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ABSTRACT
Background: Platelet concentrates have been used in tissue regeneration. The
purpose of this study was to examine effects of growth factors released from
leukocyte- and platelet-rich fibrin (L-PRF) and concentrated growth factor (CGF) on
the osteogenic differentiation of periodontal ligament fibroblasts (PDLFs).
Methods: Leukocyte- and platelet-rich fibrins, CGFs and PDLFs were obtained from
New Zealand rabbits. The release of basic fibroblast growth factor (bFGF), bone
morphogenetic protein 2 (BMP-2) and transforming growth factor β1 (TGF-β1)
from L-PRFs and CGFs was measured at 5 h and 1, 3, 5, 7 days, using the enzyme
linked immunosorbent assay. The PDLFs were treated with exudates of L-PRF or
CGF. After the treatment, cell counting kit-8 assay was performed at day 1, 3, 5 and 7.
Alkaline phosphatase (ALP) assay and Western blotting were applied at day 7. Three
blocking antibodies were used to neutralize the proteins of bFGF, BMP-2 and TGF-β1.
Results: Leukocyte- and platelet-rich fibrin and CGF showed different growth factor
release pattern, but similar accumulated concentration of these growth factors.
PDLFs proliferation was significantly promoted by both L-PRF and CGF at day 1, 3
and 7, and CGF group was superior to L-PRF group at day 1 and 3. Both L-PRF
and CGF significantly enhanced PDLFs ALP activity and protein expression of
osteogenic markers. The osteopontin level was higher in CGF group than in L-PRF
group, but no significant differences were found between two groups for ALP activity.
Three blocking antibodies significantly downregulated both L-PRF and CGF
induced osteogenic markers expression.
Conclusion: Both CGF and L-PRF can promote the proliferation and osteogenic
differentiation of PDLFs. The bFGF, BMP-2 and TGF-β1 are involved in both L-PRF
and CGF induced osteogenic differentiation of PDLFs.

Subjects Cell Biology, Dentistry
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INTRODUCTION
Periodontitis is a highly prevalent inflammatory disease that involves destruction of
periodontal support tissue such as the periodontal ligament, alveolar bone and cementum,
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and ultimately leading to tooth loss (Kim et al., 2013). The purpose of periodontal
treatment is not only to control inflammation, but also to promote the regeneration of the
destructed periodontal tissue to form a new attachment. It has been found that periodontal
ligament fibroblasts (PDLFs) are able to exhibit a number of the phenotypic characteristics
of osteoblasts, including osteocalcin (OCN), osteopontin (OPN) and osteriox (OSX)
(Duan et al., 2017). In addition to constantly reconstructing alveolar bone, PDLFs also
produce new dental cement and principal fibers, and synthesize the extracellular matrix
(Choe et al., 2012; Zhang et al., 2013). For these reasons, PDLFs are believed to be key
players during periodontal tissue regeneration. In fact, it is difficult to achieve a satisfactory
result in periodontal tissue regeneration by conventional periodontal treatment. One
possible reason is that residual healthy PDLFs at the periodontal lesion are very few due to
the inflammatory damage, and conventional treatment methods lack of active induction to
PDLFs (Kim et al., 2013).

Growth factors are bioactive proteins which have a critical role in cell proliferation
(Hu et al., 2018) and osteoblastic differentiation (Yu & Wang, 2014). Among them,
fibroblast growth factor (FGF) has key roles in regulating osteogenesis, and bone and
mineral homeostasis (Ornitz & Marie, 2015). Bone morphogenetic protein (BMP) and
transforming growth factor (TGF) are also known to be associated with bone formation
(Yu &Wang, 2014). The treatment with these growth factors has been found to be efficient
for stimulating PDLFs (Hyun et al., 2017). However, the human body is a complex
biological environment, and PDLFs osteogenic differentiation is not regulated by one
growth factor alone. Therefore, it is essential to identify an autologous source and
effective growth factor group in PDLFs osteogenic induction. Platelet is one of the major
resources of autogenous growth factors (Qiao, An & Ouyang, 2017). It has been reported
that several growth factors, such as FGF, BMP, TGF-β and others, are contained in
platelets (Kim et al., 2014). However, it is still not clear whether these growth factors in
platelet concentrates contribute to the modulation of osteogenic differentiation of PDLFs.

In recent years, numerous platelet concentrates, such as platelet-rich plasma (PRP),
leukocyte- and platelet-rich fibrin (L-PRF) and concentrated growth factor (CGF) have
been used in dentistry (Sahin, Gokmenoglu & Kara, 2018). The application of PRP has
gained great debate on its biosecurity and stability because of the artificial thrombin and
anticoagulant additive (Hong, Chen & Jiang, 2018). L-PRF is a second-generation platelet
concentrated product which does not require the addition of biological agents, and has no
toxicity or immunogenicity (Duan et al., 2018). In 2006, Sacco (2006) introduced CGF,
which is prepared by repeatedly switching the centrifugation speed using a special
centrifugal machine. The different centrifugation speed permits the isolation of fibrin
matrix that is markedly larger, denser and richer in growth factors as compared to L-PRF
(Qiao & An, 2017). In theory, CGFs appear to exhibit superior potential for tissue
regeneration. However, comparative studies between them have been conducted on
osteogenic differentiation of stem cells of the apical papilla (Hong, Chen & Jiang, 2018)
and animal bone defect repair (Park et al., 2016; Kim et al., 2014), only a few studies
support this. Both L-PRF (Li et al., 2018; Duan et al., 2018) and CGF (Yu & Wang, 2014;
Qiao & An, 2017; Li et al., 2019) have been reported to be effective in osteogenic
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differentiation of PDLFs. However, it has not been previously evaluated whether CGF used
for PDLFs differentiation has better attributes than L-PRF.

Therefore, the main purpose of this study was to determine whether CGF is more
effective in PDLFs differentiation than L-PRF. The secondary objective of this study
was to evaluate whether growth factors in platelet concentrates, such as basic FGF (bFGF),
BMP-2 and TGF-β1, can effectively function to induce osteogenic differentiation of
PDLFs. Many animals, including dogs (Yu & Wang, 2014; Park et al., 2016), pigs
(Jungbluth et al., 2014), rabbits (Kim et al., 2014) and rats (Qin et al., 2016; Duan et al.,
2018), have been used to investigate the biological characteristics of platelet concentrates.
Compared with larger animals (dogs and pigs), rabbits are relatively inexpensive to
purchase, house and can be maintained in the setting of laboratories. Furthermore, rabbits
are phylogenetically closer to humans than rodents (rats). Because of the limitations of
larger animals and rodents, rabbits represent a better option in the present study.

MATERIALS AND METHODS
L-PRF/CGF preparation
A total of four 4-month-old New Zealand rabbits were purchased from Xing Long
Experimental Animal Center, Beijing, China. The experimental protocol was approved by
the Ethical Committee for the Experimental Use of Animals of Tianjin Stomatological
Hospital, Tianjin, China (2015-011). We collected 20 ml venous blood from the ear veins
of each rabbits, and put the blood in four vacuum tubes containing no anticoagulant.
Two tubes (Vacuette 454092; Greiner Bio-One, Kremsmunster, Austria) were used to
produce L-PRFs by centrifuging at 3,000 rpm for 12 min (Eppendorf, Hamburg,
Germany). And the other two (KJ040A; Kangjian Medical, Jiangsu, China) were
centrifuged (Medifuge; Silfradentsrl, Sofia, Italy) to fabricate CGFs using a program with
the following characteristics: 30-s acceleration, 2 min at 2,700 rpm, 4 min at 2,400 rpm,
4 min at 2,700 rpm, 3 min at 3,000 rpm and 36-s deceleration and stop.

Cell isolation and cell culture
The rabbit PDLFs were obtained from extracted teeth. After rabbits were euthanized by
intravenous injection of an overdose of sodium pentobarbital, the teeth were immediately
extracted and rinsed with phosphate buffered saline. The periodontal ligament tissues
attached to the middle one-third of the roots were removed by a surgical scalpel and then
minced. Type I collagenase (one mg/ml; Gibco, Gaithersburg, MD, USA) was added and
digestion was performed on a thermostat shaker (37 �C, 30 min). And then those digested
tissue chunks were cultured in Dulbecco modified Eagle medium (DMEM; Gibco,
Gaithersburg, MD, USA) with 10% fetal bovine serum (FBS; Hyclone, Logan, UT, USA),
100 U/ml penicillin (Genview, Houston, TX, USA) and 100 mg/ml streptomycin (Genview,
Houston, TX, USA). The culture medium was replaced every 3 days after passaging,
and cells of the third passage were used for the experiment. Cellular morphologies of
PDLFs were observed by inverted phase contrast microscopy and then PDLFs were
identified by vimentin (Abcam, Cambridge, MA, USA) and Pan Cytokeratin (PCK;
Abcam, Cambridge, MA, USA) immunostaining.
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Growth factor measurement
Enzyme linked immunosorbent assay (ELISA) was utilized to quantify the concentration
of growth factors released from L-PRF (n = 8) and CGF (n = 8) at 5 h and 1, 3, 5, 7 days.
All L-PRF and CGF samples were placed in separate wells of a 12-well plate with
two ml of cell culture media. The samples were incubated in a humidified incubator at
37 �C where growth factors were gradually released over time. At each time point, the
supernatants from each well were collected and replaced with two ml fresh media. The
supernatant concentrations of bFGF, BMP-2 and TGF-β1 released from the L-PRF and
CGF were determined by ELISA kits (Huamei, Wuhan, China) following the
manufacturer’s instructions. Absorbance was measured at 450 nm on a microplate reader.

Treatment of PDLFs
The rabbit PDLFs were randomly divided into three groups: (1) control group (n = 8):
PDLFs cultured with normal medium; (2) L-PRF group (n = 8): PDLFs cultured with
L-PRF exudates; and (3) CGF group (n = 8): PDLFs cultured with CGF exudates. The
method for the preparation of L-PRF/CGF exudates is as follows: the L-PRF and CGF
membranous films were soaked in five ml fresh DMEM without FBS and incubated at
37 �C for 7 days. After incubation, the exudates were collected via centrifugation. DMEM
enriched with exudates is the solution defined as the 100% exudates. Experiments were
performed with 50% exudates.

Cell counting kit-8 assay
The PDLFs were aliquoted into 96-well plates at a density of 1 × 103 cells/well, and
incubated overnight to allow cell attachment. After 1, 3, 5 and 7 days of incubation
following the addition of L-PRF or CGF exudates, the cells in each well were incubated
with 10 ml of cell counting kit-8 (Zomanbio, Beijing, China) for 1 h. The optical density
values were measured using a Microplate Reader at 450 nm.

Alkaline phosphatase activity
The PDLFs were seeded in two 12-well plates at a density of 1 × 105 cells/well, and exposed
to L-PRF or CGF exudates for 7 days, cells cultured in normal medium alone served as
control group. Alkaline phosphatase (ALP) activity was determined by using ALP assay kit
(Beyotime, Nanjing, China) according to the manufacturer’s instructions.

Western blotting of OCN, OPN and OSX
The PDLFs were seeded into culture bottle at a density of 2 × 106 cells/ bottle and cultured
with the exudates of L-PRF and CGF for 7 days. Following centrifugation, PDLFs were
lysed in radio-immunoprecipitation assay buffer, and proteins were separated by sodium
dodecyl sulfate polyacrylamide gel electrophoresis and transferred to nitrocellulose
membranes. The membranes were blocked with Blotto blocking solution at room
temperature for 2 h and subsequently incubated overnight at 4 �C with primary antibodies
(1:1,000; Abcam, Cambridge, MA, USA) against OPN, OCN and OSX. Then the
membrane was incubated with the corresponding secondary antibody for 1.5 h, and the
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immunoreactive band was detected with the Western Lightning�-ECL, Enhanced
Chemiluminescence Substrate (NEL100001EA; Perkin Elmer, Waltham, MA, USA).
The optical densities of the bands were quantified using Labworks TM Analysis Software
(UVP, Upland, CA, USA).

Blocking assays of bFGF, BMP-2 and TGF-β1
To determine whether bFGF, BMP-2 and/or TGF-β1 involved in L-PRF and CGF induced
osteogenic differentiation markers (OCN, OPN and OSX) expression, we used three
blocking antibodies (Affinity Biosciences, Cincinnati, OH, USA) to neutralize the proteins
of bFGF, BMP-2 and TGF-β1. Briefly, prior to the addition of L-PRF and CGF exudates,
the PDLFs were incubated for 1 h with fresh media containing 20 mg/ml of anti-bFGF,
anti-BMP-2 or anti-TGF-β1 antibody. An equal amount of isotype control IgG was used as
the negative control. Afterward, the PDLFs were exposed to L-PRF or CGF exudates. After
7 days of culture, the cells were harvested for western blotting assay.

Statistical analysis
Statistical analyses were performed using SPSS 13.0 software (SPSS Inc., Chicago, IL, USA).
All data are presented as the mean ± standard deviation. A two-tailed Student’s t-test or
one-way ANOVA with Bonferroni correction was used for normally distributed data.
Mann–Whitney U test or Kruskal–Wallis test was used for data that were not normally
distributed. P-values less than 0.05 were considered statistically significant.

RESULTS
Identification of PDLFs
Periodontal ligament fibroblasts began to migrate from the edge of the tissues after 4 days
of culture, and arranged radially around a central tissue block (Fig. 1A). The cultured
cells reached approximately 70% confluence at 8 days, and reached almost complete
confluence at about 10 days. The morphology of cells became uniform, with a long spindle
shape (Figs. 1B and 1C) and round or egg-shaped nuclei (Fig. 1D). Immunohistochemistry
testing of the PDLFs revealed that the cytoplasm was positive for vimentin (Fig. 1E);
however, PCK was not expressed in the cytoplasm (Fig. 1F).

Growth factor concentrations in the L-PRF and CGF supernatants
The bFGF concentration remained stable in two groups at the early study time, followed by
a dramatic increase in CGF group at day 3, and in L-PRF group at day 5 (Fig. 2A). For
BMP-2 concentration, the general trend of the two evaluated groups at each time point was
similar. The concentration increased dramatically at day 1 and remained stable (between
60 and 80 pg/ml) at later time points (Fig. 2B). The TGF-β1 concentration of L-PRF
showed a dramatic increase at day 1, followed by a gradual decline for the remaining time
points. Whereas CGF exhibited a gradual increase in TGF-β1 concentration from 5 h to
day 5, followed by a rapid decline at day 7 (Fig. 2C). Additionally, we also calculated the
accumulated growth factor concentrations which represent the sum of concentrations at
each time point before next detection. As shown in Figs. 2D–2F, the accumulated
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concentrations of bFGF, BMP-2 and TGF-β1 increased continuously over the study time.
No significant differences were found between the L-PRF and CGF groups at each time
point for the accumulated concentration of all three growth factors.

Effects of L-PRF and CGF on PDLFs proliferation
As shown in Fig. 3, there was a statistically significant increase in PDLFs proliferation
when the cells cultured with L-PRF or CGF exudates compared to control cells at three
time points (day 1, 3 and 7). In addition, the proliferation of the PDLFs in CGF group is
significantly higher than the cells in L-PRF group at day 1 and 3, whereas the difference
was disappeared at later time points (day 5 and 7).

Effects of L-PRF and CGF on ALP activity of PDLFs
The effects of L-PRF and CGF on ALP activity of PDLFs are shown in Fig. 4. After
treatment with exudates of CGF or L-PRF, the ALP activity of PDLFs was significantly
higher than that of the control group (P < 0.05), whereas there was no significant difference
between the CGF and L-PRF groups.

Effects of L-PRF and CGF on OCN, OPN and OSX expression of PDLFs
The results from the western blotting experiments are shown in Fig. 5. After 7 days of
treatment, OCN, OPN and OSX expression levels were 1.16, 1.75 and 1.16 times higher in
L-PRF group, and 1.21, 2.23 and 1.27 times higher in CGF group compared to those in the
control group. However, only the expression of OPN was significantly increased in CGF
group compared to L-PRF group.

Figure 1 The morphology and immunohistochemical staining of PDLFs. (A–D) Cell morphous was
observed with an inverted microscope (A and B: 10×; C: 20×; D: 40×). PDLFs showed a uniform, long
spindle shape, with round or egg-shaped nuclei; (E) Vimentin was positive in the cytoplasm of PDLFs
(20×); (F) Pan Cytokeratin (PCK) was not expressed in PDLFs (20×).

Full-size DOI: 10.7717/peerj.7984/fig-1
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Roles of growth factors in L-PRF and CGF induced OCN, OPN and OSX
expression of PDLFs
The expressions of OCN, OPN and OSX were greatly increased in cells cultured with
L-PRF exudates, and these inducible effects of L-PRF were significantly blocked by
co-culture with anti-bFGF, anti-BMP-2 or anti-TGF-β1 antibody (Figs. 6A–6D). Similarly,
CGF induced OCN, OPN and OSX expressions were also blocked by neutralization of
bFGF, BMP-2 or TGF-β1 (Figs. 7A–7D).

DISCUSSION
In the present study, a slow release of BMP-2 was detected during at least 7 days in both
L-PRF and CGF, even if the quantities remained quite small. It is interesting to notice that
small quantities of BMP-2 has also been detected in L-PRF (Dohan Ehrenfest et al., 2018)
and CGF (Bonazza et al., 2018) in previous publications. It has been reported that the
different cell populations (mostly leukocytes) living in the fibrin clot may contribute to the

Figure 2 Growth factor concentration (n = 8 for each group and time point). (A–C) Growth factor
concentrations in culture medium released from L-PRF and CGF at different time points; (D–F) The
accumulated growth factor concentrations, which represent the sum of concentrations at each time point
before next detection, were calculated. Full-size DOI: 10.7717/peerj.7984/fig-2
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release of BMP-2 (Dohan Ehrenfest et al., 2018). Release patterns of the growth factors
analyzed in our study show some important differences, especially for TGF-β1. L-PRF
reached the peak level of TGF-β1 at the time point of day 1. In contrast, CGF reached the
peak level of TGF-β1 at the time point of day 5. CGF delayed the peak point to 4 days later
than that of L-PRF. Similar studies with canine L-PRF provide comparable results,
demonstrating that the majority of TGF-β1 is released from canine L-PRF in 24 h
(Birdwhistell, Karumbaiah & Franklin, 2018; Visser et al., 2010). Additionally, a previous
study in rats has demonstrated that the level of TGF-β1 released from CGF markedly
increased and reached the highest amount at day 5, then decreased dramatically (Qin et al.,
2016), which is consistent with our findings. The consistency in the results from multiple
studies regarding the release of growth factor from L-PRF or CGF suggests that growth
factor release pattern of CGF is different from that of L-PRF.

Concentrated growth factor has been thought to contain higher concentrations of
certain growth factors due to its special centrifuge (Park et al., 2016). However, the
accumulated concentrations of all three growth factors (bFGF, BMP-2 and TGF-β1) did

Figure 3 Effects of L-PRF and CGF on PDLFs proliferation at different time points (n = 8 for each
group and time point). Proliferation of cells were measured using CCK-8 assay. PDLFs proliferation was
significantly promoted by both L-PRF and CGF at day 1, 3 and 7, and CGF group was superior to L-PRF
group at day 1 and 3; �P < 0.05. Full-size DOI: 10.7717/peerj.7984/fig-3

Figure 4 Effects of L-PRF and CGF on ALP activity of PDLFs (n = 8 for each group). After treatment
with exudates of L-PRF or CGF, the ALP activity of PDLFs was significantly higher than that of the
control group, whereas there was no significant difference between the CGF and L-PRF groups;
�P < 0.05. Full-size DOI: 10.7717/peerj.7984/fig-4
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not differ significantly between CGF and L-PRF in our study. The result is in accordance
with the earlier human studies that demonstrated no significant difference in bFGF
and TGF-β1 levels between CGF and L-PRF (Qiao, An & Ouyang, 2017; Masuki et al.,
2016). These growth factors secreted by platelet concentrates play a crucial role in cell
proliferation and differentiation, and contribute in some way to the positive clinical effects
of platelet concentrates during bone regeneration (Dohan Ehrenfest et al., 2018). Therefore,
our findings make it reasonable to hypothesize that the clinical effect of CGF may be
similar to L-PRF on bone regeneration. This hypothesis is consistent with a previous
observation demonstrating a similar beneficial effect of two platelet concentrates (L-PRF
and CGF) on reconstruction of bony defects (Kim et al., 2014).

The proliferation of PDLFs is essential for periodontal tissue regeneration. In this
study, L-PRF was found to promote the proliferation of PDLFs in vitro, and similar results
were reported with other types of mesenchymal stem cells, including human dental pulp
cells (Huang et al., 2010), human stem cells of the apical papilla (Hong, Chen & Jiang,
2018) and human oral bone mesenchymal stem cells (Dohan Ehrenfest et al., 2010). In
addition, CGF has been reported previously to significantly increase the proliferation of
human PDLFs (Qiao & An, 2017), beagle PDLFs (Yu &Wang, 2014) and rat Schwann cell

Figure 5 Effects of L-PRF and CGF on osteogenic markers expression of PDLFs (n = 4 for each
group). Expressions of osteocalcin (OCN), osteopontin (OPN) and osteriox (OSX) were detected
using western blot methods. The PDLFs treated with exudates of L-PRF or CGF significantly enhanced
protein expression of OCN (A and B), OPN (A and C) and OSX (A and D), and the OPN level was
significantly higher in CGF group than in L-PRF group (A and C); �P < 0.05.

Full-size DOI: 10.7717/peerj.7984/fig-5
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(Qin et al., 2016). In the present study, we also found that CGF could remarkably stimulate
the proliferation of rabbit PDLFs. Furthermore, the proliferation value in the CGF treated
group was significantly higher than that of the L-PRF group at day 1 and 3, but this value in
the CGF treated group was no longer higher at later time points (day 5 and 7). These
results indicated that CGF and L-PRF may have a similar effect on the proliferation of
PDLFs.

In this study, both CGF and L-PRF significantly enhanced PDLFs ALP activity and
OCN, OPN and OSX protein levels. ALP is a unique substance expressed by osteoblasts
during bone formation, whose concentration can often reflect the capacity of bone
formation (Zhou, Liu & Xu, 2018). Thus, our findings suggested that both CGF and L-PRF
could enhance PDLFs osteogenic differentiation. Similar results showed that L-PRF could
promote the osteogenic differentiation of human dental pulp cells (Huang et al., 2010),
osteoblasts (He et al., 2009) and human oral bone mesenchymal stem cells (Dohan
Ehrenfest et al., 2010). Previous studies also demonstrated that CGF could stimulate
osteogenic differentiation of beagle periodontal ligament stem cells (Yu & Wang, 2014)
and rat bone marrow mesenchymal stem cells (Takeda et al., 2015). In addition, our study
only showed a higher protein expression in CGF group for OPN, but not OCN and OSX,
when compared with those in L-PRF group. Furthermore, no significant difference was

Figure 6 Roles of growth factors in L-PRF induced osteogenic markers expression of PDLFs (n = 4
for each group). Three blocking antibodies significantly downregulated L-PRF induced osteogenic
markers expression (A–D); �P < 0.05 compared to L-PRF group.

Full-size DOI: 10.7717/peerj.7984/fig-6
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also found between the L-PRF and CGF groups for ALP activity. Therefore, CGF was not
found to be significantly superior to L-PRF, from the aspects of induction of osteogenic
differentiation in our study.

The members of TGF-β super family such as TGF-β1 and BMPs have been reported to
regulate osteoblastic differentiation in human PDLFs (Wei et al., 2017). In the present
study, three growth factors have been found in both CGF and L-PRF, including bFGF,
BMP-2 and TGF-β1. Thus, we hypothesized that CGF and L-PRF may upregulate OCN,
OPN and OSX expression and promote osteogenic differentiation by regulation of growth
factors released from them. To confirm this hypothesis, three blocking antibodies were
used to abolish the stimulatory effects of CGF and L-PRF on osteogenic differentiation in
PDLFs. The results showed that anti-bFGF, anti-BMP-2 or anti-TGF-β1 antibody
significantly reduced OCN, OPN and OSX expression. These data demonstrated that all
these three growth factors play critical roles in both L-PRF and CGF induced PDLFs
osteogenic differentiation.

Several limitations of this study should be acknowledged. One limitation of our study is
that we only evaluated the release of bFGF, BMP-2 and TGF-β1. However, there are
numerous other growth factors associated with platelet concentrates that may function
synergistically to benefit osteogenesis. Another shortcoming of this study is that we

Figure 7 Roles of growth factors in CGF induced osteogenic markers expression of PDLFs (n = 4 for
each group). Three blocking antibodies significantly downregulated CGF induced osteogenic markers
expression (A–D); �P < 0.05 compared to CGF group. Full-size DOI: 10.7717/peerj.7984/fig-7
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evaluated growth factor release and PDLFs biological characteristics for only 7 days. This
timeline was based on a previous study (Hong, Chen & Jiang, 2018), but there was still
notable growth factor release from platelet concentrates at day 8 as described in a previous
study (Bonazza et al., 2015).

CONCLUSIONS
The results from the present study demonstrated that CGF releases a similar amount of
growth factor as L-PRF. Both CGF and L-PRF can promote the proliferation and
osteogenic differentiation of PDLFs, and they seem to have no significant difference.
Furthermore, the bFGF, BMP-2 and TGF-β1 are involved in both L-PRF and CGF induced
osteogenic differentiation of PDLFs.

ACKNOWLEDGEMENTS
The authors are very grateful to all the participants in this study.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This study was supported by the Science and Technology Foundation of Tianjin Municipal
Health Bureau (No. 2015KZ055), the Science and Technology Foundation of Tianjin
Stomatological Hospital (No. 2019BSZD02), the National Natural Science Foundation of
China (No. 81870763). The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Science and Technology Foundation of Tianjin Municipal Health Bureau: 2015KZ055.
Science and Technology Foundation of Tianjin Stomatological Hospital: 2019BSZD02.
National Natural Science Foundation of China: 81870763.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Zheng Zhang conceived and designed the experiments, analyzed the data, prepared
figures and/or tables, authored or reviewed drafts of the paper, approved the final draft.

� Xinyue Li conceived and designed the experiments, performed the experiments,
contributed reagents/materials/analysis tools, authored or reviewed drafts of the paper,
approved the final draft.

� Jing Zhao performed the experiments, prepared figures and/or tables, approved the final
draft.

� Wenjun Jia performed the experiments, authored or reviewed drafts of the paper,
approved the final draft.

Zhang et al. (2019), PeerJ, DOI 10.7717/peerj.7984 12/15

http://dx.doi.org/10.7717/peerj.7984
https://peerj.com/


� Zuomin Wang analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the paper, approved the final draft.

Animal Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The experimental protocol was approved by the Ethical Committee for the
Experimental Use of Animals of Tianjin Stomatological Hospital, Tianjin, China
(2015-011).

Data Availability
The following information was supplied regarding data availability:

The raw data are available in the Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.7984#supplemental-information.

REFERENCES
Birdwhistell KE, Karumbaiah L, Franklin SP. 2018. Sustained release of transforming growth

factor-β1 from platelet-rich chondroitin sulfate glycosaminoglycan gels. Journal of Knee Surgery
31(5):410–415 DOI 10.1055/s-0037-1603801.

Bonazza V, Dellavia C, Labanca M, Merigo D, Borsani E. 2015. Concentrated growth factors
(CGF): morphological and biochemical characterization. Italian Journal of Anatomy and
Embryology 120:18 DOI 10.13128/IJAE-16851.

Bonazza V, Hajistilly C, Patel D, Patel J, Woo R, Cocchi MA, Buffoli B, Lancini D, Gheno E,
Rezzani R, Jahanzeb S, Hunnisett A, Almasri M, Lucchina AG, Brucoli M, Mortellaro C,
Rodella LF. 2018. Growth factors release from concentrated growth factors: effect of
β-tricalcium phosphate addition. Journal of Craniofacial Surgery 29(8):2291–2295
DOI 10.1097/SCS.0000000000004607.

Choe Y, Yu J-Y, Son Y-O, Park S-M, Kim J-G, Shi X, Lee J-C. 2012. Continuously generated
H2O2 stimulates the proliferation and osteoblastic differentiation of human periodontal
ligament fibroblasts. Journal of Cellular Biochemistry 113(4):1426–1436 DOI 10.1002/jcb.24017.

Dohan Ehrenfest DM, Doglioli P, De Peppo GM, Del Corso M, Charrier J-B. 2010. Choukroun’s
platelet-rich fibrin (PRF) stimulates in vitro proliferation and differentiation of human oral bone
mesenchymal stem cell in a dose-dependent way. Archives of Oral Biology 55(3):185–194
DOI 10.1016/j.archoralbio.2010.01.004.

Dohan Ehrenfest DM, Pinto NR, Pereda A, Jiménez P, Corso MD, Kang B-S, Nally M,
Lanata N, Wang H-L, Quirynen M. 2018. The impact of the centrifuge characteristics and
centrifugation protocols on the cells, growth factors, and fibrin architecture of a leukocyte- and
platelet-rich fibrin (L-PRF) clot and membrane. Platelets 29(2):171–184
DOI 10.1080/09537104.2017.1293812.

Duan X, Ji M, Deng F, Sun Z, Lin Z. 2017. Effects of connective tissue growth factor on human
periodontal ligament fibroblasts. Archives of Oral Biology 84:37–44
DOI 10.1016/j.archoralbio.2017.09.010.

Zhang et al. (2019), PeerJ, DOI 10.7717/peerj.7984 13/15

http://dx.doi.org/10.7717/peerj.7984#supplemental-information
http://dx.doi.org/10.7717/peerj.7984#supplemental-information
http://dx.doi.org/10.7717/peerj.7984#supplemental-information
http://dx.doi.org/10.1055/s-0037-1603801
http://dx.doi.org/10.13128/IJAE-16851
http://dx.doi.org/10.1097/SCS.0000000000004607
http://dx.doi.org/10.1002/jcb.24017
http://dx.doi.org/10.1016/j.archoralbio.2010.01.004
http://dx.doi.org/10.1080/09537104.2017.1293812
http://dx.doi.org/10.1016/j.archoralbio.2017.09.010
http://dx.doi.org/10.7717/peerj.7984
https://peerj.com/


Duan X, Lin Z, Lin X,Wang Z,Wu Y, Ji M, LuW,Wang X, Zhang D. 2018. Study of platelet-rich
fibrin combined with rat periodontal ligament stem cells in periodontal tissue regeneration.
Journal of Cellular and Molecular Medicine 22(2):1047–1055.

He L, Lin Y, Hu X, Zhang Y, Wu H. 2009. A comparative study of platelet-rich fibrin (PRF) and
platelet-rich plasma (PRP) on the effect of proliferation and differentiation of rat osteoblasts in
vitro. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and Endodontology
108(5):707–713 DOI 10.1016/j.tripleo.2009.06.044.

Hong S, Chen W, Jiang B. 2018. A comparative evaluation of concentrated growth factor and
platelet-rich fibrin on the proliferation, migration, and differentiation of human stem cells of the
apical papilla. Journal of Endodontics 44(6):977–983 DOI 10.1016/j.joen.2018.03.006.

Hu Y, Jiang Y, Wang M, Tian W, Wang H. 2018. Concentrated growth factor enhanced fat graft
survival: a comparative study. Dermatologic Surgery 44(7):976–984
DOI 10.1097/DSS.0000000000001337.

Huang F-M, Yang S-F, Zhao J-H, Chang Y-C. 2010. Platelet-rich fibrin increases proliferation and
differentiation of human dental pulp cells. Journal of Endodontics 36(10):1628–1632
DOI 10.1016/j.joen.2010.07.004.

Hyun S-Y, Lee J-H, Kang K-J, Jang Y-J. 2017. Effect of FGF-2, TGF-β-1, and BMPs on teno/
ligamentogenesis and osteo/cementogenesis of human periodontal ligament stem cells.
Molecules and Cells 40(8):550–557 DOI 10.14348/molcells.2017.0019.

Jungbluth P, Grassmann JP, Thelen S, Wild M, Sager M, Windolf J, Hakimi M. 2014.
Concentration of platelets and growth factors in platelet-rich plasma from Goettingen minipigs.
GMS Interdisciplinary Plastic and Reconstructive Surgery DGPW 3:Doc11
DOI 10.3205/iprs000052.

Kim T-I, Han J-E, Jung H-M, Oh J-H, Woo KM. 2013. Analysis of histone deacetylase
inhibitor-induced responses in human periodontal ligament fibroblasts. Biotechnology Letters
35(1):129–133 DOI 10.1007/s10529-012-0992-6.

Kim T-H, Kim S-H, Sándor GK, Kim Y-D. 2014. Comparison of platelet-rich plasma (PRP),
platelet-rich fibrin (PRF), and concentrated growth factor (CGF) in rabbit-skull defect healing.
Archives of Oral Biology 59(5):550–558 DOI 10.1016/j.archoralbio.2014.02.004.

Li X, Yang H, Zhang Z, Yan Z, Lv H, Zhang Y, Wu B. 2018. Platelet‑rich fibrin exudate promotes
the proliferation and osteogenic differentiation of human periodontal ligament cells in vitro.
Molecular Medicine Reports 18(5):4477–4485 DOI 10.3892/mmr.2018.9472.

Li X, Yang H, Zhang Z, Yan Z, Lv H, Zhang Y, Wu B. 2019. Concentrated growth factor exudate
enhances the proliferation of human periodontal ligament cells in the presence of TNF-a.
Molecular Medicine Reports 19(2):943–950 DOI 10.3892/mmr.2018.9714.

Masuki H, Okudera T, Watanebe T, Suzuki M, Nishiyama K, Okudera H, Nakata K,
Uematsu K, Su C-Y, Kawase T. 2016. Growth factor and pro-inflammatory cytokine contents
in platelet-rich plasma (PRP), plasma rich in growth factors (PRGF), advanced platelet-rich
fibrin (A-PRF), and concentrated growth factors (CGF). International Journal of Implant
Dentistry 2(1):19 DOI 10.1186/s40729-016-0052-4.

Ornitz DM, Marie PJ. 2015. Fibroblast growth factor signaling in skeletal development and
disease. Genes & Development 29(14):1463–1486 DOI 10.1101/gad.266551.115.

Park H-C, Kim S-G, Oh J-S, You J-S, Kim J-S, Lim S-C, Jeong M-A, Kim J-S, Jung C, Kwon Y-S,
Ji H. 2016. Early bone formation at a femur defect using CGF and PRF grafts in adult dogs: a
comparative study. Implant Dentistry 25(3):387–393 DOI 10.1097/ID.0000000000000423.

Zhang et al. (2019), PeerJ, DOI 10.7717/peerj.7984 14/15

http://dx.doi.org/10.1016/j.tripleo.2009.06.044
http://dx.doi.org/10.1016/j.joen.2018.03.006
http://dx.doi.org/10.1097/DSS.0000000000001337
http://dx.doi.org/10.1016/j.joen.2010.07.004
http://dx.doi.org/10.14348/molcells.2017.0019
http://dx.doi.org/10.3205/iprs000052
http://dx.doi.org/10.1007/s10529-012-0992-6
http://dx.doi.org/10.1016/j.archoralbio.2014.02.004
http://dx.doi.org/10.3892/mmr.2018.9472
http://dx.doi.org/10.3892/mmr.2018.9714
http://dx.doi.org/10.1186/s40729-016-0052-4
http://dx.doi.org/10.1101/gad.266551.115
http://dx.doi.org/10.1097/ID.0000000000000423
http://dx.doi.org/10.7717/peerj.7984
https://peerj.com/


Qiao J, An N. 2017. Effect of concentrated growth factors on function and Wnt3a expression of
human periodontal ligament cells in vitro. Platelets 28(3):281–286
DOI 10.1080/09537104.2016.1213381.

Qiao J, An N, Ouyang X. 2017. Quantification of growth factors in different platelet concentrates.
Platelets 28(8):774–778 DOI 10.1080/09537104.2016.1267338.

Qin J, Wang L, Zheng L, Zhou X, Zhang Y, Yang T, Zhou Y. 2016. Concentrated growth factor
promotes Schwann cell migration partly through the integrin β1-mediated activation of the focal
adhesion kinase pathway. International Journal of Molecular Medicine 37(5):1363–1370
DOI 10.3892/ijmm.2016.2520.

Sacco L. 2006. Lecture. In: International Academy of Implant Prosthesis and Osteoconnection,
12 April, Sersale, Italy.

Sahin IO, Gokmenoglu C, Kara C. 2018. Effect of concentrated growth factor on osteoblast cell
response. Journal of Stomatology, Oral and Maxillofacial Surgery 119(6):477–481
DOI 10.1016/j.jormas.2018.06.001.

Takeda Y, Katsutoshi K, Matsuzaka K, Inoue T. 2015. The effect of concentrated growth factor on
rat bone marrow cells in vitro and on calvarial bone healing in vivo. International Journal of Oral
& Maxillofacial Implants 30(5):1187–1196 DOI 10.11607/jomi.3995.

Visser LC, Arnoczky SP, Caballero O, Egerbacher M. 2010. Platelet-rich fibrin constructs elute
higher concentrations of transforming growth factor-β1 and increase tendon cell proliferation
over time when compared to blood clots: a comparative in vitro analysis. Veterinary Surgery
39(7):811–817 DOI 10.1111/j.1532-950X.2010.00739.x.

Wei Y, Ye Q, Tang Z, Tian G, Zhu Q, Gao H, Wang D, Cao Z. 2017. Calcitonin induces collagen
synthesis and osteoblastic differentiation in human periodontal ligament fibroblasts. Archives of
Oral Biology 74:114–122 DOI 10.1016/j.archoralbio.2016.11.014.

Yu B, Wang Z. 2014. Effect of concentrated growth factors on beagle periodontal ligament stem
cells in vitro. Molecular Medicine Reports 9(1):235–242 DOI 10.3892/mmr.2013.1756.

Zhang H-Y, Liu R, Xing Y-J, Xu P, Li Y, Li C-J. 2013. Effects of hypoxia on the proliferation,
mineralization and ultrastructure of human periodontal ligament fibroblasts in vitro.
Experimental and Therapeutic Medicine 6(6):1553–1559 DOI 10.3892/etm.2013.1349.

Zhou W, Liu Q, Xu B. 2018. Improvement of bone defect healing in rats via mesenchymal stem
cell supernatant. Experimental and Therapeutic Medicine 15(2):1500–1504
DOI 10.3892/etm.2017.5534.

Zhang et al. (2019), PeerJ, DOI 10.7717/peerj.7984 15/15

http://dx.doi.org/10.1080/09537104.2016.1213381
http://dx.doi.org/10.1080/09537104.2016.1267338
http://dx.doi.org/10.3892/ijmm.2016.2520
http://dx.doi.org/10.1016/j.jormas.2018.06.001
http://dx.doi.org/10.11607/jomi.3995
http://dx.doi.org/10.1111/j.1532-950X.2010.00739.x
http://dx.doi.org/10.1016/j.archoralbio.2016.11.014
http://dx.doi.org/10.3892/mmr.2013.1756
http://dx.doi.org/10.3892/etm.2013.1349
http://dx.doi.org/10.3892/etm.2017.5534
http://dx.doi.org/10.7717/peerj.7984
https://peerj.com/

	Effect of autogenous growth factors released from platelet concentrates on the osteogenic differentiation of periodontal ligament fibroblasts: a comparative study ...
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


