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Abstract: To investigate whether activated autologous platelet-rich plasma (PRP) can promote proliferation and
osteogenic differentiation of human adipose-derived stem cells (hASCs) in vitro. hASCs were isolated from lipo-aspi-
rates, and characterized by specific cell markers and multilineage differentiation capacity after culturing to the 3™
passage. PRP was collected and activated from human peripheral blood of the same patient. Cultured hASCs were
treated with normal osteogenic inductive media alone (group A, control) or osteogenic inductive media plus 5%,
10%, 20%, 40%PRP (group B, C, D, E, respectively). Cell proliferation was assessed by CCK-8 assay. mRNA expres-
sion of osteogenic marker genes including alkaline phosphatase (ALP), osteopontin (OPN), osteocalcin (OCN) and
core binding factor alpha 1 (Cbfal) were determined by Real-Time Quantitative PCR Analysis (QPCR). Data revealed
that different concentrations of activated autologous PRP significantly promoted hASCs growth in the proliferation
phase compared to the without PRP group and resulted in a dose-response relationship. At 7-d and 14-d time point
of the osteogenic induced stage, ALP activity in PRP groups gradually increased with the increasing of concentra-
tions of PRP and showed that dose-response relationship. At 21-d time point of the osteogenic induced stage,
PRP groups make much more mineralization and mRNA relative expression of ALP, OPN, OCN and Cbfal than that
without PRP groups and show that dose-response relationship. This study indicated that different concentrations
of activated autologous PRP can promote cell proliferation at earlier stage and promote osteogenic differentiation
at later stage of hASCs in vitro. Moreover, it displayed a dose-dependent effect of activated autologous PRP on cell
proliferation and osteogenic differentiation of hASCs in vitro.
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Introduction ary field that applies the principles of engineer-
ing and life sciences toward the development of
biologic tissues that restore, maintain, or im-
prove tissue function” [4]. Conceptually, it can
be divided into three interconnecting elements:
(1) the biomaterial matrix carrier/scaffold, (2)

the cells in the matrix/scaffold, and (3) an envi-

Nowadays, autologous bone transfers have
been considered the standard method for ap-
proaching congenital and acquired bone de-
fects in humans [1]. However, the morbidity of
the procedure remains a drawback that has

driven development of new strategies based on
bone engineering, which may induce bone for-
mation with less morbidity and similar efficien-
cy [2, 3]. The concept of tissue engineering was
described by Lalan S et al as an “interdisciplin-

ronment or recipient site where this association
resides [5].

There are constant efforts to maximize the role
of each of these elements to enhance the
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Table 1. Information of patients

SN of patients gender Age (year) body weight (Kg)

NO.1 female 31 68
NO.2 female 28 70
NO.3 female 35 75
NO.4 female 40 7
NO.5 female 26 72
NO.6 female 32 75

capacity of a chosen strategy to regenerate
needed tissue. Concerning bone tissue engi-
neering (BTE), advances in technology of bio-
materials and characterization of mesenchy-
mal stem cell (MSC) immunophenotype have
contributed tremendously to this area [6]. As
strategies of BTE continue to gain more solid
scientific footing, they may fulfill an important
gap in plastic and reconstructive surgery and
may create opportunities to heal osseous
defects with high efficiency and low morbidity.

In the last decade, more and more researches
have focused on mesenchymal stem cells iso-
lated from bone marrow in vitro and in vivo.
However, bone marrow procurement causes
considerable discomfort to the patient and
yields a relatively small number of harvested
cells. Animal and clinical studies have shown
that adipose-derived stem cells (ASCs) are ca-
pable of repairing damaged skeletal tissue or
large-bone segmental defects [7, 8]. ASCs rep-
resent a readily available abundant supply of
mesenchymal stem cells from lipo-aspirates
[9]. ASCs are simply expanded to large num-
bers in vitro, when compared with bone mar-
row-derived mesenchymal stromal cells (BM-
SCs) [9] and there is less cell heterogeneity in
ASCs than there is in BMSCs due to the mixture
of hematopoietic and mesenchymal stem cells
[10, 11]. Similar to BMSCs, Different studies
described ASCs’ plasticity towards chondro-
cytes, osteoblasts, adipocytes, myocytes and
neural phenotype by different inductive culture
systems [12-17]. Although BMSCs are consid-
ered as a valuable source for bone tissue
regeneration in human diseases [18, 19], the
capacity of autologous BMSCs to differentiate
along functional bone-forming osteoblasts
remains relatively limited for bone regeneration
in vivo [20]. An important issue for efficient
bone regeneration is therefore to make ASCs a
promising source of skeletal progenitor cells, to
promote their osteogenic potential for in vivo
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bone regeneration [21]. In this regard, the regu-
latory mechanism of osteogenesis, and ways to
improve osteogenic differentiation of ASCs
need to be determined in detail. Osteogenesis
is defined by a series of events, which starts
with a commitment to an osteogenic lineage by
mesenchymal cells. However, the differentia-
tion potency of ASCs toward osteogenic cell
lines is not as strong enough as BMSCs. In
order to promote their differentiation ability into
osteogenic cell lines as well as elevating their
proliferative capacity, in this study, we intro-
duced activated autologous platelet-rich plas-
ma (PRP) was used as a supplement in cell cul-
tures to observe its ability to promote prolifera-
tion and osteogenic differentiation of human
adipose-derived stem cells (hASCs) in vitro.

Materials and methods
Patient consent and ethical approval

The present study was approved by the institu-
tional ethical review board of Southern Medical
University (Guangzhou, Guangdong, China, Ref
#: 5105150378). Written informed consent
was provided by the donor patient.

Isolation and characterization of hASCs

hASCs were isolated via abdominal lipoaspirate
which obtained from six patients undergoing
routine liposuction procedures for cosmetic
reasons (Table 1). For each sample, 150 g of
the fat portion of the lipo-aspirates was digest-
ed with 0.1% collagenase (Invitrogen, USA) at
37°C for 60 min by vigorous shaking. The di-
gested samples were passed through an 200
um mesh and centrifuged at 300x g for 5 min,
the cell pellet (SVF) and floating adipocytes
were resuspended with Dulbecco’s modified
Eagle media (DMEM, Invitrogen, USA), then
plus 10% fetal bovine serum and 1% Penicillin-
Streptomycin solution (FBS, Gibco, USA) to re-
moval the dopant and supernatant fluid. The
isolated cells were resuspended with DMEM
and then seeded onto culture dishes and incu-
bated at 37°C in 5% carbon dioxide. After 24
hours, media changes were performed every 3
days. The initial media change resulted in re-
moval of nonadherent cells. The morphology
and expansion of cultured cells were observed
using a contrast phase microscope. Cells were
harvested at 80-90% confluence and passaged
at a ratio of 1:3. The third passage hASCs were
cultured using adipogenic, chondrogenic and
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Table 2. Multilineage induction of ASCs

Induction component and time Characterization
Adipogenic DMEM-HG, 10%FBS, 200 uM indomethacin, 0.5 mM IBMX, 1 uM dexamethasone, 10 uM insulin, 1% antibiotic/antimycotic, 2 Qil red O staining
weeks
Neurogenic pre-induction medium (DMEM-HG, 10%FBS, 1 mM BME, 1% antibiotic/antimycotic), for 24 hours, then replaced by the Immunohistochemical staining for NSE
neurogenic inductive medium (DMEM-HG, 5 mM BME, 1% antibiotic/antimycotic), for 6 days
Chondrogenic DMEM-HG, 10%FBS, 10 ng/ml TGF-1, 50 ng/ml IGF-1, 6.25 uM transferrin, 0.1 yM dexamethasone, 1% Alcian blue staining and Immunohistochemical staining for
antibiotic/antimycotic, 2 weeks collagen type Il

DMEM-HG: Dulbecco’s modified eagle medium-high glucose; FBS: Fetal Bovine Serum; IBMX: isobutyl-methylxanthine; BME: mercaptoethanol; TGF-B1: transforming growth factor-B1; IGF-1: insulin-like growth factor 1.
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Table 3. Primer sequences

Gene Name (human)

Forward primer sequence (5’ to 3’)

Reverse primer sequence (5’ to 3’)

ALP TGGAGCTTCAGAAGCTCAACACCA ATCTCGTTGTCTGAGTACCAGTCC

OPN CACCTGTGCCATACCAGTTAA GGTGATGTCCTCGTCTGTAGCATC

OCN AGGTGCGAAGCCCAGCGGTGCA CCTGGAGAGGAGCAGAACTGGG

Cbfal GAGTAGGTGTCCCGCCTCAGAACCC TCTGAAGCACCTGCCTGGCTCTTCT
GAPDH GAAGGTGAAGGTCGGAGTC GAAGATGGTGATGGGATTTC

neurogenic inductive media (Table 2) in order
to confirm the multilineage differentiation ca-
pacity of them. The induced hASCs was detect-
ed using relevant histological assays.

Immunofluorescence and immunohistochem-
istry

To identify specific cellular surface markers,
CD29, CD31, CD34, Cb44, CDh49d, CD73, CD-
90 and CD105 immunofluorescence staining
was performed on hASCs at the third passage.
The primary antibodies used were monoclonal
mouse anti-human (1:200, Sigma, Santa Clara,
CA, USA), and the secondary antibodies were
goat anti-mouse 1gG-Cy3 (CD29, CD31, CD34
and CD90) or IgG-FITC (CD44, CD49d, CD73
and CD105) (all 1:100, Sigma). The nuclei of
CD29, CD31, CD34, CDh44 and CD73 stained
hASCs were counterstained with 4’, 6-diamidi-
no-2-phenylindole, dihydrochloride (DAPI), whe-
reas the nuclei of CD49d and CD105 were
counterstained with propidium iodide (PI), the
nuclei of CD90 were counterstained with meth-
yl green.

Preparation of PRP and measurement of
growth factor concentrations

Platelet-rich plasma (PRP) were obtained from
venous blood of the same patient underwent
liposuction. Patient’s 10 ml venous blood was
drawn from the antecubital vein in sterile Va-
cutainer containing 1 ml Citrate Phosphate
Dextrose- Adenine (CPDA) as anticoagulant and
centrifuged at 250x g for 15 minutes. After the
first centrifugation, two layers were seen clearly
in the Vacutainer. The upper yellow layer was
consisting of platelet rich and poor plasma and
lower red layer was consisting of erythrocytes
and leukocytes. Then the complete upper yel-
low layer and lower red layer’s top 1-2 mm part
was transferred into plain Vacutainer. After the
second centrifugation at 200x g for 15 min-
utes, approximately 2 ml was plasma rich from
platelets at bottom of Vacutainer and the upper
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rest was plasma poor from platelets. The part
of platelet poor plasma was discarded and
remaining plasma at bottom was stored in
platelet agitator till its use. The PRP was ac-
tivated with 10% CaCl, solution (Sigma, St.
Louis, MO, USA), 1 part CaCl, stock solution
was added to 9 parts PRP to mixing together.
Each PRP sample was incubated for 1 hr at
37°C [22]. The resulting supernatants from the
clot preparation were referred to as activated
PRP. The PRP were stored at -80°C until use.
The concentrations of platelet-derived growth
factor (PDGF), transforming growth factor
(TGF-B), vascular endothelial growth factor (VE-
GF), fibroblast growth factor (FGF) and insulin-
like growth factor (IGF-1) were measured with
commercially available Quantikine colorimetric
sandwich ELISA kits (R&D Systems, Minnea-
polis, MN, USA) according to the manufactur-
er’'s instructions.

Effect of PRP on hASC proliferation

For the cell proliferation assays, hASCs were
cultured in 96-well plates at 1x10* cells per
well with growth culture medium. Twenty-four
hours later, cells were switched to different
concentration PRP containing media for up to 7
days. The proliferation of hASCs was determi-
ned by the CCK-8 (Kumamoto, Japan) and mea-
sured by microplate reader scanning (ELx800,
BioTek) at 450 nm as previously described else-
where of our study [23].

Alkaline phosphatase enzyme activity (ALP)

The ALP is a generally used marker for early
osteogenic differentiation, so each group con-
struct was analyzed at 7 and 14 days after cell
seeding. To assess ALP, cells were plated in
24-well plates at density of 5x10* cells per well
in 200 pL of growth medium for each group.
The cell lysate (0.1 mL) was mixed with 0.5 mL
p-nitrophenol phosphate substrate solution
(Sigma, USA) and 0.5 mL alkaline phosphatase
buffer solution (Sigma, USA). After incubation
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~ 50um

Figure 1. Characterization of hASCs prior to and following induction. (A) hASCs at passage 3 were marked with the
following: (B) Positive for oil red O staining following adipogenic induction for 2 weeks; (C) Positive for Alcian blue
staining following chondrogenic induction for 2 weeks; (D) Positive for immunohistochemical staining of collagen
type II; (E) Positive for immunohistochemical staining of neuron-specific enolase (NSE); (F) Negative for oil red O
staining following adipogenic induction for 2 weeks; (G) Negative for Alcian blue staining following chondrogenic
induction for 2 weeks; (H) Negative for immunohistochemical staining of NSE. Scale bars=50 um (A, B, D-F and H);
100 pum (C and G).
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Figure 2. Cellular surface markers of hASCs by Immunofluorescence orimmunohistochemistry detection. A. Positive
for CD29 staining; B. Negative for CD31 staining; C. Negative for CD34 staining; D. Positive for CD44 staining; E.
Positive for CD49d staining; F. Positive for CD73 staining; G. Positive for CD9O0 staining; H. Positive for CD105 stain-
ing. The nuclei in panel E, H were counterstained with propidium iodide (red), nuclei in panel G were counterstained
with methyl green and nuclei in other panels were counterstained with 4’,6-diamidino-2-phenylindole dihydrochlo-
ride (blue). Scale bars: 50 ym.

at37°Cfor 15 min, 10 mL of 0.05 N NaOH were
added to stop the reaction. The production of
p-nitrophenol in the presence of ALP was mea-
sured by monitoring light absorbance of the
solution at 405 nm at 1 min increments. The
slope of the absorbance versus time plot was
used to calculate the ALP activity.

Osteogenic differentiation

Harvested hASCs from passage 3, were resus-
pended in osteogenic-based culture medium
(high glucose Dulbecco’s modified Eagle medi-
um (Gibco), 1% antibiotic/antimycotic (Sigma),
0.1 uM dexamethasone (Sigma), 50 uyM ascor-
bate-2-phosphate (Sigma), 10 mM glycerophos-
phate (Sigma), supplemented with 0, 5, 10, 20
and 40%PRP (group A, B, C, D, E, respectively).
Each group’s cells of hASCs at P3 were cultured
in T25 flasks at a cell density of 5x10* cells/
cm? in the osteogenic induction medium. The
medium was replaced every 2 days. In the con-
trol group (group A), normal osteogenic medium
was used containing no PRP. To evaluate the
effect of PRP in osteogenesis, we ap-
plied PRP in four different concentrations (5%,
10%, 20% and 40%) to plus in the normal os-
teogenic medium. All other conditions and com-
ponents of the osteogenic medium remained
the same. The cells were kept in osteogenic
medium up to 3 weeks.

Staining for mineralization

The mineralization of the extracellular ma-
trix (ECM) is a characteristic of late osteogenic
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differentiation. So alizarin red S staining was
used to evaluate hASCs mineralization in all
groups after 3 weeks of incubation, the mineral
deposition in the extracellular matrix was visu-
alized by staining with alizarin red S. Briefly, the
cells were washed with PBS and fixed with 70%
ethanol for 1 hour at-20°C. The cells were then
rinsed in distilled water, stained with 40 mM
alizarin red S (Sigma-Aldrich) at pH 4.2 with
rotation for 10 min at room temperature, and
subsequently washed with distilled water.
Cetylpyridinium chloride (Sigma-Aldrich) was
used to extract the dye, followed by absorbance
measurement at 540 nm with a microplate
reader (Victor 1420).

Real-time quantitative PCR analysis (QqPCR)

At 21 days, total RNA was extracted from each
group by the TRIzol method strictly following the
manufacturer’s protocol (Invitrogen, USA). The
first-strand cDNA was synthesized from 1 ug
RNA with virus reverse transcriptase (TaKaRa,
Japan), and used for quantitative real-time
PCR. Expression levels of representative genes,
including ALP, OPN, OCN and Cbfal were quan-
tified with an ABI 7300 real-time PCR system
(Applied Biosystems, USA) and SYBR green
PCR reaction mix (TaKaRa, Japan). Primers and
annealing temperature for each gene are listed
in Table 3. The program used was 95°C for 5
minutes, 40 cycles of 95°C for 15 seconds,
annealing temperature for 1 minute, and 72°C
for 30 s. Melting analysis and agarose gel elec-
trophoresis were performed to confirm the
specificity of the PCR products. The relative
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A

B

Figure 3. Isolation of PRP and PPP from venous whole blood. A. Preparation tube following the first centrifugation.
The upper phase containing platelets were transferred into a new tube for a second centrifugation. Blood cell ele-
ments were in the lower phase. B. Preparation tube following the second centrifugation. The lower phase was col-
lected as PRP. The small red cell pellet at the bottom was not collected into the final PRP preparation. PRP, platelet-

rich plasma; PPP, platelet-poor plasm.

expression levels of genes were analyzed using
the 222¢t method by normalizing with GAPDH
housekeeping gene expression, and presented
as fold increase relative to the control group.

Statistical analysis

All statistical analyses were performed using
SPSS® version 16.0 software (SPSS, Inc., Chi-
cago, IL, USA). The results of Experiments in
Figures 4, 5, 7 are expressed as means + SD,
and assessed using One-Way ANOVA, respec-
tively. Differences at P<0.05 were considered
statistically significant.

Results
Characterization and multipotency of hASCs

Following initial isolation and expansion, homo-
geneous hASCs that grew in a monolayer with
spindle-shaped morphology were observed fol-
lowing culturing for one to two weeks (Figure
1A). These hASCs presented a strong prolifera-
tion capacity. HASCs reached 80-90% conflu-
ency 7 days after initial seeding for the first
passage. Confluency within 3-4 days with a 1:3
split ratio. These observations demonstrated
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that hASCs resemble bone mesenchymal stem
cells (BMSCs) in terms of morphology and pro-
liferation capacity. The isolated hASCs, subcon-
fluent hASCs at passage 3 were cultured for 1-2
weeks with adipogenic, chondrogenic and neu-
rogenic induction media as listed in Table 2.
The lineage-specific cell morphology was ob-
served following 2, 2 and 1 weeks of inductive
culturing for adipocytes, chondrocytes and neu-
ron-like cells, respectively. Positive staining of
oil Red-0, Alcian blue staining, collagen type |l
and NSE immunohistochemical staining typi-
cally indicate adipocytes, chondrocytes or neu-
ron-like cells, respectively. Thus, lineage-specif-
ic histological staining was performed with th-
ese dyes and the results confirmed that hASCs
were differentiated into adipocytes, chondro-
cytes and neuron-like cells following relevant
inductive culturing (Figure 1B-E). Positive stain-
ing was not observed in any of the control
groups (Figure 1F-H). These results validated
the multipotency of hASCs.

It has been reported that MSCs derived from
different tissue sources express similar but
nonidentical patterns of cell surface markers,
possibly due to differences in tissue source

Am J Transl Res 2015;7(2):257-270



Effect of platelet-rich plasma on osteogenesis of hASCs

—4— control

3.5

~8—5%PRP —4—10%PRP ~—#—20%PRP —#—40%PRP

define the cellular features of
hASCs, all abovementioned cell
surface markers were analyzed in
hASCs isolated in the present

{nd
N «

Absorbance(OD)
=
w

study. HASCs at the third passage
were subjected to immunofluo-
rescence staining with antibodies
against these marker proteins.
The immunofluorescence staining
results demonstrated that these
hASCs express CD29, CD44,
CD49d, CD73, CD90 and CD105
(>90% cells are positive for stain-
ing, Figure 2A, 2D-H), but not
express CD31 or CD34 (<5% cells
are positive for staining; Figure

1 2 3 4 5 6 7 8 10
Days after seeding

Figure 4. Results of the cell proliferation assay using the CCK-8 test. The

1

12

13 14 2B and 2C).

Effect of PRP on hASC prolifera-
tion

test groups (B-5%PRP, C-10%PRP, D-20%PRP and E-40%PRP) displayed

a significantly higher value for absorbance compared with the control
group (A) at every time point starting from day 3 of the study. Results are
the mean * SD, n=6; *P<0.05, as assessed using ANOVA.

250
m 7 days

m 14 days
200 |

150 |

ALP activity
(nmol p-nitrophenol/min)

100 -

0%PRP

5%PRP 10%PRP

Figure 5. Detection of ALP activities for control, 5%PRP, 10%PRP,
20%PRP, 40%PRP groups at 7, 14 day after cell seeding. Results are
shown as mean * SD, n = 6 for each group; *P < 0.05, **P < 0.05, as

assessed using ANOVA.

and donor age [24-26]. CD105, CD90 and CD-
44 are the main three positive markers for
MSCs. While CD34 is the most frequently
reported negative marker, CD49d have also
been reported as a positive marker and a nega-
tive marker, respectively [24, 25]. In order to
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20%PRP

The PRP was prepared from the
same patient’s venous whole
blood (VWB) by the double cen-
trifugation approach as described
in the Materials and methods se-
ction (Figure 3). The platelet den-
sity was markedly increased in
PRP compared with that in the
original VWB. The mean values of
the platelet density were (129.65
+19.24) x10°%/L and (852.63+
37.95) 10°%/L in VWB and PRP,
respectively, revealing a 657.64%
increase in PRP. Consistently, the
concentrations of essential gro-
wth factors, including PDGF, TGF-
B1, VEGF, FGF and IGF-1 in PRP
were increased >100-fold in PRP
compared with VWB.

40%PRP

In order to examine the effect of
PRP on hASC proliferation during
osteogenic differentiation, growth
curves were established using
the CCK-8 for hASCs cultured in
basic osteogenic inductive medi-
um without (control group) or with
5%, 10%, 20%, and 40%PRP (test groups),
which were designated as the test group and
the control group, respectively. A proliferation
phase in the first 6 days and a subsequent mor-
phological conversion phase were observed
during the differentiation process for the test
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50pm

Figure 6. Alizarin red S staining for (A) 0%PRP osteogenic inductive group, (B) 5%PRP osteogenic inductive group,
(C) 10%PRP osteogenic inductive group, (D) 20%PRP osteogenic inductive group, (E) 40%PRP osteogenic inductive
group at 21 days after cell seeding. (F) negative control group (without osteogenic inductive group), Bar=50 pym.

and the control groups (Figure 4). These data
further revealed that different concentrations
of activated autologous PRP significantly pro-
moted hASCs growth in the proliferation phase.
Following initial equivalent seeding, the absor-
bance values of the test group, which were
positively associated with the cell densities,
were significantly greater than those of the con-
trol group (*P<0.05) between day 3 and day 6
of induction (Figure 4). The proliferation differ-
ence between the test group and control group
continued to increase until the cells reached
the growth platform on day 6, when morpholo-
gy conversion started.

Alkaline phosphatase enzyme (ALP) activity

The ALP activity of each group was assessed at
7 days and 14 days after cell seeding. As shown
in Figure 5, at the 7-day time point, the ALP
activity was enhanced respectively 4.69-fo-
Id, 7.47-fold, 13.63-fold and 14.49 in 5%, 10%,
20%, and 40%PRP group (test groups) com-
pared to that in control group (*P<0.05). at
thel4-day time point, the ALP activity was
enhanced respectively 4.07-fold, 5.32-fold,
9.11-fold and 11.08 in 5%, 10%, 20%, and
40%PRP group (test groups) compared to that
in control group (**P<0.05). ALP activity in test
groups gradually increased with the increasing
of concentration of PRP and showed a dose-
response relationship (Figure 5).
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Alizarin red S staining

After cell seeding at 21 days, more obvious
positive staining of Alizarin red S and the num-
ber of mineralized nodules in test groups was
observed than that in control group. Similar to
the ALP activity, PRP increased mineralization
the most in group B, C, D and E at day 21, but
the difference between group D (20%PRP) and
E (40%PRP) was not significant (Figure 6).
Overall, mineralization was very weak under
without PRP conditions (group A, Figure 6) and
there are no mineralizations in negative control
group (group F, Figure 6). In PRP cultures, group
D (20%PRP) and E (40%PRP) resulted in a sig-
nificantly higher mineralization than group B
(5%PRP) and C (10%PRP) at the 21-day time
point. Although the difference between group D
(20%PRP) and E (40%PRP) in test groups was
not significant in the quantitative analysis of
mineralization, but the qualitative Alizarin Red
staining showed more intense mineralization by
group E than group D (Figure 6). The result indi-
cated that hASCs supplement with PRP make
much more mineralization than that without
PRP and show that dose-response relation-
ship.

Real-time quantitative PCR analysis

At day 21 after induction for osteogenic differ-
entiation, the mRNA relative expression of
osteogenic marker genes ALP, OPN, OCN and

Am J Transl Res 2015;7(2):257-270
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control 5o;prp 10%PRP 20%PRP 40%PRP
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Figure 7. The mRNA-relative expression analysis of osteogenic marker genes ALP, OPN, OCN and Cbfal in 0%PRP
osteogenic inductive group, 5%PRP osteogenic inductive group, 10%PRP osteogenic inductive group, 20%PRP os-
teogenic inductive group, 40%PRP osteogenic inductive group. Results are shown as mean + SD, n=6 for each

group; *P<0.05, as assessed using ANOVA.

Cbfal in test groups were higher compared to
control group respectively, from 1.94 times to
15.61 times more than those of control group
(*P < 0.05, Figure 7).

Discussion

Recent progress in the field of bone tissue engi-
neering has led to new and exciting research
concerning regenerative medicine. This inter-
disciplinary field is focused on the development
of biological substitutes that restore, maintain
or improve tissue function by applying the prin-
ciples of engineering and the life sciences [27,
28]. The primary target of clinical therapeutic
strategies is the regeneration of bone for skel-
etal reconstruction of large bone defects cre-
ated by trauma, infection, tumor resection and
skeletal abnormalities, or cases in which the
regenerative process is compromised, includ-
ing avascular necrosis, atrophic non-union and
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osteoporosis. Strategies that stimulate bone
healing to reduce or treat complications are
becoming more important, due to the increase
in life expectancy and ageing of the world popu-
lation. Cell-based approaches for bone forma-
tion and regeneration are widely considered
the most effective, as they are able to efficient-
ly sustain the physiologic osteogenic process in
vivo. Indeed, the most promising field for ASCs
application is represented by bone reconstruc-
tion/regeneration [27-29]. At the same time,
activated autologous PRP as a promising thera-
py in regenerative medicine has been proved to
have great potential in stimulating cell growth
or differentiation. The applications of PRP have
spread into many fields of clinical medicine for
over 30 years. Soon later its applications
extended across many fields including peri-
odontal [30, 31] and oral and maxillofacial sur-
gery [32, 33], aesthetic plastic surgery [34],
spinal fusion [35], heart bypass surgery [36],

Am J Transl Res 2015;7(2):257-270



Effect of platelet-rich plasma on osteogenesis of hASCs

and treatment of soft-tissue wounds or ulcers
[37, 38]. The effects of PRP therapy depend on
various growth factors released from the acti-
vated platelets, such as transforming growth
factor (TGF)-B, PDGF, VEGF, and SDF-1. PRP can
be combined with cell-based therapies such as
adipose-derived stem cells, regenerative cell
therapy, and transfer factors therapy. While this
is a relatively new concept, the strategy is
appealing as the regenerative matrix graft
delivers a potent trilogy of regenerative cells,
fibrin matrix, growth factor or Chinese herbal
drugs [17, 39]. The applications are similar to
those for PRP alone with the added benefit of
regenerative cell enrichment.

Mesenchymal stem cells (MSCs) derived from
adipose tissue have been shown to be function-
ally similar to bone marrow derived MSC (BM-
SC). However, the relative abundance of MSCs
in adipose tissue compared to bone marrow,
the relative ease of obtaining large volumes of
tissue and the ability to rapidly isolate the stro-
mal vascular fraction (SVF), makes adipose tis-
sue an attractive source of MSCs, particularly
when liposuction operation becomes more and
more popular in the past decades. Work from
our studies demonstrated the complexity of
hASCs populations by showing that they are
composed of several subpopulations that ex-
press different levels of hASCs markers and
exhibit distinctive differentiation potentials. In
our study, hASCs subpopulations were isolated
using immunofluorescence positive staining
specific for CD29, CD44, CD49d, CD73, CD90
and CD105, negative staining specific for CD31
and CD34. Moreover, cultured with specific
adipogenic, chondrogenic and neurogenic me-
dia in order to evaluate their differentiation
potential into these lineages and consistent
with the studies have extensively described the
differentiation potential and function of hASCs
in vitro [40, 41].

PRP has been discovered capable of promoting
ASCs differentiation toward chondrogenic, os-
teogenic lineage as well as promoting ASCs pro-
liferation in vitro. Here, we chose hASCs which
may be the best cell source for regenerative
medicine, to investigate the influences of PRP
on osteogenic differentiation of them. While the
effects of the PRP supplements have been
largely studied with BMSCs and ASCs [42, 43],
one of the major shortcomings in all of these in
vitro studies has been the lack of comparison
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between different concentration conditions of
PRP. Accordingly, we aimed to optimize the
osteogenic culturing conditions for the in vitro
induction of hASCs by testing different concen-
trations of PRP in osteogenic-based culture
medium as well as in a without PRP medium
functioning as a control. As hypothesized, the
differential effect of PRP media was evident in
hASCs proliferation and osteogenic differentia-
tion. The mechanism of PRP therapy is attrib-
uted to various growth factors released from
the activated platelets. Many of these cyto-
kines can stimulate cell growth, migration,
mobilization, and differentiation [44-46]. Thro-
ugh these factors, PRP can exert its ability to
promote tissue regeneration. The functions of
several growth factors have been figured out
for a long time, some of them have been proved
for clinical use. However, tissue regeneration is
a complex, multigenic event regulated by a cas-
cade of factors. Application of a single factor
usually cannot yield satisfactory therapeutic
effects. Therefore, the employment of PRP ha-
ve great advantages over single use of a growth
factor: it is a natural reservoir of growth factors
prepared to perform multiple functions during
different process of tissue regeneration, ac-
cording to diverse requirements. Furthermore,
it can be extracted from autologous venous
blood, which is much safer than the application
of exogenous cytokines. Besides from its clini-
cal applications or in vivo therapeutical effects,
the influences of PRP on in vitro cultured cells
have drawn a lot attention in recent years. It
has been demonstrated that PRP is capable of
promoting proliferation and differentiation of
several kind of cells in vitro, including bone
marrow-derived mesenchymal cells and ASCs.
This phenomenon greatly inspired scientists to
introduce PRP into researches of regenerative
medicine, because the administration of stem
cells in regenerative medicine commonly requ-
ires cell expansion or differentiation in vitro,
but supplement of exogenous cytokines or se-
rums into cell culture system always has secu-
rity and ethical concerns. Therefore, consider-
ing its safety and effectiveness, autologous
PRP can be a powerful tool to solve problems
like this and thus facilitate the application of
stem cells in regenerative medicine. In our
studies, according to the cell growth curves,
different concentration supplement of PRP
could promote cell proliferation when hASCs
were undergoing osteogenic differentiation in
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the osteogenic-based culture medium. Com-
parison of the cell growth in 5%PRP, 10%PRP,
20%PRP and 40%PRP maintenance media
revealed a slightly higher growth rate in hASCs
cultured in osteogenic-based culture medium
than in without PRP medium, whereas the high-
est growth rate was achieved in 20%PRP. It is
indicated that the lower concentration of PRP
could promote the proliferation of hASCs
(groups B and C) and the high concentration of
PRP (groups D and E) could promote osteogen-
ic differentiation of hASCs. On the other hand,
in the current study we administered 5%, 10%,
20% and 40%PRP into the osteogenic-based
culture medium to cultured hASCs and found
that this supplement significantly enhanced the
MRNA expression level of osteogenic specific
factors such as ALP (relative density from 2.06
to 7.75 times), OPN (relative density from 2.23
10 6.60 times), OCN (relative density from 1.94
to 7.18 times) and Cbfal (relative density from
4.02 to 15.61 times) when hASCs were main-
tained in osteogenic inductive conditioned
medium for 21 days compared to the control
group. Thus, different concentrations of PRP
can promote osteogenic differentiation in
hASCs. In addition, the cell growth curves
showed that supplementation with PRP pro-
moted cell proliferation within 7 d when hASCs
were undergoing osteogenic differentiation.
These findings not only demonstrate the poten-
tial use of PRP for bone regeneration but also
support the theory that PRP has a broad range
of effects on cell differentiation and prolifera-
tion. In a certain concentration range of PRP,
the results displayed a dose-dependent effect
of PRP on proliferation and osteogenic differen-
tiation of hASCs in vitro.

Conclusions

In summary, our data show that the different
concentration of PRP have a significant effect
on hASCs behavior; and demonstrated that
activated autologous PRP has an obvious effect
of stimulating cell proliferation of hASCs in
vitro. It also has a significant potential of pro-
moting osteogenic differentiation of hASCs.
Moreover, the results displayed a dose-depen-
dent effect of PRP on proliferation and osteo-
genic differentiation of hASCs in vitro. These
effects of activated autologous PRP may facili-
tate the potential use of hASCs for bone
regeneration.
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