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Current Concepts With Video Illustrations

Platelet-Rich Plasma: A Milieu of Bioactive Factors
Stacie G. Boswell, D.V.M., Brian J. Cole, M.D., M.B.A., Emily A. Sundman, B.S.,
Vasili Karas, B.S., and Lisa A. Fortier, D.V.M., Ph.D.

Abstract: Platelet concentrates such as platelet-rich plasma (PRP) have gained popularity in sports
medicine and orthopaedics to promote accelerated physiologic healing and return to function. Each
PRP product varies depending on patient factors and the system used to generate it. Blood from some
patients may fail to make PRP, and most clinicians use PRP without performing cell counts on either
the blood or the preparation to confirm that the solution is truly PRP. Components in this milieu have
bioactive functions that affect musculoskeletal tissue regeneration and healing. Platelets are activated
by collagen or other molecules and release growth factors from alpha granules. Additional substances
are released from dense bodies and lysosomes. Soluble proteins also present in PRP function in
hemostasis, whereas others serve as biomarkers of musculoskeletal injury. Electrolytes and soluble
plasma hormones are required for cellular signaling and regulation. Leukocytes and erythrocytes are
present in PRP and function in inflammation, immunity, and additional cellular signaling pathways.
This article supports the emerging paradigm that more than just platelets are playing a role in clinical
responses to PRP. Depending on the specific constituents of a PRP preparation, the clinical use can
theoretically be matched to the pathology being treated in an effort to improve clinical efficacy.

P

reparations of platelet concentrates are generically referred to as platelet-rich plasma (PRP) and
have gained popularity in fields such as wound healing,1 dental and maxillofacial surgery,2 sports medicine,3 and veterinary medicine.4 In sports medicine
there are numerous clinical objectives motivating the
use of PRP, including promotion of tissue regeneration in both bony5,6 and soft tissues,7 prevention or
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treatment of infection,8,9 and restoration of function.10
Clinical observation and opinion suggest that pain
relief and return to function occur more rapidly than
expected for some healing orthopaedic problems after
the use of PRP. This has led to investigations of
antinociceptive properties of PRP in our laboratory
and others.11 In addition to being evaluated in vivo for
efficacy and safety, in vitro investigation of PRP and
the growth factors (GFs) contained within it has been
performed.
Generation of PRP is accomplished with one of
many available commercial systems that are marketed
primarily based on their ability to concentrate platelets. Targeted musculoskeletal tissues, such as tendon,
ligament, and cartilage, heal slowly because of a limited blood supply, slow cell turnover, and limited
extracellular matrix restoration.12 PRP provides GFs
that stimulate neovascularization and increase the
blood supply and nutrients needed for cells to regenerate the damaged tissue (Fig 1). Neovascularization
also brings new cells and removes debris from damaged tissue. It is hypothesized that the GFs released
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FIGURE 1. Schema of PRP injection into patellofemoral joint. Cells in PRP include platelets, which are activated to release GFs, and
leukocytes such as neutrophils and monocytes that mainly function in phagocytosis, immunity, and inflammation. Soluble hormones (such
as IGF-1) are also shown. Cells in the joint that could be exposed to the effects of the bioactive factors in PRP include synovial, meniscal,
and ligamentous fibroblasts, chondrocytes, and osteocytes. Green solid arrows indicate positive metabolic paths (such as upregulation of
matrix synthesis or cell replication). Red dashed arrows indicate negative metabolic paths (such as increased matrix degradation or inhibition
of matrix synthesis). (ADP, adenosine diphosphate; CaCl2, calcium chloride; ECM, extracellular matrix; EGF, epidermal growth factor; IL-1,
interleukin 1; IL-6, interleukin 6; ligs, ligaments; TNF-␣, tumor necrosis factor ␣; VEGF, vascular endothelial growth factor; vWF, von
Willebrand factor.)
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from platelets in PRP accelerates integration of biologic grafts and healing so that patients can return
more rapidly and functionally to activities.12,13
Recently, there has been an increased focus on other
components of PRP, particularly leukocytes14 and fibrinogen.15 Classification or characterization of PRP
based on platelet and white cell counts alone has been
attempted.15 This brings some uniformity to the PRP
field and improves the specificity of comparative investigations of PRP. However, PRP is best considered
a milieu of bioactive factors, and the resultant blend of
these factors will determine the most relevant applications to maximize clinical outcomes.
The purpose of this article is to consider the bioactive cellular and molecular factors in PRP and summarize what is known regarding the effect of each
factor on musculoskeletal tissue healing. The clinical
application of PRP has been reviewed elsewhere and
therefore is not a focus of this report.13,16
PRP PRODUCTION
PRP is a plasma suspension that contains all components of whole blood in varying amounts (Videos 1
and 2, available at www.arthroscopyjournal.org). According to the Red Cross, PRP by definition contains
a minimum of 200,000 platelets/L. Preparation processes take advantage of differing density gradients of
the components in blood to concentrate platelets.
Centrifugation of whole venous blood containing an
anticoagulant results in a plasma supernatant with a
gradient of cellular concentration. Erythrocytes are
the densest and will remain as the packed cell layer
at the bottom of the centrifuge container. The buffy
coat of white blood cells is at the top of the packed red
blood cell layer. The platelets are at the highest concentration in the plasma just above the buffy coat and
decrease in concentration toward the top of the plasma
layer. Many systems use a 2-spin speed protocol that first
reduces the number of erythrocytes and second concentrates platelets. The various systems differ in
platelet collection efficiency and repeatability, final
leukocyte count, platelet activation, and ease of
use.17
Differences between PRP preparations can be due
to the proprietary system selected or the many other
factors that also affect the final product. Peripheral
venous blood parameters influence the contents of the
final PRP product. For example, platelet count in the
final concentrate is dependent on the whole blood
platelet count in a linear manner.18 Hematocrit also
influences the final product, especially in fixed-volume

TABLE 1.
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Key Points of PRP Processing

PRP contains all components of blood in variable quantities.
A final concentration of ⬎200,000 platelets/L meets the Red
Cross definition of PRP.
The final PRP product may differ because of the proprietary
system selected for processing.
PRP is affected by the patient’s venous blood status (packed cell
volume, hydration, medications, circadian rhythms).
A clinician’s awareness of exactly what is contained in PRP will
allow a better-informed decision to be made regarding its
therapeutic application.

separator techniques. These types of systems have a
requisite volume of whole blood, which is centrifuged
before removal of a predetermined volume of the
packed cells and/or plasma layer. Therefore a variable
number of erythrocytes remain in the PRP. Storage of
whole blood before processing introduces additional
variability of the final PRP and platelet characteristics
(Table 1).19,20
There is variability in the number of platelets and
leukocytes in PRP between preparations from the
same individual that is not system dependent. Both the
absolute and relative numbers of each leukocyte type
change compared with those found in peripheral blood
and are variable with the proprietary system selected.
This variation can be partially attributed to a number
of factors, including hydration status, inflammation
(leukocytosis or leukopenia), lipemia (which increases
platelet concentration and is influenced by diet),21 or
circadian rhythms in platelet numbers.22-24 Although
gender does affect hematocrit, it affects the final PRP
less if a density-gradient system is used. An investigation using cultured periodontal osteoblasts found
that the gender of the blood donor for generation of
PRP did not significantly alter either platelet count or
GF concentration.25
We have observed that some individuals can have a
complete failure to concentrate platelets with one system but are successful in concentrating platelets with
a system from a different manufacturer (Table 2). This
disparate result can occur with one blood draw allocated for use in 2 systems, indicating that failure to
generate PRP is possible in any individual and when
using any system. These observations suggest that a
complete blood count should be performed on each
patient’s venous blood and PRP so that a clinician can
be sure that the patient is truly being treated with PRP.
Such complete blood count data would also facilitate
determination of which PRP components most affect
clinical outcome.
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TABLE 2.

White Blood Cell and Platelet Counts in PRP From Healthy Volunteers,
Showing Failed PRP Production

Blood
Mfr 1
Mfr 2
Mfr 3
Component (cells ⫻ 103/L) (cells ⫻ 103/L) (cells ⫻ 103/L) (cells ⫻ 103/L)
Individual 1
Individual 2
Individual 3
Individual 4
Individual 5
Individual 6

WBC
Plt
WBC
Plt
WBC
Plt
WBC
Plt
WBC
Plt
WBC
Plt

5.0
232
4.3
218
5.6
215
7.5
206
4.7
106
4.8
250

0*
39*
0.3
442
0.2*
134*
0.2
328
0.4*
42*
0.5*
114*

14.6
591
20.7*
130*
47.3
1,520
28.0*
114*
NA
NA
NA
NA

11.7†
873†
NA
NA
NA
NA
NA
NA
14.6†‡
643†‡
17.8
638

Abbreviations: Mfr, manufacturer; NA, not available; Plt, platelet count; WBC, total white blood
cell/leukocyte count.
*These 6 individuals had a reduced number of platelets compared with venous blood in at least one of
their PRP products, despite an increase in platelet count with another manufacturer’s production system.
This suggests that clinicians should confirm platelet counts in PRP to ensure that the expected concentration has occurred during processing.
†PRP production on a different day from other values for the same individual.
‡Lipemic sample.

PLATELETS
Platelets (thrombocytes) range from 2 to 3 m in
size while circulating for 7 to 10 days at concentrations of 150 to 400 ⫻ 103/L. They are anucleate
cytoplasmic fragments of multinucleated megakaryocytes located in bone marrow. Platelets are most often
thought of primarily for their hemostatic and coagulation functions; however, proteomic studies have
shown that platelets contain over 800 proteins with
numerous post-translational modifications, such as
phosphorylation, resulting in over 1,500 protein-based
bioactive factors.26,27 Only some of these proteins’
physiologic actions have been studied, including GFs,
peptide hormones, and chemoattractants for macrophages, neutrophils, and stem cells.
Circulating, inactive platelets have a discoid
shape with an open canalicular system. Both native
and exogenous molecules can activate platelets, including collagen, platelet-activating factor, serotonin,
calcium, magnesium, thromboxane A2 (TXA2), adenosine diphosphate (ADP), and thrombin. In a positivefeedback system, activated platelets release TXA2,
ADP, and thrombin and activate other nearby platelets. Facilitated by actin and myosin filaments, the
activated platelet undergoes cytoskeleton restructuring
to develop multiple filopodia from the location of the
canaliculi. Exocytosis and degranulation result in an
overall increase of platelet surface area. In vitro ob-

servations have shown that when platelets are activated, an initial burst of GF release is followed by
further sustained release.28 Platelet activation results
in an increase in anti-inflammatory cytokines because
of the presence of hepatocyte GF.29
In addition to platelet activation by endogenous
chemokines, activation is accelerated by adrenergic
activity,30 oxidative stress,31 or chemical use, such as
smoking.30 Platelets are heterogeneous in size. Larger
platelets from healthy volunteers have been shown to
be more active and release more chemokines than
smaller platelets.32 Perhaps most significantly, in vitro
experiments have shown that platelets in PRP are
activated by bone substitution materials33 and biphasic
osteochondral scaffolds.28 Platelet aggregation is decreased by a strenuous workload34 or substances such
as caffeine35 or propofol.36
When the concentration of GFs is measured, PRP
preparations typically contain a 3- to 5-fold increase
compared with baseline.37 This increase is attributed
to both platelet concentration and activation. Several studies have investigated the effects of platelet
concentration on musculoskeletal tissue homeostasis.4,13,14,38 Schnabel et al.4 showed that a concentrated platelet preparation resulted in an enhanced
anabolic gene expression in tendon and ligament. In
clinical equine tendonitis, a concentration of 750,000
platelets/L in PRP was significantly associated with
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a shorter time to recovery, defined as return to race
competition.38 However, a ceiling threshold of benefit
from GFs seems to exist. One experiment described an
increase in chondrocyte proliferation with addition
of recombinant platelet-derived growth factor-BB
(PDGF-BB) in culture media. The concentration used
varied from 4.7 to 300 ng/mL, but peak proliferation
was noted at 75 ng/mL.39 In a different part of the
same study, PDGF-AB was used to stimulate migration of bovine meniscal cells with a maximum effect
at 10 ng/mL and inhibition of chemotaxis occurring at
higher concentrations.39 An upper threshold of benefit
could occur in vivo if a large volume is injected into
a small lesion.
In addition to releasing GFs, some literature supports the concept that PRP regulates local production
of these factors. Using PRP in a rabbit model of
Achilles tendon healing, Lyras et al.40 showed an
upregulation of intracellular transforming growth factor (TGF) ␤1 in the first 2 weeks of healing with
downregulation in the third and fourth week of healing
compared with controls. Furthermore, an increase of
intracellular insulin-like growth factor 1 (IGF-1) expression was shown in tenocytes throughout the 4
weeks of healing.41
Platelet alpha granules are 300- to 500-nm microvesicles with a proteome count of approximately
284.42 These include bioactive molecules such as adhesive proteins (fibrinogen, von Willebrand factor)
and receptors, clotting factors (V, XI, XIII, and prothrombin), fibrinolytic factors (antithrombin, plasmin,
and plasminogen), other basic proteins, membrane
glycoproteins, and GFs (Table 3).8 Alpha granules
give platelets their characteristic purple granular appearance on a typical blood smear. GF peptides released from alpha granules include PDGF, TGF-␤1,
vascular endothelial growth factor, basic fibroblast
growth factor (bFGF), and epidermal growth factor.
Despite reports in earlier literature, IGF-1 is not stored
in platelets but it is in plasma. Individual variation in
the concentration of GFs released from granules exists, but the platelet number in PRP is positively
correlated with GF concentration.12,14,43 PDGF is integral to cell proliferation, chemotaxis, cell differentiation, and angiogenesis.39,44 For example, Markopoulou et al.25 determined that PRP promoted cellular
proliferation of human osteoblasts that was due to
PDGF, bFGF, and TGF-␤1. Increased cellular proliferation is one way that PRP promotes healing of
musculoskeletal tissues. Chung et al.44 showed that
blocking PDGF-BB in a rodent growth plate damage
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TABLE 3. Summary of Cellular and Molecular
Components of PRP Relevant to Musculoskeletal Tissue
Component
Plasma
Proteins
Electrolytes
Hormones
Biomarkers

Platelets
Alpha granules

Dense bodies
Lysosomes
Leukocytes
Neutrophils
Primary granules
Secondary granules

Tertiary granules
Monocytes
Erythrocytes

Albumin, globulins, fibrinogen,
complement, and clotting factors
Chloride, sodium, potassium, and
calcium
IGF-1, estrogens, progesterone,
androgens, ACTH, and HGH
COMP, CD11b, protein C,
microRNA, osteocalcin, and
osteonectin
Adhesive proteins, clotting factors,
and GFs PDGF, TGF-␤, VEGF,
FGF, EGF, and HGF
Calcium and neurotransmitters
Lysosomal enzymes

Myeloperoxidase, acid hydrolases,
defensins, and serine proteases
Collagenase, lactoferrin,
cathelicidin, bactericidal
phagocytins, and lysozyme
Gelatinase and proteases
Platelet-activating factor, TGF-␤,
VEGF, FGF, and EGF
ATP, S-nitrosothiols, nitric oxide,
hydrogen sulfide, hemoglobin,
and free radicals

Abbreviations: ACTH, adrenocorticotropic hormone; ATP,
adenosine triphosphate; COMP, cartilage oligomeric matrix protein; EGF, epidermal growth factor; FGF, fibroblastic growth factor; HGF, hepatocyte growth factor; HGH, human growth hormone; VEGF, vascular endothelial growth factor.

model resulted in reduced chemotaxis of mesenchymal cells.
Modulation of coagulation and vascular repair by
GFs in PRP is theorized to result in accelerated and
improved wound, tendon, ligament, and bony healing.12 Extensive reviews on the use and effects of GFs
from alpha granules on musculoskeletal tissues are
available elsewhere.37,45,46
GFs function by binding to cellular transmembrane
receptors and regulating cellular signaling pathways.47
One advantage of PRP over administration of a single
exogenous GF is that GFs are released from platelets in
native (rather than recombinant) form and presumably in
a biologically relevant ratio.37 In a canine model, use of
bFGF alone accelerated the cell-proliferation phase of
tendon healing but resulted in peritendinous scar formation and diminished range of motion.48 This finding
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supports the concept of using a balanced, complementary set of bioactive GFs found in PRP, rather than
individual GFs. PRP is also much less expensive and
subject to fewer regulatory restrictions than use of a
recombinant GF.49
Dense bodies (delta granules) are organelles 250 to
300 nm in size. They contain primarily substances that
promote clotting, such as calcium (clotting factor IV),
magnesium, adenosine, serotonin, and histamine.47 A
deficiency of delta granules results in mild bleeding
disorders. Although serotonin is manufactured in the
gastrointestinal tract and the brain, it is stored in dense
bodies and, when released, promotes hemostasis by
constricting vascular tone and permeability. Details
are still not fully elucidated, but it is known that
serotonin exists in different forms and that it acts as
either a hormone or neurotransmitter and can both
positively and negatively regulate bone mass.50
The lambda granule is the third type of granule
whose contents are released during platelet activation.
Lambda granules are lysosomal-type organelles. Although literature is scant regarding lambda granules, they
do have “clearing” responsibilities to remove infectious
agents and cellular debris. As healing progresses, tissue
plasminogen activator secreted by the endothelium activates lambda granule enzymes, which convert plasminogen to plasmin and lyse the clot. Plasminogen activators play a role in homeostasis of muscle fibers and
adjoining extracellular matrix, including fracture
repair.51,52
PLASMA
Plasma is defined as the yellow-colored liquid component of blood in which blood cells are suspended.
Approximately 200 proteins have been documented in
plasma, including albumin, immunoglobulins, complement, and clotting factors.53 Because plasma transiently contains many proteins released from cells and
metabolic processes throughout the body, the presence
of as many as 679 proteins has been documented.54
Biomarkers of bone turnover can be found in plasma
as well, including osteocalcin and osteonectin, which
are both secreted by osteoblasts. Other musculoskeletal molecules of interest are transiently found in
plasma. For example, cartilage oligomeric matrix protein levels are elevated in cases of severe arthritis.55
Plasma biomarkers can be measured during orthopaedic surgery. Hughes et al.56 measured markers of
ongoing orthopaedic-specific inflammation and leukocyte activation including nonspecific C-reactive protein and orthopaedically related CD11b and protein C

and showed that more accurate assessment of intraoperative inflammation was feasible. MicroRNAs present in plasma have been used to document both rheumatoid arthritis and osteoarthritis.57 A biomarker
profile has been used to document high bone turnover
in women with osteoporosis.58 A similar profile could
be developed for patients with fractures. Likewise, an
equine model showed that a biomarker pattern was
present in racehorse plasma before injury.59
Plasma proteins involved in hemostasis also affect
musculoskeletal healing. After the activated platelet
plug provides primary hemostasis at a site of injury
and during clot maturation, cell adhesion molecules
such as fibronectin, fibrin, and vitronectin move from
the plasma into the clot. In vitro, these proteins have
been shown to induce chemotaxis of multipotent stromal cells across a membrane.60 This implies that these
molecules may modulate cell migration of fibroblasts,
osteoblasts, or other tissue-regenerating cells in musculoskeletal repair.
Electrolytes present in plasma are tightly regulated
through transmembrane adenosine triphosphatases to
optimize cellular and tissue function. Chloride (reference interval, 340 to 370 mg/dL), sodium (31 to 35
mg/dL), potassium (14 to 20 mg/dL), and total calcium (8.5 to 10.2 mg/dL) are the 4 electrolytes that are
most abundant.
About half of the calcium circulating is bound by
albumin, and ionized calcium can be measured independently (4.1 to 4.8 mg/dL). In addition to functioning as a platelet activator, intracellular reservoirs
maintain calcium homeostasis. It is an important secondary messenger in cells and is a cofactor for several
extracellular reactions. It has been well established
that within the coagulation cascade, plasma calcium is
a cofactor for the formation of both the tenase (factor
X) and prothrombinase complexes. In relation to musculoskeletal tissue repair, intracellular calcium signaling is required for the contractile activity of myofibroblasts in vitro.61
Hormones such as thyroxine, estradiol, adrenocorticotropic hormone, androgens, estrogens, progesterone, and human growth hormone circulate in plasma.
Perhaps the most musculoskeletally relevant hormone
found in plasma is IGF-1. IGF-1 has been shown to
improve healing in equine tendon and cartilage models.62,63 The benefits of IGF-1 in enhancing regeneration of injured musculoskeletal tissue has been previously reviewed.63,64
How much the other hormones present in PRP
affect platelets or musculoskeletal metabolism is not
fully known. In general, glucocorticoids provide pro-
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tection to tissues by decreasing the production or
activity of inflammatory mediators. Intracellular synthesis of epidermal growth factor is stimulated by
testosterone and inhibited by estrogens. Experimentally induced platelet aggregation and release of TXA2
were reduced in PRP with a physiologic level of
dihydrotestosterone.31 Estrogens alone do not appear
to affect platelet aggregation in PRP; however, some
estrogens with ADP or adrenaline synergistically increase platelet aggregation.65
LEUKOCYTES
Mammalian leukocytes are classified as granulocytes (neutrophils, eosinophils, and basophils) or
mononuclear cells (lymphocytes and monocytes or
macrophages). Phagocytic cells such macrophages are
essential to the in vivo healing process.66 A murine
model was used to show that macrophages were essential for debridement of damaged ligamentous tissue
and for cytokine release that mediates the repair process.66 The presence of leukocytes can result in proinflammatory cellular signaling and local tissue catabolism.67 For example, McCarrel and Fortier14 showed
that leukocytes in a PRP preparation had a negative
correlation with matrix synthesis and a positive correlation with matrix catabolism in tendons. A higher
concentration of leukocytes, therefore, is likely undesirable for musculoskeletal applications associated
with tendon healing but could be more relevant for
other uses, such as healing of large, infected dermal
lesions.
The primary function of a neutrophil is to destroy
infectious agents. Reservoirs of antimicrobial proteins
are contained in primary, secondary, and tertiary granules. Proteases are also found in the cytoplasm of
neutrophils. Although these molecules are important
for destroying microbes, they can also incite local
tissue destruction.
If the goal of PRP is to provide balanced yet augmented healing, adding neutrophils in excess is antagonistic to the goal. To prevent neutrophil-mediated
tissue damage, the influx of neutrophils must be controlled.68 The quantity of neutrophils in the native
environment is self-controlled. Secretory leukocyte
protease inhibitor is synthesized in myelocytes, stored
in neutrophils, and released to limit local tissue damage caused by serine proteases.67 In addition, neutrophils release reactive oxygen species, which results in
a respiratory burst that is intended to damage pathogens. However, the respiratory-burst reaction without
a target microbe is likely to cause tissue damage.13
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Primary (azurophilic) granules are smaller and more
numerous than secondary granules and contain at least
10 peptides with antimicrobial properties. When a
neutrophil is activated, the primary granules release
myeloperoxidase, lysozyme, acid hydrolase, alpha defensins,68 bactericidal/permeability increasing protein,
and serine proteases (including neutrophil elastase
[ELA2], azurocidin, cathepsin G, and proteinase 3).67
These proteases both damage bacteria and degrade the
extracellular matrix, allowing cellular migration through
the tissue.69,70 Although these functions are essential for
tissue remodeling, they can also result in destruction of
normal tissue, as exemplified in an in vitro study using
normal equine tendons.14
Secondary (specific) granules are less numerous and
larger than primary granules. Some molecules carried
by primary granules are also carried by secondary
granules (lactoferrin, gelatinase, lysozyme).71 In addition, secondary granules contain matrix metalloproteinase-8 (MMP-8) (neutrophil collagenase) and MMP-9
(type IV collagenase, also known as gelatinase B),
which result in extracellular matrix degradation.13
They also contain the antimicrobial polypeptides lysozymes, lactoferrin, and cathelicidin. Secretory leukocyte protease inhibitor is also present and modulates
the neutrophil’s proteolytic response in any tissue.67
Lactoferrin binds iron and is active against bacteria,
viruses, fungi, and parasites.69 Its antiviral action occurs through competitive binding of glycosaminoglycans, preventing viral adsorption and cellular invasion.
Thus it could also block glycosaminoglycans found in
cartilage, tendon chondroitins, or synovial hyaluronan.
Tertiary granules are both smaller and less numerous than other granule types. They release MMP-9
and MMP-15 along with peptides that sequester iron
and other metals, including neutrophil gelatinase–
associated lipocalin and natural resistance–associated
macrophage protein 1, from phagocytosed bacteria.70
Monocytes are found in peripheral blood and differentiate into macrophages when they migrate into
connective tissue. Circulating monocytes promote extracellular matrix breakdown by the release of
MMP-2, MMP-9, MMP-13, cathepsin, inducible nitric
oxide synthase, interleukin-1, and interleukin-6. Concurrently, monocytes suppress inflammation, promote
angiogenesis, and support collagen synthesis through
TGF-␤, vascular endothelial growth factor, and bFGF
release, respectively. Monocyte-derived macrophages
are necessary for any type of regenerative process,
including musculoskeletal tissue repair through active
phagocytosis of necrotic tissue and debris. Activated
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macrophages likely play a role in the regeneration of
subchondral bone.72
Eosinophils function mainly in immunity. They
contain major basic protein 1, which is also found in
basophils and mast cells and is involved with killing
endoparasites. Eosinophil peroxidase is only found in
eosinophils and inactivates pathogens through oxidation. Ribonucleases from eosinophils are antiviral and
anti-endoparasitic.69

TABLE 4.

Tips for PRP Use

Perform a CBC on venous blood and PRP to confirm that the
product intended for use is truly PRP.
Always maintain the sterility of the PRP.
When injecting PRP, do not exceed the volume limit of the
lesion.
Handle PRP gently to avoid premature platelet activation.
Consider individual, diurnal, and medication-influenced factors
when selecting a time to make PRP.
Abbreviation: CBC, complete blood count.

ERYTHROCYTES
The centrifugation process used to generate PRP
typically reduces or eliminates the presence of erythrocytes (red blood cells). Because some red blood
cells are often present, they are worth discussing. The
main function of erythrocytes is to carry oxygen,
which is essential for tissue repair. As such, red blood
cells lack most cellular organelles, including a nucleus, endoplasmic reticulum, and mitochondria. They
contain about 750 proteins compared with the estimated 20,000 or more proteins of nucleated cells.73
Red blood cells also carry some immune complexes.74
In vivo, erythrocytes release substances that serve to
dilate vessels including adenosine triphosphate, Snitrosothiols, nitric oxide, and hydrogen sulfide. Experiments suggest that nitric oxide mediates insensitivity to IGF-1 in diseased cartilage.75,76 Hemoglobin
carries the oxygen and, technically, is a metalloproteinase. It is made of 4, smaller, protein-bound heme
molecules. Under conditions of oxidative stress, heme
can become free and cytotoxic. The iron contained
within heme molecules catalyzes free radicals and
contributes to pathogen destruction. The free radicals,
however, can also induce apoptosis of host cells in
reaction to proinflammatory signaling. Because of
these destructive capabilities, limiting red blood cell
contamination in a PRP preparation intended for treatment of musculoskeletal repair seems warranted.
CLINICAL RELEVANCE
Knowing the components of PRP being used will
help elicit the important factors in various applications
of this regenerative therapy (Table 4). As an example,
5 recent articles in Arthroscopy evaluated anterior
cruciate ligament reconstruction and compared PRPaugmented procedures with controls.77-81 Magnetic
resonance imaging evaluation times ranged from 3 to
24 months postoperatively, and results of these trials
were variable. Several letters to the editor and the
authors’ replies highlight the controversy and confu-

sion regarding PRP use in these trials and emphasize
the need for more Level I trials to determine the
efficacy of PRP.82-85 Of the reports, one included
platelet counts in its results and none described leukocyte counts of the PRP. Four of 5 did state which
proprietary system was used to produce the PRP used
in clinical patients—all of which were different. Understanding what is in PRP is necessary to evaluate
why it is or is not efficacious, which patients will
receive the most benefit, and when it will provide the
maximal benefit.
CONCLUSIONS
PRP is a useful regenerative therapy to address
many musculoskeletal injuries. It is important to understand that PRP is more than just platelets and that
it contains many bioactive factors that act in anabolic,
catabolic, proinflammatory, and anti-inflammatory
pathways. Some components are also involved in the
modulation of the immune response. The precise combination and concentration of platelets, leukocytes,
and other plasma components best for musculoskeletal
healing are not presently known, and clinicians should
be aware that the effects of PRP are not solely based
on platelet concentration. A maximal efficacious concentration beyond which the platelet concentration
will provide no further clinical benefits likely exists.
Although the effects of many of the proteins in PRP
on musculoskeletal tissues are still unknown, they
likely contribute to the biologic healing process. Finally, it is imperative for individuals involved in clinical study design and all clinicians to take into consideration diurnal variation in platelet count and that,
simply, generation of PRP will fail in some patients in
some instances. Although PRP is more than just platelets, the clinician should confirm that PRP, by its very
definition, has been generated from peripheral blood
before application.

Author's personal copy

BIOACTIVE FACTORS IN PRP
REFERENCES
1. Frykberg RG, Driver VR, Carman D, et al. Chronic wounds
treated with a physiologically relevant concentration of platelet-rich plasma gel: A prospective case series. Ostomy Wound
Manage 2010;56:36-44.
2. Del Fabbro M, Bortolin M, Taschieri S, Weinstein R. Is
platelet concentrate advantageous for the surgical treatment of
periodontal diseases? A systematic review and meta-analysis.
J Periodontol 2011;82:1100-1111.
3. Rodeo SA, Delos D, Weber A, et al. What’s new in orthopaedic research. J Bone Joint Surg Am 2010;92:2491-2501.
4. Schnabel LV, Mohammed HO, Miller BJ, et al. Platelet rich
plasma (PRP) enhances anabolic gene expression patterns in
flexor digitorum superficialis tendons. J Orthop Res 2007;25:
230-240.
5. Bibbo C, Hatfield PS. Platelet-rich plasma concentrate to augment bone fusion. Foot Ankle Clin 2010;15:641-649.
6. Jungbluth P, Wild M, Grassmann JP, et al. Platelet-rich plasma
on calcium phosphate granules promotes metaphyseal bone
healing in mini-pigs. J Orthop Res 2010;28:1448-1455.
7. Paoloni J, De Vos RJ, Hamilton B, Murrell GA, Orchard J.
Platelet-rich plasma treatment for ligament and tendon injuries. Clin J Sport Med 2011;21:37-45.
8. Blair P, Flaumenhaft R. Platelet alpha-granules: Basic biology
and clinical correlates. Blood Rev 2009;23:177-189.
9. Moojen DJ, Everts PA, Schure RM, et al. Antimicrobial activity of platelet-leukocyte gel against Staphylococcus aureus.
J Orthop Res 2008;26:404-410.
10. Peerbooms JC, Sluimer J, Bruijn DJ, Gosens T. Positive effect
of an autologous platelet concentrate in lateral epicondylitis in
a double-blind randomized controlled trial: Platelet-rich
plasma versus corticosteroid injection with a 1-year follow-up.
Am J Sports Med 2010;38:255-262.
11. Peerbooms JC, van Laar W, Faber F, Schuller HM, van der
Hoeven H, Gosens T. Use of platelet rich plasma to treat
plantar fasciitis: Design of a multi centre randomized controlled trial. BMC Musculoskelet Disord 2010;11:69.
12. Sánchez M, Anitua E, Azofra J, Andía I, Padilla S, Mujika I.
Comparison of surgically repaired Achilles tendon tears using
platelet-rich fibrin matrices. Am J Sports Med 2007;35:245-251.
13. Lopez-Vidriero E, Goulding KA, Simon DA, Sanchez M,
Johnson DH. The use of platelet-rich plasma in arthroscopy
and sports medicine: Optimizing the healing environment.
Arthroscopy 2010;26:269-278.
14. McCarrel T, Fortier L. Temporal growth factor release from
platelet-rich plasma, trehalose lyophilized platelets, and bone
marrow aspirate and their effect on tendon and ligament gene
expression. J Orthop Res 2009;27:1033-1042.
15. Dohan Ehrenfest DM, Bielecki T, Corso MD, Inchingolo F,
Sammartino G. Shedding light in the controversial terminology
for platelet-rich products: Platelet-rich plasma (PRP), platelet-rich
fibrin (PRF), platelet-leukocyte gel (PLG), preparation rich in
growth factors (PRGF), classification and commercialism.
J Biomed Mater Res A 2010;95:1280-1282.
16. Sampson S, Gerhardt M, Mandelbaum B. Platelet rich plasma
injection grafts for musculoskeletal injuries: A review. Curr
Rev Musculoskelet Med 2008;1:165-174.
17. McLellan J. Does it matter which platelet-rich plasma we use?
Equine Vet Educ 2011;23:101-104.
18. Andrade MG, de Freitas Brandao CJ, Sa CN, de Bittencourt
TC, Sadigursky M. Evaluation of factors that can modify
platelet-rich plasma properties. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2008;105:e5-e12.
19. Skripchenko A, Kurtz J, Moroff G, Wagner SJ. Platelet products prepared by different methods of sedimentation undergo
platelet activation differently during storage. Transfusion
2008;48:1469-1477.

437

20. Thibault L, Beauséjour A, de Grandmont MJ, Lemieux R,
Leblanc JF. Characterization of blood components prepared
from whole-blood donations after a 24-hour hold with the
platelet-rich plasma method. Transfusion 2006;46:1292-1299.
21. Wiens L, Lutze G, Luley C, Westphal S. Platelet count and
platelet activation: Impact of a fat meal and day time. Platelets
2007;18:171-173.
22. Ahmadizad S, El-Sayed MS, MacLaren DP. Effects of time of
day and acute resistance exercise on platelet activation and
function. Clin Hemorheol Microcirc 2010;45:391-399.
23. Montagnana M, Salvagno GL, Lippi G. Circadian variation
within hemostasis: An underrecognized link between biology
and disease? Semin Thromb Hemost 2009;35:23-33.
24. Hartley PS. The diurnal tick-tockery of platelet biology. Platelets. 2011 August 2. [Epub ahead of print.]
25. Markopoulou CE, Markopoulos P, Dereka XE, Pepelassi E,
Vrotsos IA. Effect of homologous PRP on proliferation of
human periodontally affected osteoblasts. In vitro preliminary
study. Report of a case. J Musculoskelet Neuronal Interact
2009;9:167-172.
26. Qureshi AH, Chaoji V, Maiguel D, et al. Proteomic and
phospho-proteomic profile of human platelets in basal, resting
state: Insights into integrin signaling. PLoS One 2009;4:e7627.
27. Senzel L, Gnatenko DV, Bahou WF. The platelet proteome.
Curr Opin Hematol 2009;16:329-333.
28. Getgood A, Henson F, Brooks R, Fortier LA, Rushton N.
Platelet-rich plasma activation in combination with biphasic
osteochondral scaffolds-conditions for maximal growth factor
production. Knee Surg Sports Traumatol Arthrosc 2011;19:
1942-1947.
29. Bendinelli P, Matteucci E, Dogliotti G, et al. Molecular basis
of anti-inflammatory action of platelet-rich plasma on human
chondrocytes: Mechanisms of NF-B inhibition via HGF.
J Cell Physiol 2010;225:757-766.
30. Ziegelstein RC, Parakh K, Sakhuja A, Bhat U. Platelet function in
patients with major depression. Intern Med J 2009;39:38-43.
31. Li S, Li X, Li J, Deng X, Li Y. Inhibition of oxidative-stressinduced platelet aggregation by androgen at physiological levels via its receptor is associated with the reduction of thromboxane A2 release from platelets. Steroids 2007;72:875-880.
32. Mangalpally KK, Siqueiros-Garcia A, Vaduganathan M, Dong
JF, Kleiman NS, Guthikonda S. Platelet activation patterns in
platelet size sub-populations: Differential responses to aspirin
in vitro. J Thromb Thrombolysis 2010;30:251-262.
33. Klein MO, Kämmerer PW, Scholz T, Moergel M, Kirchmaier
CM, Al-Nawas B. Modulation of platelet activation and initial
cytokine release by alloplastic bone substitute materials. Clin
Oral Implants Res 2010;21:336-345.
34. Casella S, Giannetto C, Giudice E, Piccione G. Effect of
different workload and hydrocortisone in vitro on platelet
aggregation in athletic horse. Pol J Vet Sci 2010;13:501-506.
35. Bhaskar S, Rauf AA. Modulatory effect of coffee on platelet
function. Indian J Physiol Pharmacol 2010;54:141-148.
36. Vasileiou I, Xanthos T, Koudouna E, et al. Propofol: A review
of its non-anaesthetic effects. Eur J Pharmacol 2009;605:1-8.
37. Foster TE, Puskas BL, Mandelbaum BR, Gerhardt MB, Rodeo
SA. Platelet-rich plasma: From basic science to clinical applications. Am J Sports Med 2009;37:2259-2272.
38. Torricelli P, Fini M, Filardo G, et al. Regenerative medicine
for the treatment of musculoskeletal overuse injuries in competition horses. Int Orthop 2011;35:1569-1576.
39. Schmidt MB, Chen EH, Lynch SE. A review of the effects of
insulin-like growth factor and platelet derived growth factor on
in vivo cartilage healing and repair. Osteoarthritis Cartilage
2006;14:403-412.
40. Lyras DN, Kazakos K, Tryfonidis M, et al. Temporal and
spatial expression of TGF-beta1 in an Achilles tendon section
model after application of platelet-rich plasma. Foot Ankle
Surg 2010;16:137-141.

Author's personal copy

438

S. G. BOSWELL ET AL.

41. Lyras DN, Kazakos K, Georgiadis G, et al. Does a single
application of PRP alter the expression of IGF-I in the early
phase of tendon healing? J Foot Ankle Surg 2011;50:276-282.
42. Maynard DM, Heijnen HF, Horne MK, White JG, Gahl WA.
Proteomic analysis of platelet alpha-granules using mass spectrometry. J Thromb Haemost 2007;5:1945-1955.
43. Anitua E, Sánchez M, Zalduendo MM, et al. Fibroblastic
response to treatment with different preparations rich in
growth factors. Cell Prolif 2009;42:162-170.
44. Chung R, Foster BK, Zannettino AC, Xian CJ. Potential roles
of growth factor PDGF-BB in the bony repair of injured
growth plate. Bone 2009;44:878-885.
45. Creaney L, Hamilton B. Growth factor delivery methods in the
management of sports injuries: The state of play. Br J Sports
Med 2008;42:314-320.
46. Sánchez M, Anitua E, Orive G, Mujika I, Andia I. Platelet-rich
therapies in the treatment of orthopaedic sport injuries. Sports
Med 2009;39:345-354.
47. Maffulli N, Longo UG, Denaro V. Novel approaches for the
management of tendinopathy. J Bone Joint Surg Am 2010;92:
2604-2613.
48. Thomopoulos S, Kim HM, Das R, et al. The effects of exogenous basic fibroblast growth factor on intrasynovial flexor
tendon healing in a canine model. J Bone Joint Surg Am
2010;92:2285-2293.
49. Sun Y, Feng Y, Zhang CQ, Chen SB, Cheng XG. The regenerative effect of platelet-rich plasma on healing in large osteochondral defects. Int Orthop 2010;34:589-597.
50. Ducy P. 5-HT and bone biology. Curr Opin Pharmacol 2011;
11:34-38.
51. Suelves M, Vidal B, Serrano AL, et al. uPA deficiency exacerbates muscular dystrophy in MDX mice. J Cell Biol 2007;
178:1039-1051.
52. Rundle CH, Wang X, Wergedal JE, Mohan S, Lau KH. Fracture healing in mice deficient in plasminogen activator inhibitor-1. Calcif Tissue Int 2008;83:276-284.
53. Haudek VJ, Slany A, Gundacker NC, Wimmer H, Drach J,
Gerner C. Proteome maps of the main human peripheral blood
constituents. J Proteome Res 2009;8:3834-3843.
54. Schenk S, Schoenhals GJ, de Souza G, Mann M. A high
confidence, manually validated human blood plasma protein
reference set. BMC Med Genomics 2008;1:41.
55. Posey KL, Hecht JT. The role of cartilage oligomeric matrix
protein (COMP) in skeletal disease. Curr Drug Targets 2008;
9:869-877.
56. Hughes SF, Hendricks BD, Edwards DR, Middleton JF. Tourniquet-applied upper limb orthopaedic surgery results in increased inflammation and changes to leukocyte, coagulation
and endothelial markers. PLoS One 2010;5:e11846.
57. Murata K, Yoshitomi H, Tanida S, et al. Plasma and synovial
fluid microRNAs as potential biomarkers of rheumatoid arthritis and osteoarthritis. Arthritis Res Ther 2010;12:R86.
58. Bhattacharyya S, Siegel ER, Achenbach SJ, Khosla S, Suva
LJ. Serum biomarker profile associated with high bone turnover and BMD in postmenopausal women. J Bone Miner Res
2008;23:1106-1117.
59. Frisbie DD, Mc Ilwraith CW, Arthur RM, Blea J, Baker VA,
Billinghurst RC. Serum biomarker levels for musculoskeletal
disease in two- and three-year-old racing Thoroughbred horses: A
prospective study of 130 horses. Equine Vet J 2010;42:643-651.
60. Thibault MM, Hoemann CD, Buschmann MD. Fibronectin,
vitronectin, and collagen I induce chemotaxis and haptotaxis
of human and rabbit mesenchymal stem cells in a standardized
transmembrane assay. Stem Cells Dev 2007;16:489-502.
61. Follonier L, Schaub S, Meister JJ, Hinz B. Myofibroblast
communication is controlled by intercellular mechanical coupling. J Cell Sci 2008;121:3305-3316.
62. Dahlgren LA, van der Meulen MC, Bertram JE, Starrak GS,
Nixon AJ. Insulin-like growth factor-I improves cellular and

63.

64.
65.

66.
67.

68.
69.
70.
71.
72.

73.
74.
75.
76.
77.
78.
79.

80.

81.

molecular aspects of healing in a collagenase-induced model
of flexor tendinitis. J Orthop Res 2002;20:910-919.
Fortier LA, Lust G, Mohammed HO, Nixon AJ. Coordinate
upregulation of cartilage matrix synthesis in fibrin cultures
supplemented with exogenous insulin-like growth factor-I.
J Orthop Res 1999;17:467-474.
Bachl N, Derman W, Engebretsen L, et al. Therapeutic use of
growth factors in the musculoskeletal system in sports-related
injuries. J Sports Med Phys Fitness 2009;49:346-357.
Akarasereenont P, Tripatara P, Chotewuttakorn S, Palo T,
Thaworn A. The effects of estrone, estradiol and estriol on
platelet aggregation induced by adrenaline and adenosine
diphosphate. Platelets 2006;17:441-447.
Chamberlain CS, Leiferman EM, Frisch KE, et al. The influence of macrophage depletion on ligament healing. Connect
Tissue Res 2011;52:203-211.
Jacobsen LC, Sørensen OE, Cowland JB, Borregaard N, Theilgaard-Mönch K. The secretory leukocyte protease inhibitor
(SLPI) and the secondary granule protein lactoferrin are synthesized in myelocytes, colocalize in subcellular fractions of
neutrophils, and are coreleased by activated neutrophils. J Leukoc Biol 2008;83:1155-1164.
Borregaard N. Neutrophils, from marrow to microbes. Immunity 2010;33:657-670.
Wiesner J, Vilcinskas A. Antimicrobial peptides: The ancient
arm of the human immune system. Virulence 2010;1:440-464.
Faurschou M, Borregaard N. Neutrophil granules and secretory vesicles in inflammation. Microbes Infect 2003;5:13171327.
Borregaard N, Cowland JB. Granules of the human neutrophilic polymorphonuclear leukocyte. Blood 1997;89:35033521.
Hoemann CD, Chen G, Marchand C, et al. Scaffold-guided
subchondral bone repair: Implication of neutrophils and alternatively activated arginase-1⫹ macrophages. Am J Sports Med
2010;38:1845-1856.
Goodman SR, Kurdia A, Ammann L, Kakhniashvili D, Daescu
O. The human red blood cell proteome and interactome. Exp
Biol Med (Maywood) 2007;232:1391-1408.
Pasini EM, Kirkegaard M, Mortensen P, Lutz HU, Thomas
AW, Mann M. In-depth analysis of the membrane and cytosolic proteome of red blood cells. Blood 2006;108:791-801.
Studer RK, Decker K, Melhem S, Georgescu H. Nitric oxide
inhibition of IGF-1 stimulated proteoglycan synthesis: Role of
cGMP. J Orthop Res 2003;21:914-921.
Studer RK. Nitric oxide decreases IGF-1 receptor function in
vitro; glutathione depletion enhances this effect in vivo. Osteoarthritis Cartilage 2004;12:863-869.
Orrego M, Larrain C, Rosales J, et al. Effects of platelet
concentrate and a bone plug on the healing of hamstring
tendons in a bone tunnel. Arthroscopy 2008;24:1373-1380.
Nin JR, Gasque GM, Azcárate AV, Beola JD, Gonzalez MH.
Has platelet-rich plasma any role in anterior cruciate ligament
allograft healing? Arthroscopy 2009;25:1206-1213.
Radice F, Yánez R, Gutiérrez V, Rosales J, Pinedo M, Coda S.
Comparison of magnetic resonance imaging findings in anterior cruciate ligament grafts with and without autologous
platelet-derived growth factors. Arthroscopy 2010;26:50-57.
Sánchez M, Anitua E, Azofra J, Prado R, Muruzabal F, Andia
I. Ligamentization of tendon grafts treated with an endogenous
preparation rich in growth factors: Gross morphology and
histology. Arthroscopy 2010;26:470-480.
Figueroa D, Melean P, Calvo R, et al. Magnetic resonance
imaging evaluation of the integration and maturation of semitendinosus-gracilis graft in anterior cruciate ligament reconstruction using autologous platelet concentrate. Arthroscopy
2010;26:1318-1325.

Author's personal copy

BIOACTIVE FACTORS IN PRP
82. Vogrin M, Rozman P, Haspl M. Concerns about the effects of
platelet concentrate. Arthroscopy 2009;25:941-942, author reply 942.
83. Sanchez M, Anitua E, Andia I. Poor standardization in platelet-rich therapies hampers advancement. Arthroscopy 2010;26:
725-726, author reply 726.

439

84. Weber SC, Kauffman JI. But he isn’t wearing anything at all!
“The Emperor’s New Clothes” (Kejserens Nye Klaeder by
Hans Christian Andersen). Arthroscopy 2010;26:723-724, author reply 724-725.
85. Dines JS. Growth factor confusion. Arthroscopy 2010;26:
1144, author reply 1145-1146.

