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Introduction
Platelet-rich plasma (PRP) is a preparation of 

concentrated platelets in a small volume of plasma 
and can be produced using various different, relatively 
simple and low-cost techniques1,2. As an autologous 
product, PRP is intrinsically free of concerns over 
transmissible diseases and is, therefore, generally well 
accepted by patients and surgeons3. On this basis, there 
is considerable and increasing clinical interest in using 
PRP, alone or in combination with grafting materials, 
for topical applications in orthopaedic4, periodontal5,6, 

and plastic surgery7. The scientific rationale behind the 
use of these preparations lies in the fact that platelet 
granules are a reservoir of many growth factors/
cytokines that are known to play crucial roles in hard 
and soft tissue repair8-12. For this reason immediately 
before local application, PRP is activated by addition 
of thrombin and calcium, a process that results in the 
extracorporeal formation of a jelly-like material called 
platelet gel (PG). Upon activation and gelation, platelets 
in PRP release α-granules via exocytosis. These granules 
contain numerous substance, including platelet-derived 

Background. Platelet-rich plasma consists of platelets concentrated in a small volume of plasma 
and constitutes a reservoir of bio-modulators potentially useful in tissue repair. The amounts of bio-
modulators detectable in platelet-rich plasma prepared with various commercial or "in house" methods 
have been reported, but virtually all the analyses described have been performed on platelet-rich plasma 
derived from healthy donors. Since leucocyte contamination is technically unavoidable, we investigated 
whether platelet-rich plasma prepared from patients could contain different amounts of bio-modulators 
because of a possible activated status of the leucocytes.

Materials and methods. We evaluated platelet-rich plasma prepared with three different 
techniques (the commercial Vivostat and Biomet recover GPS II systems and an "in house" method) 
starting from whole blood from healthy donors and patients. Specifically, we compared the levels 
of sHLA-I, sFasL, platelet-derived growth factor, transforming growth factors-beta and vascular 
endothelial growth factor in the platelet-rich plasma releasates according to the method of preparation 
and to the immune system activation status of the subjects.

Results. With the exception of sHLA-I levels, no differences were found in the surrogate indices 
of lymphocyte activation between healthy donors and patients. No significant differences were found 
in sHLA-I, sFasL, platelet-derived growth factor, transforming growth factors-beta and vascular 
endothelial growth factor levels detectable in platelet-rich plasma produced with the three different 
methods in either healthy donors or patients.

Discussion. On the whole our findings indicate that the overall content of bio-modulators in 
autologous platelet-rich plasma is not influenced by T-lymphocyte activation status, at least in 
patients with uncomplicated femoral fractures. The amounts of sFasL and sHLA-I detected in all 
the platelet-rich plasma releasates studied were very small, far below the amounts detectable in all 
clinically available blood derivatives and absolutely insufficient to induce sHLA-I and/or sFasL 
mediated immunomodulation.
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growth factor (PDGF)13, transforming growth factors-
beta (TGFβ)14 and vascular endothelial growth factor 
(VEGF)15.

Theoretically, the local application of PG might 
deliver a higher level of growth factors to specific 
sites to stimulate tissue healing16,17. On this premise, 
the variable amounts of growth factors/cytokines in 
different PG preparations should be considered when 
administering PG for therapeutic purposes. However, 
there is still no consensus regarding the method of 
production, characterisation and standardisation of 
PG, which is delaying the establishment of clinically 
effective standards18,19. As a result, the efficacy of PG 
in clinical applications is still controversial.

Any method used to prepare PRP includes centrifugation, 
which may induce a certain degree of platelet activation20,21. 
If platelets are activated during the process of producing 
PRP, the growth factors in the platelets will be released into 
the plasma, most of which is discarded. This would have the 
consequence of decreasing the efficacy of PRP when the 
product is applied to surgical sites. Furthermore, the density 
of some subgroups of white blood cells is nearly the same 
as that of platelets. Therefore, almost all preparations of 
locally applicable PRP or PG contain considerable amounts 
of leucocytes22-24. Although contaminating white blood cells 
contribute to the overall growth factor content of locally 
applied PRP or PG few data are available about the ex 
vivo effects of contaminating leucocytes in these products. 
Moreover, what little information there is on this topic in the 
scientific literature is based on blood derivatives produced 
from healthy donors, not taking into account the influence 
of the possible activation of leucocytes circulating in the 
blood of the real patients for whom PRP may be proposed.

On this background, we compared the levels of PDGF, 
TGFβ1 and VEGF in the releasates of PRP produced 
with three different techniques, the commercial Vivostat 
(Copenaghen, Denmark) and Biomet recover GPS II 
(Warsaw, Indiana, USA) systems and an "in house" method, 
starting from the blood of healthy donors and patients with 
femoral fractures.

Finally, leucocyte contamination involves the release 
of soluble molecules such as HLA class I (sHLA-I) and 
Fas ligand (sFasL). Our group has long been concerned 
about the immunomodulatory role of sHLA-I molecules 
in all clinically available blood derivatives such as 
blood components for transfusion, clotting factors 
and intravenous immunoglobulin25-27. The biological 
activities of classical and not classical sHLA-I 
molecules have been demonstrated in in vitro and ex 
vivo experiments. It has been reported that following 
the binding of adequate amount of sHLA-I to CD8, ILT 
and NCR membrane receptors on activated lymphocytes, 
neutrophils and natural killer cells, respectively, there 
is a cascade of events: up-regulation of membrane Fas 

molecules, release of sFasL and transcriptional and post-
transcriptional modulation of TGFβ1, which, in turn, 
have been shown to have functional consequences such 
as induction of apoptosis, impairment of chemotaxis and 
antigen responses and loss of cytotoxic competence28-30. 
In this study we, therefore, also compared sHLA-I and 
sFasL levels in the releasates of PRP produced from 
healthy donors and patients with the three different, 
above-cited methods in order to evaluate a potential 
modulation of leucocyte activity involved in tissue 
healing, possibly dependent on activation of the immune 
system.

Materials and methods
Patients and healthy donors

This study was approved by the local human subjects 
ethics board. Following information about the nature 
and the objectives of our study, consent was obtained 
(according to World Medical Association Helsinki 
Declaration) for the collection of blood from 15 male, 
non-smokers, aged 35 to 59 years with fracture of the 
femur and ten healthy volunteers, whose demographics, 
including median age and sex distribution, were 
comparable to those of the patients. The blood was used 
to prepare PRP with the techniques described below.

Preparation of platelet-rich plasma
"In house" platelet gel 

The day prior to surgery, 450 mL of whole blood were 
collected by venepuncture in the same way from patients 
and donors. The blood was immediately centrifuged 
at 1,700 rpm for 7 minutes at 20 °C to obtain packed 
red blood cells and PRP. The autologous packed red 
cells were infused back into the patients. The PRP was 
centrifuged to obtain platelet-poor plasma and platelet 
concentrate. The platelet-poor plasma was immediately 
frozen at –80 °C in a mechanical refrigerator and the 
frozen plasma was then kept at +4 °C for 18 hours to 
enable spontaneous thawing. Cryodepleted plasma was 
removed and the residual cryoprecipitate dissolved in 
30 mL of plasma. The platelet concentrate was kept at 
+22 °C under continuous agitation. One platelet aliquot 
was mixed with one aliquot of cryoprecipitate in a sterile 
plastic Petri dish. Analyses were conducted on 500 μL 
of the biological sample. For every 10 mL of platelet 
concentrate-cryoprecipitate solution, 1 mL of autologous 
thrombin and 1 mL of calcium gluconate were added 
and then the contents of the Petri dish were mixed in 
order to produce a gel-like material in 10-15 minutes. 
Cryoplatelet gel was kept at room temperature and used 
within 8 hours. Six millilitres of the collected whole 
blood were transferred to dry tubes and then placed on a 
tray to settle for 15 minutes before the cells and platelets 
were counted.
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Vivostat-produced platelet-rich fibrin
Blood samples were taken by venepuncture in 

the same way for patients and donors. The Vivostat 
System (ConvaTec, Skillman, New Jersey, USA) 
has three components: an automatic processor unit, 
an applicator unit and a single use kit providing the 
required consumables, including the unique Spraypen 
for application of the platelet-rich fibrin. Venous 
blood (120 mL) was drawn into a sterile preparation 
unit containing citrate buffer and the anti-fibrinolytic 
agent tranexamic acid. The biochemical process that 
produces the final product, in aliquots of 6 mL, takes 
only 25 minutes. The concentrations of platelets and 
fibrin in Vivostat platelet-rich fibrin, are approximately 
10 and 7 times greater, respectively, than those in the 
donor's blood. Batroxobin acts on plasma fibrinogen to 
catalyse the release of fibrin peptide A. The result is a 
fibrin I polymer soluble in an acid ambient without the 
activation of factor XIII. The fibrin I polymer is isolated 
by centrifugation and added to sodium acetate buffer 
at the concentration of 0.2 mol/L at pH 4. The purified 
fibrin I solution obtained is transferred to the applicator 
(500 μL of the biological sample were collected for 
analysis), including a syringe of 1 mL of carbonate/
bicarbonate buffer at the concentration of 0.75 mol/L 
(pH 10). In the presence of Ca2+ at a neutral pH, the 
final PG is obtained: in these conditions endogenous 
prothrombin is converted to thrombin, cleaving the 
fibrinopeptide B from fibrin I to fibrin II. Six millilitres 
of the collected whole blood were transferred to dry 
tubes and placed on a tray to settle for 15 minutes before 
counting the cells and platelets. 
The GPS II system 

Blood samples were taken by venepuncture in the 
same way for patients and donors. For each patient 
and donor, 52 mL of blood were collected into a 60 
mL syringe containing 8 mL of adenosine-citrate-
dextrose acid (ACD-A) anticoagulant. A 12 mL syringe 
containing 1.6 mL of ACD-A was used to collect 10.4 
mL of blood in order to provide a base measurement. 
The PRP, prepared from anti-coagulated blood and 
contained in the 60 mL syringes, was transferred to the 
GPS II and centrifuged for 15 minutes at 3,200 rpm 
(755        VES-230 V, Biomet1 Biologics, LLC). The 
buffy coat containing the majority of the platelets was 
then agitated for 30 seconds. The PRP was aspirated 
into 12 mL syringes (500 μL of the biological sample 
were collected for analysis).

Determination of TGFβ1, VEGF, PDGF, sHLA-I, 
sCD8 and sFasL concentrations

Following the preparation of PRP from healthy 
donors and patients using each of the three different 
techniques, 500 μL of each biological sample were 

centrifuged at 2,500 rpm for 15 minutes; the resultant 
supernatants were collected and the concentrations 
of sFasL, sHLA-I, PDGF, VEGF, sCD8 and TGFβ1 
molecules in them were evaluated.

The concentrations of sHLA-I and sFasL 
molecules were measured by double-determinant 
immunoassays, as previously described31. The 
concentrations of TGF1, PDGF, VEGF a nd sCD8 were 
also evaluated by double-determinant immunoassays 
using commercially available kits (Quantikine R&D 
System Inc. Minneapolis, Minnesota, USA and Bender 
MedSystems, Vienna, Austria, respectively). 

Statistical analysis
All variables are expressed in the text and in the 

figures as median values with interquartile ranges (25th-
75th percentiles). One-way analysis with Wilcoxon's test 
was used to compare the values of all the parameters 
between the two groups (healthy donors and patients). 

Results
Lymphocyte activation parameters

We evaluated the sCD8 levels, an indicator of T-cell 
activation32,33, in donors' and patients' plasma. As shown in 
Figure 1 (panel A), sCD8 levels in the plasma of healthy 
subjects (range, 241-355 U/mL) were not statistically 
different from those in patients (range, 229-531 U/mL). 
Likewise, the expression of CD25 molecules34 on the T 
cells did not differ statistically between healthy donors 
(range, 0.9-2.44%) and patients (range, 1.5-4.4%) (Figure 
1, panel B).

In contrast, being a biological response modifier as 
well as a marker of activation35,36, plasma sHLA-I levels 
were slightly, but significantly, higher in patients than in 
healthy donors (range, 0.54-1.12 μg/mL and 3.4-4.6 μg/
mL, respectively) (Figure 1, panel C).

 
Determination of PDGF, VEGF, TGFβ1, sFasL and 
sHLA-I molecules

The results of the measurements of PDGF, VEGF 
and TGF1 in the patients' and healthy subjects' PRP 
releasates are shown in Figure 2, panels A, B and C, 
respectively. Similarly, the levels of sFasL and sHLA-I 
molecules in the releasates are presented in Figure 3, 
panels A and B, respectively. All the detected quantities 
are expressed as median and interquartile range (25th-
75th percentiles).

Platelet-derived growth factor
The median, range, and the lower and upper values of 

the 95% confidence interval (CI) of the mean of PDGF 
levels in PRP prepared with the Vivostat system were 
10,569 pg/mL (range 3,169-19,417 pg/mL; 95% CI 
5947-14311 pg/mL) for healthy donors and 13,288 pg/
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Figure 1 - sCD8, CD25 and sHLA-I expression, evaluated as indicators of lymphocyte activation, in healthy donors (○) and 
in patients (●). Minimal differences were observed in sCD8 levels and CD25 expression, as shown in panels A and 
B, respectively. In contrast, in all the enrolled patients sHLA-I levels, panel C, were significantly more elevated if 
compared to healthy subjects (p =0,002). All variables were expressed as median and range interquartile (25°-75° 
percentile).

Figure 2 - The concentrations of PDGF, VEGF, and TGF1 molecules in the releasates of PRP prepared with three different 
techniques both from healthy donors and from patients are shown in panels A, B and C, respectively. Wilcoxon's 
test did not show statistically significant differences between any of the preparations. All variables are expressed as 
median and interquartile range (25th-75th percentiles).

A B C

Figure 3 - Concentrations of sFasL and sHLA-I molecules in the releasates of PRP prepared 
with three different techniques both from healthy donors and from patients are 
shown in panels A and B, respectively. Wilcoxon's test did not show statistically 
significant differences between any of the preparations. All variables are expressed 
as median and interquartile range (25th-75th percentiles).

A B
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mL (range 7,922-19,437 pg/mL; 95% CI 6,569-20,350 
pg/mL) for patients. The corresponding values for PRP 
prepared with the Biomet recover GPS II system were 
7,246 pg/mL (range 3,945-12,900 pg/mL; 95% CI 
5,635-9,472 pg/mL) for healthy donors and 7,988 pg/
mL (range 5,849-9,023 pg/mL; 95% CI 6,169-9,375 pg/
mL) for patients. The values in PRP prepared with an "in 
house" system were 5,671 pg/mL (range 1,799-10,134 
pg/mL; 95% CI 3,532-8,131 pg/mL) for healthy donors 
and 7,788 pg/mL (range 6,209-8,791 pg/mL; 95% CI 
6,274-8,790 pg/mL) for patients.

Vascular endotheli al growth factor
The median, range, and the lower and upper values of 

the 95% CI of the mean of VEGF levels in PRP prepared 
with the Vivostat system were 379 pg/mL (range 127-
554 pg/mL; 95% CI 252-448 pg/mL) for healthy donors 
and 398 pg/mL (range 393-734  pg/mL; 95% CI 311-707 
pg/mL) for patients. When the Biomet recover GPS II 
system was used the values were 770 pg/mL (range 195-
1,258 pg/mL; 95% CI 412-924 pg/mL) for donors and 
573 pg/mL (range 527-919 pg/mL; 95% CI 434-835 pg/
mL) for patients, while the PRP prepared with the "in 
house" system from healthy donors contained 826 pg/
mL (range 213-1,403 pg/mL; 95% CI 549-1,153 pg/mL) 
and that from patients contained 1,000 pg/mL (range 
769-1,494 pg/mL; 95% CI 755-1,496 pg/mL).

Transforming growth factor β1
The median, range, and the lower and upper values of 

the 95% CI of the mean of TGF levels in PRP prepared 
with the Vivostat system were 1,828 ng/mL (range 698-
5,742 ng/mL; 95% CI 1,064-3,230 ng/mL) for healthy 
donors and 2,121 ng/mL (range 1,998-3,086 ng/mL; 95% 
CI 1,752-3,142 ng/mL) for patients. The corresponding 
values in PRP prepared with the Biomet recover GPS 
II system was 2,154 ng/mL (range 1,065-4,387 ng/mL; 
95% CI 1,652-3,290 ng/mL) for donors and 2,601 ng/mL 
(range 2,134-3,999 ng/mL; 95% CI 1,844-3,907 ng/mL) 
for patients. When the "in house" system was used, the 
PRP from healthy donors contained 3,828 ng/mL (range 
2,217-5,969 ng/mL; 95% CI 3,052-5,003 ng/mL), while 
that from patients contained 5,021 ng/mL (range 4,190-
6,089 ng/mL; 95% CI 4,217-5,903 ng/mL).

Soluble Fas ligand
The median, range, and the lower and upper values 
of the 95% confidence interval (CI) of the mean of 
sFasL levels in PRP prepared with the Vivostat system 
were 128 pg/mL (range 86-225 pg/mL; 95% CI 
100-174 pg/mL) for healthy donors and 90 pg/mL (range 
56-128 pg/mL; 95% CI 62-129 pg/mL) for patients. The 
corresponding values for PRP prepared with the Biomet 
recover GPS II system were 102 pg/mL (range 50-270 
pg/mL; 95% CI 74-174 pg/mL) for healthy donors and 
82 pg/mL (range 72-88 pg/mL; 95% CI 74-90 pg/mL) 
for patients, while those for the PRP prepared with the 
"in house" system were 172 pg/mL (range 114-280 pg/
mL; 95% CI 140-224 pg/mL) for healthy donors and 
247 pg/mL (range 159-294 pg/mL; 95% CI 170-305 
pg/mL) for patients.

Soluble HLA-I
The median, range, and the lower and upper values of 

the 95% CI of the mean of sHLA-I levels in PRP prepared 
with the Vivostat system were 25 ng/mL (range 16-100 
ng/mL; 95% CI 17-52 ng/mL) for healthy donors and 31 
ng/mL (range 21-62 ng/mL; 95% CI 16-56 ng/mL) for 
patients. The values for PRP prepared with the Biomet 
recover GPS II system were 22 ng/mL (range 16-100 
ng/mL; 95% CI 14-54 ng/mL) for healthy donors and 
33 ng/mL (range 29-54 ng/mL; 95% CI 24-51 ng/mL) 
for patients. The corresponding values in PRP prepared 
with the "in house" system were 23 ng/mL (range 16-170 
ng/mL; 95% CI 9-92 ng/mL) for healthy donors and 60 
ng/mL (range 49-72 ng/mL; 95% CI 50-71 ng/mL) for 
patients.

Finally, the white blood cell and platelets counts in 
whole blood drawn from healthy donors and patients 
and the corresponding counts in PRP are summarised 
in Tables I and II, respectively. 

Discussion
Despite conflicting results about the clinical efficacy 

of PRP37, an ever-growing body of evidence indicates 
that the rationale for the therapeutic use of this product 
is the release of growth factors/cytokines initiating the 
processes of inflammation38,39, proliferation40,41 and 
remodelling42 that result in healing or scarring. On these 

Table I - White blood cell counts (×109/L) in PRP prepared from healthy donors (left column) and from patients  (right 
column) with three different methods and in whole blood from the donors and patients.

Vivostat system 13.89 (range 11.56-17.88; 95% CI 11.75-16.39) 14.99 (range 9.2 8-18.65; 95% CI 11.36-17.85)

Biomet recover GPS II system 6.23 (range 5.23-8.20; 95% CI 5.28-7.48) 5.31 (range 3.5-11.30; 95% CI 3.23-8.93)

"In house" system 5.56 (range 4.10-9.36; 95% CI 3.89-7.97) 5.22 (range 2.08-9.74; 95% CI 2.96-8.30)

Peripheral blood count 5.85 (range 4.52-7.61; 95% CI 5.84-7.43) 6.70 (range 3.57-9.20; 95% CI 4.44-8.39)
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bases, an increasing number of studies are being focused 
on the need to standardise production, investigating the 
equivalence of or differences among the methods and 
devices available to produce PRP43,44. 

As leucocyte contamination appears to be 
unavoidable during the preparation of PRP, in this 
study we investigated possible differences in amounts 
of PDGF, VEGF, TGF1, sFasL and sHLA-I in 
the releasates of PRP prepared with three different 
systems starting from the whole blood of healthy 
donors and patients possibly with inflammation 
whose immune competent cells could, therefore, 
be circulating in an activated state and possibly 
make different contributions to the milieu of bio-
modulators. Moreover, since the white blood cells that 
are particularly concentrated in PRP are mononuclear 
cells, predominantly lymphocytes, we evaluated the 
percentage of CD25 expression and the plasma levels of 
sCD8 and sHLA-I, as T-lymphocyte activation markers, 
immediately before the preparation of the PRP. We 
found that, compared to T lymphocytes from healthy 
donors, T lymphocytes from the patients had slightly 
higher levels of sCD8, CD25 expression and sHLA-I, 
although the difference was statistically significant (P 
=0.002) only for sHLA-I, probably because the levels 
of this last molecule, being a marker of activation, 
are also dependent on the activation of other types of 
leucocytes.

With regards to the amounts of PDGF, VEGF, 
TGF1, sFasL and sHLA-I table in the releasates of the 
PRP analysed, although there was a small tendency to 
higher values in patients' preparations than in those of 
healthy subjects, no statistically significant differences 
were found depending on the different systems used 
for preparation of the products.

With the awareness that further analysis and larger 
studies are desirable, on the whole our findings indicate 
that the overall content of PDGF, VEGF and TGF1 in 
PRP does not appear to be influenced by T lymphocyte 
activation status, at least in patients with uncomplicated 
fracture of the femur. Furthermore, the amounts of 
sFasL and sHLA-I detected in all the PRP releasates 
analysed were very limited, far below the amounts in 
all clinically available blood derivatives and absolutely 

insufficient to induce sHLA-I and/or sFasL mediated 
immunomodulation. 

The Authors declare no conflicts of interest.
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