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Introduction
The platelet-rich fibrin (PRF) is a platelet concentrate of the latest 

generation, composed of P-PRF (pure platelet-rich fibrin) and L-PRF 
(leukocyte-containing platelet-rich fibrin). Fibrin gels are optimal as 
scaffolds for tissue engineering for various reasons. The most important 
reason is the compatibility with the cell life of fibrin, which is different 
according to different completely biodegradable natural substances, 
and it facilitates the transition to a new extracellular matrix. In addition 
to mediating primary hemostasis and thrombosis, platelets play an 
important role in repairing and regenerating tissues. They regulate 
the main mechanisms involved in the healing process, including 
cell migration, proliferation, and angiogenesis. The PRF clot forms a 
robust fibrin matrix with a complex 3-dimensional architecture. By 
quantifying the presence of growth factors [Growth factor derived 
from platelets (PDGF-BB), transforming growth factor 1 (TGF-1, 
and insulin-like growth factor-1 (IGF-1)] in PRF, enzyme-linked 
immunosorbent assay analyses revealed that slow fibrin polymerization 
during PRF processing leads to the intrinsic constitution of platelets of 
cytokines and glycan chains in fibrin reticulum [1]. P-PRF and L-PRF 
are biological materials with solid fibrin and/or containing leukocytes. 
All the platelets contained in blood samples taken are activated and 
integrated into the coagulum fibrin reticulum. Approximately 97% 
of platelets and 50% of leukocytes are concentrated in the PRF clot 
showing a specific 3-dimensional distribution.

Growth factors released by L-PRF platelets induce and control the 
proliferation and migration of other types of cells involved in tissue 
repair such as smooth muscle cells (SMCs) and mesenchymal stem cells 
(MSCs).

The control of apoptosis and cell survival and interaction with 
progenitor cells are clinically important; however, the aspects of 
platelets in tissue repair are poorly understood, which are highlighted 
in this review.

Platelets: As healers of damaged tissues

Platelets have been used to treat patients with thrombosis, 
thrombocytopenia, or bleeding events to restore hemostasis. However, 
platelets also function as circulating cell receptors that provide a 
unique link between immune responses and tissue repair. Wound 
repair is inseparably associated with inflammation and requires a finely 
synchronized combination of the mechanisms regulating cell migration, 

the organization and remodeling of the extracellular matrix, cell 
proliferation, differentiation and angiogenesis, and neovascularization 
[2]. Platelets have been recognized to be involved in all of these cell 
events, which are examined elsewhere [3].

This review provides an update on the intensively investigated role 
of platelets in tissue regeneration and highlights clinically relevant yet 
incompletely characterized mechanisms, namely interactions with 
progenitor cells and apoptosis control and cell survival. Attention to 
platelet-rich plasma and PRF has increased progressively in wound 
healing and improved wound healing [4]. The clinical and experimental 
data clearly indicate that platelets are fundamentally involved in the 
repair and regeneration of damaged tissues and the preservation of 
organ function. During tissue injuries, for example, injuries caused 
by trauma or organ ischemia such as in myocardial infarction or 
cerebral infection, the coagulation system and the immune responses 
are activated very early, starting the wound healing process. Platelets 
are the first cells that accumulate at the sites of the lesion and, upon 
activation, release a multitude of biologically active mediators in their 
environment. Various cytokines, chemokines, growth factors, including 
growth factor derived from stroma 1 (SDF-1) [5] and the hepatocyte 
growth factor (HGF) [6] are secreted by platelets. Platelet-derived 
mediators induce and modulate the late activation of fibroblasts and 
the recruitment of leukocytes, the first neutrophils, followed by 
macrophages, with consequent elimination of dead cells and cellular 
debris [2]. Furthermore, the factors released by platelets induce and 
control the proliferation and migration of other types of cells involved 
in tissue repair, such as SMCs and MSCs [7]. Angiogenesis in damaged 
tissues, another key mechanism for recovery of tissue function, is also 
substantially regulated by platelets because of the release of a multitude 
of proangiogenic and antiangiogenic mediators from activated platelets 
3 (Figure 1). Today, platelets and their secreted products can be used 
successfully as feasible therapeutic tools, facilitating the repair of 
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damaged tissues and organs. For example, because autologous platelets 
also release recombinant growth factors from platelets, [8] they can 
improve the healing of chronic diabetic ulcers of the lower limbs. 
Furthermore, regeneration of skin wounds [9], retina, and bones has 
been reported. However, the treatment of surgical lesions with platelet-
rich plasma (PRP) also produced controversial results in clinical trials 
[10]. L-PRF was also used in diabetic foot ulcer osteomyelitis allowing 
recovery from this serious disease [11]. L-PRF is a new step in the 
therapeutic concept of platelet gel with a simplified design and small 
artificial biochemical changes. Unlike other platelet concentrates, this 
technique does not require anticoagulants, thrombin, or any other 
gelling agent, which requires centrifuge of blood without additives 
[3,4]. Although leukocyte platelets and cytokines play an important 
role in the biology of this biomaterial, the supporting fibrin matrix is 
certainly the decisive factor in the real therapeutic potential of L-PRF. 
Within a few minutes, the absence of an anticoagulant allows the 
activation of most of the platelets contained in the sample to trigger the 
coagulation cascade.

PRP has recently emerged as a new matrix to improve the survival 
of transplanted fat. PRP, derived from whole blood through double-
turn centrifugation, contains multiple growth factors and adhesion 
molecules in the granules. PRP is believed to be safer and more practical 
in adjunctive clinical therapy than other recombinant growth factors or 
stem cell therapies. PRP is shown to be effective in bone regeneration, 
wound healing, and improvement of musculoskeletal sport injuries [12]. 
The scope of PRP therapy has been extended to soft tissue augmentation 

by combining PRP with fat grafting. Although some positive clinical 
results have been reported [12], trials supporting the application of PRP 
combined with fat grafts in soft tissue augmentation remain limited, 
since only a few basic studies and preclinical studies on small animals 
have been conducted. In ten patients with chronic liver disease, platelet 
transfusion improved distinct parameters of liver function, although 
adverse events related to platelet transfusion were observed. An 
important observation in understanding the functions of platelets and 
their limitations in terms of tissue repair was made in the field of hepatic 
pathophysiology. In a mouse model, Lesurtel et al. [13] identified 
platelet-derived serotonin as the key factor for liver regeneration. 
Thrombocytopenia and decreased platelet activity in mice substantially 
abolished cell proliferation in the liver. In contrast, thrombopoietin-
induced thrombocytosis caused a strong platelet accumulation in the 
sinusoids of the liver and the induction of hepatocyte proliferation 
shortly after hepatectomy in mice [14]. Furthermore, platelets have been 
shown to be involved in the postnatal occlusion of the ductus arteriosus 
and vessel remodeling [15]. Adhesion and malfunctioning platelet 
aggregation and defective platelet biogenesis have been associated 
with postnatal occlusion of ductus in newborn mice. Furthermore, 
premature neonates with thrombocytopenia showed an increased risk 
of a persistent open duct. The impact of abnormal platelet function on 
tissue repair has also been studied in atypical uremic syndrome with 
complement factor derived from platelet dysfunction. In addition to 
its complementary regulatory protein function, the H factor exerts an 
anti-inflammatory activity and its mutations contribute substantially to 
hemolytic uremic syndrome and damage to the glomerular membrane, 
resulting in type II proliferative membranous glomerulonephritis. Thus, 
evidence indicates that platelets or platelet-derived factors play a key 
role in determining tissue balance between repair and tissue damage 
and can therefore be successfully used in regenerative care. However, 
the underlying molecular mechanisms involved in platelet-mediated 
tissue repair are poorly characterized and further experimental and 
clinical studies are required to define the specific targets for future 
therapeutic interventions.

Interaction and regeneration of platelet cells and progenitor 
cells

Activated platelets release a full range of chemokines [16] and 
promote the recruitment, adherence, and proliferation of adult stem cells, 
including CD34-positive progenitor cells, MSCs, SMC progenitors, and 
endothelial progenitors [7] (Figure 1). The multipotency of these types of 
stem cells and their ability to increase vascular tissue repair is attributed 
to paracrine mechanisms [17] and make them promise in regenerative 
medicine. Furthermore, tissue damage itself generates strong chemo 
attractive signals for stem cells, providing the basis for their regenerative 
activity. Platelets regulate the recruitment of adult stem cells to injured 
cells; this can, therefore, be an important mechanism in regenerative 
cellular responses. After a myocardial infarction, intramuscular, 
intracoronary, or intravenous MSC transplantation, cells migrate 
to the injured heart, significantly restoring cardiac function [18]. 
Various clinical studies have confirmed the beneficial effects of MSCs 
after myocardial damage even if the clinical benefit was occasionally 
moderate. HGF is a growth factor known to be produced after 
myocardial ischemia, as investigated in animals and humans. With its 
antiapoptotic, pro angiogenetic, and immunosuppressive activity [19], 
HGF exerts its cardioprotective properties. Platelets are also released 
after the activation of HGF [6] and have been described to promote 
the uptake of MSCs into human artery endothelial cells [7]. Thus, the 
modulation of HGF-mediated migration of MSC to apoptotic tissue 

 
Figure 1. Mechanisms regulating tissue repair mediated by platelets

Platelets are cell mediators that orchestrate clinically relevant, but not yet known, 
mechanisms of tissue repair. They release cytokines, chemokines, and growth factors such 
as SDF-1 and HGF that control the recruitment, proliferation, and activation of SMCs, 
MSCs, and other types of cells that are chiefly involved in wound healing. Platelets also 
regulate angiogenesis in damaged tissues. The recruitment of progenitor cells, including 
MSCs, SMCs, endothelial progenitors, and CD34-positive progenitors, is also influenced 
by platelets, promoting wound repair at least in part due to paracrine mechanisms. 
Furthermore, platelets are able to modulate the balance between apoptosis and cell survival, 
which determines the pathophysiology of damaged tissues. They can release proapoptotic 
mediators (Fas L, CD40L, TRAIL, TWEAK, and LIGHT) and antiapoptotic agents (HGF, 
SDF-1, serotonin, adenosine diphosphate, and sphingosine-1-phosphate). Furthermore, 
microparticles derived from platelets (MPs) can regulate apoptosis in endothelial cells 
(ECs) and SMCs, as well as provide survival signals to monocytes and endothelial and 
neural stem cells. Granzyme B is a mediator of platelet-induced apoptosis in the spleen 
and lungs. HMGB1, a danger signal that is exported to the cell surface from platelets to 
activation, regulates apoptosis and autophagy in tumor cells (TCs) depending on its redox 
state. Thus, platelets control complex tissue repair mechanisms.
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cells by platelets is probable and can become a powerful therapeutic 
tool to improve cardiac function after myocardial infarction. As with 
HGF, another major mediator involved in stem cell trafficking, SDF-
1, is also regulated after myocardial ischemia. SDF-1/CXCR4 has been 
shown to induce bone marrow progenitor recruitment into bones after 
intravenous injection of cells into a mouse model. In clinical studies, 
CD34-positive progenitor cells have been critically reported to be 
involved in myocardial repair and regeneration, contributing to the 
preservation of cardiac function. Furthermore, compared with control 
mice, the injection of recombinant SDF-1 into the left ventricular cavity 
of test mice before coronary occlusion significantly decreased the infarct 
size. To improve the effectiveness of SDF-1-mediated cardio protection, 
we synthesized a bifunctional protein consisting of an SDF-1 domain 
and a glycoprotein (GP) VI domain with a high CXCR4-binding 
affinity as well as extracellular matrix proteins that become exposed 
after tissue lesions [20].After experimental myocardial infarction, the 
administration of SDF1-GPVI exerted significant cardioprotective 
effects, promoting CXCR4-positive migration of progenitors from 
the bone marrow, strengthening endothelial differentiation of the, 
preserving cell survival, and revealing proangiogenic effects. Platelets 
influence these progenitor cells mediated by SDF-1 activity. SDF-1 
secreted by CD34-positive activated platelets supports the recruitment 
of progenitor cells into arterial thrombus and differentiates the cells 
into in vivo endothelial progenitor cells. In patients with myocardial 
infarction, SDF-1 derived from platelets control a number of circulating 
progenitor cells and is associated with the restoration of left ventricular 
function and improves prognosis. Furthermore, the formation of 
coregulated circulating CD34-positive progenitor cells/platelets has 
been described in patients with acute coronary syndromes, associated 
with a significant decrease in myocardial infarct size, improving the 
function of the left ventricle, as seen with cardiac magnetic resonance 
imaging at a 3-month follow-up [21].The differentiation of CD34-
positive platelets in mature foam cells and in endothelial cells has been 
described in an vitro co-culture system, which may be particularly 
relevant for the development of atherosclerotic vascular lesions.

The regulatory platelets of apoptosis and cell survival: Tissue 
regeneration mechanisms

Apoptosis is a process of cell death that is performed exactly to 
limit tissue damage and is generally associated with immune tolerance. 
The regulation of the balance between apoptosis and cell survival, 
which is important for the fate of damaged tissues, is controlled by 
platelets [22] (Figure 1). The induction of apoptosis is regulated by 
different cellular signals, which can be extracellular and intracellular. 
An important extracellular apoptotic pathway involves death receptors, 
which are the members of the tumor necrosis factor (TNF) receptor 
family. TNF is one of the main cytokines that regulates apoptosis. 
Although the presence of TNF in platelets is not confirmed, platelets 
store and secrete various ligands linked to TNF, such as Fas-L, CD40L, 
TRAIL, TWEAK, and LIGHT [23], which regulate apoptosis through 
paracrine signals. The incubation of endothelial cells and SMCs with 
microparticles derived from platelets of patients with sepsis resulted 
in a strong induction of apoptosis in cells, due to the production of 
reactive oxygen species (ROS), suggesting a central mechanism in 
the pathogenesis of septic vascular dysfunction. The role of platelet 
microparticles has been demonstrated in the phosphorylation and 
activation of Akt (pAkt), a serine-threonine kinase that inactivates the 
pro-apoptotic BAD part of lymphomas [2] (associated B-lymphoma 2 
cell, a promoter of cell death), exercising an antiapoptotic activity in 
THP-1 cells, a cell line of human monocytic leukemia, in a P selectin-
dependent manner [22]. Some types of platelet microparticles are 

induced to differentiate into monocytes through intracellular calcium 
flows and the release of the complement factor C5a and TNF. Sharron 
et al. (2012) demonstrated that platelets from mice with sepsis induced 
by apoptosis in CD4-positive mice underwent through a mechanism 
independent of platelet microparticles. In this study, apoptosis was 
mediated by the protease of serine granzyme B, which is regulated by 
megakaryocytes of mice with sepsis. Later, the authors demonstrated 
that platelet-induced granzyme B apoptosis occurred in the spleen and 
in the lung depending on the direct contacts of the cells and on the 
correct cellular function of GPIIb/IIIa [24] (Figure 1). Platelets can 
perform antiapoptotic mechanisms, shifting balance to cell survival 
and tissue repair. In neural stem cells (CNS), platelet microparticles 
caused the phosphorylation of Akt, associated with cell proliferation, 
and survival and differentiation of neuronal cells [25]. Akt-mediated 
phosphorylation of platelet microparticles has also been observed in 
endothelial cells and improved endothelial regeneration occurred 
after the injection of angiogenic cells. Furthermore, platelets secrete, 
at activation, mediators with antiapoptotic activity, such as HGF, SDF-
1, serotonin, adenosine diphosphate, and sphingosine-1-phosphate 
(Figure 1), favoring survival signals for vascular endothelial cells 
and SMCs at the sites of vascular lesions. HMGB1, a nuclear protein 
passively released by necrotic cells during tissue injury or actively 
secreted by innate immune cells, has been identified as a warning 
signal that activates an immune response and regulates the cell death 
and survival, as demonstrated for cancer cells, depending on the status 
of HMGB1 redox. Platelets contain endogenous HMGB1, which is 
exported to the cell surface after activation, and this makes HMGB1 a 
candidate for regulating platelet mortality/survival balance. The type of 
target cells and the regional distribution and the intensity of expression 
of the surface receptors can define the final result of the proapoptotic 
and antiapoptotic functions of platelets.

Conclusions
Other experimental and clinical studies must be conducted to 

provide a better understanding of the crosstalk between the platelets 
and the mechanisms that control tissue repair, characterized by 
processes such as the recruitment of cells with regenerative potential 
and the regulation of apoptosis/cell survival.

These new insights will help us find better therapeutic options 
based on platelets to facilitate the repair and regeneration of damaged 
tissues and organs.
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