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Introduction

Migration is a fundamental cellular behavior that plays an
important role in homeostatic tissue maintenance and re-
generation of injured organs and tissue, particularly contrib-
uting to several physiological processes, including vascular
development and angiogenesis, tumorigenesis, wound heal-

ing, tissue engineering, and biomaterial design.1,2 Cell mi-
gration plays an important role when cells must reach the
injury site in a given environment to function, which can be
assessed by several methods, such as scratch assay, transwell
assay, and fluorescence microscopic assay.3,4 The result of
the assay is quantified using a single metric or a combination
of metrics to have specific outcomes. This process begins
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Abstract Objective Migratory speed rate evaluation of human dental pulp stromal cells (hDP-
SCs) is one of the important steps in dental pulp regeneration. Therefore, the aim of the
study is to analyze various concentrations of advanced platelet-rich fibrin (A-PRF)
culture media toward hDP-SCs’ migratory speed rate evaluations.
Materials and Methods The hDP-SCs were divided into four groups: control: hDP-SCs
in Dulbecco’s modified Eagle mediumþ10% fetal bovine serum group; hDP-SCs in 1%
A-PRF group; hDP-SCs in 5% A-PRF group; and hDP-SCs in 10% A-PRF group, which were
planted in 24-well (5�104 cell/well). The migratory speed rate of all groups was
measured by using cell migration assay (scratch wound assay) after 24 hours. Cell
characteristics were evaluated under microscope (Inverted microscope, Zeiss, Observer
Z1, UK) that can be read through image-J interpretation. This image J represented the
measurement of migratory speed rate (nm/h) data. Statistical analysis was conducted
using one-way analysis of variance and post hoc Tamhane’s test (p< 0.05) (IBM SPSS
Statistics Software, version 22.0).
Results There was a statistically significant difference in the migratory speed rates of
hDP-SCs among various concentration groups of A-PRF (1, 5, and 10%) compared with
the control group.
Conclusion The increase in the migratory speed rate of hDP-SCs was highest in 10% A-
PRF group.
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with the host endogenous chemotaxis toward the injury site
through biological signaling molecules.5 Several types of
signaling molecules have been evaluated in vitro, such as
the stromal cell-derived factor-1a, basic fibroblast growth
factor, vascular endothelial growth factor (VEGF), and plate-
let-derived growth factor (PDGF), which promote angiogen-
esis in the root canal, induce migration of stem cells, and
promote mineralization.5,6

Recruitment of dental pulp stem cells (DPSCs) is a prereq-
uisite for regeneration of dentin damaged by severe caries
and/or mechanical injury. Understanding the complex pro-
cess of DPSCs’ recruitment will benefit future in situ tissue
engineering applications based on the stimulation of endog-
enous DPSC for dentin pulp regeneration. The current known
mobilization signals and subsequent migration of DPSC
toward the lesion site, which is influenced by the pulp
inflammatory state and the application of pulp capping
materials, are reviewed.7,8 The migration of DPSC to the
injured pulp site is a complex procedure that involves many
processes that are not fully explained yet. These signals are
influenced by the local microenvironment defined by caries,
the inflammatory state, mechanical injury, and the applica-
tion of restorative materials.7,9

A recent trend in the domain of regenerative endodontics
involves the use of autologous platelet concentrates as a
source of growth factor (GF), which has shown promising
clinical and radiographic results.10–12 Second-generation
platelet concentrate named by platelet-rich fibrin (PRF)
was developed in 2001, and it has shown considerable
advantages over platelet-rich plasma (PRP) in its application
in regenerative endodontics.13 PRF serves as a reservoir of
bioactive molecules to support wound healing and bone
regeneration. Although the cellular mechanisms by which
PRF supports the clinical outcomes remain unclear, in vitro
research provides possible explanations. Many previous
studies suggested that PRF induces cell proliferation, migra-
tion, adhesion, and differentiation along with possessing its
anti-inflammatory properties, further supporting its thera-
peutic potential in wound healing and bone regenera-
tion.14,15 According to several studies, PRF can act as a
regulator of the immune system, and stimulate the wound
healing process through various GFs such as PDGF-bb, VEGF,
transforming growth factor (TGF)-b1, interleukin (IL)-1β, IL-
6, IL-4, and tumor necrotic factor-a.16–18

Ghanaati et al also produced an improved PRF form,which
contains greater numbers of white blood cells, and named it
advanced PRF (A-PRF).16,19 Leukocytes have shown to be very
important immunocytes capable of directing various cell
types in the wound healing process. It has recently been
assumed that an increase in leukocyte counts in the PRF
matrix can be achieved by modification of methods, times,
and speed of centrifugation, particularly from 2,700 rpm for
12minutes to 1,500 rpm for 14minutes, which can create a
new type of PRF named by A-PRF.19 It has been said that in
accordance to this hypothesis, the release of several GFs in A-
PRF was found significantly higher compared with that in
lysate PRF (L-PRF) and PRF.17–19 It has also been demonstrat-
ed by Huang et al that PRF can increase the proliferation and

differentiation of dental pulp cells (DPCs) by upregulating of
osteoprotegerin and alkaline phosphatase. These findings
might serve as a basis for preclinical studies that address the
role of PRF in reparative dentin formation.20

Recently, modification of methods, times, and speed of
centrifugation has resulted into several types of PRF, one
example of which is L-PRF, which is made through a combi-
nation of freezing and thawing process.16–18,21 Saeed et al
studied the efficacy of human PRF (hPRF) exudate (compres-
sionwithout freeze and thawmethods) and showed that 10%
of hPRF is the optimum concentration for human DPSCs’
(hDPSCs) proliferation, but did not show the efficacy for
migration of hDPSCs as the process that led to proliferation.22

Same result was showed in previous studies by Illmilda
et al23 and Bagio et al.24 Therefore the aim of this study
was to analyze the effect of various concentrations of A-PRF
conditioned media (CM) on migratory speed rate of human
dental pulp stromal cells (hDP-SCs).

Materials and Methods

Human Dental Pulp Stromal Cell Culture
This study’s protocol was approved by Ethical Committee of
Faculty of Dentistry Universitas Indonesia (no.82/ethical
approval/FKGUI/IX/2019, protocol number: 070940819).
This study is an in vitro study conducted at Prodia Stem
Cell Laboratory by using hDP-SCs at fifth and sixth passages.
Serum starvation procedure was conducted for 24 hours in
Dulbecco’s modified Eagle medium (DMEM; Thermo Fisher
Scientific Inc., Massachusetts, United States) supplemented
with 1% fetal bovine serum (FBS; Gibco, New York, New York,
United States) reduced into 1% concentration.

Preparation of Advanced Platelet-Rich Fibrin (A-PRF)
A-PRFs were taken from six healthy donors; 10-mL blood
from vena cubitus was collected without anticoagulants in
5-mL vacuumblood collection tubes by a certified laboratory
assistant (PT. Prodia Stem Cells (Prostem) Laboratory,
Salemba Raya, Central Jakarta). In less than 2minutes after
collection, the blood samples were centrifuged at 1,500 rpm
for 14minutes to obtain an A-PRF gel layer separated from
red blood cells. Then, A-PRF CM was incubated at 4°C for
24 hours and diluted to 1, 5, and 10% A-PRFs with DMEM.
DMEM (Thermo Fisher Scientific Inc., Massachusetts, United
States) supplemented with 10% FBS (Hyclone, Global Life
Science, United States) was used as positive control.

Effect of Condition Medium on hDP-SCs’ Migration
Using Scratch Wound Assay
After serum starvation, hDP-SCs were divided into four
groups: Control: hDP-SCs in DMEMþ10% FBS group; hDP-
SCs in 1% A-PRF group; hDP-SCs in 5% A-PRF group; and hDP-
SCs in 10% A-PRF group, which were planted in 24-well
(5�104 cell/well). The hDP-SCs were seeded in 24-wells
plates, triplicate (triplo). Cells were mechanically disrupted
with a sterile 200 μL pipette tip.

The migratory speed rate of all groups was measured by
using cell migration assay (scratch wound assay) after
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24hours. Cell characteristicwas evaluated undermicroscope
(Inverted microscope, Zeiss, Observer Z1, UK) that converted
into image-J (image-J, Version 1.53k, NIH) interpretation.
Wound width was calculated as the average distance be-
tween the edges of the scratch by two observers and inter-
rater reliability count with technical error of measurement.
Speed rate was quantified by dividing the change in wound
width by the time spent in migration.

Data Analysis
Normality data analysis according to Shapiro–Wilk test
(p>0.05) showed normal distribution data. Statistical anal-
ysis was performed by using one-way analysis of variance

(ANOVA) and post hoc Tamhane test (p<0.05) (IBM SPSS
Statistics Software, version 22.0).

Result

There was statistically significant difference of migratory
speed rate between all groups (p<0.05; one-way ANOVA
test; ►Fig. 1). Post hoc Tamhane’s analysis of migratory
speed rate of A-PRF groups compared with control group is
presented in ►Fig. 1. The qualitative data of all groups are
presented in ►Fig. 2.

Post hoc Tamhane’s analysis of migratory speed at various
concentrations of A-PRF groups (1, 5, and 10%) showed that
there was statistically significant difference between 10% A-
PRF group and 1 and 5% A-PRF groups (p<0.05), but there
was no statistically significant difference between 5% A-PRF
and 1% A-PRF groups (p>0.05; ►Table 1).

Discussion

The hDP-SCs’ recruitment depends not only on the soluble
chemotactic signals, but also on their interaction with
neighboring cells and the extracellular matrix.25,26 Cells
are able to sense and mount a response to physical and
mechanical properties and forces. Soluble factors such as
cytokines or GFs are sufficient to activate receptors and
initiate migration signaling. Signal factor from the niche
and microenvironment controls stem cells’ behavior such
as regulation of proliferation, division, andmigration. A good
microenvironment such as condition medium allows stem
cells to perform physiological activities.6,7,9 FBS is an animal
serum supplement that is commonly used in culture media
but can induce a xenogeneic reaction, besides can be con-
taminated with the bovine virus, and takes a long time to
expand. FBS is the gold standard cell culturemedium and has
numerous GFs and low gamma globulins compared with

Fig. 1 Migratory speed rate of human dental pulp stromal cells
(hDP-SCs) between various advanced platelet-rich fibrin (A-PRF)
groups (1, 5, and 10%) compared with control. There was a statistically
significant difference between control and 5 and 10% of A-PRF groups
(p< 0.05), but there was no statistically significant difference
between the control and 1% A-PRF group (�p> 0.05; n.s, not
significant; post hoc Tamhane’s test).

Fig. 2 Qualitative data of human dental pulp stromal cells’migratory speed rate control and various advanced platelet-rich fibrin (A-PRF) groups
(1, 5, and 10%) in 0 and 24 hours of observation (final wound showed with red line; cell movement demarcation showed with white dashed line).
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other animal-derived supplements. Recently, the use of a
human-derived serum, such as PRF, has been developed to
replace FBS as a cell culture supplement.27,28 This explains
why in this study only DMEM was used as a control.

The use of modified PRF, named by A-PRF, is developing
in recent years; this is due to the easier preparation of the
PRF compared with PRP and the great result of GF releases.
The result of this study also correlated with the previous
research conducted by Ghanaati et al; that is, the modifi-
cation of speed and time of centrifugation from 2,700 rpm
for 10minutes to 1,500 rpm for 14minutes can increase
the release of granulocytes of A-PRF that can then induce
GFs of A-PRF.19 The biological properties of A-PRF, which
has a great number of leukocytes, and platelets and GFs
promote both proliferation and differentiation.17,18 The
TGF-β, PDGF, VEGF, eotaxin, and CCL-5 released by the
leukocytes promote local vascularization and tissue
repairing, mainly due to the control of the inflammatory
process by anti-inflammatory cytokines IL-4, IL-6, and IL-
10.16,19,29

This result showed there was statistically significant
difference of migratory speed rate between all groups of 1,
5, and 10% A-PRF (p<0.05) after 24 hours of migration,
which is the first step of wound healing. The increase in
the migratory speed rate of hDP-SCs was highest in 10% A-
PRF group as shown in ►Fig. 1. These various concentration
results were in linewith previous study by Illmilda et al, who
concluded that the highest proliferation rate was at 25% A-
PRF, and the lowest was with 10% A-PRF on the first day of
evaluation.23

The hDPSC proliferation means did not significantly differ
with 10, 20, or 25% A- PRFs on days 3 or 5.23 The result of this
study was in conjunction with the results of Saeed et al and
Swastiningtyas et al, which showed a greater effect on low
proliferation of L-PRF.22,30,31 Saeed et al studied the efficacy
of hPRF exudate (compression without freeze and thaw
methods) and showed that 10% of hPRF is the optimum
concentration for hDP-SCs’ proliferation, but did not show
the efficacy for migration of hDP-SCs.22.22

The study by Utami Dewi et al showed that various
concentrations of L-PRF have different effects on migration
rate of DPSCs. The best migration rate of DPSCs was showed
in 5% L-PRF after 24 hours compared with all groups (1%
L-PRF, 10% L-PRF, 20% L-PRF, and 25% L-PRF).30 Low concen-
tration of L-PRF showed greater result in DPSCs’ migration.

Bagio et al proved that the ideal concentration of A-PRF,
which have great potential ability of human DPCs’ odonto-
genic differentiation, is at 1 to 5%.24 From this result, various
concentrations of A-PRF as well as L-PRF, as allogenic platelet
concentrations, which are platelet-rich blood derivatives,
have been widely used in stem-cell-based therapy as CM
showed a great potential of stem cells’ migration.

Beyond the confusion between migration and prolifer-
ation processes, based on result of the study by Saeed et al,
it was showed that 10% hPRF has the optimum concentra-
tion for hDPSCs’s proliferation only.22 This phenomenon
can be explained through the understanding of the concept
of cell migration assay that disambiguates cell migration
from cell proliferation. In traditional migration assays
(scratch assay), cells are allowed to migrate into an initially
cell-free exclusion zone. At the end of the migration
period, cells located in the exclusion zone are simply
enumerated. This traditional approach cannot distinguish
cells that have physically crawled into the exclusion zone
from cells that were “born” there, analogous to estimating
national immigration rate by only measuring increases in
population.32

On the other hand, post hoc Tamhane’s analysis of migra-
tory speed rate between various concentrations of A-PRF
groups (1, 5, and 10%) showed that there was statistically
significant difference between 10% A-PRFand 1 and 5%A-PRF
groups (p<0.05), but there was no statistically significant
difference between 5% A-PRF and 1% A-PRF groups
(p>0.05; ►Table 1). It can be concluded from this study
that 10% A-PRF has the highest migratory speed rate among
all concentration groups (1, 5, and 10% FBS as a control
group). Based onmicroscopic evaluation, hDP-SCsmigrate to
the scratch area after 2 hours. This evaluation showed that
10% A-PRF has the shortest wound width compared with all
groups after 24hours of observation (►Fig. 2). These data
were also supported by data showing that the highest
migration speed was in the 10% A-PRF group, as shown
in ►Fig. 1. The wound area of all groups showed cells filled
thewounded areawith the best result at 10% A-PRF, whereas
in other concentrations the groups showed the same result
but not as good as 10% A-PRF (►Fig. 2) after 24-hour
observation. This result can be explained based on a study
by Akpinar et al, according to which hDPSCs in the G1 phase
of the cell cycle showed the most significant number of cells
(78%) compared with those in the S and G2 phases.33,34 Our
study was conducted to determine the ability of A-PRF to
support hDPSC migration in vitro after 24 hours after plating
with three concentrations.

In line with the migratory speed rate, various DPSC
mobilization signals have been reported, which include
several GFs, various chemokines, and the signaling pathways,
which are promising targets for promoting dental stem cells’
migration via modulating adhesion, autophagy, cytoskeleton
rearrangement, and upregulating the expression of chemo-
kines and their receptors, which need to be further investi-
gated in the next continuous research.34,35 Previous study
proved that A-PRF releases a significant amount of GFs such
as TGF-B, VEGF, and PDGF comparedwith thefirst generation

Table 1 Post hoc analysis of migration speed rate of hDP-SCs
cultured with 1, 5, and 10% A-PRF

Conditioned media p-Value

1% A-PRF versus 5% A-PRF 0.815

1% A-PRF versus 10% A-PRF 0.000a

5% A-PRF versus 10% A-PRF 0.000a

Abbreviations: A-PRF, advanced platelet-rich fibrin; hDP-SCs, human
dental pulp stromal cells.
ap< 0.05; post hoc Tamhane’s test.
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of PRF that plays an important role in tissue regeneration and
vessel formation, including dental pulp tissue.36

The limitation of this study relies on the scratch wound
assay method simply enumerated cells in the exclusion zone
and therefore cannot distinguish the effects of proliferation
towards migration. Therefore, further research is needed
with new approaches by labeling cells with a fluorescent
lineage tracing dye at the beginning of the assay; in this way
migration can be evaluated in terms of the original or
parental cell population.

Conclusion

Various concentrations of A-PRF have different effects on
migration rate of DPSCs. Increase in migratory speed rate of
hDP-SCs was the highest in 10% A-PRF group, as well as
showed in microscopic evaluation whereas after 24 hour
observation has the shortest woundwidth comparedwith all
groups. For the clinical application purposes, A-PRF can be
used as suitable CM that can enhance nichebiology for dental
pulp homing cells in regeneration of the immature tooth.
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