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Abstract: The study was conducted to evaluate the effects of platelet-rich plasma (PRP), 

supernatant of PRP (SPRP) obtained by centrifugation, and supernatant of activated PRP (SActi-

PRP) obtained by Ca2+ solution-treated PRP on collagen biosynthesis, prolidase activity, and 

β1-integrin signaling in cultured human skin fibroblasts. Incubation of fibroblasts with 5% PRP 

for 24 h contributed to ~5-fold increase in collagen biosynthesis compared to the control. In the 

cells treated with 5% of SPRP or SActi-PRP, collagen biosynthesis showed a 3-fold increase 

of the control. PRP, SPRP, and SActi-PRP stimulated prolidase activity similar to collagen 

biosynthesis. Collagen biosynthesis and prolidase activity are regulated by β1-integrin receptor 

signaling. Incubation of fibroblasts with PRP for 24 h contributed to a dose-dependent increase 

in the expression of β1-integrin receptor, while SActi-PRP increased the process to a much lower 

extent. SPRP had no effect on the β1-integrin receptor expression. All the studied fractions 

of blood increased the expression of FAK as well as the expression of phosphorylated MAP-

kinases. However, PRP was found to be the most effective stimulator of expression of these 

particular kinases. These studies suggest that a complex of factors, including growth factors, 

adhesion molecules, and prolidase contained in PRP, all evoke growth and collagen-promoting 

activities in human dermal fibroblasts.
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Introduction
Platelet-rich plasma (PRP) is defined as a sample of blood with platelet (PLT) 

concentration above baseline values. PRP sample is obtained by centrifugation of 

blood and separation of appropriate blood fraction.1 Depending on the method used, it 

can contain 1.3–8 times higher concentration of PLTs in plasma than in whole blood. 

Moreover, PRP consists of plasma proteins, leukocytes, and erythrocytes. PRP is also 

a rich source of many cytokines and growth factors (GFs).2–4 It has been hypothesized 

that the PLTs, and particularly platelet-derived growth factors (PDGFs) contained in 

their alpha granules, are responsible for the biologic effects of PRP.5,6

The GFs released from the alpha granules of PLTs during thrombosis include 

PDGF, transforming growth factor-beta, platelet-derived epidermal growth factor, 

platelet-derived angiogenesis factor, insulin-like growth factor-I (IGF-I), and platelet 

factor 4. They are the best known GFs. Other GFs present in PLT granules are the 

vascular endothelial growth factors and the endothelial growth factors. The interaction 

between these GFs and the surface receptors on the target cells activates intracellular 

signaling pathways, which induces the expression of genes required for regenerative 

processes such as cellular proliferation and extracellular matrix formation.2–4,7
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The most abundant component of the connective tissue 

responsible for the maintenance of its architecture and 

integrity is collagen. Collagen also plays an important role 

in the interaction with cell surface integrin receptors, through 

which it may participate in the regulation of gene expres-

sion, differentiation, growth, and other cellular functions. 

The interaction is involved in cytoskeleton reorganization, 

intra cellular ion transport, lipid metabolism, kinase activa-

tion, gene expression, cell cycle regulation, and cancer 

metastasis.8–11 Stimulated β1-integrin receptor by the ligand, 

such as collagen, induce phosphorylation of non-receptor 

focal adhesion kinase (FAK) which is then capable of inter-

action with the region’s SH2 kinase Src. This phenomenon 

allows interaction with FAK adapter growth factor receptor 

bound protein 2 (Grb-2) and Shc through phosphorylation 

of the kinase. Thus, activated kinase Shc binds to protein 

Grb-2. Adapter protein Grb-2, the SH2 domain-rich protein 

which determines the binding to proline-rich domain of SOS 

protein (which is a protein exchanging the guanidine nucle-

otides), causes translocation of SOS protein to the plasma 

membrane where it activates Ras protein. Activated Ras 

protein interacts with Raf protein that phosphorylates MAP-

kinase.12,13 MAP-kinases are translocated into the nucleus, 

where they activate several transcription factors such as 

NFkB, STAT, and p53 and regulate the expression of genes 

for many proteins involved in the regulation of cell growth, 

differentiation, and metabolism.14 One of the enzymes 

involved in regulation of extracellular matrix metabolism is 

prolidase (E.C. 3.4.13.9). Previously, it has been shown that 

β1-integrin receptor is involved in signaling that regulates 

collagen biosynthesis15 and prolidase activity.16

Prolidase is the enzyme that catalyzes the final step in 

collagen degradation by releasing proline or hydroxyproline 

from imidodipeptides.17 On the other hand, prolidase plays 

an important role in recycling proline for protein biosynthe-

sis, especially collagen, which, among all known proteins, 

contains the highest amount of proline. Therefore, prolidase 

may represent an important factor involved in the regulation 

of collagen metabolism. All the above-mentioned factors 

and processes may be involved in the mechanism of PRP-

dependent tissue regeneration.

PRP has been successfully used as an effective treatment 

in maxillofacial, periodontal and oral surgery, orthopedic 

surgery, trauma, gastrointestinal surgery, soft tissue injuries, 

burns, cosmetic and plastic surgery for about 20 years.18,19 

Numerous reports suggest the use of PRP in delayed bone 

healing and nonunions, chondropathy, osteoarthritis, tendi-

nopathy, acute and chronic soft-tissue injuries, enhancement 

of healing after ligament reconstruction, muscle strains, 

and in skin rejuvenation.2–4,20 The specific role of colla-

gen in bones, tendons, ligaments and skin repair is well 

established.21,22 Besides the role of being a structural protein, 

collagen is a ligand of integrin receptors that transmit signals 

for cell growth, prolidase activity upregulation, and stimula-

tion of collagen biosynthesis. All these processes are required 

for proper tissue regeneration during wound healing. PRP 

effectively assists in tissue repair by stimulation of collagen 

metabolism. Little is known about the mechanism of PRP 

on collagen biosynthesis. Studies of tissue engineering have 

shown that PRP increases collagen gene expression through 

GF receptor signaling.23,24

The interest in PRP is focused on its application in wound 

healing of injured tissues. However, the effectiveness of this 

process depends on the manner of PRP preparation. Although 

some data on optimization of PRP preparation for the purpose 

of regenerative medicine were reported,7 the mechanism for 

effectiveness of wound healing is not known.

The aim of this study was to evaluate the effects of PRP, 

plasma from PRP obtained by centrifugation – supernatant of 

PRP (SPRP), and supernatant of activated PRP obtained by 

Ca2+ solution-treated PRP (SActi-PRP) on collagen biosyn-

thesis, prolidase activity, and β1-integrin signaling in cultured 

human skin fibroblasts. The PRP sample contains a high con-

centration of PLTs with white blood cells (WBCs) and small 

amounts of red blood cells (RBCs). The samples of SPRP and 

SActi-PRP showed no cellular elements. SActi-PRP contains 

cytokines and GFs released from the alpha granules during 

the Ca2+-mediated process of PLT activation.6,7,25

Materials and methods
The ethics committee of the Medical University of Bialystok 

approved the study, and all participants provided written 

informed consent prior to enrollment.

PrP production
PRP was obtained by a commercial system: SmartPReP®2 

Autologous Platelet Concentrate+ (Harvest Technologies 

Corp., Plymouth, MA, USA). With the donor’s consent, 20 mL 

of venous blood (VB) was collected in a syringe containing 

2 mL of Anticoagulant Citrate Dextrose Solution A. Another 

1 mL of the Anticoagulant Citrate Dextrose Solution A was 

transferred into the white port on the process disposable. 

The content of the syringe was transferred into the red port 

on the process disposable and centrifuged for 14 min at 

two different speeds: at 2,000× g for the first 10 min and 

at 1,800× g for the remaining time, at room temperature. 

Using the plasma syringe with blunt cannula and spacer in 

the white port on the process disposable, PLT-poor plasma 
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was withdrawn. Approximately 3 mL of PRP remained in the 

process disposable. PRP was then extracted into an empty 

sterile syringe.

To prepare SPRP, 1 mL of PRP was used and centri-

fuged for 10 min at 2,500× g. The SPRP was represented by 

the supernatant. To prepare SActi-PRP, 1 mL of PRP was 

incubated with 100 µL of Ca2+ solution (9 mg/mL, Teva, 

Petach Tikva, Israel) for 30 min at 37°C. After incubation, 

the sample was centrifuged (10 min at 2,500× g). The SActi-

PRP was represented by the supernatant.

The concentrations of the cellular constituents of the 

blood, WBCs, RBCs, and PLTs, in each sample of VB, PRP, 

SPRP, and SActi-PRP were analyzed with an automated 

hematology system XT 4000i Sysmex.

Tissue culture
All studies were performed on normal human dermal 

fibroblasts (CRL-1474), which were purchased from the 

American Type Culture Collection (Manassas, VA, USA). 

The cells were maintained in DMEM supplemented with 5% 

fetal bovine serum, 2 mM glutamine, 50 U/mL penicillin, 

and 50 µg/mL streptomycin at 37°C in a 5% CO
2
 incubator. 

Cells were counted in a hemocytometer and cultured at 105 

cells per well in 2 mL of growth medium in six-well plates 

(Costar, Waltham, MA, USA). Cells reached confluence at 

day 6 and were subsequently used for assays. Cells were 

used in the 8th–14th passages. Fibroblasts were incubated 

with reagents for 24 h.

Determination of prolidase activity
The activity of prolidase was determined according to the 

method of Myara et al,26 which involves colorimetric deter-

mination of proline applying Chinard’s reagent. Protein con-

centration was measured by the method of Lowry et al.27

Briefly, the harvested cells were centrifuged at 2,000× g 

for 15 min. The supernatant was discarded and the cells were 

suspended in 1 mL of 50 mM HEPES, pH 7.8, and sonicated 

for 3×10 s at 0°C. The degraded cells were centrifuged at 

12,000× g for 30 min at 4°C. To activate prolidase, the 

enzyme was incubated with Mn(II) in the following mixture: 

100 µL of cell extract supernatant with 100 µL of 50 mM 

HEPES, pH 7.8, in the presence of MnCl
2
 to achieve a final 

concentration of 1 mM in the mixture, and incubated for 

24 h at 37°C. After this, the prolidase reaction was initiated 

by adding 100 µL of the activated mixture to 100 µL of 

94 mM glycylproline (Gly-Pro) for a final concentration of 

47 mM. The samples were then incubated for 1 h at 37°C. 

To terminate the reaction, 1 mL of 0.45 M trichloroacetic 

acid was added and the reaction mixture was centrifuged at 

10,000× g for 15 min. The released proline was determined as 

follows: 0.5 mL of the reaction mixture was added to 2 mL of 

a 1:1 mixture of glacial acetic acid:Chinard’s reagent (25 g of 

ninhydrin dissolved at 70°C in 600 mL of glacial acetic acid 

and 400 mL of 6 M orthophosphoric acid) and incubated for 

10 min at 90°C. The amount of released proline was deter-

mined by measurement of absorbance at 515 nm and reported 

as nanomoles per minute per milligram of protein.

collagen production and total protein 
synthesis
Cells were counted in a hemocytometer and cultured at 105 

cells per well in 2 mL of growth medium in six-well plates, 

(Costar) to confluency. Incorporation of a radioactive precur-

sor into proteins was measured after labeling of confluent cells 

in the growth medium with varying concentrations of PRP, 

SPRP, and SActi-PRP for 24 h with 5[3H]proline (5 µCi/mL, 

28 Ci/mmol) as described previously.28 Incorporation of 5[3H]

proline into collagen was determined by digesting proteins 

with purified Clostridium histolyticum collagenase, according 

to the method of Peterkofsky et al.29 Collagen biosynthesis 

was reported as disintegrations per minute of proline incor-

porated to proteins susceptible to the action of bacterial col-

lagenase, per 106 cells. Total protein synthesis was calculated 

from the sum of radioactivity of collagenase-resistant proteins 

and collagen digest. Results are shown as combined values 

for cell plus medium fractions, and relative differences in col-

lagen biosynthesis between the studied groups were calculated 

as a per percent of the control value.

DNA biosynthesis
Cells were cultured in six-well plates (105 cells per well) 

as described above and were incubated with varying con-

centrations of PRP, SPRP, and SActi-PRP for 24 h with 

0.5 Ci/mL of [3H]thymidine for 4 h at 37°C. After this, the 

cell surface was rinsed twice with 1 mL of 0.05 M Tris-HCl 

(pH 7.4) containing 0.1 M NaCl, and twice with 1 mL of 

5% trichloroacetic acid. The cells were then lysed in 1 mL 

of 0.1 M NaOH containing 1% sodium dodecyl sulfate. The 

cell lysate was added to 4 mL of scintillation liquid, and 

incorporation of radioactivity into DNA was measured in a 

scintillation counter.

Immunofluorescence staining and 
bioimaging
Cells were seeded in BD Falcon™ 96-well black/clear bottom 

tissue culture plates optimized for imaging applications at 

10,000 cells per well. After incubation, the cells were rinsed 

with PBS and fixed with 3.7% formaldehyde solution at room 
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temperature for 10 min. After fixation, the cells were washed 

three times with PBS and permeabilized with 0.1% Triton 

X-100 solution at room temperature for 5 min. The cells were 

then washed twice with PBS, and nonspecific binding was 

blocked by adding 3% fetal bovine serum solution and then 

cells were incubated at room temperature for 30 min. After 

this, the cells were rinsed and incubated with mouse monoclo-

nal β
1
-integrin receptor antibody, rabbit polyclonal phospho-

ERK1/2 antibody, and rabbit polyclonal FAK antibody for 

1 h at room temperature, washed three times with PBS, and 

incubated with fluorescent (fluorescein isothiocyanate) anti-

mouse or anti-rabbit secondary antibody (BD Pharmingen, 

San Diego, CA, USA) for 60 min in the dark. After washing, 

the nuclei were stained with Hoechst 33342 (2 µg/mL) and 

analyzed using fluorescent microscopy imaging. Cells were 

imaged with a BD Pathway 855 confocal system using a 

40× (0.75 NA) objective. Cell populations were analyzed 

for cytoplasmic/nuclear fluorescence intensity. Images of 

fluorescein isothiocyanate-labeled cells were acquired using 

a 488/10 excitation laser and a 515LP emission laser.

statistical analysis
In all experiments, the mean values for three assays ± SD 

were calculated. The results were submitted to statistical 

analysis using the unpaired, one-sided Student’s t-test, con-

sidering P,0.05 as significant.

Results
The median number of PLTs per cubic millimeter was 

990.2±329 and 224.7±72.6 for PRP and VB, respectively. 

The median concentration of WBCs per cubic millimeter 

was 12.73±5.4 and 5.74±1.0 for PRP and VB, respectively. 

The median number of RBCs per cubic millimeter was 

1,204±960 and 4,500±860 for PRP and VB, respectively. The 

samples of SPRP and SActi-PRP did not show the presence 

of cellular elements.

Collagen biosynthesis was measured in confluent human 

dermal fibroblasts treated with 1% and 5% of PRP, SPRP, and 

a SActi-PRP. As can be seen in Figure 1, 24 h incubation of 

the fibroblasts with 1% and 5% PRP contributed to increase 

collagen biosynthesis by about 350% and 550%, respectively, 

compared to control. In cells treated with 1% and 5% of 

SPRP, collagen biosynthesis was increased to about 125% 

and 200% of the control, respectively. Addition of SActi-PRP 

to fibroblasts also increased collagen biosynthesis to about 

220% (at 1%) and 290% (at 5%), compared to control.

PRP, SPRP, and SActi-PRP were found to stimulate 

prolidase activity similarly to collagen biosynthesis. As can 

be seen in Figure 2, PRP at concentrations of 1% and 5% 

increased the enzyme activity by about 300% and 500%, 

respectively. In cells treated with 1% and 5% of SPRP, pro-

lidase activity was increased to about 125% and 150% of the 

control, respectively. Addition of SActi-PRP to fibroblasts 

also increased prolidase activity to about 150% (at 1%) and 

175% (at 5%), compared to control.

Collagen biosynthesis and prolidase activity are regulated 

by β
1
-integrin receptor signaling. In the cells incubated with 

PRP for 24 h, the expression of β
1
-integrin receptor was 

increased in a dose-dependent manner, compared to control 

(Figure 3). Especially, the effect was pronounced at 5% PRP. 

However, 5% SActi-PRP also increased the expression of this 

receptor, but to a much lower extent than PRP. Of interest 

is the finding that SPRP had no effect on the β
1
-integrin 

receptor expression.

All fractions of blood affected the expression of FAK and 

phosphorylated MAP-kinases. We found that PRP, SPRP, 

Figure 1 The effect of different concentrations of PrP, sPrP, and sacti-PrP on 
collagen biosynthesis in human skin fibroblasts.
Notes: The mean values for six assays ± sD were calculated and submitted to 
statistical analysis using the student’s t-test, accepting *P,0.05 as significant.
Abbreviations: PrP, platelet-rich plasma; sacti-PrP, activated serum platelet-rich 
plasma; sPrP, serum platelet-rich plasma.

Figure 2 The effect of different concentrations of PrP, sPrP, and sacti-PrP on 
prolidase activity in human skin fibroblasts.
Notes: The mean values for six assays ± sD were calculated and submitted to 
statistical analysis using the student’s t-test, accepting *P,0.05 as significant.
Abbreviations: PrP, platelet-rich plasma; sacti-PrP, activated serum platelet-rich 
plasma; sPrP, serum platelet-rich plasma.
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and SActi-PRP increased the expression of FAK and its 

translocation to nucleus, (Figure 4) as well as the expres-

sion of phosphorylated MAP-kinases (Figure 5). PRP was 

found to be the most effective stimulator of the expression 

of tested kinases.

DNA biosynthesis was measured in confluent cells treated 

with 1% and 5% of PRP, SPRP, and SActi-PRP. As can be 

seen in Figure 6, 24 h incubation of the fibroblasts with 1% 

and 5% PRP contributed to increase DNA biosynthesis by 

about 125% and 140%, respectively, compared to control. 

In cells treated with 1% and 5% of SPRP, DNA biosynthe-

sis was at the same level as in the control. Addition of 5% 

SActi-PRP to fibroblasts increased DNA biosynthesis to 

about 135%, compared to control.

Discussion
In this report, we provide evidence that PRP is the most 

effective blood fraction (among PRP, SPRP, and SActi-PRP) 

in stimulation of growth and collagen biosynthesis in cul-

tured fibroblasts. It also represents an in vitro model of 

tissue response to the blood constituents. This property of 

PRP is of great interest to regenerative medicine. The first 

application of PRP is dated to the 1990s in maxillofacial 

surgery.1 At present, PRP is extensively employed in sport 

medicine, orthopedics, dentistry, and plastic surgery. The 

benefit and safety of PRP were confirmed in .5,000 studies 

on the subjects of wound, bone, tendon, and cartilage healing 

and skin rejuvenation.30 There are at least three reasons for 

such broad utilization of the PRP; it is an autogenic material, 

cheaply acquired, and safe in application. Despite the facts, 

and apparent widespread use, there is a lack of high-level 

evidence regarding randomized clinical trials assessing 

the efficacy of PRP in treating musculoskeletal disorders. 

There are some aspects of PRP that need to be determined, 

namely, methods of obtaining and activation. Depending 

on the preparation protocols, the PRP may contain differ-

ent concentrations of PLTs and other cell types which can 

participate in tissue healing processes. Previous studies in 

humans have reported that the ideal PRP product should have 

anywhere from a 4- to 7-fold increase in PLTs.18,31 However, 

PLT concentration is not the only important component of a 

PRP product. Inclusion or exclusion of mononuclear cells, 

neutrophils, and RBCs not only define an autologous PLT 

product, but also have been reported to affect the clinical 

Figure 3 The effect of different concentrations of PrP, sPrP, and sacti-PrP on expression of β1-integrin receptor in human skin fibroblasts.
Abbreviations: PrP, platelet-rich plasma; sacti-PrP, activated serum platelet-rich plasma; sPrP, serum platelet-rich plasma.
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efficacy of the product and play a major role in influencing the 

inflammatory responses after PRP injection.32–36 In general, 

it is believed that RBCs and neutrophils should be reduced 

as they produce an inflammatory effect, while the effect of 

mononuclear cells remains largely unknown.35–39

The question we raised in this study was: which constitu-

ent of PRP is responsible for the effectiveness in growth and 

collagen-promoting activity? PRP can potentially regenerate 

tissue by multiple mechanisms. The most self-evident and 

most frequently described mechanism of PRP application 

is its influence on tissue metabolism through the GFs. GFs 

are released from the α-granules during PLTs’ activation 

process. However, despite the evident impact of the GFs on 

tissue regenerating processes, they appear not to be the only 

factors that activate cell anabolism. Presently, attention is 

focused on PLTs. It is well known that the life of a PLT is 

only about 5–7 days, but .95% of the presynthesized GFs are 

released within 1 h from the beginning of thrombosis. Since 

the protein release could last an hour, the half-life of any GF 

would be a few minutes. If GFs are not immediately used 

upon release from PLTs, they might be degraded before they 

reach the cell surface receptors. For this reason, we suggest 

that other PRP constituents may play a significant role in the 

processes of regeneration.

PRP also contains structural constituents of extracellular 

matrix (ECM), such as fibronectin, vitronectin, and thrombo-

spondin, and also some fibrin and proinflammatory cytokines 

(eg, interleukin (IL)-1, IL-6, tumor necrosis factor alpha). All 

of them are known to act as cell adhesion molecules which 

are important for the migration of connective tissue cells. 

PRP sample also consists of serotonin, histamine, dopamine, 

adenine, and thrombin. Thrombin itself is not only a mediator 

of coagulation and fibrinolysis, but also primarily acts as a 

signaling molecule for PLTs, epithelium cells, macrophages, 

leukocytes, fibroblasts, and myocytes.

Our samples of PRP, unlike SPRP and SActi-PRP, 

also contain WBCs and RBCs. The importance of leuko-

cytes in immunology is commonly known, but in recent 

literature, no difference in antibacterial activity is seen 

between PRP preparations with high leukocyte concentra-

tion and those with no leukocytes.39 Furthermore, it has not 

been proven that leukocytes play a key role in the activa-

tion of PLTs by releasing GFs and cytokines; however, 

they do drastically increase the level of proinflammatory 

Figure 4 The effect of different concentrations of PRP, SPRP, and SActi-PRP on expression and translocation of FAK in human skin fibroblasts.
Abbreviations: PrP, platelet-rich plasma; sacti-PrP, activated serum platelet-rich plasma; sPrP, serum platelet-rich plasma.
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IL-1β.40 Proinflammatory cytokines released from WBCs 

are the source of an inflammatory process necessary to 

start wound healing. Release of ECM-degrading enzymes 

occurs during the inflammatory process, and prolidase is 

one among them. Prolidase activity is mainly detected in 

RBCs, WBCs, and in various organs such as liver, brain, 

heart, uterus, and thymus.41 The prolidase enzyme has been 

implicated in delayed wound healing because it plays a vital 

role in inflammatory and angiogenic signaling pathways 

that regulate matrix degradation and collagen turnover.42 

Increased prolidase activity in PRP, as compared to SPRP 

and SActi-PRP, may result from the release of the enzyme 

from RBCs and WBCs and from the inflammation miti-

gated by proinflammatory cytokines. The analysis of DNA 

biosynthesis, collagen biosynthesis, and prolidase activity 

suggests that PRP-dependent increase in cell proliferation 

is not responsible for increase in collagen biosynthesis and 

prolidase activity. The effect of PRPs on cell proliferation 

was much lower than on collagen biosynthesis and prolidase 

activity. Moreover, the data on collagen biosynthesis were 

normalized to the cell number, and on prolidase activity to 

the protein concentration.

The controlled clinical level I study, examining the effi-

ciency of PRP containing WBCs in the treatment of chronic 

tendinopathy, demonstrated a significant improvement in 

clinical outcomes, as compared to corticosteroids.43 This 

proves that the anti-inflammatory treatment in tissue repair 

is less effective than the anabolic effects caused by the PRP, 

Figure 5 The effect of different concentrations of PRP, SPRP, and SActi-PRP on expression and translocation of ERK1/2 in human skin fibroblasts.
Abbreviations: PrP, platelet-rich plasma; sacti-PrP, activated serum platelet-rich plasma; sPrP, serum platelet-rich plasma.

Figure 6 The effect of different concentrations of PrP, sPrP, and sacti-PrP on 
DNA biosynthesis in human skin fibroblasts.
Notes: The mean values for six assays ± sD were calculated and submitted to 
statistical analysis using the student’s t-test, accepting *P,0.05 as significant.
Abbreviations: PrP, platelet-rich plasma; sacti-PrP, activated serum platelet-rich 
plasma; sPrP, serum platelet-rich plasma.
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with a proinflammatory effect resulting from the presence 

of WBCs.

Analyzing the impact of RBCs on tissue healing, there is 

evidence that the synoviocytes treated with RBC concentrate 

demonstrate significant increase of cell death.35 In contrast, 

there is no data relating to small amounts of RBCs in the 

PRP preparation. Erythrocytes can not only be a potential 

source of prolidase, but also play an essential role in throm-

bin generation;44 also, it is well known that thrombin is the 

agonist of β1-integrin receptor. These results underline the 

complexity of GF and cell interactions in PLT concentrates 

and the importance of understanding the mechanisms govern-

ing the cellular process during wound healing.

In this report, we suggest that the complex of factors con-

tained in PRP, including GFs and integrin receptor ligands, 

is required for maximal growth and collagen biosynthesis-

promoting activity in fibroblasts. Fibroblasts are involved in 

the development and function of virtually all organs since 

they synthesize and maintain the connective tissue. It was 

established that the regulatory mechanism of experimental 

wound healing observed in tissue culture was also function-

ing in vivo. In the repair phase of wound healing, fibroblasts 

migrate toward inflammatory sites, where they proliferate and 

synthesize the structural elements of the ECM of connective 

tissues (eg, fibronectin, collagens) as well as certain cytokines 

and GFs (eg, PDGF, endothelial growth factor, IGF-I). Both 

the structural elements of ECM, such as ligands for adhesion 

receptors as well as GFs, are required to coordinate signal-

ing for proper wound healing processes. In fact, it has been 

documented previously that coupling of insulin-like growth 

factor receptor and thrombin-activated β1-integrin receptor 

signaling augmented proliferation and collagen biosynthesis 

in different cell types.45 In contrast, disintegrins were found 

to suppress both processes.46,47 Therefore, we suggest that in 

contrast to SPRP and SActi-PRP, the PRP contains ligands 

for integrin receptors, for example, thrombin. However, the 

identification of specific protein in PRP that is involved in 

the upregulation of integrin signaling is of particular inter-

est and requires further studies. In addition, the presence 

of WBCs and RBCs in PRP may account for the higher 

activity of prolidase, thereby increasing the potential of 

wound healing.
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