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ARTICLE INFO ABSTRACT

Keywords: Bone tissue engineering is a rapidly growing approach for repairing bone lesions, which needs scaffolds that meet
Poly (glycerol sebacate) biomechanical and bio-structural requirements of target tissues. The aim of the present study is to demonstrate
Polyhydr(‘)xyjt)utyrate the potential application of fabricated poly (glycerol sebacate) and Polyhydroxybutyrate (PGS-PHB) nanofibrous
El:l:;msmnnmg scaffold by electrospinning, as a potential bone implant. Herein, after morphological study by SEM, the biological
Nanofibers behavior and toxicity of the constructed scaffold were evaluated by cell attachment, protein adsorption and MTT
assay. Then the supportive potential of the scaffold upon osteogenic differentiation process was investigated by
the culture of adipose tissue-derived mesenchymal stem cells (ADSCs). The results showed that the PGS-PHB
scaffold was nanofibrous, with a uniform surface and good porosity. The protein adsorption capacity of the
scaffold was significantly higher than tissue culture plate (TCP) as a control group. The initial cell attachment in
the PGS-PHB scaffold and TCP was not significantly different. Finally, the osteogenic differentiation potential of
the ADSCs cultured on the PGS-PHB scaffold and TCP were evaluated by assessment of alkaline phosphatase
(ALP) activity, calcium content and bone-related gene expression. The results revealed that the ALP activity,
calcium producing and expression level of bone-related genes in the cultured cells in the PGS-PHB scaffold group
was significantly higher than cultured cells in the control group. Based on the obtained results, the constructed

PGS-PHB scaffold has promising potential for use in bone tissue engineering applications.
1. Introduction in the body, heals on its own with minimal intervention. But others do
not heal on their own for a variety of reasons, such as misplaced bone
Bone tissue plays an important role in the body, so any fundamental fusion, complete bone loss from a tumor, or infection at the site of the
change or disease in its structure, which may occur as a result of an lesion [2,3]. In such cases, various methods such as bone grafting
accident, various diseases and wounds, affects the balance of the body (autologous or allogeneic) or metal implants are used to completely
and the nature of a person’s life [1]. Fortunately, the most bone damage repair the bone [4,5]. Although autograft is the gold standard for bone
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grafting, its limited resources have made its use impractical, especially
in large bone lesions. In addition, bone removal procedures are associ-
ated with the risk of infection and also require secondary surgery. In
addition to the risk of infection, the use of allogeneic bone grafts also
increases the risk of rejection [6]. Alternative treatment has usually been
the use of metal implants, the accumulation of metallic implants in
various organs can be associated with the release of harmful ions in the
body and thus increase the risk of cancer [7].

For this reason, in recent decades, researchers focused their efforts
on finding new materials to prevent these problems, which has led to the
introduction of bone tissue engineering [8-10]. Tissue engineering
design scaffolds using biodegradable biomaterials with the proper
physical structure according to the target tissues. These scaffolds ulti-
mately support adhesion, growth, proliferation and differentiation of the
cells and allow the damaged section to regenerate or produce new tis-
sues [11-14]. Scaffolds can be fabricated in a single polymer, a combi-
nation of polymers, a combination of polymers and bioceramics, and/or
a combination of polymers and growth factors or bioactive molecules,
using different methods [15-18].

Poly (hydroxybutyrate) (PHB) is a type of Polyhydroxyalkanoates
(PHAs) polymers used in tissue engineering, because PHB is compatible
with blood and mammalian tissues [19]. PHB monomer is a natural
metabolite in human blood. Because the body reabsorbs PHB, it is used
in surgery as a suture to heal wounds and blood vessels. In pharmacy,
PHB can also be used as a microcapsule in therapy or as a cell pack and a
tablet [20]. Due to its piezoelectric property, PHB has the ability to
regenerate bone, which is why many studies have used the combination
of this polymer with other polymers and ceramics, such as PLLA [21],
nano hydroxyapatite (nHA) [22,23], Bioactive-glass [24], Tricalcium
Phosphate [25], and etc. These properties alone are not enough for bone
tissue engineering, for this reason, copolymerization of PHB with other
biodegradable synthetic polymers, such as polyglycerol sebacate (PGS)
can be a good option for fabricating nanofibrous scaffolds to accelerate
bone repair and regeneration. PGS has controllable mechanical, chem-
ical and degradation properties and was introduced for use in tissue
engineering [26]. Although PGS nanofibers have not been used so far in
bone tissue engineering, other forms of PGS scaffolds such as film and
sponge alone and in combination with nHA, PEG and etc. have been
used in bone tissue engineering [27-31].

In the present study, PGS-PHB nanofibrous scaffold was fabricated by
electrospinning. After structural and morphological characterization,
adipose tissue-derived mesenchymal stem cells (ADSCs) were cultured
on the PGS-PHB nanofibers and stem cells osteogenic differentiation
potential were investigated by common osteogenic markers. This is the
first study to attempt the promotion of osteogenesis by applying PGS-
PHB composite nanofibers.

2. Materials and methods
2.1. Scaffold fabrication

Electrospinning was applied to fabricating of the PGS-PHB nano-
fibrous scaffold. CHCI3 (25% w/v) was applied to dissolving PHB
granules (1001MD, BASF). For synthesizing PGS prepolymer based on
the previously reported method [32], 0.1 M polyol glycerol (BioXtra,
99%, Sigma Aldrich, Munich, Germany) and 0.1 M sebacic acid (99%,
Sigma Aldrich, Munich, Germany) were blended with a molar stoi-
chiometric ratio of 1:1 and stirred at 120 °C in a nitrogen atmosphere for
24 h and pressure less than 50 mTor. PGS-PHB solution was also pre-
pared by enhancing the needed amounts of PGS (30 wt%) to the pre-
pared PHB solution at room temperature while placed on the magnetic
stirrer for 24 h. Then, the prepared PGS-PHB solution was purred to a 10
ml glass syringe and then placed in the electrospinning machine. The
electrospinning parameters were considered as 15 kV for applied
voltage, 11 cm for distance of needle with collector, 1.1 ml/h for flow
rate of the solution, 25 °C for inside temperature of the machine and a
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relative humidity of 43 + 5%. Fabricated scaffolds were cut circularly in
14.00 mm diameter (area = 1.53 cm?). After that, Scaffolds were
inserted in the 24-well plates and sterilized by UV irradiation (30 min)
and filtered ethanol (1 h) at room temperature and then all experiments
were performed in the 24-well plates.

2.2. Scaffold characterization

2.2.1. Protein adsorption

Protein adsorption was measured according to the previously re-
ported protocol [33], in brief, solution-I (phosphate buffered saline
(PBS) (10 mM, pH 7.4), fetal bovine serum (FBS) (1% v/v)) was added to
the TCP and PGS-PHB scaffold for 1 h at room temperature. After that,
supernatants were removed and then solution-II (PBS, 2.0 wt% SDS) was
added to the TCP and PGS-PHB scaffold for 20 h to releasing the proteins
attached to their surfaces. Total protein content of solution-II was
measured using PARS-AZMOON total protein kit (Tehran, Iran) and a
micro-plate reader (BioTek, USA) at 530 nm according to the manu-
factured protocol. The mean of adsorbed proteins reported in pg/mm? of
samples measured from a solution-III (BSA calibration in 2.0 wt% SDS in
10 mM PBS).

2.2.2. Scanning electron microscopy

Scanning electron microscopy (SEM) was applied to morphological
characterization of the fabricated scaffold before and after cell seeding.
The small pieces of the scaffolds were placed on the aluminum stubs and
then a thin layer of gold sputtered over the surface of the scaffolds. But,
for those cell seeded on their surface, before placed on the aluminum
stubs, scaffolds were fixed by 2.5% glutaraldehyde (Sigma Aldrich, St.
Louis, MO) and then dehydrated by adding of filtered ethanol
(50°-100°). Finally scaffolds were visualized using a SEM (KYKY,
EM3200, China) at an accelerating voltage of 20 kV.

2.2.3. Invitro degradation

Fabricated PGS-PHB scaffolds in a certain dimension (1.53 cm?) were
weighed (W), and then inserted into 5 ml of basal medium (DMEM
supplemented with 10% FBS) while incubated at 37 °C for 30 days.
Every three days, three scaffolds were removed and then washed with
distilled water and vacuum dried. Dried samples were weighed again
(Wq). Weight loss (WL%) was obtained by the following equation: {WL
= ((Wg-Wp)/Wo) 100%}.

2.2.4. Cell attachment and viability assays

MTT assay was performed to evaluate cell attachment and adipose
derived mesenchymal stem cells (ADSCs) viability when grown on the
PGS-PHB scaffold and tissue culture plate (TCP). On the certain time
points, culture medium was removed and MTT solution (5 mg/ml) was
added to the each sample at 8 h for cell attachment assay and days 1, 3,
5, 7 and 10 for viability assay. Samples contained MTT solution were
incubated at 37 °C, 5% CO2 for 4 h. After that, medium was removed
and scaffolds were transferred to the new 24-well plate, and then formed
formazan crystals at the bottom of the culture plated and on the scaffolds
were dissolved using DMSO (Merck, Germany) while shaking gently for
10 min. Finally, supernatants were collected and read using a micro-
plate reader (BioTek Instruments, USA) at 570 nm.

2.3. Cell culture

ADSCs were purchased from SCRTC stem cell bank (Tehran, Iran)
[34]. To confirm stem cells differentiation potential, ADSCs at passage 2
were cultured under osteogenic medium (DMEM, 10% FBS, 10 pM
beta-glycerol phosphate, 100 pM dexamethasone and 50 pM ascorbic
acid (all from Sigma-Aldrich, USA) and adipogenic medium (DMEM,
10% FBS, dexamethasone 1 pM, insulin 1.7 pM, indomethacin 200 pM
and IBMX 500 pM (all from Sigma-Aldrich, USA). After two weeks,
paraformaldehyde 4% was added to the samples for 45 min while
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incubated at 4 °C. Then samples were washed very slowly using cold
PBS. Cultured ADSCs under osteogenic medium were stained with
alizarin red (Behnogen, Iran) for 5 min, and those cultured under adi-
pogenic medium were stained with Oil red (Merck, Germany) for 10
min. For DAPI staining, the cells cultured on the PGS-PHB scaffold were
fixed using paraformaldehyde 4% on day 10 after cell seeding while
incubated at 4 °C for 45 min. After that, fixator was removed and then
DAPI was added to the samples for 1 min, and then supernatant was
removed and samples were washed again for two times. Finally, stained
samples were visualized using an inverted light microscope.

ADSCs were cultured on the fabricated PGS-PHB scaffold and TCP
with a cell density of 10* per cm? and 5 x 10° per ecm? under basal
medium (DMEM and 10% FBS) for cell attachment and viability assays,
respectively. For differentiation evaluation, ADSCs were cultured on the
fabricated PGS-PHB scaffold and TCP with a cell density of 3 x 10* per
em? under differentiation medium.

2.4. Alkaline phosphatase activity

For ALP activity assessment, RIPA cell lysis buffer was added to the
samples while shaking gently at 4 °C for 4 h. After that, samples were
centrifuged at 15000 RPM at 4 °C for 15 min for total protein extraction.
Reagents in PARS-AZMOON ALP and total protein kits (Tehran, Iran)
were added to the collected supernatants and their optical densities were
read using a micro-plate reader (BioTek Instruments, USA) at 405 nm.
Obtained ALP activities were normalized in comparison with total
protein using a BCA Protein Assay Kit (Pierce, Bonn, Germany).

2.5. Calcium content

For total calcium measurement, 0.6 N HCL (Merck, Germany) was
added to the samples while shaking for 1 h. After that, supernatants were
collected and their optical densities at 570 nm were obtained by adding
of a reagent of PARS-AZMOON calcium content kit (Tehran, Iran). The
calcium amounts were normalized in comparison with a standard curve
obtained from optical densities of pure calcium serial dilution.

2.6. Real-time RT-PCR

The expression fold changes of ALP, Runt-related transcription factor
2 (Runx2), Osteonectin, Collagen type 1 (COL1) and Osteocalcin were
assessed using real time RT-PCR. On days 7 and 14 after cell seeding,
ADSCs cultured on the TCP and fabricated PGS-PHB nanofibrous scaf-
fold were detached by trypsin and then Qiazol (Qiagen) was added to the
cells for total RNA extraction. Then, random-hexamers (Vivantis) and
Reverse Transcriptase (Vivantis Cat No: RTPL12) were used for syn-
thesizing cDNA. The PCR parameters were included, 95 °C for dena-
turation (3 min), 95 °C, 40 cycles of 20 s, 60 °C for annealing (30 s) and
72 °C for elongation (30 s). Finally, SYBR Premix-Ex-Taq Master-mix
(Takara, Japan) and designed primers (Table 1) using a StepOne Plus
thermocycler (Applied Biosystems, Foster City, CA) were applied in real

Table 1
Primer sequences which used at this study.

Gene Primer sequences Size (bp)

p-2-Micro globulin (f 2M) TGGAAAGAAGATACCAAATATCGA 201

GATGATTCAGAGCTCCATAGAGCT

Collagen I TGGAGCAAGAGGCGAGAG 121
CACCAGCATCACCCTTAGC

Runx2 GCCTTCAAGGTGGTAGCCC 66
CGTTACCCGCCATGACAGTA

Osteonectin AGGTATCTGTGGGAGCTAATC 224
ATTGCTGCACACCTTCTC

Osteocalcin GCAAAGGTGCAGCCTTTGTG 80
GGCTCCCAGCCATTGATACAG

ALP GCACCTGCCTTACTAACT C 161
AGACACCCATCCCATCTC
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time RT-PCR, while B-2-Micro globulin (f 2 M) was considered as an
internal control.

2.7. Statistical analysis

All experimental data are illustrated as mean =+ standard deviation of
the mean. One-way analysis of variance (ANOVA) (SPSS software,
version 17.0, Chicago, IL, USA) was used to analyze statistical differ-
ences between the experimental groups with p < 0.05.

3. Results
3.1. Cell culture

Homogeneous fibroblast-like cells with spindle shape were observed
at passage two (Fig. 1A). To evaluate the differentiation potential of the
ADSCs, cells were cultured under adipogenic and osteogenic mediums
for two weeks and then stained by oil red (Fig. 1B) and alizarin red
(Fig. 1C), respectively. Results demonstrated that ADSCs were differ-
entiated properly to the adipocyte-like cells and osteoblast-like cells by
detecting mineralization and oil vesicles as important adipogenic and
osteogenic related markers, respectively.

3.2. Scaffold characterization

Fabricated PGS-PHB nanofibrous scaffolds were characterized
morphologically using SEM and results demonstrated that the scaffolds
were fibrous with smooth, bead free and nano-scale fibers (300 + 200
nm), and also with interconnected pores (Fig. 2A). The cell attachment
assay was performed by culture of ADSCs on the surface of the PGS-PHB
nanofibrous scaffold and TCP as a control. The results indicated that
adhered cells on the surface of the PGS-PHB nanofibers and TCPS were
not significantly different (Fig. 2B). In addition, the amount of protein
adsorption that could play a key role in cells adhering to the substrate
was evaluated. The results demonstrated that the amount of adsorbed
protein on the surface of PGS-PHB nanofibers was significantly higher
than adsorbed protein on the surface of the TCP (Fig. 2C). Degradation
assay was carried out for PGS-PHB fabricated scaffold in vitro, and the
results revealed that only 25-26% of the PGS-PHB nanofibrous scaffold
was degraded during 30 days (Fig. 2D). Scaffold’s non-toxicity was
qualitatively studied using SEM. The images taken on the tenth day after
cell seeding showed that the ADSCs had almost completely covered the
surface of the PGS-PHB nanofibrous scaffold (Fig. 3A). DAPI staining
was also performed to confirm the presence of cells on the constructed
scaffolds (Fig. 3B). Attachment of the ADSCs on the surface of the TCP as
a control group was also depicted by light microscope (Fig. 3C) and
florescent microscope after staining with DAPI (Fig. 3D). Nan-toxicity of
the fabricated PGS-PHB nanofibrous scaffold was also quantitatively
evaluated by MTT assay when ADSCs cultured on the surface of the PGS-
PHB nanofibers and TCP. The results demonstrated an increasing pattern
over 10 days for both groups, and there was no significant difference
between the two groups (Fig. 3E).

3.3. Osteogenic differentiation characterization

ALP activity of the cultured ADSCs on the fabricated PGS-PHB
nanofibrous scaffold and TCP was evaluated as a critical osteogenic
differentiation marker on days 7 and 14. The results revealed that ALP
activity of the ADSCs cultured on the PGS-PHB nanofibrous scaffold was
significantly higher than those ADSCs cultured on the TCP on both days.
Mineralization due to the osteogenic differentiation is another impor-
tant osteogenic-related marker that investigated qualitatively and
quantitatively during the period of study. The results obtained by SEM
demonstrated mineralization over the surface of the PGS-PHB nano-
fibers, however, these sediments also consist spherical calcium-
containing mineral assemblages that seem to have a porous structure
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Fig. 1. Morphology of human adipose derived stem cells (ADSCs) cultured under basal medium (A), ADSCs cultured under adipogenic medium and then stained by
oil red after two weeks (B) and ADSCs cultured under osteogenic medium for two weeks and stained by alizarin red (C). (For interpretation of the references to colour

in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 2. SEM photograph of PGS-PHB nanofibrous scaffold (A). The results obtained from Cell attachment (B) and Protein adsorption (C) assays of PGS-PHB
nanofibrous scaffold in comparison with TCP as a control. The results obtained from In vitro degradation assay of PGS-PHB nanofibrous scaffold during 30 days
(D). The significant differences between groups are indicated with a star (* = P < 0.05).

(Fig. 4A). Total calcium secreted by ADSCs during the differentiation
process was also measured on days 7 and 14. The results demonstrated
that the amount of calcium measured in the PGS-PHB group was
significantly higher than the TCP group on both days (Fig. 4B). For more
detailed evaluation of the ADSCs osteogenic differentiation, five
important bone-related genes were quantitatively evaluated in the
ADSCs cultured in the PGS-PHB nanofibrous scaffold and TCP groups.
The expression levels of Runx-2, ALP, Col-1, osteonectin and osteocalcin
genes in the ADSCs cultured on the PGS-PHB nanofibrous scaffold were
significantly higher than those cells cultured in the TCP group (Fig. 5).

4. Discussion

Due to the limitations faced with treating bone lesions, today, tissue-
engineering specialists offer a wide variety of implants for treating this
type of lesion [35-37]. Although in recent years tissue engineering has
used a variety of synthetic and natural polymers to fabricate 3D scaf-
folds, efforts are still underway to introduce the most optimal scaffolds.
The most important challenges facing these polymers are their

biodegradation rate and their structural affinity for the underlying bone
matrix.

One of the most popular polymers in bone tissue engineering is a
class of natural polyesters called PHAs [38]. Routine use of these poly-
mers is in biomedical applications such as orthopedic pins, sutures,
springs, etc. [20]. Among PHAs, PHB with its unique properties such as
biocompatibility, biodegradability and piezoelectricity has shown high
potential for use in bone tissue engineering [39]. The piezoelectric
property of this polymer by itself can stimulate the growth of bone cells
to regenerate and repair damaged bone tissue [40]. The most important
disadvantage of fabricated scaffolds by this polymer is its poor me-
chanical properties, and to overcome this problem, the composite of this
polymer can be used with other polymers [41].

In this study, for improvement of the PHB properties, it was
composited with PGS. PGS is a polymer that has been introduced for use
in tissue engineering, especially in soft tissues such as the cardiac, nerve
and blood vessels. The mechanical and elastomeric properties of this
polymer, along with the enzymatic and hydrolytic degradation of this
polymer to completely non-toxic glycerol and sebacic acid molecules,
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Fig. 3. Photographs of PGS-PHB nanofibrous scaf-
fold 10 days after culture of human adipose derived
stem cells (ADSCs) under basal medium depicted by
SEM (A) and after DAPI staining depicted by
florescent microscope (B). Photographs of ADSCs
cultured TCP 10 days after cell seeding by light
microscope (C) and after DAPI staining depicted by
florescent microscope (D). Viability assessment of
the ADSCs cultured on the PGS-PHB nanofibrous
scaffold and TCP on days 1, 3, 5, 7 and 10 (E).
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make it a very suitable option for use in tissue engineering [42]. The
rationale behind the selection of PGS and PHB polymers was based on
their mechanical, degradation and piezoelectric properties, given that
these features are predicted to have positive effects on the stem cell
attachment, proliferation and osteogenic differentiation.

PGS-PHB electrospun nanofibers were first structurally and
morphologically evaluated using SEM. The results of this section showed
that the fabricated scaffold contained fibers at the nanometer scale,
without beads and uniform. The results showed also that the fabricated
scaffold was very porous while the pores were interconnected to each
other. It has been reported that, these pores help to anchor cells as well
as intercellular connections [43]. Then, the biocompatibility of the
fabricated scaffolds was evaluated using cell attachment, protein
adsorption and cell survival tests. The results showed that the rate of cell
adhesion and adsorbed protein in the constructed scaffold was signifi-
cantly higher than the TCP group, which was considered as a control.
Furthermore, the survival rate of cultured ADSCs on the scaffold and
TCP was compared over a ten-day period. The results showed that
ADSCs grew and survived properly on the surface of the PGS-PHB
nanofibrous scaffolds while compared with the TCP group, indicating
acceptable biocompatibility of the fabricated scaffold.

In agreeing with the results obtained in this study, Hu et al. were
shown that the rat PC12 cell proliferation was increased when cultured
on the PGS copolymers with poly methyl methacrylate (PMMA) (PGS-

5 7
Time (day)

10

PMMA) in comparison with the cells cultured on the TCP substrate
during 8 days [44]. Yan et al. were also confirmed the cytocompatibility
of the PLLA-PGS when A59 neuronal cells cultured on the PLLA com-
posites with different concentrations of the PGS in comparison with the
cells cultured on TCP as a control [45].

To evaluate the osteo-supportive capability of the PGS-PHB nano-
fibers, ALP activity test was performed while ADSCs cultured under
osteogenic medium on the scaffold and TCP surfaces. ALP activity in-
creases sharply in the early stages of bone differentiation [46], which in
turn increases calcium deposition and also stimulates other bone factors.
The results showed a significant increase in ALP activity of the cultured
ADSCs on fabricated PGS-PHB nanofibrous scaffold compared to the TCP
group.

Since calcium production and deposition is another important
functional-factor in bone differentiation [47], the amount of calcium
was assessed quantitatively by calcium content test and qualitatively by
SEM. SEM images showed integrated calcium deposition in the scaffold
group. Furthermore, the amount of total calcium production in the
PGS-PHB scaffold group was significantly higher than the TCP group.

For more detailed study, the expression level of five important genes
was evaluated in the bone differentiation process. The expression level
of all genes in the ADSCs cultured on the PGS-PHB scaffold was signif-
icantly higher than the ADSCs cultured in the control group (TCP). The
bone regeneration capacity of the elastomeric PGS alone and in
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Fig. 4. SEM photograph of mineralization due to
the osteogenic differentiation of human adipose
derived stem cells (ADSCs) when cultured on PGS-
PHB nanofibrous scaffold under osteogenic me-
dium (A and B). Calcium (C) ALP activity (D) as-
sessments of ADSCs cultured on PGS-PHB
nanofibrous scaffold and TCP under osteogenic
medium on days 7 and 14 (C). The significant dif-
ferences between groups are indicated with a star
(* =P < 0.05).

The significant differences between groups are
indicated with a star (* = P < 0.05).
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Fig. 5. Real time RT-PCR for bone-related genes during osteogenic differentiation of human adipose derived stem cells (ADSCs) when cultured on PGS-PHB
nanofibrous scaffold and TCP under osteogenic medium on days 7 and 14. The significant differences between groups are indicated with a star (* = P < 0.05).

combination with HA particles and rabbit MSCs was reported previously
by Zaky et al., while they implanted scaffolds in the ulna defect model in
rabbits [29]. Their results revealed that PGS has a great bone regener-
ation property and this potential can significantly improve when MSCs
cultured on the PGS scaffold. In another study, Jian et al., investigated

bone induction potential of the PGS microporous membranes (25 and
53 pm) and collagen membrane while implanted in the defect produced
in the rabbit tibia [28]. Their results demonstrated that the 25 pm PGS
membrane acted a valuable role in bone reconstruction compared to the
other groups. Liang et al., was also reported that PGS scaffold
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modification by grafting the adhesive ligands RGD and VEGF mimetic
peptide can significantly improve MSCs viability during a week culture
period [31]. In addition, they also showed that ALP activity and the
expression level of ALP, Runx2 and osteonectin genes were increased
significantly in the MSCs cultured on the PGS-RGD-VEGF compared to
the cells cultured on the PGS or PGS-RGD scaffolds.

In a study conducted by Silva et al., PGS copolymer with PCL has
been reported in cartilage tissue engineering [48]. In their study, human
bone marrow derived MSCs were cultured on the Coaxial
PGS-Kartogenin (KGN)/PCL nanofibers in comparison with PCL and
PCL/PGS nanofibers without KGN. Their results demonstrated that those
MSCs cultured on the PGS-KGN/PCL nanofibers under incomplete
chondrogenic medium (without TGF-f3) revealed the highest chondro-
genic markers such as sGAG and -cartilage-related gene markers
compared to the other groups. It is well-known that collagen (types I, III,
V) is the most important protein presence in the bone ECM, while type I
(Col-I) contains more than 90% [49]. Therefore, scaffolds that can in-
crease collagen production can also play a very important role in bone
repair. As the results of gene expression had shown, the production of
Col-I in the cells cultured on the PGS-PHB scaffolds were significantly
increased compared to the control group. Jeffries et al. previously re-
ported this potential of the PGS nanofibers when they compared
collagen production capacity of the PLGA and PGS nanofibers after
subcutaneously implanted in mice [50]. Their results demonstrated that
collagen deposition detected by Masson’s trichrome staining in the
electrospun PGS nanofibers was almost similar to the PLGA nanofibers.

5. Conclusion

According to the results, electrospun PGS and PHB scaffold had a
porous nanofibrous structure while being biocompatible. In addition,
the osteogenic differentiation capacity of the ADSCs cultured on the
PGS-PHB nanofibers was increased significantly compared to the ADSCs
cultured on the TCP as a control group. It can be concluded that the PGS-
PHB nanofibers have a great promising potential for use in bone and
orthopedic tissue engineering applications.
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