified eagle’s
medium (low-glucose DMEM, Sigma-Aldrich, St Louis,
USA) and immediately transported to the cell culture labora-
tory for processing. Periodontal ligament was gently removed
from the middle third to the apical segment, by washing
the teeth with 5.25% sodium hypochlorite. To obtain the
dental pulp, we used a zekrya bur in a high-speed hand-
piece to section the teeth (while irrigating them with saline
solution) and a sterile endodontic excavator.® Both types of
stem cell were then dissolved separately in a solution con-
taining Collagenase/Dispase® 4 mg/ml (Roche Diagnostics,
Indianapolis, USA) for 30 minutes at 37 °C.

Flow cytometry

We used flow cytometry to characterise the stem cells. A
total of 1 x 10° dental pulp stem cells were suspended in PBS
300 pul for analysis in FACS (Calibur™, BD Bioscience, San
Jose, USA). The same procedure was applied to periodontal
ligament stem cells. The commercial monoclonal antibodies
CD90,CD105,CD45, CD34, and STRO-1 (Rochem Biocare,
Bogotd, Columbia) were used to characterise the cells. Back-
ground staining for antibodies was used to show negative cell
lines.

Cell culture

The cells were grown in DMEM at 37°C in 5% carbon
dioxide supplemented with antibiotics (penicillin 100 U/ml
and streptomycin 100 g/ml; Invitrogen, Carlsbad, USA) and
10% fetal bovine serum (GibcoTM, ThermoFisher Scientific,
USA). The cells were then treated with 0.3% trypsin (Invitro-
gen) and cultured. The medium was changed every four days
until the cells reached confluence. Each culture was analysed
in passages three to four.

Osteogenic differentiation

Both types of stem cells (1 x 10* cells/cm?) were seeded on
90-well culture plates, and five different media for osteogenic
differentiation were used (Table 1). PRP was obtained from
25 healthy patients using a technique described by Gonshor
in 2002.° The cultured flask of each type of cell was ran-
domly divided for osteogenic differentiation into five groups
at 14 days and five groups at 21 days. The negative control
group was cultured in low-glucose DMEM (Sigma-Aldrich),
and the Clonetics™ Normal Human Osteoblasts System
(Lonza, Walkersville, USA) was used for positive control.
Reverse transcription quantitative real-time PCR (QRT-PCR)
was used for differentiation.

Cultures were stained with Alizarin Red (Sigma-Aldrich)
on days 14 and 21 to show deposits of calcium phosphate.
Alkaline phosphatase activity was measured by a colorimetric
assay using an assay kit (104-LS, Sigma-Aldrich) according
to the manufacturer’s instructions.

Table 1
Composition of media used for osteogenic differentiation.

Medium

Composition

1 (negative control
medium)

Dulbecco’s modified Eagle’s medium
(low-glucose DMEM, Sigma-Aldrich)

2 Low-glucose DMEM (Sigma-Aldrich); 10%
bovine serum (Gibco™); 1% antibiotic
(Invitrogen); dexamethasone 100 nmol
(Sigma-Aldrich), ascorbic acid 200 wmol
(Sigma-Aldrich), 3-glycerophosphate
10 mmol (Sigma-Aldrich); melatonin
50 pmol (Sigma-Aldrich)

3 DMEM and 10% platelet-rich plasma (PRP)

4 Low-glucose DMEM (Sigma-Aldrich); 10%
bovine serum (Gibco™); 1% antibiotic
(Invitrogen); dexamethasone 100 nmol
(Sigma-Aldrich); ascorbic acid 200 wmol
(Sigma-Aldrich); B-glycerophosphate
10 mmol (Sigma-Aldrich)

5 Low-glucose DMEM (Sigma-Aldrich); 10%
bovine serum (Gibco™); 1% antibiotic
(Invitrogen); dexamethasone 100 nmol
(Stemcell Technologies); L-ascorbate-2
phosphate 50 wmol (A2-P)(Stemcell
Technologies); B-glycerophosphate 10 mmol
(Stemcell Technologies)
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Table 2
Primers and annealing temperatures for gRT-PCR analysis.

Gene Temp (°C) Primers

Collagen 1 (Col-1) 62 R:GCTGGGGAGGGGGTTAGTGT
F.TCGTCGGAGCAGACGGGAGTT

Osteoprotegerin 62 R:ACGCGGTTGTGGGTGCGATT

(OPG)
F:AAGACCGTGTGCGCCCCTTG
B-actin 63 R:AGGGGCCGGACTCGTCAT
F:GCCCTGGCACCCAGCACAAT
Runt-related 63 R:TGGCTGGTAGTGACCTGCGGA
transcription
factor (RUNX2)

F:AGAGAACCACAACTGCGGTGCAA

Osteopontin (OP) 66 R:CCTTGGTCGGCGTTTGGCTGA

F:GCAGACCACAGCATCGTCGGG

Quantitative real-time PCR

The total cellular RNA from all cultures was isolated by
adding proteinase K 10 ul (Sigma-Aldrich) at 55 °C for four
hours, then Trizol reagent 750 ul (Invitrogen) for 15 minutes,
and finally chloroform 250 ul for 15 minutes.

The samples were centrifuged at 14000 rpm for 10 minutes
at 4°C. For every 100uL of PCR product we added 3 M
sodium acetate 20uL and isopropanol 80uL, which was
centrifuged for 20 minutes at 14000 rpm. We then detected
gRT-PCR at 4 °C, the relative expression of the osteogenic
markers type-I collagen (Col-1), runt-related transcription
factor 2 (RUNX?2), osteoprotegerin, and osteopontin, using
DNase I, Amplification Grade (Invitrogen 18068-015) and
SuperScript™ III Reverse Transcriptase (Invitrogen 18080-
093). After initial denaturation at 95°C for 15 minutes,
a two-step cycle was used (denaturation at 95°C for
10 seconds, annealing and extension at 60 °C for 45 seconds)
for 40 cycles. qRT-PCR were measured in triplicate using the
Platinum” SYBR® Green Super Mix with ROX (Invitrogen)
according to the manufacturer’s instructions. Gene expres-
sion was normalised according to the amount of B-actin
expressed (ACt).

The ACt of the test sample was normalised to the ACt
of the controls (A ACt). The expression ratio was calculated
with the 2— A ACt method (2-A ACT = Ct target gene — CT).
The list of primers and annealing temperatures are shown in
Table 2.

Statistical analysis

Data were expressed as mean (SD), and the significance of
differences between the groups was assessed using the two-
way ANOVA and Tukey’s test as appropriate. Probabilities
of less than 0.05 were accepted as significant.

Fig. 1. Dental pulp stem cells stained with Alizarin Red.

Results
Isolation and proliferation of cells

There were differences in cellular migration between the pulp
and ligament cultures. At the end of day nine, cells showed
confluence of 90% in 38 % of the pulp and 13% of the ligament
cultures.

Characterisation of stem cells by flow cytometry

The expression of CD90, CD105 and STRO-1 and the low
level of CD45, and CD34 confirmed the phenotype of MSC
for both types of cell, and they had the same immunopheno-

type.
Osteogenic differentiation

Both types of stem cell produced mineralised deposits under
osteogenic conditions as detected by autonomous replicat-
ing sequence (ARS) and alkaline phosphatase (ALP) activity
(Fig. 1).

mRNA expression of osteogenesis-specific markers

Different expressions for osteogenic markers (RUNX2,
osteopontin, osteoprotegerin, Col-1) were shown between all
groups. All osteogenic markers expressed at days 14 and 21
for both types of cell in all media were similar. Pulp stem
cells cultured in medium three with PRP had the highest
expression of all osteogenic markers compared with the other
experimental groups, although osteoprotegerin was the sin-
gle significant value (p = 0.006), and the culture medium that
contained ascorbic acid 200 wmol showed the second highest
expression (Fig. 2).

Periodontal ligament stem cells cultured with PRP showed
the best osteogenic profile. The expression of RUNX2 in PRP
was higher than in medium four (p =0.0002), five (p=0.001),
and two (p =0.009). Similarly, expression of osteoprotegerin
was significantly higher in these cells cultured with PRP than
in those cultured in the other media (p =0.001). Cells cultured

Descargado para Anonymous User (n/a) en PONTIFICIA UNIVERSIDAD JAVERIANA de ClinicalKey.es por Elsevier en mayo 07, 2018.
Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2018. Elsevier Inc. Todos los derechos reservados.



700 L. Otero et al. / British Journal of Oral and Maxillofacial Surgery 55 (2017) 697-702

: MEDIUM 1 NEGATIVE
3 z CONTROL

@ MEDIUM 2
MEDIUM 3: PRP
MEDIUM 4

@8 MEDIUM 5
OSTEOBLASTS

)

FOLD CHANGE

0

v N 4 (<
qp\i" & & &
GENE
* p=0006
* p=0001
+ p=004

Fig. 2. Osteogenic markers expressed for dental pulp stem cells in differ-
ent methods of culture. The best conditions for osteogenic differentiation
were shown in PRP. Osteoprotegerin (OPG) showed the highest expres-
sion when these cells were cultured in PRP medium (RUNX2 = runt-related
transcription factor; Col 1 =collagen type 1; OP = osteopontin).
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Fig. 3. Osteogenic markers expressed for periodontal ligament stem cells
in different methods of culture. The best conditions for osteogenic dif-
ferentiation were shown in PRP. RUNX2 and osteoprotegerin (OPG)
showed the highest expression when these cells were cultured in PRP
medium (RUNX2 =runt-related transcription factor; Col 1=collagen type
1; OP = osteopontin).

in medium five (with 50 pwmol of A2-P) showed increased
expression of all osteogenic markers, but these were not
significant. Medium two with melatonin showed osteogenic
differentiation in both types of cell (Fig. 3).

Discussion

The presence of stem cells in dental pulp and periodontal
ligament was confirmed by flow cytometry. Analysis showed
asimilar mean (SD) pattern of expression in both types of cell:
CD90: 90 (4.9); CD105: 74.1 (23); STRO-1: 15.2 (9.8); and
CD34:7.1(6.2); CD 45: 0.7 (0.1). These results are similar to
those of previous reports, which confirmed the presence of
MSC in these tissues,'© but they contrast with the findings of
Hakki et al,'! which showed differences in the expression of
CD105."

In the present study, stem cells cultured in several media
expressed osteogenic markers, but the best condition of cell
niche was different for each type, as has been described for
other MSC cultured for osteogenic induction.'> PRP gave the

best conditions for osteogenic differentiation from both types
of cell. Osteoprotegerin showed the highest expression in the
culture of pulp cells and PRP (p=0.001), while the high-
est osteogenic marker expressed in ligament cells cultured
with PRP was shown for RUNX2 (p=0.0002). However,
osteoprotegerin in ligament cells also increased significantly
(p=0.001). Col-1 and osteopontin were increased in cultures
of both types of cell in PRP, but this was not significant.
In contrast with the findings of Hakki et al,'' we found
that the expression of Col-1 was similar for both types of
cell, but RUNX2 and osteoprotegerin showed the highest
expression in ligament cells, and osteoprotegerin showed the
highest expression in pulp cells. These differences could be
explained by the different methods of culture used in both
studies. Although PRP has been used for bony augmentation
in humans because of the amount of growth factors that are
released around PRP in tissues after an operation,14 thereisa
lack of evidence to support the increase of osteogenic poten-
tial of pulp and ligament stem cells when they are cultured
with PRP.

Osteoprotegerin or TNFRSF11B is a member of the TNF-
receptor superfamily, and is produced by osteoblasts that
participate in bony modelling.!> RUNX2 is a transcriptional
factor that regulates critical genes during osteoblastic dif-
ferentiation and skeletal morphogenesis. Cultures of MSC
derived from diverse tissues such as human exfoliated decid-
uous teeth (SHED) increased the expression of RUNX?2 when
they were cultured with PRP.'®!” Parsons et al suggested
that RUNX2 activates pathways that lead MSC to become
lineage-specific tissue-forming cells.'® It has also been
reported that MSC treated with osteoprotegerin increased the
expression of osteocalcin and improved osteogenesis. '®

The other culture media were used concurrently with con-
ventional osteogenic culture conditions, various doses and
presentations of ascorbic acid (media four and five), or with
melatonin (medium two). The best conditions for osteogenic
induction were PRP and medium five for ligament stem cells,
and PRP and medium four for pulp stem cells. Previous stud-
ies have reported that both pulp and ligament stem cells have
the potential for osteogenic differentiation. The difference
between medium four and medium five was the type and
concentration of ascorbic acid (200 wmol for medium four
and 50 wmol A2-P for medium five).

The importance of ascorbic acid in the maintenance of
normal extracellular function is well known. It is required as
a cofactor for prolyl-4-hydroxylase, which is necessary for
the secretion of procollagen to form stable triple-helical colla-
gen in connective tissues. Additionally, ascorbic acid induces
MSC to differentiate into osteoblasts,'® and A2-P, a stable
form of ascorbic acid, has been shown to improve cell pro-
liferation and induce osteogenic differentiation.”’ We found
that the standard cultures for osteogenic induction seemed
to work better when ascorbic acid was added to cultures
of pulp cells and when A2-P was added to ligament cells,
but the effects of ascorbic acid in these cultures need further
investigation.
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Medium two worked well for osteogenic differentiation
in both types of cell, although it did not show the high-
est expression for osteogenic differentiation. It was enriched
with melatonin because melatonin has been reported to
improve osseointegration around implants.”! In vitro and
in vivo studies have suggested that melatonin affects the ter-
minal differentiation of osteoblasts, but promoted expression
of RUNX2 improves osteogenic differentiation in the early
stages of osteogenesis of MSC.?> Dexamethasone inhibits
osteoblastic differentiation through the repression of BMP-2
expression,”> and melatonin promotes osteoblastic differ-
entiation and mineralisation through the BMP/ERK/Wnt
pathways.”* Dexamethasone and melatonin may have the
same signalling pathway for bony metabolism, and this may
be the reason why the osteogenic markers in this medium did
not get the highest values.

Our results have confirmed the capacity of dental-pulp
and periodontal-ligament stem cells to differentiate into
osteogenic cells, but this capacity depends on the stem-cell
niche and molecular interactions. The importance of the cell
niche and the growth factors used to induce the regeneration
of specific tissues has been argued in numerous studies. PRP
and autologous platelet-rich fibrin (PRF) have increased the
cellular proliferation of dental stem cells and their osteogenic
activity in vitro and in vivo in endodontic treatments, tooth
regeneration, and around dental implants.”> However, to the
best of our knowledge the effects of PRP have not previously
been compared with different osteogenic protocols on the
capacity for osteogenic differentiation in dental stem cells.

It is therefore important to find the best conditions
for osteogenic differentiation in periodontal-ligament and
dental-pulp cultures. The clinical implications of the present
work lie in the development of culture media with supple-
mentation that is ideal for obtaining higher differentiation and
mineralisation rates with specific application for dental lig-
ament stem cells for bony regeneration and dental implants.
This knowledge might enable us to understand the physio-
logical mechanisms of osteogenic differentiation by dental
MSC for use in tissue engineering.
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