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Abstract Recent developments in bone tissue engi-

neering have paved the way for more efficient and

cost-effective strategies. Additionally, utilization of

autologous sources has been considered very desirable

and is increasingly growing. Recently, activated

platelet rich plasma (PRP) has been widely used in

the field of bone tissue engineering, since it harbours a

huge number of growth factors that can enhance

osteogenesis and bone regeneration. In the present

study, the osteogenic effects of PRP coated nanofi-

brous PES/PVA scaffolds on adipose-derived mes-

enchymal stem cells have been investigated. Common

osteogenic markers were assayed by real time PCR.

Alkaline phosphate activity, calcium deposition and

Alizarin red staining assays were performed as well.

The results revealed that the highest osteogenic

differentiation occurred when cells were cultured on

PRP coated PES/PVA scaffolds. Interestingly, direct

application of PRP to culture media had no additive

effects on osteogenesis of cells cultured on PRP coated

PES/PVA scaffolds or those receiving typical osteo-

genic factors. The highest osteogenic effects were

achieved by the simplest and most cost-effective

method, i.e. merely by using PRP coated scaffolds.

PRP coated PES/PVA scaffolds can maximally

induce osteogenesis with no need for extrinsic factors.

The major contribution of this paper to the current

researches on bone regeneration is to suggest an easy,

cost-effective approach to enhance osteogenesis via

PRP coated scaffolds, with no additional external

growth factors.

Keywords Bone tissue engineering � Adipose-
derived mesenchymal stem cell � PRP � Nanofibrous
scaffold

Introduction

Large bone defect regeneration after tumor isolation,

trauma and infection remains a challenging issue for

orthopedic surgeons. Autologous bone implantation is

the first choice for surgeons; and bone tissue engi-

neering (BTE) is a promising approach that can help

large bone defect regeneration. Stem cells are an

incredible choice in BTE due to their capability of

self-renewal and multi potency. The clinical applica-

tion of embryonic stem cell is limited due to
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difficulties in controlling their differentiation, which

can lead to Teratoma formation (Liao and Chen 2014).

Mesenchymal stem cells (MSCs) from different

origins in combination with distinct scaffold, materials

or growth factors can be utilized for clinical conditions

(Yamaguchi 2014). Mesenchymal stem cells are ideal

cells since they can be harvested frommultiple sources

like adipose tissue, bone marrow, peripheral blood,

placenta, pericyte, synovial membrane and umbilical

cord (Ahmadyan and Kabiri 2017). In addition to

immunomodulatory and differentiation potential of

MSCs, they can express important cytokines including

Epidermal Growth Factors (EGF), Vascular Endothe-

lial Growth Factor (VEGF), Transforming Growth

Factor (TGFb) and bioactive molecules which are

essential in tissue repair (Freitag et al. 2016). Adipose-

derived mesenchymal stem cells (ADSCs) can differ-

entiate into multiple mesodermal-derived tissues such

as bone, cartilage and adipose. In this study, we used

liposuction procedure, which is an easy method with

fewer side effects (Liao and Chen 2014). ADSCs are

immunosuppressive with the same surface marker and

they are available in large amounts (Morcos et al.

2015). ADSCs have been clinically used in bone repair

and implanted in a maxillary flap with beta- tetracal-

cium phosphate and bone morphogenic protein 2. In

addition, ASCs have been used in fistular repair from

Crohn’s disease (Kokai et al. 2014).

As appears in the literature, Growth factors are

essential for tissue regeneration; and there are various

methods for scaffold-based growth factor delivery.

Some common methods for bone tissue engineering

include making bioactive scaffolds, surface modifica-

tion, biomineralization, nanoparticle encapsulation,

and physical entrapment (Nyberg et al. 2015). How-

ever, single use of growth factors such as bone

morphogenic proteins for bone tissue engineering has

always been associated with some limitations such as

high costs, necessity of high concentration, increased

risk of toxicity, etc. Thus, it is imperative to find a

source containing a mixture of more effective growth

factors for bone regeneration (Oryan et al. 2016).

Cellular changes that occur during tissue damage are

regulated by platelets and growth factors (Zhang et al.

2013). PRP was first introduced as a great number of

platelet which exist in a small volume of plasma and

contain numerous growth factors (Fernandes and

Yang 2016). PRP is acquired from peripheral blood,

which could be obtained from xenogeneic, allogenic

or autologous sources (Oryan et al. 2015). PRP has

antibacterial effects in vitro, reduces the risk of

inflammation, it is easy to work with and as an

autologous agent the risk of immunogenic reactions

and disease transmission is lower. Platelets consist of

more than 300 biologically active molecules, which

are secreted upon activation process (Fernandes and

Yang 2016). There are many examples of growth

factors which exist in PRP. Namely, transforming

growth factor b (TGF-b), which in turn triggers

osteoprogenitor cells to proliferate, insulin-like

growth factor (IGF-I), which develops the late stage

differentiation and osteoblast activity, and platelet-

derived growth factor (PDGF). This also acts as a

mitogen for connective tissue (Oryan et al. 2015). PRP

has been used in a liquid or gel type alone or in

combination with Alginate Hydrogels, collagen

sponges and electrospun fibers (Kang et al. 2013).

The addition of PRP to in vitro cultures leads to cell

matrix production, boosting cell proliferation and

promoting cell differentiation (Ramezanifard et al.

2017). The clinical application of PRP alone has been

investigated in various medical fields for instance,

orthopedics, sport medicine, plastic surgery, derma-

tology, oral implantology and dentistry (Anitua and

Tejero 2013). Lately the application of MSCs and

Platelet rich plasma (PRP) for bone defects has been

improved (Tajima et al. 2015). Dental osteointegra-

tion, bone regeneration, periodontal defects, spinal

fusions, distraction osteogenesis and fractures have

been treated with the help of PRP in combination with

MSCs (Fernandes and Yang 2016). Electrospinning of

PRP alone or in combination with biodegradable

polymers has been also evaluated (Dı́az-gómez et al.

2015).

Incorporation of electrospun nanofiber plates is

common in tissue engineering and can provide a

suitable surface area for cell cultivation (Kabiri et al.

2015). High porosity and interconnected porous

scaffold as well as large surface and enhanced cell

growth makes nanofibers applicable for tissue regen-

eration (Hanaee et al. 2012). Electrospinning has

shown a great potential of fabricating scaffolds with

specific thickness, density and mesh size. Nanofibrous

scaffold has the ability to improve cell adhesion and

growth rate (Ahvaz et al. 2013). A wide range of

polymers with superb biocompatibility can be con-

structed into nanofibers which structurally imitate the

native extra cellular matrix (ECM) and they can be bio
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modified. Polyethersulfone (PES) is an example of a

synthetic polymer which has been widely utilized for

biomedical applications (Babaeijandaghi et al. 2010)

and it is an aromatic polymer. It has proper mechanical

strength and excellent thermal and oxidative resis-

tance (Modesti and Boaretti 2014). PES nanofibers

have been qualified for expansion and proliferation of

wide range of human cell types from different tissue

origins (Unger et al. 2005). It has been proven that PES

nanofibers play many positive roles in in vitro osteo-

genesis (Ardeshirylajimi et al. 2013, 2015; Amiri et al.

2016; Pournaqi et al. 2016).

Polyvinyl alcohol (PVA) is a hydrophilic, biocom-

patible, nontoxic and physiologically inert polymer

(Maheshwari 2013). It has many polar alcohol groups,

which give rise to hydrophilicity bonds, leading to

dissolution in water. Furthermore, it is an inexpensive

polymer with extensive biomedical applications

(Hsieh and Liau 2013) making it more desirable to

be utilized.

PVA has an anabolic effect on bone formation and

has been used in osteogenic studies (Song et al. 2012;

Haddadi-asl 2010; Qi et al. 2013; Gomide et al. 2012).

The objective of this study was to investigate the

osteogenic effects of PRP coated PES/PVA scaffolds.

We hypothesized that both PRP coated scaffolds and

media supplementation with PRP can lead to appre-

ciable osteogenic differentiation of mesenchymal

stem cells. In the present study, we have prepared

co-electrospun PES/PVA scaffold covalently coated

with PRP. Also, we have compared the effect of

soluble PRP in culture medium to that stabilized on the

scaffold surface in order to assess the osteogenic

effects of PRP in different forms.

Materials and methods

Cell isolation and characterization

Abdominal adipose tissue was obtained from a

30-years old female by liposuction surgery after

obtaining the patient’s written consent according to

the ethics of Tehran University of Medical Sciences.

The tissue was completely washed with PBS contain-

ing Penicillin/Streptomycin, and then incubated with

collagenase type I (Sigma) for 40 min (5% CO2 at

37 �C). After neutralization and RBC lysis cells were

sedimented. Culture medium contained 10% FBS,

Penicillin (100U/ml)/Streptomycin (100 lg/mU) and

1% fungizone.

To characterize the stemness of the isolated cells,

osteogenic differentiation (DMEM, 10% FBS, 10-7 M

Dexamethasone, 10 mM b-glycerol phosphate, 50 lg/
ml ascorbic acid biphosphate) and adipogenic

(0.5 mM IBMX, 10-7 M dexamethasone, 66 nM

insulin and 0.2 mM indomethacin) differentiation

were conducted for 14 days. Surface marker proteins

were also analysed using fluorescent-conjugated anti-

bodies (CD90, 45, 34, 44).

Cells were prepared for flow cytometry analyses in

accordance with Kabiri et al. (2015) and analysed on a

FACS Calibur cytometer (Becton–Dickinson, San

Jose, CA) with Win MDI 2.8 software.

PRP preparation

Samples of human blood were obtained (from 4

females between 30 and 40). 10 ml of blood was

harvested from each donor. These samples were

centrifuged at 2000 rpm, 15 min. Plasma and buffy

coat layers were collected and after the next centrifu-

gation (4000 rpm, 18 min) half of the plasma was

removed. Next, platelets were activated by CaCl2
(10%) and kept at 4 �C overnight. Finally, after

filtration, PRP was ready to use (Pakfar et al. 2016).

Scaffold construction and characterization

Electrospinning method was used for scaffold con-

struction. 3.16 g of PES polymer (442.52 g/mol,

BASF, Germany) was dissolved in 10 ml of DMF

(Dimethylformamide) for 3 h and 0.8 g of PVA

(44.00 g/mol, MERCK)was dissolved in 10 ml of hot

water, then the PES solution was divided into 2

syringes. Electrospinning setting for PES was as

follows: nozzle angle at 35 degree, flow rate 0.2 ml/l,

high voltage 20 kv and for PVA solution was nozzle

angle at 35 degree, flow rate 0.5 ml/h and high voltage

24 kv. Finally, the scaffold was placed andwrapped on

the rotating collector.

Plasma surface modification

In order to boost hydrophilicity of PES/PVA scaffold,

Plasma treatment was performed through DIENER

electronics with settings at 40 kHz frequency, 30 W

power, and 0.4 mbar gas pressures (oxygen).
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PRP coated scaffold

The size of scaffolds varied from 1 to 3 cm diameter

circle. EDC (1-Ethyl-3-(3-dimethylaminopropyl)car-

bodiimide) and NHS (N-hydroxysulfosuccinimide)

were used as cross linkers in order to coat PRP on the

PES/PVA scaffold (Fig. 1). EDC and NHS were both

dissolved in phosphate buffered saline (PBS 6 mg/

ml). Next, the scaffold was coated with NHS/EDC

solution and kept overnight at 4 �C. After a day, the

cross linker solution was replaced with activated PRP

and kept again overnight at 4 �C.

Tensile test

The mechanical properties of PES/PVA and PES/PVA

grafted scaffold were measured using a SANTAM

tensile tester (Iran). Scaffolds were cut into 3 pieces

(1 9 4 cm) and were stuck on 4 9 4 squares. Thick-

ness of scaffold was measured by a thickness gauge

tool. Tensile machine was set at a gauge length of

20 mm with strain rate of 2 mm/min, and load cell of

100 N.

Scanning electron microscopy (SEM)

The morphology of the scaffolds was analyzed by

scanning electron microscope (Philips). Seeded cell

scaffolds were fixed with 2.5% glutaraldehyde solu-

tion for 3 h at 4 �C then dehydrated with ethanol

gradient series up to 100% and dried afterwards at

room temperature.

Protein release test

This test was conducted to estimate the residue of

grafted PRP on scaffold in fluidal condition. One cm

PRP grafted scaffolds were put in Phosphate-buffered

saline. The PBS was replaced and collected for

1 week. Subsequently, they were checked for protein

presence using Pierce BCA Protein Assay Kit

(Thermo Fisher Scientific).

Transform infrared spectroscopy (FTIR)

FTIR technique was conducted to investigate PRP

absorbance on PES/PVA scaffold. To do so, samples

were prepared in accordance with Dodel et al. (2016)

and were analysed using ATR-Fourier transform

infrared spectroscopy (ATRFTIR; Bruker, Germany).

The process was equipped with a DTGS detector and

ATR diamond crystal.

Viability of cells on PES/PVA scaffold

To evaluate the viability of cells, MTT test was

performed on days 7, 14 and 21. Four thousand cells

were seeded on 1 cm scaffolds. Samples were incu-

bated (5% CO2 at 37 �C) with MTT solution for 2 h.

After that they were vortexed with DMSO for 1 min.

Finally, the optical density was detected and recorded

by microplate reader (BioTek instruments, USA).

Cell seeding and differentiation

The scaffold sheet was sterilized by UV light (20 min

each side) then cells (passage 3) were seeded on

Fig. 1 A schematic diagram of PRP coating on plasma treated PES/PVA scaffold
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3 9 104 cells/cm2 in 24 well culture plates (orange

science Belgium) in a same culture medium: (DMEM,

10% FBS, and 1% penicillin/streptomycin). They

allowed to attach and proliferate for 2 days to reach

60–80% confluency. After that plates were divided

with 3 different culture medium. (1) DMEM, 10%

FBS, and 1% penicillin/streptomycin. (2) PRP 5%,

DMEM, 1% penicillin/streptomycin. (3) osteogenic

culture medium (DMEM, FBS 10%, 1% penicillin/

streptomycin, 50 lg/ml ascorbate acid, 10 mM b-
glycerol phosphate, and 10-7 M dexamethasone).

Studied groups and their treatments are listed in

Table 1.

Total RNA isolation and real time PCR

Total RNA was extracted from all samples with Trizol

reagent (CinnaGen) and the cDNA synthesis (fermen-

tas) was carried out. The quantitative polymerase

chain reaction was performed using Platinum SYBR

Green kit (Invitrogen).

Primers used are presented in Table 2. Changes in

gene expression and their analysis were completed by

a RT PCR analyzer (Corbett) and Rotor Gene

software. Gene expression was normalized to the

b2m housekeeping gene. The reaction mixture without

cDNA was used as a negative control. To check the

contamination and primer dimer formation, melt curve

analysis was performed at the end of the reaction.

Calcium deposition

In order to estimate the amount of deposited calcium,

calcium deposition test was performed on days 7 and

14. Scaffolds were washed with warm PBS, homog-

enized in 0.6 N HCL (Merck) and centrifuged at

1200 rpm for 5 min. The released calcium was

determined using calcium assay kit (Pars Azmoon).

The optical densities of the samples were measured

using a microplate reader (BioTek instruments, USA).

Finally, the data was normalized against total protein

for all groups.

ALP activity

Alkaline phosphatase (ALP) activity was investigated

on days 7 and 14. samples were washed with PBS and

homogenized with 1 ml of Ripa buffer (Tris–HCL,

Nacl, EDTA, EGTA, Triton X100, Glycero, SDS,

H2O) and then sonicated (BANDELIN, Germany,

maximum power, 2 min on ice). All samples were

incubated with an alkaline buffer solution (Pars

Azmoon) for 30 min (5% CO2, 37 �C). The Optical

densities of the samples were evaluated by microplate

reader (BioTek instruments, USA). Finally, the data

was normalized against total protein for each group

under study.

Histochemical analysis

In order to estimate the proliferation and differentia-

tion of cells on scaffolds, Alizarin Red and H&E

staining procedures were executed. Mesenchymal

stem cells were seeded on 0.5 cm scaffolds following

the same protocol for 14 days. After the 14th day, all

cells were fixed by paraformaldehyde then sections

were made and H&E stained at Jamali cytopathology

Laboratory (Iran). Alizarin red staining was performed

in order to evaluate calcium deposition during

osteogenic differentiation.

Statistical analysis

We employed student t test to compare the mean of the

groups against the mean of the controlled group. Each

experiment was repeated 3 times. In addition, One-

way analysis of variance (ANOVA) was used to

compare results. Gene expression data were analyzed

by REST 2009 software. A p value of \ 0.05 was

considered to be statistically significant.

Table 1 Study groups S PES/PVA scaffold

SP PRP coated PES/PVA scaffold

SP ? PRP 5% PRP coated scaffold treated with mixture of culture medium ? liquid PRP

S ? PRP 5% scaffold treated with mixture of culture medium ? liquid PRP

SP ? DIF PRP coated scaffold treated with osteogenic culture medium

S ? DIF scaffold treated with osteogenic culture medium
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Results

Characterizations of the isolated ADSCs

The stemness of the isolated ASCs was confirmed as

the cells showed the potency to differentiate to two

different lineages as presented in Fig. 2I. In addition,

ASCs had positive expression for CD90 and CD44

surface markers, while being negative for hematopoi-

etic markers CD45 and CD34 (Fig. 2II).

Construction and characterization of scaffold

After plasma treatment of the PES/PVA scaffold, the

COOH groups become present on its surface. The

topography of electrospun PRP-grafted PES/PVA

scaffold were demonstrated using SEM (Fig. 3I).

Presence of PRP was confirmed via FTIR by

monitoring the amide picks at 3330, 1645 and 1547

wavelengths (Fig. 3III).

Maintenance and stability of the cross linked PRP

on the electrospun scaffold is presented in Fig. 3II. As

it shown, PRP release reaches its maximum value after

48 h. Accordingly, after 3 days of incubation the

cross-linked scaffold with culture medium, 95.57% of

total protein (PRP) still remained on the scaffold.

Biocompatibility of the scaffold was confirmed by

MTT assay (Fig. 2III), SEM (Fig. 3I), Alizarin red

staining (Fig. 4II) and H&E staining (Fig. 4I). It can

be seen from Fig. 3I that PRP grafted PES/PVA

scaffold is biocompatible primarily because the

seeded cells proliferated after 5 days and they covered

the entire surface of nanofibers.

Table 2 Primers used for

real time PCR
Gene Upstream Downstream

RUNX2 GCC TTC AAG GTG GTA GCC C CGT TAC CCG CCA TGA CAG TA

ALP CCA CCT GCC TTA CTA ACT C AGA CAC CCA TCC CAT CTC

Col I TGG AGC AAG ACG CGA GAG CAC CAG CAT CAC CCT TAG C

b2m ATG CCT GCC GTG TGA AC ATC TTC AAA CCT CCA TGA TG

Fig. 2 I. a Morphology of the isolated cells after 14 days.

b Alizarin red staining visualized the presence of vesicles. c Oil
red staining, brown vesicles are available all around. 940

magnification. II Flow cytometry result of isolated adipose stem

cells. III MTT assay. Cell viability in control (S), PRP coated

scaffold (SP). ‘‘* p\ 0.05’’,**p\ 0.01 and ‘‘***p\ 0.001’’

indicate significant differences. I Scanning electron microscope

analysis a PES/PVA scaffold b PRP coated PES/PVA scaffold

without cells, the arrow points PRP grafted area. c PRP coated

PES/PVA scaffold with seeded cells, the arrow points seeded

cells. II Stability analysis of the scaffolds. PRP release during

72 h from PES/PVA scaffold measured by BCA kit. III FTIR

analyses of the stability of the cross-linked PRP. PES/PVA

scaffold as a control group (CNT), PRP grafted scaffold after a

day from being grafted (red graph), PRP grafted scaffold after a

month from being grafted in wet condition (PBS) (green graph).

(Color figure online)
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Tensile test

As shown in Table 3, mechanical properties of PRP

coated PES/PVA scaffold have decreased in compar-

ison with the control group. Furthermore, there are

significant differences in ultimate tensile strength and

Young’s modulus between PRP and the control group.

ALP activity and calcium deposition

As appears in Fig. 5I, ALP enzyme activity has shown

an increasing trend in all the studied groups from days

7 to 14. The highest ALP activity was observed in

scaffold group which received DIF (Osteogenic

Medium) treatment. Surprisingly, the lowest response

was obtained by PRP coated group. It appears that

even the presence of PRP 5% in culture medium does

not significantly affect the ALP enzyme activity.

Quantitatively, calcium was deposited in all the

studied groups, and calcium deposition significantly

increased from day 7 to 14 in all groups (Fig. 5II). The

highest amount of deposited calcium was observed in

cells seeded on PRP-coated scaffolds (Fig. 5II). In

comparison with PRP coated scaffold, the combina-

tion of PRP 5% with PRP grafted scaffold lead to a

decrease in the calcium deposition.

Overall, it should be noted that PRP coating on the

electrospun PES/PVA scaffolds by itself significantly

induced osteogenic differentiation. Therefore, this

result is significant at p\ 0.00 l level.

Gene expression

Figure 6 shows the expression of 3 genes on day 14.

RUNX2, COL1 and ALP genes expression is essential

for osteoblastic differentiation. As it appears in

Fig. 6I, Runx2 was significantly up-regulated in first

and fifth groups, which means that the PRP coated

scaffold alone or in combination with osteogenic

medium shows a higher gene expression compared to

their control groups. Figure 6II demonstrates the

upregulation of COL1 gene in all the groups. Interest-

ingly, the highest amount of expression was found in

first and fifth groups. Moreover, the expression of ALP

Fig. 3 I Scanning electron microscope analysis a PES/PVA

scaffold, b PRP coated PES/PVA scaffold without cells, the

arrow points PRP grafted area. c PRP coated PES/PVA scaffold

with seeded cells, the arrow points seeded cells. II Stability

analysis of the scaffolds. PRP release during 72 h from PES/

PVA scaffold measured by BCA kit. III FTIR analyses of the

stability of the cross-linked PRP. PES/PVA scaffold as a control

group (CNT), PRP grafted scaffold after a day from being

grafted (red graph), PRP grafted scaffold after a month from

being grafted in wet condition (PBS) (green graph). (Color

figure online)
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gene can be seen from Fig. 6III, it shows the

significant gene expression in groups one and three,

which means that the expression of ALP gene of the

PRP coated scaffold treated with osteogenic medium

was higher than its control.

Discussion

Applying scaffold-based strategies brings a great

many of advantages to bone tissue engineering (Liu

et al. 2012). Many advances have been achieved by

scaffold modification with various growth factors

(Manuscript 2013). It is essential to find a way which

utilizes cost-effective and simple materials for tissue

engineering and introduce a functional and prof-

itable method for growth factor utilization. According

to a study, activated PRP 5% in combination with

culture medium is a suitable concentration for adipose

mesenchymal stem cells proliferation (Fibroblasts

2008). Moreover, our study shows that PRP improved

cell proliferation. In this experiment, the osteogenic

effects of activated PRP 5% and PRP-coated scaffold

on mesenchymal stem cells was investigated. PRP-

coated scaffold was a remarkable osteo-inductive

factor in comparison with osteogenic medium con-

taining PRP 5%, which supported osteogenic differ-

entiation by itself.

Nanofibers formed by electrospinning method are

porous, similar to extracellular matrix due to high

Fig. 4 I Cell adhesion and growth visualization by H&E

staining. a Control scaffold, b PRP coated scaffold. c Scaffold
treated with osteogenic medium. d PRP coated scaffold treated

with osteogenic medium. e Scaffold treated with PRP 5%. f PRP
coated scaffold treated with PRP 5 %. 940 magnification. II

Alizarin red staining confirms the osteogenic differentiation of

all groups. a Control scaffold, b PRP coated scaffold. c Scaffold
treated with osteogenic medium. d PRP coated scaffold treated

with osteogenic medium. e Scaffold treated with PRP 5%, f PRP
coated scaffold treated with PRP 5%

Table 3 Tensile mechanical test of PRP coated PRS/PVA scaffold and the control PES/PVA scaffold without PRP

Group Ultimate tensile strength (MPa) Strain break (%) Young’s modulus (MPa)

Control 0.7 ± 0.09 28/7 ± 0.06 0.027 ± 0.03

PRP 0.325 ± 0.025 28/3 ± 0.08 0.056 ± 0.011
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surface area and high porosity (Song et al. 2012). They

have acceptable mechanical properties and provide

enough space for cell adhesion, infiltration and

proliferation.

Studies have reported the mechanical and oxidative

stability of PES, on the other hand there are challenges

over its low biocompatibility (Pournaqi et al. 2016). In

contrast, Polyvinyl alcohol (PVA) is a hydrophilic

polymer which is soluble in water. PVA has excellent

chemical resistance, high biocompatibility and

biodegradability (Maheshwari et al. 2013).

Our investigation sought to remedy the problem of

PES biocompatibility by combining PRP and PVA

with PES polymers. Nanofibers can be bio-modified

with biomolecules such as collagen (Sun et al. 2016),

BMP (Schofer et al. 2011) and fibronectin (Gritsch

et al. 2014). The functionality, availability and

affordability of biomolecules are the main concerns

of their utilization in tissue engineering. Furthermore,

in this study, PRP-coated PES/PVA scaffolds were

investigated for bone tissue engineering.

PRP contains TGF-b growth factor, which can

promote osteogenic differentiation and regulate

changes via SMAD pathway (Fibroblasts 2008). We

confirmed the osteo-inductive properties of PRP by

showing the calcification occurrence in the presence of

ALP. PRP increases the ALP content due to increasing

cell proliferation. It is worth noting that PRP stimu-

lates anabolic metabolism, which can lead to increased

ALP activity (Maheshwari et al. 2013). Under such

circumstances, we preferred PRP bio modification of

the scaffold.

There are different strategies for PRP application

such as electrospinning, coating or adding supple-

ments to the medium. However, coating of performed

fibers with PRP is more beneficial; since coating with

PRP enables the fibers to be prepared and become

functionalized with PRP just before use. This will lead

Fig. 5 I ALP activity, and

II calcium content

measurements. (S) Control

scaffold (SP) PRP coated

scaffold. (S ? DIF) scaffold

treated with osteogenic

medium. (SP ? DIF) PRP

coated scaffold treated with

osteogenic medium.

(S ? PRP 5%) scaffold

treated with PRP 5%

(SP ? PRP 5%) PRP coated

scaffold treated with PRP

5% ‘‘*p\ 0.05’’,

**p\ 0.01 and

‘‘***p\ 0.001’’ indicate

significant differences
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to reduced storage and stability challenges considering

the protein nature and its functionality. Furthermore,

dissolution of growth factors in organic solvents may

alter the quality of PRP during electrospinning (Tobita

et al. 2015). According to our investigation, PRP

coating leads to higher differentiation rate compared

to adding activated PRP 5% in culture medium.

According to tensile results, PRP-coated scaffolds

had a lower Young’s modulus in comparison with

control scaffolds, this demonstrated that the cross

linker decreased the mechanical properties of the

scaffolds. Furthermore, PRP interfered with polymer’s

bond. The stability of the PRP cross-linked on the

scaffolds was confirmed by FTIR analysis as the

amide bonds remained on the scaffolds after a month

in a wet condition. Additionally, the release of protein

increased gradually about 5% for 72 h and after that

almost no more protein release was detected. The

gradual release (3 days) of the protein out of scaffolds

ensured that cells did not encounter the high concen-

trations of the growth factors immediately given,

which is beneficial as high concentrations of different

factors can affect cells in a pathological manner with

unknown possible outcomes.

Our data from MTT (Fig. 2III), SEM analyses

(Fig. 3I), H&E staining (Fig. 4I) and Alizarin Red

staining (Fig. 4II) supports the biocompatibility of the

PRP-coated PES/PVA scaffolds as the cells were

proliferated and covered the scaffold.

Another important finding about the expression of

RUNX2, ALP and COL I genes was that the significant

upregulation rate of PRP coated scaffold was higher

than the other groups. This data supports the idea that

PRP-coated scaffold by itself is the best choice for

osteogenic differentiation without further chemical

stimulation. Besides, PRP-coated scaffold group led to

the highest calcium deposition in comparison to the

other test groups.

This study reveals that PRP in all forms (PRP

grafted scaffold, PRP 5% in culture medium, combi-

nation of PRP 5% and grafted scaffold) lead to

osteogenic differentiation of ADSCs. Based on our

results from calcium content and gene expression,

PRP grafted scaffold has significantly (p\ 0.001)

improved osteogenic differentiation and the rate of its

differentiation potential is higher than SP ? PRP 5%

group. Some studies show that a high concentration of

PRP could suppress cell proliferation (Cho et al.

Fig. 6 Gene expressions on day 14. I RUNX2 gene expression. II COL1 gene expression. III ALP gene expression. Control and test

groups are defined above the figure. ‘‘*p\ 0.05’’, **p\ 0.01 and ‘‘***p\ 0.001’’ indicate significant differences
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2011). PRP in grafted form could be a better choice

because there is no force to refresh the PRP with

culture media in every 2-3 days, therefore the primary

amount of PRP is enough for osteogenic

differentiation.

Finally, PRP coated PES/PVA is capable of

osteogenic differentiation. Additionally, it is a safe

and cost-effective method without dependence on

adding osteogenic markers and fresh PRP in culture

medium.

Conclusion

In conclusion, PRP coated PES/PVA scaffold and PRP

5% in culture medium lead to osteogenic differenti-

ation of ADSCs. PRP in coated form showed the

highest osteogenic potential. Therefore, PRP grafted

PES/PVA scaffold is an appropriate bio modified

scaffold for osteogenic differentiation. the reasonable

method of PRP coating scaffold shows promising

application in bone tissue engineering.
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