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IMMUNOLOGICAL MECHANISMS OF THE REGENERATIVE EFFECT OF PLATELET-RICH PLASMA

Platelet-rich plasma (PRP) is an autologous blood derivative that contains a supraphysiological concentration of platelets. The
theoretical benefit of using PRP to stimulate tissue regeneration, due to the presence of a large number of growth factors and
other cytokines, has been described in many studies.

The aim of this review is to analyze immunological mechanism of the regenerating effect of PRP. Comprehensive search through
Medline, Cochrane Collaboration database, EBSCO.

The positive effect of PRP on the migration of cells, proliferation, neoangiogenesis was proved in many studies. Growth factors
such as TGF-$1, B2, PDGF-aa, Bf, af, VEGF-A, -C, IGF-1, EGF etc. stimulate local angiogenesis, cell migration, proliferation and
differentiation of collagen-protein cells that play a key role in restoring of normal structure and function. The mechanisms of
PRP growth factors action are not fully understood.
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Introduction.

PRP-therapy is a procedure that results in the treatment with own blood plasma enriched with platelets. Platelet rich plasma
is a plasma, the concentration of platelets in which exceeds normal. Normally, the concentration of platelets in the blood
varies between 150,000/uL and 350,000/uL. It was proved that the stimulating effect of PRP is manifested if the platelet
concentration in it is 1.000.000/pl. At a lower concentration the stimulatory effect does not appear, while it has not yet been
shownthat an increase in platelet counts above 1,000,000 / pL leads to a further acceleration of regeneration [1].

The regenerative action of PRP is based on the immunological mechanisms of the growth factors contained in the granules of
platelets [3].

Purpose of the review: to analyze immunological mechanism of the regenerating effect of PRP.

Sources and methods:

Search in databases: Medline, Cochrane Collaboration database, EBSCO.

Key words - Platelet Rich Plasma, Growth factors, Regeneration

Inclusion criteria:

- original articles;

- full text articlein English language;

- articles published after 2000;

- articles presenting studies of regenerative mechanisms of platelets rich plasma application in wound healing process.
Exclusion criteria:

- abstracts, repeating articles;

- articles published before 2000;

- non-English articles;

- case reports;

- review articles;

Results:

The search started by using keywords - “Platelet Rich Plasma, Growth factors, Regeneration”. The total number of relevant
titles was 844. Among the selected articles in English from the period after 2000year only 130 works were chosen according
to inclusion criteria. Among them 22 were presenting research of growth factors actions on different wound healing.

Platelet rich plasma contains the following growth factors:TGF-b1, b2; PDGF-aq, -, -a3; PDEGF; VEGF - A, -B,-C, -D; IGF-1, 2;
EGF; VEGF etc. Growth factors are proteins with a certain set of amino acids. Theactive growth factors bind to
transmembrane receptors of target cells, such as mesenchymalstem cells, osteoblasts, fibroblasts, endothelial cells, and
epidermal cells.Platelet-derived factors directly influence cellular growth, morphogenesis, and differentiation [2].

1. Insulin-like growth factor (IGF).

IGF exists as IGF-1 and IGF-2. IGF promotes differentiation of stem cells, enhances the metabolism of bone tissue and the
synthesis of collagen [3]. Receptors for IGF are presented in mesenchymal cells, osteoblasts, chondrocytes. [4].IGF-1 is a
chemotactic agent for osteoblasts, vascular smooth muscle, and endothelial cells [5], through which it can promote
neoangiogenesis. IGF-1 has a mitogenic effect on fibroblasts. Also IGF-1 can enhance epidermal and dermal growth [6] and
it's effectiveness showed in studies of chronic wound healing. IGF-1 plays essential role in bone formation [7]. Schmidmaier
G.etal.in 2001, Raschke M. et al. in 2002and Fowlkes J. et al. in 2006 in animal models showed that local application of IGF-1
accelerate fracture healing.

2. Platelet-derived growth factor (PDGF).

PDGF is a protein, that consists of two subunits (a and {3). PDGF can exist in three forms - PDGF-aa, PDGF-3, PDGF-a3 PDGF
is producing by platelets and macrophages [3]. It is a chemotactic factor and mitogen for many cells, such as neutrophils,
fibroblasts, mesenchymal stem cells, osteoblasts, endothelial cells [8], which are responsible for tissue healing and
angiogenesis. PDGF helps collagen breakdown during the remodeling phase of wound healing through up-regulating matrix
metalloproteinases. PDGF also plays a role in reepithelialization after wounding [9]. PDGF increases inflammatory phase of
wound healing and accelerate normal wound repair processes and early matrix deposition. Platelet-released PDGF
promoting the chemotaxis of monocytes, neutrophils, and smooth muscle cells into wounds, enhances the expression of
alpha-smooth muscleactin protein and the differentiation of dermal fibroblasts into myofibroblasts, which promotes wound
contraction [10].



Kovacevic D. et al. in 2015 affirmed that rhPDGF-BB promotes early healing in a rat rotator cuff repair model. Scientists
showed rhPDGF-BB delivery on a collagen scaffold enhanced cellular proliferation and angiogenesis during the early phase of
healing [11].

3. Epidermal growth factor (EGF).

EGF is a polypeptide, which stimulates proliferation of fibroblasts and osteoblasts. EGF is a chemotactic factor and mitogen
for epithelial, endothelial cells [12], it stimulate angiogenesis, increase epithelization. Mechanism of action is a adherence of
EGF to specific extracellular receptors and activation of tyrosinekinase, which gives signal to cell proliferation. Dai C. et al. in
2000 studied effects of epidermal growth factor on wound healing of penetrating keratoplasty in rabbits and come to
conclusion that the intensity of EGF group on 8 days, 14 days and 21 days after penetrating keratoplasty was significantly
higher than that of the control group. Kwon Y. et al. in 2006 proved that recombinant human epidermal growth factor
(rhEGF) stimulates the proliferation and migration of epithelial cells in human cell culture systems and animal models of
partial-thickness skin wounds [13]. Later Kim T. et al. in 2008 showed also that recombinant human epidermal growth factor
enhances wound healing of pyoderma gangrenosum in a patient with ulcerative colitis [14].

4. Fibroblast growth factor (FGF).

FGF is producing by endothelial cells, macrophages, osteoblasts, platelets. It promotes angiogenesis, ossification and induces
production of TGF in osteoblasts. Matsumoto S. et al. in 2013 suggested that control-released bFGF using gelatin sheet is
effective for promoting wound healing [15]. Nakamizo S. et al. in the same year proved that topical treatment with basic
fibroblast growth factor promotes wound healing which were induced by skin abrasion [16].

5. Transforming growth factor- (TGF-f).

Producing by platelets and osteoblasts has five isomers. TGF-f play role in all stages of wound healing. TGF-$ stimulates
other cells like monocytes to secrete growth factors. TGF-f stimulates fibroblast chemotaxis and proliferation and influences
on the organization of extracellular matrix and scar remodeling [3, 17].

TGF-f receptors presenting in bone and cartilage. In view of this fact TGF- promotes bone synthesis and show effectiveness
in tendons injuries healing. Farhat Y.M. et al. in 2015 supported the hypothesis that TGF-1 induces plasminogen activator
inhibitor-1, which suppresses plasmin and plasmin-mediated matrix metalloproteinases activity, and provided evidence that
it could be a novel therapeutic target for preventing adhesions and promoting a scarless, regenerative repair of flexor tendon
injuries [18].

6. Vascular endothelial growth factor (VEGF).

Has four types VEGF-A, B, C and D. Take part in angiogenesis inducing the proliferation of endothelial cells of vessels.

In cases involving ischemic diabetic limbs, several animal studies involving the administration of VEGF-A have shown a
restoration of impaired angiogenesis. Additionally, in vivo studies have reported an improvement in reepithelialization of
diabetic wounds secondary to enhanced vessel formation with administration of VEGF-A [19].

Niyaz M. et al.in 2015 studied effects of VEGF and mesenchymal stem cells on vascular regeneration in a trauma model in
rats, scientists mixture VEGF and mesenchymal stem cells (MSCs) and applied it on the dorsum of a rat, which was
traumatized. Only combination of VEGF and MSCs showed good results [20].

Conclusion: The positive effect of PRP on the migration of cells, proliferation, neoangiogenesis was proved in many studies.
Growth factors such as TGF-B1, 2, PDGF-aq, B3, ap, VEGF-A, -C, IGF-1, EGF etc. stimulate local angiogenesis, cell migration,
proliferation and differentiation of collagen-protein cells that play a key role in restoring of normal structure and function.
The mechanisms of PRP growth factors action are not fully understood.
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CIK. Acgpendusipoe ameindarvl Kasax ¥ammeolk meduyuHa yHusepcumemi,
Xupypausinvlk cmomamoozus kagedpacwl

TPOMBOLIMUTTEPTE BA# CAPBI CY/bIH KAJNbIHA KEJITIPY MANHJACBIHBIH,
HMMYHOJIOTUAJIBIK MEXAHU3MI

Tyitin: TpomGonuTtke 6ai capricy (PRP) - cynpadu3nosiorusijiiblK TpOMOGOLUTTED KUHAKTAJIFAH KAHHBIH ayTOJIOTUSJIBIK,
TYBIHZBICHL. YJINasapblH KaJIbIHA KeJyiH jkaKcapyZarbl PRP-4i Kos1iaHyAbIH, TeOPHsIBIK MaiAackl ecy GpaKTopJIapbIHbIH,
KeIll TeMuepJe OOJIybIMEH XoHe TafFbl Ja 6acka LUTOKIHJAepAiH KenTereH GaWJIaHBICTBHI X9HebGipHelle 3epTTeysephe
CUMaTTaJ/IFaH.

BakplinaybiH MakcaTel PRP-z1iH KasnbiHa KeJTipy nalijacblHbIH MMMYHOJIOTUSA/IBbIK MEXaHU3MIH Tanjay.

I3pey PubMed, Cochrane Collaborationdatabase, EBSCO 6a3acbiHbIH Heri3ziepiHe cyeHin xKyprisiizi.

PRP-zi KosijaHy KacylaHbIH, KO3FaJIbIChIHA, Tpoirdepanusra, HeoaHIMoreHesre oHTauel acep eteni. TGF-B1, B2, PDGF-
aa, BB, af3, VEGF-A, -C, IGF-1, EGF cusiKTbl ecy ¢pakTop/iapbl XoHe TaFbl 6acKajapbl XKEPTUIIKTI aHTMOTeHe3Te KaCyLIaHbIH,
KO3FaJslacblHa MpoJiMdepalnysiHbl KOHE KACYIIaHbIH KeKe aXKbIpall MPOTEeHUH-KOJJIareHHiH, O6JIiHIN IbIFYbIHbI UTEPMEJIETI,
YJINaHbIH, Ka/lblHA KeJiZiHe Heri3 GoJiazabl. Keprimikti KosjaHbutyblHa KapamacTaH PRP TepanusichbIHBIH KJIWHUKAJbIK
TUIMZJIIr], OHbIH, dCep eTy MeXaHU3Mi COHbIHA JIeWiH 3epTTe/IMereH.

Ty#iHAi ce3aep: TpoMboIMTTEpPre 6al caphl €y, AbIMY GaKTopIap KaJalblHA KeJy.

10.A. MenuuiueBa, Y.P. Mup3akysioBa
Kazaxckuil HayuoHaavHbill MeduyuHckull yHusepcumem umeHu C./]. Acpendusiposa,
Kagedpa xupypeuueckoti cmomamosoz2uu

AMMYHOJIOTHYECKHUE MEXAHU3MbI PETEHEPUPYIOIIETO 3®PEKTA BOTATOM
TPOMBOLIMTAMMU I1JIA3MbI

Pe3wome: bBoratas Tpom6ouutamu miaasma (PRP) - ayTo/IorMuHbBIA [JlepUBaT KpPOBH, KOTOPBIH COJEPXKHUT
cynpadr3UO0JIOTMYHYI0 KOHILIEHTpaluilo TpoMo6ouuToB. TeopeTHyeckass moJsib3a npuMeHeHuss PRP i cTumysnvpoBaHus
pereHepanuu TKaHeHd, 06yC/IOBJIeHHasl HaJW4YMeM GOJIBLIOrO KOJWYeCcTBa (aKTOPOB POCTA U JPYIUX LUTOKHUHOB, 6GbLIa
oInKcaHa BO MHOTHX HCC/IeJOBaHHUSX.

Lenb0o JaHHOTO 0030pa sBUJICS aHaJM3 MMMYHOJIOTUUYECKHX MeXaHU3MOB pereHepupywouero 3sdpdexkra PRP.
[MoucknpoBoaucs B 6a3ax AaHHbIXx PubMed, Cochrane Collaborationdatabase, EBSCO.

[IpumeHeHue PRP moJyioxKHTeNbHO BJIMSET Ha MUTPALMIO KJIETOK, Mposudepaluio, HeoaHreoreHes. Takue gpakTopbl pocTa
kak TGF-B1, B2, PDGF-aa, BB, af, VEGF-A, -C, IGF-1, EGF u gp. CTUMy/IUPYIOT JIOKaJbHbIA aHTHUOr€HE3, MUTPALMI0 KJIETOK,
nposindepanuio u JuddepeHIIUPOBKY KJIETOK C OTJI0XKEHHEM IPOTEUHOB — KOJIIareHa, KOTOpPbIe UI'PAIOT KJIIOYEBYIO POJIb B
BOCCTaHOBJIEHUU HOPMaJIbHOU CTPYKTYpPhI ¥ pyHKIMHU TKaHel. HecMOTpsl Ha MOBceMeCTHOE UCI0/Ib30BaHHeE, KITUHUYECKYIO
3dpdpekTrBHOCTL PRP Tepanuu, MexaHU3MbI ee IEUCTBUS 10 KOHIIA HE U3y4YeHbl.

Knio4yeBble cji0Ba: 6oraras TpoMGOIMTaMU 1J1a3Ma, GaKTOPbI POCTa, pereHepanusl.



