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The paper reviews the data available in the literature on the mechanisms of action of platelet-rich plasma (PRP) and the experience of its use
in patients with rheumatoid arthritis (RA). It defines the place of PRP in the systemic and local therapy of RA. The chemical composition of
PRP and the structure of the platelet organelles included in it are described. An estimate is made for procedures to prepare platelet-rich plas-
ma containing different concentrations of key growth factors, such as platelet-derived growth factor (PDGF), transforming growth factor o
(TGFw), vascular endothelial growth factor (VEGEF), insulin-like growth factor (IGF), and epidermal growth factor (EGF). The variants of PRP
classifications, which take into account differences in the composition and levels of the growth factors, are considered. The experience with
intra-articular injections of autologous plasma products in patients with RA and synovitis is analyzed.

These findings lead to the conclusion that PRP therapy can be an effective tool to relieve inflammation and to stimulate local reparative processes
in damaged joint tissues in patients with RA. Further study of the possibilities of using this method of therapy and the formation of a PRP-
therapy protocol for patients with rheumatoid arthritis will provide effective personalized care to these patients.
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Rheumatoid arthritis (RA) is a chronic autoimmune rheu-
matic disease (RD) of unknown etiology, characterized by chron-
ic erosive arthritis (synovitis) and systemic inflammatory damage
to internal organs [1]. Small joints of the wrists and feet are most
often involved, although inflammation of large joints is also often
observed in RA [2]. Synovia is one of the main targets of a patho-
logical process, which is characterized by hyperplasia of synovial
membrane and formation of pannus [3]. Angiogenesis in RA is
one of the factors contributing to transition of inflammation to
the chronic proliferative phase, as well as persistence of chronic
synovitis [4]. In this case, macrophage-like (MLS) and fibroblast-
like (FLS) synoviocytes proliferate, forming a pannus that covers
and damages the cartilage tissue. Synovial tissue dysfunction in
RA disrupts the exchange of metabolites between blood vessels
and intra-articular space, because synovial fluid with subchondral
bone provides nutrition for the articular cartilage [2]. The adhe-
sion of FLS to the extracellular matrix (ECM), their migration,
invasion and formation of pannus lead to erosion and destruction
of articular cartilage in RA patients due to the secretion of
degrading enzymes, mainly matrix metalloproteinases and
cytokines [5]. In addition, macrophages, fibroblasts, and activat-
ed peripheral blood lymphocytes enter the synovial tissue in RA
patients. T-lymphocytes are involved in production of many pro-
inflammatory cytokines, mainly from the tumor necrosis factor a
(TNFa) and interleukin (IL) superfamilies, as well as growth fac-
tors. The role of B-lymphocytes is associated with the production
of autoantibodies, such as antibodies to cyclic citrullinated pep-
tide and rheumatoid factor [5].

RA therapy
Currently, nonsteroidal anti-inflammatory drugs, simple
analgesics, glucocorticoids (GC), synthetic basic anti-inflamma-
tory drugs (SDMARDs) and genetically engineered biological
drugs (bDMARD:s) are used in the RA treatment differentiated

into five classes: TNFa inhibitors; anti-B-cell drugs; interleukin
1 and -6 inhibitors, T-cell costimulation. bDMARDs differ in
their mechanisms of systemic action. Thus, TN Fa inhibitors with
high affinity and specificity bind to the soluble and membrane-
bound part of TNFa, thereby reducing its concentration and pre-
venting interaction with receptors [6]. Anti-B-cell monoclonal
antibodies bind to CD20, thus causing depletion of B cells [7].
The effect of T-cell costimulation inhibitors is based on binding
of the programmed cell death protein L1 (PD-L1) localized on
the surface of the antigen-presenting cell, to the protein CTLA4
(cytotoxic T-lymphocyte glycoprotein 4), which is expressed on
the surface of T-lymphocytes [8]. It is known that IL1 blocks the
biological activity of IL1 by competitive binding to the IL1Ra
receptor [9]. The mechanism of IL6 action consists in their bind-
ing to both soluble (sIL-6R) and membrane (mIL-6R) receptors
and in the inhibition of their mediated signals [10].

In addition to systemic drugs, intra-articular injections are
widely used in RA therapy. Thus, local administration of GC
allows to quickly suppress inflammation in the joint and provide
significant clinical improvement long before the effect of
sDMARD:s is obtained [11]. Such therapy leads to decrease in
inflammatory activity because of lower cellular infiltration due to
reduction in the number of T-lymphocytes and the expression of
pro-inflammatory cytokines that induce the development of syn-
ovitis, such as TNFa, IL1I and vascular endothelial growth fac-
tor (VEGF) [12]. Local GC therapy is also able to suppress the
expression of 5-lipoxygenase in the synovial membrane, which
further increases its effectiveness in RA patients [13]. There is an
evidence of effectiveness of intra-articular administration of
TNFoa inhibitor infliximab for the treatment of monoarthritis in
RA patients, resistant to local therapy of GC and sDMARDs
[14]. Local administration of TNFa inhibitors compared to sub-
cutaneous administration resulted in a significant decrease in the
proliferation of synovial tissue cells [15]. An interesting study is
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devoted to intra-articular administration of methotrexate (MTX)
into synovial joints, which demonstrated the effectiveness of this
method in resistant synovitis, which was reduced by systemic
MTX therapy [16]. In addition, a number of studies have report-
ed on the safety and effectiveness of intra-articular injections of
hyaluronic acid in RA [17]. Thus, local methods of therapy,
affecting certain parts of pathogenesis of RA, can be effective in
oligo- and monoarthritis.

Platelet rich plasma (PRP), its characteristics and structure

One of minimally invasive ways to improve the condition of
the articular surface and restore its full functioning is the use of
PRP. Platelets are small non-nuclear discoid cells that are pro-
duced by bone marrow megakaryocytes and are directly involved
in the processes of inflammation, thrombosis, angiogenesis, bone
remodeling, autoimmune reactions, and other physiological and
pathological processes. This is due to the fact of platelet activa-
tion as a result of exocytosis, the granular structure of their cyto-
plasm releases a wide range of biologically active substances [18].

Platelets contain a-granules, d-granules, lysosomes, peroxi-
somes, and other organelles. The a-granules contain more than
280 proteins, which belong to various functional classes [19].

In turn, &-granules are lysosome-bound organelles that are
unique to platelets [21] and play a central role in their aggregation
[22]. These granules contain membrane proteins (CD63-granu-
lophysin, LAMP2, GPIb, allbl3); nucleotides (ATP, GDP, ADP,
GTP); biologically active amines (serotonin, histamine); carrier
proteins (MRP4, VNUT, VMAT?2); and ions (Ca**, Mg**, K*,
polyphosphate, pyrophosphate) [23].

Platelets form the basis of PRP rich of autologous platelets
blood plasma, which includes various growth factors released
during the activation of content of a-granules and involved in the
cascade of regeneration processes [24]. Numerous studies show
that platelet growth factor (PDGF), transforming growth factor §
(TGFp), VEGE insulin-like growth factor (IGF), and epidermal
growth factor (EGF) are the most significant factors for repara-
tive processes [25, 26]. Growth factors are involved in tissue
repair and counteract the catabolic effects of cytokines such as
TNF and IL1. They are also involved in the stimulation of angio-
genesis and protect endothelial cells from apoptosis, which
ensures sufficient blood flow to the damaged tissue to initiate
repair processes.

Ways to get PRP

There are several ways to synthesize PRP with target levels of
the required growth factors. At the same time, methods described
in the literature for obtaining PRP have common features: collec-
tion of peripheral blood samples in the presence of an anticoagu-
lant and their subsequent centrifugation. The PRP composition is
influenced by changes of individual dynamic parameters: cen-
trifugation time, magnitude of the centrifugal force, methods of
extraction of platelet concentrate (platelet plasma aspiration,
which differ in speed of sedimentation during centrifugation),
and activation using different doses of calcium chloride or throm-
bin. Combination of these parameters leads to differences in the
PRP composition [27].

Classification of PRP products

In order to standardize PRP preparations, several ways of
classifying them have been proposed. In 2009, classification of the
platelet products was developed to divide them into four groups

depending on the content of leukocytes and fibrinogen: pure
platelet-rich plasma (P-PRP); platelet-rich plasma with leuko-
cytes (L-PRP); pure platelet-rich fibrin (P-PRF) and platelet-
rich fibrin with leukocytes (L-PRF) [28].

Later the DEPA classification was created by J. Magalon et
al. [29] (Dose of injected platelets, Product efficiency, PRP
Purity, and PRP Activation). In this classification new parameters
were introduced — dose of platelets in injection and relative com-
position of PRP. This classification can be used to evaluate the
clinical efficacy of a certain composition of PRP.

Recently, the MARSPILL classification has appeared (M:
Method; A: Activation, R: Red blood cells, S: spin, P: platelets, I:
image guidance, L: leukocytes, L: light activation), which is based
on the ratio of platelets and mononuclear cells of peripheral
blood [30]. This classification takes into account the method of
obtaining plasma, presence and method of its activation, concen-
tration of red blood cells and white blood cells, methods of cell
deposition, number of platelets and presence of visual control.

In order to predict the rate of recovery of platelets and white
blood cells during centrifugal separation of whole blood in a test
tube to obtain PRP, L. Piao et al. [31] proposed a theoretical
model of multiphase flow. This model assumes that optimal num-
ber of intact platelets is formed when 9 ml of whole blood is cen-
trifuged for 5, 10, and 15 minutes at an acceleration of 1000, 500,
and 350 g, respectively.

Suggested PRP mechanisms

It is known that platelet products obtained by different meth-
ods contain different concentrations of growth factors and
cytokines [32]. Therefore, therapy of a particular patient should
be based on obtaining PRP with the specified properties. Thus,
standard method for producing PRP, which includes two precip-
itation by centrifugation at a low speed (6 min — 1000 rpm and 8
min — 800 rpm), allows release of a large number of growth fac-
tors such as PDGF and RANTES (a cytokine that is a selective T-
Ilymphocyte attractant belonging to the IL8 superfamily) [33],
probably due to the maximum platelet content in preparation and
activation of PRP by thrombin and calcium, which increases
degranulation platelets. This method of obtaining PRP can be
useful if the main goal of therapy is to restore ligaments, menisci
at the injection site.

For angiogenesis activation and wound healing improve-
ment, injections of platelet-rich fibrin (PRE which is obtained by
single centrifugation of blood at an acceleration of 400 g for
10—12 minutes) are used, which increases the yield of several
growth factors (the main fibroblast growth factor — bFGE,
-VEGE, TGFI1) and cytokines, which are localized in white
blood cells and, possibly, in circulating progenitor cells located in
fibrin clot.

A number of studies have shown that in case of synovitis,
the content of endogenous TNF and IL6 in the intra-articular
fluid increases with a decrease in the levels of VEGF and 1L.10.
In these cases, local administration of PRGF (Plasma Rich in
Growth Factors — blood plasma rich in growth factors) and
PRF reduces the concentration of TNFa and IL1f, since
PRGF and PRF are able to inhibit the release of pro-inflamma-
tory cytokines [34]. Moreover, the use of different platelet prod-
ucts, such as PRF and PRP, helps to achieve a higher concen-
tration of cytokines involved in tissue regeneration processes
(for example, a 20-fold increase in the concentration of VEGF
can be obtained in PRF) [35].
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Membrane glycoproteins:
¢ platelet aggregation and adhesion
¢ protein endocytosis
e secretion, inflammation,
thrombin generation

Antimicrobial proteins:
e bactericidal and
fungicidal properties

Chemokines, cytokines, etc.
* regulation of angiogenesis
¢ chemotaxis
e vascular modeling
e intercellular interactions
* bone formation

Adbhesive proteins:
* contact cellular interactions
* hemostasis and blood clotting
e extracellular matrix components

Platelet a-granules

Growth factors and
mitogenic factors:
¢ chemotaxis
e cell proliferation
and differentiation
* angiogenesis

Clotting factors
and their inhibitors:

¢ thrombin production

and blood clotting

e cell proliferation

Proteases and antiproteases:
* angiogenesis
e vascular modeling
* regulation of blood clotting
* regulation of cellular behavior

Fibrinolysis factors
and their inhibitors:

¢ plasmin synthesis and

vascular modeling

Composition and functional categories of platelet a-granules [20]

The study by A. Mishra et al. [36] established that inactivat-
ed 10% PRP significantly increases proliferation of fibroblasts
and mesenchymal stem cells (MSC) in vitro. In addition, PRP,
depending on the pH level at its preparation, can selectively stim-
ulate chondrogenic differentiation of MSC, which affects the
production of various cytokines. J.P. Krflger et al. [37] discovered
that PRP, via stimulating the migration and chondrogenic differ-
entiation of subchondral MSC progenitors, effectively induces
formation of a cartilage matrix rich in proteoglycans and type 11
collagen, thereby promoting repair of the damaged cartilage tis-
sue. The results of the above studies can be used to create PRP
with specified properties.

Thus, the method of obtaining a platelet product has great
importance for achieving a specific therapeutic result when
using PRP.

Multidirectional nature of PRP action in RA

PRP products can not only participate in processes of tissue
regeneration, but also specifically affect the clinical manifesta-
tions of certain diseases. Since RA is characterized by an inflam-
matory process in joints associated with synovial hyperplasia and
its invasion into adjacent bone and cartilage structures, it is
assumed that PRP can contribute to the weakening of the
inflammatory process in a joint and slow down the further
destruction of cartilage and bone tissue by changing the rate of
proliferation and differentiation of synovial cells, as well as
inhibiting catabolic processes in articular cartilage. It should be
noted that PRP is an autologous product, so functional disorders
of platelets associated with their systemic activation in RD can
have both positive and negative effects on the processes regulat-
ed by PRP. For example, a number of studies have observed both
damaging and protective effects of platelets, which are associat-
ed with their simultaneous participation in the processes of

hemostasis, inflammation, innate and adaptive immunity, tissue
regeneration, etc. [38—40].

The multidirectional nature of action of PRP products is
explained by the fact that the reactivity of platelets with a short life
span (8—10 days) is determined by megakaryopoiesis, which is
quantitatively regulated by thrombopoietin. At the same time, any
chemical compound aimed at the maturation of platelet precursors
in bone marrow can directly or indirectly change the thrombotic,
immune and inflammatory potential of circulating platelets. A.Y.
Gasparyan et al. [41] showed that in most systemic disorders,
platelets circulate in an activated state and tend to form complexes
with other inflammatory and immune cells. Thus, in RA patients
with an increased number of platelets in the blood (>400x10°/1),
there was a more significant decrease in the activity of the disease
in response to the administration of tocilizumab compared to those
who had a normal platelet level (<400x10°/1) [42]. Interacting with
T-lymphocytes, mediated through P-selectin, platelets inhibit the
proliferation of lymphocytes and thereby reduce the level of proin-
flammatory cytokines in the blood [43]. A number of studies have
shown that the use of bDMARD:s, in particular TNFa inhibitors,
limits the ability of platelets to bind to white blood cells and acti-
vate them in patients with RA, which leads to a weakening of
immune inflammation [44]. Thrombotic and inflammatory agents
released by platelets can cause specific complications. At the same
time, it is known that some widely used antirheumatic drugs inhib-
it thrombopoiesis and platelet activity [45]. Currently, there are no
known ways to prevent the damaging effect of platelets or endow
them with protective and regenerating functions, but research in
this direction is being conducted.

Experience in the use of PRP in RA therapy
To date, PRP therapy has shown good effectiveness in treat-
ment of osteoarthritis, as well as other diseases of musculoskele-
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tal system, such as synovitis, epicondylitis, skeletal muscle
injuries and tendinopathy [46—50]. Its use in RA patients has
been studied insufficiently.

The ability of PRP to suppress the action of pro-inflamma-
tory factors and reduce clinical manifestations of RA is associat-
ed by some researchers with the regulation of the phosphoinosi-
tide-3-kinase (PI3K) signaling pathway)/protein kinase B (AKT)
[51]. There is also evidence that the TRAIL protein (TNF-relat-
ed apoptosis-inducing ligand) contained in platelet a-granules is
involved in the regulation of inflammation in RA patients by
stimulating apoptosis in synoviocytes and infiltrating lympho-
cytes [52—54]. The results of a number of studies have demon-
strated the ability of TRAIL to suppress joint inflammation and
inhibit the activation of T-lymphocytes by regulating the signal-
ing pathway independent of apoptosis [55].

The studies on the RA model in pigs indicated a significant
decrease in synovial hypertrophy and its leukocyte infiltration in
synovial tissue samples after PRP administration compared to the
untreated samples. The decrease in the content of VEGE, IL6,
IL1B, and IGF1 in synovial and cartilaginous tissues, as well as
TNFa in cartilaginous tissue after intra-articular PRP adminis-
tration, indicates the effectiveness of this treatment method for
cartilage repair [56]. Administration of PRP to rats with adjuvant-
induced RA significantly reduced the levels of MDA (malondi-
aldehyde), a marker of oxidative stress, IL1p and TNFa., and also
increased the concentrations of GSH (glutathione) and GPx
(glutathione peroxidase) in the blood serum of animals, which
confirms the antioxidant effect of PRP [57].

Data on the usage of PRP in RA patients are few and contra-
dictory. In a study by H. Badsha et al. [58], based on the experi-
ence of using PRP therapy in four RA patients with an inadequate
response and persistent inflammation after intra-articular admin-
istration of GC: 4 and 8 weeks after PRP administration, all
patients showed a decrease in pain on the visual analog scale, dis-
ease activity according to the DAS28 index, and decrease in
inflammation according to ultrasound of the joints. At the same
time, no adverse events were registered in any patient.

In another study, the administration of PRP to a RA patient
was accompanied by the development of an allergic reaction, which
could be caused by calcium citrate used for PRP activation [59].

It should be noted that PRP can promote the migration and
invasion of FLS in RA patients, so regulation of these processes
should be taken into account when using PRP products for
treatment in order to prevent the structural progression of the
disease [60].

Conclusion

Thus, PRP therapy is an effective method of relieving
inflammation and stimulating local reparative processes, and
convenience and safety due to the usage of autologous material
expand the possibilities of its use in RD. However, the role of PRP
therapy in RA patients is currently understudied. At the same
time, the accumulated theoretical knowledge and a small but suc-
cessful experience in practical application provide basis for fur-
ther evaluation of this method and the formation of a protocol for
PRP therapy in such patients.
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