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Abstract. – OBJECTIVE: We explored the in-
fluences on platelet-rich fibrin (PRF) to rat 
Bone Mesenchymal Stem Cells (BMSCs), as 
well as the role of bone morphogenetic pro-
tein 2 (BMP2)/maternal signal protein homolog 
(Smads) pathway. 

MATERIALS AND METHODS: The proposed 
research is approved by the ethics board of the 
Second Affiliated Hospital of Harbin Medical Uni-
versity. The BMSCs were isolated and purified. 
The BMSCs were assigned to a control group 
arbitrarily, PRF group, BMP activator group and 
BMP inhibitor group (hereinafter referred to as 
activator group and inhibitor group). Each group 
of BMSCs in the logarithmic growth phase was 
detected for the alkaline phosphatase (ALP) ac-
tivity since 3 days and 14 days of culture; CCK-8 
assay was conducted for detection of the prolif-
eration of BMSCs; Real time PCR was conduct-
ed for detection of the osteogenic differentiation 
marker collagen I (COL-I), BMP2, Runt-related 
transcription factor 2(RUNX2), osteocalcin (OCN) 
mRNA relative expression levels; Western-Blot 
detection of BMP2, OCN, P-SMAD1/5/8, relative 
expression level of RUNX2 protein. 

RESULTS: In contrast to the control group, 
BMSCs’ the ALP activity of the PRF group, ac-
tivator group, as well as inhibitor group in-
creased for 3 days and 14 days, and the activa-
tor group>PRF group>inhibitor group (p≤0.05). 
ALP activity in each group was elevated with the 
increase in culture time, the ALP activity of the 
control group, PRF group, activator group and 
inhibitor group increased (p≤0.05). In compari-
son to the control group, the relevant expres-
sion levels of COL-I, BMP-2, RUNX2 and OCN 
in the PRF group, activator group, and inhibitor 
group increased, and the activator group>PRF 
group>inhibitor group (p≤0.05). The relative ex-
pression levels of BMP2, OCN, p-SMAD1/5/8 and 
RUNX2 protein in each group were statistically 
different, the activator group>PRF group>con-
trol group>inhibitor group (p≤0.05). 

CONCLUSIONS: PRF can promote the pro-
liferation and osteogenic differentiation of BM-
SCs by activating the BMP2/Smads signaling 
pathway.
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Bone morphogenetic protein 2/maternal signal protein 
homolog pathway.

Introduction

Osteoporosis (OP) has been a systematic ill-
ness defined by decreased bone density and mi-
crostructure deterioration, leading to greater brit-
tleness and fracturing risk. Skeletal reconstruction 
is achieved by constantly accumulating old bone 
and forming new bone in order to maintain its 
structural integrity. Inadequate bone formation 
and excessive bone absorption can lead to OP1. 
Mesenchymal stem cells (MSCs) in membranes 
and cartilage differentiate into osteoblasts. In os-
teogenic processes, the differentiation mechanism 
of osteoblasts is basically the same, namely the 
differentiation of BMSCs2. A number of studies1-3 
have shown BMSCs’ capacity to differentiate into 
osteoblasts had been reduced in OP patients.

BMSCs are the most widely used in cartilage 
tissue engineering. Studies4 have confirmed that 
it has the potential to differentiate into bone, car-
tilage, fat, tendon, and spirit meridian cells un-
der different induction conditions. BMSCs can 
construct cartilage tissue in vivo and in vitro and 
repair cartilage defects successfully. BMSCs are 
also perfect seed cells in tissue engineering5.

Tissue engineering and regenerative medi-
cine are rapidly evolving fields, how to apply the 
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achievements in this field to clinical practice and 
become an alternative therapy of traditional med-
icine is a hot topic at present. In the process of 
in vitro culture of seed cells, if the treatment can 
improve the proliferation and migration of stem 
cells, it will provide technical support for better 
construction of tissue engineering tissues. How-
ever, how to select seed cells and improve their 
proliferation ability through effective means is 
still the focus of current research.

In 1984, Assoian et al6 were the first to extract 
platelet-rich plasma (PRP) from human plasma. 
Subsequently, research7 revealed that PRP is rich 
in platelets, and platelets degranulated can release 
a large number of growth factors to promote the 
healing and regeneration of hard and soft tissues. 
Initially, PRP was mainly applied in plastic surgery 
and trauma surgery8,9. In 1997, PRP was first ap-
plied in oral clinical research by Whitman et al10 and 
achieved good results. Subsequently, PRP technol-
ogy became a hot topic in oral medicine research. 
Since the 1990s, PRP has been widely applied in 
animal model studies and clinical application stud-
ies11-14, and the research results show that PRP has a 
strong ability to promote the healing of hard and soft 
tissues. However, recent studies15-18 have shown that 
PRP does not significantly promote repair of hard 
and soft tissues. Meanwhile, the application of PRP 
has been controversial due to the risk of immuno-
logical rejection and the transmission of infectious 
illnesses due to the addition of heterologous throm-
bin and anticoagulant in the preparation process. In 
2000, Choukroun et al19 prepared and extracted a lat-
est type of platelet concentrate, namely Choukroun’s 
platelet-rich fibrin (Choukroun’s PRF) for the first 
time. It continues the advantages of PRP, platelet 
concentrates of the previous generation, and has 
the advantages of strong osteogenic ability, simple 
preparation process, completely derived from autol-
ogous blood, without adding any biological agents, 
etc., avoiding ethical disputes and the risk of blood 
cross infection.

Choukroun’s PRF was examined for its influ-
ence on the growth and difference of human bone 
marrow mesenchymal stem cells, as well as its 
dosage dependency by David et al20. The results 
showed that Choukroun’s PRF may greatly in-
crease the growth and differentiation of BMSCs 
into osteoblasts in a dose-reliant fashion. Chang 
et al21 showed that Choukroun’s PRF can promote 
osteoblast proliferation and at the same time acti-
vate phosphorylated extracellular signal-regulat-
ed protein kinase and osteoprotectin to promote 
bone formation.

As an important extracellular signaling mol-
ecule, BMP-2 is the greatest significant factor 
in stimulating the activation and differentiation 
of osteoblasts, and the BMP-2/SMAD signaling 
pathway is critical for BMSC development into 
osteoblasts and extracellular matrix. Bmp-2 at-
taches to cell membrane receptors and triggers in-
tracellular SMAD1/5/8 phosphorylation. SMAD 
that has been triggered may be transported from 
the cytoplasm to the nucleus or act on downstream 
genes to activate transcription of specific target 
genes. However, there are still few reports on the 
the pathway’s function in the differentiating rat 
BMSCs into osteoblasts induced by Choukroun’s 
PRF. The impact of Choukroun’s PRF on BMSCs 
and its mechanism were studied in this work.

Materials and Methods

BMSCs Isolation
In this study, BMSCs were extracted from the 

femur of Wistar rats at the age of 4 weeks. Every 
animal assay was completed as per the National 
Institutes of Health Guide for the Welfare and Uti-
lization of Lab Animals and accepted by the re-
gional ethical board. After the rats were sacrificed 
by cervical dislocation, the two sides of femur and 
tibia were disinfected in 75% alcohol, the bone 
marrow was removed, washed, trypsin digested, 
supernatant was centrifuged, and the cells were 
suspended for further culture. The primary cell 
growth and fusion reached 90% when the pas-
sage. The BMSCs of the third generation of rats 
were cultured in culture plates or culture plates 
with osteogenic induction medium (dMEM-F12 
medium containing 10% fetal bovine serum, 10-8 
dexamethasone, 10 mmol/Lβ-sodium glycero-
phosphate and 50 μg/ mL ascorbic acid).

Preparation of PRF
PRF was developed utilizing the approach 

by Li et al22. The venous blood collection meth-
od was used to collect 5 mL of the experimen-
tal animal’s autogenous blood immediately and 
transfer the blood to sterile negative pressure 
collection vessel quickly. Centrifugation was 
conducted at 3000 RPM for 10 min. White PRF 
clots between plasma and blood cells were sep-
arated and the excess fluid was discharged. The 
exudate was centrifuged at 3000 RPM for 10 min 
to obtain hemocyte-free exudate, which was pro-
cessed through a sterile screen and kept at -80°C 
until future use.
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Grouping and Processing
The BMSCs were separated into four groups ar-

bitrarily, in groups of PRF, activator and inhibitor. 
BMSCs in control group were cultured in double 
antibody α-MEM medium containing fetal bovine 
serum at 10%. In THE PRF group, the volume frac-
tion of PRF was 50% by adding -80°C PRF into the 
double antibodyα-MEM medium of fetal bovine 
serum (FBS) at 10%. Activator group as well as in-
hibitor group were supplemented with Arnicolide 
C (final concentration of 10 μM) and noggion (final 
concentration of 5 μM) on the basis of PRF group.

Survival and Proliferation of BMSCs 
in Each Group Were Analyzed by Cck8 
Method

The third generation BMSCs had been digest-
ed by 0.25% trypsin and centrifuged in order for 
the preparation of cell suspension with a concen-
tration of 5×103·mL-1. Cultured at 37°C and 5% 
CO2 for 24 h, the medium was replaced and plate-
let-rich fibrin h-DMEM complete medium was 
added for 1, 3, 5 and 7 days, respectively. Each 
well received a CCK8 solution, and the culture 
had been kept going for 4 h at 37°C with 5% CO2. 
The culture was terminated, and the supernatant 
was discarded. The light absorption value (A) of 
each well was measured by Elisa (λ=450 nm) and 
recorded. ANOVA has been applied to compare 
the groups, and a difference of p < 0.05 was con-
sidered statistically meaningful.

Measurement of Alkaline Phosphatase 
(ALP) Activities

BMSCs at logarithmic growth stage were cul-
tured in the control group, PRF group, activator 
group and inhibitor group in the corresponding 
medium. After 3d-14d culture, Triton X-100 was 
added and the cells were completely lysed and in-
cubated with ALP substrate mixture for 0.5 h, 0.5 
mol/L NaOH terminated the reaction. The optical 
density (A) at 490 nm had been evaluated through 
a microplate reader.

The mRNA Expression of COL-I, BMP-2, 
RUNX2 and OCN Have Been Detected 
by Real time PCR 

BMSCs culture medium suspension was inoc-
ulated on 96-well plates, and cells were collect-
ed at 3, 7 and 14 days, respectively. TRIzol was 
used to extract total RNA from the cells after ul-
trasonic lysis. Reverse transcription of RNA into 
cDNA according to the instructions of the Rever-
Tra Ace qPCR RT kit. Then, PCR reaction was 

performed according to the instructions of SYBR 
Green PCR Master Mix kit, and primer sequences 
were shown in Table I. Rat GAPDH was used as 
an internal reference, and 2-ΔΔCt method was used 
to calculate the mRNA relative expression levels 
of target genes. 

The Relative Expression Levels of BMP2, 
OCN, P-SMAD1/5/8 and RUNX2 Proteins 
Have Been Detected by Western-blot

BMSCs at logarithmic stage were cultured for 
14 d, the cells have been harvested, while the en-
tirety of the total protein was obtained. The cells 
were added with SDS-loading buffer, and then 
denaturated in water bath at 100°C. SDS-page 
gel electrophoresis was performed, and the mem-
brane was transformed, and the cells were sealed 
at room temperature for 2 h. The relative expres-
sion of target protein was calculated.

Statistical Analysis
The assessment was carried out using SPSS 23.0 

tool (SPSS Inc., Armonk, NY, USA) and the results 
collected were represented by (average ± SD), with 
normal distribution, homogeneity of variance, di-
versity. The measurement data were compared us-
ing a one-way ANOVA, and LSD-T test was used 
for comparison of pinioned samples. p≤0.05 had 
been determined as statistically meaningful.

Result

Effect of PRF on Proliferation Activity 
of BMSCs

Results of CCK-8 method are shown in Figure 
1. The results showed as follows: after statistical 
analysis, there had not been any meaningful dis-
tinction in absorbance value in groups on day 1 (p 
>0.05); On day 3, 5 and 7, the absorbance value of 
PRF group was higher than inhibitor group, and 

Table I. Primers used for PCR.

cDNA primer	 Sequences

collagen I-F	 CGGCTCCTGCTCCTCTTAGG
collagen I-R	 AGGGACCCTTAGGCCATTGT
BMP-F	 CACGAGAATGGACGTGCCC
BMP-R	 CACTAGAAGACAGCGGGTC
OCN-F 	 GCAACTCGGTGCAGACCTA
OCN-R 	 CTCAGAGTCGCTGGGCTTT
Runx2-F	 AACCAAGTGGCCAGGTTCAA
Runx2-R	 GGACCGTCCACTGTCACTTT
GAPDH-F	 AGTCGCCAGCCTCGTCTCATA
GAPDH-R	 AAGAGAAGGCAGCCCTGGTA
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there was a significant difference after statistical 
analysis (p ≤ 0.05), as shown in Figure 1.

ALP Activity Detection of BMSCs
The ALP activity of BMSCs cultured for 3 d, 

7 d and 14 d in PRF group, activator group and 
the inhibitor group had a greater level of inhibi-
tion in comparison to the control group. (p≤0.05). 
The ALP activity of BMSCs cultured for 3 d, 7 d 
and 14 d in activator group had been greater to the 
PRF group, while the ALP activity of BMSCs cul-
tured for 3 d, 7 d and 14 d in inhibitor group which 

had been lesser to those in PRF group (p≤0.05). 
The ALP activity of BMSCs cultured for 3 d, 7 
d and 14 d in inhibitor group was lower than that 
in activator group (p≤0.05). The ALP activity of 
control group, PRF group, activator group and in-
hibitor group also increased with the increase of 
culture time (p≤0.05) (Figure 2).

The mRNA Expression of COL-I, BMP-2, 
RUNX2 and OCN in BMSCs 

The mRNA expressions of COL-I, BMP-2, 
RUNX2 and OCN in PRF group, activator group 

Figure 1. The CCK8 assay of BMSCs (*p≤0.05).

Figure 2. The ALP activity of BMSCs (*p≤0.05).
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and inhibitor group have been greater to those in 
control group (p≤0.05). The mRNA expression 
of COL-I, BMP-2, RUNX2 and OCN in activa-
tor group had been greater to the PRF group, and 
the mRNA expression of COL-I, BMP-2, RUNX2 
and OCN in inhibitor group had been lesser to 
PRF group (p≤0.05) (Figure 3). 

Relative Expression Proteins Levels 
of BMP-2, P-SMAD1/5/8, OCN and RUNX2 

Relative expression proteins levels of BMP-
2, P-SMAD1/5/8, OCN and RUNX2 in the PRF 
group, activator group and inhibitor group have 
been greater to the control group. The protein 
expression of BMP-2, P-SMAD1/5/8, OCN 
and RUNX2 in activator group was higher than 
that in PRF group, and the protein expression 
of BMP-2, P-SMAD1/5/8, OCN and RUNX2 
in inhibitor group had been lesser to the PRF 
group (Figure 4).

Discussion

BMSCs are the most studied adult stem cells 
in clinical and experimental studies. BMSCs are a 
kind of adult stem cells, which belong to the early 
stage of mesoderm development, and are another 
kind of stem cells in bone marrow besides hema-
topoietic stem cells. They have self-renewal and 
multidirectional differentiation ability and can 
differentiate into hematopoietic stromal cells and 
non-hematopoietic tissues in their fibroblast-like 
growth. For example, osteoblasts, chondrocytes, 
myocytes, adipocytes, cardiomyocytes, endothe-
lial cells, pulmonary epithelial cells, etc.23.

Since BMSCs are derived from adult cells, or 
even from patients themselves, rather than fetal 
or embryonic stem cells, there are no ethical and 
moral issues involved. In addition, BMSCs have 
the following advantages: (1) they are easy to be 
cultured in vitro, have high amplification ability, 
and have good gene stability after multiple pas-
sages in vitro; (2) multi-differentiation potential, 
differentiated into different tissue cells in the suit-
able growth microenvironment in vivo through 
different induction conditions; (3) can be com-
bined with a variety of viral vectors, so as to carry 
out gene transfection, not only maintain the sta-
bility of their own genes, but also highly express 
the transfected genes, so as to produce proteins 
needed for the repair of damaged sites; (4) homol-
ogous BMSCs did not cause immune rejection 
after entering the body. Because of these advan-

tages, BMSCs have been widely used in experi-
mental and clinical studies in recent years. Bone 
morphogenetic proteins (BMPs) are a member 
of the transforming growth factor (TGF) super-
family that is critical for bone cell differentiation 
and are ectopic osteogenic growth factors. It can 
transform bone marrow stromal cells into osteo-
blasts in vivo and in vitro and keep the number 
of well-differentiated osteoblasts stable. Current-
ly, more than 40 proteins have been isolated from 
the BMPs family, among which the most import-
ant is BMP-2 protein, which is made up by 396 
amino acid residues, and its gene located at 20pl2, 
is involved in the early development of skeletal 
system, the formation of accessory bones, and the 
occurrence of heart, brain and kidney24.

BMPs perform a vital biological function in 
bone development control25. BMPs signaling path-
way can regulate BMSCs proliferation, osteogenic 
differentiation, maturation and normal function of 
osteoblasts26. It is known that BMPs can induce 
ALP expression and osteogenic differentiation in 
BMSCs isolated from rats or mice with different 
cell lines27. BMP-2 is synthesized as a precursor 
in the cell. Mature BMP-2 protein structures are 
homotype or heterotype dimers linked by disulfide 
bonds. This dimer is released out of the cell and 
binds to corresponding receptors on the surface of 
target cells throughout the body (not only on the 
surface of bone cells) to perform its functions28. 
BMPs receptors are mainly type 2, namely type I 
and type II, and type I are members of the serine/
threonine kinase superfamily. Type I receptors are 
divided into activated receptor-like kinases 1-7 
(ALK1-7), in which ALK1, ALK2, ALK3 and 
ALK6 participate in BMP-2 signal transduction. 
Both type I and type II BMP receptors are engaged 
in BMP-2 signaling. When BMP-2 protein acts, it 
first forms a heterotetramer receptor complex, and 
then binds to type II receptor to activate it. Then 
type I receptor binds to BMP-2 protein and is acti-
vated by transphosphoric group under the action of 
activated type II receptor. BMP-2 mainly transmits 
signals through SMAD proteins. SMAD proteins 
are classified into three groups, receptor modulat-
ing types, including SMADl, SMAD2, SMAD3, 
SMAD5 and SMAD8, co-mediated SMAD4, and 
inhibitory SMAD6 and SMAD7. SMAD2 and 
SMAD3 play a role in TGF-J3 signaling system, 
but do not participate in BMPs signaling. SMADl, 
SMAD5, and SMAD8 are involved in BMP-2 sig-
naling: the activated type I receptor rapidly phos-
phorylates the serine residues of SMADl, SMAD5, 
or SMAD8. Phosphorylated SMADl, SMAD5, 
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SMAD8 and SMAD4 bind to form complexes and 
translocate to the nucleus, and act on downstream 
target genes to activate the transcription of specific 
target genes by directly binding to specific DNA 
sequences, or forming complexes with nuclear reg-
ulatory factors, or recruiting transcription co-acti-
vation or co-inhibition factors.

The core binding factoral (Cbfcl) is a compo-
nent in the Runt/Cbfa transcription factor fam-
ily, which was regarded as Runt related gene 2 
(Runx2) as well. This transcription factor is highly 
homologous to the pairing gene RUNT of fruit flies 
and can trigger the transcription of osteocalcin in 
straightforward manner, osteopontin, type I col-
lagen and other genes throughout the osteogenic 
differentiation of bone marrow mesenchymal stem 
cells29. The expression of Runx2 is a marker of os-
teoblast differentiation and induces BMSCs to de-
velop into osteoblasts or chondrocytes, as a result, 
this represents the first and greatest exact bone for-
mation marker gene30. In vitro as well as in vivo ex-
periments have shown that Runx2 is a crucial com-
ponent for bone marrow mesenchymal stem cell 
osteogenic differentiation and bone development31.

PRF is rich in a variety of growth factors re-
lated to tissue repair. Domestic and foreign schol-
ars’ studies32 on Choukroun’s PRF mainly focus 
on its effect on the repair of soft and hard tissues. 
Choukroun’s PRF has been confirmed in clini-
cal studies that it can promote soft tissue repair. 
Choukroun’s PRF is of great significance for bone 
tissue repair. Therefore, studying the effect of 
PRF on BMSCs osteogenic differentiation is cru-
cial for the development of bone tissue engineer-
ing33,34. ALP reflects the degree of osteoblast dif-
ferentiation and promotes the formation of bone 
matrix mineralization35,36. Matsui et al37 showed 
that the degree of differentiation of stem cells was 
directly proportional to ALP activity. Studies have 
found that the expression of osteogenic markers, 
for instance, the ALP was significantly upregulat-
ed after PRF was added into apical papillary stem 
cells38. In this study, in contrasted to the control 
group, the activity of ALP in PRF group was sig-
nificantly increased, suggesting that PRF could 
induce osteoblast differentiation. COL-I, BMP-
2, RUNX2 and OCN can be regarded as mark-
ers of osteogenic differentiation of BMSCs. For 
this research, in comparison to the control group, 
the expressions of COL-I, BMP-2, RUNX2 and 
OCN in BMSCs in PRF group were significantly 
increased, suggesting that PRF can enhance os-
teogenic differentiation of BMSCs in rats. BMP 
has been a component of the transforming growth 

factor-1 (TGF-1) superfamily, which performs 
a crucial part in regulating growth and develop-
ment. BMP ligands on the membrane surface bind 
to BMP type I and type II receptors, which trigger 
the SMAD-dependent signaling pathway as well 
as induce high expression of RUNX2 in the nucle-
us39,40. In this study, in comparison to the control 
group, the expressions of BMP2, P-SMAD1/5/8, 
OCN and RUNX2 in PRF group were signifi-
cantly increased, but the expressions of BMP2, 
P-SMAD1/5, OCN and RUNX2 in PRF group 
have been lesser to these in activator group and 
greater to the inhibitor group, suggesting that PRF 
activated the expression of BMP receptor. It pro-
motes SMAD1/5/8 phosphorylation and induces 
RUNX2 expression to play a role, thereby pro-
moting BMSCs osteogenic differentiation.

In conclusion, PRF may promote the osteogen-
ic differentiation of rat BMSCs through triggering 
the BMP2/Smads signaling pathway, laying the 
foundation towards bone tissue engineering treat-
ment of osteoporosis.

Conclusions

We showed that platelet-rich fibrin promoted 
osteogenesis, thus inhibiting bone resorption of 
osteoclasts. The mechanism of platelet-rich fibrin 
promotes the entry of SMAD1/5/8 into the nucle-
us and regulates the differentiation direction of 
bone mesenchymal stem cells through the BMP-
2/SMAD signal pathway, thus promoting bone 
formation.

Figure 4. The protein expression of p-SMAD1/5/8, BMP2, 
RUNX2, OCN of BMSCs (*p≤0.05).
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