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Thrombocytes are effectors of the innate immune system releasing
human beta defensin-3§
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A B S T R A C T

Background: Thrombocyte concentrate i.e. platelet-rich plasma (PRP) has become a popular adjunct for

many surgical procedures. It is believed to improve bone and soft tissue healing. Recently antimicrobial

effects of the autologous preparation were reported by several groups. In this study we investigated the

antimicrobial effect of PRP against gram-negative microbes which frequently cause severe complications

in orthopaedic trauma surgery.

Methods: Platelet-rich plasma was produced from liquid preserved thrombocyte concentrates. ELISA,

Western blot and immunohistochemistry were preformed to investigate the release and content of

platelet concentrates. A radial diffusion assay was used to detect antimicrobial effects of PRP.

Results: We detected the human beta defensin-3 in bactericidal concentrations in platelet preparations

by ELISA, Western blot and immunohistochemistry. In antimicrobial testing we demonstrated effective

inhibition of Escherichia coli (ATCC 11303), Bacterium megaterium (ATCC 14581), Klebsiella pneumoniae

(ATCC 13883), Enterococcus faecalis (ATCC 29212) and Proteus mirabilis (ATCC21100).

Conclusion: With this study we demonstrate antimicrobial action of a popular adjunct for orthopaedic

and trauma surgery against gram-positive and gram-negative bacteria. We have identified a possible

mechanism of action via the secretion of HBD-3 as a first line defence in contaminated wounds and in

elective application of PRP. This finding supports a broader spectrum of clinical indications for an

autologous platelet preparation.

� 2010 Elsevier Ltd. All rights reserved.
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Introduction

Autologous thrombocyte concentrates also termed platelet-rich
plasma (PRP) have gained great popularity as an adjunct to a
variety of surgical procedures. In the beginning of this century, the
clinical application of PRP has been considered a breakthrough in
the stimulation and acceleration of bone and soft tissue healing.
Platelets and the growth factors they release are essential for
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regulating the cellular events that follow tissue damage. They
adhere, aggregate, form a fibrin mesh and subsequently release a
large variety of growth factors and cytokines. Platelet concentrates
are believed to improve tissue healing by producing higher than
physiologic concentrations of locally stimulating substances.
Platelet concentrates can be prepared from whole blood within
a short time using relatively simple methods. Therefore the idea to
use them as an immunogenically inert additive in cases where
rapid healing and tissue regeneration is required seems self-
evident. Several companies have developed kits and devices for the
automatic preparation i.e. during surgical procedures. Up to now
PRP has been used predominantly in maxillofacial surgery as an
autologous additive to bone grafts and soft tissue transplants.1

Other indications that have been proposed range from chronic
diabetic ulcers over the treatment of tendinitis to standard
orthopaedic procedures.2,4,7,9 Recently a new aspect of thrombo-
cyte action in clinical applications was proposed when PRP was
shown to provide antimicrobial properties in vitro.6 In previous
studies we have detected antimicrobial molecules that are
produced and secreted by various tissues. The so called
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antimicrobial peptides (AMP) are key elements of the innate
immune system providing the first line of defence in many
epithelial tissues against invading microbes.13,14,28 Recent inves-
tigations of these widely distributed effectors demonstrate
expression and regulation in mesenchymal cells and tis-
sues.19,20,22–24 Defensins are an important subfamily of AMP and
kill microbes by destroying their cell membranes without use of
the adaptive immune system. They are a complex group of 4–
5 kDa, open-ended, cysteine-rich, cationic peptides that are
divided into a- and b-defensins based on the location and
connectivity of six conserved cysteine residues. A new antimicro-
bial peptide, human beta-defensin-3 (HBD-3), was recently
identified. HBD-3 was shown to have potent killing activity
against Staphylococcus aureus14 and multiple, multiresistant
bacterial strains.16

The importance of antimicrobial peptides in mammalian host
defence becomes evident in mice that overexpress the human
HBD-5 gene and are subsequently resistant to the oral application
of Staphylococcus typhimurium.21 The expression of antimicrobial
peptides after bacterial contact therefore seems to be a pivotal
mechanism in the prevention of infective diseases in bone. Innate
defence mechanisms are perhaps more important than the
adaptive immunity in avascular tissue or tissue with long diffusion
distances as in cartilage, bone or the superficial zone of the skin.
The restricted access of adaptive immune cells into the highly
specialised extracellular matrix of these tissues explains the
presence of a cell-based anti-infectious host response.

In orthopaedic trauma surgery open fractures challenge the
surgeon because they are associated with a high rate of post-
traumatic soft tissue infections and osteomyelitis.11,15 Further-
more open fractures and concomitant infection is the leading
cause for non-union of the long bones.12,17 In many of these
tragic cases limb salvaging procedures fail and the injury leads
to the loss of a limb after a long time of suffering. The open
wound with vast tissue damage, heavily compromised perfu-
sion, necrotic tissue and foreign material contamination
provides ideal growing conditions for a high load of harmful
bacteria that are naturally omnipresent. With respect to these
unfavourable premises one can even regard the overall infection
rate of open fracture relatively low. The initiative salvage
mechanism against progressing tissue damage is mediated by
thrombocyte adherence with subsequent clot formation and
release of locally active inflammatory mediators. We postulate
that in concert with various bioactive proteins the human beta-
defensin-3 is released by thrombocytes as a local antibacterial
agent. The recent finding of PRP possessing antimicrobial
activity in vitro supports this thesis. In this study we
investigated the secretion of antimicrobial peptides by throm-
bocytes in order to elucidate the mechanism of thrombocyte
anti-infective capabilities.

Materials and methods

Preparation of PRP

Platelet rich plasma was produced from liquid-preserved
platelet concentrates obtained by plateletpheresis that were not
older than one day, in accordance with the current ethical laws of
Germany. The Plasma contained 1.9 � 109 platelets per ml and a
maximum of 2400 leucocytes per ml. The plasma was concentrated
2-fold by centrifuging at 2000 � g for 5 min to achieve 5- to 10-fold
blood concentration. The remaining supernatant was preserved as
platelet-poor plasma (PPP). PRP was activated using bovine
thrombin (10 U/ml) (Sigma, Germany) at 37 8C for 30 min in the
presence of 2.5 mM CaCl2. Both were stored at �20 8C
until thawed.
Plate diffusion test

In vitro susceptibility to PRP was investigated by a standard
disc diffusion test. An underlay agar (agarose: 1%, Tween 20:
0.02%, tryptic soy broth: 1%, 0.01 M phosphate buffer) and an
overlay agar (agarose: 1%, caseine peptone: 3.4%, tryptic soy
peptone: 0.6%, glucose: 0.5%, NaCl: 1%, K2HPO4: 0.5%) were used.
Agar plates were coated with Escherichia coli (ATCC 11303),
Bacterium megaterium (ATCC 14581), Klebsiella pneumoniae (ATCC
13883), Enterococcus faecalis (ATCC 29212) and Proteus mirabilis

(ATCC21100). Strains were incubated overnight in tryptic soy
broth under shaking, inoculated into fresh medium and grown to
log-phase for 3 h at 37 8C. Bacterial suspensions (50–200 ml) were
mixed with 10 ml underlay agar at 46 8C and poured into Petri
dishes. After the agar had cooled down, 10-ml aliquots of each
sample to be tested were pipetted into wells that had been
previously punched (2.5-mm diameter) into the agar. After
overnight incubation at 37 8C, 10 ml of overlay agar (46 8C) was
poured onto the underlay agar. Agar plates were incubated at
37 8C for 3–4 h and examined for growth inhibition zones. Each
test was performed in duplicate. Nine microliters of PRP was
applied and activated by adding 1 ml of thrombin (10 U/ml). Full
blood served as a control.

HBD-3 ELISA

Following activation, the samples were centrifuged at 18,000 � g

for 2 min to pellet debris and the gel that formed after activation. The
resulting supernatant was diluted 1:2 in PBS containing 0.1% BSA
and human HBD-3 protein content was measured (HBD-3 ELISA
Development Kit Cat.Nr:900-K210, Peprotech, Hamburg, Germany).
For this examination, 96-well immunoplates (Corning Inc., New
York, USA) were coated at 4 8C for 24 h with 100 ml (300 mg/ml) of
anti-HBD-3 antibodies diluted to 1:100 in phosphate buffer at pH
7.2. The wells were then washed three times with PBS + 0.1% Tween
20 and blocked with 300 ml 1% bovine serum albumin in PBS for
60 min at room temperature. After washing three times with 200 ml
PBS + 0.1% Tween 20, 100 ml of standard and sample per well were
incubated for at least 1 h at room temperature. Plates were washed
three times with PBS + 0.1% Tween 20 and the wells were incubated
for 2 h at room temperature with 100 ml of biotinylated anti-hBD-3
antibodies diluted 1:100 to 0.25 mg/ml in PBS + 0.1% Tween 20.
Plates were washed again three times with PBS + 0.1% Tween 20 and
filled with 50 ml of streptavidin–peroxidase in each well (Roche
Diagnostics, Mannheim, Germany; 1:10.000 in PBS + 0.1% Tween
20). The plates were then incubated for 30 min at room temperature,
washed three times as described above, and incubated with 100 ml
3,30,5,50-tetramethylbenzidine (TMB; Sigma, Taufkirchen,
Germany), which served as the developmental agent, for a
maximum of 15 min in the dark at room temperature followed by
100 ml of 1 M H2SO4. Absorbance was measured at 450 nm with a
multichannel photometer (Sunrise; Tecan, Crailsheim, Germany).
The lower and upper detection limits were 1–4000 ng/ml. Human
recombinant HBD-3 served as the standard for the following
concentrations: 0, 0.06, 0.125, 0.25, 0.5, 1.0, 2.0 and 4.0 ng/ml.

Western blot

For Western blot, samples were reduced in the presence of
10 mM dithiothreitol, proteins were separated by sodium dode-
cylsulphate-polyacrylamide gel electrophoresis (SDS-PAGE; 15%
gels), transferred onto nitrocellulose membranes that were blocked
and incubated with antibodies according to standard techniques
(HBD-3: Santa Cruz, Cat-Nr:sc-30115, Heidelberg, Germany).
Signals were detected by chemoluminescence reaction (ECL-Pus;
Amersham-Pharmacia, Uppsala, Sweden).
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Immunohistochemistry

HBD-3 expression was analysed in supernatants of PRP. 50,000
thrombocytes were seeded on microscope slides for immunocy-
tochemical analyses. Slides were blocked with 3% hydrogen
peroxide to inhibit endogenous peroxidases. They were then
incubated with normal serum (1:5 in Tris-buffered saline) from
the species in which the secondary antibody was attained.
Immunocytochemical staining was performed using polyclonal
primary antibodies against human b-defensin-3 (HBD-3, 1:40,
Santa Cruz Biotechnology, Santa Cruz, USA). This was followed by
incubation with biotinylated secondary antibodies and a peroxi-
dase-labelled streptavidin–biotin staining technique (DAKO,
Glostrup, Denmark). After counterstaining with hemalum, the
sections were mounted with Aquatex (Boehringer, Mannheim,
Germany). Negative controls were performed by omitting the
primary antibody or by pre-incubation of the primary antibody
with recombinant human hBD-3 (100 mg/ml).

As positive control HaCaT ceratinocytes were used. The cells
were incubated on cover slips for 36 h, washed with PBS and
fixed using Zamboni for 30 min. They were washed for three
times and stored at 4 8C with saturated humidity till
staining procedure.
Fig. 1. Immunohistochemical staining of thrombocytes against HBD-3: (a) positive con

omitting the primary antibody; (c) human thrombocytes revealed a strong staining for

counterstained with hemalum.
Statistical analysis

Differences between the groups were evaluated using the t-test.
Group differences were considered significant if p was less than 0.05.
SPSS 13.0 software was used.

Results

Immunohistochemistry

HaCaT ceratinocytes served as positive control and revealed a
strong staining for HBD-3 as expected (Fig. 1a). The negative
control was performed by omitting the primary antibody
(Fig. 1b). Immunohistochemistry revealed strong positive
staining for HBD-3 in thrombocytes (Fig. 1c).

Western blot

Western blot analysis verified these findings (Fig. 2). The band
for HBD-3 was verified using recombinant HBD-3 at 5 kDa. T1–T3
represent the supernatant of thrombocytes from different donors
after thrombin treatment.
trol by staining of HaCaT (ceratinocytes); (b) negative control was performed by

 HBD-3; (d) HBD-3 additionally detected in plasma. Bar represents 20 mm, nuclei



Fig. 2. Western blot against human beta defensin-3 in thrombocytes: detection of

HBD-3 in supernatant of thrombin activated thrombocytes (T). T1–T3 represent

probes from different donors. Recombinant human beta defensin-3 served as

positive control. Standard and supernatant revealed as estimated bands at 5 kDa.

Fig. 3. ELISA: HBD-3 was quantified in PPP and PRP supernatant using ELISA. HBD-3

amounts in PRP supernatant were significantly higher compared to PPP

supernatants (p < 0.001).
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ELISA

The levels of HBD-3 in PRP and PPP were quantified using
ELISA. HBD-3 concentration in PPP was 2845.4 � 1781.2 pg/ml.
HBD-3 concentration in activated PRP was 6146.3 � 944.4 pg/ml.
HBD-3 level in PRP was significantly higher than in PPP
(p < 0.001;n = 14) (Fig. 3).

Antimicrobial activity of PRP

The antimicrobial activity of PRP was evaluated against E. coli

(ATCC11303), B. megaterium (ATCC14581), K. pneumoniae

(ATCC13883), E. faecalis (ATCC29212) and P. mirabilis
Fig. 4. Plate diffusion test: platelet-rich plasma revealed effective inhibition of

growth for E. coli, B. megaterium, K. pneumoniae, E. faecalis and P. mirabilis (5.3 � 1.1,

p < 0.015, 10.5 � 1.1, p < 0.036, 5.0 � 0.7, p < 0.008, 3.5 � 0.1, p < 0.001, and

6.0 � 0.7 mm, p < 0.173, respectively).
(ATCC21100) by use of a plate diffusion agar assay. This assay
was used to compare antimicrobial activities against gram
positive and gram negative bacteria of PRP to whole blood. As
shown in Fig. 4 PRP showed a larger diameter of the inhibition
zone against E. coli, B. megaterium, K. pneumoniae, E. faecalis and P.

mirabilis (5.3 � 1.1, p < 0.015, 10.5 � 1.1, p < 0.036, 5.0 � 0.7,
p < 0.008, 3.5 � 0.1, p < 0.001, and 6.0 � 0.7 mm, p < 0.173, respec-
tively) and therefore higher activity against the test organisms than
full blood. The results were significantly higher for PRP than for full
blood with exception of P. mirabilis.

Discussion

Bone and soft tissue infections are feared as disastrous
complications of open fractures in elective orthopaedic surgery.
The problem is well recognised amongst practising surgeons and
therefore some specific treatment principles are well respected
today. Damage control surgery comprises early and radical
debridement of open fractures and deep wound infections,
external fixation if the soft tissue is heavily compromised, and
antibiotic cover.3,18 By these means the rate of infections after
second degree open fractures today ranges from 1% to 55%
depending on the severity of the injury according to various
authors.10 Although this rate seems high compared to closed
fractures in a considerable number of cases severely contaminated
tissue heals without complications. A local immediately acting
pathomechanism could represent a first line defence for antimi-
crobial invasion that is effective in these cases.

With this study we provide evidence that thrombocytes could
be the effectors of such a rapidly available defence mechanism by
releasing the antimicrobial peptide HBD-3.

Platelets can be considered ideal candidates for the delivery of
bioactive substances because their adherence to damaged
endothelium is the first response to any kind of injury. Ahead of
all cellular action platelets mechanically form a mesh for
regenerative cells to adhere and release a vast amount of growth
factors and inflammatory mediators. By stopping bleeding and
stimulating regenerative capacities the organism initiates salvage
of damaged tissue and inhibits further progression of the damage.
To make use of the potent combination of a jellifying liquid and a
large amount of regenerative molecules in surgery platelet-rich
plasma was introduced as an autologous concentrate of thrombo-
cytes in plasma.1 Today PRP is mainly used in cases of non-union
and to augment fragile reconstructions in maxillofacial surgery
hence with increasing evidence of anti-infective capabilities a new
field for the application is conquered. The molecular mechanism of
action of HBD-3 has been thoroughly investigated in the past.14

Our analysis of PRP-supernatant revealed substantial HBD-3
content in the range of 5–7 mg/ml. This concentration has
previously been shown to be biologically effective for the
inhibition of bacterial growth.16 In due course we investigated
PRP for specific antibacterial action by plate diffusion testing.
Many authors have demonstrated that HBD-3 is a potent agent
against gram positive and gram negative bacteria.16 PRP as the
source of HBD-3 inhibits gram positive growth as recently reported
by Bielecki et al.6 We present a novel aspect by showing that PRP
can inhibit gram-negative E. coli, E. faecalis, B. megaterium and K.

pneumoniae in addition to gram positive organisms.
This feature of a platelet concentrate is of special interest with

respect to the fact that gram negative microbes are frequently
found as open fracture contaminating bacteria.8 In one study PRP
was used for the treatment of leg ulcers that continuously cause
problems with persisting superinfections. In such cases, too, can
gram negative microbes be the pathogen that might be targeted by
PRP-derived antimicrobial action. Additionally positive effects of a
platelet-leucocyte gel on healing of delayed union were described.5
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The aetiology of delayed union and non union is at least partly
believed to be infective.

As such we demonstrate two independent novel findings—
extended bacterial growth inhibition by PRP and considerable
content of the HDP HBD-3 in PRP. However with this study we
do not provide data clearly showing a mechanistic association of
HBD-3 content and antimicrobial effects of PRP. Still, as we have
investigated the action of HDP in various circumstances before
we want to point out some supporting findings. Coming from
the investigation of antibiotic-resistant bacteria Yeaman et al.
have shown a similar mechanism for the rat.27 They demon-
strated that platelet microbicidal protein-1, a peptide that is
released by thrombocytes, showed inhibition of bacterial growth
upon activation by thrombin. Meanwhile several cationic
peptides have been detected in the rat25 and the antimicrobial
spectrum was extensively illustrated.26 Further support for our
hypothesis comes from our own studies on serum of multiply
injured patients (data submitted for publication). Serum of
multiply injured patients contains elevated levels of antimicro-
bial peptides human beta-defensin-2, -3 and the cathelicidin LL-
37 and likewise exhibits an increased bacteriostatic effect
compared to control individuals. Finally these findings provide a
possible explanation for antimicrobial features of full blood. In
our study we used full blood as a control—in antimicrobial
testing the effect was visible but considerably weaker than that
of PRP. Still, a lower concentration of platelets could release
HBD-3 in antibacterial doses.

With this study we provide evidence of gram positive and
gram-negative antimicrobial action of a popular adjunct for
orthopaedic and trauma surgery. We have identified hints for a
possible mechanism of action via the secretion of HBD-3 as a
first line defence in contaminated wounds and in elective
application of PRP. We and others have started using PRP as an
additive for the revision of non-union because it is safe and
affordable. With our in vitro data we add information towards a
scientific rationale for a clinical application. With respect to a
raised interest and attention to cost effectiveness of surgical
treatment this aspect gains importance. Further investigations
are necessary to ultimatively prove the proposed mechanism. At
least of equal importance seem large scale trials to obtain
profound clinical data concerning the range of indications for
PRP. Along with such clinical investigations can insights be
obtained as if an antimicrobial mechanism can give rise to a
frequent clinical application i.e. for the prevention of infectious
pseudarthrosis and in revision surgery.
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