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The molecular mechanism of platelet lysate promotes
transformation of non-union cells into osteoblasts
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Background: Platelet lysate (PL) had a remarkable therapeutic effect on bone repair related diseases, such
as delayed fracture healing, femoral head necrosis and meniscal tear. In this study, we investigated the effect
of PL on patients with nonunion, cartilage repair and osteonecrosis, and to evaluate the effect of PL on
nonunion cells proliferation and the effect of PL. on OPG/RANKL signaling pathway in nonunion cell of
male rats. To reveal the molecular mechanism of PL for bone healing.

Methods: We used different concentrations of PL to treat nonunion cells, then detected cell proliferation
and protein expression levels of osteoprotegerin (OPG), RANKL, osteopontin (OPN), osteocalcin (OCN)
and alkaline phosphatase (ALP).

Results: The proliferation rate of nonunion cells treated by 5% PL, was significantly higher than that of
the control group (P<0.05). Surprisingly, there were no significant difference among the proliferation rates
of nonunion cells treated by 8% PL, 10% FBS and the control group (P>0.05). the results of western blot
analysis and immunofluorescence analysis showed that PL improved the expression of OPG, OPN, OCN
and ALP proteins in nonunion cells, but PL had no effect on the expression of nuclear factor- B ligand
(RANKL) protein.

Conclusions: We found that PL had a remarkable therapeutic effect on bone repair related diseases; 5%
PL significantly improved the proliferation rate of the nonunion cells; 10% PL had a significantly positive

effect on improving the expression levels of osteogenic related genes.
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Submitted Sep 10, 2019. Accepted for publication Dec 17, 2019.
doi: 10.21037/tcr.2019.12.95
View this article at: http://dx.doi.org/10.21037/tcr.2019.12.95

Introduction

Platelet lysate (PL) was a liquid component obtained
from whole blood by density gradient centrifugation to
concentrate platelets, and then passed through three times
freeze-thaw to lyse platelets (1). PL was characterized by
the removal of platelet membranes and other cell debris,
in order to reduce immunogenicity and retain many of

the cell growth factors, which could create conditions for
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allogeneic or xenogeneic transplantation (2,3). In recent
years, PL had been applied to the research of bone tissue
engineering, and significantly promoted bone regeneration
and repair. PL is administered to treat many diseases such
as bone regeneration, oral mucositis, osteoarthritis, and
ocular diseases (4). The injectable tissue-engineered bone,
which could improve the osteogenesis rate of osteogenic
traction, was constituted by PL, autologous bone, allogeneic
bone or hydroxyapatite, and autologous bone matrix stem
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Table 1 Patient clinical data
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Serial number Gender Age (year) Disease ((r:noc::ts:) tir:czlz)r\rlwvc-):fh) Fracture healing
1 Female 40 Nonunion of humerus fracture 6 12 Bony union

2 Female 60 Nonunion of femoral fracture 6 12 Bony union

3 Female 17 Nonunion of radius and ulna fracture 7 17 Bony union

4 Male 53 Delayed healing after femoral osteotomy 6 12 Improved

5 Male 47 Nonunion of tibial fracture 4 9 Improved

cells. In addition to procoagulant effects, PL also had the
function of promoting tissue wound repair. PL contained
many important cell growth factors and was removed of
platelet surface antigens. Cell growth factors could promote
the division and proliferation of various cells, collagen
synthesis, stimulate the growth of blood vessel and induce
cell differentiation, which were essential for bone repair
and regeneration (5). When PL is activated to gelate by
thrombin, cell growth factors are released. PL is a solution
saturated by proteins, growth factors and chemokines.
PL mainly contains cell growth factors, such as platelet
derived growth factor (PDGF), transforming growth
factor-B (T'GF-B), insulin-like growth factor IGF), vascular
endothelial growth factor (VEGF) and epidermal growth
factor (EGF), etc. (6). In recent years, studies had shown
that RANKL/RANK/OPG played an important role in
bone metabolism (7). RANK was a receptor of RANKL,
which involved in the differentiation of osteoclasts and
promoting bone resorption. OPG was another receptor for
RANKIL, which inhibited osteoclast development and bone
resorption (8).

In this study, nine cases of PL treatment for bone
healing patients were reported, and revealed the molecular
mechanism of PL on nonunion cell proliferation. We found
that PL had a remarkable therapeutic effect on bone repair
related diseases, such as delayed fracture healing, femoral
head necrosis and meniscal tear. also revealed the molecular
mechanism of PL. on bone repair. Early/late osteoblastic
differentiation and osteoblastic proliferation could be
assessed by the expression levels of OPG, OCN, OPN
and ALP (9-12). The 5% PL had a significantly positive
effect on the proliferation of nonunion cells; 10% PL had a
significantly positive effect on the expression levels of OPG,
OPN, OCN and ALP proteins in nonunion cells, improved
the protein expression ratio of OPG/RANKL, but had no
effect on RANKL protein expression.
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Methods
Clinical data

From June 2016 to June 2018, nine patients were treated
with PL, patient information were shown in Tible 1.

Clinic treatment

Nonunion of the radius and ulna fractures (Figure 1A4),
peripheral injection was performed under the guidance of
the C-arm (Figure 1B). The injection angle was 45° to the
forearm plane and the injection lasted for 15-30 minutes.
Two injections per course, once every six months. Each
treatment was injected twice, one injection for each of half
year. Postoperative treatment, no wound infection, foreign
body rejection and other complications, the suffering
limb insisted on doing functional exercises everyday after
surgery. Regular dressing change after surgery, weight-
bearing functional exercise of the suffering limb, regular
monthly review. After bilateral femoral osteotomy
(Figure 1C,D,E), under the guidance of the C-arm, the
lesion was injected around the thigh plane, the injection
lasted 15-30 minutes. Each treatment was injected twice,
one injection for each of two months. Postoperative
treatment, no wound infection, foreign body rejection and
other complications, the suffering limbs insisted on doing
functional exercises every day after surgery (Figure 1EG).

Cell isolation and culture

Slag bone was placed in a centrifuge tube, added 20 mL
DMEM medium +10% FBS, and discarded the precipitate
after centrifugation. Suspension cells appeared in the
medium, then were placed in a cell culture flask at 37 °C
and 5% CO,. The culture medium was renewed every 24 h
in order to remove all non-adherent bone nonunion cells.
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(C) fracture healing at 1.5 years after PL injection; (D) three months after bilateral femoral osteotomy orthopedic surgery; (E) formation of

obvious bony callus at four months after PL injection; (F) 35-year-old men, right ischemic femoral head necrosis, with cyst and pain, limited

mobility for 6 months; (G) the cyst was reduced and pain was relieved at four months after treatment. PL, platelet lysate.

When the adherent cells were grown to 80% confluency,
1% trypsin was used for digestion, the adherent cells were
digested to suspension cells, then were cultured and passaged.

Collection of PL

According to Landesberg method, PL was prepared from
intracardiac blood of twelve male Wistar rats (body weigh
250-300 g) (13). Centrifuged at 200 g for 10 min, then the
liquid in the centrifuge tube was divided into two layers,
the upper supernatant was plasma, and the lower layer
was platelet concentrate. Absorbed all supernatant, then
transferred to another centrifuge tube and centrifuged
at 200 g for 10 min. The supernatant was discarded and
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the remaining mix was PL. The platelet concentration of
PL was adjusted to 1x10°/mL with PBS. The mixed PL
was frozen in liquid nitrogen, and then thawed in 37 °C
water bath, for 3 consecutive times, 10 min for each time
interval. The supernatant was obtained by centrifugation
at 2,500 g for 2 min and 4 °C to harvest PL. PL was filtered
through a 0.22 pm sterile filter and stored at -80 °C until
use. The study was approved by the Laboratory Animal
Ethics Committee of the First Affiliated Hospital of Harbin
Medical University (No. 2019029).

MTT assay

The nonunion cells were inoculated and cultured for
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24 hours, and then adjusted the cell concentration to
4x10°/mL, cultured for 24h. Adjusted cell concentration
to 1x10’/mL and transferred into 96-well plates, 100 pL
per well. Nonunion cells were cultured with different
concentrations (5% PL, 8% PL, 10% FBS and DMEM
medium) of PL in the carbon dioxide incubator (37 °C,
10% CO,). Cells were incubated with 20 uL. M'TT (5 g/L)
solution for 4 hours. After removal of liquid, 100 pL
DMSO was added to every well to dissolve the crystal,
plate was shaken at 600 r/min for 10 min. The absorbance
of each well was detected by a microplate reader at a
wavelength of 490 nm (SuPerMax 3100, Shanghai Flash
Spectrum Biotechnology Co., Ltd.).

Immunofluorescence

The nonunion cells density was about 5x10° cells/mL,
1.5 mL/well in a 6-well plate, and then cultured for
48 hours. The experiment was divided into 2 groups,
the control group added 0% PL, and the experimental
group added 10% PL in the culture medium; 48 h after
the treatment, the culture medium was discarded, and
the nonunion cells were washed 3 times with PBS in a
6-well plate. The nonunion cells were fixed with 4%
paraformaldehyde for 15 min, washed 3 times with PBS,
permeabilized with 0.5% Triton X-100 for 5 min at room
temperature, washed 3 times with PBS, blocked with 5%
BSA at room temperature for 30 min. Two hundred pL. 1%
BSA +2 pL primary anti-RANKL antibody, 200 pL. 1% BSA
+2 pL primary anti-OPG antibody, 200 pL. 1% BSA +2 pL.
primary anti-ALP antibody, 200 pL 1% BSA +2 pL primary
anti-OPN antibody, 200 pL 1% BSA +2 pL primary anti-
OCN antibody, mixed and added to each well respectively,
incubated at 4 °C overnight. Added 1:1,000 diluted
fluorescence secondary antibody and incubated in dark
for 1 h at room temperature. Sealed the slides liquid with
anti-fluorescence quencher, observated under fluorescent
microscope.

Western blot

The nonunion cells (5x10° cells/well) were seeded into
the 6-well plates and incubated until 90% confluence.
Cells were treated with 0% PL (control group), 3%
PL, 5% PL and 10% PL for 7days. Then lysed using
radioimmunoprecipitation (RIPA) buffer after incubation.
Proteins were separated using sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and
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subsequently transferred to a polyvinylidene difluoride
(PVDF) membrane. The desired proteins were stained
for appropriate primary and secondary antibodies and
detected by LAS-3000 after soaking with enhanced
chemiluminescence (ECL) reagents. Chemiluminescent
intensity of each protein was normalized with glyceraldehyde
3-phosphate dehydrogenase (B-actin).

Statistical analysis

GraphPad Prism 7.0 software were used for statistical
analysis. The measured parameters were presented
as means + SD. The #-test was used for comparison
between two groups, P<0.05 was considered statistically
significant.

Results
PL promotes bone bealing

After 12 months of treatment with PL, five patients were
followed up without complications, three of five patients
with nonunion and delayed healing achieved clinical bone
healing. The criteria of fracture healing: at least 3 cortical
bone grafts were achieved by X-ray review, and without
pain after weight bearing. One patient with nonunion had
improved, and the formation of osteophytes was observed
by reexamination, bone marrow cavity was not closed.
Reexamination showed callus growth, and lower limb
patients were still unable to bear weight. Two cases were
femoral head necrosis, one case was osteoarthritis, one case
was meniscus tear (see Figure 1 and Table 1).

Effect of PL on the proliferation of rat nonunion cells

PL had just been applied to clinical applications and lacks
abundant clinical comparative cases. Reasonable scientific
basis and a suitable volume fraction of PL should be found
preliminarily through experimental methods. MTT assay
showed that the proliferation rates of the four groups were
not significant (P>0.05) at 3 day. The proliferation rates of
the 5% PL group were significantly higher than those of
the other groups at 5 and 7 day (P<0.05). The proliferation
rates of 8% PL were not significantly different from those
of 10% FBS group at any time point (P>0.05) (see Figure 2).
PL showed a positive effect on nonunion cell proliferation,
5% PL was especially significant, but the proliferation
effects of 8% PL and 10% FBS were not obvious.
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Figure 2 Effect of PL on the proliferation of rat nonunion cells. *,
P<0.05. PL, platelet lysate.

Effect of PL on the protein expression levels of osteogenic
related genes

In the western blot analysis, the results showed that 3% PL,
5% PL and 10% PL could significantly up-regulate the level
of OPG protein expression, but had no effect on RANKL
protein expression. As the PL concentration increased, the
expression level of OPG protein also increased (see Figure 3).
Immunofluorescence also confirmed that 10% PL increased
the protein expression level of OPG and could not increase
the protein expression of RANKL. In addition, 10% PL
could also increase the protein expression of osteogenic
related genes, such as OCN, ALP, and OPN (see Figure 4).

Discussion

The 5% PL was a commonly used volume fraction in
clinical practice, and the result of MTT assay showed that
5% PL had a significant positive effect on the proliferation
of bone nonunion cells (P<0.05); 3%, 5% and 10% PL
significantly increased OPG protein expression in nonunion
cells (P<0.05), especially the effect of 10% PL was the
most obvious. But 3%, 5% and 10% PL had no effect on
RANKL protein expression. Immunofluorescence assay
confirmed that 10% PL could improve OPG protein
expression and had no effect on that of RANKL; 10%
PL could also increase OPN, OCN and ALP protein
expression.

Platelet-rich plasma was mainly used for autologous
transplantation due to its strong immunogenicity. Treatment
with platelet-rich plasma for patients with knee osteoarthritis
presented beneficial effects in repairing joint tissue and
alleviating bone damage, cartilage destruction (14). The
specialists of RegenLab® USA developed the RegenKit®
BCT, which allows the isolation of platelet-rich plasma
from less whole blood sample in an easy way (15). PL
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was a liquid derivative of platelets after cell lysis, was not
only removed residual solid cell components and reduced
immunogenicity, but also retained many of growth
factors, which created conditions for future allogeneic or
xenogeneic transplantation. In the early stages of trauma,
evoked coagulation reactions and released growth factors
by platelets played a crucial role in regulation of tissue
repair and bone healing. PDGE, IGF and TGF-B, which
were growth factors released by platelets, were important
migration, proliferation and differentiation regulators
of nonunion cell (16). PL could promote the growth
and proliferation of nonunion cells and bone marrow
mesenchymal stem cells, inhibited excessive differentiation.
PL was beneficial to early bone healing.

PL short-term application could significantly promote
nonunion cell proliferation, migration and adhesion, but
long-term application could inhibit ALP activity and matrix
mineralization (14). Growth factors, such as TGF-p and
PDGTF, played important roles in bone remodeling. They
could activate osteoclasts to induce bone resorption, also
activate chemotaxis, proliferation and differentiation of
osteogenic progenitor cells to promote osteogenesis. Both
processes were simultaneously promoted each other to
complete bone reconstruction. Its main molecular signaling
mechanism was coupling bone resorption and bone
formation through the RANK/RANKL/OPG pathway to
maintain the integrity of the skeletal system (17). In animal
experiments of transgenic mice, OPG could inhibit the
formation of osteoclasts before the differentiation of early
stem cells, effectively reducing the incidence of osteoporosis
in ovariectomized mice, and also increased bone mass
and bone density. RANKL stimulated the differentiation
and maturation of osteoclasts, activated osteoclasts, and
enhanced the function of osteoclasts (18). In this study, we
found that after the addition of PL, the expression levels
of OPG, OCN, OPN, ALP protein were increased, but
the expression level of RANKL protein did not change, the
ratio of OPG/RANKL was increased. Researchers isolated
various types of cells from bone delayed healing tissues, such
as long fusiform or short fusiform, which were similar to
nonunion cells and could differentiate to nonunion cells (19).
But female nonunion cells were affected by estrogen and
progesterone, influenced the reliability of experimental
results. We chose the nonunion cells of male rats to gain
more convincing. At present, bone grafting was an effective
method for the treatment of fracture nonunion. We
believed that PL therapy had the advantages of convenient
material extraction, simple preparation, small rejection
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Figure 3 Effect of PL on the expression of OPG and RANKL proteins in nonunion cells. PL, platelet lysate; OPG, osteoprotegerin. **,
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Figure 4 Immunofluorescence detection of osteogenic related protein expression. OPG, osteoprotegerin; OPN; osteopontin; OCN,
osteocalcin; ALP, alkaline phosphatase.
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reaction and positive effect. The biological characteristics
of PL and the interaction of its different growth factors
were still not understood. Bone healing was a tissue repair
process with complex regulatory mechanisms, similar to
embryonic or postnatal bone development, which required
the cooperation of multiple cells and internal environmental
components (20). In the early stage of fracture, blood
coagulation and its accompanying inflammatory response
constituted a chemical microenvironment for healing
and repair. Many growth factors play an important role
in regulating cell biological behavior and accelerating
bone tissue healing and repair. But these potential repair
mechanisms were still not fully understood. However, it has
been confirmed by clinical applyment that PL has a definite
therapeutic effect in the treatment of fracture nonunion.
Delayed bone healing was still a relatively difficult problem
in current orthopedic diseases. Reasonable and effective
measures should be made according to the differences of
patients. PL. Combined with bone grafting could be used
as a treatment option, but the clinical application period
was not a long time. The clinical effects of PL still required
further researches and experiments. According to the results
of this experiment, different concentrations of PL had
different effects on the proliferation of nonunion cells. In
future researches, we will reveal the PL effects of different
treating times on the proliferation of nonunion cells, aim to
reveal the appropriate injection treating time.

Conclusions

PL had a significantly positive effect on the clinical
treatment of delayed fracture healing and nonunion, and rat
cranial nonunion cell proliferation, also had a significantly
positive effect on the expression levels of OPG, OPN,
OCN and ALP proteins in nonunion cells, improved the
protein expression ratio of OPG/RANKL.
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