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Abstract In this paper we report the differentiating properties of platelet-rich plasma releasates (PRPr) on human chon-
drocytes within elastomeric polycaprolactone triol—citrate (PCLT-CA) porous scaffold. Human-derived chondrocyte cellular
content of glycosaminoglycans (GAGs) and total collagen were determined after seeding into PCLT—CA scaffold enriched
with PRPr cells. Immunostaining and real time PCR was applied to evaluate the expression levels of chondrogenic and
extracellular gene markers. Seeding of chondrocytes into PCLT-CA scaffold enriched with PRPr showed significant increase
in total collagen and GAGs production compared with chondrocytes grown within control scaffold without PRPr cells. The
mRNA levels of collagen IT and SOX9 increased significantly while the upregulation in Cartilage Oligomeric Matrix Protein
(COMP) expression was statistically insignificant. We also report the reduction of the expression levels of collagen I and III in
chondrocytes as a consequence of proximity to PRPr cells within the scaffold. Interestingly, the pre-loading of PRPr caused an
increase of expression levels of following extracellular matrix (ECM) proteins: fibronectin, laminin and integrin 8 over the
period of 3 days. Overall, our results introduce the PCLT-CA elastomeric scaffold as a new system for cartilage tissue
engineering. The method of PRPr cells loading prior to chondrocyte culture could be considered as a potential environment for
cartilage tissue engineering as the differentiation and ECM formation is enhanced significantly.

Keywords Cartilage tissue engineering - PCLT-CA scaffolds - PRPr cells - Human chondrocytes - ECM formation

1 Introduction

Cartilage healing is a slow and sensitive process that often
leads to a permanent cartilage defect. Cartilage repair is
commonly suppressed by factors such as avascular
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condition of articular cartilage, limited chondrocytes in
mature and aged tissue and inability of chondrocytes to
migrate to the damaged site. In most cases, the fibro-car-
tilage would replace the damaged cartilage, which does not
provide sustained repair and desirable mechanical support
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for affected joints [1]. In addition, chondrocytes are the
sole source of extracellular matrix (ECM) synthesis within
cartilage tissue. The number of chondrocytes reduces
progressively with age through chondrocytes apoptosis,
which also indicates the absence of the renewal of chon-
drocyte population, resulting in a turnover failure of car-
tilage ECM [2]. Despite the fact that chondrocytes
apoptosis is essential during normal skeletal growth, the
chondrocyte-derived apoptotic bodies deliver degradative
properties that promote ECM degradation and calcification
[3]. In order to achieve cartilage repair by principles of
tissue engineering, an appropriate scaffold should provide
initial 3D support for chondrocyte cells which are consid-
ered to be extremely sensitive to mechanical properties of
scaffolding material. The cartilage tissue is a natural,
highly hydrated, shock absorbent material that possess
substantial elasticity necessary to provide a smooth joint
movement over the lifetime. Due to their elasticity and
hydrophilicity, elastomeric polyesters seem to be materials
of choice for cartilage tissue engineering scaffolds [4].

In recent years, autologous articular chondrocytes have
been isolated from small biopsies, expanded in vitro and
used to repair articular cartilage damage through either
direct injection into cartilage defect or applying engineered
implantable grafts [5]. Though such techniques have shown
considerable outcome through extensive in vitro and
in vivo studies, many limitations still need to be addressed
such as low yield of chondrocytes that are obtained from
biopsies and the low capacity of flask-expended chondro-
cytes to re-differentiate towards cartilage-forming cells [5].
Consequently, chondrogenic conditional medium has been
used to maintain chondrogenic phenotype as well as
induction of chondrocytes proliferation. However, such
medium has not been considered to scale up due to the high
cost of growth factors and their side effects [6]. Possibly
the key strategy for cartilage repair is to utilize scaffolds
with sustained and controlled release of growth factors.
The applied scaffolds should express dual function: 1)
temporary mechanical support as artificial ECM; and 2)
biochemical cues that would stimulate tissue growth within
3D porous network. The widely accepted approach in tis-
sue engineering is to load biodegradable scaffolds with
growth factors and several important issues must be con-
sidered such as: loading capacity, load distribution and
long term stability of growth factor molecules [7]. It is
obvious that the whole process would require careful
material design in order to tune the protein release to
closely match the release kinetics found in biological
systems.

Platelets rich plasma releasates (PRPr) are natural
reservoir of growth factors which represent an alternative
approach for inducing successful tissue repair in cost- and
time-effective manner [8, 9]. PRPr are derived from the
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non-coagulated blood and contain approximately five times
more platelets than the baseline of whole blood platelets
account [10]. Therefore, the activated PRP is able to
release high levels of the essential growth factors which
stimulate cells proliferation and ECM formation [11]. In
this paper we report elastomeric polymer scaffolds, loaded
with PRPr cells as a tissue engineering platform for carti-
lage repair. We took advantage of the fact the release of
growth factors from PRPr cells does not directly rely on the
supporting material (scaffold) and the growth factor release
originates from biological system (PRPr cells), not from
pre-designed growth factor loading into biodegradable
polymer matrix.

Citric acid (CA)-based elastomers are one of the
prominent biodegradable materials for porous scaffolds
fabrication aimed for variety of tissue types, such as: blood
vessels, kidney tissue, bone and cartilage [12]. In particu-
lar, in vitro study from Kang et al. described polyoctane-
diol citrate (POC) scaffold that have potential for cartilage
tissue reconstruction. Cell compatibility evaluations of the
POC scaffold confirmed that chondrocytes were able to
attach to the pore walls within the scaffold structure,
maintain their round morphology, and form a cartilaginous
tissue during 28 days in culture [4]. Although POC (and
other similar polymer systems) have shown good physical
characteristics for cartilage repair, the growth factor release
is necessary in order to closely mimic natural environment
for chondrocyte cells. In our previous work we have
reported the synthesis and characterization of polyester
elastomer based on polycondensation between polycapro-
lactone triol (PCLT) and CA [13]. This material can be
processed into porous scaffolds with highly controlled pore
size and distribution. Here we report the concept of loading
elastomeric PCLT-CA scaffolds with PRPr cells prior to
seeding with human chondrocytes in order to provide a
natural source of growth factor molecules for optimal
cartilage repair. The results demonstrate a strong potential
of our multifunctional elastomeric scaffolds for future
applications in clinical cartilage repair.

2 Materials and methods

2.1 Polycaprolactone triol-citrate (PCLT-CA)
synthesis and scaffold preparation

Polycaprolactone triol (PCLT, 300) and citric acid (CA)
were purchased from Sigma, and used as received. Dul-
becco’s modified Eagle’s Medium (DMEM) and fetal
bovine serum (FBS) were purchased from Gibco-Invitro-
gen, USA.

The polymer was synthesised by previously reported
method [13]. In brief, equimolar amounts of citric acid
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(CA) and (PCLT; M,, = 300 gmol_l) were placed in round
bottom flask and heated to 160-165 °C until CA crystals
melted. The reaction mixture was further stirred at 140-145
°C for 1h under a constant stream of nitrogen. Thus
formed polycaprolactone triol-citrate (PCLT-CA) pre-

«Fig. 1 SEM images of PCLT-CA scaffolds. Polycaprolactone triol—

citrate (PCLT-CA) polymer was processed into scaffolds by solvent-
casting/particulate leaching method by using sieved NaCl particles
and EtOH as a solvent. A, B PCLT-CA scaffolds were cut in uniform
dimensions as presented in for SEM surface morphology observation,
prior and after the seeding with chondrocyte cells. C Chondrocytes
showed rounded shape of in PCLT-CA scaffold which is similar to
the cell shape in native cartilage

polymer was processed into scaffolds by solvent-cast-
ing/particulate leaching method by using sieved NaCl
particles (200 um) and EtOH as a solvent. Polymer solu-
tion was mixed with NaCl (9:1 polymer-to-salt ratio) and
the polymer/salt slurry was moulded into PTFE casts to be
cured at 80 °C for 7 days. After curing, scaffolds were
soaked in water for 2 days in order to leach out the salt.
After salt leaching scaffolds were freeze dried for 24 hours
prior to loading with PRPr cells and subsequent seeding
with chondrocytes.

2.2 Preparation of platelet rich plasma releasates
and scaffold preparation

Ethical approval was granted by the Medical Ethics
Committee, Faculty of Medicine University of Malaya
(DFOP 1213/0079 (L)). Preparation of platelet rich plasma
releasates was performed as previously described [14]. In
brief, Blood samples (10 ml) were collected in EDTA-tube
from 5 healthy volunteers and centrifuged at 400 g for 15
min and the supernatant that contained platelet rich plasma
(PRP) was collected in a new tube. Then PRP was incu-
bated in 25 mM CaCl, at room temperature for 1 hour in
order to activate the platelets. The activated PRP was then
centrifuged at 2500 rpm for 15 min to collect soluble
platelet rich clot releasate (PRCr) that was used in exper-
iments. Prior to cell culture experiments, scaffold samples
(5 mm in diameter, 2 mm in thickness; Fig. 1) were soaked
overnight at 4 °C into DMEM medium containing 5, 10, 15
and 20% of isolated human PRPr and then freeze-dried for
24 h.

2.3 Human chondrocyte culture

Human chondrocytes (Lonza, USA) were cultured in
growth medium consistent of Dulbecco’s modified Eagle’s
Medium (DMEM; Gibco-Invitrogen, USA) supplemented
with 10% fetal bovine serum (FBS; Gibco-Invitrogen,
USA) or 2% FBS in maintenance medium. Cells were
incubated at standard conditions (humidified atmosphere,
5% CO,, 37 °C) for enough expansion. Then, the cell
suspension with pre-determined concentration of cells
(5 x 10° cells/scaffold) was dropped into the scaffold and
left for 1 h in the incubator (37 °C and 5% CO,) for initial
cell attachment. Scaffolds were then soaked in medium and
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left in incubator for further proliferation. Medium was
replenished every 2 days during the culture.

2.4 Cell proliferation assay

Chondrocyte viability was determined by standard MTT
assay method. Human chondrocytes were seeded at 10°/
scaffold in triplicates at optimal conditions (5% CO,, 37 °C
in humidified incubator) and scaffolds were placed in 96
well plates for further incubation. Following 24, 48 and
72 h of incubation with increasing concentrations of PRPr
(5, 10, 15 and 20%), a 10 pl solution of freshly prepared
5 mg/ml MTT in PBS was added to each well and allowed
to incubate for an additional 2 to 4 hours. Next, the media
was aspirated and DMSO was added at 100 pl/well. The
plates were swirled gently to facilitate formazan crystal
solubilization. By using a microplate reader (Tecan Infinite
M200 Pro), the absorbance was measured at 570 nm. The
percent of cell viability was calculated as follows: 100 —
(absorbance  PRP-treated cells/absorbance untreated
cells) x 100.

2.5 Total collagen content

Cellular production of total collagen was measured as
described previously [14]. In brief, human chondrocytes
were seeded into T25 flask (5 x 10° cells/ flask, n = 6) or
into scaffolds (5 x 10° cells/scaffold, n = 6) and grown in
DMEM medium supplemented with 10% FBS as controls
or scaffold enriched with 10% PRPr for 10 and 20 days.
Total soluble collagen kit was used (QuickZyme BioS-
ciences, Leiden- Netherlands) in all experiments. Briefly,
the cells were trypsinised in both culture systems, washed
with PBS and equal number of cells was used for this
assay. The PBS was replaced by 0.5 M acetic acid (250 pul/
well of 24-well-plate) and incubated overnight at 4 °C on a
rotating platform. The cellular extracts were centrifuged
for 10 minutes and the supernatant was tested in the assay
in 1-fold to 10-fold dilutions made in PBS. Measurements
were performed at a wavelength of 540 nm in triplicates
using Tecan Infinite M200 spectrophotometer (Tecan
Group Ltd., Switzerland). A standard curve for calculating
collagen concentration was obtained using a manufacturer-
supplied acid soluble type I collagen calibration standard
solution.

2.6 Indirect Immunostaining

The chondrocyte cells that were initially seeded at density
of 5 x 10° cells/scaffold into PCLT-CA elastomeric
scaffolds enriched with 10% PRPr or 10% FBS as control
to evaluate the expression levels of collagen II. After
10 days, the cells were trypsinised and reseeded on cover
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slides fixed in 6-well plates for 24 h. Next, the cells were
washed three times with PBS and fixed with ice-cold
methanol for 15 min at —20 °C. After the washing steps,
the cells were incubated with a coating buffer for 1 h at
room temperature. A mouse antibody specific to collage II
(abcam, USA, cat. # ab3092) was added and the cells were
incubated overnight at 4 °C. After incubation, cells were
washed three times with PBS and further incubated for
30 min in anti-mouse IgG conjugated with horse radish
peroxidase (HRP; abcam, USA, cat. # ab97046). After
incubation with the substrate, the cells were washed with
PBS and examined under light microscopy.

2.7 Real time PCR analysis

Real time PCR was applied to study the expression levels
of chondrogenic (collagen II, Cartilage Oligomeric Matrix
Protein COMP and SOX9) and extracellular gene markers
(Collagen I, III, Fibronectin, Laminin and Integrin Betal)
in reference to glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) expression levels. Briefly, equal number of
human chondrocytes were seeded in scaffold with or
without PRPr. Cells were harvested after 72 hours and total
RNA was extracted using Trizol method (Invitrogen,
USA), purified by RNA purification kit (Promega, USA)
and quantified by nanospectrophotometer. The amount of
1 pg of pure RNA was used for gene expression analysis.
Reverse-transcription was performed using cDNA synthe-
sis kit (Invitrogen, USA) to prepare first strand cDNA. Real
time PCR was performed using SYBR Green PCR kit
(Applied Biosystems). The PCR program consisted of an
initial step of 10 sec at 95 °C, followed by 40 cycles of
denaturing at 95 °C, annealing at 50 °C for 5 seconds and
extension at 60 °C for 31 sec. The relative level of genes
expression was quantified using GAPDH gene as an
endogenous control.

2.8 Scanning electron microscopy (SEM)

Human chondrocytes were cultured for 5 days into PCLT-
CA scaffolds (1 x 10°/scaffold) previously enriched with
PRPr cells and then fixed with 3% glutaraldehyde in PBS
for 24 h at 4 °C. After thorough washing with PBS, scaf-
fold samples were dehydrated sequentially in 50%, 70%,
95% and 100% ethanol. Then the fixed samples were freeze
dried, sputter coated with gold and observed with SEM
(HitachiS-530).

2.9 Statistical analysis
Statistical analysis was performed on all collected data

using GraphPad Prism version 5.01 (GraphPad Software,
San Diego, CA). P values of < 0.05 were considered
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significant.All the results are presented with error bars,
expressed as =+ standard deviation.

3 Results

3.1 Scaffold morphology, chondrocyte attachment
and viability

PCLT-CA scaffolds were cut in uniform dimensions as
presented in Fig. 1 for SEM surface morphology observa-
tion, prior and after the seeding with chondrocyte cells. The
results confirmed optimal pore distribution and successful
control over the pore size within the scaffold (Fig. 1, A and
B). Apart from mechanical compatibility, the cells attached
and expended within the scaffold as shown in SEM results
(Fig. 1, C). In addition, chondrocytes showed rounded
shape of in PCLT-CA scaffold which is similar to the cell
shape in native cartilage as presented in Fig. 1.

MTT assay was used to determine in vitro chondrocytes
viability in the scaffolds within the periods of 24, 48 and
72 h and results are presented in Fig. 2. The results were
compared for different concentration of loaded PRPr cells
(5-20%) in order to determine the optimal PRPr concen-
tration for chondrocyte seeding and subsequent prolifera-
tion. Results from Fig. 2 indicate the highest cell viability
was observed when the cells were seeded in PCLT-CA
scaffolds loaded with 10% of PRPr cells. This particular
scaffold (named as “PCLT—CA/PRPr” further in text) was
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Fig. 2 Chondrocyte viability after the treatment with increased
concentrations of PRPr. Human chondrocytes were seeded at 10°/
scaffold in triplicates at optimal conditions and scaffolds were placed
in 96 well plates for further incubation. Following 24, 48 and 72 h of
incubation with increased concentrations of PRPr (5, 10, 15 and
20%), cell viability was measured by MTT assay. The highest cell
viability was observed when the cells were seeded in PCLT-CA
scaffolds loaded with 10% of PRPr cells. The data were collected
from three independent experiments. The statistical analysis (t-test)
showed significant differences in cell viability between 10% PRPr and
5% PRPr (p <0.05) and between 10% PRPr and 20% PRPr
(p < 0.01), while the difference between 10% PRPr and 15% PRPr
was insignificant (p > 0.05)

used in all other experiments that revealed more detailed
information about cartilaginous ECM formation within the
scaffold porous network.

3.2 Time dependent effects on total collagen
and glycosaminoglycan (GAG) content

Human chondrocytes were cultured in PCLT-CA/PRPr
scaffold in order to determine the effect of PRPr on carti-
lage ECM formation, including total collagen and GAGs
production. All the results obtained for PCLT-CA/PRPr
scaffolds were compared to two controls: 1) cell monolayer
on polystyrene plate; and 2) FBS conditioned PCLT-CA
scaffold without PRPr cells. Cell seeding into PCLT-CA/
PRPr scaffold resulted in increased total collagen and
GAGs production significantly (p < 0.01) with increasing
incubation time from 10 days to 20 days (Fig. 3A and B).
The production levels of total collagen increased 1.7-fold
and 1.6-fold due to the presence of PRPr compared to FBS
treated scaffolds after 10 and 20 h incubation respectively.
In addition, the production levels of total collagen were
higher 2.4-fold and 3-fold in PCLT-CA/PRPr scaffold
after 10 and 20 h incubation respectively, when compared
to chondrocyte monolayer (Fig. 3). Furthermore, seeded
chondrocytes produced high levels of GAGs (1.9-fold and
2.2-fold) after 10 and 20 h incubation respectively
(Fig. 3B). To characterise the expression level of collagen
type II (the abundant collagen type in cartilage ECM), the
cells were trypsinised from scaffolds and reseeded on cover
slip. The expression levels of collagen II were detected by
antibody specific to collagen II that was visualised by
secondary antibody conjugated with HRP (Fig. 4). The
results showed higher expression levels of intracellular
collagen II in chondrocytes seeded into PCLT-CA/PRPr
scaffold compared with pure PCLT-CA scaffold condi-
tioned with 10% FBS prior to chondrocyte seeding.
Obviously, growth factor molecules released from PRPr
cells had an impact on collagen II extraction from prolif-
erated chrondocytes after prolonged period of time
(10 days).

3.3 Gene expression analysis

Gene expression of chondrogenic markers were normalized
to the GAPDH expression level and was used to determine
the maintenance of chondrocyte phenotype and expression
of ECM genes in both cultural environments: PCLT-CA/
PRPr scaffolds and controls (Fig. 5). The gene markers are
characterized into transcription factor SOX9, Cartilage
Oligomeric Matrix Protein (COMP), collagen network
(collagen types I, II and III) and receptor and its ligand
(integrin B1 and the fibronectin and laminin). In PCLT/
PRPr scaffolds the expression level of COMP, SOX9,
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Fig. 3 Total collagen A and GAGs B produced by human chondro-
cytes seeded on PRPr loaded PCLT-CA porous scaffolds in
comparison to controls (chondrocyte monolayer and scaffold treated
with 10% FBS). Human chondrocytes were seeded into T25 flask
(5 x 10° cells/ flask, n = 6) or into scaffolds (5 x 10° cells/scaffold,
n = 6) and grown in DMEM medium supplemented with 10% FBS as
controls or scaffold enriched with 10% PRPr for 10 and 20 days. The

collagen type II, fibronectin and integrin B1 increased
significantly when compared to controls. COMP, SOX9
and collagen type II showed considerable upregulation,
while, the differences in the expression levels of collagen
types I, III and lamanin were insignificant (p > 0.05;
Fig. 5). Collagen type II gene expression level approxi-
mately increased 2-fold compared with collagen type I and
III. The upregulation in the gene expression of fibronectin
and integrin B1 were obviously significant (p < 0.05) in the
presence of PRPr within the scaffold structure (compared
with controls). Overall, PRPr cells loading had proven to
be an effective method for cartilage ECM formation by
seeded chondrocytes in vitro.

4 Discussion

As previously mentioned in introduction, elastomeric
scaffolds are expected to provide optimal microenviron-
ment for chondrocyte cell growth. PCLT-CA (when reac-
ted in PCLT:CA = 1:1 molar ratio) have shown a
hydrophilic surface (water-in-air contact angle of ~ 60°)
and Young’s modulus of ~0.3 MPa with recovery rate of
~70% after tensile strain [13]; these values are very close
to ones published previously for CA-based elastomeric
scaffolds that had shown excellent performance with
chondrocytes in comparison to most common materials for
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production levels of total collagen increased 1.7-fold and 1.6-fold due
to the presence of PRPr compared to FBS treated scaffolds after 10
and 20 h incubation respectively. Seeded chondrocytes produced high
levels of GAGs (1.9-fold and 2.2-fold) due to the presence of PRPr
compared to FBS treated scaffolds after 10 and 20 h incubation
respectively. The data were collected from three independent
experiments.**t-test p < 0.01

cartilage tissue engineering (alginate, agarose and PLGA)
[4].

Previous studies indicated that chondrocytes expansion
in flasks tend to form fibroblastic-like morphology due to
dedifferentiation phenomenon [15-17]. Furthermore, the
2D culture environment leads to a considerable reduction
in ECM formation, upregulation of collagen type I gene
expression and down regulation of collagen type II gene
expression as well as a changed in chondrocyte cell surface
antigen [3, 15-17]. Our results showed significant increase
in total collagen and GAGs production in PCLT-CA
scaffold, most likely as a result of 3D environment and the
presence of PRPr cells, which in turn deliver necessary
growth factors for tissue formation. The high production of
total collagen and GAGs showed that PRPr further
enhanced the chondrogenic environment imposed by the
scaffold 3D porous network. In addition, the results of
immunostaining and gene expression showed a prominent
upregulation in collagen type II production, suggesting that
chondrocytes in the new environment retained their chon-
drogenic properties and did not undergo dedifferentiation.

The maintenance of the rounded chondrocyte phenotype
depicted in 3D culture is in agreement with the results of
several studies which had proved that the 3D environment
favours the maintenance of chondrocyte phenotype
[18-20]. Furthermore, the expression level of chondrogenic
markers (COPM and SOX9) was enhanced, which is an
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Fig. 4 Indirect immunostaining of collagen II of human chondro-
cytes after 10 day period within PCLT-CA scaffolds. The cells that
were seeded at density of 5 x 10° cells/scaffold into PCLT-CA
scaffolds enriched with 10% PRPr or 10% FBS as control. After
10 days, the cells were trypsinised and reseeded on cover slides.
Collagen II was detected using mouse antibody specific to collage 11
followed by anti-mouse IgG conjugated with horse radish peroxidase.
The expression level of collagen II was higher due to the treatment
with PRPr A compared with FBS-treated cells B

encouraging result for in vitro cartilage ECM formation. It
should be noted that COMP plays its structural role in
assembly and stabilization of ECM by interacting with
collagen fibrils and matrix components such as fibronectin
via carboxyterminal globular domain [21]. SOX9 is an
early marker which mediates the activation of COMP by
binding itself to the positive regulatory regions with the
association of transcription factor Sox5 and Sox6. In this
study, the considerable upregulation of SOX9 was noted,
which in turn may lead to increase the expression levels of
COMP. This expectation is supported by the finding that
explains how chondrogenic medium (COMP gene expres-
sion) increased gradually with SOX9 within the first week
of incubation [22]. It has been known that fibronectin
promotes cell-cell interaction thereby defines the devel-
opment of a chondrogenic differentiation mediated by cell

Gene expression
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Fig. 5 The expression levels of chondrogenic and extracellular gene
markers. Equal number of human chondrocytes were seeded in
scaffold in presence of PRPr or FBS and monolayer seeded- cells
were used as control. Cells were harvested after 72 hours and total
RNA was extracted using Trizol method and the amount of 1 pg of
pure RNA was used for gene expression analysis. Reverse-transcrip-
tion was performed using cDNA synthesis kit to prepare first strand
cDNA. Real time PCR was performed using SYBR Green PCR Kkit.
scaffolds the expression level of COMP, Sox9, collagen type II,
fibronectin and integrin B1 increased significantly when compared to
controls. While, the differences in the expression levels of collagen
types I, IIT and laminin were insignificant. The data were collected
from three independent experiments. t-test * p < 0.05, ** p < 0.01

microenvironment [23]. The expression pattern of integrin
subunits varies during chondrogenesis where the expres-
sion of integrin B1 is substantial in mature chondrocytes
[24]. Integrin B1, the heterodimeric transmembrane gly-
coprotein, modulates the interactions between ECM pro-
teins and chondrocytes thus regulating the cell-matrix
adhesion and inter cellular interaction [25]. Our study
showed that the expression levels of integrin 1, an
essential protein for chondrocytes adherence to ECM, were
upregulated in the chondrocytes proliferated within PCLT-
CA scaffold enriched with PRPr (Fig. 5).

In our previous work we have demonstrated that the
PCLT-CA scaffolds (loaded with PRPr cells) support and
enhance proliferation of skin fibroblasts [14]. Unlike skin
or all other vascular tissues, cartilage tissue engineering
requires different approach where the formed ECM by
seeded cells does not generate vascular network. For that
reason, chondrocyte cells are quite unique and each pro-
posed strategy for cartilage repair should be thoroughly
tested with tissue-specific cells. Cartilage tissue is highly
hydrated where the water in ECM can reach up to 80%
[26]. On the other hand, the material should be able to
support initial cell attachment and provide appropriate
micro-mechanical environment. If the scaffold-cell com-
posite is used for in vivo engineering after implantation, the
implanted tissue constructs are a subject to repetitive shear
forces induced by joint movements and compression under
the body weight. Since these forces are vital for chondro-
cyte cells and maintenance of healthy cartilage
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metabolism, the mechanical integrity of the scaffolding
material should be conducive to physical strain in multiple
directions. In particular, CA-based elastomers have
demonstrated flexibility, hydrophilic surface and substan-
tial swelling in water, with mechanical properties that are
proven to be beneficial to chondrocyte cells [4].

Apart from their elastic mechanical properties for
engineering of soft tissues, CA-based polyester materials
could be formed into hard composites for orthopedic
implants [27]. The solid material phase can be introduced
in various filler forms such as “bioglasses” or nanoparti-
cles [28, 29]. This opportunity was explored previously for
production of multi-functional scaffolds that promote
chondrocyte proliferation while at the same time deplete
the bacteria in their environment by controlled release of
zinc oxide (ZnO) nanoparticles from biodegradable poly-
mer matrix [28]. The problem of bacterial biofilm forma-
tion upon surgical intervention must be considered when
designing a potential material for scaffold fabrication.
Currently we are exploring the possibility of PRPr cells
loading into PCLT-CA/ZnO nanocomposite scaffolds that
would combine both antibacterial effect of ZnO nanopar-
ticles release and generation of growth factors for prolif-
eration of chondrocytes within the scaffold volume. PCLT-
CA material offers many other possibilities as the material
itself is produced from non-toxic components with high
degree of control over physico-chemical properties. The
strategy described in this paper provide a fundamental
aspect that could be explored further for development of
tissue engineering devices used in clinical practice.

In conclusion, platelet rich plasma cells were loaded into
elastomeric porous scaffolds in order to achieve the natural
growth factor delivery for chondrocyte cells. The prolif-
eration rate and extracellular matrix formation was sig-
nificantly enhanced by this approach in comparison to
controls. Scaffolds were originally produced in polyester-
ification reaction between polycaprolactone triol and citric
acid which are both considered to be nontoxic and bio-
compatible. These highly elastic and hydrophilic polyester
scaffolds provide biomimetic microenvironment for
human-derived tissue-specific chondrocyte cells. In addi-
tion, growth factor release from plasma cells, loaded prior
to chrondocyte cell seeding into the scaffolds, showed a
universal strategy to produce multifunctional tissue engi-
neering scaffolds that would provide both optimal physical
support for cells and enhancement of cellular proliferation.
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