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Saint-Étienne, Univ Lyon, Univ Jean Monnet, INSERM, U1059 Sainbiose, Saint-Étienne, France
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INTRODUCTION
The development of platelet lysate (PL) or platelet-rich plasma (PRP) products to stimulate tissue
repair and regeneration has been an important research ﬁeld in various indications for more than
30 years (1–4), resulting in considerable interest in their potential for regenerative medicine.
Moreover, many in vitro, in vivo and ex vivo studies have recently focused on the mechanisms of
action by which these growth factors affect the biological activities of cells, thus supporting tissue
healing. We feel that it is worth emphasising 1/the still limited understanding of their biological
effect in the context of musculoskeletal injuries and other diseases, and 2/the lack of standardization
of PL or PRP products. We also want to highlight the scientiﬁc cornerstones that need to be
addressed to ensure ultimately safe and efﬁcacious PL or PRP.
The vast majority of studies dealing with the efﬁcacy of PL or PRP have focused only on the
various growth factors - vascular endothelial growth factor (VEGF), insulin-like growth factor,
ﬁbroblast growth factor (FGF), platelet-derived growth factor (PDGF), brain-derived neurotrophic
factor, transforming growth factor-beta (TGF-b), epidermal growth factor and others - that could
play a role in the putative healing properties of PL or PRP through angiogenesis and cell stimulation.
Surprisingly, while blood platelets are universally known for their major haemostatic role, as they
restore vascular epithelial damage, their ability to produce and secrete a variety of cytokines,
chemokines and related pro/anti-inﬂammatory molecules including growth factors, which
contribute to this process and its integrated immune reaction (Figures 1A, B), is rarely taken
into account when deciphering the effects of PL or PRP administration.
We therefore believe that it is useful to draw a broader and ultimately more faithful picture of all
the factors, platelets can release, with up to 1,100 proteins found in their secretome (5) that could
trigger a mix of positive and negative effects on tissue healing, depending on the circumstances or
local factors.
Platelets tightly regulate the process of angiogenesis (6, 7) by releasing both pro-angiogenic
[VEGF, ﬁbroblast growth factor-2, hepatocyte growth factor, PDGF, interleukin (IL)-8 and many
others] and anti-angiogenic (thrombospondin-1, TGF-b, plasminogen activator inhibitor-1, IL-1-b
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FIGURE 1 | Platelet, platelet lysate (PL) or platelet-rich plasma (PRP) component (A), applied in different pathological contexts (B).

and others) factors in a-granules (8). Moreover, proangiogenic
factors such as VEGF are released in high concentrations in
haemostatic clots, causing the proliferation and migration of
proliferating endothelial cells (9). However, secreted antiangiogenic factors such as TGF-b1 inhibit the proliferation and
migration of endothelial cells. Platelet factor 4 (PF4), also known
as chemokine (C- X-C motif) ligand 4 (CXCL4), is a small
cytokine belonging to the CXC chemokine family. This
chemokine is also released from activated platelet a-granules.
PF4 has two important functions in the vasculature. It not only
plays a proatherogenic role, but also has anti-angiogenic effects.
It is suggested that the molecules released from the a-granules
(e.g., ﬁbrinogen) and lysosomes of platelets participate in clot
remodelling. Consequently, platelets and platelet-derived
molecules participate in the natural process of wound healing
and angiogenesis (8).
Platelets are also the main source of circulating microparticles
(PMPs) (10). Circulating PMPs, present in PL or PRP, can
release phosphatidylserine, which provides a highly
procoagulant external surface. In addition, PMPs also release
tissue factor, the main molecule in the coagulation cascade, and
can deliver immunomodulatory factors such as CCL5, IL-1b, and
CD40L, which modulate the activation of inﬂammatory cells
such as neutrophils and are capable of exerting their proinﬂammatory activity outside of the blood compartment, thus
linking thrombosis and inﬂammation (11). Platelets also release
chemotactic molecules (IL-8, CCL-5, etc.) and other substances
(especially immunomodulatory substances such as sCD40L), and
trigger the proliferation of ﬁbroblasts, endothelial cells and
progenitor cells, thus regulating the healing process. It is
important to emphasize again that many of the proteins and
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components of platelets are mechanically and chemically
activated, and therefore their preparation can affect their
efﬁcacy enormously (Figure 1A).
Recently, Jaron Nazaroff et al. published (12) a systematic
review and Meta-Analysis (Cochrane Database, PubMed, and
EMBASE databases) for level I/II clinical studies on PRP
injections across all medical specialties [cardiothoracic surgery,
cosmetic, dermatology, musculoskeletal (MSK), neurology, oral
maxillofacial surgery, ophthalmology, and plastic surgery].
Generally, 61% of the studies found PRP to be favorable over
control treatment, with no difference across medical specialties.
The authors pointed to the inconsistent report of PRP
throughout the medical research literature.
Because leukocyte is known to produce inﬂammation by
driving the inﬂammatory phase of wound healing, research
into leukocyte content in PRP formulations and the possible
impact on osteoarthritis treatment has sparked some debate in
the literature. However, José Fá bio Lana et al. looked at the
intriguing concept of leukocyte-rich platelet-rich plasma, or
L-PRP, which may give beneﬁts rather than drawbacks in
terms of PRP’s regenerative potential (13).

CONCLUDING REMARKS AND
FUTURE DIRECTIONS
PPL or PRP are currently recognized as products that promote
tissue healing and regeneration. PRP is used in numerous areas, for
acute diseases as much as for chronic diseases, for its haemostatic
and healing properties in bone or soft tissue, by delivering
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The road to safe and efﬁcacious PL or PRP: Standardized
PRP/platelet lysate preparation with a potential adjunct
delivery system to potentiate its effect (14). Identifying
inﬂammatory parameters that may be linked to the donor,
PRP (or equivalent), and patients would be beneﬁcial to deﬁne
how a patient can receive the most appropriate PRP or
equivalent for their situation.
We can no longer exclude the inﬂammatory component and
focus solely on the numerous or even a set of selected growth
factors present in PL or PRP. Assessing the balance between
growth factors with pro- or anti-angiogenic properties, as well as
pro- or anti-inﬂammatory effects may provide a more
personalized approach to identifying patients who may beneﬁt
from either PL or PRP, or an equivalent injection. Therefore,
stratiﬁcation and personalized medicine are ways to progress in
the appropriate use of PL or PRP therapies.

supraphysiological concentrations of autologous platelets and their
contents at the lesion site. We mainly use PL or PRP in tissue
generation, due to the presence of high concentrations of
growth factors.
Nevertheless, a wide variety cell adhesion molecule, cytokines,
chemokines and integrins are also stored in platelets and secreted
after activation. Additionally, by releasing various chemokines,
PL or PRP recruit immune cells as neutrophils and monocytes/
macrophages to establish a pro-inﬂammatory environment
New data suggest that PL and PRP mechanism of regenerative
action depends on the pathological contexts: orthopaedics and
sports medicine, rheumatology, oral and maxillofacial surgery,
ophthalmology, otorhinolaryngology, clinical and cosmetic
dermatology, plastic and reconstructive surgery, urology,
neurology, gynaecology, gastrointestinal surgery and cardiovascular
surgery (Figure 1B) (13).
Growth factors were previously assumed to be exclusively
biological molecules that promote cell growth and proliferation,
whereas cytokines were supposed to have solely an immunological
or hematopoietic response. This view has changed over the past
years and growth factors or cytokines can have diverse functions
on different cell types, and multiple growth factors or cytokines
can have similar or overlapping actions on different cell types.
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