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Wound healing takes place in the course of several stages, which are regulated by complex biomolecular mecha-
nisms. Violation of the activator-inhibitor balance of proteolytic systems is considered one of the main reasons for
the prolongation of healing and, as a result, the transition of the wound to a chronic state. The plasminogen/plasmin
(Pg/Pm) system exhibits several pleiotropic effects during tissue repair processes after damage by various factors.
Plasminogen (Pg) accumulates at the site of tissue damage and turns into plasmin (Pm). After activation, Pm ensures
the clearance of the wound from the fibrin layer and neutrophils and is involved in the activation of growth factors
and matrix metalloproteinases (MMPs) and the remodeling and formation of new connective tissue. Pm acts as a po-
tent mitogen concerning fibroblasts and directly affects keratinocytes, activating their migration. Administration of
Pg to mutant mice deficient in this protein accelerates the healing of acute and chronic wounds in mice with experi-
mental hyperglycemia. An artificially created fibrin-based matrix containing immobilized plasminogen significantly
accelerated the rate of wound closure in mice with experimental diabetes. Systemic administration of plasminogen
helped accelerate the healing of radiation wounds due to pleiotropic effects on gene expression.

The prevalence of trophic ulcers of various genesis in the population is 0.1-1.5%; in 24% of patients, their duration
is more than a year. Despite the emergence of surgical and medical innovations, treating purulent-necrotic wounds is
long and often unsuccessful. Plasminogen can be used as the basis of a new therapeutic strategy for treating chronic

wounds of various pathogenesis.
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Introduction.

Wound healing is a complex, well-coordinated pro-
cess that takes place in several stages: coagulation,
inflammation, synthesis of substances of the intercel-
lular matrix, angiogenesis, fibroplasia, epithelization,
contraction, and remodeling of the scar. These events
are caused by growth factors and cytokines released at
the wound site by inflammatory cells and other stro-
mal cells (keratinocytes, endotheliocytes, fibroblasts,
neutrophils) in response to tissue damage. In addition,
endogenous proteinases take an active part in each of
these stages; namely, they cause proteolytic cleaning of
the wound and lysis of the fibrin clot, provide remodel-
ing of the extracellular matrix (ECM), and recruitment
of proinflammatory cells, migration of keratinocytes and
fibroblasts, which, in general, is necessary for an ade-
quate course healing [1].

Under physiological conditions, each healing phase
is properly activated and completed through the coordi-
nation of many signaling molecules, including cytokines,
chemokines, and growth factors. Abnormal activation
of any of these phases or lack of completion leads to
chronic wound formation [2, 3].

According to the definition of a special meeting of
the European Union of Tissue Repair (Cardiff, Wales,
September 1996), “...chronic should be considered a
wound that does not heal during a period that is normal
for wounds of a similar type and location...” [4, 5]. Vio-
lation of the activator-inhibitor balance of proteolytic
systems is considered one of the main reasons for the

prolongation of healing and, as a result, the transition of
the wound to a chronic state. Research in recent years
has demonstrated the significant role of the plasmino-
gen/plasmin (Pg/Pm) system in the wound healing pro-
cess.

The aim of the study.

Highlight and analyze current data on the role of
plasminogen/plasmin system proteins in wound heal-
ing and outline the prospects for using plasminogen as a
wound healing agent.

Main part.

Plasminogen (Pg) is a circulating proenzyme encod-
ed by the PLG gene on the 6th chromosome. Under the
action of activators (PA), the zymogen Pg is transformed
into an active proteinase Pm. The conversion of Pg to Pm
occurs with the participation of one of two physiological
proteases: tissue-type protease (tPA) or urokinase-type
protease (uPA) [6, 7, 8]. Pm is a serine proteinase with
broad substrate specificity, cleaving a wide range of dif-
ferent proteins. Pm is a vital enzyme of the fibrinolytic
system, ensuring the destruction of intravascular fibrin
clots [9].

The Pg/Pm system exhibits several pleiotropic ef-
fects during the processes that underlie tissue repair
after damage by various factors. Considering the ability
of Pm to participate in the stages of tissue healing, some
authors characterize it as the master regulator of wound
healing [10].

Pg accumulates at the site of damage and is con-
verted to Pm by activators localized on the cell sur-
face. The zymogen is transported to the area of injury
by inflammatory cells at the initial stages of healing. In
an experiment on a model of burn wounds in mice, an
increase in the local concentration of Pg near the dam-
aged area was demonstrated in the early period of the
inflammatory process development. Moreover, system-
ic administration of exogenous Pg to Pg gene knockout
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mice on the background of burn pathology accelerated
healing and scar formation [11]. The transformation of
Pg into an active protease in damaged tissue is mainly
provided by u-PA, which is localized on monocyte/mac-
rophage receptors. At the same time, another activator
of plasminogen tPA, in the area of damage, is much less
involved [12].

After activation of Pm, it provides cleaning of the
wound from fibrin and neutrophils. It is also involved
in activating growth factors and MMP, remodeling, and
forming new connective tissue and blood vessels [13,
14]. It is important to note that excessive fibrin accumu-
lation is a characteristic feature of chronic wounds. The
fibrin lamina creates a barrier for the migration of kera-
tinocytes and provides conditions for developing infec-
tious complications. Since Pm is the primary fibrinolytic
agent in the body, the satisfactory operation of the Pg/
Pm system is an essential condition for ensuring repara-
tive processes [15].

Type 1 plasminogen activator inhibitor (RAI1) is an
essential component of the hemostasis system that in-
hibits the action of urokinase and tissue-type plasmino-
gen activators. RAI-1 is synthesized by megakaryocytes;
during their fragmentation, the inhibitor accumulates in
a-granules of platelets, which make up 90% of the total
content of the inhibitor in the human body [16, 17, 18].
One of the reasons for the deficiency of plasmin activity
in the state of hyperglycemia can be the increased ex-
pression of RAI-1. In RAI-1 knockout mice with strepto-
zotocin (STZ)-induced diabetes, healing of skin wounds
and regeneration of muscle tissue occurs much faster
than in animals with normal levels of the inhibitor.
Kanno Y. and others demonstrated that restoring Pm
activity by blocking its inhibitor (a2-AR) contributed to
the acceleration of skin wound healing. The mechanism
of this process is implemented through the activation
of VEGF-induced angiogenesis, mediated by fibroblasts
[19].

Pm directly affects the epithelization process of
wounds, as evidenced by the results of previous stud-
ies; in mice with a deficiency of Pg, there is a delay in
healing due to the weak migration ability of keratino-
cytes [20, 21]. These cells can bind the zymogen and
initiate its transformation into an active protease. It was
experimentally proven that pericellular Pm activates the
migration of freshly isolated human epidermal keratino-
cytes and HaCaT cells in agarose gel. Their migration is
entirely blocked by the a2-AP plasmin inhibitor, which is
accompanied by inhibition of keratinocyte proliferation
and loss of chemokinesis. Pm also enhances the elimi-
nation of Candida albicans by phagocytes and epidermal
keratinocytes. Published data indicate the participation
of Pm in the process of skin re-epithelialization [22]. Re-
search conducted by Eriksson, P.O., etc. showed that the
healing of tympanic membrane perforation is slowed
down in uPA-deficient mice and ultimately stopped in
Pg-deficient mice [23].

One of the critical functions in the healing process
is played by fibroblasts - connective tissue cells capable
of synthesizing and producing ECM components. There-
fore, the active participation of fibroblasts in the resto-
ration of the ECM is of great importance for the tissue
remodeling phase in the wound healing process. It was
established that in chronic wounds, fibroblasts produce
an aberrant set of ECM elements, which leads to the

formation of significant defects in the structure of the
intercellular matrix and, as a result, a sufficient amount
of compression of the wound edges is not achieved, and
a fibrous scar is formed [24].

Experimental studies revealed the ability of Pm to
enhance the expression of Cyr61, a gene that controls
the migration and cell proliferation of fibroblasts. Pm is
a more powerful mitogen and migration factor for fibro-
blasts than thrombin. Pm dose-dependently stimulates
DNA synthesis in mouse lung fibroblasts. It is not ob-
served in mice defective in the PAR-1 receptor gene and
is completely blocked by antibodies against the Cyr61
expression product [25]. Also, Pm promoted the release
of the Cyr61 protein into the culture medium or ECM,
making it accessible to other cells. Contributing to the
infiltration of immune cells and controlling their activity,
Pm takes an active part in wound healing at the begin-
ning and final stages of this process [13].

Shen et al. demonstrated that administration of Pg
to mutant mice deficient in this protein accelerates the
healing of acute and chronic wounds in mice with STZ-
induced diabetes. It was established that in chronic skin
ulcers of diabetic mice, there is a permanent activation
of the Pg/Pm system, which is associated with the tran-
sition of healing to the chronic form [11]. However, the
mechanisms by which an inadequately functioning pro-
teolytic system participates in impaired healing remain
unknown. It can be assumed that one of the reasons for
the dysfunction of the Pg/Pm system is a local deficiency
of a functionally active zymogen, which is partially inac-
tivated due to its increased glycosylation or an activator-
inhibitor imbalance during hyperglycemia [26]. It cannot
be ruled out that proteolytic fragments of Pg significant-
ly contribute to the chronicity of healing - angiostatins
- formed in damaged tissue during the chronic wound
process in excessive amounts due to increased proteo-
lytic activity, inhibiting reparative angiogenesis [27].

About 95% of cancer patients who receive radiation
therapy have side effects in the form of skin defects
and often develop radiation wounds and fibrosis. Fal-
lah et al. showed that the introduction of Pg enhances
the healing of radiation wounds due to a pleiotropic
effect on the expression of specific genes. Using RNA
sequencing, the authors found that Pg suppresses TLR,
TNF, and WNT gene expression and signaling pathways
controlled by TGF-B, a significant positive regulator of
fibrosis. Also, Pg enhanced the anti-inflammatory effect
of arachidonic acid, significantly reducing inflammation
in radiation wounds and improving granulation tissue
remodeling compared to treatment results obtained in
the placebo group. In addition, Pg induced metabolic
changes, including a decrease in the rate of glycolysis.
It is important to note that the identified factors whose
synthesis is regulated by Pg are profibrotic. Therefore, in
radiation wounds with excessive inflammation, Pg can
enhance and redirect the healing process so that their
course becomes more physiological and is not accompa-
nied by the formation of a pronounced fibrous scar [10].

Since Pg suppresses the production of TGF-f and
some other profibrotic factors, this circumstance con-
firmed the importance of Pg functioning as a modulator
of fibrotic tissue formation [28]. The authors of another
work (Okunishi et al., 2011) proposed using Pm as a new
therapeutic agent for controlling collagen deposition by
fibrous fibroblasts [29].

ISSN 2077-4214. Bicuuk npo6nem 6ionorii i meauuunu — 2022 — Bun. 4 (167) / Bulletin of problems in biology and medicine — 2022 - Issue 4 (167) 17



ornAaau NITEPATYPU / LITERATURE REVIEWS

Recent studies have shown a positive result of using
a fibrin matrix with immobilized Pg for treating wounds
in diabetic mice. Pg-loaded fibrin matrix applied to full-
thickness diabetic mice significantly increased the rate
of wound closure compared to material that did not
contain Pg (control). In addition, histological analysis
demonstrated improved re-epithelialization and colla-
gen deposition in granulation tissue in mice treated with
a fibrin frame filled with plasminogen, compared to the
unloaded Pg fibrin frame [30].

Conclusions.

Since there is a trend of aging in the population of
the world and an increase in the incidence of diabetes,
oncological diseases, and diseases of the cardiovascular
system, the problem of treating chronic ulcers is becom-
ing more and more urgent. Wounds that do not heal for
along time become the cause of disability and deteriora-
tion of the quality of life and require high costs for treat-
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ment. Despite developing and implementing innovative
surgical and drug strategies, treating purulent-necrotic
wounds is long and often unsuccessful. New treatments
are likely to evolve from simply restoring a physiological
process to stimulating the regenerative capacity of dam-
aged tissue. This trend can potentially address a signifi-
cant need in chronic wound care. The results of previ-
ous studies show that the plasminogen/plasmin system
takes part in many links of the healing process, and the
study of its influence on the mechanisms that develop in
chronic wounds has great practical potential.

Prospects for further research.

Studying the effect of plasminogen on the healing of
chronic diabetic wounds in humans is of practical inter-
est. Studies and experiments on mice indicate that Pg
may prove to be an attractive drug in treating chronic
wounds.

POJZ1b CUICTEMU NNA3SMIHOTEH/NNTA3MIH Y 3ATOEHHI PAH
HauioHanbHMt meanyHUit yHiBepcuteT imeHi 0.0. boromonbua (m. Kuis, Ykpaina)
serhiybadzyuh@ukr.net

3020€HHA paH peanizyemosca 8 X00i OeKinbKoX emarnis, AKi pe2yaormecsa CKAAOHUMU biMOoaeKyaapHuUMu
MexaHizmamu. [lopyweHHa aKmueamopHo-iHeibimopHo2o 6aaaHCy NPoMeosimuyHUX CcUCmemMm B8AHAEMbLCA
00Hi€ 3 Halieon108HIWUX NPUYUH MPOSOH2YBAHHA 3020€EHHA MO, AK HACAIOOK, nepexody paHu 00 XPOHIYHO20
cmaHy. Cucmema raasmiHozeH/nnasminy (Pg/Pm) nposense HU3Ky naeliompornHux egpekmis 8 xodi npouecie, AKi
71eXams 8 0CHOB8I pernapauii MKaHUH Micaa NOWKOOMEHHSA Pi3HUMU YUHHUKamMU. [TnasmiHozeH (Pg) akymyaoemscsa
8 Micyi MOWKOOHEHHA MKAHUH ma nepemaeopoeMbCA HA naasmiH (Pm). lMicna akmueayii Pm 3a6e3neyye KnipeHc
paHu 8i0 pibpuHosozo wapy, Helimpodinie ma 3aay4aemoscs 00 akmusauyii pakmopie pocmy ma MampuKCHUX
memasonpomeiHas(MMP) (ipemodentosaHHa ma opmy8aHHA HOBOI CroAYYHOTMKAHUHU. Pmeucmynae nomymHum
MimozeHom o 8iOHOWeHHI 00 ¢ibpobaacmie ma 6e3nocepedHbo 8MNAUBAE HA KEPAMUHOUUMU, AKMUBYHYU IXHIO
Mizpayirto. BeedeHHs Pg mymaHmHum muwam 3 0egiuumom ybo2o rnpomeiHy nPpUCKOPIOE 3020EHHA 20CMPUX PaH
ma XpoHiYHUX paH y muweli 3 ekcrnepumeHmasbHoO 2inepaaikemiero. LLImyyHo cmeopeHuUl MampuKc Ha OCHO8|
PibpuHy, wo micmue imobinizosaHuli NaAa3MiHO2eH, CPUA8 3HAYHOMY MPUCKOPEHHIO WBUOKOCMI 3aKpuUmms paH y
muwel 3 ekcriepumeHmasnsbHUM diabemom. CucmemHe 88e0eHHA M1a3MIHO2EHY CrIPUAO MPUCKOPEHHIO 3020€HHA
poMeHe8uUX PaH 30 PaxyHoK naeliompornHoi Oii Ha eKcrpecito 2eHis.

lMowupeHicmb mpogiyHUX 8UPA30K pi3HO20 reHesdy ceped HacesneHHs cmaHosums 0,1-1,5%, y 24% xeopux
mpusanicme ix cazae binbwe PoKy. He3saxcaro4u Ha noAsy XipypaiyHux, MeouKameHmMo3HuUX iHHosayil niKy8aHHA
2HIlIHO-HEKPOMUYHUX paH € mMpusanum j yacmo b6e3ycniwHum. laasmiHozeH moxce bymu suKopucmaHuli ik ocHo8a
HoB0I mepanesmuy4Hoi cmpameaii 0415 NiKy8AHHA XPOHIYHUX PAH Pi3HO20 MaMo2eHe3y.

Knrouoei cnoea: uykposuli diabem, XpOHiuHi paHuU, 3020€HHSA, NAA3MIHO2eH/MAa3MiH.

3B’A30K ny6aikauii 3 n1aHOBMMM HAyKOBO-gOCNIA-
HUMMK poboTamu.

JaHa pobota € ¢pparmeHtom HAP «Po3pobka Ta
BMNPOBAAMKEHHA METOAIB AiarHOCTUKKU Ta NiKyBaHHA Xi-
PypriYHOi NaToNOorii OpraHiB YepeBHOI MOPOMKHUHMU Ta
KpoBoobiry», No geprkpeectpauii 0118U100439.

Bcryn.

3aroeHHA paH — Ue CKAa4HWIN, YiTKO CKOOpAMHO-
BaHWI MNpoLec, SKUN BiAOYBAETbCA 3a HWU3KKU eTanis:
KOoarynauii, 3anafeHHA, CUHTE3y PEeYOBUH MIXKKIITUH-
HOroO MAaTPUKCY, aHrioreHesy, ¢pibponnasii, enitenisay,i,
KOHTpaKLii Ta pemoaentoBaHHA pybud. Li noaii Bukam-
KaHi paKTopamm pocTy Ta UMTOKIHaMM, AKi BUAINAOTb-
CA B MiCLUi paHM 3aMmanbHUMM KAITUHAMM Ta iHWUMU
CTPOMANBHUMM KAITUHAMK (KepaTUHOLMUTAMM, eHAOTe-

nioumtamu, ¢pibpobnactamum, HelTpodinamm), y Biano-
BiAb Ha NMOLWKOAMKEHHA TKaHWH. EHOOreHHi npoTteiHasu
6epyTb aKTUBHY y4acTb Yy KOXHIN 3 LMX CTagil, a came,
3YMOB/IIOIOTb NMPOTEONITUYHE OYMLLEHHA PaHM Ta Ni3unc
¢$ibprHOBOro 3ryctky, 3abesnevytoTb pemosentoBaHHA
eKcTpauentonapHor matpukey (ELLM) Ta peKpyTuHr npo-
3ananbHUX KNITUMH, Mirpauito KepatuHoumTiB Ta ¢ibpo-
6nacTiB, WO, B LioMy, € HEOBXiAHUM AN1A afleKBaTHOrO
nepebiry 3aroeHHa [1].

3a ¢isionoriyHnMx ymoB KOXHa 3 ¢a3 3aroeHHA Ha-
NEXHUM UYMHOM aKTUBYETHCA | 3aBepLUYETbCA 4Yepes
KOOPAMHALLIO BE/INKOI KiNIbKOCTI CUTHANbHUX MOEKYN,
BK/IIOHAOUYM LMTOKIHWU, XeMOKIiHW i daKkTopu pocTy. AHO-
Ma/ibHa aKTMBaLis byab AKoi 3 umMx a3 abo BiacyTHICTb
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iX 3aBepLeHHA MPM3BOANUTb A0 YTBOPEHHA XPOHIYHUX
paH [2, 3].

3rigHO BM3HAYeHHA chneuianbHOro 3acigaHHa €Bpo-
nencbKoi cninku penapauii TKaHuH (Cardiff, Wales, Be-
peceHb 1996), «..XPOHIYHOW CNig BBaXKaTW paHy, AKa
He 3arolETbCA NPOTArOM Nepioay, AKUM € HOPMaAbHUM
ANna paH nogibHoro TMny i nokanisadii...» [4, 5]. Nopy-
LWEeHHA aKTUBATOPHO-iHTiBiTOpHOro 6anaHcy npoTteoni-
TUYHUX CUCTEM BBAXKAETbCA OAHIEI0 3 HAMTO/MIOBHIWINX
NPUYMH NPOJIOHTYBAHHA 3arO€EHHA Ta, AK HACNIOOK,
nepexoay PaHW [0 XPOHiIYHOro ctaHy. [ocnigxeHHaA
OCTaHHIX POKiB NPOAEMOHCTPYBa/IM 3HAYHY PO/b CUCTe-
MW naasmiHoreH/nnasmidy (Pg/Pm) B npoueci 3aroeHHA
paH.

MeTa gocnigKeHHs.

BMCBITINTM Ta NpoaHanisyBaTK CyvyacHi AaHi CTOCOB-
HO PO/ NPOTEIHIB Na3miHoreH/n1asmiHOBOI CUCTEMMU B
3aro€HHI PaH Ta OKPECINTU NepPCNeKTUBM 3aCTOCYBAHHA
NAa3miHOreHy fiKk paHO3aroBanbHOro 3acoby.

OCcHOBHa YacTuHa.

MnasmiHoreH (Pg) — uUMpKynYNn NPOpEPMEHT,
AKUIA KoayeTbca reHom PLG, nokanisoBaHomy Ha 6-i
Xpomocomi. 3umoreH Pg nig gieto aktmeaTopiB (PA)
NepeTBOPHOETLCA Ha aKTUBHY NpoTeiHaly Pm. KoHsep-
Tauia Pg Ha Pm BinbyBaeTbcs 3a yyacTi ogHiel 3 ABOX
disionoriyHMx npoTteas: npoTeasa TKAHWMHHOIMO TuUNy
(tPA) abo npoTeasa ypokiHasHoro Tuny (uPA) [6, 7, 8].
Pm € ceprHOBOIO NPOTEIHA3010, LLO BONOAIE LLMPOKOIO
cybcTpaTHO cneuundivHIicTio, PO3LLENoYM LNPOKe
KOJIO pi3HMX NpOTeiHiB. Pm € KAtoyoBUM eHsumom oi-
6pUHONITUYHOT cucTemn, 3abesneyyoum pynHyBaHHA
BHYTPiWWHbOCYAMHHUX GiBPUHOBMX 3rycTKiB [9].

Cuctema Pg/Pm nposBAsfi€ HU3KY MNEAOTPOMHUX
edeKTiB B X04i NpoLueciB, AKi fiexaTb B OCHOBI penapa-
LT TKAHWUH NiCNA NOLWKOAMKEHHA PISHUMWU YMHHUKAMMU.
BpaxoBytoumn 34aTHICTb Pm npuiimaTti y4acTb B eTanax
3arOEHHA TKAHWH AeAKi aBTOPWU XapaKTepesyrTb MOro
AIK TONOBHUI perynaTop 3aroeHHn (“master regulator of
wound healing”) [10].

Pg HaKOMWYYeETLCA B JIOKYCi MOLIKOAMEHHA Ta KOH-
BEPTYETbCA Ha Pm aKTMBaTopamm, NI0KanisoBaHMMM Ha
NOBEPXHi KNITUH. 3MMOreH TPaHCMNOPTYETbCA A0 MicuA
NOLIKOAXKEHHA 3ana/JibHUMWM KAITMHaMU e Ha noyat-
KOBWX eTanax 3aroeHHA. B ekcnepumeHTi Ha mogeni
ONIKOBUX paH y MULIEN NPOAEMOHCTPOBAHO 3POCTaH-
HA JIOKaNbHOI KOHUEHTpaujii Pg nobausy ainsHkM no-
LUKOAKEHHSA Y PAaHHbOMY MnepioAi pO3BUTKY 3anasnbHOro
npouecy. binbw TOro, ccTeMHe BBeAEHHA EK30reHHOro
Pg HokayTOBaHMM 3a reHoM Pg muwiam Ha GoHi oniko-
BOI MaTo/Iorii MPUCKOPIOBAZIO 3arOEHHA Ta YTBOPEHHA
py6usa [11]. MepeTBOpeHHs Pg Ha aKTMBHY NpoTeasy B
MOLIKOAMEHIN TKaHWHI 3abe3neyye, nepesaxkHo, U-PA,
AKWUIA NIOKaNi3oBaHU Ha peuenTopax MOHOLMTIB/Ma-
Kpodaris. BogHovac iHWWIA aKTMBATOpP NAasMiHOreHy
tPA, B AinAHLUi NOWKOAMEHHA, 3afiAHUIA 3HAYHO MeH-
woto mipoto [12].

Micns akTMBaLii Pm, 3a6e3neyye ounLLLeHHA paHK Bif,
dibpuHy, HelMTpodinis, a TaKOXK 3a/1y4aeTbCsA 40 aKTUBA-
uii pakTopis pocty Ta MMP, pemogentoBaHHsA i popmy-
BaHHA HOBOI CMOJIYYHOT TKAHWHM Ta cyauH [13, 14]. Bax-
JINBO 33a3HAUYUTH, LLLO XapPaKTEPHOI O3HAKOK XPOHIYHUX
paH € HagMmipHe HakonuyeHHs ¢ibpuHy. PibpuHOBa
naiBKa CTBOPOE bap’ep A5 Mirpauii KepaTMHOLMTIB Ta
3abe3neyye yMOBU A1A PO3BUTKY iHOEKLIMHMX YCKNaA-
HeHb. OCKinbKn Pm € ocHOBHUM ¢Gi6pUHONITUKOM B Op-

raHiami, To afeksaTHa pobota cuctemu Pg/Pm € Bax-
JIMBOIO YMOBOLO 3abe3neyeHHa penapaTMBHMX NPOLECiB
[15].

IHriGiTop akTMBaTopa naasmiHoreHy 1-ro Tuny
(plasminogen activator inhibitor, PAI1) € Baxnansum
KOMMOHEHTOM CUCTEMW FemMocTasy, AKUUA NpPUTHivye
Ait0 aKTMBATOPIB Ma3MiHOreHy YypOKiHa3HOro Ta TKa-
HUHHOTo Tuny. PAI-1 cMHTE3yeTbCA merakapiounTamu,
nifg yac dparmeHTaLii AKMX iHFiBGITOP HakoNMYyeTbCA B
o-rpaHyfax TpomboumTis, Wo cknagae 90% 3aranbHo-
ro BMicTy iHribiTopa B opraHiami atoauHu [16, 17, 18].
OpaHieto 3 NpuuMH aediunty naasmiHoBOI aKTUBHOCTI
3a CTaHy rinepriikemii moxe 6yTu NiABULLEHA eKcnpe-
cis PAI-1. Y HokayTtoBaHux 3a reHom PAI-1 muwen 3i
cTpento3oTtoumH (CT3)-iHAyKOBaHMM LIYKPOBMM Aia-
6eToM 3aroeHHs paH LWKipyM Ta pereHepauis m’s30BOi
TKaHWHW BiAOYBAETbCA 3HAYHO WBUALIE, HiX Y TBAPUH
3 HOpManbHUM piBHeM iHribiTopa. Kanno Y. Ta iH. npo-
OEMOHCTPYBanu, WO BifAHOBAEHHA AiANbHOCTI Pm yepes
610KyBaHHA Moro iHribiTopy (a2-AP) cnpusio npucko-
PEHHIO 3aro€EHHA paH WKipn. MexaHi3m Lboro npouecy
peanisyeTbca yepes akTueauito VEGF-iHAyKOBaHOro aH-
rioreHesy, onocepeaKoBaHoro ¢ibpobnactamm [19].

Pm 6e3nocepeaHbo BNAMBAE Ha Npouec enitenisauii
paH, Npo WO CBiAYaTb pe3ynbTaTy nonepegHix Aocni-
O)KeHb, Y mulen 3 gediuntom Pg cnocTepiraerbea 3a-
TPMMKa 3aroeHHA yepes cnabky mirpaliiHy 34aTHICTb
KepaTuHoumTie [20, 21]. Ui KniTMHM 38aTHI 3B’A3yBaTH
3MMOreH Ta iHiLiloBaTM MOro NepeTBOPEHHA Ha aKTUBHY
npoteasy. EKCnepMmeHTanbHO [OBeAEHO Lo nepuLe-
JONAPHUIN PM aKTUBYE MirpaL,ito CBiXK0i30/1b0BaHUX eni-
OEepPManbHUX KepPaTUHOLUMTIB NtOANHM Ta KaitTuH HaCaT
B arapo3HoOMy reni. IxHto mirpaujito noBHicTIO 610KYE
iHri6iTop NnasmiHy a2-AP, Wo CynpoBOAKYETbCS iHTiby-
BaHHAM nponidepay,ii KepaTMHOUUTIB Ta BTPATO XEMO-
KiHe3y. Pm TaKkoX nigcuntoe 3HewkKoarKeHHa Candida
albicans ¢arounMTamm Ta enigepmanbHUMKU KepaTUHO-
umMtamn. OnybnikoBaHi AaHHI BKasylTb Ha yyacTb Pm
y npoueci peenitenianisauii wkipn [22]. JocnigKeHHA
nposegeHe Eriksson, P.O. Ta iH. NOKa3ano, WO 3aroeH-
HA nepdopaLii 6apabaHHOi NepeTUHKM CNOBINbHIOETLCA
y muwen 3 gediuntom UPA i NOBHICTIO 3yNUHAETLCA Y
muLel 3 gediuntom Pg [23].

OfHy 3 KNto4oBUX GYHKLIM y NpoLecax 3aroeHHA Bi-
AirpatoTb ¢ibpobaacTu — KNITUHU CNONYYHOT TKAHUHW,
AKi 34aTHI CMHTE3yBaTU Ta MPOAYKYBAaTU KOMMOHEH-
™ ELUM. AKTMBHa yyacTb ¢ibpobnacTie y BigHOBAEHHI
ELLM mae Benuke 3HayeHHs ana nepebiry ¢asm pemo-
OeNtoBaHHA TKAHMH B MPOLECi 3aroeHHA paH. BctaHoBs-
NIeHO, WO B XPOHIYHUX paHax ¢ibpobaacTtv NnpoayKyoTb
abepaHTHMI Habip enemeHTiB ELJM, Wwo npm3sBoautb Ao
YTBOPEHHA 3HAYHUX AeDEKTIB B CTPYKTYPi MIiXKKNITUH-
HOTO MAaTPUKCY Ta, AK HAaCNifOK, He [A0CAraEeTbcA A0-
CTATHA BE/IMYMHA CTUCKAHHA KPaiB paHu 11 YTBOPHOETLCA
dibpo3Huii pybeus [24].

B eKkcnepuMMeHTaNbHUX [LOCNIAKEHHAX BUABMEHA
3paTHicTb Pm nigcmntosatn ekcnpecito Cyr61l — reny,
AKUIN KOHTPOIOE Mirpauito Ta KNiTMHHY nponidepalito
dibpobnactis. Pm € 6ifbLl NOTYXKHUM MITOFEHOM Ta Mi-
rpauiiHum daktopom no BigHoweHHo Ao ¢ibpobnac-
TiB, HiXX TPOMBIH. Pm y fo0303anexHuii cnocib ctumy-
ntoe cuHte3 AHK y ¢ibpobnacTax nereHi muwi. Takoro
He CnocTepiraeTbCs y MULeEN, AedEeKTHUX 3a reHoM
peuenTtopa PAR-1, Ta NOBHicTIO B/10KYETLCA aHTUTINAMM
npoTtu npoayKty ekcnpecii Cyr61 [25]. TakoxK, Pm cnpwm-
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AB BMBIZIbHEHHIO NpoTeiHy Cyr61 00 KyaAbTypanbHOTO ce-
penosuuia abo ELLM, wo pobuno Moro goctynHum ans
iHWKX KNITUH. Cnpuatoumn iHdinbTpauii iIMyHHUX KAITUH
Ta KOHTPOJIIOIOYM IXHIO aKTUBHICTb, Pm Gepe aKTUBHY
Y4acCTb B 3arO€EHHI paH, AK Ha MOYaTKy, TaK i Ha KiHLEeBMX
eTanax uboro npouecy [13].

Shen Ta iH. goBenn, WO BBeAeHHA Pg MyTaHTHUM
muwam 3 gediumMTom LbOro NpoTeiHy NPUCKOPOE 3a-
TOEHHSA TOCTPUX PaH Ta XPOHIYHMX paH y mulei 3 CT3-
iHOAYKOBaHMM LlyKpoBMM giabeTom. BcTaHOBAEHO, LWO
Y XPOHIYHUX BMPaA3Kax LWKipK AiabeTUUYHNX MULlein mae
Micue nepmaHeHTHa akTuBaLia Pg/Pm-cuctemu, 3 Yum
noB’A3yloTb Mepexis, 3aroeHHA A0 XPOHiYHOI dopmum
[11]. NpoTe, mexaHi3mK, 3a AKMMU HeaZeKBaTHO QYHK-
LiioHyO4a NPOTeoNiTMYHA cucTema bepe y4acTb y nopy-
LWEHHI 3ar0€EHHA, 3a/MLIAOTbCA HeBigomumu. MoxKHa
NPUMNYCTUTH, LLO OAHIEID 3 NPUYMH AUCPYHKLIT Pg/Pm-
cUCTeMU € NoKanbHUN AediumT GYHKLiOHAaNbHO aKTMB-
HOTO 3MMOTEHY, SIKMN YACTKOBO iHAKTUBYETbCA Yepes
Moro niacuneHe rnikosuatoBaHHA abo aKTMBATOPHO-iH-
ribiTopHu gucbanaHc 3a rinepraikemii [26]. He morkHa
BUK/OYMTK, WO 3HAYHMMN BHECOK A0 XPOHi3auii 3aro-
€HHA pobNATb NpPOTeoNiTUYHI dparmeHTn Pg — aHrioc-
TAaTUHW — AKI YTBOPIOKOTBCA Y NOLIKOAMKEHIN TKAHMHI 3a
XPOHIYHOro PaHOBOro Mpouecy y HagMIipPHIN KiNbKOCTI
BHACNIAOK NigBULWEHOI NPOTEONITUYHOI AKTUBHOCTI,
ranbMytouM penapaTMBHWUI aHrioreHes [27].

Ban3bko 95% OHKONMOrIYHUX XBOPUX, AKI OTPUMYIOTb
NpPOMeHeBy Tepanito, MatoTb NobiYHI ePeKkTn y BUrA-
AOi fedeKTiB LWKipK, 4acTo PO3BMBAIOTLCA MPOMEHEBI
paHu Ta ¢ibpos. Fallah Ta iH. Nokasanu, WO BBEeAEHHA
Pg nigcunioe 3aroeHHA MPOMEHEBUX paH 3a PaxyHOK
NAenoTPonHOI Aji Ha eKcrnpecito NeBHUX reHiB. Buko-
puctoBytoun cekseHyBaHHA PHK, asTopu Buasmaun, wo
Pg npurHiyye ekcnpecito reHis TLR, TNF, WNT Ta cur-
Ha/bHi WASAXM, WO KOHTpostoTbea TGF-B — ronoBHMM
NO3UTUBHUM perynatopom ¢ibposy. Takox Pg niacu-
N0BaB NpoTM3ananbHuii edekT apaxifoHOBOI KMCNOTH,
3HAYHO 3MEHLLYIOYM 3aMnaNeHHsA B NPOMEHEBUX pPaHaXx i
MOKpPaLLyOUM PEMOAENIOBAHHA FPAHYAALINHOT TKAHUHMU
Y NOPIBHAHHI 3 pe3yabTaTamMu JliKyBaHHA, OTPMMAHUMM
y rpyni nnaue6o. Kpim Toro, Pg iHaykyBaB meTtaboniy-
Hi 3MiHM, BK/IIOYAIOUMN 3HUMMKEHHSA LWBWAKOCTI FNiKoAi3y.
Ba)KNMBO 3ayBarKWUTU, WO BUABAEHI PaKTOpW, CUMHTE3
AKMX peryntoe Pg, asnawoTbca npodibposHumn. Tomy
npu NPOMEHEBUX paHax 3 HAAMIPHUMM 3anasieHHAM,
Pg 3paTHWI1 nocuatoBaTi Ta nepecnpAMyBaTU npouec
3aro€eHHA TaKMM UYMHOM, LLO iXHiK nepebir cTae Ginblu
di3ioNoriYHNMM i He CyNpPOBOAMKYETLCA YTBOPEHHAM BU-
pakeHoro ¢ibposHoro py6usa [10].

Ockinbku Pg npurHiyye npoayKysaHHa TGF-B Ta ge-
AKUX iHWKX NpodibpoTnyHmx dakTopis, ua obcTaBMHa
[,03BONINNA NIATBEPAUTU BAXKIMBICTb QYHKLIOHYBaHHA
Pg Ak mogynaTtopa yTBopeHHs ¢ibpo3Hoi TKaHMHK [28].
ABTOpM iHWOT poboTn (Okunishi Ta iH., 2011) 3anpono-
HyBa/In BMKOPWUCTAHHA Pm AK HOBOro TepaneBTUYHOro
3ac00by A1A KOHTPOOBAHHA BifKNAaLaHHA KonareHy o¢i-
6po3HMMU Ppibpobnactamu [29].

OcTaHHi npoBefeHi JOCNIAXKEHHA NMOKas3aan nosu-
TUBHWIA pe3ynbTaT BUKOPUCTAHHA ibpMHOBOI maTpuui
3 imobinisoBaHUM Pg ana nikyBaHHA paH y AiabeTnyHmx
Mmuwein. PibGpUHOBUIA MaTpPUKC, HanoBHeHuW Pg, 3a-
CTOCOBYBAHMWM Y AiabeTUUYHUX MULIAX HA BCHO TOBLLUHY
3HAYHO MiABMLLMB LIBUAKICTb 3aKPUTTA PaH, HiXX maTe-
pian, KU aknii He micTns Pg (KoHTponb).licTonoriuyHni
aHani3 NpPoAEeMOHCTPYBaB MOKpalleHy peenitTenilauito
Ta BiAKNAAEHHA KonareHy B TrPaHyAsUiMHIN TKaHWHI Y
MULLIEN, AKi oTpumyBann GibpPUHOBMIA KapKac, HanoBHe-
HWIM NAa3MiHOFeHOM, MOPIBHAHO 3 HEHaBaHTaXKeHUM Pg
¢ibpuHOBMM Kapkacom [30].

BucHoBKM.

OCKiNbKKN y CBIiTi iCHYE TEHAEHLIA 40 CTAPiHHA Ha-
ceneHHA, 36iNblEeHHA 3aXBOPKOBAHOCTI Ha LYKPOBUM
niabet, oHKO/OriYHI XBOPOOUM Ta 3aXBOPIOBAHHA cepLe-
BO-CYANHHOI cMCTEeMU, NPoBEMaA NiKYBAHHA XPOHIYHMX
BMPA30K CTa€ Aefalli aKTyanbHilWow. PaHu, Aki TpuBano
He 3arolTbCA, HaAaNi CTaloTb MPUUYMHOK iHBaANiAHOC-
Ti, NoripweHHA AKOCTI KUTTA Ta NOTPeOYOTb 3HAYHMUX
3aTpaT Ha JfiKyBaHHA. He3Ba)katoum Ha po3pobKy Ta
BMPOBAZKEHHA XipypriYHMX Ta MeAMKAMEHTO3HUX iH-
HOBALMHWUX CTpaTerii, NiKyBaHHA THIKHO-HEKPOTUYHMX
paH € TpuBanum i yacto 6esycniwHUM. Hosi meTtoam ni-
KYBaHHA, MMOBIpHO, €BO/IIOLLIOHYBAaTUMYTb Bif, NPOCTO-
ro BifiHOBNEHHA disionoriyHoro npouecy A0 cTuMmynaui
pereHepaulifHOT 34aTHOCTI NOLKOAMKEHOT TKaHUHU. Lia
TeHAEHLUiA MOTEHLiMHO MOKe 33a40BO/IbHUTM 3HAYHI
notpebu B NiKyBaHHI XPOHIYHMUX paH. Pe3ynbTatn none-
peaHix AocnigxeHb NMOKasytoTb, WO CUCTEMA MAA3MiHO-
reH/nnasmid NpuMiiMace ydacTb B 6aratbox aHKax npove-
CY 3arO€HHA, | AOCNIAKEHHA BNMBY il HA MeXaHi3MM AKi
PO3BMBAOTLCA B XPOHIYHMX PaHaX MA€E BEIMKMUI Npak-
TUYHWUI NOoTeHLian.

MepcnekTMBM NOAANBLUNX [OCNIAMKEHD.

BWBYEHHA BMN/MBY MNJa3MiHOreHy Ha 3arOEHHA Xpo-
HiYHMX AiabeTUYHMX paH y Naen Mae MpPaKkTUYHWUIA
iHTepec. OCKinbKM NpoBeAeHi AOCNIAKEHHA Ta eKcre-
PUMEHTU Ha MMLLAX BKA3ylOTb Ha Te, WO Pg moxe Bu-
ABMTUCA NpUBabAMBMM NiKapcbkUM 3acobom B Tepanii
XPOHIYHMX paH.
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POJ1Ib CUCTEMM NNA3MIHOTEH/N/IA3MIH Y 3ATOEHHI PAH

baastox C. B.

Pe3stome. 3aroeHHA paH Lue 6HaraToeTanHUI NPOLEC, AKUI 3aNeXKUTb Big, 31arogKeHoi poboTu cknagHux 6imo-
NIERYNIAPHUX MeXaHi3miB. MopyLUeHHA peryaaLii 3aroeHHA, Ha 04HOMY 3 eTanis, NPM3BOAUTbL A0 NEepPexoay paHu Big,
rocTpoi A0 XPOHiYHOi. JucbanaHc akTUBATOPHO-IHMBITOPHMX NPOTEONITUYHNX CUCTEM BBAMKAETbCA OAHIEID 3 HaW-
FONOBHILINX MPUYMH MPONOHTYBAHHA 3aroeHHA. 34aTHICTb cucTemy nnasmiHoreH/nnasminy (Pg/Pm) npossnaTtu
HU3KY NAeNOTPONHUX edEeKTIB B XOAi NMPOLLECiB, AKI JiexkaTb B OCHOBI penapaLii TKAHWH, XapaKTepusye ii AK rono-
BHWUWN perynatop 3aroeHHs (“master regulator of wound healing”). Oocnig»KeHHs Nokasanu, wo naasmiHoreH (Pg)
HAKOMUYYETbCA B MICLLi MOLIKOAMKEHHA TKAHWH Ta NEePEeTBOPIOETLCA B N1a3miH (Pm) 3a Jonomoroto npoTeasu TKa-
HUHHOro TNy (tPA) abo npoTeasu ypokiHasHoro Tuny (UPA). Micns aktmeauii Pm, 3ab6e3nevye ouneHHA paHu Big,
dibpuHy, HeliTpodinis, 3any4aeTbca A0 aKTUBALLi GaKTOPiB POCTY Ta MaTPUKCHUX MeTanonpoTeiHas (MMP), i pemo-
OentoBaHHA Ta GOpMyBaHHA HOBOI CNONYYHOI TKAHWHK. Tha3miH iHAYKYye miTo3 ¢pibpobnactis Ta 6e3nocepesHbO
BMN/INBAE HA KEPATUHOLMTU aKTUBYHOUM iXHIO Mirpauito. MNicna BBeAeHHA Pg MyTaHTHUM MULWaM 3 AedilLnTom Lboro
NpoTeiHy NPUCKOPIOETLCA 3arOEHHA FOCTPUX PaH, Ta XPOHIYHUX paH y muluein 3 (CT3)-iHAyKOBaHMM LYyKPOBUM fia-
6eTom. HaHeceHHs $pibpMHOBOro KapKacy, HaNnOBHEHOIO M/1Ia3MiHOTEHOM, Ha BCHO TOBLUMHY NOLWKOAMKEHHA Y MULLIEN
3 (CT3)-iHAyKOBaHMM LYKPOBUM AiabeTom 3HAYHO MiABULLM/IO LWBUAKICTb 3aKPUTTS PaH, HiXK KapKac, AKUA BUKO-
PUCTOBYETLCA AK €TaNOHHUI MaTepian. BBeaeHHA NaasmiHOreHy nifCUIOE 3ar0EHHA NPOMEHEBUX pPaH, Lel edekT
peaniayeTbCcs 3a paxyHOK NAeNOTPONHOI Aii Ha eKcnpecito reHis.

JliKyBaHHA XPOHIYHUX paH € TpuBanum, GiHaHCOBA 3aTPATHUM, i YacTo Be3ycnilHMM, He3BaXKatouM Ha PO3BUTOK
XipypriyHMX Ta MeAMKamMeHTO3HMX iHHOBaLii. 3aXBOPOBaHiCTb TPOPIUHMX BUPA3OK Pi3HOTO FeHe3dy cTaHoBMUTb 0,1-
1,5%, y 24% XBOpPUX paHu He 3arototoTbea binblue poky. BussneHi BractmBocTi cuctemu Pg/Pm akTuByBaTtu Ta pery-
NOBATU penapaTUBHI NPoLEeCH CBiAYaTb NPO BEAMKUIA TepaneBTUYHNUI NOTEHLiaN Nif Yac NiKyBaHHA paH. Pg moxke
OyTN BUKOPUCTAHUI SIK HOBa TepaneBTUYHA CTPATEriA AN NiKYyBAHHA XPOHIYHUX pPaH Pi3HOro natoreHesy.

KnrouoBi cnoBa: XpOHiYHi paHUW, 3arO€HHA, NA1a3MiHOreH, NAA3MiH.
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THE ROLE OF THE PLASMINOGEN/PLASMIN SYSTEM IN WOUND HEALING

Badziukh S. V.

Abstract. Wound healing is a multistage process that depends on the coordinated work of complex bimolecular
mechanisms. Violation of the regulation of healing, at one of the stages, leads to the transition of the wound from
acute to chronic.An imbalance of activator-inhibitor proteolytic systems is considered one of the main reasons for
prolonging healing. The ability of the plasminogen/plasmin (Pg/Pm) system to exert a number of pleiotropic effects
during the processes underlying tissue repair characterizes it as the master regulator of wound healing. Studies
have shown that plasminogen (Pg) accumulates at the site of tissue damage and is converted to plasmin (Pm)
by tissue-type protease (tPA) or urokinase-type protease (uPA). After activation of Pm, it provides cleaning of the
wound from fibrin, neutrophils, is involved in the activation of growth factors and matrix metalloproteinases (MMP),
and remodeling and formation of new connective tissue. Plasmin induces mitosis of fibroblasts and directly affects
keratinocytes, activating their migration. After administration of Pg to mutant mice deficient in this protein, the
healing of acute wounds and chronic wounds in mice with (STZ)-induced diabetes is accelerated. Full-thickness
application of a plasminogen-loaded fibrin scaffold in mice with (STZ)-induced diabetes significantly increased the
rate of wound closure compared to the scaffold used as a reference material. The introduction of plasminogen
enhances the healing of radiation wounds, this effect is realized due to the pleiotropic effect on gene expression.

Treatment of chronic wounds is long, expensive, and often unsuccessful, despite the development of surgical
and drug innovations. The incidence of trophic ulcers of various genesis is 0.1-1.5%, in 24% of patients, the wounds
do not heal for more than a year. The revealed properties of the Pg/Pm system to activate and regulate reparative
processes indicate a great therapeutic potential in the treatment of wounds. Pg can be used as a new therapeutic
strategy for the treatment of chronic wounds of different pathogenesis.

Key words: chronic wounds, healing, plasminogen, plasmin

ORCID and contributionship / ORCID aBTopa Ta iioro BHeCOK A0 cTaTTi:
Badziukh S. V.: 0000-0002-3175-1208 A8

Corresponding author / Aapeca ans KopecnoHaeHu;ji

Badziukh Serhiy Viktorovych / Baastox Ceprili BiktopoBsuy

Bogomolets National Medical University / HauioHanbHuit MeguuHmuii yHiBepcuTeT imeHi O. O. Boromonbusa
Ukraine, 01601, Kyiv, 13 T. Shevchenko Boul. / Aapeca: YkpaiHa, 01601, m. Kuis, 6ynbBap T. LLeyeHKka 13
Tel.: +380632587273 / Ten.: +380632587273

E-mail: serhivbadzyuh@ukr.net

A —Work concept and design, B — Data collection and analysis, C— Responsibility for statistical analysis, D — Writing the article, E — Critical review,
F — Final approval of the article / A — koHuenuis po6oTn Ta an3aiiH, B — 36ip Ta aHani3 gaHux, C — BiANOBIAabHICTb 3a CTaTUYHKIA aHani3, D — Ha-
nucaHHA cTaTTi, E— KpUTYHUI ornag, F — ocTaTouHe 3aTBePAKEHHA CTaTTI.

Received 04.06.2022 / Cmamms Hadiliwna 04.06.2022 poky
Accepted 13.11.2022 / CratTta npuitHaTta o apyky 13.11.2022 poky

22 ISSN 2077-4214. Bicuuk npo6nem 6ionorii i meguuunn — 2022 — Bun. 4 (167) / Bulletin of problems in biology and medicine — 2022 - Issue 4 (167)



