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The mechanism of action of Platelet Rich Plasma (PRP) is thought to be related to the biomolecules
present in a-granules. However, for the healing process to occur, an inflammatory phase is also deemed
necessary. Leukocytes present in the inflammatory phase release both pro- and anti-inflammatory
molecules. The latter may play an important role in the process of “inflammatory regeneration”. Thus,
we propose that in the context of healing, both platelets and leukocytes play an important role, spe-
cifically due to the macrophage's plasticity to switch from the M1 to M2 fraction. Therefore, we propose
that PRP products derived from the buffy coat may be more beneficial than detrimental from a stand-
point of the regenerative potential of PRP.

© 2019
1. Introduction

Platelet Rich Plasma (PRP) has been the focus of many published
studies in the medical as well as veterinary1 and dental2 literature
both as a standalone therapy as well as in conjunction with Stem
Cells and scaffold materials. Specific to medical clinical trials, there
is an increasing interest in PRP as evidenced by the large number of
registered clinical trials. Currently there are 302 registered clinical
trials for a variety of medical conditions (www.clinicaltrials.com).

PRP contains an autologous mixture of a variety of cells with a
primary focus on platelets concentrated above baseline.3 Platelets
contain granules with a wide range of active biomolecules. When
the platelets are activated, they release these biomolecules, which
stimulate the natural healing cascade.4 The primary focus of pub-
lished studies as well as the hypothesis behind the therapeutic
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efficacy of PRP relies on this biomolecule release from the a-
granules.

The cell type and concentration of cells within a PRP preparation
other than platelets may also include White Blood Cells, Red Blood
Cells and a small fraction of stem cells.5 The impact of the various
PRP cell components other than platelets remains a subject of some
controversy in the literature. This specifically applies to the re-
covery of leukocytes such as neutrophils due to their established
release of inflammatory cytokines and metalloproteinases which
can exacerbate the early inflammatory response to tissue injury.6

This way, leukocyte-rich platelet-rich plasma (LR-PRP) and
leukocyte-poor platelet-rich plasma (LP-PRP) have been the focus
of debate over the past few years without a consensus. However,
these and other variables should be considered in the questions for
the ideal biologic activity of a PRP product. These variables include
platelet number, the presence of white blood cells, the level of
growth factors and the use of image guidance for its administration,
among others. Recently, Lana et al. (2017) have published an article
incorporating a broad variety of variables in a classification system
termed MARSPILL. In summary, this new classification focuses on
the method of PRP preparation (M), the use or lack of exogenous
ocyte-poor PRP - The role of monocyte/macrophage function in the
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Table 2
Biomolecules present in platelet dense granules (from Flaumenhaft and Koseoglu,
2017).15

Type Examples

Ionic species Ca2þ, Mg2þ, Kþ, polyphosphate, Pyrophosphate
Membrane proteins CD63 (granulophysin), LAMP-2, GPIb, aIIbb3
Nucleotides ATP, GTP, ADP, GDP
Bioactive amines Serotonin, histamine
Transporter proteins MRP4, VNUT, VMAT2

Abbreviations: Lysosome-associated membrane protein 2 (LAMP-2), Adenosine
Triphosphate (ATP), Guanosine Triphosphate (GTP), Adenosine Diphosphate (ADP),
Guanosine Diphosphate (GDP), Multidrug Resistence-associated protein 4 (MRP4),
Vesicular Nucleotide Transporter (VNUT), Vesicular Monoamine Transporter 2
(VMAT2).
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activation (A), the presence or absence of red blood cells (R), the
number of spins of the centrifugation (S), the concentration fold of
platelets reached in relation to basal number (P), the use of image
guidance methods for PRP application (I), the presence or absence
of leukocytes (L) and the use of light activation (L).7

In this review, the authors would like to focus on the Leukocyte
content of PRP as a therapy beyond growth factors.

1.1. Platelets e more than a hemostasis role

Platelets are non-nucleated cell elements present in large
numbers in human blood containing hemostatic, immunological
and inflammatory properties.8 They contain a number of different
granules, including alpha, dense and lysosomal types that together
offer more than a thousand different biomolecules relevant to he-
mostasis, inflammation, regeneration, and immune function.9

Alpha granules are not only the most abundant, but they also
store high levels of a wide variety of biomolecules while still
maintaining proper osmolarity.10 The biomolecules important for
hemostasis and thrombosis include the von Willebrand factor
(vWf), fibrinogen, factor V, factor IX and factor XIII. However,
platelets also contain anticoagulant proteins, such as antithrombin,
protein S and plasminogen. In addition, platelets contain a large
number of growth factors, including vascular endothelial growth
factor (VEGF), platelet-derived growth factor (PDGF), epidermal
growth factor (EGF), hepatocyte growth factor (HGF), transforming
growth factor (TGF), Fibroblastic Growth Factor (FGF), among
others.11,12 Chemokines are the most abundant content of the alpha
granules, comprising CXCL1 (GRO-a), CXCL4 (PF4), CXCL5
(ENA�78), CXCL7 (PBP, b-TG, CTAP-III, NAP-2), CXCL8 (IL-8), CXCL12
(SDF-1a), CCL2 (MCP-1), CCL3 (MIP1a), and CCL5 (RANTES).13,14

Table 1 presents a summary of the major content of
platelet alpha-granules.

Despite a large number of a-granule molecules and the diversity
of functions, there are few proteins specific to platelets, like platelet
factor 4 (PF4). The a-granule cargo proteins are also constituents of
plasma and secreted by other cell types.16

Dense granules can be observed using an electron microscope
even in the absence of staining, due to the high electron-dense
core.17 They contain elevated levels of calcium contributing to its
electron density, and magnesium and potassium in their free form
or complexed with anions. Their role in coagulation is well estab-
lished.18 Also, there are anions in dense granules such as adenine
nucleotides, transporter proteins, bioactive amines and membrane
proteins.19 Some of the components of dense granules also play
roles in immune cell-modifying effects besides platelet activation
Table 1
Biomolecules present in platelet alpha-granules (adapted from Flaumenhaft and Koseog

Type Examples

Growth factors TGF-b, PDGF-AA, PDGF-BB, PDGF-AB, VEGF, EGF, HGF, FGF, insulin
platelet-derived epithelial growth factor (PDEGF)

Chemokines Stromal-derived factor (SDF-1), pro-platelet basic protein (Ppbp b
CXCL7 (b-TG, CTAP-III, NAP-2),
CXCL8 (IL-8), CXCL12 (SDF-1a), CCL2 (MCP-1), CCL3
(MIP-1a), and CCL5 (RANTES)

Hemostasis Factor V, factor IX, factor XIII, protein S, plasminogen, plasminoge
Membrane proteins P-selectin, aIIb3, GP1ba-IX-V, fybrocistin
Adhesion proteins Fibrinogen, von Willebrand factor, thrombospondin
Immune mediators Complement C3 precursor, complement C4 precursor, b1H Globu
Proteases MMP-2, MMP-9
Microbicidal

molecules
Thymosin-b4, thrombocidins 1 and 2 (from NAP-2)

Abbreviations: Transforming Growth Factor Beta (TGF-b), Platelet Derived Growth Factor
Hepatocyte Growth Factor (HGF), Fibroblast Growth Factor (FGF), Platelet Factor 4 (PF4)
(MIP-1a), Metaloproteinases (MMP), Neutrophil Activating Peptide (NAP-2).

Please cite this article as: Lana JF et al., Leukocyte-rich PRP versus leuk
healing cascade, Journal of Clinical Orthopaedics and Trauma, https://do
and thrombus formation. For example, after exposure to pathogens
in skin, platelets do not only assist with hemostasis but also with
immune responses against potential infectious agents, through
their interaction with white blood cells and endothelial cells. This
can promote an overstimulation of the inflammatory phase.8 The
list of dense granules content is described in Table 2.

Platelets can induce a multitude of inflammatory effects both
locally and systemically.

Recently, the literature points to platelet exosomes and micro-
particles as messengers able tomediate a great variety of processes.
Exosomes are molecules of 50e120 nm of diameter secreted by
platelet endosomes with little participation of a-granules.20 The
cargoes inside exosomes include cytokines, chemokines, growth
factors, lipoproteins and other lipids, and RNA types. Also, exo-
somes can protect its internal contents from degradative enzymes
or chemicals, and have low immunogenicity and great stability,
representing optimal carriers for nanodelivery treatments.20 Their
membranes express glycoproteins (GPIb, GPVI, aIIbb3), CD40 ligand
and P-selectin, common for platelets.21 Their release is increased
modestly after stimulation with thrombin or calcium. Studies
suggest that exosomes are the major mediators of platelet inter-
cellular interactions (cell-to-cell or platelet to cell).22 For instance,
platelet exosomes increase the adherence between platelets and
monocytes, converting these cells to an inflammatory phenotype.
Furthermore, through contact with endothelial cells, platelet exo-
somes enhanced expression of adherence proteins in the endo-
thelial cells, increasing adherence.22

It has also been previously suggested that exosomes consistently
contribute to the activity of platelet lysates, in addition to the lat-
ter's advantageous nano delivery role for cell-free regeneration
therapies.19 Evidence reveals that varying exosome concentrations
lu, 2017; Morrell, 2014).15,8

-like growth factor (IGF), platelet-derived angiogenesis growth factor (PDAF),

-thromboglobulin nap-2, PF4, CXCL1 (GRO-a), CXCL4 (PF4), CXCL5 (ENA�78),

n activator inhibitor I, antithrombin

lin, factor D, factor H, C1 inhibitor, IgG, CD40L. MP1-a

(PDGF), Vascular Endothelial Growth Factor (VEGF), Epidermal Growth Factor (EGF),
, Monocyte Chemoattractant Protein-1 (MCP-1), Macrophage Inflammatory Protein
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(0.6 mg, 5 mg, and 50 mg) increase the proliferation of mesenchymal
stem cells (MSC) in a culture of bone marrow stromal cells in a dose
related-manner. In the osteogenic differentiation assays, it was
demonstrated that variations of exosome concentrations affected
the ability of MSCs to deposit mineralized matrix differently,
inducing a significant increase in MSC proliferation, reaching the
highest rates at 50 mg of exosomes.

The role of PRP-derived exosomes has been studied in chronic
wounds of diabetic animals both in in vitro and in vivo experi-
ments.23 While in vitro, exosomes can effectively induce prolifera-
tion and migration of endothelial cells and fibroblasts. In vivo, they
promote healing of chronic wounds in diabetic animals through
activation of extracellular signal-regulated kinase (Erk) and Akt
signaling pathways, suggesting that PRP-induced re-epithelization
may be due to the activation of yes-associated protein (YAP).23

Platelet microparticles are 150e1000-nm fragments derived
from the plasma membrane of platelets that are undergoing
physicochemical stress, or apoptosis.19 While circulating blood
contains microparticles derived from erythrocytes and leukocytes,
platelet derived microparticles are the most abundant.24 Elevated
levels of microparticles are found in some platelet-related disease
states such as thrombosis and sickle cell disease.25,26 Upon activa-
tion, microparticles express phosphatidylserine and tissue factor on
their surface, which can mediate thrombus formation.27 The
release of these compounds is related to platelet storage, process-
ing and manipulation. Platelet apheresis increases the micropar-
ticle count, and platelet activation, as described by Nouslry et al.
(2017).28 The microparticles can contribute to intercellular
communication and may have an effect on target cells by direct
stimulation or transfer of surface receptors from one cell to another.

1.2. Platelet Rich Plasma therapy (PRP)

Due to the therapeutic potential of the large biomolecular
release from activated platelets, PRP has been the focus of a large
body of basic and clinical science research. Over the years, many
questions have been raised in the literature regarding the hetero-
geneity of results, culminating in attempts to standardize PRP
products. One important variable that needs further attention is the
PRP type. The use of LR-PRP (or leukocyte-rich platelet-rich plasma)
or LP-PRP (or leukocyte-poor platelet-rich plasma) is not well
described in the articles and there is no consensus about what type
is the best for clinical use. For example, in an in vitro study, both
types of PRP cultured with tendon stem/progenitor cells (TSCs)
isolated from the healthy patellar tendons of rabbits induced
similar TSC differentiation into active tenocytes. However, while
LR-PRP induced predominantly catabolic and inflammatory
changes in differentiated tenocytes such as increased matrix met-
alloproteinase (MMP) 1, MMP-13, and the pro-inflammatory cyto-
kines IL-1b, IL-6 and TNF-a, LP-PRP induced predominantly
anabolic effects such as increased gene expression of anabolic
genes, alpha-smooth muscle actin and collagen types I and III. The
authors suggested that LR-PRP may exert detrimental effects due to
its catabolic activity, while the use of LP-PRP in acute injuries may
result in excessive scar formation due to the strong potential of
inducing inordinate anabolic effects.29 In another in vitro study,
either LP-PRP or LR-PRP were cultured with synovial fibroblasts
isolated from patients with osteoarthritis undergoing joint sur-
gery.30 LR-PRP induced a greater increase in the pro-inflammatory
factors IL-1b, IL-8 and fibroblast growth factor-2, and also a greater
decrease in anticatabolic mediators in cartilage such as hepatocyte
growth factor and tissue inhibitor of metalloproteinase e 4. Since
these studies were in vitro, whether the greater inflammatory
response induced by LR-PRP affects the healing process could not
be determined.
Please cite this article as: Lana JF et al., Leukocyte-rich PRP versus leuk
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The idea that LR-PRP induces a greater inflammatory response
than LP- PRP is also supported by in vivo studies. For example, it has
been reported that LR- PRP induces a greater acute inflammatory
response than LP- PRP at 5 but not 14 days after injection in healthy
rabbit tendons.6 However, whether this greater acute inflammatory
response induced by LR-PRP affects the healing process could not
be determined because the study used a healthy tendon. In another
study using a chronic tendinopathy model induced by a local in-
jection of collagenase in the Achilles tendon of rabbits, the effect of
both types of PRPs on healing outcomes was evaluated 4 weeks
after the intra-tendon injection of either LP-PRP or LR-PRP.31 It was
demonstrated that LP-PRP induced better histological scores with
large collagen fibril diameters than LR-PRP. However, the effec-
tiveness of the type of PRP treatment may depends on the healing
stage and the type of injury. LR-PRP may be helpful for the treat-
ment of acute tendon injuries as previously suggested and LP-PRP
for the treatment of chronic tendon injuries.32 The effect of LR
and LP-PRP on the healing of other types of injuries and pathologies
remains to be investigated in other pre-clinical studies. Further-
more, there are no clinical studies comparing the use of LR and LP-
PRP. In fact, many clinical studies that are available in the literature
do not cite the type of PRP used.

It is important to point out that the inflammatory phase is
crucial to the healing process to promote the other healing phases
such as remodeling and tissue contraction. In the next section, we
will discuss another cell population that plays important roles in
the inflammatory phase and may comprise the major workers in
PRP orchestration: mononuclear cells, especially monocytes.

1.3. Mononuclear cells e the real workers in PRP therapy

Peripheral blood mononuclear cells (PBMCs) comprise lym-
phocytes (T and B), natural killer and monocytes.33 All these cells
have important roles, however, due to the monocyte's differentia-
tion into macrophages as well as their plasticity, a unique cell
population is generated. The ability to switch phenotypic expres-
sion and the display of different functions because of environ-
mental stimuli are critical monocyte properties.34 Tissue or
peripheral macrophages play an important role in the phagocytosis
of cells undergoing apoptosis and protect the host through innate
immunity. Upon tissue migration, peripheral blood monocytes
differentiate into tissue macrophages. The adaptive immunity
development initiates with reciprocal interactions between mac-
rophages and activated lymphocytes T and B, promoting regulation
and enhanced antimicrobial resistance.35

Macrophage (M) may express twomajor phenotypes depending
on type of activation. The M1 phenotype is induced by microbial
agents and acts like a proinflammatory cell while the M2 pheno-
type is produced by a type 2 response and acts like an anti-
inflammatory cell. The type 2 immunity is characterized by an in-
crease in IL-4, IL-5, IL-9 and IL-13. Depending on the specific setting,
the type 2 response determines the M2 macrophage role in host
protection versus pathogenicity.36 In addition, this response is
directly involved in regeneration after injury and tissue repair. The
M2 type 2 response is also found in diverse cells such as eosino-
phils, mast cells, basophils and Th2 cells. M2 macrophages present
three subtypes based on their functionality: M2a e phenotype
verified after stimulation with IL-4 or IL-13; M2b e dependent on
the immune complex made of IL-1 and LPS; M2c e dependent on
IL-10, TGF-b or glucocorticoid action.35 Macrophages have a pro-
tective immunological function and promote angiogenesis through
the production of angiogenic factors and cytokines.36 These pro-
angiogenic properties are not shared between all subsets of mac-
rophages. For example, one in vitro study showed that the M2
phenotype expresses higher levels of growth factors and cytokines
ocyte-poor PRP - The role of monocyte/macrophage function in the
.org/10.1016/j.jcot.2019.05.008



J.F. Lana et al. / Journal of Clinical Orthopaedics and Trauma xxx (xxxx) xxx4
that drive the angiogenic process.35 Basically, there is an important
difference in metabolism induced by the different macrophage
phenotypes. For example, M2 produces ornitine and polyamines,
while M1 synthetizes mainly nitric oxide (NO), inducible nitric
oxide synthase and citrulline.37 Also, M1 and M2 present differ-
ences in the pattern of the cytokine profile and glucose and iron
metabolism. The M2 type promotes cell proliferation and repair
through polyamine and collagen synthesis, besides other tissue
remodeling functions, releasing IL-10 and IL-4. On the other hand,
the M1 type, through NO mechanisms, shows microbicidal activity
and inhibition of cell proliferation, releasing IL-6 and TNF-a.38 It
appears that M2 is the type adopted by most of the resident
macrophages.

The process of inflammation that occurs in an injured area is
carried out by activated macrophages, with the objective to elimi-
nate microbes [during the] inflammatory phase of wound healing.
In this phase there is also an initial role of pathogen removal and
clearance of cellular debris. Following this phase, macrophages
become deactivated and unresponsive to inflammatory stimuli, in
order to promote angiogenesis, cell proliferation and matrix
deposition for the remodeling phase.39

1.4. Macrophage polarization

There is a lack of consensus regarding whether or not the M1
and M2 factions are distinctly different and, because of that,
different hypotheses have been proposed. The first hypothesis is
that M1 and M2 macrophages are two distinct cell populations,
acting on different phases of the inflammatory reaction and healing
process.40 The second hypothesis is that M1 and M2 macrophages
are the same cells, capable of altering the functional phenotype in
response to microenvironmental signals.41 According to the first
hypothesis, the Ly6C þ monocytes become the M1 macrophage in
tissue with inflammatory functions, and the Ly6C- monocytes or
tissue-resident macrophages become M2 macrophages with
reparative roles. However, this hypothesis is not supported by some
studies.42 The second hypothesis proposes that the macrophages
can polarize in different subtypes according to the microenviron-
ment, that is, M1 subtype in the early phase of healing, and M2
subtype in the late phase. Italiani et al. (2014) observed that
monocytes that polarized to M1 can mature into M2 in a culture
system that had induced sequential changes in the microenviron-
ment. In summary, the release of cytokines and signals in the
microenvironment appears to be responsible for the shift in
macrophage subtypes.43

1.5. Stimuli for M1 role

Currently, there are three main stimuli for M1 polarization
recognized in the literature. In cytokine activation, the main protein
involved is IFN-g, also a Th1 cell product. Type 1 response is defined
by the activity of T helper 1 cells such as lymphoid cells, neutrophils
and macrophages, that release proinflammatory cytokines (IFN-g)
to elicit an inflammatory reaction. This response is used to protect
the organism against intracellular pathogens, viruses, bacteria and
other microorganisms.44 This cytokine is produced by cells like
natural killer and macrophages.35 IFN-g controls specific gene
expression programs using cytokine receptors, markers of cell
activation, adhesion molecules.45 The innate immunity initiates
with the recognition of pathogens by receptors in macrophages. The
pattern of recognition is similar to that in toll-like receptors (TLR)
isolated, with the same genes programs. LPS is the most studied M1
macrophage signal recognized by TLR4. This activation induces a
strong pro-inflammatory cytokine and chemokine release and an-
tigen presentation molecules. The latest stimulus is the granulocyte
Please cite this article as: Lana JF et al., Leukocyte-rich PRP versus leuk
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macrophage colony stimulating factor (GM-CSF). This factor is pro-
duced by a variety of cells ranging from macrophages to paren-
chyma cells. The activated GM-CSF recruits a significant number of
signals and regulators that are part of IFN-g and TLR signaling,
promoting antigen presentation, phagocytosis mediated by
complement-enhanced microbicidal capacity and leukocyte migra-
tion. Also, GM-CSF induces the production and release of pro-
inflammatory cytokines in monocytes and macrophages.46

1.6. Stimuli for M2 function

The main interleukin related to the M2 phenotype is the IL-4,
which is produced by Th2 cells, eosinophils, basophils and mac-
rophages and is recognized by three different receptors, IL-4Ra, IL-
4Rgc, IL-13Ra1. The role of IL-4 inmacrophages is the decrease in its
phagocytic activity. Another important stimulus is the crosstalk
between macrophages and B cells, turning off IL-12 and inducing
IL-10 release, promoting Th2 responses.47 IL-10 following receptor
binding mediates inhibition of pro-inflammatory cytokine expres-
sion. IL-10 is a potent inhibitor of Th1 cells.48 Macrophage colony-
stimulating factor (M-CSF) is an M2 stimulus and, after binding to
its receptor, significant changes occur resulting in over-
representation of cell cycle genes and downregulation of human
leukocyte antigen (HLA). In summary, the M2 group is activated by
diverse stimuli at different levels. Some stimuli lead to a switch in
macrophage phenotypes, while others affect the interaction be-
tween macrophages and immune cells, and yet, others lead to the
resolution level of macrophages against a pathogen.35 All these M2
properties relate to wound healing and regeneration.

In this way, due to the plasticity of macrophages and importance
of leukocytes for the healing process, we encourage the authors to
use leukocyte-rich PRP.

1.7. Leukocyte-rich PRP

PRP preparations due to their heterogeneous content of cell
populations such as leukocytes have been a subject of debate
regarding the ideal cell proportions resulting in optimal thera-
peutic value. There is no consensus on this subject since leukocyte-
rich PRP has shown both positive and negative results according to
different clinical scenarios.32,49 Some authors propose the utiliza-
tion of PRP without neutrophils, or controlled influx of neutrophils,
in order to eliminate the generation of ROS (reactive oxygen spe-
cies) and metalloproteinase production, which could be detri-
mental for the healing process.50 For in house preparations, it is not
possible to separate the neutrophils from the buffy-coat. However,
the evolution of commercial PRP preparations presents improved
cell separation technology. For example, the Angel System
(Arthrex) allows the production of PRP products with adjustable
platelet and white blood cells concentrations, potentially avoiding
larger neutrophil concentrations. This system utilizes technology to
recognize the absorbance of the different cell types and separation
into a sterile bag. The Emcyte Pure PRP product offers similar
technology for cell separation and custom PRP production. In a
comparative evaluation between these two systems, the Emcyte
Pure PRP achieves a higher yield in platelet amount, mononuclear
concentrations and granulocyte cells in comparison to Angel Sys-
tem. Until now, a gold standard methodology for the production of
PRP products is lacking in both commercial and manual processes,
however, newer systems with adjustable leukocyte concentrations
are encouraging.

Recently, the literature has demonstrated that the interaction
between neutrophils and activated platelets can release anti-
inflammatory molecules, and the preoccupation with the noxious
role of neutrophils is changing. Parrish et al. (2017) published an
ocyte-poor PRP - The role of monocyte/macrophage function in the
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article regarding the interaction of platelets and other cell types in
healing, showing the anti-inflammatory potential of the interaction
of platelets and neutrophils.51 Initially, the activated platelets
release arachidonic acid, which is picked up by neutrophils and
converted into leukotrienes and prostaglandins, which are in-
flammatory molecules.52 On the other hand, platelets in association
with neutrophils, which produce leukotrienes, can pick up this
inflammatory protein and convert it into lipoxins. Lipoxins are a
potent anti-inflammatory protein, which can limit neutrophil
activation, preventing diapedesis, and drive the resolution phase of
the healing cascade [59]. The production of lipoxins through
platelets is only possible due to the presence of leukotrienes pro-
duced by neutrophils. The ability to change the production of pro-
inflammatory to anti-inflammatory molecules prevents neutrophil
recruitment and subsequent inflammatory activation, while
contributing to the resolution process of the healing cascade.53

In conclusion, due to the importance of leukocytes, contributing
to both the inflammation and signaling for other cells types,
prompt they are crucial for regeneration. Neutrophils secrete cy-
tokines for the chemotaxis of macrophages. Macrophages present
plasticity properties which are important in promoting the in-
flammatory process required to then initiate the healing process.
The authors termed this process “regenerative inflammation”, an
inflammation required for regeneration. In addition, macrophages
are also indispensable for remodeling and repair phases. The
release of platelet granules also signalizes to leukocytes. Thus, PRP
products may benefit from the inclusion of leukocytes in the buffy
coat harvest, as they appear more likely to be a beneficial rather
than detrimental component. We hypothesize that macrophages
act like instructors of the healing orchestra. The effectiveness of the
type of PRP treatment may depends on the healing stage and the
type of injury, and furthermore, the authors conclude that the role
of leukocytes in PRP products may determine the success of the
regenerative intervention provided by PRP.

1.8. Future perspectives

The rise in cellular therapy is gaining evidence in the amount of
publications available in the literature. It is important to note that
the majority of publications regarding PRP focuses on the role of
platelets and the growth factors inside of the alpha-granules.
However, we have more than 1000 biomolecules inside the
platelet, which can assist in the regenerative process through
chemical signals, initiating the recruitment and migration of
diverse cell types to promote healing. In addition, the buffy-coat
possesses key cell types: the mononuclear cells, which act and
release significant proteins that start the “regenerative inflamma-
tion”, a necessary step for the healing process to occur. The role of
the macrophage is of great importance due to its plasticity (M1 and
M2) and contribution for regeneration. Another important factor is
the combination of activated platelets and neutrophils. This
attachment promotes an anti-inflammatory event, important for
healing cascade. All these concepts must be shown so that the re-
searchers report all the cells and molecules that PRP has as well as
the amount of variance in quality and quantity of molecules ac-
cording to their preparation (LP-PRP or LR-PRP), resulting in het-
erogeneous results in the literature.

Financial disclosure

In this review there is no financial disclosure.

Conflict of interest

The authors declare that they have no conflict of interest.
Please cite this article as: Lana JF et al., Leukocyte-rich PRP versus leuk
healing cascade, Journal of Clinical Orthopaedics and Trauma, https://doi
Acknowledgments

Wewould like to thank UNICAMP for the academic support and
development of many studies in this area. Also, we would thank Dr
Joseph Purita for its acessibility and contributions.
References

1. Karayannopoulou M, Psalla D, Kazakos D, et al. Effect of locally injected
autologous platelet-rich plasma on second intention wound healing of acute
full-thickness skin defects in dogs. Vet Comp Orthop Traumatol. 2015;28(03):
172e178.

2. Otero L, Carrillo N, Calvo-Guirado JL, Villamil J, Delgado-Ruíz RA. Osteogenic
potential of platelet-rich plasma in dental stem-cell cultures. Br J Oral Max-
illofac Surg. 2017;55(7):697e702.

3. Parrish WR, Roides B. Platelet rich plasma in osteoarthritis: more than a growth
factor therapy. Muscoskelet Regen. 2017;3. e1518 e e27.

4. Anitua E, Andia I, Ardanza B, Nurden P, Nurden AT. Autologous platelets as a
source of proteins for healing and tissue regeneration. Thromb Haemostasis.
2004;91:4e15.

5. Ehrenfest DM, Bielecki T, Mishra A, et al. In search of a consensus terminology
in the field of platelet concentrates for surgical use: platelet-rich plasma (PRP),
platelet-rich fibrin (PRF), fibrin gel polymerization and leukocytes. Curr Phar-
maceut Biotechnol. 2012;13:1131e1137.

6. Dragoo JL, Braun HJ, Durham JL, et al. Comparison of the acute inflammatory
response of two commercial platelet-rich plasma systems in healthy rabbit
tendons. Am J Sports Med. 2012;40:1274e1281.

7. Lana JFSD, Purita J, Paulus C, et al. Contributions for classification of platelet rich
plasma e proposal of a new classification: MARSPILL. Regen Med. 2017;12(5):
565e574.

8. Morrell CN, Aggrey AA, Chapman LM, Modjeski KL. Emerging roles for platelets
as immune and inflammatory cells. Blood. 2014;123(28):2758e2767.

9. Andia I, Abate M. Platelet-rich plasma: underlying biology and clinical corre-
lates. Regen Med. 2013;8(5):645e658.

10. King SM, Reed GL. Development of platelet secretory granules. Semin Cell Dev
Biol. 2002;13:293e302.

11. Sehgal S, Storrie B. Evidence that differential packaging of the major platelet
granule proteins von Willebrand factor and fibrinogen can support their dif-
ferential release. J Thromb Haemost. 2007;5:2009e2016.

12. Italiano JE, Battinelli EM. Selective sorting of alpha-granule proteins. J Thromb
Haemost. 2009;7:173e176.

13. Schenk BI, Petersen F, Flad HD, Brandt E. Platelet-derived chemokines CXC
chemokine ligand (CXCL), connective tissue-activating peptide III, and CXCL4
differentially affect and cross-regulate neutrophil adhesion and trans-
endothelial migration. J Immunol. 2002;169:2602e2610.

14. Massberg S, Konrad I, Schurzinger K, et al. Platelets secrete stromal cell-derived
factor 1alpha and recruit bone marrow-derived progenitor cells to arterial
thrombi in vivo. J Exp Med. 2006;203:1221e1233.

15. Flaumenhaft R, Koseoglu S. Platelet contens. In: Schulze H, Italiano J, eds.
Molecular and Cellular Biology of Platelet Formation e Implication in Health and
Disease. Switzerland: Springer; 2016:133e151; ume 1.

16. Slungaard A. Platelet factor 4: a chemokine enigma. Int J Biochem Cell Biol.
2005;37:1162e1167.

17. Ruiz FA, Lea CR, Oldfield E, Docampo R. Human platelet dense granules contain
polyphosphate and are similar to acidocalcisomes of bacteria and unicellular
eukaryotes. J Biol Chem. 2004;279:44250e44257.

18. Burgess DJ. Signalling: vesicle vehicles of genetic information. Nat Rev Genet.
2014;15:514e523.

19. Burnouf T, Goubran HA, Chou ML, Devos D, Radosevic M. Platelet microparti-
cles: detection and assessment of their paradoxical functional roles in disease
and regenerative medicine. Blood Rev. 2014;28:155e166.

20. Huber HJ, Holvoet P. Exosomes: emerging roles in communication between
blood cells and vascular tissues during atherosclerosis. Curr Opin Lipidol.
2015;26:412e419.

21. Lukasik M, Rozalski M, Luzak B, et al. Enhanced platelet-derived microparticle
formation is associated with carotid atherosclerosis in convalescent stroke
patients. Platelets. 2013;24:63e70.

22. Torreggiani E, Perut F, Roncuzzi L, Zini N, Baglio SR, Baldini N. Exosomes: novel
efectors of human platelet lysate activity. Eur Cells Mater. 2014;28:137e151.

23. Guo SC, Tao SC, Yin WJ, Qi X, Yuan T, Zhang CQ. Exosomes derived from
platelet-rich plasma promote the re-epithelization of chronic cutaneous
wounds via activation of YAP in a diabetic rat model. Theranostics. 2017;7(1):
81e96.

24. Arraud N, Linares R, Tan S, et al. Extracellular vesicles from blood plasma:
determination of their morphology, size, phenotype and concentration.
J Thromb Haemost. 2014;12:614e627.

25. Nebor D, Bowers A, Connes P, et al. Plasma concentration of platelet-derived
microparticles is related to painful vaso-occlusive phenotype severity in
sickle cell anemia. PLoS One. 2014;9(1), e87243.

26. Varon D, Hayon Y, Dashevsky O, Shai E. Involvement of platelet derived mi-
croparticles in tumor metastasis and tissue regeneration. Thromb Res.
2012;130:S98eS99.
ocyte-poor PRP - The role of monocyte/macrophage function in the
.org/10.1016/j.jcot.2019.05.008

http://refhub.elsevier.com/S0976-5662(19)30142-0/sref1
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref1
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref1
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref1
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref1
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref2
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref2
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref2
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref2
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref3
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref3
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref3
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref4
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref4
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref4
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref4
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref5
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref5
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref5
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref5
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref5
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref6
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref6
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref6
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref6
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref7
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref7
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref7
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref7
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref7
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref8
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref8
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref8
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref9
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref9
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref9
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref10
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref10
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref10
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref11
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref11
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref11
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref11
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref12
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref12
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref12
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref13
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref13
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref13
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref13
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref13
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref14
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref14
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref14
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref14
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref15
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref15
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref15
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref15
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref15
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref16
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref16
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref16
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref17
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref17
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref17
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref17
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref18
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref18
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref18
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref19
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref19
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref19
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref19
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref20
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref20
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref20
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref20
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref21
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref21
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref21
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref21
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref22
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref22
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref22
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref23
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref23
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref23
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref23
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref23
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref24
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref24
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref24
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref24
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref25
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref25
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref25
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref26
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref26
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref26
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref26


J.F. Lana et al. / Journal of Clinical Orthopaedics and Trauma xxx (xxxx) xxx6
27. Puddu P, Puddu GM, Cravero E, Muscari S, Muscari A. The involvement of
circulating microparticles in inflammation, coagulation and cardiovascular
diseases. Can J Cardiol. 2010;26:140.

28. Noulsri E, Udomwinijsilp P, Lerdawana S, Chogkolwatana, Permpikula P. Dif-
ferences in levels of platelet-derived microparticles in platelet components
prepared using the paletet rich plasma, buffy coat and apheresis procedures.
Transfus Apher Sci. 2017;56:135e140.

29. Zhou Y, Zhang J, Wu H, Hogan MV, Wang JHC. The differential effects of
leukocyte containing and pure platelet-rich plasma (PRP) on tendon stem/
progenitor cells e implications of PRP application for the clinical treatment of
tendon injuries. Stem Cell Res Ther. 2015;6:173e186.

30. Assirelli E, Filardo G, Mariani E, et al. Effect of two different preparations of
platelet-rich plasma on synoviocytes. Knee Surg Sport Traumatol Arthrosc.
2015;23:2690e2703.

31. Yan R, Gu Y, Ran J, et al. Intratendon delivery of leukocyte-poor platelet-rich
plasma improves healing compared with leukocyte-rich platelet rich plasma in
a rabbit achilles tendinopathy model. Am J Sports Med. 2017;45(8):1909e1920.

32. Moojen DJ, Everts PA, Schure RM, et al. Antimicrobial activity of platelet-
leukocyte gel against staphylococcus aureus. J Orthop Res. 2008;26(3):
404e410.

33. Sundman EA, Cole BJ, Fortier LA. Growth factor and catabolic cytokine con-
centrations are influenced by the cellular composition of platelet-rich plasma.
Am J Sports Med. 2011;39(10):2135e2140.

34. Gratchev A, Khyshkowska J, Kothe K, et al. Mphi1 and Mphi2 can be re-
polarized by Th2 or Th1 cytokines, respectively, and respond to exogenous
danger signals. Immunobiology. 2006;211:473e486.

35. Martinez FO, Gordon S. The M1 and M2 paradigm of macrophage activation:
time for reassessment. F1000Prime Rep. 2014;3:6e13.

36. Nakayama T, Hirahara K, Onodera A, Endo Y, Hosokawa H, et al. Th2 cells in
health and disease. Annu Rev Immunol. 2017;35:53e84.

37. Jetten N, Verbruggen S, Gikbels MJ, Post MJ, De Winther MPJ, Donner MMPC.
Anti-inflammatory M1 macrophages promote angiogenesis in vivo. Angiogen-
esis. 2014;17(1):109e118.

38. Mills CD, Kincaid K, Alt JM, Heilman MJ, Hill AM. M-1/M-2 macrophages and
the Th1/Th2 paradigm. J Immunol. 2000;164:6166e6173.

39. Pesce JT, Ramalingam TR, Mentink-Kane MM, et al. Arginase-1-expressing
macrophages suppress Th2 cytokine-driven inflammation and fibrosis. PLoS
Please cite this article as: Lana JF et al., Leukocyte-rich PRP versus leuk
healing cascade, Journal of Clinical Orthopaedics and Trauma, https://do
Pathog. 2009;5, e1000371.
40. Lawrence T, Natoli G. Transcriptional regulation of macrophage polarization:

enabling diversity with identity. Nat Rev Immunol. 2011;11:750e761.
41. Auffray C, Fogg D, Garfa M, et al. Monitoring of blood vessels and tissues by a

population of monocytes with patrolling behavior. Science. 2007;317:666e670.
42. Crane MJ, Daley JM, van Houtte O, Brancato SK, Henry Jr WL, Albina JE. The

monocyte to macrophage transition in the murine sterile wound. PLoS One.
2014;9, e86660.

43. Italiani P, Mazza EM, Lucchesi D, et al. Transcriptomic profiling of the devel-
opment of the inflammatory response in human monocytes in vitro. PLoS One.
2014;9, e87680.

44. Gieseck RL, Wilson MS, Wynn TA. Type 2 immunity in tissue repair and fibrosis.
Nature. 2018;18:62e76.

45. Waddell SJ, Popper SJ, Rubins KH, et al. Dissecting interferon-induced tran-
scriptional programs in human peripheral blood cells. PLoS One. 2010;5, e9753.

46. Hansen G, Hercus TR, McClure BJ, et al. The structure of the GM-CSF receptor
complex reveals a distinct mode of cytokine receptor activation. Cell. 2008;134:
496e507.

47. Edwards JP, Zhang X, Frauwirth KA, Mosser DM. Biochemical and functional
characterization of three activated macrophage populations. J Leukoc Biol.
2006;80:1298e1307.

48. Fiorentino DF, Bond MW, Mosmann TR. Two types of mouse T helper cell. IV
Th2 clones secrete a factor that inhibits cytokine production by Th1 clones.
J Exp Med. 1989;170:2081e2095.

49. Knezevic NN, Candido KD, Desai R, Kaye AD. Is platelet-rich plasma a future
therapy in pain management? Med Clin N Am. 2016;100(1):199e217.

50. Boswell SG, Cole BJ, Sundman EA, Karas V, Fortier P. Platelet-rich plasma: a
milieu of bioactive factors. LA Arthroscopy. 2012;28(3):429e439.

51. Parrish WR, Roides B. Phisiology of blood components in wound healing: an
appreciation of cellular co-operativity in platelet rich plasma action. J Exerc
Sports Ortho. 2017;4(2):1e14.

52. Meirer K, Steinhilber D, Proschak E. Inhibitors of the arachidonic acid cascade:
interfering with multiple pathways. Basic Clin Pharmacol Toxicol. 2013;114(1):
83e91.

53. Page C, Pitchford S. Neutrophil and platelet complexes and their relevance to
neutrophil recruitment and activation. Int Immunopharmacol. 2013;17(4):
1176e1184.
ocyte-poor PRP - The role of monocyte/macrophage function in the
i.org/10.1016/j.jcot.2019.05.008

http://refhub.elsevier.com/S0976-5662(19)30142-0/sref27
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref27
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref27
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref28
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref28
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref28
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref28
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref28
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref29
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref29
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref29
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref29
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref29
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref29
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref30
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref30
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref30
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref30
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref31
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref31
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref31
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref31
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref32
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref32
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref32
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref32
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref33
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref33
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref33
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref33
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref34
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref34
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref34
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref34
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref35
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref35
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref35
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref36
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref36
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref36
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref37
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref37
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref37
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref37
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref38
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref38
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref38
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref39
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref39
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref39
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref40
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref40
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref40
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref41
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref41
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref41
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref42
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref42
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref42
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref43
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref43
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref43
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref44
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref44
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref44
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref45
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref45
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref46
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref46
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref46
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref46
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref47
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref47
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref47
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref47
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref48
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref48
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref48
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref48
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref49
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref49
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref49
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref50
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref50
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref50
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref51
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref51
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref51
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref51
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref52
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref52
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref52
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref52
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref53
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref53
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref53
http://refhub.elsevier.com/S0976-5662(19)30142-0/sref53

	Leukocyte-rich PRP versus leukocyte-poor PRP - The role of monocyte/macrophage function in the healing cascade
	1. Introduction
	1.1. Platelets – more than a hemostasis role
	1.2. Platelet Rich Plasma therapy (PRP)
	1.3. Mononuclear cells – the real workers in PRP therapy
	1.4. Macrophage polarization
	1.5. Stimuli for M1 role
	1.6. Stimuli for M2 function
	1.7. Leukocyte-rich PRP
	1.8. Future perspectives

	Financial disclosure
	Conflict of interest
	Acknowledgments
	References


