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Abstract
Platelet derived bio-products in the form of platelet rich plasma, plasma rich in growth
factors, or plasma-free platelet releasates, are being studied worldwide with the aim of
proving their efficacy in tissue regeneration within many different clinical areas, such as
traumatology,

maxillofacial

surgery,

ophthalmology,

dermatology

and

otorhinolaryngology, amongst others. The current lack of consensus in the preparation
method and application form, or in the quality assessment of each bio-product, precludes
adequate interpretation of the relevance of reported clinical outcomes, and while many
clinicians are very positive about them, as many are sceptic. Relevant aspects of these
products are considered to propose a classification nomenclature, which would aid at
the comprehensive comparison of clinical outcomes of bio-products of the same
characteristics. Finally, the uses of platelet-derived bio-products in in vitro culture (for
cell therapy purposes) as a substitute of animal-origin sera, and other future perspectives
of applications of platelet-derived bio-products are discussed.
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Background: an overview of platelet biology and key functional aspects
Platelets are circulating anucleate blood components (2-4 µm in diameter) and key
players in maintaining the body hemostasis (1). Platelets have a limited life-span in the
circulation (around 7-12 days), and therefore, the right balance between platelet
production (approximately 1011 platelets daily) and clearance must be tightly regulated
(2). In addition to their key role in hemostasis, many other functions have been attributed
to platelets, such as immunomodulation or lymph and blood vessel separation during
development (3, 4), and they have been identified as participants in various pathological
processes (beyond bleeding or thrombosis), such as inflammation and cancer
metastasis (5, 6). Therefore, platelets are considered metaphorically as double-edged
swords, and international efforts and research are directed to the better understanding
of platelet physiology in health and disease.
Platelets are capable of detecting endothelial damage through their receptors, as certain
substrates get exposed or accumulate locally, such is the case of subendothelial
collagen and von Willebrand factor (vWF), present in plasma and released as well by
injured endothelial cells. After recognizing the vascular damage, platelets get activated
and adhere at the site of injury (1, 7). This activation induces signaling pathways leading
to cytoskeletal rearrangements (filopodia and lamellipodia formation) and integrin
activation (favoring platelet-platelet interaction and aggregation) and secretion of their
granular cargo (also called platelet releasate or secretome). The platelet secretome
contains a multitude of growth factors, chemokines, cytokines, and immunomodulation
factors that are involved in the key stages of wound healing and tissue regeneration,
including cell migration, differentiation, proliferation and neovascularization (8, 9). While
platelets react basically in the same manner, it is the physiological context and the initial
signal that will condition the outcome, i.e. wound healing, or concomitant to a subjacent
pathological situation, immunothrombosis (10).
While blood components, including platelets, have been used in transfusion medicine, it
is the specific healing and regenerative property of platelets and platelet cargo that has
been used as rationale for the development of platelet-based bio-products as adjuvant
therapy in many areas of advanced cell therapy and regenerative medicine (11). The
focus of the current manuscript is to highlight the development status of platelet-derived
bio-products, their clinical and research applications, the lack of consensus on
preparation methods and application forms and to provide novel future perspectives in
the field.

3

Blood-derived bio-products in regenerative medicine
1.

Not quite yet platelet rich plasma: fibrin and platelet-rich fibrin

Among the fibrinogen-based biomaterials, fibrin sealant (also called fibrin glue) is
amongst the best-known fibrinogen-based biomaterials. This product mimics the last
step of the coagulation cascade through the activation of fibrinogen by the biologically
active alpha thrombin, leading to the formation of a semisolid fibrin clot. Its network
architecture provides the required scaffold to support tissues or materials, while retaining
its hemostatic and healing properties (12). It is widely used as a biodegradable tissue
adhesive or sealant to control bleeding and promote tissue regeneration in many surgical
interventions (13). To date, no other biological or synthetic adhesive material has posed
as useful in terms of tissue biocompatibility, lack of toxicity, and clinical benefits.
However, thrombin of bovine origin to induce the clot formation should be avoided, as it
has been reported an elevated risk to develop inhibitors to bovine thrombin and coimmunization to human factor V (14), a complication that may pose danger in patients
undergoing cardiovascular surgery, especially when they require a second intervention.
A variant of this, platelet-rich fibrin (PRF) is made from a volume of autologous whole
blood collected without an anticoagulant and immediately centrifuged. Activation of the
coagulation cascade during centrifugation leads to the formation of a fibrin clot containing
live platelets and white cells. While the fibrin clot behaves as a physiological resorbable
membrane or scaffold, the live cells contained in it will be gradually released at the site
of injury to promote tissue regeneration, through cell-cell interactions or by releasing
growth factors and cytokines (15). Depending on the centrifugation force, different
compositions of PRF (at the cellular level) have been described (16). One of the main
differences between fibrin adhesives and PRF is attributable to the clotting mode. PRF
has the characteristic of polymerizing naturally and slowly during centrifugation without
the addition of exogenous thrombin. This mode of polymerization will considerably
influence the mechanical and biologic properties of the final fibrin matrix. (17) On the
other hand, fibrin glue is an inert bio-material devoid of live cells (and their cargo content).
Whether live cells may eventually be responsible of adverse events such as local
inflammatory responses, hence needs to be carefully studied application-wise (18).
2. Platelet Rich Plasma bio-products
The concept of platelet concentrates or platelet-rich plasma (PRP) was born in the
1970s, when hematologists described the plasma fraction after differential centrifugation,
which contains a supraphysiological platelet concentration (higher than 150.0004

350.000/µL), and was initially used as a transfusion product to treat patients with
thrombocytopenia (19). The therapeutic use of PRP in regenerative medicine constitutes
a relatively new approach with clinical benefits in a wide range of medical fields (20, 21).
However, despite the popularity and increasing demand of PRP-based therapies, there
are some aspects, including the real efficacy of the therapy application-wise, that need
to be agreed upon. The main concern is the lack of consensus on PRP preparation that
results in PRPs with different composition related to blood cells (platelets, leukocytes,
and red blood cells), plasma, or fibrinogen that makes difficult the evaluation and
comparison of clinical results amongst different clinical trials and applications (22, 23).
These variation has led to the fact that PRP bio-products respond to many names,
depending on the preparation method and authorship, as for example, platelet-enriched
plasma, platelet-rich concentrate, platelet concentrate, leukocyte-rich PRP, platelet-rich
fibrin, plasma rich in growth factors, platelet-rich fibrin matrix, autologous concentrated
plasma, platelet gel, pure PRP, platelet releasate, etc, which does not conciliate but
rather makes it even more complicated to assess their properties and find a consensus.
Efforts to homogenize the production method variable are necessary to evaluate the
efficiency of the product (24).
3. Serum or plasma containing platelet factors
The use of Serum Eye Drops (SED) for the treatment of ocular disorders has become
increasingly popular in recent years. As it occurs with PRP, the protocols to produce SED
are poorly standardized. In general, SED are prepared from peripheral blood serum
(autologous or allogenic) or umbilical cord blood (allogenic). The product works as a tear
substitute capable of lubricating the ocular surface, and also containing a mixture of
growth factors, interleukins, vitamins and nutrients that enhance epithelial wound
healing, but do not contain platelet derived growth factors, and should not be mistakenly
categorized as a platelet rich plasma product. Nowadays, SED is widely used for the
treatment of extreme dry eye, persistent corneal epithelial defect, corneal ulcer, ocular
surface burn, recurrent corneal erosion and limbal stem-cell deficiency when
conventional drops do not work (25, 26).
Plasma rich in growth factors (PRGF), is a bio-product of plasma containing the releasate
of activated platelets. The first preparation steps are common to PRP preparation. After
platelet concentration by centrifugation, platelet activation and fibrin formation are
induced by adding calcium chloride, collagen or thrombin. The clot is allowed to retract
at 37ºC for about 2 hours (which may also vary depending on protocol, or commercial kit
used). The released supernatant is rich in growth factors and can be diluted with sodium
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chloride to be used as eye drops (27). However, further development of platelet
releasates, either in plasma or plasma-free solutions, is broadening its applications,
beyond ophthalmology (28-31).

Clinical uses of platelet-derived bio-products and concerns: does it work?
The effect of PRP on tissue regeneration has been supported by in vitro and in vivo
studies that suggest a positive impact on the proliferation, differentiation and migration
of several cell types. Its clinical use initially developed in the areas of dental and
maxillofacial surgery. PRP and platelet-based biomaterials were found to accelerate
endosseous wound healing in oral surgery (32-34). Using these products combined with
autologous and allogeneic bone grafts provides better grafting results than autogeneous
bone alone (35-37).
The regenerative effects of PRP on bone, cartilage, skin, tendon and muscle have also
attracted interest in other medical fields such as traumatology and orthopaedics,
ophthalmology, plastic surgery and sports and aesthetic medicine. The PRP in
traumatology

has

been

investigated

in

diverse

pathologies

(tendinopathies,

arthropathies, bone grafts) with different degrees of effectiveness. Although in vitro
studies and initial clinical results were promising (38, 39), there are currently few quality
clinical studies favourable to the PRP reinforcement of some frequent surgical
interventions, such as rotator cuff or meniscal repair, Achilles tendon reconstruction or
repair, and cartilage regeneration, and the use of PRP in traumatology is still a matter of
debate

(40-46).

PRP

applications

to

musculoskeletal

pathologies,

including

osteoarthritis, are also a wide field of development, opening new possibilities (47).
The main uses of PRP in ophthalmology are dry eye, graft-versus-host disease,
persistent epithelial defects, corneal ulcers or perforations, burns and post-LASIK
syndrome (27, 48-50). The regenerative potential of platelet-rich products has also been
tested in tympanic perforation (51, 52), skin lesions (53) -such as skin ulcers of
multifactorial etiology: diabetic foot (54-56), pressure ulcers (57, 58), venous ulcers (59)
and even leprosy ulcers (60)-, vitiligo (61) and androgenetic alopecia (62). In the area of
gynecology there are reports of the use of PRP to aid wound healing and recovery in
caesarean delivery, vulvovaginal atrophy, benign cervical ectopy and it has also been
applied in reproductive medicine and erectile dysfunction (63-69).
As mentioned before, a lack of standardization is observed at the level of product
preparation, characteristics and application form, which entails a great difficulty in
6

comparing studies and drawing conclusions of real effectiveness or adverse events.
Cases of adverse events as a result of the application of autologous PRP or PRGF are
present in the literature, with minor or mild events reported in ophthalmology, generally
related to inflammation or intolerance (70, 71). However, in this regard, there are not
well-designed prospective studies that would address this aspect in a rigorous manner,
including all clinical applications. The use of L-PRP (containing leukocytes) or fresh PRP
may predispose to this type of reactions because living cells (not only white or red blood
cells, but also platelets themselves) might exacerbate basal inflammation at the site of
application, considering the novel functions of platelets beyond haemostasis (72-75).
Predisposing factors of patients (i.e. diabetes or other autoimmune diseases) could
favour inflammation and severe adverse reactions as well, as it has been documented
(76).
Another different type of anticipated adverse event is related to the function and
concentration of platelet-derived growth factors themselves. The presence of VEGF and
PDGF and other growth factors in PRP is the reason for the contraindication of using
these products in patients with a history of neoplasia in the area of infiltration (77, 78).
Furthermore, the availability of certain growth factors seems conditioned by the activation
or not of platelets to release their content, and authors suggest necessary to study the
implications of growth factor levels on the efficacy of PRP products (79).
Autologous vs allogenic
The use of autologous vs allogenic PRP products is largely conditioned by the countryregulatory dispositions. As an example, in Spain it is considered a medicine for
autologous human use (INFORME/V1/23052013), while in Italy, the allogenic nontransfusional use of blood components is allowed (80). On one hand, the use of
autologous products has a positive balance on the benefit-risk assessment, but on the
other hand, the production and use of allogenic PRP from well characterized donors or
a pool of donors would achieve more consistent and reliable therapeutic results through
the production of more homogeneous bio-products. For some patients, the use of
allogeneic PRP could represent an attractive option, when they suffer from a potential
condition that might affect platelet function (i.e. autoimmune diseases, cancer or
thrombocytopenia) or certain infection diseases (i.e. hepatitis B and C viruses, syphilis
or human immunodeficiency virus (HIV)) precluding the use of autologous products as
therapeutic source (81).
To date, the allogeneic use of PRP products is positioned as a viable alternative mainly
in traumatology and ophthalmology. Recently, Smrke et al. described the use of allogenic
7

platelet gel in combination with autologous bone graft to treat long bone defects (82). On
the other hand, the use of allogeneic SED to threat ocular disorders is already a reality
in several hospital and clinics (83, 84).
In sports medicine, the use of allogeneic PRP opens a challenging debate. In 2010, the
World Anti-Doping Agency (WADA) included intramuscular infiltrations of autologous
PRP in the list of prohibited products based on the possible synergistic effect of growth
factors on muscle cells that can potentially induce the increase of muscle mass acting
as an ergogenic substance (85). A year after, WADA excluded PRP of their list due to
lack of evidence beyond the expected therapeutic effect and the use of PRP by all routes
of administration has been allowed back. Noteworthy, purified or recombinant growth
factors (i.e. FGF, HGF, IGF-1, PDGF or VEGF) are currently prohibited (86). However,
the use of allogeneic PRP opens the door to future considerations in the context of antidoping regulations given that allogeneic PRP has not been studied as an ergogenic
substance (81).

Classification of PRP products
As clinical technology products in development, the above-mentioned blood-products
are prone to high variability that leads to different product types and compositions, due
to a lack of consensus in the preparation method/application form or product
characteristics (purity, content, quality) with severe impact on their potential clinical
efficacy (39). For example, just reviewing the literature on the use of PRP as intraarticular injury therapy, only around 5% of the reports specify the type of PRP used in
terms of preparation and product characteristics (39). In the last few years, several efforts
have been done by the scientific community to address the product variability problem
by proposing new classifications of platelet bio-products. In 2009, Dohan Ehrenfest et al.
proposed the first classification of platelet concentrates based on the combination of two
main variables, i.e. leukocyte and fibrin content. As a result, four main categories were
proposed: pure PRP (P-PRP), leucocyte-rich PRP (L-PRP), pure PRF (P-PRF) and
leucocyte-rich PRF (L-PRF) (87). In each category, the concentrate can be produced by
different processes (preparation kits and centrifuges), either in a fully automatized setup
(closed-system) or by manual protocols. In 2016, Magalon et al. proposed a more
comprehensive classification, the DEPA (Dose, Efficiency, Purity, Activation)
classification based on four different parameters: (A) the dose of injected platelets (which
ranges from less than 1 billion -low- to more than 5 billion -high-), (B) the efficiency of
the production (which considers the recovery of platelets from the starting material), (C)
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the purity of the PRP obtained (which considers presence of RBC or WBC in the
preparation) and (D) the activation process (which considers whether the platelets have
been activated to release factors, or thrombin has been applied to provide with a fibrin
mesh). The calculation of these parameters is only possible if complete quality control is
assessed in whole blood and in the associated PRP (final product) (88). Still, this
classification does not consider whether cells are being injected live or not when the PRP
is not activated. This situation has been recently acknowledged for the first time at the
International Society on Thrombosis and Haemostasis (ISTH) in the Scientific
Standardization Committee (SSC) meeting in 2018. The Platelet Physiology SSC formed
a working team of experts with the aim of producing a series of consensus
recommendations for standardizing the use of platelets in regenerative medicine (89).
The ISTH classification is the most comprehensive to date (Table 1) (23, 88).
Dohan Ehrenfest (87)

DEPA (88)

ISTH (89)

Coagulated or not
(PRP or Fibrin Rich)
Preparation Method

Yes
(PRP vs Fibrin Rich)
No

No

Yes

No

Yes

WBC content

Platelet number

No

Platelet enrichment
(PRP vs Whole Blood)
Activation
(Thrombin, CaCl2…)
Frozen/Thawed

No

Yes
(Purity)
Yes
(Purity)
Yes
(Dose)
Yes
(Efficiency)
Yes
(Activation)
No

Yes

RBC content

Yes
(Leukocyte poor vs rich)
No

No
No

Yes
Yes
No
Yes
Yes

Table 1. Summary of aspects covered by proposed PRP-product classifications. PRPproduct classification, as proposed by previous communications consider several aspects. The
ISTH classification proposal is the most comprehensive, considering sample collection conditions
(anticoagulated blood or not), the purity (red blood cells -RBC- or white blood cells -WBCcontent), the number of platelets in the product, whether platelets have been activated or not, or
whether the PRP product has been frozen/thawed prior use.

Based on this, we propose the variables to consider when describing PRP products and
a tentative nomenclature system, with the aim of making possible the comparison of
results amongst different groups. We also consider important to recommend certain
product quality assessment and considerations. Importantly, the platelet, white blood cell
(WBC) and red blood cell (RBC) counts should be performed on the product (before
further processing – i.e. activated or ruptured -). The ideal PRP product would also abide
to the quality thresholds set for leukoreduced platelet or plasma products (i.e. < 106
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WBC/unit), with no RBC contamination (24). Additionally, we give a lot of emphasis to
whether the PRP product is applied fresh, activated or frozen/thawed, based on the
relevance that it poses to the appearance of adverse effects (Table 2 and Figure 1).
Subscript
F
A
FT”N”
Sn

Superscript
NoD

Description
Fresh product
Contains live/intact platelets
Platelets have been stimulated to release their cargo.
It should be stated whether it has been activated by thrombin, collagen,
CaCl2, etc
Platelet rupture has been induced, and platelet content is released.
It should be stated whether platelets have been ruptured by freezing/thaw
(FT) cycles (“N” is the number of cycles) or by sonication (Sn)

Aph/WB

Description
When an extra centrifugation is applied to remove cell debri, after
activation, or mechanical rupture, it should be indicated.
Apheresis or Whole Blood donation

Prefix
L
R
Fn
PF

Description
Contains WBC above threshold for pure PRP
Contains RBC contamination
Fibrin Rich
Plasma Free

Table 2. Proposed matrix for new nomenclature classification of PRP products obtained.
Where PRP is the core ID, the Subscript refers to the application method, the Prefix refers to the
characteristics and quality of the product, and the Superscript might be used to refer to other
processing procedures prior application. For example, Leucocyte rich PRP lysed by 2 cycles of
freeze-thaw eliminating cell debri by centrifugation, obtained from whole blood donation should
now be called L-PRPFT2WB,NoD. The matrix could be extended per demand of new variables.

Platelet-derived factors in tissue engineering and advanced therapies
To date, the most widely used animal serum supplement in cell culture is fetal bovine
serum (FBS), which stimulates cellular proliferation, differentiation and survival of many
cell types (90). However, whenever a therapeutic approach requires cell culture, the use
of animal-derived biomaterials associates with different types of risks that should be
avoided in order to abide good manufacture procedures (GMP) requisites. In particular,
a major concern is the immunogenicity associated to xenogeneic proteins, as for
example N-glycolylneuraminic acid, known to be incorporated in human embryonic stem
cells and consequently leading to the activation of the host´s immunity causing unwanted
immune responses in patients receiving cell-based therapies (91). Another major
concern is the possibility of disease transmission, through prions, bacteriae, or viruses
10

present in the animal material. To address this issue, the European Medicine Agency
(EMA) published a guideline with the purpose of minimizing the risk of transmitting animal
spongiform encephalopathy agents via human and veterinary medicinal products
(EMA/410/01) (92). This guideline recommended the use of material of non-animal
origin, especially with regard to bio-products derived from transmissible spongiform
encephalopathy-relevant animal species. Hence, there is an increased interest among
the health authorities, industry and scientific community in general, to replace FBS by
human-derived alternatives in terms to ensure safe and animal product-free conditions
for biomedical tissue engineering, stem cell technology, and cell-based therapies (90,
93, 94).
Over the last few years, various human alternatives have been tested for their use as
culture supplement to sustain proliferation and survival of cells in vitro (and ex vivo). In
this sense, several research groups have investigated the feasibility of using human
platelet lysates (hPLs) as an alternative source of growth factors and other bioactive
molecules for their use in clinical applications (95). Several studies show that hPL is a
viable alternative to FBS for the culture of many cell types used for clinical cell-therapies,
such as mesenchymal stem cells (MSCs) or T cells for adoptive immunotherapy, that
require ex vivo expansion prior to infusion (96-98). However, the method of platelet
activation (agonist/receptor pathway, CaCl2) or disruption (freeze-thaw cycles or
sonication), the source material (apheresis concentrates, outdated platelet pools or PRP)
as well as the medium in which the platelets are re-suspended (plasma, platelet additive
solution or saline buffer) modified the composition of the bio-product and contribute to
batch-to-batch variation, making it difficult to compare clinical outcomes (99). On the
other hand, the plasma components of hPL normally require the addition of
anticoagulants such as heparins to prevent clotting formation (100). Furthermore,
commercially available heparins are usually from porcine origin, which represents a
handicap in the development of a totally xeno-free culture system. Additionally, usage of
heparin in vitro has been shown to negatively affect proliferation, differentiation and
migration of MSC, because heparins are molecules that bind growth factors inhibiting
their biological function and impairing cell expansion (101-103). Thus, the ideal scenario
would be the use of plasma-free supplements, such as human platelet lysates or
secretomes (HPSs), in which washed platelets are resuspended in a saline buffer (i.e.
HEPES/Glucose buffer) before inducing their lysis or release of their granular cargo
avoiding the use of anticoagulants and plasma-protein sequestering effects in cell
culture. However, few studies have evaluated the use of HPS as a substitute of FBS for
clinical-scale cell expansion. In this sense, S. Kazemnejad and coworkers show that the
11

use of HPS is an efficient and safe substitute for FBS in culture media for the expansion
of human bone marrow‐derived MSCs and promote their differentiation into hepatocytes
(104). Further analysis of the precise composition of platelet-derived bio-products in
terms of relevant growth factors, attachment factors, microRNAs and exosomes as well
as dosage requires optimization to well-defined culture conditions (105).

Future perspectives in platelet applications
The harnessing of the biological functions of platelets to develop novel therapeutic
strategies has been widely explored in the last few years. In this section we will focus on
the most important advances in the field, opening up new methodologies and
applications of platelets and their derived bio-products.
Platelets as carriers: “Beware of platelets bearing gifts”
Platelets are proposed to be used as “Trojan Horses” for loading drugs or biological
therapies because of their biocompatibility and the possibility to target specific locations.
Chemotherapy is widely used as first-line treatment in many tumor types. However,
chemotherapy can induce various side effects on normal cells due to their cytotoxicity
and non-specific targeting in the body. Development of novel drug delivery systems is
one of the main goals in the management of cancer. In this sense, emerging evidence
has shown that platelets have the capability to recognize and interact with tumor cells,
and the cross-talk between platelets and tumor cells can be used to design novel
therapeutic strategies (106, 107). It has been recently shown that, in a mouse model of
lymphoma, a hematological malignance, doxorubicin (DOX) loaded platelets facilitated
intracellular drug accumulation in tumor cells through “tumor cell-induced platelet
aggregation”, which improved the anti-tumor activity of DOX due to the targeting of tumor
cells for drug delivery (108). In the case of solid tumors, surgery is considered as the
main therapeutic option by clinicians. However, there is growing evidence supporting the
notion that invasive surgery may increase the risk of metastases and accelerate the
growth of residual tumor cells (109). One of the most promising therapeutic options to
reduce local and distal tumor relapses could be the use of platelets as carriers,
considering their ability to recognize and get activated at the site of injury after surgery.
Supporting this idea, Zhen Gu and collaborators generated PD-1-expressing platelets
for their use as post-surgery consolidation treatment. The PD-1-expressing platelets
could accumulate specifically within the tumor surgical wound and enhance the antitumor immune response, allowing the elimination of residual tumor cells (110).
12

Platelet-derived microparticles
Platelet-derived microparticles (PMPs or platelet “dust”) are the most abundant cellderived microparticles in the blood circulation, constituting approximately 70-90% of all
circulating microparticles. PMPs are produced by platelets in response to activation and
can be classified depending on size and composition, amount of growth factors,
chemokines, RNA, and cell-to-cell communication messengers (111). While the
physiological significance of this “platelet dust” may have been unexplored for many
years, recent work suggests that PMPs may play an important role in the transport and
delivery of bioactive molecules and signals that are implicated in several physiological
and pathological conditions (112).
It is known that PMPs play a key role in thrombosis and hemostasis, and are also
involved in a variety of coagulation and bleeding disorders. It is the case of Scott
syndrome patients, which have a defect in the production of PMPs that associates with
bleeding complications (113, 114). Recently, microparticles have also attracted interest
as potential early diagnostic markers of autoimmune and cardiovascular diseases. It has
been proposed that PMPs may contribute to the pathogenesis of arterial thrombotic
disease and several studies have suggested that circulating microparticles provide a
potential prognostic marker in these patients (115). In addition, PMPs have also emerged
as important players in the exacerbation of inflammation in autoimmune diseases. In
rheumatoid arthritis, PMPs contain high levels of IL-1α and IL-1β, which are the cytokines
responsible for the production of IL-6 and IL-8 by synoviocytes, contributing to the
inflammatory condition (116).
PMPs are also produced under storage conditions in blood-derived transfusion products
(117). Their presence in platelet concentrates is associated with transfusion
refractoriness and transfusion-related acute lung injury (TRALI) caused by inflammatory
mediators, such as CD40L (CD154), P-selectin and mitochondrial DNA (of platelet
origin), that constitute a strong pro-inflammatory stimulus (118-121). It is because of that,
that screening and characterizing the microparticle content in platelet concentrates
constitutes a new quality improvement initiative for hospital blood banks in order to
optimize the use of this limited blood product (122, 123).
Increasing evidence support the role of PMPs in angiogenesis and cancer progression.
Numerous studies have shown that PMPs promoted the proliferation, survival and
migration of endothelial cells. This effect was mediated by the action of VEGF and other
growth factors contained in PMPs. It is well known that some tumor cells have the
capacity to activate platelets and induce platelet aggregation with the consequent
13

accumulation of PMPs in the tumor microenvironment. Recent studies show that PMP
levels are better predictors of metastasis than other plasma biomarkers and highly
correlate with aggressive tumors and a poor clinical outcome, with emphasis on the MPassociated Tissue Factor expression (124-126). Considering their nature and diverse
known functions, PMPs could be used as diagnostic (and/or prognostic) biomarkers for
diseases (i.e. cancer, autoimmune diseases, bleeding disorders) and potentially used as
delivery system for therapeutics.
Advanced delivery systems for the use of the platelet secretome in regenerative
medicine
As summarized before, the platelet secretome contains a milieu of bioactive factors with
short effective half-life, low stability, and susceptible for rapid inactivation by enzymes at
physiological conditions. To address these limitations, delivery systems that allow
loading and release of these proteins at specific locations for effective tissue
regeneration have been developed (127). Lipid-based nanocarriers are typically
composed of naturally-derived phospholipids that mimic the properties of biological
membranes, the best known are liposomes. Liposomes can protect the activity of
biomolecules against environmental conditions (i.e. temperature and pH) (128). Hence,
the use of liposomes for the encapsulation of platelet cargo has several advantages,
such as, biocompatibility, low immunogenicity, protection of the growth factors against
enzymatic degradation, long-term bioavailability in addition to the easy surface
modification for selective targeted delivery (cell/tissue specificity). Moreover, the
combination of biodegradable scaffolds (i.e. calcium phosphates, Poly Lactic-co-Glycolic
Acid) with biopolymers such as hyaluronic acid (HA) and gelatin for the encapsulation of
PRP have shown promising results for enhanced bone regeneration in in vitro studies
(129).
A novel promising delivery system is RegenoGelTM, a bio-product designed by Procore
Company that links high molecular weight HA with fibrinogen. RegenoGelTM combined
the viscoelastic properties of HA with the regenerative and wound healing activity of
fibrinogen. This combination renders a bio-material especially indicated for mild to severe
osteoarthritis where there is enough residual joint cartilage capable of regeneration.
RegenoGel has shown significant pain relief and enhanced quality of life of these
patients. Furthermore, it can be used as a carrier for microRNA or ADAMTs (A Disintegrin
and Metallo Proteinase with Thrombospondin Motifs) inhibitors, which means that it could
be coupled to other molecules, custom-made (130, 131).
Pursuing the universality in transfusion medicine
14

The primary role of platelets is to maintain the body hemostasis thus, platelet transfusion
during massive hemorrhage is of vital importance to treat bleeding complications derived
from trauma, surgery or platelet-related disorders such as thrombocytopenia. Only in the
USA, over 2 million of platelet transfusions are performed annually; however, donorderived platelet concentrates represent a scarce resource due to limited availability and
have certain disadvantages related to antigen matching, high risk of bacterial
contamination,

short half-life

(5-7

days at

room temperature)

and

specific

storage/portability requirements. Despite the efforts to optimize the use of cryopreserved
platelets (132), there is still increased clinical interest in searching universal alternatives
that can render efficient hemostasis.
Refractoriness to platelet transfusion caused by alloimmunization against human
leukocyte antigen (HLA) class I constitutes a severe clinical complication with associated
risk of bleeding and reduced survival in thrombocytopenic patients. The use of leukocytereduced blood products has decreased the incidence of refractoriness to platelet
transfusion but is still a problem of high clinical relevance. To date, the concept of
generating HLA-universal platelets (lacking HLA antigens on the cell surface) from
human-induced pluripotent cells (hiPSC) or primary progenitors using different tools (i.e.
RNA interference or gene editing by CRISPR/Cas9) has been explored as a promising
therapeutic approach to prevent platelet refractoriness. Numerous studies have shown
that silencing HLA expression prevents an allogeneic immune response in vitro and in
vivo. The reduction of HLA expression was shown to be sufficient to inhibit an allogeneic
T-cell response and even prevent natural killer cytotoxicity (133, 134). However,
manufacturing the clinically required number of platelets for transfusion purposes
remains

unattainable

due

to

the

low

platelet

release

from

hiPSC-derived

megakaryocytes in addition to their excessive production cost (135, 136).
Haima Therapeutics, a biotechnology company led by Anirban Sen Gupta, has designed
SynthoPlateTM, a novel biocompatible surface-engineered liposomal vesicle (~150nm
diameter) with Fg-mimetic peptides that recognized vWF, collagen and fibrinogen. Sen
Gupta and coworkers showed that SyntoPlateTM is able to control bleeding by amplifying
the natural clotting mechanisms in vivo. Specifically, it can amplify recruitment and
aggregation of donor active platelets at the bleeding site in thrombocytopenic mice, at
similar levels to wild-type mice as well as during the 'golden hour' following traumatic
hemorrhagic injury in a pig model (137, 138). This novel biomaterial can be sterilized and
stored as lyophilized powder for long periods of time, a great advantage for their use in
remote places or at war conflict locations.
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Artificial Intelligence (AI) in the management of blood derived products
Blood-derived products are a scarce resource that represent a vital treatment for many
patients. In these sense, Hospitals and Blood Banks are evaluating the possibility of
using artificial neural networks (ANN) to predict the transfusion requirements in order to
reduce costs and to make more efficient the use of blood-related products (139).
Recently, the National Health Service of UK has launched a project to develop a machine
learning based planning solution to improve the management and to help in decision
making of the platelets supply. These will enable the National Health System to better
manage their complex blood supply chain as well as leading to improve clinical outcomes
for patients who require a platelet transfusion (140). This type of actions would also be
very relevant, with the notion that unused platelet concentrates could be redistributed to
produce platelet-lysates, platelet-secretomes, drops, etc, either for culture purposes or
therapeutic allogeneic use (141).

Final remarks/conclusions
While there is a tremendous expansion of the use of platelet-derived bio-products for
various purposes in the clinic, the clinicians in favour equal the sceptic ones. The use of
different nomenclatures and the lack of information in reported works make it difficult not
only to obtain data on effectiveness, but also on such an important aspect as safety.
Most products, especially PRP products, are used (in some countries) in an autologous
manner, which minimizes the risk of infectious disease transmission. However, patients
with impaired platelet function or contraindications for self-donation may benefit from the
use of allogeneic PRP. So far, there are few adverse effects reported from the
therapeutic use of PRP. It is difficult to compile the bibliography in this regard, precisely
because of the variability of products and the indistinct use of certain terms to refer to
fresh or frozen/thawed products. In many publications, the type of product used, whether
it was leuko-depleted or not, or the method that was used to prepare it, was not specified.
To our knowledge, the products that have generated inflammatory reactions are either
products with leukocytes or products used fresh, or both, because the living cells
(including platelets, considering their immunomodulatory functions beyond hemostasis)
might exacerbate local inflammatory responses. We strongly encourage researchers and
clinicians to fully describe the type of product they use in their future communications,
as PRP applications continue to expand from their first uses in maxillofacial surgery and
traumatology to other fields such as ophthalmology, plastic surgery, dermatology,
aesthetic medicine and gynecology, amongst many others. The expansion of
16

applications, in the clinic and in the lab, as well as the development of technologies to
facilitate targeted therapy, adds up to the complex matrix of platelet-derived bio-products
and their possibilities in regenerative medicine, which requires at the same time, rigorous
characterization.
Conflict of Interest
The authors declare no conflict of interest.
Funding
LG is supported by a Ramón y Cajal Fellowship (RYC-2013-12587, Ministerio de
Economía y Competitividad – Spain) and an I+D Excellence Research Project (SAF201785489-P, Ministerio de Ciencia, Innovación y Universidades – Spain – and Fondos
FEDER). AAH is supported by a postdoctoral ISPA 2018 intramural fellowship.

17

References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

12.
13.
14.

15.
16.

17.
18.
19.
20.

21.
22.

23.

24.

25.
26.
27.
28.

van der Meijden PEJ, Heemskerk JWM. Platelet biology and functions: new concepts and clinical
perspectives. Nat Rev Cardiol. 2019;16(3):166-79.
Grozovsky R, Hoffmeister KM, Falet H. Novel clearance mechanisms of platelets. Curr Opin Hematol.
2010;17(6):585-9.
Blumberg N, Spinelli SL, Francis CW, Taubman MB, Phipps RP. The platelet as an immune cell-CD40
ligand and transfusion immunomodulation. Immunol Res. 2009;45(2-3):251-60.
Watson SP, Lowe K, Finney BA. Platelets in lymph vessel development and integrity. Adv Anat Embryol
Cell Biol. 2014;214:93-105.
Gay LJ, Felding-Habermann B. Contribution of platelets to tumour metastasis. Nat Rev Cancer.
2011;11(2):123-34.
Schlesinger M. Role of platelets and platelet receptors in cancer metastasis. J Hematol Oncol.
2018;11(1):125.
Holinstat M. Normal platelet function. Cancer Metastasis Rev. 2017;36(2):195-8.
Coppinger JA, Maguire PB. Insights into the platelet releasate. Curr Pharm Des. 2007;13(26):2640-6.
Pagel O, Walter E, Jurk K, Zahedi RP. Taking the stock of granule cargo: Platelet releasate proteomics.
Platelets. 2017;28(2):119-28.
Gaertner F, Massberg S. Blood coagulation in immunothrombosis-At the frontline of intravascular
immunity. Semin Immunol. 2016;28(6):561-9.
Seghatchian J. Reflections on current status of blood transfusion transplant viral safety in UK/Europe
and on novel strategies for enhancing donors/recipients healthcare in promising era of advanced cell
therapy/regenerative medicine. Transfus Apher Sci. 2019;58(4):532-7.
Gibble JW, Ness PM. Fibrin glue: the perfect operative sealant? Transfusion. 1990;30(8):741-7.
Radosevich M, Goubran HI, Burnouf T. Fibrin sealant: scientific rationale, production methods,
properties, and current clinical use. Vox Sang. 1997;72(3):133-43.
Banninger H, Hardegger T, Tobler A, Barth A, Schupbach P, Reinhart W, et al. Fibrin glue in surgery:
frequent development of inhibitors of bovine thrombin and human factor V. Br J Haematol.
1993;85(3):528-32.
Naik B, Karunakar P, Jayadev M, Marshal VR. Role of Platelet rich fibrin in wound healing: A critical
review. J Conserv Dent. 2013;16(4):284-93.
Ghanaati S, Booms P, Orlowska A, Kubesch A, Lorenz J, Rutkowski J, et al. Advanced platelet-rich
fibrin: a new concept for cell-based tissue engineering by means of inflammatory cells. J Oral Implantol.
2014;40(6):679-89.
Mosesson MW, Siebenlist KR, Meh DA. The structure and biological features of fibrinogen and fibrin.
Ann N Y Acad Sci. 2001;936:11-30.
Grecu AF, Reclaru L, Ardelean LC, Nica O, Ciuca EM, Ciurea ME. Platelet-Rich Fibrin and its Emerging
Therapeutic Benefits for Musculoskeletal Injury Treatment. Medicina (Kaunas). 2019;55(5).
Alves R, Grimalt R. A Review of Platelet-Rich Plasma: History, Biology, Mechanism of Action, and
Classification. Skin Appendage Disord. 2018;4(1):18-24.
Bielecki T, Dohan Ehrenfest DM. Platelet-rich plasma (PRP) and Platelet-Rich Fibrin (PRF): surgical
adjuvants, preparations for in situ regenerative medicine and tools for tissue engineering. Curr Pharm
Biotechnol. 2012;13(7):1121-30.
Jain A, Bedi RK, Mittal K. Platelet-rich plasma therapy: A novel application in regenerative medicine.
Asian J Transfus Sci. 2015;9(2):113-4.
Magalon J, Bausset O, Serratrice N, Giraudo L, Aboudou H, Veran J, et al. Characterization and
comparison of 5 platelet-rich plasma preparations in a single-donor model. Arthroscopy.
2014;30(5):629-38.
Dohan Ehrenfest DM, Bielecki T, Mishra A, Borzini P, Inchingolo F, Sammartino G, 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 Pharm Biotechnol.
2012;13(7):1131-7.
Ojea-Perez AM, Acebes-Huerta A, Arias-Fernandez T, Gutierrez L, Munoz-Turrillas MC.
Implementation of a closed platelet-rich-plasma preparation method using the local blood bank
infrastructure at the Principality of Asturias (Spain): Back to basic methodology and a demographics
perspective after 1 year. Transfus Apher Sci. 2019.
Giannaccare G, Versura P, Buzzi M, Primavera L, Pellegrini M, Campos EC. Blood derived eye drops
for the treatment of cornea and ocular surface diseases. Transfus Apher Sci. 2017;56(4):595-604.
Drew VJ, Tseng CL, Seghatchian J, Burnouf T. Reflections on Dry Eye Syndrome Treatment:
Therapeutic Role of Blood Products. Front Med (Lausanne). 2018;5:33.
Anitua E, Muruzabal F, de la Fuente M, Merayo J, Duran J, Orive G. Plasma Rich in Growth Factors for
the Treatment of Ocular Surface Diseases. Curr Eye Res. 2016;41(7):875-82.
Scully D, Sfyri P, Wilkinson HN, Acebes-Huerta A, Verpoorten S, Munoz-Turrillas MC, et al. Optimising
platelet secretomes to deliver robust tissue-specific regeneration. J Tissue Eng Regen Med. 2019.

18

29. Scully D, Sfyri P, Verpoorten S, Papadopoulos P, Munoz-Turrillas MC, Mitchell R, et al. Platelet
releasate promotes skeletal myogenesis by increasing muscle stem cell commitment to differentiation
and accelerates muscle regeneration following acute injury. Acta Physiol (Oxf). 2019;225(3):e13207.
30. Borghese C, Agostini F, Durante C, Colombatti A, Mazzucato M, Aldinucci D. Clinical-grade quality
platelet-rich plasma releasate (PRP-R/SRGF) from CaCl2 -activated platelet concentrates promoted
expansion of mesenchymal stromal cells. Vox Sang. 2016;111(2):197-205.
31. Knoop C, Edelmayer M, Janjic K, Pensch M, Fischer MB, Gruber R, et al. Difference in release kinetics
of unwashed and washed platelet-released supernatants from bone substitute materials: the impact of
platelet preparation modalities. J Periodontal Res. 2017;52(4):772-86.
32. Whitman DH, Berry RL, Green DM. Platelet gel: an autologous alternative to fibrin glue with applications
in oral and maxillofacial surgery. J Oral Maxillofac Surg. 1997;55(11):1294-9.
33. Oyama T, Nishimoto S, Tsugawa T, Shimizu F. Efficacy of platelet-rich plasma in alveolar bone grafting.
J Oral Maxillofac Surg. 2004;62(5):555-8.
34. de Obarrio JJ, Arauz-Dutari JI, Chamberlain TM, Croston A. The use of autologous growth factors in
periodontal surgical therapy: platelet gel biotechnology--case reports. Int J Periodontics Restorative
Dent. 2000;20(5):486-97.
35. Rabelo GD, de Paula PM, Rocha FS, Jordao Silva C, Zanetta-Barbosa D. Retrospective study of bone
grafting procedures before implant placement. Implant Dent. 2010;19(4):342-50.
36. Gentile P, Bottini DJ, Spallone D, Curcio BC, Cervelli V. Application of platelet-rich plasma in
maxillofacial surgery: clinical evaluation. J Craniofac Surg. 2010;21(3):900-4.
37. Mannai C. Early implant loading in severely resorbed maxilla using xenograft, autograft, and plateletrich plasma in 97 patients. J Oral Maxillofac Surg. 2006;64(9):1420-6.
38. Tohidnezhad M, Wruck CJ, Slowik A, Kweider N, Beckmann R, Bayer A, et al. Role of platelet-released
growth factors in detoxification of reactive oxygen species in osteoblasts. Bone. 2014;65:9-17.
39. Braun HJ, Kim HJ, Chu CR, Dragoo JL. The effect of platelet-rich plasma formulations and blood
products on human synoviocytes: implications for intra-articular injury and therapy. Am J Sports Med.
2014;42(5):1204-10.
40. Kon E, Buda R, Filardo G, Di Martino A, Timoncini A, Cenacchi A, et al. Platelet-rich plasma: intraarticular knee injections produced favorable results on degenerative cartilage lesions. Knee Surg Sports
Traumatol Arthrosc. 2010;18(4):472-9.
41. Radice F, Yanez R, Gutierrez 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(1):50-7.
42. Thanasas C, Papadimitriou G, Charalambidis C, Paraskevopoulos I, Papanikolaou A. Platelet-rich
plasma versus autologous whole blood for the treatment of chronic lateral elbow epicondylitis: a
randomized controlled clinical trial. Am J Sports Med. 2011;39(10):2130-4.
43. de Jonge S, de Vos RJ, Weir A, van Schie HT, Bierma-Zeinstra SM, Verhaar JA, et al. One-year followup of platelet-rich plasma treatment in chronic Achilles tendinopathy: a double-blind randomized
placebo-controlled trial. Am J Sports Med. 2011;39(8):1623-9.
44. Vogrin M, Rupreht M, Dinevski D, Haspl M, Kuhta M, Jevsek M, et al. Effects of a platelet gel on early
graft revascularization after anterior cruciate ligament reconstruction: a prospective, randomized,
double-blind, clinical trial. Eur Surg Res. 2010;45(2):77-85.
45. Browne JA, Nho SJ, Goodman SB, Della Valle CJ. American Association of Hip and Knee Surgeons,
Hip Society, and Knee Society Position Statement on Biologics for Advanced Hip and Knee Arthritis. J
Arthroplasty. 2019;34(6):1051-2.
46. Laver L, Marom N, Dnyanesh L, Mei-Dan O, Espregueira-Mendes J, Gobbi A. PRP for Degenerative
Cartilage Disease: A Systematic Review of Clinical Studies. Cartilage. 2017;8(4):341-64.
47. Davood Mehrabani JS, Jason P. Acker. Platelet Rich Plasma in Treatment of Musculoskeletal
Pathologies. Transfus Apher Sci. 2019.
48. Riestra AC, Alonso-Herreros JM, Merayo-Lloves J. Platelet rich plasma in ocular surface. Arch Soc Esp
Oftalmol. 2016;91(10):475-90.
49. Anitua E, Muruzabal F, Tayebba A, Riestra A, Perez VL, Merayo-Lloves J, et al. Autologous serum and
plasma rich in growth factors in ophthalmology: preclinical and clinical studies. Acta Ophthalmol.
2015;93(8):e605-14.
50. Geremicca W, Fonte C, Vecchio S. Blood components for topical use in tissue regeneration: evaluation
of corneal lesions treated with platelet lysate and considerations on repair mechanisms. Blood Transfus.
2010;8(2):107-12.
51. Ensari N, Gur OE, Ozturk MT, Suren D, Selcuk OT, Osma U. The effect of platelet-rich fibrin membrane
on the repair of perforated tympanic membrane: an experimental study. Acta Otolaryngol.
2017;137(7):695-9.
52. Shiomi Y, Shiomi Y. Surgical outcomes of myringoplasty using platelet-rich plasma and evaluation of
the outcome-associated factors. Auris Nasus Larynx. 2019.
53. Hesseler MJ, Shyam N. Platelet-rich plasma and its utility in medical dermatology: A systematic review.
J Am Acad Dermatol. 2019;81(3):834-46.
54. Saad Setta H, Elshahat A, Elsherbiny K, Massoud K, Safe I. Platelet-rich plasma versus platelet-poor
plasma in the management of chronic diabetic foot ulcers: a comparative study. Int Wound J.
2011;8(3):307-12.

19

55. Li L, Chen D, Wang C, Yuan N, Wang Y, He L, et al. Autologous platelet-rich gel for treatment of diabetic
chronic refractory cutaneous ulcers: A prospective, randomized clinical trial. Wound Repair Regen.
2015;23(4):495-505.
56. Ahmed M, Reffat SA, Hassan A, Eskander F. Platelet-Rich Plasma for the Treatment of Clean Diabetic
Foot Ulcers. Ann Vasc Surg. 2017;38:206-11.
57. Ramos-Torrecillas J, Garcia-Martinez O, De Luna-Bertos E, Ocana-Peinado FM, Ruiz C. Effectiveness
of platelet-rich plasma and hyaluronic acid for the treatment and care of pressure ulcers. Biol Res Nurs.
2015;17(2):152-8.
58. Singh R, Rohilla RK, Dhayal RK, Sen R, Sehgal PK. Role of local application of autologous platelet-rich
plasma in the management of pressure ulcers in spinal cord injury patients. Spinal Cord.
2014;52(11):809-16.
59. Moneib HA, Youssef SS, Aly DG, Rizk MA, Abdelhakeem YI. Autologous platelet-rich plasma versus
conventional therapy for the treatment of chronic venous leg ulcers: A comparative study. J Cosmet
Dermatol. 2018;17(3):495-501.
60. Anandan V, Jameela WA, Saraswathy P, Sarankumar S. Platelet Rich Plasma: Efficacy in Treating
Trophic Ulcers in Leprosy. J Clin Diagn Res. 2016;10(10):WC06-WC9.
61. Shih S. Platelet-rich plasma: Potential role in combined therapy for vitiligo. Dermatol Ther.
2019;32(1):e12773.
62. Qu Q, Shi P, Yi Y, Fan Z, Liu X, Zhu D, et al. Efficacy of Platelet-rich Plasma for Treating Androgenic
Alopecia of Varying Grades. Clin Drug Investig. 2019;39(9):865-72.
63. Sills ES, Wood SH. Autologous activated platelet-rich plasma injection into adult human ovary tissue:
molecular mechanism, analysis, and discussion of reproductive response. Biosci Rep. 2019;39(6).
64. Nazari L, Salehpour S, Hoseini S, Zadehmodarres S, Azargashb E. Effects of autologous platelet-rich
plasma on endometrial expansion in patients undergoing frozen-thawed embryo transfer: A double-blind
RCT. Int J Reprod Biomed (Yazd). 2019;17(6):443-8.
65. Coksuer H, Akdemir Y, Ulas Barut M. Improved in vitro fertilization success and pregnancy outcome
with autologous platelet-rich plasma treatment in unexplained infertility patients that had repeated
implantation failure history. Gynecol Endocrinol. 2019;35(9):815-8.
66. Tehranian A, Esfehani-Mehr B, Pirjani R, Rezaei N, Sadat Heidary S, Sepidarkish M. Application of
Autologous Platelet-Rich Plasma (PRP) on Wound Healing After Caesarean Section in High-Risk
Patients. Iran Red Crescent Med J. 2016;18(7):e34449.
67. Hua X, Zeng Y, Zhang R, Wang H, Diao J, Zhang P. Using platelet-rich plasma for the treatment of
symptomatic cervical ectopy. Int J Gynaecol Obstet. 2012;119(1):26-9.
68. Hersant B, SidAhmed-Mezi M, Belkacemi Y, Darmon F, Bastuji-Garin S, Werkoff G, et al. Efficacy of
injecting platelet concentrate combined with hyaluronic acid for the treatment of vulvovaginal atrophy in
postmenopausal women with history of breast cancer: a phase 2 pilot study. Menopause.
2018;25(10):1124-30.
69. Scott S, Roberts M, Chung E. Platelet-Rich Plasma and Treatment of Erectile Dysfunction: Critical
Review of Literature and Global Trends in Platelet-Rich Plasma Clinics. Sex Med Rev. 2019;7(2):30612.
70. Merayo-Lloves J, Sanchez RM, Riestra AC, Anitua E, Begona L, Orive G, et al. Autologous Plasma
Rich in Growth Factors Eyedrops in Refractory Cases of Ocular Surface Disorders. Ophthalmic Res.
2015;55(2):53-61.
71. Alio JL, Pastor S, Ruiz-Colecha J, Rodriguez A, Artola A. Treatment of ocular surface syndrome after
LASIK with autologous platelet-rich plasma. J Refract Surg. 2007;23(6):617-9.
72. Mariani E, Canella V, Cattini L, Kon E, Marcacci M, Di Matteo B, et al. Leukocyte-Rich Platelet-Rich
Plasma Injections Do Not Up-Modulate Intra-Articular Pro-Inflammatory Cytokines in the Osteoarthritic
Knee. PLoS One. 2016;11(6):e0156137.
73. Filardo G, Kon E, Pereira Ruiz MT, Vaccaro F, Guitaldi R, Di Martino A, et al. Platelet-rich plasma intraarticular injections for cartilage degeneration and osteoarthritis: single- versus double-spinning
approach. Knee Surg Sports Traumatol Arthrosc. 2012;20(10):2082-91.
74. Taniguchi Y, Yoshioka T, Kanamori A, Aoto K, Sugaya H, Yamazaki M. Intra-articular platelet-rich
plasma (PRP) injections for treating knee pain associated with osteoarthritis of the knee in the Japanese
population: a phase I and IIa clinical trial. Nagoya J Med Sci. 2018;80(1):39-51.
75. Latalski M, Walczyk A, Fatyga M, Rutz E, Szponder T, Bielecki T, et al. Allergic reaction to platelet-rich
plasma (PRP): Case report. Medicine (Baltimore). 2019;98(10):e14702.
76. Kaux JF, Croisier JL, Leonard P, Le Goff C, Crielaard JM. Exuberant inflammatory reaction as a side
effect of platelet-rich plasma injection in treating one case of tendinopathy. Clin J Sport Med.
2014;24(2):150-2.
77. George D. Targeting PDGF receptors in cancer--rationales and proof of concept clinical trials. Adv Exp
Med Biol. 2003;532:141-51.
78. Di Stefano JF, Kirchner M, Dagenhardt K, Hagag N. Activation of cancer cell proteases and cytotoxicity
by EGF and PDGF growth factors. Am J Med Sci. 1990;300(1):9-15.
79. Hamilton B, Tol JL, Knez W, Chalabi H. Exercise and the platelet activator calcium chloride both
influence the growth factor content of platelet-rich plasma (PRP): overlooked biochemical factors that
could influence PRP treatment. Br J Sports Med. 2015;49(14):957-60.

20

80. Aprili G, Gandini G, Guaschino R, Mazzucco L, Salvaneschi L, Vaglio S, et al. SIMTI recommendations
on blood components for non-transfusional use. Blood Transfus. 2013;11(4):611-22.
81. Anitua E, Prado R, Orive G. Allogeneic Platelet-Rich Plasma: At the Dawn of an Off-the-Shelf Therapy?
Trends Biotechnol. 2017;35(2):91-3.
82. Smrke D, Gubina B, Domanovic D, Rozman P. Allogeneic platelet gel with autologous cancellous bone
graft for the treatment of a large bone defect. Eur Surg Res. 2007;39(3):170-4.
83. van der Meer PF, Seghatchian J, de Korte D. Autologous and allogeneic serum eye drops. The Dutch
perspective. Transfus Apher Sci. 2015;53(1):99-100.
84. Hung Y, Elder MJ, Rawstron JA, Badami KG. A retrospective crossover study of autologous and
allogeneic serum eye drops for the management of ocular surface disease. Transfus Med.
2019;29(1):69-71.
85. Wasterlain AS, Braun HJ, Harris AH, Kim HJ, Dragoo JL. The systemic effects of platelet-rich plasma
injection. Am J Sports Med. 2013;41(1):186-93.
86. Engebretsen L, Steffen K, Alsousou J, Anitua E, Bachl N, Devilee R, et al. IOC consensus paper on the
use of platelet-rich plasma in sports medicine. Br J Sports Med. 2010;44(15):1072-81.
87. Dohan Ehrenfest DM, Rasmusson L, Albrektsson T. Classification of platelet concentrates: from pure
platelet-rich plasma (P-PRP) to leucocyte- and platelet-rich fibrin (L-PRF). Trends Biotechnol.
2009;27(3):158-67.
88. Magalon J, Chateau AL, Bertrand B, Louis ML, Silvestre A, Giraudo L, et al. DEPA classification: a
proposal for standardising PRP use and a retrospective application of available devices. BMJ Open
Sport Exerc Med. 2016;2(1):e000060.
89. Harrison P, Subcommittee on Platelet P. The use of platelets in regenerative medicine and proposal for
a new classification system: guidance from the SSC of the ISTH. J Thromb Haemost. 2018;16(9):1895900.
90. Gstraunthaler G. Alternatives to the use of fetal bovine serum: serum-free cell culture. ALTEX.
2003;20(4):275-81.
91. Padler-Karavani V, Varki A. Potential impact of the non-human sialic acid N-glycolylneuraminic acid on
transplant rejection risk. Xenotransplantation. 2011;18(1):1-5.
92. Note for guidance on minimising the risk of transmitting animal spongiform encephalopathy agents via
human and veterinary medicinal products (EMA/410/01 rev.3).
93. Johansson L, Klinth J, Holmqvist O, Ohlson S. Platelet lysate: a replacement for fetal bovine serum in
animal cell culture? Cytotechnology. 2003;42(2):67-74.
94. Rauch C, Feifel E, Amann EM, Spotl HP, Schennach H, Pfaller W, et al. Alternatives to the use of fetal
bovine serum: human platelet lysates as a serum substitute in cell culture media. ALTEX.
2011;28(4):305-16.
95. Burnouf T, Strunk D, Koh MB, Schallmoser K. Human platelet lysate: Replacing fetal bovine serum as
a gold standard for human cell propagation? Biomaterials. 2016;76:371-87.
96. Cowper M, Frazier T, Wu X, Curley L, Ma MH, Mohuiddin OA, et al. Human Platelet Lysate as a
Functional Substitute for Fetal Bovine Serum in the Culture of Human Adipose Derived Stromal/Stem
Cells. Cells. 2019;8(7).
97. Naaijkens BA, Niessen HW, Prins HJ, Krijnen PA, Kokhuis TJ, de Jong N, et al. Human platelet lysate
as a fetal bovine serum substitute improves human adipose-derived stromal cell culture for future
cardiac repair applications. Cell Tissue Res. 2012;348(1):119-30.
98. Smith C, Okern G, Rehan S, Beagley L, Lee SK, Aarvak T, et al. Ex vivo expansion of human T cells
for adoptive immunotherapy using the novel Xeno-free CTS Immune Cell Serum Replacement. Clin
Transl Immunology. 2015;4(1):e31.
99. Bieback K. Platelet lysate as replacement for fetal bovine serum in mesenchymal stromal cell cultures.
Transfus Med Hemother. 2013;40(5):326-35.
100. Hemeda H, Giebel B, Wagner W. Evaluation of human platelet lysate versus fetal bovine serum for
culture of mesenchymal stromal cells. Cytotherapy. 2014;16(2):170-80.
101. Hemeda H, Kalz J, Walenda G, Lohmann M, Wagner W. Heparin concentration is critical for cell culture
with human platelet lysate. Cytotherapy. 2013;15(9):1174-81.
102. Raines EW, Bowen-Pope DF, Ross R. Plasma binding proteins for platelet-derived growth factor that
inhibit its binding to cell-surface receptors. Proc Natl Acad Sci U S A. 1984;81(11):3424-8.
103. Jayson GC, Gallagher JT. Heparin oligosaccharides: inhibitors of the biological activity of bFGF on
Caco-2 cells. Br J Cancer. 1997;75(1):9-16.
104. Kazemnejad S, Allameh A, Gharehbaghian A, Soleimani M, Amirizadeh N, Jazayeri M. Efficient
replacing of fetal bovine serum with human platelet releasate during propagation and differentiation of
human bone-marrow-derived mesenchymal stem cells to functional hepatocyte-like cells. Vox Sang.
2008;95(2):149-58.
105. Thierry Burnouf LB, Ouada Nebie, Yu-Wen Wu, Hadi Goubran, Folke Knutson, Jerard Seghatchian.
Virus safety of human platelet lysate for cell therapy and regenerative medicine: moving forward yes,
but without forgetting the past. 2019.
106. Seyfert UT, Hauck W, Berger H, Bohm D, Zankl H, Albert FW. Platelet-tumor cell interaction. Folia
Haematol Int Mag Klin Morphol Blutforsch. 1990;117(5):685-97.
107. Wang S, Li Z, Xu R. Human Cancer and Platelet Interaction, a Potential Therapeutic Target. Int J Mol
Sci. 2018;19(4).

21

108. Xu P, Zuo H, Chen B, Wang R, Ahmed A, Hu Y, et al. Doxorubicin-loaded platelets as a smart drug
delivery system: An improved therapy for lymphoma. Sci Rep. 2017;7:42632.
109. Tohme S, Simmons RL, Tsung A. Surgery for Cancer: A Trigger for Metastases. Cancer Res.
2017;77(7):1548-52.
110. Zhang X, Wang J, Chen Z, Hu Q, Wang C, Yan J, et al. Engineering PD-1-Presenting Platelets for
Cancer Immunotherapy. Nano Lett. 2018;18(9):5716-25.
111. Dovizio M, Bruno A, Contursi A, Grande R, Patrignani P. Platelets and extracellular vesicles in cancer:
diagnostic and therapeutic implications. Cancer Metastasis Rev. 2018;37(2-3):455-67.
112. Italiano JE, Jr., Mairuhu AT, Flaumenhaft R. Clinical relevance of microparticles from platelets and
megakaryocytes. Curr Opin Hematol. 2010;17(6):578-84.
113. Castaman G, Yu-Feng L, Rodeghiero F. A bleeding disorder characterised by isolated deficiency of
platelet microvesicle generation. Lancet. 1996;347(9002):700-1.
114. Weiss HJ. Scott syndrome: a disorder of platelet coagulant activity. Semin Hematol. 1994;31(4):312-9.
115. Boulanger CM, Amabile N, Tedgui A. Circulating microparticles: a potential prognostic marker for
atherosclerotic vascular disease. Hypertension. 2006;48(2):180-6.
116. Knijff-Dutmer EA, Koerts J, Nieuwland R, Kalsbeek-Batenburg EM, van de Laar MA. Elevated levels of
platelet microparticles are associated with disease activity in rheumatoid arthritis. Arthritis Rheum.
2002;46(6):1498-503.
117. Sugawara A, Nollet KE, Yajima K, Saito S, Ohto H. Preventing platelet-derived microparticle formation-and possible side effects-with prestorage leukofiltration of whole blood. Arch Pathol Lab Med.
2010;134(5):771-5.
118. Blumberg N, Gettings KF, Turner C, Heal JM, Phipps RP. An association of soluble CD40 ligand
(CD154) with adverse reactions to platelet transfusions. Transfusion. 2006;46(10):1813-21.
119. Khan SY, Kelher MR, Heal JM, Blumberg N, Boshkov LK, Phipps R, et al. Soluble CD40 ligand
accumulates in stored blood components, primes neutrophils through CD40, and is a potential cofactor
in the development of transfusion-related acute lung injury. Blood. 2006;108(7):2455-62.
120. Nomura S, Okamae F, Abe M, Hosokawa M, Yamaoka M, Ohtani T, et al. Platelets expressing Pselectin and platelet-derived microparticles in stored platelet concentrates bind to PSGL-1 on filtrated
leukocytes. Clin Appl Thromb Hemost. 2000;6(4):213-21.
121. Lee YL, King MB, Gonzalez RP, Brevard SB, Frotan MA, Gillespie MN, et al. Blood transfusion products
contain mitochondrial DNA damage-associated molecular patterns: a potential effector of transfusionrelated acute lung injury. J Surg Res. 2014;191(2):286-9.
122. Millar D, Murphy L, Labrie A, Maurer-Spurej E. Routine Screening Method for Microparticles in Platelet
Transfusions. J Vis Exp. 2018(131).
123. Hermida-Nogueira L, Barrachina MN, Izquierdo I, Garcia-Vence M, Lacerenza S, Bravo S, et al.
Proteomic analysis of extracellular vesicles derived from platelet concentrates treated with Mirasol(R)
identifies biomarkers of platelet storage lesion. J Proteomics. 2019;210:103529.
124. Kim HK, Song KS, Park YS, Kang YH, Lee YJ, Lee KR, et al. Elevated levels of circulating platelet
microparticles, VEGF, IL-6 and RANTES in patients with gastric cancer: possible role of a metastasis
predictor. Eur J Cancer. 2003;39(2):184-91.
125. Helley D, Banu E, Bouziane A, Banu A, Scotte F, Fischer AM, et al. Platelet microparticles: a potential
predictive factor of survival in hormone-refractory prostate cancer patients treated with docetaxel-based
chemotherapy. Eur Urol. 2009;56(3):479-84.
126. Haubold K, Rink M, Spath B, Friedrich M, Chun FK, Marx G, et al. Tissue factor procoagulant activity of
plasma microparticles is increased in patients with early-stage prostate cancer. Thromb Haemost.
2009;101(6):1147-55.
127. Wang Z, Wang Z, Lu WW, Zhen W, Yang D, Peng S. Novel biomaterial strategies for controlled growth
factor delivery for biomedical applications. Npg Asia Materials. 2017;9:e435.
128. Mishra DK, Shandilya R, Mishra PK. Lipid based nanocarriers: a translational perspective.
Nanomedicine. 2018;14(7):2023-50.
129. Son SR, Sarkar SK, Nguyen-Thuy BL, Padalhin AR, Kim BR, Jung HI, et al. Platelet-rich plasma
encapsulation in hyaluronic acid/gelatin-BCP hydrogel for growth factor delivery in BCP sponge scaffold
for bone regeneration. J Biomater Appl. 2015;29(7):988-1002.
130. Lolli A, Sivasubramaniyan K, Vainieri ML, Oieni J, Kops N, Yayon A, et al. Hydrogel-based delivery of
antimiR-221 enhances cartilage regeneration by endogenous cells. J Control Release. 2019;309:22030.
131. Garcia JP, Stein J, Cai Y, Riemers F, Wexselblatt E, Wengel J, et al. Fibrin-hyaluronic acid hydrogelbased delivery of antisense oligonucleotides for ADAMTS5 inhibition in co-delivered and resident joint
cells in osteoarthritis. J Control Release. 2019;294:247-58.
132. Cohn CS, Williams S. Cryopreserved platelets: the thaw begins ... (Article, p. 2794). Transfusion.
2019;59(9):2759-62.
133. Figueiredo C, Goudeva L, Horn PA, Eiz-Vesper B, Blasczyk R, Seltsam A. Generation of HLA-deficient
platelets from hematopoietic progenitor cells. Transfusion. 2010;50(8):1690-701.
134. Borger AK, Eicke D, Wolf C, Gras C, Aufderbeck S, Schulze K, et al. Generation of HLA-Universal iPSCDerived Megakaryocytes and Platelets for Survival Under Refractoriness Conditions. Mol Med.
2016;22:274-85.

22

135. Moreau T, Evans AL, Vasquez L, Tijssen MR, Yan Y, Trotter MW, et al. Large-scale production of
megakaryocytes from human pluripotent stem cells by chemically defined forward programming. Nat
Commun. 2016;7:11208.
136. Ito Y, Nakamura S, Sugimoto N, Shigemori T, Kato Y, Ohno M, et al. Turbulence Activates Platelet
Biogenesis to Enable Clinical Scale Ex Vivo Production. Cell. 2018;174(3):636-48 e18.
137. Dyer MR, Hickman D, Luc N, Haldeman S, Loughran P, Pawlowski C, et al. Intravenous administration
of synthetic platelets (SynthoPlate) in a mouse liver injury model of uncontrolled hemorrhage improves
hemostasis. J Trauma Acute Care Surg. 2018;84(6):917-23.
138. Hickman DA, Pawlowski CL, Shevitz A, Luc NF, Kim A, Girish A, et al. Intravenous synthetic platelet
(SynthoPlate) nanoconstructs reduce bleeding and improve 'golden hour' survival in a porcine model of
traumatic arterial hemorrhage. Sci Rep. 2018;8(1):3118.
139. Walczak S. Artificial neural network medical decision support tool: predicting transfusion requirements
of ER patients. IEEE Trans Inf Technol Biomed. 2005;9(3):468-74.
140. https://www.nhsbt.nhs.uk/news/nhs-blood-and-transplant-partners-with-kortical-to-deliver-innovativeproject/.
141. Sniecinski I, Seghatchian J. Artificial intelligence: A joint narrative on potential use in pediatric stem and
immune cell therapies and regenerative medicine. Transfus Apher Sci. 2018;57(3):422-4.

23

Figure 1: Scheme depicting relevant variables to take into account when describing PRP
products. The components associated with adverse events are also highlighted (live platelets,
WBC -white blood cells-, and RBC -red blood cells-), which are undoubtedly dependent on the
patient subjacent condition or inflammatory state, and might not always pose risk for adverse
events. Even cell debri might have a certain contribution to adverse events. The activation method
(thrombin, re-calcification, etc, opens the question “are all activation methods appropriate for the
conservation of the activity and half life of platelet derived factors?”.
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