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Abstract
Objective: To investigate the effect of Advanced Platelet- Rich Fibrin (A- PRF+), 
Leukocyte Platelet- Rich Fibrin (L- PRF), and injectable Platelet- Rich Fibrin (i- PRF) on 
osteogenesis of a human osteoblast- like cell line in vitro.
Background: Different PRF protocols are used in clinical dentistry in the last years. 
Recent literature documented the positive impact of PRF derivatives in vivo and in 
vitro, on different types of cells. However, hardly any literature comparing the new 
protocols for PRF (the A- PRF+ and i- PRF) with the original protocol of PRF (L- PRF) is 
present for osteoblast- like cells.
Materials and Methods: A- PRF+, L- PRF, and i- PRF were prepared from six male do-
nors and pre- cultured with 10 mL culture medium for 6 days. 5 x 103 cells/ml oste-
oblasts from the osteoblast cell line (U2OS) were seeded and cultured either with 
conditioned medium derived from the different PRF conditions or with regular culture 
medium. At five different time points (0, 7, 14, 21, 28 days), the osteogenic capacity 
of the cells was assessed with Alizarin Red S to visualize mineralization. Also in these 
cells, the calcium concentration and alkaline phosphatase activity were investigated. 
Using qPCR, the expression of alkaline phosphatase, osteocalcin, osteonectin, ICAM- 
1, RUNX- 2, and collagen 1a was assessed.
Results: In osteoblast- like cells cultured with conditioned medium, the A- PRF+ condi-
tioned medium induced more mineralization and calcium production after 28 days of 
culturing compared with the control (p < .05). No significant differences were found 
in the extent of cell proliferation between the different conditions. RUNX- 2 and oste-
onectin mRNA expression in the cells were lower in all PRF- stimulated cultures com-
pared with control at different time points. The i- PRF- conditioned medium induced 
more ALP activity (p < .05) compared with control and osteoblasts- like cells differenti-
ated more compared with osteoblasts cultured with L- PRF.
Conclusions: The three PRF preparations seem to have the capacity to increase 
the osteogenic potential of osteoblast- like cells. A- PRF+ seems to have the highest 
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1  |  INTRODUC TION

Loss of alveolar bone support is one of the characteristics of peri-
odontal disease. This results in periodontal osseous lesions. The 
presence of periodontal osseous lesions is clinically significant in 
many ways. It relates to the associated loss of tooth support, to the 
site- specificity of periodontal destruction, and to the possibility that 
local factors (deep pockets and furcation involvement) associated 
with some osseous lesions may represent risk factors or indicators 
for disease progression.1 The surgical regeneration of the destructed 
periodontium may have multiple advantages, such as: (i) an increase 
in the periodontal attachment and bone of a severely compromised 
tooth; (ii) a decrease in pocket depth; and (iii) no, or a minimal, in-
crease in gingival recession.2

To achieve a successful periodontal tissue regeneration, different 
kinds of cells need to be targeted. Osteoblasts and osteoclasts are key 
cells in bone remodeling. In health, bone formation and bone resorption 
are in balance. To achieve bone regeneration, it is essential to stimulate 
osteoblasts for their role in bone formation. Platelet- rich fibrin (PRF) 
is one the materials that can guide different types of cells to promote 
tissue healing.3 Two of the main advantages of PRF include the fact that 
it contains living blood born cells such as leukocytes, intact platelets, 
and stem cells, which are important inflammatory cells and which play 
key roles in wound healing. Notably, they all release slowly and steadily 
growth factors and adhesion molecules for proper tissue repair.4,5

PRF was initially developed with a high relative centrifugation 
force (RCF), allowing a dense fibrin clot to form.6 The standard pro-
cedure for the PRF is called L- PRF.7– 10 Recently, new protocols for 
the preparation of PRF have been introduced. The advanced pro-
cedure (A- PRF+) is developed using a lower RCF.11 The generated 
A- PRF+ fibrin matrix shows a more porous structure, in which plate-
lets and leucocytes remain trapped during the centrifugation phase. 
Further protocols are present in the literature as well. With the ap-
plication of an even lower RCF, it is possible to modulate the coagu-
lation cascade, obtaining a liquid material that can be used alone or 
mixed with other biomaterials before its complete clotting to pro-
mote tissue healing. The liquid form of PRF is called injectable PRF 
(i- PRF). The development and the applications of i- PRF have been 
pursued as an easy- to- use platelet concentrate in liquid form which 
can be either used alone or combined with various other biomate-
rials, such as allogenic and xenogenic bone substitutes. In this way, 
the biomaterials have an easier handling and more importantly are 
biologically active since it has been shown to contain high levels of 
growth factors, such as PDGF- AA, PDGF- AB, EGF, and IGF- 1 which 
accelerate wound healing and regulate cell growth and division.12

Recently, it was shown that L- PRF, A- PRF, and i- PRF have a 
stimulatory effect on the migration and proliferation of periodon-
tal fibroblasts.13 Another study showed that L- PRF membranes 
induce a significant proliferation and differentiation of human os-
teoblasts and fibroblasts.14 i- PRF also increases the osteoblastic 
activity in vitro.15 However, to our knowledge, there is no study 
that investigates and compares the differential effects of A- PRF+, 
L- PRF, and i- PRF on osteoblasts in vitro. Therefore, the aim of this 
study was to assess the osteogenesis potential of the three differ-
ent PRF protocols (A- PRF+, L- PRF, i- PRF) on a human osteoblast- 
like cell line in vitro.

2  |  MATERIAL S AND METHODS

2.1  |  PRF preparation

Blood samples were collected from six healthy male volunteers 
in accordance with the Medical Ethical Committee of VU Medical 
Center, Vrije Universiteit Amsterdam (study protocol reference 
2016.530). After signing an informed consent regarding the pro-
cedure and the relative risks of it, six male, non- smoking, healthy 
volunteers donated blood for 2 A- PRF+ tubes (10 mL tube, glass, 
PRF Process), 2 L- PRF tubes (9 mL tube, glass- coated plastic tubes, 
Intra- Lock), and 2 i- PRF tubes (10 mL tube, plastic, PRF Process). 
The centrifugation process started for all the tubes in less than 
1 min after the blood samples were collected. The protocols for 
the preparation of different PRF were described in Table 1, and 
followed the guidelines by Miron et al.16 For the A- PRF+ mem-
branes, the tubes were placed in the Duo Quattro (Process for 
PRF) centrifuge with the rotor angulated at 40° and radius of 
88 mm at the clot and 110 mm at the max. For the L- PRF mem-
branes, the tubes were placed in the Intra- Lock (Intra- Lock) cen-
trifuge with the rotor angulated at 33° and radius of 50 mm at the 
clot and 80 mm at the max. For i- PRF, the tubes were placed in the 

potential for mineralization, while i- PRF seems to have the potential to enhance 
early cell differentiation.

K E Y W O R D S
growth factors, osteoblasts, osteogenic differentiation, periodontitis, platelet rich fibrin

TA B L E  1  Centrifugation protocols.

RCF- max 
(g)

Time 
(min) Radius

Rotor 
angulation (°)

A- PRF+ 208 8 88 mm clot- 
110 mm max

40

L- PRF 653 12 50 mm clot- 
80 mm max

33

i- PRF 60 3 88 mm clot- 
110 mm max

40
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Duo Quattro (Process for PRF) centrifuge with the rotor angulated 
at 40° and radius of 88 mm at the clot level and 110 mm at the 
max. Times and RCF- max of the different preparations are shown 
in Table 1.

After centrifugation, the tubes of A- PRF+ and L- PRF were kept 
vertical for 5 min, during this time, the fibrin clot was formed in 
the middle of the tube. Sterile tweezers were used to take the 
fibrin clots out of the tube. Fibrin clots were separated from 
the acellular plasma using sterile scissors. Then the fibrin clots 
were placed in a sterile metal box device (Xpression Fabrication 
Kit, Intra- Lock). A homogenous pressure was applied for 5 min. 
Subsequently, the clots were removed from the metal box in ster-
ile conditions (airflow cabinet) and were placed in 6- well plates 
(Greiner- Bio- One International GmbH). Each PRF membrane was 
placed in one well, containing 10 mL of α- MEM (Invitrogen Life 
Sciences), medium containing 5% FC1 (Fetal clone I, HyClone 
Laboratories) and 1% PSF (Antibiotics Penicillin/Streptomycin/
Amphotericin B, Sigma- Aldrich). After the centrifugation of the 
i- PRF tube, the supernatant was extracted directly with a ster-
ile pipette under sterile conditions (airflow cabinet) and was 
placed directly in wells containing 10 mL of α- MEM (Invitrogen 
Life Sciences), medium containing 5% FC1 (Fetal clone I, HyClone 
Laboratories) and 1% PSF (Antibiotics Penicillin/Streptomycin/
Amphotericin B, Sigma- Aldrich).

A-  and L- PRF membranes were incubated in above- mentioned 
medium for 6 days at 37°C and 5% CO2. To facilitate the release of 
growth factors, the plates were put on a rocking platform shaker 
(VWR, Batavia) with low speed and tilt (speed 1; tilt 3) in the in-
cubator (HeraCell, Thermo Fisher Scientific Inc.).17 After 6 days, the 
conditioned media were extracted and stored at −80°C.

2.2  |  Osteoblast cell line culture

The osteoblast cell line U2OS (passage number 28) was seeded 
in 6- well plates 14 days prior to the experiment. Osteoblasts 
were cultured with α- MEM medium (Invitrogen Life Sciences), 
containing 10% FC1 (Fetal clone I, Hyclone Laboratories) and 
1% PSF (Antibiotics Penicillin/Streptomycin/Amphotericin B, 
Sigma- Aldrich). The cells were then plated in a 24- well plate 
(Greiner- bio- one International GmbH) with 5 × 103 cells per well. 
Subsequently, 500 μL of conditioned medium from the different 
PRF conditions (A- PRF+, L- PRF, i- PRF) was added to the seeded 
osteoblasts. As a control, α- MEM (Invitrogen Life Sciences) me-
dium containing 5% FC1 (Fetal clone I, HyClone Laboratories) 
and 1% PSF (Antibiotics Penicillin/Streptomycin/Amphotericin 
B, Sigma- Aldrich) was used. Media were refreshed twice a week. 
An additional 50 μg/mL ascorbic acid (Sigma- Aldrich) and 10 nM 
β- Glycerophosphate (Sigma- Aldrich), which are conducive to min-
eralization, were added twice a week to the well plates which 
were used for the mineralization assay and the calcium assay. The 
cells were cultured at 37°C and 5% CO2 (HeraCell, Thermo Fisher 
Scientific Inc.).

2.3  |  Real- time qPCR assessment

On days 0, 7, 14, and 21, RNA was extracted from the osteoblast 
cell- line cultures using an RNeasy Mini kit (Qiagen) according to 
the protocol proposed by the manufacturer. RNA concentration 
was measured with Synergy HT® spectrophotometer (BioTek 
Synergy HT, Beun de Ronde) at 260 and 280 nm. RNA was used 
in the reverse transcriptase reaction, which was performed ac-
cording to the manufacturer's instructions of the RevertAid™ First 
Strand cDNA Synthesis Kit (Fermentas). Oligo(dT) 18 and D(N)6 
primers were used. The sequences of the DNA probes that were 
used in the q- PCR analysis are shown in Table 2. Primer Express 
software, version 2.0 (Applied Biosystems) was used to design the 
Real- time PCR primers (The primer sequences that were used are 
presented in Table 2). The expression was measured by real- time 
qPCR using the LC480 light cycler (Roche). 1 ng cDNA was used in 
a total volume of 20 μL containing Light Cycler SybrGreen1 Master 
mix (Roche) and 1 μM of each primer. Melting curve analysis was 
used to determine whether any unspecific PCR products were 
generated. The expression of the genes runt- related transcription 
factor 2 (RUNX- 2), Osteocalcin (OC), Collagen 1a (Col- 1A), Alkaline 
Phosphatase (ALP), Osteonectin (ON) and intercellular adhesion 
molecule 1 (ICAM- 1) was investigated. Porphobilinogen deaminase 
(PBGD) was used as a housekeeping gene. The sample expres-
sion was normalized for PBGD expression by calculating DC (Ct, 
PBGD— Ct, gene of interest), where the expression of the genes is 
calculated as 2- (δCt).

TA B L E  2  Oligonucleotide sequences of the DNA probes that 
were used in the q- PCR analysis.

Genes (human) Forward Reverse

PBGD 5′- TGCAG TTT GAA 
ATC ATT GCT 
ATGTC- 3′

5′- AACAG GCT TTT 
CTC TCC AAT 
CTTAGA- 3′

RUNX2 5′- ATGCT TCA TTC 
GCC TCAC- 3′

5′- ACTGC TTG CAG 
CCT TAAAT- 3′

COL1 5′- TCCGG CTC CTG 
CTC CTCTTA- 3′

5′- GGCCA GTG TCT 
CCC TTG- 3′

OC 5′- AGCCA CCG AGA 
CAC CAT GAGA- 3′

5′- CTCCT GAA AGC 
CGA TGT GGTC- 3′

ON 5′- TACAT CGG GCC 
TTG CAA ATAC- 3′

5′- AGGGT GAC CAG 
GAC GTT CTTG- 3′

ALP 5’- GCTTC AAA 
CCG AGA TAC 
AAGCA- 3′

5’- GCTCG AAG 
AGA CCC AAT 
AGGTAGT- 3′

ICAM 1 5′- TGAGC AAT 
GTG CAA GAA 
GATAGC- 3′

5′- CCCGT TCT GGA 
GTC CAG TACA- 3′

Note: Housekeeping genes used as control, results are relative to PBGD 
expression.
Abbreviations: ALP, alkaline phosphatase; COL1A, collagen 1; ICAM 1, 
intercellular adhesion molecule 1; OC, osteocalcin; ON, osteonectin; 
PBGD, porphobilinogen deaminase; RUNX2, runt- related transcription 
factor 2.
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2.4  |  Calcium assay

Calcium assay was performed on day 28. 0.5 mL of 0.5 M of acetic 
acid was added to the wells. Extraction of calcium was accomplished 
by shaking samples for 1 day. The ortho- cresolphthalein complexone 
method (OCPC) was used to measure the calcium content.18 The OCPC 
solution consisted of 80 mg OCPC (Sigma- Aldrich) in 75 mL H2O with 
0.5 mL 1 N KOH and 0.5 mL 0.5 M acetic acid. Subsequently, the work-
ing solution was made as follows: 5 mL OCPC solution to 5 mL of 14.8 M 
ethanolamine/boric acid buffer (pH = 11), 2 mL of 8- hydroxyquinoline, 
and 88 mL of MilliQ water. Finally, the freshly made 100 mL working 
solution was added to the 100 μL. Measurements were performed in 
Synergy HT® spectrophotometer (BioTek Synergy HT) at 570 nm.

2.5  |  Alkaline phosphatase activity

Alkaline phosphatase activity was measured at three different time 
points (0, 7, 14 days). At these time points, the cultures were stopped 
by removing the medium and by adding 50 μL of milli- Q water to each 
well. Then the plates were stored at −80°C until measurement. For 
measurement, 200 μL of milli- Q water was added to each well so 
that each well- contained 250 μL. The plates were freeze/thawed five 
times and subsequently, the samples were collected by scraping the 
bottom of each well with a pipette tip and subsequently transferred 
to Eppendorf tubes and centrifuged for 5 min at 10.000 rpm. 20 μL 
in duplicate of the supernatant was used for analysis. Alkaline phos-
phatase was measured according to the method described by Lowry.19 
In short, a 4- nitrophenyl phosphate disodium salt (Merck) at pH 10.3 
was used as a substrate for alkaline phosphatase. Absorbance was 
measured at 405 nm with a Synergy HT® spectrophotometer (BioTek 
Synergy HT). DNA was measured in the same lysate using CyQuant 
Cell Proliferation Assay Kit (Molecular Probes). Fluorescence was 
measured at 485 nm excitation and 528 nm emission with a Synergy 
HT® spectrophotometer (BioTek Synergy HT) microplate reader. 
Alkaline phosphatase was expressed as nmol/ng DNA.

Protein levels were also measured in the same lysate using a 
bicinchoninic acid (BCA) Protein Assay Kit according to the manu-
facturers' instructions (Pierce) and absorbance was read at 540 nm 
with Synergy HT® spectrophotometer (BioTek Synergy HT). 
Differentiation of the cells was expressed as DNA/protein (ng/ng).

2.6  |  Mineralization assay

Mineralization was assessed after 28 days of culturing. Cells were fix-
ated first with 4% formaldehyde in PBS for 10 min. Then the wells were 
rinsed with milliQ water. Subsequently, 2% Alizarin Red S was added at 
pH 4.3 (Sigma- Aldrich) for 5 min at room temperature. Thereafter, cells 
were washed with milliQ water and then Alizarin Red S (Sigma- Aldrich) 
was again added. This was repeated three times and thereafter, the 
wells were kept under tap water. Red nodules were a sign of mineral 
deposition and were visualized with a converted microscope (Leica).

2.7  |  Statistical analysis

Raw data were generated at ACTA, Amsterdam, Department of Cell 
Biology. Derived data supporting the findings of this study are avail-
able from the corresponding author [LP] on request. For the statisti-
cal analyses and the graphic presentation of data, GraphPad (version 
9.1.0) was used. A Kolmogorov– Smirnov test was performed to 
check the normality of the data. Data were non- normally distrib-
uted, therefore, non- parametric tests were used. A Kruskall– Wallis 
test with post hoc Dunn– Sidak correction for multiple comparisons 
was performed to assess differences in the calcium concentration, 
ALP activity, differentiation, proliferation, and the relative expres-
sion of genes. Box plots presenting the max, the min, and the inter-
quartile range were used for the presentation of the data. Statistical 
significance was considered for p < .05%.

3  |  RESULTS

Six healthy male volunteers aged from 29 to 55 donated blood for 
the PRF preparation. None of them was a smoker and they all had a 
normal BMI (<25 kg/m2). No adverse reactions were observed dur-
ing and after the blood sampling. PRF of comparable volume was 
obtained from all the blood tubes.

3.1  |  Only RUNX- 2 and osteonectin are upregulated 
in the control group in qPCR analysis

At the end of the experiments, the cells were retrieved from the 
cultures in order to analyze the qPCR expression. The results of 
the qPCR are presented in Figure 1. Expression of runt- related 
transcription factor 2 (RUNX- 2) was statistically significantly 
higher when cells were cultured with control medium compared 
with conditioned medium of A- PRF+ and L- PRF at day 7 (p < .01) 
and statistically significantly higher compared with A- PRF+ at 
day 14 (p < .05) (Figure 1A). Osteocalcin (OC) was significantly 
higher (p < .01) at day 21 compared with day 14 in the L- PRF group 
(Figure 1B). Moreover, OC was upregulated at day 21 compared 
with day 7 (p < .05) in the i- PRF group (Figure 1B). There were no 
statistically significant differences in the expression of Collagen 
1a (Col- 1A) between different time points and different conditions 
(Figure 1C).

The expression of osteonectin (ON) was upregulated on day 7 in 
the control group. This was statistically significantly different com-
pared with A- PRF+ and L- PRF at day 7 (Figure 1E). At 14 and 21 days, 
no differences were present between the different conditions and 
between the various time points in the same group.

The expression of intercellular adhesion molecule 1 (ICAM- 1) 
was higher (Figure 1F) at day 21 compared with day 7 (p < .05) and at 
day 21 compared with day 14 (p < .01) in the i- PRF condition. In the 
A- PRF+ and L- PRF conditions, a tendency of upregulation at day 21 
was present, however not statistically significant.
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Alkaline phosphatase (ALP) expression in A- PRF+ at day 21 was 
significantly higher (p < 0.01) compared with day 7. ALP expression 
in L- PRF at day 21 and day 14 was significantly higher compared with 
day 7 with p < .01 and p < .05, respectively (Figure 1D).

3.2  |  Cells cultured with A- PRF+  deposit 
more calcium

Calcium production was significantly higher in the cells cultured with 
conditioned medium derived from A- PRF+ compared with control 
(p < .05) (Figure 2). No differences were found between L- PRF, i- PRF, 
and control.

3.3  |  Cells cultured with i- PRF show higher alkaline 
phosphatase activity

The ALP activity and DNA content were measured in each well to 
express the ALP activity per DNA. We found that the ALP activ-
ity was upregulated when cultured with conditioned medium from 
i- PRF. There was a statistically significant difference between the 
i- PRF group and the control at day 7 (Figure 3A) and at day 14 
(Figure 3B). ALP activity was also significantly higher in the i- PRF 
cultures compared with the A- PRF+ at day 14 (Figure 3B) (p < .05).

3.4  |  i- PRF- conditioned medium causes more 
differentiation than osteoblasts cultured with in 
conditioned medium from L- PRF

To investigate cell differentiation influenced by the various PRFs, 
the amount of protein and DNA was measured which can be used 
as a measure for differentiation.20 Osteoblasts cultured with condi-
tioned medium derived from i- PRF differentiated more than osteo-
blasts cultured with conditioned medium derived from L- PRF at day 
7 (Figure 4A). No other differences were found between the differ-
ent conditions and time points (Figure 4).

3.5  |  Different PRF conditions do not induce higher 
proliferation of osteoblasts

There was a significantly higher number of cells at 7 days and 14 days 
compared with day 0 (p < .05) in all groups (Figure 5). There were 

F I G U R E  1  Relative expression of different osteogenic gene markers through a real- time qPCR analysis. (A) RUNX2: runt- related 
transcription factor 2, (B) OC: Osteocalcin, (C) Col- 1A: Collagen 1a, (D) ALP: Alkaline Phosphatase, (E) ON: Osteonectin, (F) ICAM- 1: 
intercellular adhesion molecule 1. Box plots are illustrating the max, the min, and the median. *p < .05, **p < .01, ***p < .001, ****p < .0001.

F I G U R E  2  Calcium deposition after 28 days of culturing. Box 
plots are illustrating the max, the min interquartile range and the 
median. *p < .05.
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no statistically significant differences between the different condi-
tions. Moreover, no statistically significant differences were found 
between the number of cells on days 7 and 14.

3.6  |  More mineralization was found in the cell 
cultures with conditioned medium derived from A- 
PRF+

A descriptive evaluation was performed by an experienced cell bi-
ologist (I.J.). The cell cultures with conditioned medium from A- PRF+ 
showed more mineralization compared with. Cultures with condi-
tioned medium derived from L- PRF and i- PRF showed almost no 
staining for minerals. Hematoxylin– eosin staining showed that less 
cells were present in the L- PRF and i- PRF conditions. An example of 
three donors is shown in Figure 6.

4  |  DISCUSSION

The aim of this study was to investigate the effect of three dif-
ferent PRF preparation protocols on an osteoblast- like cell line in 

vitro. We showed that conditioned medium of A- PRF+ resulted 
in increased mineral deposition after 28 days of culturing com-
pared with the control cultures without any PRF- conditioned 
medium. Mineralization and calcium deposition is a sign that the 

F I G U R E  3  Alkaline phosphatase (ALP) activity. (A) Day 7 of 
culture. (B) Day 14 of culture. Box plots are illustrating the max, the 
min interquartile range and the median.*p < .05.

F I G U R E  4  Cell differentiation. (A) Day 7 of culture. (B) Day 14 
of culture. Box plots are illustrating the max, the min interquartile 
range and the median. *p < .05.

F I G U R E  5  Proliferation after 7 and 14 days. The total amount of 
DNA content per well is illustrated. *p > .05.
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cells differentiate to bone- forming cells.20,21 Thus, it seems that 
A- PRF+, more than other PRF preparations, can promote the func-
tional differentiation of the osteoblast- like cells. An explanation 
for these favorable results could be that in A- PRF+, due to the 
different preparation protocol, the amount of growth factors is 
higher or more complex than for other PRF preparations.11 The 
chemokines and cytokines released by the entrapped leukocytes 
in the PRF membrane could promote the maturation of osteo-
blasts, resulting in elevated calcium levels and minerals deposi-
tion. Interestingly, cultures with conditioned medium from L- PRF 
and i- PRF showed minimal mineralization; visualization under the 
microscope and staining with hematoxylin/eosin showed that the 
number of osteoblast- like cells in the cultures with these latter 
two preparations was less compared with the other conditions 
(Figure 6). A possible explanation for this is that the cells cultured 
with L- PRF and i- PRF- conditioned medium proliferated much 
faster which results in overgrowth and subsequent detachment 
of the cells and the deposited mineral. Unfortunately, we have no 
data on cell numbers in the various cultures beyond day 14.

These observations are complex to interpret. Our findings are 
different from those of Wang et al. who showed that i- PRF induced 
the proliferation and the osteoblast differentiation of human primary 
osteoblasts significantly more at 3 and 5 days compared with the 
control groups.15 The different results may be due to other research 

designs and individual variations in the time intervals between blood 
sample centrifugation and cell culture treatment. We used in our 
study osteoblast- like cells from a cancer cell line, while they used 
primary human osteoblasts. As is known, cancer cells have their own 
metabolism and will undoubtedly have mutations in cell pathways 
that are usually targeted by large T antigens.22 In our study, we ana-
lyzed cell proliferation at days 7 and 14, while in the study by Wang 
et al., cell proliferation was analyzed at days 3 and 5.15 For future 
experiments, the differences in cell proliferation can be followed by 
shortening the time (for example, days 3, 5, and 7) of the cell culture 
so that there is no overgrowth of cells in the well- plates, which can 
cause cell death.

The enzymatic activity of the alkaline phosphatase is crucial in 
the process of the mineralization of the intercellular matrix by osteo-
blasts.23 We found that the osteoblasts cultured with i- PRF appear 
to have increased enzymatic activity of alkaline phosphatase com-
pared with osteoblasts cultured without PRF- conditioned medium 
and osteoblasts cultured with A- PRF+ medium at 7 and 14 days. 
Moreover, it was shown that osteoblasts cultured with i- PRF me-
dium differentiate more than the osteoblasts cultured with L- PRF 
medium. This is in accordance with previous research, in which it 
is shown that i- PRF increases the activity of alkaline phophatase 
promotes the differentiation of the osteoblasts.15,24 On the other 
hand, the ALP gene expression, which was analyzed in qPCR, was not 

F I G U R E  6  Hematoxylin– eosin staining (A) combined with alizarin red (B) staining at day 28 of culture. Image captured under optical 
microscope with a magnification. Note the decreased number of cells in plates L- PRF 1, 2, and i- PRF in plates 3. Example of cell cultures from 
three patients.
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significantly higher in the i- PRF condition. This indicates that i- PRF 
does not upregulate the expression of this gene but only induces the 
activity of the alkaline phosphatase.

The proliferation of osteoblasts in all conditions increased sig-
nificantly in the first 7 days. On day 14, the number of cells was 
increased but not significantly compared with day 7. As expected, 
when the osteoblasts start to differentiate, the proliferation of the 
cells is downregulated.20,21 Furthermore, we showed that no con-
dition resulted in an increased proliferation rate of the osteoblasts. 
This is in contrast with the results presented in a previous study, 
however, in that study, primary human osteoblasts were used and 
not a cell line.25

Various findings on the gene expressions will be discussed. The 
qPCR analysis showed that the expression of RUNX- 2 was signifi-
cantly higher in the control group compared with the A- PRF+ and 
the L- PRF group. But in all the PRF groups, the expression was 
increased with increasing culture time, but this was not significant. 
It is known that RUNX- 2 is an early marker of osteoblast differenti-
ation and chondrocyte maturation and has the highest expression 
at day 7.26 During osteoblast differentiation, RUNX- 2 is weakly 
expressed in mesenchymal cells, and its expression is upregulated 
in preosteoblasts, reaches the maximal level in immature osteo-
blasts, and is downregulated in mature osteoblasts. Based on this 
knowledge, we can say that the differentiation of pre- osteoblasts 
to mature osteoblasts was higher compared with the control in 
the cultures with conditioned medium derived from A- PRF+ and 
L- PRF. An unexpected result was the high mRNA expression of 
ON in the control group in the first 2 weeks. Osteonectin is a non- 
collagenous protein of the bone matrix. Paola Ciceri et al.26 found 
that the peak of osteonectin was simultaneous with calcium depo-
sition on day 7, suggesting that osteonectin plays a potential role 
as a pro- calcifying factor. It was shown that the expression of this 
gene was lower in PRF conditions compared with control, indicat-
ing that factors present in all PRF conditions inhibit the expression 
of this gene in the first days. COL1- A is considered a late osteo-
genic marker. The role of collagen formation is crucial for the min-
eralization process.27,28 The highest expression of this gene is after 
3 weeks.28 However, no statistically significant differences could 
be found in the different conditions for this gene, although a ten-
dency for increased expression was present for all PRF conditions 
and not in the control condition. ICAM- 1 is an important adhe-
sion molecule for osteoblasts.29 It is considered a late osteogenic 
marker. A clear upregulation was found during culture time for all 
conditions, also in the control. However, this was only significant 
for i- PRF at the various time points. OC was low on culture day 
7. From literature, it is known that it first appears after 8– 11 days 
of culture and its expression is connected with the formation of 
mineralized tissues.30 In all conditions, an upregulation was found 
during culture time, but only significant in L- PRF and i- PRF group 
at day 21. In an attempt to summarize the findings for the various 
gene expressions in different PRF conditions, we can conclude that 
RUNX- 2 indicates higher number of mature osteoblasts in A- PRF+ 
and L- PRF conditions, while the differences in ON indicate that at 

an early phase, PRF conditions may slow down the calcification 
process. For COL1- A, ALP and ICAM- 1, we did not find statistically 
significant differences between conditions. It seems that the ex-
pression of the latter genes remains the same after culturing with 
conditioned medium derived from different PRF protocols.

One of the strengths of this study is the relatively long observa-
tion period (up to 28 days) with various assays and time points to de-
tect possible differences in osteogenesis such as relative expression 
of different genes with qPCR analysis, mineralization assay, calcium 
assay, alkaline phosphatase assay, proliferation, and differentiation. 
This allowed us to investigate both the short and long- term effects. 
For this reason, we chose to analyze very early markers like RUNX- 
2, early markers like ALP, and late markers like OC and COL- 1A; so 
we could compare the different timepoints. Another strength of the 
study is the in vitro comparison of three different widely used PRF 
protocols (A- PRF+, L- PRF, i- PRF). These are the most widely used 
PRF preparations in the dental field in the last years, especially for 
guided bone and guided tissue regeneration31 and are applied to ac-
celerate wound healing.32 Osteoblasts are the main cells involved in 
guided bone regeneration and they play a key role in the guided tis-
sue regeneration together with the PDL fibroblasts. There are many 
in vitro studies showing the effect of PRF in PDL cells and gingival fi-
broblasts,13,14,33 however, there were no comparative studies of the 
effects of these three protocols on osteoblasts till now. A further 
advantage of the current study is the fact that all the preparations of 
the different PRFs were performed in parallel and specific attention 
was given to the timing of the centrifugation, which can play a signif-
icant role in the characteristics of the fibrin clot.34,35

One of the limitations of this study is that we did not use the fi-
brin matrixes themselves in cell cultures. We used the conditioned 
medium, which contains the growth factors released after culture 
of the fibrin matrixes for 6 days. According to the literature, most 
of the growth factors present in the PRF matrix are released in 
this period.17 The reason that we used this protocol is that we 
can study the effect of soluble growth factors and other released 
molecules, as well as that the fibrin clots contain also leukocytes 
and other immune cells from the donors; the latter could lead to a 
cross- reaction between the donor- leukocytes and the osteoblast 
cell line, which can also influence the results. However, clinically, 
the fibrin matrix itself applied as autograft can play an important 
role in osteogenesis since it can function as a scaffold for the cells. 
Another limitation of this study is that an osteoblast- like cell line 
was used and not osteoblasts derived from the alveolar bone of 
the PRF donors. In our study, we decided to use only healthy do-
nors, so no intervention in the mouth to retrieve osteoblasts of 
the alveolar bone could be ethically justified. Although the use of 
osteoblast- like cell lines is a well- established method to evaluate 
osteogenesis, there is a possibility that this cell line which origi-
nates from bone osteosarcoma reacts differently to the PRFs than 
osteoblasts isolated from the alveolar bone of the same donor. In 
contrast, a previous study in human bone mesenchymal stem cells 
and not in a cell line, shows that L- PRF promotes significant prolif-
eration and differentiation.25
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A further consideration is necessary. PRF technology is getting 
constantly updated, and possibly improved. Therefore, it will be of 
value to compare our results with some newer preparation tech-
niques. Worth mentioning are the Titanium- PRF and the horizontal 
centrifugation, which according to the authors produces a PRF ma-
trix that is richer in platelets and leukocytes compared with other 
PRF preparation methods.36,37 This is due to the slower and more 
gentle centrifugation process, which minimizes the destruction of 
platelets and leukocytes in the blood sample and may guarantee a 
better distribution of them in the PRF matrix. Nevertheless, the op-
timal PRF preparation method may depend on the specific research 
question and experimental setting.38 In our work, we used PRF 
preparation methods that have been well established and validated 
through previous research, providing a reliable baseline for compar-
ison with newer methods.

To conclude, PRF preparations seem to have the capacity to in-
crease the osteogenic potential of osteoblast- like cells. A- PRF+ seems 
to have the highest potential for bone mineralization while i- PRF 
seems to induce an earlier differentiation. Based on our research, we 
could indicate that A- PRF+ would be the most suitable for a clinical 
application that requires hard tissue regeneration; however, clinical 
studies comparing the three different PRF preparation protocols need 
to be performed to investigate whether there is a clinically relevant 
difference between the three types of PRF preparation.
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