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Abstract Background/purpose: Platelet-rich fibrin (PRF) is a promising host-derived scaffold
for regenerative endodontic treatment. This study investigated the effects of advanced PRF
plus (A-PRFþ) and injectable PRF (i-PRF) on the proliferation, migration, and differentiation
of stem cells from apical papilla (SCAPs).
Materials and methods: A-PRFþ and i-PRF were prepared using a DUO Quattro centrifuge
following a standard protocol. A-PRFþ and i-PRF extract were diluted in Dulbecco’s modified
Eagle’s medium and Ham’s F-12 medium (DMEM/F12) to produce the experimental culture me-
dium. DMEM/F12 and DMEM/F12 supplemented with 10% foetal bovine serum (FBS) were used
as the negative control (NC) and positive control (PC) media, respectively. The proliferative
ability of SCAPs was assessed using a counting method (haemocytometer). The migration abil-
ity was examined using a scratch-wound assay. Alkaline phosphatase, bone sialoprotein,
dentin matrix protein 1, and dentin sialophosphoprotein expression were measured to deter-
mine the differentiation ability.
Results: The proliferation, migration, and differentiation of SCAPs in the A-PRFþ group were
similar to those of the PC group. In the i-PRF group, the cell number was significantly
(p< 0.01) lower than that of the A-PRFþ group on days 8 and 10; the percentage of the scratched
area on days 1 and 2 was significantly higher than in the A-PRFþ group (p < 0.05). The mRNA
expression levels of biomarkers in the i-PRF group were similar to those in the A-PRFþ group.
Conclusion: Both A-PRFþ and i-PRF induce SCAPs proliferation, migration, and differentiation.
However, A-PRFþ was superior in supporting the proliferation and migration of SCAPs.
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Introduction

Regenerative endodontic treatment (RET) teeth requires
three essential components: stem cells, growth factors
(GFs), and biomaterial scaffolds.1 Among available scaf-
folds, host-derived products are of interest because of their
biological advantages such as compatibility, degradability,
and porosity. These features create a suitable microenvi-
ronment for stem cells from apical papilla (SCAPs), which
develop and differentiate into a natural root.2

Blood clots (BC), platelet-rich plasma (PRP), and
platelet-rich fibrin (PRF) have been used as host-derived
scaffolds. Among these, PRF appears to be superior because
of its significantly higher amount of GFs, various forms of
use, and lack of additives. However, the failure rates of PRF
were slightly higher than those of PRP in previous rando-
mised clinical trials.3,4 Some authors have suggested that
the high viscosity of PRF could prevent it from approaching
the tooth apex and thus reduce the materials efficacy,
especially in narrow- or multi-rooted teeth.3 Therefore,
injectable PRF (i-PRF) may overcome the drawbacks of
solid PRF.5 However, the number of platelets in i-PRF is
smaller than in solid PRF; i-PRF could, therefore, be less
effective.

To the best of our knowledge, the effect of i-PRF on
SCAPs activity has not been investigated or compared with
that of solid PRF. This in vitro study investigated the ability
of advanced A-PRF plus (A-PRFþ) and i-PRF to support the
proliferation, migration, and differentiation of SCAPs.

Materials and methods

This study protocol was approved by the Medical Research
Ethics Committee of the University of Medicine and Phar-
macy at Ho Chi Minh City under No. 22131-ÐHYD (IRB-
VN01002/IORG0008603/FWA00023448).

Culture media preparation

PRF preparation was performed at the Department of Oral
Surgery. Whole blood was collected from three male donors
(24e26 years). From each donor, a nurse withdrew 10 mL of
venous blood into an A-PRFþ tube and another 10 mL into
an i-PRF tube. These tubes were immediately centrifuged
with a DUO Quattro centrifuge (Process for PRF, Nice,
France). The machine was set centrifugation speed and
time according to the standard protocol; at 1,300 rpm in
8 min for A-PRFþ tube; and at 700 rpm for 3 min for i-
PRF.5,6 After centrifugation, the collected samples were
stored on ice at 4 �C and delivered to the laboratory for the
preparation of PRF media.

The PRF media were prepared using the spontaneous
release method. The PRF kit was used to press A-PRFþ to
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remove exudate and collect the membrane. Each
A-PRFþ membrane was, then, placed in falcon tubes con-
taining 5 mL of Dulbecco’s modified Eagle’s medium and
Ham’s F-12 medium (DMEM/F12; SigmaeAldrich, St. Louis,
MO, USA). The tubes were incubated at 5% CO2, 37 �C for
72 h before collecting the A-PRFþ extract. Next, it was
diluted in 35 mL DMEM/F12 to obtain the final A-
PRFþ culture medium. To prepare i-PRF medium, sterile
syringes were used to draw the top 1 mL of the yellowish
layer of the i-PRF tubes after centrifugation. The collected
i-PRF was diluted in 4 mL DMEM/F12 to obtain the final i-
PRF culture medium. The final PRF culture media were
filtered using a 0.2 mm filter to remove red blood cells.
Finally, the culture media were prepared with the following
concentrations: one A-PRFþ membrane in 40 mL of medium
and 20% i-PRF. These concentrations were similar to those
reported previously.7,8

All of following experiments were conducted with 4
media: A-PRFþ, i-PRF, positive control (PC) medium:
DMEM/F12 supplemented with 10% foetal bovine serum
(DMEM/F12 þ 10% FBS; SigmaeAldrich, St. Louis, MO, USA),
and negative control (NC) medium: DMEM/F12. SCAPs stem
cells used in this study were provided by Laboratory of
Tissue Engineering and Biomedical Materials, University of
Science, Vietnam National University, Ho Chi Minh City.

Proliferation assay

A proliferation assay was performed by counting SCAPs
using a haemocytometer. SCAPs were seeded into 96-well
trays with 2 � 103 cells/well and cultured in different
media. The culture medium was replaced every two days.
Cell counts were determined on days 2 (D2), D4, D6, D8,
and D10 using an optical microscope (Olympus, Tokyo,
Japan).

30 mL of trypsin/EDTA (SigmaeAldrich, St. Louis, MO,
USA) was added to each culture well within 1 min and
gently shaken to detach SCAPs. DMEM/F12 (30 mL) was
added to neutralise trypsin/EDTA. Trypan blue (60 mL, 0.4%)
was used to detect dead cells. The number of cells was
determined using a haemocytometer under a microscope
(100X magnification).

Migration assay

A cell migration assay was performed using the scratch-
wound method. SCAPs were seeded into 6-well trays at the
concentration 2 � 104 cells/well and cultured in DMEM/
F12 þ 10% FBS medium. When cell confluency reached
80e90%, the culture medium was replaced with DMEM/F12
and incubated for 24 h to starve the SCAPs. A 100 mL pipet
was used to remove the monolayer cells. The debris was
removed with 1 mL of phosphate-buffered solution (PBS;
Thermo Fisher Scientific, Waltham, MA, USA) and the
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reference points were marked. The trays were photo-
graphed on D, D2, and D3. The images were assessed using
ImageJ 1.53 software (University of Wisconsin, Madison, WI,
USA) and the “wound_healing_size_tool” add-on.9

Differentiation assay

SCAPs were cultured in the osteo-/odontogenic induction
medium for 14 days. Briefly, the culture medium was sup-
plemented with 0.1 mM dexamethasone, 10 mM b-glycer-
ophosphate, and 50 mg/mL ascorbic acid (Thermo Fisher
Scientific, Waltham, MA, USA). The RNA of SCAPs was ob-
tained using the TRIzol isolation method. The obtained RNA
was then reverse-transcribed using a SensiFAST� cDNA
synthesis kit (Meridian Bioscience, Cincinnati, OH, USA).
The relative mRNA expression levels of alkaline phospha-
tase (ALP), bone sialoprotein (BSP), dentin matrix protein
1 (DMP-1), and dentin sialophosphoprotein (DSPP) were
analysed using the SensiFAST� HRM kit (Meridian Biosci-
ence, Cincinnati, OH, USA) with the primer sequences listed
in Table 1. Agarose gel electrophoresis (AGE) and real-time
quantitative polymerase chain reaction (RT-qPCR) for ALP,
BSP, DMP-1, and DSPP expression were performed on D7 and
D14 to assess the osteo-/odontogenic differentiation po-
tential of SCAPs.

Statistical analysis

Each experiment was performed in triplicate. Data were
analysed using SPSS 26.0 (IBM, Armonk, NY, USA). Data are
presented as mean values � standard deviation. The
KruskaleWallis H-test was used to compare differences
between groups. If the difference was significant, Dunn’s
test was used to determine which group differed. Statistical
significance was set at P < 0.05.

Results

Proliferation assay

Fig. 1 shows the number of cells in the four groups on D2 to
D10. The number of cells in the i-PRF group increased from
D2 to D4, no change from D4 to D6, and decreased from D6
to D10. In the A-PRFþ group, the cell number steadily
increased during D2 to D8 and decreased slightly on D10.
The cell proliferation of the PC group was comparable to
that of the A-PRFþ group. The number of SCAPs in the i-PRF
group was significantly lower than that of the A-PRFþ group
on D8 and D10. The number of cells in the NC group was
significantly lower than in all remaining groups from D4 to
D10 (P < 0.001).
Table 1 Primer sequences used in quantitative real-time polym

Gene Forward primer sequen

Alkaline phosphatase 50-GTGAACCGCAACTGG
Bone sialoprotein 50-CACTGGAGCCAATGC
Dentin matrix protein 1 50-CTCCGAGTTGGACGA
Dentin sialophosphoprotein 50-TTTGGGCAGTAGCAT
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Migration assay

Fig. 2 shows the change in the scratch area as a percentage
of the four media. The scratch area significantly reduced
during D1 to D3 in all media. However, the scratch area
percentage of A-PRFþ was significantly lower than that of i-
PRF on D1 and D2 (P < 0.05). The scratch area percentage
of NC group was significantly higher than that of A-PRFþ
during D1 to D3, and other two groups on D2 and D3
(P < 0.05).

Differentiation assay

Fig. 3 shows the results of AGE and RT-qPCR for ALP, BSP,
DMP-1, and DSPP on D7 and D14 after exposure to osteo-/
odontogenic induction media. SCAPs that were previously
cultured in A-PRFþ, i-PRF, and PC media expressed a similar
differentiation potential to the osteo-/odontogenic media.

Discussion

PRF is of interest in RET due to their outstanding biocom-
patibility and cellular components.1,2 Previous studies have
reported the positive effect of PRF on SCAPs.10,11 However,
none of them compared the effects of the most advanced
products of PRF, including A-PRFþ and i-PRF. This study
showed that these PRFs could induce SCAPs proliferation
and migration as compared to DMEM/F12 þ 10% FBS, which
is considered the gold standard for culturing MSCs. Both
PRFs are able to induce SCAPs differentiation to osteo-/
odontogenic media. Additionally, A-PRFþ was superior to i-
PRF in inducing the proliferation and migration of SCAPs.

More than 95% of the blood cells in PRF are platelets,
which are critical for wound healing. The secretion of alpha
granules by platelets provides numerous GFs that induce
regeneration.12 Among several PRF generations, A-PRFþ
and i-PRF are the most advanced solid and liquid one,
respectively.6 To extract GFs from the PRF, we used a
spontaneous release method with minor modifications.13,14

The authors increased the immersion time to 72 h to collect
GFs that are released slowly after the first 24 h.6

As a member of MSC family, SCAPs activity is also regu-
lated by numerous GFs which are released by platelets.15

The activated platelets release hundreds of GFs, chemo-
kines, and other products.16 Only a few GFs have been
investigated for their effects on MSC activity, and the role
of other secreted particles remains elusive.15,17 The effect
of a single GF on cell activity is complicated and may have
biphasic dose-dependent characteristics, such as insulin-
like growth factor 2.18 Therefore, the impact of PRF
media on SCAPs activity is a comprehensive result of
erase chain reactions.

ce Reverse primer sequence

TACTC-30 30-GAGCTGCGTAGCGATGTCC-50

AGAAGA-30 30-TGGTGGGGTTGTAGGTTCAAA-50

TGAGG-30 30-TCATGCCTGCACTGTTCATTC-50

GGGC-30 30-CCATCTTGGGTATTCTCTTGCCT-50



Figure 1 Proliferation assay of stem cells from apical papilla cultured in four media from days 2 to 10. The results are presented
as mean � standard deviation. (A-PRFþ, advanced platelet-rich fibrin plus; i-PRF, injectable platelet-rich fibrin; D, day; *P < 0.05,
**P < 0.01).

Figure 2 A. The images of scratch-wound method for measuring the scratch area percentage. B. The scratch area percentage of
stem cells from apical papilla cultured in four media from day 1 to 3. Note. A-PRFþ, advanced platelet-rich fibrin plus; i-PRF,
injectable platelet-rich fibrin; D, day; *P < 0.05.
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platelet quantity, PRF nature, and dilution ratio. These
discrepancies may be the main reason for the different
results of SCAPs proliferation, migration, and differentia-
tion between the two PRF groups in this study.

Compared with the i-PRF medium, the proliferation of
SCAPs cultured in A-PRFþmedium reached its peak later, but
the maximum number of SCAPs was significantly higher and
comparable to the PC group. Conversely, previous studies
have reported a superior effect of PRF media on SCAPs dif-
ferentiation in comparison with PC media.7,10 However, it
should be noted that the PRFmediumwas prepared by adding
the PRF extract to the culture medium which was already
supplemented with FBS. This preparation method makes it
difficult to determine the efficacy of PRF. Using PRF medium
without FBS, a previous study on PDLSCs showed a similar
proliferation curve between thePCandPRFmediumgroups.13

That is, A-PRFþmedium induced SCAPs proliferation at a rate
comparable to the PC medium. The effect of i-PRF was less
pronounced than that of A-PRFþ.

The results of this study demonstrated the positive ef-
fect of A-PRFþ and i-PRF media on SCAPs migration. From
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D1 to D3, the scratch percentage of the A-PRFþ medium
group was consistently lower than that of the i-PRF and
control medium groups. As SCAPs were starved before the
migration experiment and the proliferation in A-PRFþ and
i-PRF media was comparable in the first two days, the
reduction in the scratch area mostly occurred due to cell
migration activity. Further, SCAPs cultured in the A-
PRFþ medium migrated more prolifically than the control
groups and those cultured in the i-PRF medium. Previous
studies have reported that SCAPs cultured in PRF medium
can migrate significantly better than control cells.7,10 As
mentioned above, different procedures for medium prep-
aration may lead to this discrepancy. When using PRF to
replace FBS in the culture medium, it has been reported
that the effects on PDLSC migration are comparable.13

Within the first 72 h, SCAPs cultured in A-PRFþ media
showed improved migration capacity compared to those
cultured in i-PRF media. The rate of SCAPS migration in i-
PRF media was comparable to the PC media.

ALP, BSP, DSPP, and DMP-1 are biomarkers of osteo-and
odontogenic differentiation. ALP and BSP are crucial



Figure 3 A. The agarose-electrophoresis results of stem cells from apical papilla cultured in four media. B. mRNA expression of
osteo-/odontogenic biomarkers of stem cells from apical papilla after differentiation. Note. A-PRFþ, advanced platelet-rich fibrin
plus; i-PRF, injectable platelet-rich fibrin; D, day; PC, positive control; NC, negative control; ALP, alkaline phosphatase; BSP, bone
sialoprotein; DMP-1, dentin matrix protein 1; DSPP, dentin sialophosphoprotein.

Journal of Dental Sciences 19 (2024) 2203e2209
enzymes that participate in the initial formation of miner-
alised tissues, such as enamel, cementum, dentin, and
alveolar bone.19,20 Subsequently, DSPP and BMP-1 comple-
ment these tissues to adapt to the physiological functions
of human dentition.21,22 AGE images showed that all dif-
ferentiation biomarkers were expressed in both A-PRFþ
and i-PRF media on D7 and D14. In addition, RT-qPCR
revealed that the expression levels of all biomarkers in
both PRF media were comparable to those of the PC group.
Although previous studies showed that PRF improved osteo-
odontogenic differentiation in SCAPs compared to a control
medium, these results should be interpreted carefully.7,10

The PRF medium used in these studies was also supple-
mented with FBS; therefore, the higher biomarker expres-
sion could be the result of the cumulative impact of FBS and
PRF. In another study on PDLSCs that used PRF as the sole
factor, ALP and BSP expression was significantly lower than
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the control group at D7. However, the difference became
insignificant on D14.23 Notably, as dental stem cells derived
from different niches express various proliferation and
differentiation levels during the first week and became
more homogenous in the second week, comparisons at D14
are more reliable.24,25 Thus, both PRF media induced
osteo-/odontogenic differentiation in SCAPs.

This study was conducted using a standard protocol used
to assess MSCs proliferation, migration, and differentiation.
Among the numerous methods used to count cell numbers,
using a haemocytometer is presently considered the gold
standard with affordability and versatility.26 For migration
evaluation, a scratch assay was conducted because of its
convenience, simplicity and suitability.27 The differentia-
tion was assayed using AGE and RT-qPCR was used to
quantify the expression of osteo-/odontogenic biomarkers
which has been used in previous studies.28 However, this
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study has a few limitations that should be considered. First,
both PRFs should be examined prior to determine the best
dilution ratio for supporting SCAPs activity. Although the
authors reviewed the medical literature for culture medium
preparation, different types of PRF and targeted stem cells
might result in up- or downregulation of selective genes.
Second, the differentiation experiment did not examine the
expression of glyceraldehyde 3-phosphate dehydrogenase.
This deficiency can weaken the differentiation result
although this was conducted by Laboratory of Tissue Engi-
neering and Biomedical Materials, University of Science,
Vietnam National University, Ho Chi Minh City. Finally, to
continue closure of the tooth apex, stem cells must
differentiate into other tissues such as vascular or neuro-
genic cells. Therefore, future studies should examine the
induction of PRF differentiation under other conditions
using appropriate biomarkers to provide a more compre-
hensive understanding.

Within the limitations of this study, both A-PRFþ and i-
PRF induced SCAPs proliferation, migration, and osteo-/
odontogenic differentiation. A-PRFþ was found to be su-
perior in supporting SCAPs proliferation and migration.
These results showed that both PRFs are potential bio-
materials for further research in RET.
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