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Abstract: Background: Fibrin and cytokines in platelet-rich fibrin (PRF) can be combined into a powerful biological
scaffold, which is an integrated reservoir of growth factors involved in tissue regeneration. Insulin-like growth fac-
tor-1 (IGF-1) is a kind of effective mitogenic protein, which can enhance osteogenic differentiation of periodontal lig-
ament fibroblasts. However, whether PRF and IGF-1 can stimulate the osteogenic differentiation and osteogenesis
of human periodontal ligament stem cells (PDLSCs) remains unclear. This study aims to investigate the osteogenic
capability of PDLSCs in vitro and in vivo after being separated from human PDL tissues, purified with STRO-1 and
treated with PRF and IGF-1. Methods: The proliferative capabilities of PDLSCs under different conditions were ana-
lyzed via methyl thiazolyl tetrazolium (MTT), growth curve, alkaline phosphatase activity, reverse transcription-poly-
merase chain reaction (RT-PCR) and Western blotting, respectively. Results: PRF and IGF-1 significantly promoted
the growth, proliferation and differentiation of PDLSCs, up regulated the expressions of Runt-related transcription
factor 2 (RUNX2), osterix (OSX) and osteocalcin (OCN), phosphorylated extracellular signal-regulated kinase (ERK)
and phosphorylated c-Jun N-terminal kinase (JNK) in stem cells. Conclusion: Our data indicate that PRF and IGF-1
facilitate the proliferation of alveolar osteoblast via the activation of the mitogen-activated protein kinase (MAPK)
signaling pathway.
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Introduction Since the discovery of adult periodontal liga-
ment stem cells (PDLSCs) in 2004, periodontal
tissue regeneration based on stem cells has

become a hot topic in dentistry [2]. In addition

Periodontitis represents a global medical prob-
lem resulting in irreversible damage to peri-

odontal support tissues, namely the alveolar
bone, the periodontal ligament (PDL), and the
tooth root cementum. According to the data-
base of the World Health Organization (WHO), it
is estimated that severe periodontal disease
affects 5-20% population worldwide. It is the
main cause of tooth loss, and is also associat-
ed with many systemic diseases, such as dia-
betes mellitus and hypertension. In modern cl-
inical practice, a wide range of treatment me-
thods have been adopted, such as barrier
membrane, autografts, demineralized lyophi-
lized bone allografts, bovine-derived xenogra-
fts and a combination of membrane and fillers.
However, few of them are considered real re-
generation techniques, while limited success
and unpredictable results frequently occur [1].

to the ecological niches of stem cells and biomi-
metic materials, appropriate insulin-like growth
factor (IGF) is also required for functional peri-
odontal tissue regeneration [3, 4]. In general,
platelet-rich fibrin (PRF) and IGF-1 bind to recep-
tors on the cell surface to mediate their effects,
activate the intrinsic tyrosine kinase activity in
receptors, and internalize the receptor ligand
complex. It therefore induces a signaling cas-
cade and ultimately affects gene expression
and protein synthesis. Many studies have
proved that IGF-1 is a key protein in the devel-
opment and growth of many tissues [5-9],
among which, a multifunctional peptide regu-
lates cell growth, differentiation and extracellu-
lar matrix protein expression. Moreover, IGF-1 is
considered as a key mediator in wound healing
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and mesenchymal cell proliferation. Raja et al
reported that IGF-1 enhanced cell survival in
PDL fibroblasts by up-regulating anti-apoptotic
molecules and down-regulating pro-apoptotic
molecules [10]. Local and controlled release of
IGF-1 from the glucan co-gelatin microspheres
can improve periodontal regeneration [11].
Fibrin gels utilize the final stage of the coagula-
tion cascade, among which fibrinogen mole-
cules self-assemble into highly-biocompatible
three-dimensional fiber networks. Fibrin and
cytokines in PRF are combined into a powerful
biological scaffold, which is an integrated res-
ervoir of growth factors used for tissue regen-
eration [12]. The applicability of PRF as a bioac-
tive platform has been proved in many studies
that clarify the proliferation and differentiation
of osteoblasts and gingival fibroblasts [13, 14].
Clinical studies have shown that PRF promotes
soft tissue and bone regeneration [15, 16], as
well as periodontal tissue regeneration [17, 18].
The capacity of PRF to enhance and regenerate
damaged tissues may be associated with the
combination with bone substitutes, such as
Bio-0Oss or autologous bone [19, 20].

In this study, we aimed to determine the effect
of exogenous PRF and IGF-1 on the osteogene-
sis of PDLSCs.

Materials and methods
Materials

Type | collagenase was bought from Sigma
(Temecula, CA, USA). The dispase was provided
by Roche, (Indianapolis, IN, USA). a-minimum
Eagle’'s medium (MEM) was obtained by Gibco
(Waltham, MA, USA). The ascorbic acid 2-phos-
phate was purchased from Sigma (Temecula,
CA, USA). The glutamine and double antibodi-
es were obtained from Gibco (Waltham, MA,
USA). The rabbit anti-STRO-1 antibody was
obtained from Santa Cruz Biotechnology, Inc.
(Santa Cruz, CA, USA). Goat anti-rabbit immu-
noglobulin G (IgG) Dynabeads was provided
from Dynal Biotech (Oslo, Norway). The cytok-
eratin and vimentin antibodies were acquired
from Bioworld Technology (Atlanta, GA, USA).
The IGF-1 powder was from Peprotech (Off-
enbach, Germany). The methyl thiazolyl tetrazo-
lium (MTT) was purchased from Sigma (Teme-
cula, CA, USA). The automatic enzyme-linked
immunosorbent assay (ELISA) tester ELX800
was from BioTek Instruments Inc. (Norcross,
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GA, USA). The SYBR®Premix Ex Tag™ kit was
provided by Takara (Kusatsu, Shiga, Japan).
Primers were all synthesized by Sangon Biote-
ch (Shanghai, China) Runt-related transcription
factor 2 (RUNX2) antibody, extracellular signal-
regulated kinase 1/2 (ERK1/2) antibodies, ph-
osphorylated-ERK1/2, c-Jun N-terminal kinase
1/2/3 (JNK1/2/3), phosphorylated-INK1/2/3,
P38 and phosphorylated-P38 Osterix (0SX)
and osteocalcin (OCN) antibodies were pur-
chased from Abcam (Cambridge, MA, USA).

Cell separation and culture

Atotal of 15 subjects aged 18-25 years old with
normal, non-carious third molars were coll-
ected from the Department of Stomatology,
Wuhan University Stomatological Hospital, Hu-
bei Province. PDL was gently separated from
the root surface and digested. PDL samples
from different individuals were put together,
and cells were filtered through a 70 um filter to
obtain the single cell suspension. PDLSCs de-
rived from multiple colonies were separated in
the a-MEM containing 10% fetal bovine serum
(FBS), 100 ymol/L ascorbic acid 2-phosphate,
2 mmol/L glutamine, 100 U/mL penicillin and
100 pg/mL streptomycin and cultured under
5% CO, at 37°C. These cells were purified using
rabbit anti-STRO-1 antibody and goat anti-rab-
bit IgG Dynabeads. To determine their mesen-
chymal origin, immunostaining was performed
for PDLSCs with cytokeratin and vimentin anti-
bodies. After passage 2-4 times, the cells were
used for subsequent experiments.

Preparation of PRF conditioned medium: 10 mL
precaval venous blood was collected from a
sow aged 3.1 months old on average and put
into a 10 mL glass-coated tube without antico-
agulant. The whole blood platelet count was
10%/uL. The sample was immediately centri-
fuged at 2100 rpm for 12 min using a Beckman
centrifuge. The PRF clot was concentrated in
the middle of the centrifuge tube, separated,
and gently compressed using gauze to drain
the remaining fluid. The PRF membrane was
immersed into 3 mL fresh Dulbecco’s modified
Eagle medium (DMEM), and the medium was
collected once every 48 h as the PRF condi-
tioned medium.

MTT assay

IGF-1 powder was dissolved in sterile distilled
water for standby application. The proliferation
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Table 1. Primers used in real-time RT-PCR

Alkaline phosphatase (ALP) activity

Gene Primer sequence

RUNX2 TCTTAGAACAAATTCTGCCCTTTTGCTTTGGTCTTGAAATCACA
0SX CCTCCTCAGCTCACCTTCTCGTTGGGAGCCCAAATAGAAA
OCN  AGCAAAGGTGCAGCCTTTGTGCGCCTGGGTCTCTTCACT
GAPDH GAAGGTGAAGGTCGGAGTCGAGATGGTGATGGGATTTC

To evaluate the osteogenic different-
iation of these stem cells, PDLSCs
untreated and treated with IGF-1 were
inoculated into a 24-well plate at a de-
nsity of 1x10* cells/well, and the PRF

of PDLSCs was detected via an MTT assay
based on the mitochondrial succinate dehydro-
genase method of proliferating cells, in which
MTT was reduced to the insoluble purple forma-
zan reaction product and could be detected via
a colorimetric assay. Briefly, cells were cultured
in a 96-well plate until they covered 60% of the
bottom at an initial density of 3x103 cells/well
using the non-conditioned medium (x-MEM
containing 10% FBS) and PRF conditioned
medium, and then starved with serum for 24 h.
IGF-1 (25, 50, 100 and 200 ng/mL) was added
into the a-MEM containing 10% FBS in the
experimental group, respectively. After 7 d,
MTT (5 mg/mL) was added for incubation at
37°C for 4 h, and the mixture was washed with
10 mM phosphate buffered saline (PBS) for 3
times. The absorbance at 490 nm was read
using the automatic ELISA tester. In the experi-
ment, cells were divided into 4 groups: non-
treated medium group (Control), PRF-treated
medium group (PRF), IGF-1 + non-treated medi-
um group (IGF-1), and IGF-1 + PRF-treated
medium group (IGF-1 + PRF). The MTT results
were presented as mean * standard deviation
(SD), and the experiment was repeated 3 times.

Cell growth curve

To analyze the growth kinetics of PRF + IGF-1-
treated PDLSCs, cells were inoculated into the
96-well plate (3x10° cells/well), and PRF medi-
um and non-treated medium were set. After
serum starvation, the IGF-1-treated group was
also set. 100 ng/mL IGF-1 was added to the
PRF-treated medium and the non-treated medi-
um, respectively. The medium was replaced
once every 2 d. Cells were collected and count-
ed after trypan blue staining every day for 9
consecutive days. The independent growth
Kinetics experiment was performed 3 times on
each group. The curves were drawn based on
the average cell count, and the population dou-
bling time (PDT) was calculated according to
the Patterson formula (Patterson 1979).
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conditioned medium and non-condi-

tioned medium were set, respectively.
Then cells were incubated in the a-MEM con-
taining 10% FBS, 100 U/mL penicillin, 100 ug/
mL streptomycin, 2 mmol/L L-glutamine, 50
mg/L ascorbic acid, 10 mmol/L B-glyceroph-
osphate and 10 nmol/L dexamethasone (Si-
gma). ALP activity and calcium deposition were
evaluated at different time points. Another
24-well plate inoculated with PDLSCs at the
same density was used to detect the protein
concentrations in different groups at different
time points. The ALP activity was determined
using the ALP kit as previously described [21].
Six parallel replicates were analyzed in each
group.

Detection of RUNX2, OSX and OCN Messenger
ribonucleic acid (mRNA) expressions via real-
time reverse transcription-polymerase chain
reaction (RT-PCR)

PDLSCs untreated and treated with PRF and
IGF-1 were co-cultured with the osteogenic
medium. After culture for 3 d, 7 d, and 14 d,
total RNA was extracted using TRIzol reagent
and its concentration was determined. Compl-
ementary deoxyribonucleic acid (cDNA) was
synthesized via real-time RT-PCR using the
SYBR®Premix Ex Tag™ kit in the quantitative
PCR system (ABI 7300, Waltham, MA, USA).
Real-time RT-PCR conditions were as follows:
95°C for 30 s, 95°C for 5 s, 40 cycles, and
60°C for 30 s finally. Glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) was used as an
internal control. The relative expressions were
calculated based on the ratio of the copy num-
ber of target genes (RUNX2, OSX and OCN) in
each sample to GAPDH. Primers of RUNX2, OSX
and OCN are shown in Table 1.

Western blotting

PDLSCs untreated and treated with IGF-1 were
cultured for 3d, 7 d, and 14 d in the osteogenic
medium, and the non-treated and PRF-treated
groups were set. The mitogen-activated protein
kinase (MAPK) pathway was evaluated: PDLSCs
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Figure 2. ALP staining of PDLSCs under different culture conditions. *"P<0.01, n=6.

were inoculated into the 60 mm culture dish,
incubated for 24 h, starved with serum for 48
h, and then treated with 100 ng/mL IGF-1 for
30, 60, and 90 min. Cells in different groups
were collected, washed twice with cold PBS
and lysed in the radioimmunoprecipitation
assay (RIPA) lysis buffer containing 1 mM
phenylmethylsulfonyl fluoride and phosphatase
inhibitor. Cell debris was removed via centrifu-
gation at 12000 rpm at 4°C for 15 min. The
protein concentration was determined via the
Bradford protein assay. 40 ug protein was load-
ed onto the 10% gel for sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred onto a 0.22 ym polyvinylidene
fluoride (PVDF) membrane at 300 mA in a blot-
ter and sealed with 5% skim milk powder at
room temperature for 2 h. Then the primary
antibodies of RUNX2, OSX, OCN, ERK1/2, ph-
osphorylated-ERK1/2,1, JNK1/2/3, phosphor-
ylated-JNK1/2/3, P38, phosphorylated-P38
and B-actin were diluted at 1:1000 at 4°C ov-
ernight. The membrane was washed with PBS
with Tween-20 (PBST) for 3 times, and horse-
radish peroxidase (HRP)-labeled secondary
antibody (diluted at 1:10000) was added for
incubation at room temperature for 1 h. Finally,
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SuperSignal West Pico chemiluminescent sub-
strate was used for observation.

Immunohistochemistry

Paraffin-embedded tissue sections (5 um) were
dewaxed in xylene, and then rehydrated with
the ethanol solution in gradient concentration.
For antigen epitope retrieval, sections were
heated via conventional microwave for 10 min
in 0.01 M citrate buffer (0.01 M sodium citrate
and 0.01 M citric acid, pH 6.0). 100 uL 3% H,0,
was added to the top of section at room tem-
perature (22°C) to inhibit the endogenous per-
oxidase activity for 10 min. Then sections were
sealed with 5% normal goat serum for 1 h and
incubated with primary antibodies (RUNX2,
1:200. OSX, 1:100. OCN, 1:100) at 4°C over-
night. PBS was used to replace the primary
antibody for incubation as the negative control.
Finally, sections were rinsed at room tempera-
ture (22°C), incubated with biotinylated sec-
ondary antibody for 45 min, washed with PBST
for 3 times, incubated with strept avidin-biotin
complex (SABC) for 30 min, and stained with
100 pL pigment solution. When there was
brown color, the glass slide was re-stained with
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Figure 4. Analysis of RUNX2, OSX and OCN protein
expressions under different conditions via Western
blotting.

hematoxylin for 1 min and observed under a
lighted microscope. The percentage of positive
area or cells in each sample was calculated
using the Image-Pro Plus 5.0 software.

Statistics

Data in this study were presented as mean *
standard deviation; Statistical Product and
Service Solutions (SPSS) 19.0 software (SPSS
Inc., Chicago, IL, USA) was used for data pro-
cessing; a t test was used for the intergroup
comparison, and a chi-square test was used for
the enumeration data. Continuous data from
multiple groups were analyzed by using one-
way ANOVA, with Tukey’s post hoc test. P-values
<0.05 were considered statistically significant.

Results

PRF and IGF-1 increased the proliferation of
PDLSCs

The proliferation of PDLSCs cultured in non-
treated medium and PRF-treated medium co-
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uld be promoted by 25-200 ng/mL IGF-1. The
proliferation efficacy of PDLSCs cultured in
PRF-treated medium was increased under the
IGF-1 concentration of 100 ng/mL (Figure 1A,
P<0.01). Therefore, 100 ng/mL IGF-I was used
for subsequent experiments, and the cell
growth curves are shown in Figure 1B.

PRF and IGF-1 enhanced the osteogenic dif-
ferentiation of PDLSCs

Compared with that in the non-treated group,
PDLSCs cultured in the osteogenic medium in
the PRF-treated group showed higher ALP act-
ivity at 3 d (P<0.01) and 4 d (P<0.01) (Figure
2A). The ALP activity of PDLSCs cultured in the
osteogenic medium added with 100 ng/mL
IGF-1 in PRF-treated group was further incr-
eased at 3 d (P<0.01) and 4 d (P<0.01) com-
pared to cells solely treated with IGF-1 (Figure
2A). The calcium content in osteoblasts was
the highest at 14 d and 21 d (P<0.01, Figure
2B).

Detection of RUNX2, OSX and OCN mRNA
expressions via real-time RT-PCR

Results further showed that RUNX2, OSX, and
OCN mRNA expressions were significantly in-
creased in PDLSCs treated with PRF and IGF-1
at 14 d, compared with those in the non-treat-
ed medium group (P<0.01, Figure 3).

Detection of RUNX2, OSX and OCN protein
expressions via Western blotting

Western blotting data indicated that RUNX2,
0SX and OCN protein levels were obviously
increased at 14 d in PRF + IGF-1-treated groups,
compared with those in the non-treated group
(Figure 4).

Detection of percentages of RUNX2, OSX and
OCN positive cells via Immunohistochemistry

We further used an immunohistochemistry as-
say and found that the percentages of RUNX2,
0OSX and OCN positive cells in treated implants
were significantly higher than those in untreat-
ed implants (P<0.01). These findings further
confirmed the osteogenic effects of PRF and
IGF-1 on PDLSCs (Figure 5A-C).

PRF and IGF-1 could activate ERK and JNK
pathways in PDLSCs

To clarify the reason why PRF and IGF-1 could
promote the function of PDLSCs, the effect of
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Figure 6. Effects of PRF and IGF-1 on MAPK pathway in PDLSCs.

the MAPK pathway in PDLSCs was investigated.
Of note, the levels of phosphorylated-ERK1/2
and phosphorylated-JNK were up-regulated in
cells treated with PRF and IGF-1 (Figure 6). The
phosphorylated-ERK1/2 level was increased by
about 8 times at 30 min, by 7 times at 60 min,
and by 5 times at 90 min. Compared with that
in the non-treated group, the phosphorylated-
JNK level in the PRF + IGF-1-treated group was
statistically increased by about 4 times at 60
and 90 min (P<0.01).

Discussion

During tooth root morphogenesis, various gr-
owth factors mediate the interaction among
the fibroblast growth factor, the transforming
growth factor, the bone morphogenetic protein,
the IGF and other adjacent mesenchymal tis-
sues [21, 22]. Previous findings showed that
IGF-1 stimulated the proliferation of PDL cells,
promoted the PDL wound healing, maintained
the periodontal homeostasis, and even extend-
ed its root system [23]. Therefore, it is reason-
able that IGF-1 may contribute to a certain influ-
ence on the differentiation of PDLSCs.

In this study, IGF-1 could significantly promote
the proliferation of PDLSCs, reduce the nucle-
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us/cytoplasm ratio, and change the in vitro
ultrastructure of PDLSCs in a dose-dependent
manner. Under the concentration of 100 ng/
mL, the proliferation rate of PDLSCs reached
the peak of the curve with the highest prolifera-
tive index. In addition, PRF and IGF-1 partici-
pated in the regulation on the ALP activity, cal-
cium deposition and up-regulation of osteoblast
markers (RUNX2, OSX and OCN) in PDLSCs,
indicating that PRF and IGF-1 can enhance the
osteogenic differentiation of these periodontal
stem cells. PDLSCs treated with PRF and IGF-1
showed higher gene/protein expression levels
of RUNX2, OSX and OCN at 3 d and 7-14 d, indi-
cating that PRF and IGF-1 can trigger the early
osteogenic differentiation of PDLSCs and main-
tain the late osteogenic differentiation in vitro.
The transcription factors (RUNX2 and OSX) are
required for osteogenic differentiation. RUNX2
guides the differentiation of mesenchymal st-
em cells into osteoblast lineages, and then it
prevents osteoblasts from maturing and trans-
ferring to osteocytes. In addition, it has been
found that RUNX2 regulates the expressions of
other mineralization-related genes. As a down-
stream gene of RUNX2, OSX is the second tran-
scription factor, which is required for osteogen-
ic differentiation and is specifically expressed
in all developing bones.

Int J Clin Exp Pathol 2018;11(7):3294-3301
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0OSX is involved in osteogenic differentiation in
the early and late osteogenesis. Genetic stud-
ies have shown that the formation of cortical
bone and bone trabecula in 0SX-knockout mice
is eliminated, and OSX may play a role in bone
regeneration and control the osteogenic differ-
entiation involved in regenerative bone forma-
tion. In addition, OSX plays an important role in
the mechanical stress-induced osteogenic dif-
ferentiation and alveolar bone remodeling dur-
ing orthodontic treatment. OCN is generally
considered as a marker of advanced mineral-
ized bone, and it is normally activated during
the differentiation of PDLSCs into osteoblastic
lineages. In this study, levels of RUNX2, OSX
and OCN were increased in PDLSCs treated
with PRF and IGF-1 at different time points,
suggesting that PRF and IGF-1 play important
roles in not only the early stage, but also the
late stage of bone formation. Moreover, PRF
and IGF-1 increased the expressions of phos-
phorylated-ERK1/2 and phosphorylated-JNK,
indicating that the MAPK pathway is activated
during osteogenic differentiation of PDLSCs
treated with PRF and IGF-1.

Conclusion

PRF and IGF-1 can promote the osteogenic dif-
ferentiation of PDLSCs and enhance their os-
teogenic mineralization through the regulation
of the MAPK pathway, suggesting that PRF and
IGF-1 play important roles in the osteogenic dif-
ferentiation process and provide theoretical
leads for periodontal tissue regeneration and
alveolar bone remodeling.
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