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Platelet-rich fibrin exudate promotes the
proliferation and osteogenic differentiation of
human periodontal ligament cells in vitro
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Abstract. The purpose of the present study was to evaluate the
effects of platelet-rich fibrin (PRF) exudate on the prolifera-
tion, osteogenic differentiation and mineralization of human
periodontal ligament cells (hPDLCs) in vitro. In the present
study PRF was obtained with permission, from the peripheral
blood of healthy donors and PRF exudates were collected on
the 7th day of incubation. hPDLCs were obtained from healthy
premolars, cultured by a tissue explant method and identi-
fied with anti-vimentin and anti-cytokeratin antibodies. PRF
exudates were added to hPDLCs in different concentrations to
evaluate cell proliferation and osteogenic differentiation. The
proliferation of hPDLCs was measured using a colorimetric
assay. Osteogenic differentiation and mineralization were
determined by Alizarin red staining, alkaline phosphatase
activity (ALP), western blotting and reverse transcription-
quantitative polymerase chain reaction. Cell proliferation was
enhanced by addition of the PRF exudate, which also promoted
the formation of mineralized matrix nodules and upregulated
ALP activity and osteoblast-associated levels of osteocalcin,
runt-related transcription factor and osterix gene expression.
As these stimulatory effects occurred in a dose-dependent
manner, it was concluded that high concentrations of the PRF
exudate served an essential role in the proliferation, osteo-
genic differentiation and mineralization of hPDLCs in vitro.
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The present study demonstrated that PRF exudate enhanced
hPDLC proliferation, induced the osteoblastic differentiation
of hPDLCs into mineralized tissue-formation cells in vitro,
and may therefore provide potential benefits for periodontal
tissue engineering; contributing to the primary processes of
periodontal tissue regeneration. From the perspective of both
economics and biology, PRF has greater clinical benefits than
analogous growth factors.

Introduction

Periodontitis is a common inflammatory disease that results
in irreversible destruction of periodontal tissues, including the
periodontal ligament, alveolar bone and root cementum, and is
the primary reason for tooth loss in adults. Currently, there are
numerous challenges for treating periodontitis in clinical prac-
tice. A number of treatment approaches have been developed
in the past decades and the canonical treatment of periodontal
bone defects includes guided tissue regeneration (1), bone
grafts (2), and application of enamel matrix derivative (3).
However, these conventional therapies cannot be regarded
as best-practice regenerative techniques due to their limited
success and unpredictable prognosis.

Adult periodontal ligament stem cells (PDLSCs) were first
discovered in 2004 (4). Since then, stem cell-based periodontal
tissue regeneration treatment has attracted increasing atten-
tion in the field of dentistry. Furthermore, as an important cell
type for periodontal tissue regeneration, PDLSCs have been
reported to exhibit the ability to differentiate into osteoblasts
and cementoblasts in vitro (5). However, the number and
sources of autologous PDLSCs are limited, thereby hampering
their clinical application. It is of great urgency to produce novel
bioactive substances with the ability to enhance the prolif-
eration, differentiation and osteogenic-associated gene/protein
expression of PDLSCs.

In 2000, the French researcher Choukroun et al devel-
oped a straightforward open-access platelet-rich fibrin (PRF)
protocol (6,7). Choukroun's platelet-rich fibrin (PRF) has been
considered as a second-generation platelet concentrate (6-8).
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When activated by thrombin and other triggers, platelets release
a large number of growth factors, chemokines, and cytokines,
which can interact with target protein receptors and induce cell
proliferation, cell differentiation, and bone formation. As an
autologous biomaterial, synthetic collagen PRF has been applied
in a number of medical fields, including oral and maxillofacial
surgery (9), plastic surgery, and dental implantology (10-13).

PRF is fibrin in a three-dimensional structure that contains
a number of growth factors, including platelet-derived growth
factor AB and transforming growth factor f1 (TGF-p1), and
these are continuously released from the PRF matrix for
>7 days (14). A number of studies have reported that PRF
stimulates the proliferation and differentiation of a variety
of cell types in vitro (15,16). Studies have demonstrated that
platelet-rich plasma can promote the proliferation of bone
mesenchymal stem cells, fat source stem cells and skeletal
muscle satellite cells as well as osteogenic differentiation (17).
However, there is little recent evidence regarding the effects
of PRF exudates on the proliferation and differentiation of
human PDLCs (hPDLCs).

The objective of the present study was to assess the biolog-
ical effects of different concentrations of PRF exudate on
hPDLCs by measuring cell proliferation, alkaline phosphatase
(ALP) activity, as well as osteocalcin (OCN), runt-related tran-
scription factor 1 (RUNX2) and osterix (OSX) gene expression.

Materials and methods

Preparation of hPRF exudates. The present study was
approved by the Ethics Committee of the Jilin University
Health Science Center (Jilin, China). In accordance with this
committee, the hPRF exudate was prepared from three healthy
male donors who had visited the outpatient clinic at the Jilin
University Health Science Center between March 2017 and
August 2017. They were nonsmokers and nondrinkers with age
range 22-30 years, and gave their informed consent. Patient
blood samples (50 ml) were used to produce hPRF according
to an existing protocol (8). Briefly, the samples were centri-
fuged at 750 x g for 12 min at 10°C. A white PRF clot formed
between the acellular plasma and red blood cells (RBCs;
Fig. 1A), and the clot was held by sterile forceps and separated
from the RBCs using scissors (Fig. 1B). The clot was placed
on the grid of an endo box and compressed by the endo box
cover. Following 1 min of applied pressure, the PRF clot was
converted into PRF membrane and the exudate was collected
in the tray of the endo box (Fig. 1C).

The PRF exudate was centrifuged at 500 x g for 5 min at
10°C to obtain exudate without RBCs, which were precipitated.
The exudate was filtered using a 0.22 um sterile syringe filter
unit (EMD Millipore, Billerica, MA, USA; cat. no. 01730).
Pooled PRF exudates were stored at -80°C prior to use. The
original concentration of RF exudate was defined as 100%
and various concentrations were obtained by dilution with
minimal essential medium o (a-MEM; Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA). A total of three PRF
exudate concentrations were used in the present study: 100%
(E1), 20% (E2) and 4% (E3).

hPDLC culture. A total of 10 healthy and noncarious premo-
lars from 2 female and 3 male donors aged 13-18 years old,
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who had received orthodontic treatment at the Oral and
Maxillofacial Surgery Department of the Stomatology School
of Jilin University (Changchun, China) between March 2017
and August 2017, were obtained with informed consent.
Periodontal ligaments were gently scraped from the middle
third of the tooth-root surface with a sharp scalpel, minced
with ophthalmic scissors and rinsed with a-MEM (Gibco;
Thermo Fisher Scientific, Inc.). These explants were cultured
in o-MEM supplemented with 15% fetal bovine serum (FBS;
Thermo Fisher Scientific Inc.) and 1% streptomycin and
penicillin (Gibco; Thermo Fisher Scientific, Inc.), and the
cultured pieces were then incubated at 37°C in an environment
containing 5% CO,. Examination by inverted light micros-
copy (Olympus Corporation, Tokyo, Japan) was carried out
daily, and the medium was changed every three days. When
the cell colony-formation units reached 80% confluence, the
cells were transferred to a 75-cm? flask and this was defined as
passage 1. The same procedure was carried out repeatedly to
produce multiple passages. Feeding was continued according
to the cell-culturing protocol and only cells prior to passage
6 were used in the present study.

Immunocytochemistry staining. hPDLCs at passage 3
(0.05x10°) were seeded into 24-well plates and covered in
advance with 14-mm diameter circular coverslips and incu-
bated for 48 h. The cells were then rinsed 3 times with 0.01 M
phosphate-buffered saline (PBS) and then fixed with 4%
paraformaldehyde for 20 min at room temperature. Following
washing with PBS,0.25% Triton X-100 was added to the 24-well
plates, which were incubated at 37°C for 15 min. Endogenous
peroxidase activity was eliminated by incubation with 3%
H,O0, for 10 min at room temperature. Cells were then incu-
bated with 1% bovine serum albumin (Gibco; Thermo Fisher
Scientific, Inc.) and 22.52 mg/ml glycine in PBS + 0.1% Tween
20 for 30 min at room temperature to block unspecific binding
of antibodies. The cells were then incubated with anti-vimentin
(1:100; cat. no. ab24525; Abcam, Cambridge, MA, USA) and
anti-cytokeratin (1:200; cat. no. AM06387SU-N; OriGene
Technologies, Inc., Beijing, China) primary antibodies over-
night at 4°C. Secondary goat-anti-rabbit, goat-anti-mouse and
goat anti-chicken IgG were AlexaFluor 488 (cat. no. A-11008;
Invitrogen; Thermo Fisher Scientific, Inc.), 568 (cat.
no. A-11004; Invitrogen; Thermo Fisher Scientific, Inc.), and
647 (cat. no. A-21449; Invitrogen; Thermo Fisher Scientific,
Inc.) labeled, respectively; and used in various combinations
at a 1:1,000 dilution. The SP immunohistochemistry assay
kit (OriGene Technologies, Inc.) was used for immunocyto-
chemical staining according to the manufacturer's protocol
and the diaminobenzidine kit (OriGene Technologies, Inc.)
was used to stain positive cells. An inverted phase-contrast
microscope (IX73; Olympus Corporation, Tokyo, Japan) was
used to observe stained hPDLCs at magnifications of x20 or
x40.

Proliferation analysis using the Cell Counting Kit-8 (CCK-8)
assay. CCK-8 (Dojindo Molecular Technologies, Inc.,
Kumamoto, Japan) was used to assay PRF exudate for its
effects on hPDLC proliferation. hPDLCs (2x10%/100 pl/well)
were seeded into each well of 96-well plates containing 10%
FBS complete medium and incubated for 24 h. Next, 50 pul
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Figure 1. The production of PRF exudate. (A) Following centrifugation,
the blood samples formed three layers. The upper layer contained PPP, the
bottom layer was comprised of RBCs and the middle layer was the PRF clot.
(B) The PRF clot was separated from the upper part of the RBC layer. (C) The
PRF clot was squeezed between two sterile gauzes to form a PRF membrane.
(D) The PRF membrane was added to a-minimum essential medium. PPP,
platelet-poor plasma; RBCs, red blood cells; PRF, platelet-rich fibrin.

medium supplemented with 4, 20, or 100% concentration of
PRF exudate were added to each well and incubated for 24,
48, or 72 h. Cell proliferation was calculated using the CCK-8
at specified experimental time points. The kit reagent (10 pl)
was added to the culture medium of each well. Following a
90 min incubation, the absorbance at a wavelength of 450 nm
was detected using an automatic microplate reader (Infinite
200 PRO; Tecan Group Ltd., Mannedorf, Switzerland). The
well containing medium and CCK-8 solution minus seeded
cells was used as the blank control. The assay was performed
in duplicate and the trial repeated six times under the same
conditions.

Assay of ALP activity. hPDLCs (500 ul) were seeded into each
well of 24-well plates (Corning Incorporated, Corning, NY,
USA) at a density of 1x10*/well in 10% FBS complete medium
and incubated for 24 h. Next, the cells were exposed to PRF
exudate at various concentrations [100% (E1),20% (E2) or 4%
(E3)] at 7 or 14 days. At the given time points, the cells were
lysed with 0.1% Triton X-100 and the lysates were centrifuged
at 8,000 x g for 10 min at 4°C. Supernatant (50 ul/well) was
added to 96-well plates and the ALP activity was examined
using the ALP assay kit (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China). The optical density values were read
ata wavelength of 520 nm with an automatic microplate reader
(Infinite200 PRO; Tecan Group Ltd.).
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Osteogenic differentiation induction. hPDLCs
(1x10%/500 p1/well) were seeded into each well of 24-well plates
in normal medium until they reached 60-70% confluence. The
medium was then replaced with four different media: Standard
medium (10% FBS) or standard medium supplemented with
three different concentrations of PRF exudate: 100% (El),
20% (E2), or 4% (E3). The cells in the three experimental
groups with E1, E2 and E3 were all maintained in osteogenic
differentiation medium [Dulbecco's Modified Eagle Medium
(DMEM) supplemented with 10% FBS, 50 nM dexametha-
sone, 0.2 mM ascorbic acid, 10 mM b-glycerophosphate and
100 units/ml penicillin-streptomycin]. Each well in the 24-well
plate contained a specific concentration as follows: DMEM
only, E1, E2, or E3. In addition, the three experimental groups
with E1, E2 and E3 also contained mineralization-induction
medium (a-MEM containing 10% FBS, 50 mg/ml ascorbic
acid, 10 mmol/I B-glycerol phosphate and 10 M dexametha-
sone). Only the control group containing DMEM alone did not
contain mineralization-induction medium. The medium was
changed every 3 days.

Alizarin red S staining. Formation of the mineralized nodules
was detected and quantified following 14 days by an Alizarin
red-based assay. This assay was carried out according to
the previous protocol with minor modifications (18). Briefly,
hPDLCs were fixed with 95% ethanol for 15 min at room
temperature. The cells were then washed twice with dH,O and
stained with 0.1% alizarin red S solution (pH 4.1) for 20 min
at room temperature. Next, the cells were washed three times
with dH,0. To semi-quantify the content of mineralized matrix
nodules, 100 mM cetyl pyridinium chloride was added to the
24-well plates to dissolve and release calcium-combined aliz-
arin red S into solution. The optical density values were read
at 570 nm, which represented the relative quantity of mineral-
ization nodules. A total of 14 days post-osteogenic induction,
mineralized nodules were observed by inverted phase-contrast
microscopy (IX73; magnification, x20; Olympus Corporation,
Tokyo, Japan).

Western blotting. Cell lysates were prepared in radioimmuno-
precipitation buffer (150 mM NaCl, 0.1% SDS, 1 mM PMSF,
10 mM Tris-Cl, pH 7.4, 1% sodium deoxycholate and 1%
Triton X-100). The cells were treated with four different media
for 3, 5, or 7 days. The cell lysates were incubated for 30 min
on ice, then clarified by centrifugation at 6,000 x g for 10 min
at 4°C. The protein contents were quantified with a bicincho-
ninic acid assay. Protein samples (20 ul) were denatured and
resolved by 10% SDS-PAGE, transferred onto a polyvinylidene
difluoride membrane (EMD Millipore), and run at 300 mA
for 2 h. The membranes were blocked by incubating with 5%
non-fat milk at room temperature for 1 h, then incubated with
primary anti-RUNX?2 antibody (1:1,000; cat. no. 12556; Cell
Signaling Technology) overnight at 4°C. The primary antibody
was then removed by washing the membrane three times in
Tris-buffered saline containing 0.1% Tween 20 (TBST) and
incubated with horseradish peroxidase-goat anti-rabbit immu-
noglobulin G (1:500; cat. no. 10285-1-AP; Proteintech Group)
for 1 h at room temperature. Following three washes with
TBST, the protein bands were visualized using the Enhanced
Chemiluminescence kit (GE Healthcare, Chicago, IL, USA)
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and exposed to X-ray film. f-actin (1:1,000; cat. no. A5441,
Sigma-Aldrich; Merck KGaA) was used as internal reference.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). hPDLCs (1x10%/2 ml/well) were seeded into each
well of 6-well plates in standard medium until they reached
60-70% confluence. The cells were treated with four different
media. The control group was osteogenic-inducing medium
[DMEM plus 50 pg/ml ascorbic acid and 10 mM p-sodium
glycerophosphate (Sigma-Aldrich; Merck KGaA)]. The three
experimental groups were treated with osteogenic-inducing
medium plus a PRF exudate dilution (El, E2 or E3). RNA was
extracted using TRIzol® (Invitrogen; Thermo Fisher Scientific,
Inc.) and reverse transcribed into cDNA on the 3rd, 5th and
7th days. cDNA synthesis was performed with 1 ug total
RNA using SuperScript II reverse transcriptase and random
hexamer primers (cat. no. 18064014; Invitrogen; Thermo
Fisher Scientific, Inc.). The temperature protocol used was
as follows: Room temperature for 10 min and then 37°C for
60 min; followed by 85°C for 5 min.

An aliquot (2 ul) of each sample was used for quantitative
(@) PCR determination of the expression of the osteogenic
genes OCN, RUNX2 and OSX using the SYBR® Premix Ex
Taq™ II kit (Takara Bio, Inc., Otsu, Japan). qPCR primers were
designed to span an intron so that only RNA-specific ampli-
fication was possible. PCR was performed in a Rotor-Gene
thermocycler as follows: 95°C for 3 min, 40 cycles of 95°C for
3 sec and 60°C for 60 sec. Each sample was tested in triplicate
and fold differences in gene expression were calculated using
the 2-24% method (19) with normalization to human B-actin.
The primer design is presented in Table I.

Statistical analysis. Data are presented as the mean + standard
deviation of 3-4 independent experiments, and statistical
analyses were performed with SPSS 17.0 software (SPSS,
Inc., Chicago, IL, USA). The cell proliferation and ALP
activity assays were analyzed by one-way analysis of vari-
ance (ANOVA) and Tukey's multiple comparison tests The
western blotting and Alizarin red staining assay data were
analyzed using two-way ANOVA followed by Bonferroni's
post-hoc comparisons test for independent samples. P<0.05
was considered to indicate a statistically significant difference.

Results

Characterization of hPDLCs. hPDLCs grew from the explant
following 7-10 days of culture, a spindle shape was observed
and certain cells were distributed in a circinate alignment
pattern with rapid proliferation (Fig. 1A and B). The PRF
exudate obtained was a clear, yellowish fluid. Each 50-ml
blood sample produced 4.5 ml of PRF exudate. The cells were
vimentin positive (Fig. 1C) and keratin negative (Fig. 1D),
according to immunocytochemistry staining, which indicated
that the primary cells were of mesenchymal origin.

Effects of PRF exudate on PDLC proliferation. The objective
of the present study was to examine the impact of various
concentrations of hPRF exudate on the proliferation of hPDLCs
in vitro. The hPRF was obtained according to the previous
protocol (Fig. 2) (8). The cells were exposed to varying
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Table I. Primers used for reverse transcription-quantitative
polymerase chain reaction analysis.

Gene Primer sequences (5'-3") PCR bp
[-actin
F AGAAAATCTGGCACCACACC 139
R GGGGTGTTGAAGGTCTAAA
Osteocalcin
F GGCGCTACCTGTATCAATGG 106
R TCAGCCAACTCGTCACAGTC
RUNX2
F CACCATGTCAGCAAAACTTCTT 96
R TCACGTCGCTCATTTTGC
Osterix
F TGCTTGAGGAGGAAGTTCAC 148
R AGGTCACTGCCCACAGAGTA

RUNX2, runt-related transcription factor 1; PCR, polymerase chain
reaction; F, forward; R, reverse.

concentrations of PRF exudate for 24, 48, or 72 h. The viability
and proliferation of hPDLCs were determined by using a
CCK-8 kit assay (Fig. 3). On day 1, the difference between the
control and experimental groups was significant (P<0.05), while
the difference between the E1 and E2 experimental groups was
not significant (P>0.05), and the difference between El and E3
experimental groups was significant (P<0.01; Fig. 3). On days 2
and 3, when compared with the control group, the proliferation
rate of groups El and E2 increased significantly (P<0.01). The
PRF exudates in group E3 also enhanced the proliferation of
hPDLCs, although there was no significant difference between
group E3 and the control group (P>0.05). On days 2 and 3, the
difference between groups El and E2 was significant (P<0.05)
as was the difference between groups El and E3 (P<0.05), while
the difference between groups E2 and E3 was only significant at
the day 2 time interval (P<0.01).

ALP activity. Following 7 or 14 days of culture, the hPDLCs
cultured in the E3 group demonstrated the highest levels of
ALP activity compared with the other experimental groups
and the differences between the control group, and the E2 and
E3 experimental groups were significant (P<0.01) at all time
intervals compared with the control (Fig. 4). Furthermore, the
ALP activity of hPDLCs in the El group on days 7 and 14 were
also upregulated, although the difference was not significant
(P>0.05). As expected, ALP activity in all groups progres-
sively increased over time in culture.

Alizarin red staining and semi-quantification of mineralized
matrix nodules. To detect the formation of mineralized
matrix nodules, alizarin red staining was performed (Fig. 5A).
Following 14 days of osteogenic induction, the mineralized
nodules were observed by inverted phase-contrast microscopy
and the number of nodules was increased in the MM + El
group compared with the MM group. However, it was hard to
detect mineralized nodules in the control group.
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Figure 2. Characterization and identification of hPDLCs (A) Primary cells grew out from tissue explants. (B) The primary hPDLCs exhibited a spindle shape.
(C) Immunocytochemistry staining was positive for vimentin. (D) Immunocytochemistry staining was negative for cytokeratin. For (A) and (B): Scale bar,
200 pm. For (C) and (D): Scale bar, 100 gm. hPDLCs, primary human periodontal ligament cells.

1.6
mmm Control
1.4 CJE3
- 2
12 E1

0.8

ODyg, value

0.6
0.4
0.2

72h

Figure 3. Effects of PRF exudate on the proliferation of hPDLCs in vitro.
The proliferation activity of hPDLSCs was promoted by PRF exudates in a
dose-dependent manner. E1, 100%, E2, 20%; E3, 4% PRF exudate. "P<0.05
and “P<0.01. hPDLCs, primary human periodontal ligament cells; PRF,
platelet-rich fibrin; OD, optical density.

Furthermore, the formation level of mineralized matrix
nodules were quantified following 14 days of induction
(Fig. 5B). The absorbance values at 570 nm revealed that extra-
cellular calcium deposition in the E1 group and the MM + E1
group was significantly increased compared with the control
group or MM group, respectively (P<0.05).

Effect of PRF on the expression of osteogenic-associated
genes. The results of the expression levels of OCN, OSX (also
known as SP7) and RUNX2 genes were recorded on the 3rd,
5th, and 7th days. It was observed that on the 3rd day, the
expression of osteogenic-associated genes RUNX2 and the
later marker OSX, were all upregulated in the PRF treatment
groups vs. the corresponding control and MM group, and the

0.7
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8 *k
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0.2
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Day 7 Day 14

Figure 4. Effects of PRF exudate on ALP activity in human periodontal
ligament cells. Following 7 days of culture, ALP activity E2 and E3 groups
were significantly increased compared with the control group. Furthermore,
compared with the control group, the ALP activity in the E1 group was also
elevated, although the difference was not significant. “P<0.01 vs. the corre-
sponding control. ALP, alkaline phosphatase; PRF, platelet-rich fibrin; OD,
optical density.

differences became significant by the 5th day (Fig. 6A and B).
Following the addition of the PRF exudate, the expression
level of the other late marker, OCN, decreased on the 3rd day,
but was upregulated in the experimental groups during the
following period and was enhanced significantly by the 7th
day (P<0.01; Fig. 6C).

Western blotting was performed to examine the effect
of PRF exudate on hPDLC differentiation and confirm the
gPCR results. Cells were cultured in four varied media for
3,5, or 7 days. As demonstrated in Fig. 7A and B, compared
with the control group and the MM group, the protein levels
of RUNX2 were upregulated in the El-treated group and the
MM + El-treated group at different time points.
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Figure 5. Alizarin red staining of periodontal ligament cells and semi-quantification of mineralized nodules. Four kinds of media: Control medium, E1, MM
and E1 + MM. Scale bar, 200 ym. (A) Following 14 days of osteogenic induction, the number of mineralized nodules in the E1 + MM group was much greater
than in the MM group. Furthermore, the E1 group exhibited an increased number of mineralized nodules compared with the control group. (B) The relative
mineralized nodule content in the E1 + MM group was increased compared with the MM group. In addition, compared with the control group, the relative
mineralized nodule content also increased. “P<0.01; PRF, platelet-rich fibrin; MM, mineralization-inducing medium; E1, 100% PRF exudate medium.

Discussion

PRF has been described as a second-generation platelet
concentrate, since it is produced naturally without using an
anticoagulant. Platelet-rich plasma contains various growth
factors, coagulation factors, adhesion molecules, cell factors,
chemokines and binding elements (20). When the platelets
are activated, the a granules release a large variety of growth
factors (21) that promote the proliferation and differentiation
of mesenchymal stem cells (22). The PRF clot forms an active
fibrin matrix with a complex three-dimensional architecture,
in which most of the platelets and leukocytes are trapped.
Compared with platelet-rich plasma, PRF obtained by
means of Choukroun's protocol does not decompose quickly
following application; instead, the active PRF membrane is
slowly remodeled in a similar way to a natural blood clot, and
releases large amounts of factors and other matrix glycopro-
teins for at least 7 days.

The goal of the present study was to assess the in vitro
effect of the soluble materials released from PRF membranes

on the proliferation of hPDLCs. In this study, PRF demon-
strated no cytotoxic impact on hPDLCs, according to the
CCK-8 assay, which is considered to be more sensitive
compared with assays based on tetrazolium salts, including
MTT (23). Furthermore, the result is consistent with previous
studies in other cell types (24,25). Earlier studies proved that
PRF stimulates proliferation of human bone mesenchymal
stem cells, human osteoblast-derived osteosarcoma (Sa0S2)
cells, human keratinocyte-derived carcinoma (KB) cells and
human fibroblast-derived lung carcinoma (MRCS5) cells in
a similar way (26,27). However, there has been little study
regarding the effects of PRF on hPDLCs until now. In the
present study, the results of the CCK-8 assay demonstrated
that PRF promotes the proliferation of hPDLCs. The
higher proliferation rate occurred when cells were treated
with concentrations E1 (100%) or E2 (20%). For the lowest
concentration, E3 (4%), the improved effect on cell prolif-
eration was weak or not significant. In other words, PRF
stimulated hPDLC proliferation in a dose-dependent manner,
even though there was not always a significant difference.
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Figure 6. Reverse transcription-quantitative polymerase chain reaction
results of three osteogenic-associated genes, RUNX2, OCN and OSX.
(A) RUNX2 and (B) OSX were both upregulated in the PRF treatment groups
vs. the corresponding controls. (C) OCN expression was upregulated more
slowly than RUNX2 and OSX following exposure to PRF exudate. RUNX2,
runt-related transcription factor 1; OCN, osteocalcin; OSX, osterix; PRF,
platelet-rich; MM, mineralization-inducing medium. "P<0.05 and “"P<0.01
vs. corresponding control groups.

These data are consistent with the results reported in previous
studies (28-30).

The enhanced effects on cell proliferation can be explained
as follows. PRF releases platelet-derived growth factor (31),
which is the primary growth factor in PRF and has been
demonstrated to have potent mitogenic effects on stem cells,
osteoblasts and dental pulp cells, and also promotes angiogen-
esis and collagen synthesis. Furthermore, other growth factors
trapped in the PRF matrix (32), including insulin-like growth
factor, vascular endothelial growth factor and basic fibroblast
growth factor facilitate periodontal ligament stem cell and
Schwann cell proliferation (31,33), although these cells are
fewer in number. Therefore, all of these growth factors together
enhance the proliferation of hPDLCs.

In addition to the measurement of proliferation in the
present study, the osteogenic differentiation of hPDLCs

4483

A CON PRF(E1) MM  MM+PRF(E1)
Day 3 55 kDa
Day 5 55 kDa
Day 7 55 kDa
p-actin | 42 kDa
3.0 - mm Control
*# == PRF(E1)
[ |
c 25 " 1
5 5 & M+PRF(E1)
@
2 201 [ s % >
o 05
5 N
c
i
5 L 2
= L [
X4 X
= 1.01 5 5
a b 5 5
x et %
5
2 05
505 oty
Ko %
0.0 R

Day 3 Day 5

Day 7

Figure 7. Protein expression of RUNX2 following treatment with various
culture conditions for 3, 5, or 7 days. (A) Representative image and
(B) semi-quantification of protein levels of RUNX2 detected via western
blotting. B-actin was used to monitor equal protein loading. PRF, platelet-rich;
MM, mineralization-inducing medium; CON, control. "P<0.05 and “P<0.01
vs. corresponding control groups.

was also assessed by analyzing ALP activity, the formation
of mineralized nodules and expression of the early-phase
osteoblast-associated protein RUNX?2.

ALP is a membrane enzyme that hydrolyzes phosphate
ions and allows for the formation of hydroxyapatite crystals
and the enhancement of mineralization (34). It is also regarded
as a marker of osteoblastic differentiation at an early phase.
Alizarin red is a marker that directly reflects the osteogenic
differentiation of human umbilical-cord-derived mesenchymal
stem cells (35). In this study, ALP activity was increased
following stimulation with PRF. Similar effects have been
reported in which PRF enhances ALP activity in osteoblasts,
bone marrow mesenchymal stem cells and dentritic cell
precursors (20). These results demonstrated that PRF contrib-
utes to the differentiation of hPDLSCs within a short period.

RUNX2 is a bone transcription factor and is one of the
homologs of the Drosophila runt protein family. It was previ-
ously demonstrated that RUNX?2 serves a significant role in
osteogenesis and acts as an early transcriptional regulator in
the process of osteogenic differentiation. Several studies have
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observed that RUNX2 gene-deficient mice exhibit a complete
block in bone formation and osteoblast differentiation (36,37).
Additionally, RUNX2 is essential for mesenchymal cell differ-
entiation into an osteoblastic lineage (36). In accordance with
the ALP result in the present study, the expression of RUNX2
was upregulated by PRF treatment. Based on the results that the
expression of RUNX2 is increased following induction by PRF,
it can be inferred that PRFs affects osteogenesis by promoting
the differentiation of hPDLSCs into the osteogenic lineage.

Following analysis of this result, which growth factor
contributes to the effect observed in the present study was
investigated. RUNX2 is the primary binding protein induced
by TGF-pB1 and bone morphogenetic protein 2. In addition,
TGF-f is one of the major growth factors demonstrated in
PRF and it is also involved in the regulation of multi-lineage
differentiation of cells through the mothers against decapenta-
plegic homolog (SMAD) and non-SMAD pathways, including
the mitogen-activated protein kinase, phosphoinositol-3
kinase-protein kinase B, and Rho-like GTPase signaling
pathways (38-40). For example, TGF-f§ promotes the differen-
tiation of stem cells into cardiomyocytes, neurocytes, hepatic
stellate cells, dendritic cells and other cell types (41).

In addition to the function of growth factors in PRF, it is
worthwhile to investigate the role of the leukocytes that are
released by PRF. To a certain extent, cell cultures that are
treated with PRF membrane or exudate are a co-culture with
leukocytes. However, most of the literature concerning platelet
concentrates ignores the impact of these leukocytes, although a
previous study has discussed the issue concerning the immune
and antimicrobial properties of platelet concentrates (42).

PRF, due to its particular architecture, low expense and
ease of production, may be a good choice for periodontal tissue
regeneration. The promotion of the proliferation and differen-
tiation of hPDLSCs also indicates the possibility of producing
a PRF-hPDLSC conglomerate with several clots of PRF and
a relatively small number of hPDLSCs. Although it has been
demonstrated that PRF significantly facilitates hPDLSC prolif-
eration and osteogenic differentiation, the ability to simulate
clinical conditions may be limited, and the precise mechanism
has yet to be proven. Finally, a limitation of the present study
is that the blood samples and hPDLCs were not collected from
the same donors, and the immune incompatibility may have an
adverse effect on the experimental results.

In conclusion, we evaluated the effects of PRF exduate on
the proliferation, osteogenic differentiation and mineralization
of hPDLCs in vitro and the results showed that PRF exduate
could enhance hPDLC adhesion, proliferation and induce the
differentiation of hPDLC into mineralized tissue formation
cell; thereby contribute to the main processes of periodontal
tissue regeneration. PRF exduate may therefore provide poten-
tial benefits for periodontal tissue engineering; contributing to
the primary processes of periodontal tissue regeneration. For
economical and biological reasons, PRF exduate has greater
clinical benefits than analogous growth factors. Furthermore,
PRF exduate may be used to improve the early healing process
of periodontal infrabony defects in clinical practice, as it may
attenuate angiogenesis and prevent infectious activity. Future
studies should investigate the underling mechanism of the
association between PRF exduate and the promotion of osteo-
genic differentiation and mineralization of hPDLCs, as well as

LI et al: PLATELET-RICH FIBRIN PROMOTES PERIODONTAL LIGAMENT CELLS

the effect of PRF exudate on the regeneration of soft and hard
periodontal tissue following infection-induced inflammation.
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