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1. Introduction
Osteoarthritis (OA) is one of the most prevalent 
musculoskeletal disorders, generally characterized 
by a catabolic and inflammatory joint environment. 
OA is associated with the loss of articular cartilage, 
intra-articular bone hypertrophy and many different 
immunological and morphological effects. Cartilage 
tissue is composed of chondrocytes and is embedded 
in the dense extracellular matrix (ECM). It has poor 
autonomous regeneration capacity, mainly due to 
its avascular nature. Another factor contributing to 
poor regenerative capacity of articular cartilage is 
the restricted number of ECM producing cells. The 

percentage of highly specialized chondrocytes (CCs) in 
cartilage tissue is only 1–3% [1]. CCs are embedded in 
extracellular matrix, rendering them unable to migrate 
to a site of injury; they are able to synthesize fibrous 
repair tissue, but not sufficiently to fill even small 
defects (<3 mm in diameter) with a cartilage-like matrix 
[2]. Cartilage defects in OA are associated with major 
loss of performance. Various treatments, including cell 
therapy, nonsteroidal anti-inflammatory medications, 
corticosteroid injections, glucosamine and chondroitin 
supplements, as well as topical analgesics are used 
to treat inflammation and cartilage degeneration 
[3,4]. Intra-articular injection of HA is widely used as 
a safe and effective therapy for knee OA treatment, 
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Abstract:  Cartilage tissue engineering can provide substantial relief to people suffering from degenerative cartilage disease, such as 
osteoarthritis. The autologous platelet-rich plasma (PRP) application appears to improve cartilage healing due to its ability to 
positively influence cellular mechanisms, mainly in cells from synovium and cartilage. Primary cultures of human synovial fluid 
stem cells (synoviocytes, SCs) and chondrocytes (CCs) were exposed to various concentrations of non-activated PRP and platelet-
poor plasma (PPP) prepared by apheresis. Cell proliferation and migration were evaluated in real-time with the non-invasive 
xCELLigence System. It was found that PRP had a similar effect on the growth of cells as fetal bovine serum (FBS). Surprisingly, 
our proliferation assay results indicated that 50% PPP had the largest effect on both cell types, with a statistically significant increase 
in cell number (P<0.001) compared to the (0% FBS) in vitro control. The migratory ability of SCs was significantly enhanced 
with 10% PRP and 0.8% hyaluronic acid (HA). HA also augmented migration of CCs. In summary, these results demonstrate that 
directed cell proliferation and migration are inducible in human articular CCs and SCs, and that both platelet-derived fractions may 
exert a positive effect and modulate several cell responses that are potentially involved in tissue integration during cartilage repair. 
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but it is considered only as an alternative therapy 
to corticosteroid injections with disease-modifying 
attributes [5]. Unfortunately, effective approaches for 
cartilage repair, especially in a strong inflammatory 
micro-milieu, are still limited.

The use of platelet-rich plasma (PRP) can augment 
the healing process, primarily in avascular tissues, and 
thus can be particularly effective in treating OA [6]. 
PRP is a relatively inexpensive, simple, and minimally 
invasive method of obtaining a natural concentration 
of autologous beneficial growth factors and other 
bioactive molecules. Components of PRP have an 
anabolic effect on different cell types, like chondrocytes, 
synoviocytes, and local stem cells with positive affect 
on cell proliferation, matrix production, mitogenic action 
and chemotaxis. Moreover, anti-inflammatory and 
antinociceptive effects via downregulation of known 
catabolic signaling pathways have been observed 
[7,8]. In OA synoviocytes, PRP results in an increased 
synthesis of hyaluronan, which then leads to both 
decreased inflammation and increased anabolic activities 
in neighboring chondrocytes [9]. The most prominent 
growth factors in PRP are platelet-derived growth factor 
(PDGF), transforming growth factor (TGF-ß1 and TGF-ß 
2), epidermal growth factor (EGF), insulin-like growth 
factor (IGF), basic fibroblast growth factor (bFGF) and 
vascular endothelial growth factor (VEGF), all of which 
positively influence cell proliferation and differentiation 
[10]. Platelets also contain adenosine diphosphate, 
thromboxane A2, and thrombin, which lead to further 
platelet activation, increased platelet aggregation, and 
ultimately hemostasis. However, PRP preparations 
contain a mixture of anabolic and catabolic mediators 
[11]. Cytokines and matrix metalloproteinases (MMPs) 
obtained in PRP can harm articular cartilage. PRP 
was shown to contain a significantly higher number of 
anabolic and catabolic cytokines relative to platelet-poor 
plasma (PPP) [12]. Browning et al. [12] demonstrated 
that fibroblast-like synoviocytes treated with PRP 
produced an increase in matrix metalloproteinases 
(MMPs) secretion, which may accelerate cartilage 
catabolism. It was concluded from this study that PPP 
did not cause similar responses, and that synoviocytes 
produced lower concentrations of the above mentioned 
mediators. Currently, only a few studies have attempted 
to evaluate the effect of PPP, which is a by- product of 
the platelet-rich plasma preparation process [12,13]. 
Because PPP is rich in plasma proteins and contains 
native levels of fibrinogen, it can be utilized as a sealant, 
with adhesive and hemostatic powers. In addition, like 
PRP, PPP is an autologous product that is relatively 
inexpensive, readily available, and simple to prepare. 
Donor variability, different preparation methods for the 

cells and PRP as well as culture conditions have been 
shown to affect the levels of growth factor release, or 
adequate cell response. Consequently, the platelet 
concentration is critical, and therefore concentrations 
that are too low or too high are not beneficial [14,15], 
and can even be disadvantageous [16].

In the current study, we have set up in vitro assays for 
exploring the activity of synoviocytes and chondrocytes 
treated with different concentrations of PRP in order to 
study its effect on cellular events relevant in arthritis, 
such as cell proliferation and migration ability. These 
experiments were repeated with PPP to assess the 
effect on cells in relation to PRP in the same model. We 
have conducted experiments with the new xCELLigence 
system, which offers dynamic live cell monitoring and 
high data acquisition rates.

2. Experimental Procedures
2.1 Isolation and cultivation of cells
Synovial stem cells (synoviocytes, SCs) were isolated 
by centrifugation at 150 x g for 7 minutes at 4°C from 
synovial fluid (SF). SF was obtained aseptically by 
syringe aspiration from patients in the initial stages 
of osteoarthritis (with informed consent) before the 
intra-articular drug application. Human SCs derived 
from synovial fluid were cultured for maintenance in 
cell culture medium based on MEM Alpha Medium 
(Invitrogen, GIBCO®, USA), 10% fetal bovine serum 
(FBS, Invitrogen, GIBCO®, USA) and 1% antibiotic/
antimycotic solution (10,000 units mL-1 penicillin, 
10,000 µg mL-1 streptomycin, and 25 µg mL-1 
amphotericin B, Invitrogen, GIBCO®, USA). To obtain a 
homogenous population of SCs [17], the subpopulation 
of CD105+ cells was separated by magnetic separation 
(Miltenyi Biotec, Bergisch Gladbach, Germany) using 
an anti human-CD105 antibody (Miltenyi Biotec) after 
two passages. SCs were incubated with colloidal 
MicroBeads, (Miltenyi Biotec, Germany) coated with 
CD105 monoclonal antibodies for 15 min at 10°C. 
CD105+ cells were then enriched using the MINI 
MACS System (Miltenyi Biotec), according to the 
manufacturer’s specifications. Primary chondrocytes 
(CCs) were isolated from human articular cartilage 
specimens obtained from total knee replacements. 
Cartilage tissue was placed into the transport medium 
containing sterile Dulbecco’s modified Eagle’s medium 
(DMEM; Invitrogen, GIBCO®, USA) supplemented with 
1% antibiotic/antimycotic solution (10,000 units mL-1 
penicillin, 10,000 µg mL-1 streptomycin, and 25 µg mL-1

amphotericin B; GIBCO BRL). Cartilage pieces  
(1x1x1 mm) were digested with 0.1% collagenase type 
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II (Invitrogen, GIBCO®, USA) in Ham’s F-12 (Biochrom 
AG) for 16–20 h at 37°C. The obtained cell suspension 
was passed through a 40 µm nylon cell strainer (BD 
Falcon, Biosciences, Bedford, MA) and centrifuged at 
150 x g for 7 min. Cells were resuspended in cell culture 
medium containing Ham's F-12 (Biochrom AG), 10% 
fetal bovine serum (FBS, Invitrogen, GIBCO®, USA), 
1% antibiotic/antimycotic solution (10,000 units mL-1, 
10,000 µg mL-1 streptomycin, 25 µg mL-1 amphotericin B, 
Invitrogen, GIBCO®, USA) and 1% Insulin-Transferrin-
Selenium-A supplement (Invitrogen, GIBCO®, USA). All 
cells were cultured as a monolayer for expansion in a 
37°C humidified incubator with an atmosphere of 95% 
air and 5% CO2. The medium was changed 2 times 
weekly. Confluent cultures were dissociated with trypsin-
EDTA (Invitrogen, GIBCO®, USA). All experiments with 
CCs were performed with cells from the first or second 
passage, and the subpopulation of CD105+ SCs after 
the second passage were used for further analysis. All 
procedures in this study were in accordance with the 
ethical standards of our hospital’s (L. Pasteur University 
Hospital, Košice, Slovakia) committee on human 
experimentation. 

2.2 Cell characterization
To evaluate multilineage differentiation of human 
synoviocytes in vitro, a differentiation kit (Human 
mesenchymal stem cell functional identification kit, 
R&D Systems, Inc.) was used. Cells cultured in 
complete culture medium were used as a negative 
control, which included a subpopulation of CD105+ 
cells after 2 passages that were seeded at a density of  
2.0 x 104 cells/cm2 for differentiation in glass chamber 
slides (Lab-Tec®, Nalgene Nunc International, Naperville, 
IL). To evaluate multilineage differentiation, cells were 
allowed to become near-confluent and then cultured 
for 2 to 3 weeks in an appropriate induction medium. 
Expression of adipogenic, chondrogenic and osteogenic 
differentiation was determined using standard techniques 
recommended by the manufacturer (data not shown). 
Differentiation into osteoblasts was visualized by von 
Kossa staining. Alcian blue staining was used to assess 
chondrogenic differentiation. Adipocytes after adipogenic 
differentiation were stained with Oil Red O.

To analyze cell-surface expression of typical markers, 
cultured cells were labeled with monoclonal antibodies 
targeting human antigens. After detaching cells from the 
flasks, 100,000 cells were incubated with mouse anti-
human CD90-PE (Miltenyi Biotec Inc., USA), mouse 
anti-human CD44-PE (Miltenyi Biotec Inc., USA), mouse 
anti-human CD105-PE (DakoCytomation, Inc., USA) 
and mouse anti-human CD45-FITC (Miltenyi Biotec Inc., 
USA) for 30 min in the dark. Fluorescein isothiocyanate 

(FITC) and phycoerythrin (PE)-conjugated mouse IgG 
antibodies were used as isotype-matched controls. Flow 
cytometric analysis was performed with a FACSCalibur 
flow cytometer (Becton Dickinson) and CellQuest 
(Becton Dickinson) software.

2.3 Preparation of PRP
PRP was obtained from the venous blood of a 40-year-
old healthy male volunteer from the National Blood 
Center, Košice, Slovakia. The blood collection was 
approved by the Ethic Committee and the volunteer 
signed the written contents. At the Blood Center, PRP 
was collected by plateletpheresis with automated 
instruments (SYSMEX KX21N). Leukodeplated plasma 
was used in the experiment as platelet-poor plasma. 
The platelets present in PRP were counted by an 
automated hematology analyzer (Sysmex). The platelet 
concentration in the PRP was 969 x 109 platelets L-1. 
Products from whole blood were used immediately for 
the proliferation and migration assay.

2.4  Real-time cell proliferation and migration 
assay

To continuously monitor the effect of whole blood products 
on cell proliferation and migratory behavior, we used the 
xCELLigence System (according to supplier instructions 
(Roche Applied Science) [18]), a novel real-time cell 
monitoring system that measures electrical impedance 
and displays the results as cell index (CI) values. 
xCELLigence technology measures impedance changes 
in a meshwork of interdigitated gold microelectrodes 
located at the well bottom (E-plate), or at the bottom side 
of a microporous membrane (CIM-plate 16). 

After reaching 80% confluence, human chondrocytes 
and synoviocytes were detached from the tissue-
culture flasks by a brief treatment with trypsin/EDTA 
and then used for further analysis. Subsequently, 
cells were seeded at five different densities: 20,000; 
15,000; 10,000; 8,000 and 5,000 cells⁄well in E-Plate 
16 microtitre plate devices (E-Plate™, as suggested by 
supplier’s manual) in order to determine the optimum 
cell concentration for the proliferation assay. Initially, 
100 μL of cell free culture medium (with 10% FBS) 
was added into each well at room temperature and the 
background impedance was measured. 100 μL of each 
cell suspension was then added to the 100 μL medium 
wells on E-plate 16. After leaving the plates at room 
temperature for 30 minutes to allow cell attachment, they 
were transferred to the RTCA DP device in the incubator 
and the impedance value of each well was automatically 
monitored by the xCELLigence system and expressed 
as cell index (CI). Cell attachment and proliferation were 
continuously monitored every 15 min for a period of up 
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to 48 h. It was demonstrated that optimal density of cells 
for proliferation study was 10,000 cells/well in the case 
of SCs, and 15,000 cells/well in the case of CCs (data 
not shown).

Detection of proliferation kinetics of human SCs and 
CCs in the presence of different concentration of PRP 
(50% and 10%) and PPP (50% and 10%) was performed 
by the xCELLigence system. The optimal number of 
cells/well in 100 μL of culture medium (with 0.1% FBS) in 
E-Plate 16 was exposed to 100 μL of medium containing 
the indicated concentrations of PRP and PPP. Controls 
received either medium only (containing 0% FBS), or 
medium with 10% FBS. CI was monitored every 15 min 
during the first hour and every hour for the rest of the 
period. All experiments were run for 48 h. 

Cell migration experiments were performed using 
modified 16-well plates (CIM-plate16). An upper and 
a lower chamber of the CIM-Plate 16 is separated 
by a microporous membrane containing randomly 
distributed 8 mm-pores. This protocol is optimized for 
human SCs (30,000 cells/well) and CCs (20,000 cells/
well) to assess chemotactic migration of these cells 
to medium containing PRP (50%, 10%), PPP (50%, 
10%), and 0.8% hyaluronic acid (Sinovial®, Laboratoires 
Genévrier, S.A.). Lower chambers containing medium 
with 10% FBS and 0% FBS served as positive and 
negative control, respectively. Initially, 160 μL of serum-
free medium (0% FBS) with chemoattractant was 
added to the lower chambers and the CIM-Plate 16 was 
assembled by placing the top chamber onto the bottom 
chamber and snapping the two together. Then, 30 μL of 
culture medium (with 0.1% FBS) was placed in the top 
chamber to hydrate and pre-incubate the membrane for 
one hour in the CO2 incubator at 37°C before obtaining a 
background measurement. Once the CIM-Plate 16 was 

equilibrated, it was placed in the RTCA DP station and 
the background CI values were measured. To initiate 
an experiment, cells were detached using trypsin/
EDTA, resuspended at the indicated cell densities in 
culture medium (with 0.1% FBS) and seeded in the 
upper chamber by applying the desired cell number in 
120 μL of medium. CIM-Plates 16 were incubated for 
30 min at room temperature in the laminar flow hood to 
allow the cells to settle onto the membrane according 
to the manufacturer’s guidelines. The CIM-Plate 16 
was placed in the RTCA DP station and migration was 
monitored every 15 min for up to 21 hours. All data have 
been recorded by the supplied RTCA software.

2.5 Statistical data evaluation 
All calculations were obtained using the RTCA-
integrated software of the xCELLigence system. The cell 
index was calculated from one experiment, performed 
seven times for all time points. Statistical analysis was 
performed with Wilcoxon-rank sum test and differences 
with P<0.05 were considered significant. 

3. Results
3.1 Phenotype characterization of cells
Human synoviocytes isolated from synovial fluid 
were cultured for one to two passages and grown 
to confluence, at which point they appeared to be 
exclusively fibroblast-like based on their morphology 
(Figure 1A). Freshly isolated human chondrocytes were 
seeded as a suspension and grown in basic culture 
medium supplemented with 10% FBS. Chondrocytes at 
passage P0 reached confluence within 2 to 3 weeks and 
appeared polygonal. (Figure 1B).

Figure 1.  Representative phase-contrast photomicrographs (magnification: x100) of cultured human A) SCs, 20 days of cultivation at P0; the 
morphology of cultured synovial fluid cells (synoviocytes) was adherent fibroblast-like cells and B) CCs, 10 days of cultivation at P0; 
chondrocytes were polygonal. 
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In vitro differentiation studies were performed 
to verify the ability of SCs to differentiate into 
additional mesodermal specific cell lines (osteoblasts, 
chondrocytes, and adipocytes). Our data demonstrated 
that these cells are pluripotent for mesoderm cell types 
and displayed typical characteristics of MSCs (data not 
shown). Figure 2 indicates the data representative of 
immunophenotype in SCs and CCs. Flow cytometric 
analysis showed that phenotype of culture-expanded 
SCs and CCs after passage P1 was positive for CD44, 
CD90 and CD105 antigens. The cells did not express 
haematopoietic marker CD45. The expression profile of 
these two cell types was similar.

3.2  Effect of PRP and PPP on cell proliferation 
and migration in real-time

This study investigated the proliferation and migration 
ability of human chondrocytes and synoviocytes in the 
presence of different concentrations of PRP and PPP. 
The effects of products from whole blood on cell function 
were evaluated with the xCELLigence System. 

First, we determined the optimal concentrations 
for cell proliferation and viability measurements. 
Different cell numbers (20,000; 15,000; 10,000; 8,000 
and 5,000 cells⁄well) were seeded in the E-plate 16, 
and the impedance was determined (data not shown). 
The starting cell concentration of 10,000 cells/well for 
SCs and 15,000 cells/well for CCs was defined as the 
optimum concentration for the proliferation experiment. 
The optimal cell concentrations for the migration assay 
measured in CIM-plate16 were 30,000 SCs cells/well 
and 20,000 CCs cells/well. 

The ability of cells to proliferate was stimulated with 
two different concentrations of PRP and PPP (10% and 
50%) or with 10% FBS (positive control). The effects of 
PRP and PPP concentrations on SCs and CCs during 
48 h are shown in Figure 3A and 3B, respectively. 

Both, SCs and CCs displayed rapid attachment 
over the first 2 h followed by a relatively short lag 
phase, and finally entered an exponential growth 
phase. Cell proliferation was stimulated with the highest 
concentrations of PRP and PPP. 

In the case of SCs, at the lower percentage PPP 
and PRP concentrations, there were insufficient 
nutrients to support adequate cell adhesion and 
growth (as demonstrated by much lower cell index 
plots) (Figure 3A). Consistently, 10% PRP and 
10% PPP had rarely no additional effects on SCs 
proliferation compared with 0% FBS (as control). 
Here we found that 50% PRP and 10% FBS (as 
control) had nearly the same effect on the growth 
of SCs with statistically significant increase in cell 
index compared to 0% FBS (P<0.001). Interestingly, 

the 50% PPP concentration had the largest effect 
on SCs proliferation during 48 h with statistically 
significant increase in cell number compared to 
control (0% FBS) cells (P<0.001).

As shown in Figure 3B, all concentrations of PPP 
and PRP had a stimulatory effect on proliferation of CCs. 
Concentrations of 50% (P<0.001) and 10% (P<0.001) 

Figure 2.  Flow cytometric analysis for expanded cells A) SCs and 
B) CCs. Cells were labeled with specific monoclonal 
antibodies for indicated molecules (positive for 
CD44, CD90, CD 105 and negative for CD 45). These 
experiments were repeated at least three times, and 
similar results were observed.
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PPP and PRP, respectively significantly enhanced 
proliferation of CCs compared to control (0% FCS) at 
48 h. The highest values of cell index were observed 
at 50% PPP concentration. Our results of proliferation 
assay indicated that 50% PPP positively affect the 
proliferation of both cell types used in this study. 

To analyze whether PRP also constitutes a 
chemotactic stimulus of GFs, we evaluated the ability of 
CCs and SCs to migrate toward a PRP and PPP gradient 
compared with hyaluronic acid by a cell migration assay 
using the CIM-Plate 16. CCs at densities of 20,000 
and SCs at densities of 30,000 cells⁄well in CIM-Plates 
16 were seeded and observed for a period of 21 h. 
Growth curves obtained by repeated xCELLigence 
measurements (four times for each concentration of 
additives) are shown in Figure 4.

As shown in Figure 4A, 10% PRP had a significantly 
higher stimulation on the migratory capacity of SCs 
as 0% FBS (P<0.05). A comparable stimulation 
was achieved by addition of 10% FBS (P<0.05). 
Furthermore, we found that 0.8% hyaluronic acid also 
significantly enhanced cell migration compared to 
the negative control (P<0.05). No stimulation of SCs 
migration was observed by addition of 10% and 50% 
PPP and 50% PRP, respectively. Decrease in the cell 
index was statistically significant in comparison to the 
negative control with 0% FBS.

Results of the migration assay of CCs showed that 
0.8% hyaluronic acid significantly augmented (P<0.05) 
cell migration, whereas different concentrations of PPP 
and PRP reduced cell migration in comparison to basal 
medium without FBS after 21 h (Figure 4B).

Figure 4.  Real-time dynamic monitoring of cell migration using impedance technology. Human A) SCs and B) CCs were seeded in CIM-Plates 16 
at a density of 30,000 cells/well and 20, 000 cells/well, respectively. Migratory capacity of cells in response to different concentrations 
of PRP (50%, 10%), PPP (50%, 10%) and 0.8% hyaluronic acid were monitored and CI values were measured over 21 hours using the 
RTCA® system.

Figure 3.  Real-time dynamic monitoring of cell proliferation using impedance technology. Human A) SCs and B) CCs were seeded in E-Plates 
16 at a density of 15,000 cells/well and 10, 000 cells/well, respectively. The adhesion, spreading and proliferation of the cells in  culture 
medium supplemented with PRP (50%, 10%), PPP (50%, 10%), 10% FBS and without FBS were dynamically monitored every 30 
minutes using the RTCA® system.) 
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4. Discussion
In recent years, the use of PRP has gained considerable 
popularity for the purpose of delivering growth factors to 
the tissue healing site in order to promote regeneration 
in a variety of applications. The application of PRP for 
cartilage repair or intra-articular therapy is relatively 
new, so reliable clinical evidences are still missing, and 
only few papers are dealing with succesfull treatment 
applications in the orthopedic field [19-21]. 

We hypothesized that the delivery of a natural 
mixture of biologically active molecules incorporated in 
PRP within the joint compartment may target synovial 
cells as well as chondrocytes, inducing positive changes 
in the whole joint micro-environment. In this study, we 
investigated the effects of platelet-rich and platelet-poor 
plasma on proliferation and migration of human SCs and 
CCs, the two cell types critical for cartilage regeneration. 

Platelet-derived fractions such as PRP and PPP are 
used as autologous preparations to initiate, enhance, or 
accelerate tissue regeneration. To compare in vivo and 
in vitro effects of two inexactly defined preparations is 
almost impossible. PRP is a source of different factors 
supporting activity of cells of mesenchymal origin. The 
whole blood from subchondral bone is widely used in 
orthopaedic surgery to support cartilage healing [22]. 
PRP is a step forward in standardization of non drug 
based cartilage regeneration. However long-term 
controlled studies are needed to confirm the reliability 
of PRP therapy for human immunodeficiency virus 
(HIV), hepatitis B virus (HBV), and hepatitis C virus 
(HCV) and other blood infections prior to wide-use 
clinical application. We recently used PRP as a safe 
and effective biological approach in the early phases of 
cartilage degeneration, without side effects [22]. Long-
term anti-inflammatory and antinociceptive treatment 
of joint inflammation caused by cartilage degeneration 
can also cause inhibition of function of mesenchymal 
stem cells, which represent an important cell population 
of synovium and are able to enhance cartilage 
regeneration. The autologous regeneration approach 
should be superior to the systemic or intra-articular 
use of synthetic drugs, and therefore preferentially 
considered.

Platelet-rich preparations are easily obtained from 
patient’s blood after a  centrifugation process. However, 
it is therefore critical to recognize that platelet-rich 
plasma prepared with different methods could have 
differences in platelet number, platelet activation, 
and growth factor profiles. The lack of suitable 
standardization protocol has caused the appearance of 
many different platelet-rich products with controversial 
therapeutic effects. Products of whole blood used in this 

study were prepared by an automated cell separator, 
and non-activated PRP was used for analysis. It is well 
documented, that platelets release their growth factors 
almost immediately after activation. Approximately 
70% of growth factors are released in the first ten 
minutes and almost 100% within the first hour [23]. 
The platelet counts in the whole blood and PRP was  
250 x 109 L-1, and 969 x 109 L-1 respectively. The platelet 
concentration (enrichment of 3.80 x) used in our study 
was similar to that of other protocols and consistent 
with those reported in the literature [24]. PRP and PPP 
preparations were directly applied to the cells to mimic 
the clinical scenario. A number of studies have addressed 
the effect of PRP concentration on the proliferation of 
osteoblasts, periodontal cells, or mesenchymal stem 
cells [25-29]. Some authors have reported that PRP at 
higher concentrations failed to promote proliferation, 
and in some cases even suppressed it [14,30]. On the 
other hand, there are only a few studies on the effect 
of different concentrations of PRP on the proliferation 
of human chondrocytes [9,31,32] and synoviocytes 
[33]. The results of our proliferation assay indicated 
that PRP is capable of inducing proliferation of both 
cell types. The proliferation assay showed that PRP 
enhanced cell proliferation, in keeping with other 
reports [14,34,35], with a concentration of 50% being 
the most effective. We demonstrated that treatment 
with 50% PRP can induce the rate of proliferation of 
SCs and CCs in vitro to a level which is comparable 
to that observed with the conventional 10% FBS. 
Unexpectedly good results in the proliferation assay, 
however, were also obtained for both cell types treated 
with PPP. Our results showed that PPP significantly 
enhanced proliferation, with the formulation of 50% 
PPP being equally effective as the most effective PRP 
concentration of 50%. We suggest that this could be 
explained by the fact that PPP preparations contain 
significant amounts of certain growth factors at levels 
comparable to those found in PRP, namely IGF-1 
and BMP-2 [36]. This finding was consistent with a 
previous report describing PPP promoting proliferation. 
[13]. Creeper et al. [13] demonstrated a positive effect 
of PRP on osteoblast and periodontal ligament cell 
function. Furthermore, PPP appears to also have 
the ability to significantly promote wound healing 
associated cell function. The clinical benefits of PPP 
in wound healing have been previously reported by 
Withman et al. [37]. Browning et al. [12] have shown 
that in contrast with PPP, PRP can accelerate catabolic 
process in joint-microenvironments due to the presence 
of catabolic cytokines in PRP and the upregulation of 
MMPs in fibroblast-like synoviocytes exposed to PRP. 
In our study there was no characterization of PPP to 
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identify which factor or factors are responsible for PPP-
induced cell proliferation, and only one donor was used 
to generate the blood products for this study. Further 
in vitro experiments are necessary to confirm the 
beneficial effect of PPP on human SCs and CCs. 

Another focus of interest in this study was to 
examine the potential influence of PRP, PPP and HA 
on the migratory capacity of SCs and CCs. Numerous 
in vitro studies have demonstrated a mitogenic effect of 
PRP on various cell types, such as human trabecular-
bone-derived cells [38], human osteoblasts [39], 
human oral fibroblasts and osteoblasts [14] and human 
foreskin fibroblasts [40]. There are also several reports 
of mitogenic stimulation of human MSC by platelet 
releasates [41]. In our study, the large chemotactic 
response was observed with FBS, which is known to 
contain multiple chemotactic factors. We found that 
cell migration ability was significantly augmented by 
hyaluronic acid in CCs, confirming the expression of 
CD44 by CCs and the important role of HA in maintaining 
normal joint function by providing support and lubrication, 
as well as regulating biochemical processes [42]. Low 
cell index values were observed for CCs exposed to 
different concentrations of PRP and PPP, demonstrating 
that these whole blood products had no significant 
effect on this type of cell migration. Conversely, our 
migration data showed that PRP possess biological 
activity on SCs, even at the lowest utilized concentration 
of 10%, and that PRP had a greater mitogenic effect 
compared to the various concentrations of PPP. This 
finding was in contrast to the findings of Creeper et al. 
[13], who showed that 50% PPP also had a significant 
migratory stimulus compared to 0% FCS, and that there 
were no significant differences between the various 
concentrations of PRP. Differences in the mitogenic 
effect of PRP on articular SCs and CCs indicated that 
nonchondrocytic cell lineages are more responsive to a 
boarder spectrum of factors. 

This work was undertaken as a basic in vitro study 
investigating the potential therapeutic role of PRP 

and PPP in the joint environment, including biological 
effects on cartilage and synovial stem cells. However, 
the present study also contains some limitations. The 
presence and concentration of growth factors and 
other bioactive molecules included in PRP and PPP 
responsible for cellular-level mechanisms could not be 
analyzed and standardized. In addition, proliferation 
and migration assays of SCs and CCs represent 
an allogeneic use of PRP, whereas PRP is widely 
used in clinical practice as autologous product. It is 
important to note that not all PRP is the same, and that 
platelet preparation and activation represents a key 
factor in cartilage regeneration. In our study only one 
preparation procedure of PRP was tested. PRP used in 
our experiments was not activated because it has been 
found to be effective in vivo in a recent human study 
[21,43], as well as in vitro [29]. In future investigations, 
the activation status of PRP used in clinics should be 
reported and compared in vitro and in vivo. Further study 
of PRP with or without PPP should also be undertaken 
in the future to determine whether there is a synergistic 
effect; our findings will be supplemented with the results 
of comparative study between the effect of degranulated 
and whole platelets on cartilage and synovial stem cells. 

In conclusion, results reported here indicate that both 
PRP and PPP have a strong effect on the proliferation 
of human SCs and CCs, and demonstrated the ability of 
these cells to migrate in response to serum as well as 
PRP, supporting the potential of PRP and PPP to affect 
basic cell functions in cartilage repair.
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