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PE3IOME

AxTyanbHicTb. BcecBiTHsi opraHi3auis OXOpoHM 300pOB’St BW3HamNa Cencuc OaHUM
i3 rnoGanbHUX npiopuTeTiB OXOpPOHU 340poB’si. Cencuc BU3HAYAETHCH $IK PO3BUTOK
Hebe3nevHoi Ans XUTTS MoniopraHHOi AMCAYHKLUIT, CNPUYMHEHOT HeperyrboBaHOH
iIMYHHOIO peakLielo opraHiamy Ha iHdekuilo, Wwo € 6e3nocepenHbo MPUYMHOK
CMepTi TSHXKKOXBOPWUX MaUiEHTIB Y BigdineHHi iHTeHCMBHOI Tepanii. HesBaxatioun Ha
[OCSITHEHHS B iHY3ilHI peaHimaLlii, 3acTocyBaHHi aHTUBIOTWKIB | NiATPMMLUI opraHis,
IO pa3oM 3MEHLUMNN CMEPTHICTb Y MNiKapHi, nauieHTn i3 Cencucom LemMOHCTPYTb
nigBuLLEeHy BigAaneHy 3axBOPIOBaHICTb Ta CMepTHICTb. barato niogen, ki nepexwunu
cencuc, cTpaxgaloTb Big TpMBanux gisnyHMX i KOTHITUBHUX PO3NagiB i MaloTb BULLUIA
piBeHb CMEpPTHOCTI, HiX cepeq HaceneHHs B UinoMy. Ha cborogHi Kinbka OOKMiHIYHMX
AocnigXeHb BU3HaNM Me3seHximanbHi cTpomaneHi KnitHu (MCK) HOBUM iHCTpPYMEHTOM
Ans Tepanii cencucy Yepes ix 3gaTHICTb MPUrHiYyBaTK 3anarnbHy peakLito.

Meta po6GoTM — pJaTu OLUiHKY NepCrnekTUBHOCTI OOCHIMKEHHs TepaneBTUYHOI
e eKTUBHOCTI NOXiAHMX Me3eHXiMaribHUX CTPOMAanbHUX KMNiTUH NPU CENCUC.
Martepianu Tta metoam. ligbip nybnikauin BukoHaHo 3a 6asamu gaHux PubMed,
Clinical Key Elsevier, Cochrane Library, eBook Business Collection, Ta Google Scholar,
y SIKMX BWUCBITNIOBaNMCb BiAOMOCTI MPO TepaneBTUYHI eeKkTn eK30COM, OTPUMaHUX
3 MCK npwu cencuci. Ha nepwomy etani NpoBoAMNKU NOLUYK NiTepaTypHUX mxepen
3a KMIOYOBMMU CIIOBaMU: CEMNCUC, MO3aKMNiTUHHI BE3WKYNK, eK30COMM, Me3eHXiMarnbHi
CTpOManbHi KNiTUHW, FOCTPUM pecnipaTopHUN AUCTPEC-CUHAPOM, FOCTPe MOLUKOA-
XKEHHS1 HUPOK, ANCAYHKLIS Miokapaa, ypaXeHHsi nedviHku. Ha gpyromy etani BuB4anucb
pestomMe cTaTell Ta BMKMYanuch nyb6nikauii, siki He Bignosiganu kputepism gocnia-
XeHHsl. Ha TpeTboMy eTani B1UBYanu NoBHi TEKCTU BidibpaHnx cTtaTen Ha BigmnoBigHICTb
KpUTEpIsiM BKIOYEHHS 10 CNNCKY NiTepaTypun Ta peneBaHTHICTb J4OCHimKeHb.
PesynbraTty Ta ix 06roBopeHHs. 3BaXaroun Ha KMo4oBi NaToOreHEeTUYHi NaHKK cencucy,
HaBeAeHO XapaKTepuCTWKY BiAOMOCTEN Mpo TepaneBTUYHY edEeKTUBHICTb EK30COM
3 MCK npw 4OTUpbOX NPOBIAHUX CUHOPOMAaX CENCUCY — NPU FOCTPOMY YPaXeHHi fnereHb,
Npy YLWKOAKEHHI HUPOK, MPW CepLeBO-CYAUHHMX po3nafax Ta Ha TNi MOLUKOAXKEHHS
NEeYiHKM, CMNPUYMHEHOro cencucoM. [OCTpe ypaXKeHHsI nereHb € HalnoLUMPEHiLUMM
ypaxeHHsIM OpraHiB y nauieHTiB i3 cencucom, WO nigsuwye cmeptHicTb Ao 40%.
Ek3ocomn € knovoBMMM edhekTopammn B3aeMogii fiereHeBoro eHAoTenito 3 cycigHiMu
Ta LUMPKYMIOYMMUK KNITUHaMK Ta Megiatopamu Ans Mogynsuii nokanbHOro iMyHHoro
Tpom6o3y, agresii 3ananbHUX KMiTUH Ta UiNiCHOCTI anbBeonsipHUX oAuHMUb. Huska
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MatBeeHko M.C.,

Mmagkux @&.B., Onekctok O.B. TepaneBTUYHWIA MOTEHUian €K30COM

eKCnepuMeHTanbHUX AocniAxeHb NPOAEMOHCTpyBana egeKkTUBHICTb 3acTOCyBaHHS
eksocom 3 MCK npu 3mogenboBaHOMY FOCTPOMY YpaXXeHHi rnereHb y TBapuH. [octpe
nowikomkeHHs Hupok (FMH) sycTpivaetbcs y 20% XBOpWX 3 CEMCUCOM, @ YparKeHHs
cepus € NOLUMPEHNM PO3MafoM Yy NauieHTiB i3 cencucom, i npudnusHo y 50% nauieHTis
i3 cencucom BUSBNSAIOTb O3HaKM AMCAYHKUIT Miokapga. 3ananeHHs Ta koarynsuis
€ KPUTUYHMMMK TaHKamMu Mpu Cencuci, ski BKMYalTb NelkouuTn, TpomMbouuTtu
Ta CyOQWHHI eHaoTenianbHi KNiTMHW. [enaTtonpoTeKTUBHA akTUBHICTb ek3ocom 3 MCK
NPOOEMOHCTPOBaHa Ha LM HWU3Li rOCTPUX ypaXKeHb MeviHKW, 30Kpema iHAYKOBaHWX

TeTpaxnopMeTaHoM, KOHKaHaBaniHoM A Ta Mogeni iwemivyHo-penepdysiiHoro
YLUKOOXKEHHS! NEYiHKK.
BucHoBku. Hwuska pocnigxeHb NPOAEMOHCTPYBanu, LO CEKPeToM, OTPUMaHun

i3 MCK, nposiBnsie TepaneBT1yHi edekTn, NodibHi 4o TuX, WO crocTepiraTbes nicns
TpaHcnnaHTauii MCK. Ek3ocomu, oTpuMaHi K 3 iMyHHUX, TaK i 3 HEIMYHHUX KNiTWH,
BifirpaloTb BaXNMBY pOrib B IMYHHIN perynsauii, sika Moxe CnpusTu po3BUTKY naTonorii
GaraTbOx 3axBOpHOBaHb Yepe3 MocepefHULTBO iIMYHHOI CTUMYNALiT abo NpUrHiYeHHs.
Ek3ocomu, otpumaHi 3 MCK, MaloTb NPOTEKTUBHY aKTUBHICTb MPU NPOBIAHMX CUHAPOMAX
cencucy — npyu rocTpoMy YpaxeHHi fereHb, Npu YLIKOOAXEHHI HWPOK, Npu cepueBo-
CYAVHHMX po3najgax Ta Ha TNi NOLUKOMKEHHS NeYiHKX, CPUYMHEHOTO CEnCUCoM.

i3 Me3seHxiManbHUX

CTpOManbHUX KNiTMH Npu cencuci. KapasiHcbkuli imyHonoeidHul xypHan. 2024. T. 7, Ne 1(13). C. 84-97. DOI:
https://doi.org/10.26565/3083-5615-2024-13-09
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ABSTRACT

Background. The World Health Organization has recognized sepsis as one of the
global health priorities. Sepsis is defined as the development of life-threatening
multiple organ dysfunction caused by an unregulated immune response of the body
(systemic inflammatory response syndrome) to infection, which is the direct cause
of death of critically ill patients in the intensive care unit. Despite advances in infusion
resuscitation, antibiotic use, and organ support that have combined to reduce in-hospital
mortality, patients with sepsis exhibit increased long-term morbidity and mortality.
Many sepsis survivors suffer long-term physical and cognitive impairments and have
a higher mortality rate than the general population. To date, several preclinical studies
have identified mesenchymal stromal cells (MSCs) as a novel tool for sepsis therapy
due to their ability to suppress the inflammatory response.

Purpose — to give an assessment of the prospective study of the therapeutic
effectiveness of MSC derivatives in sepsis.

Materials and Methods. Publications were selected based on the databases PubMed,
Clinical Key Elsevier, Cochrane Library, eBook Business Collection, and Google Scholar,
which covered information on the therapeutic effects of exosomes obtained from
MSCs in sepsis. At the first stage, literature sources were searched using key words:
sepsis, extracellular vesicles, exosomes, mesenchymal stromal cells, acute respiratory
distress syndrome, acute kidney injury, myocardial dysfunction, liver damage.
At the second stage, summaries of articles were studied and publications that did not
meet the research criteria were excluded. At the third stage, the full texts of the
selected articles were studied for compliance with the criteria for inclusion in the
literature list and research relevance.

Results. Taking into account the key pathogenetic links of sepsis, the data on the
therapeutic effectiveness of exosomes from MSCs in four leading sepsis syndromes —
acute lung injury, kidney damage, cardiovascular disorders, and liver damage caused
by sepsis — are described. Acute lung injury is the most common organ injury in patients
with sepsis, increasing mortality to 40%. Exosomes are key effectors of pulmonary
endothelial interactions with neighboring and circulating cells and mediators for
modulating local immune thrombosis, inflammatory cell adhesion, and alveolar unit
integrity. A number of experimental studies have demonstrated the effectiveness
of using exosomes from MSCs in simulated acute lung injury in animals. Acute kidney
injury (AKI) occurs in 20% of patients with sepsis, and cardiac involvement is a common
disorder in patients with sepsis, and approximately 50% of patients with sepsis
show signs of myocardial dysfunction. Inflammation and coagulation are critical
components in sepsis, involving leukocytes, platelets, and vascular endothelial cells.
Hepatoprotective activity of exosomes from MSCs has been demonstrated in a number
of acute liver injuries, in particular those induced by tetrachloromethane, concana-
valin A, and ischemia-reperfusion liver injury models.

Conclusions. A number of studies have demonstrated that MSC-derived secretome
exhibits therapeutic effects similar to those seen after MSC transplantation. Exosomes
derived from both immune and non-immune cells play an important role in immune
regulation, which can contribute to the pathology of many diseases by mediating
immune stimulation or suppression. Exosomes obtained from MSCs have protective
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activity in the leading syndromes of sepsis — in acute lung injury, in kidney damage, in
cardiovascular disorders and against the background of liver damage caused by sepsis.
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BCTYN

Cencuc B13Ha4yaEeTbCs K PO3BUTOK HebesneyHoi Ans
XUTTA nomiopraHHoi aucdyHkuii (MODS), cnpuynHeHoi
HeperynbOBaHOK iMYHHOIO peakLieto opraHiamy (systemic
inflammatory response syndrome — SIRS) Ha iH(ekuito,
Wo € 6e3nocepenHbO0 NPUYMHOK CMEPTI TSXKKOXBOPUX
nauieHTiB y BigdineHHi iHTeHcuBHOi Tepanii [1, 2].
BcecBiTHA opraHisaLis OXopoHW 300pOB’S BU3Hara Cencuc
OOHVM i3 rnmobanbHMX NPioPUTETIB OXOPOHM 300p0oB’'a [3].
3a yac BMBYEHHSA CEMNCUCY MOro BU3HAYEHHS Ta AiarHoc-
TUYHI  KpuUTepii Tpudi nepernaganvca  €BponencbKuM
TOBaApMCTBOM HTEHCUBHOI Tepanii Ta ToBapuCTBOM
peaHimaronorii y 1991 p. (Sepsis-1), 2001 p. (Sepsis-2)
Ta BOCTaHHe y 2016 p. (Sepsis-3), Wwo Bka3ye Ha
aKkTyarnbHIiCTb MOTPeOU OHOBMEHHA MNOCTyNaTtiB  LoJo
3a3HayeHoi naTonorii y Hanénwkyi poku [2].

3rigHo 3i 3B8iTOM «[MobanbHWI Tarap XxBopob» B yCbOMy
cBiTi Oyno 3apeectpoBaHo 48,9 MiNbMOHN BUNaAkKiB
cencucy 3 piBHeM cmepTHocTi 22,5%, WO CTaHOBWUTb
mavixe 20% ycix cvmepten y cgiti [3-5]. 3a paHumn
Vincent J.L. Ta cniBaBT. CMEpPTHICTb nNpu Ccencuci
konuBaetbcsa Big 25-30 oo 50% y nauieHTiB i3 cenTny-
HAM LUOKOM, ane BoHa Moxe gocsiratn 90% npu pos-
BWTKY MOniopraHHoi AMCAYHKLIT i3 3any4YeHHAM YOTUPbOX
abo 6inbLwe cuctem opraHis [6-8].

KpaiHm 3 BWCOKMM piBHEM [OXOAiB MOBI4OMMWIIM
npo rmobanbHy ouiHky y 31,5 mMnH BunagkiB cencucy,
3 MOTEHUiIMHO 5,3 MNH CMepTenbHUX BUNaAKiB LLOPIY-
Ho [9]. Ha gopatok OO BUCOKOro Tsirapsi, MOB’SI3aHOrO
3i 300pOB’AIM, Cencuc Ta CEenTUYHWUA LWOK € OAHMMM
i3 HaMOOPOXYMX NATOMOFMYHUX CTaHIB Ans NiKyBaHHS,
3 OUIHOYHMM pIiYHVMM TArapem [ONA OXOPOHU 340pOB'S
B 24 mnpg gonapis [10].

Ramanathan R. ta cniBaBsT. [11] npn aHanisi gaHux
25522 npoonepoBaHuX MaUiEHTIB BCTAHOBMIW, LWO 38
yac nepebyBaHHA y cTauioHapi y 863 nauienTiB (3,38%)
po3BUHYBCS cencuc. [ocnigHvku  Big3HauMnu, WO
3aXBOPIOBaHICTb Ha cencuc Oyma HamBuWOKW Yy TuX,
XTO MPOXOAMB KapgioTopakanbHi npouegypn (8,39%),
NOpPIBHAHO 3 onepauiamMu nicrna TpaBmu / HeBigKnagHoT
ponomorn (7,5%) i nnacTuyHoW / PEKOHCTPYKTUBHO
xipyprieto (5,3%). Y pasi netanbHux BuMagkis, nos’s-
3aHMX i3 Cencucom, HavnoWWpeHilWnMn mrepenamm
iHcpekuii Bynun iHdekuii guxanbHux wnaxis (39,5%),
HakTepiemia / centuuemis (35,1%) Ta WNYHKOBO-KULLIKOBI
iHdpekuii (31,6%) [11, 12].

HesBaxatoum Ha JOCArHEHHs B iHQY3iNHi peaHimauii,
3acTOCyBaHHi aHTMBIOTMKIB i 3aMiCHOI Tepanii opraHHoi
HEOOCTATHOCTI, Y NaUEHTIB i3 CENCMCOM BU3HAYAETLCA
nigBULLEHHWI  piBeHb  BigOaneHoi  3axBOPHBAHOCTI
i cmepTHocTi. barato niogen, fAki nepexwnu cencwuc,
CTpaxpalwTb Big TpuBanux Ii3NYHUX |  KOTHITUBHUX
po3nagiB i MaloTb BULLMIA PiBEHb CMEPTHOCTI, HiX cepes
HaceneHHs B uinomy [13]. 3okpema, y TUX, XTO Nepexus
cerncuc, CMepTHICTb cTaHoBUTb 15% npoTarom nepLuoro

INTRODUCTION

Sepsis is defined as the development of life-threa-
tening multiple organ dysfunction (MODS) caused by
an unregulated immune response of the body (systemic
inflammatory response syndrome — SIRS) to infection,
which is the direct cause of death of critically ill patients
in the intensive care unit [1, 2]. The World Health
Organization has recognized sepsis as one of the
global health priorities [3]. During the study of sepsis,
its definition and diagnostic criteria were revised three
times. The European Society of Intensive Care and
the Society of Reanimatology in 1991 (Sepsis-1),
2001 (Sepsis-2) and most recently in 2016 (Sepsis-3)
changed the definition, which indicates the urgency
of the need to update postulates regarding the specified
pathology in the coming years [2].

According to the Global Burden of Disease Study,
48.9 million cases of sepsis were reported worldwide
with a mortality rate of 22.5%, accounting for almost
20% of all deaths worldwide [3-5]. According to
Vincent J.L. et al., mortality in sepsis ranges from
25-30% to 50% in patients with septic shock, but it
could reach 90% in the development of multiple
organ dysfunction syndrome involving four or more
organ systems [6-8].

In high-income countries, a global estimate of
31.5 million cases of sepsis, with potentially 5.3 million
deaths annually, has been reported [9]. In addition
to the high health burden, sepsis and septic shock
are among the most expensive pathological conditions
to treat, with an estimated annual health care burden
of $24 billion [10].

Ramanathan R. et al. [11], in the analysis of the data
found that during the stay in the hospital, 863 pati-
ents (3.38%) out of 25,522 who underwent surgical
interventions developed sepsis. The researchers found,
the incidence of sepsis was highest in patients with
procedures performed by cardiothoracic surgery (8.39%),
trauma/acute care surgery (7.5%), and plastic/reconst-
ructive surgery (5.3%). The most common infectious
sources in sepsis-related deaths were pulmonary
infections (39.5%), blood stream infections (35.1%),
and gastrointestinal infections (31.6%) [11, 12].

Despite advances in infusion resuscitation, antibiotic
use, and organ support that have combined to reduce
in-hospital mortality, patients with sepsis exhibit increa-
sed long-term morbidity and mortality. Many sepsis
survivors suffer long-term physical and cognitive impair-
ments and have a higher mortality rate than the general
population [13]. In particular, in sepsis survivors, the
mortality rate is 15% during the first year after hospital
discharge and 6—8% per year for the next 5 years [10].

Today, the need to improve the understanding of
the pathobiochemistry of sepsis and to identify new
biological targets for the development of innovative
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POKy nicnst BUNUCKM 3 nikapHi, Ta 6—8% Ha pik npoTarom
HacTynHux 5 pokis [10].

Ha cborogHi 3anviaeTbcs akTyanbHoW noTpeba
y BOOCKOHaNeHHi po3yMmiHHS natobioximii cencucy Ta
BMU3HAYEHHS1 HOBUX GionoriyHMx MilleHen anst po3pobku
iHHOBaUiMHNX TepaneBTUYHUX 3acobiB. YncneHHi gocnia-
XKEHHSI MOKa3ylTb, LWO CEerncuc XapakTepu3yeTbCs He
TiNbKW PaHHIM TSDKKMM 3ananeHHsiM, ane W oaHoYacHUM
CTaHOM iIMyHOCYNpeCii, Skuii Moxe 36epiraTucsa NpoTsrom
MicauiB nicnsa  noyaTkoBOro enizogy cencucy [14].
Baxnueo BiA3HauuTW, WO CTiNKi 3ananbHi Ta iMyHO-
CYNPECWBHI CTaHW, CNPUYMHEHI NOPYLLUEHHAM BPOOXKEHUX
Ta aganTUBHUX IMYHHWUX peakLiil, Npu3BoaaTbL 40 ocrab-
NEHHS IMYHITETY, YpaXKeHHS BHYTPILLHIX OpraHiB, NogoB-
KEHHs1 TepMiHy nepebyBaHHs B nikapHi abo HaBiTb CMepTi.
Y Tux, XTO nNepeHic cencuc, cnocrepiracTbCsa NigsuLleHa
yacToTa BTOPWHHUX BHYTPILUHLOMIKAPHAHMX iHEEKUiN,
BVKIMKAHWX YMOBHO-NATOrEHHWMMK  MiKpoOopraHiamamu,
LLIO BKa3ye Ha 3Ha4vHy imyHocynpecito [10].

Ha cborogHi kinbka OOKNiHIYHUX OOCMNiOXEHb BU3Ha-
nn MeseHximanbHi ctpoManbHi KnituHun (MCK) HoBum
iHCTPYMEHTOM Ansi Tepanii cencucy 4yepes ix 3AaTHICTb
npurHidyBatn 3ananbHy peakuito. Kpim TOro, y ABox
KNiHIYHMX JocnigXeHHsiXx Oyno npogeMOHCTPOBaHO, Lo
MCK matoTb TepaneBTU4YHi nepesarn npu cencuci [15].
LlikaBo, WO 3pocTarda KiNbKiCTb AOKMNIHIMHUX AaHUX
Bkasye Ha Te, wo MCK 3giicHolTb CBiM BigHOBIHO-
BaNnbHUA eeKT came 4epe3 MnapakpUHHI MexaHi3mu.
Lis Tak 3BaHa napakpuHHa rinote3a BMKNMKana 3Ha4Huii
iHTepec y HaykoBOMYy cniBToBapucTBi [15].

Meta po6oTM — [aTtuM OLUiHKYy NepcnekTUBHOCTI
OOCNiMKEeHHs TepaneBTUYHOI e€dEeKTUBHOCTI  MOXiAHMX
Me3eHXiMarnbHUX CTPOManbHUX KMiTUH NpY CEencuci.

MATEPIAAU TA METOAU AOCAIAXKEHHA

Mipbip ny6nikauin BMKOHaHO 3a 6azamMu [aHWX
PubMed (https://pubmed.ncbi.nim.nih.gov/), Clinical Key
Elsevier (https://www.clinicalkey.com), Cochrane Library
(https://www.cochranelibrary.com/), eBook Business
Collection (https://www.ebsco.com/), Ta Google Scholar
(https://scholar.google.com/), y skux BucBiTNOBaNUCb
BiJOMOCTI NpO TepaneBTU4YHI edeKkTn eK30CcoM, OTpuma-
Hux 3 MCK npwu cencuci. Ha neplomy etani nposogunmu
MOLUYK NiTepaTypHUX [Kepen 3a KM4YOBMMU CIOBaMW:
cencuc, MO3akNiTUHHI BE3UKYNKU, €K30COMW, Me3eHXi-
MarbHi CTpOMarnbHi KMNiTUHW, TOCTPUA pecnipaTopHUi
ONCTPEC-CMHAPOM, TFOCTPE MOLUKOOXKEHHS HUPOK, OuUC-
YHKUIS Miokapaa, ypaxeHHs nediHku. Ha pgpyromy
eTani BMBYaANUCb pes3loMe CcTaTel Ta BUKIHOYanuchb
ny6nikauii, siki He Bignosiganu KpPUTEPISM AOCNIIKEHHS.
Ha TpeTbomMy ertani BuBYanu MNOBHi TeKCTW BigibpaHmx
ctatem Ha BIONOBIOHICTE KPUTEPIAM BKMAOYEHHA [0
CNUCKY NiTepaTypu Ta peneBaHTHICTb JOCNIAKEHb.

PE3YABLTATU TA iX OBFOBOPEHHS

Ak Bigomo, MCK — ue HecneuianizoBaHi KniTUHWU 3i
30aTHICTIO 4O CaMOBIAHOBMEHHS, K MOTEHUINHO MOXYTb
AndepeHuitoBatncs B 6yab-AKWA TUM KNITUHW OpraHiamy.
TepanesTnyHuin noteHuian MCK peBontouioHidye pere-
HepaTMBHY MeauuMHy Ta 3abe3nedvye 6Garatoobiusioye
3acTocyBaHHA. B ocTaHHi poku Tepanis ctoBOypoBMMMK
KNiTMHaMK cTana Ayxe NepcrnekTUBHOI Ta NepeaoBoto
TEMOI HaykoBuX AocnigkeHb [16]. Hu3ka pobit npo-

therapeutic agents remains relevant [14]. It is important
to note that persistent inflammatory and immunosuppres-
sive conditions caused by impaired innate and adaptive
immune responses lead to weakened immunity, damage
to internal organs, prolonged hospital stay, or even death.
In those who have suffered sepsis, there is an increased
frequency of secondary nosocomial infections caused
by opportunistic pathogens, which indicates significant
immunosuppression [10].

To date, several preclinical studies have identified
mesenchymal stromal cells (MSCs) as a novel tool
for sepsis therapy due to their ability to suppress the
inflammatory response. In addition, MSCs have been
shown to have therapeutic benefits in sepsis in two
clinical trials [15]. Interestingly, a growing number of
preclinical data indicate that MSCs exert their resto-
rative effect precisely through paracrine mechanisms.
This so-called paracrine hypothesis has attracted
considerable interest in the scientific community [15].

Objective — to give an assessment of the prospec-
tive study of the therapeutic effectiveness of MSC
derivatives in sepsis.

MATERIALS AND METHODS

Publications were selected based on the databases
PubMed, Clinical Key Elsevier, Cochrane Library, eBook
Business Collection, and Google Scholar, which covered
information on the therapeutic effects of exosomes
obtained from MSCs in sepsis. At the first stage, literature
sources were searched using key words: sepsis,
extracellular vesicles, exosomes, mesenchymal stromal
cells, acute respiratory distress syndrome, acute kidney
injury, myocardial dysfunction, liver damage. At the
second stage, summaries of articles were studied
and publications that did not meet the research
criteria were excluded. At the third stage, the full texts
of the selected articles were studied for compliance
with the criteria for inclusion in the literature list and
research relevance.

RESULTS AND DISCUSSION

It is widely known that MSCs are unspecialized
cells with the ability to self-renew, which can poten-
tially differentiate into any type of cell in the body.
The therapeutic potential of MSCs revolutionizes rege-
nerative medicine and provides promising applications.
In recent years, stem cell therapy has become
a very promising and advanced topic of scientific re-
search [16]. A number of works have demonstrated
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OeMOHCTpyBanu, o cekpetom, oTpumanun i3 MCK, mae
TepaneBTMYHi edekTn, nodibHi 4o TuX, WO crnocTtepira-
ITbCA nicna TpaHcnnanTauii BnacHe MCK. Cekpetom
BM3HA4YaeTbCA K Habip oTpumaHmx 3 MCK GioakTMBHMX
hakTopiB — PO3YMHHUX BinkiB, HYKNETHOBMX KUCIOT,
ninigis Ta NO3akniTUHHUX BE3WKYM, WO CEeKPETYTbCS
y no3akniTMHHMI npocTip [17]. BukopuctaHHsa 6Geskni-
TUHHUX 3ac06iB, TaKNX SIK EK30COMU, 3abe3Mneyye KIoYoBI
nepesaru NopiBHAHO i3 3actocyBaHHaM MCK [17, 18]:

— 3acTocyBaHHsi ek3ocoMm 3 MCK Bupilye npobnemu
Ge3nekn, MOTEHUIAHO MOB’'A3aHi i3 TpaHcnnaHTauieo
XUBMX | nponicpepaTMBHUX MONYNSAUIA KMiTUH, BKIOYa-
I0UN  IMYHHI CYMICHICTb, MYXNWHOrEHHICTb, YTBOPEHHSA
embonis i nepegava iHdekLin;

— cekpetom, oTpumaHum 3 MCK, mMoxHa oOuiHUTK
Ha ©0esneky, [O3yBaHHs Ta edEeKTUBHICTb Yy cnocib,
aHanoriyHun 3su4anHNUM papmMmaLeBTUYHUM areHTam;

— 30epiraHHs MOXHa 3filicHioBaT 6e3 3acTocyBaH-
HA MOTEHUINHO TOKCMYHWX KPIOKOHCEPBAHTIB MPOTAroM
TpuBanoro nepiogy 6e3 BTpat edbeKTUBHOCTI NPOAYKTY;

— BUKOpUCTaHHSA cekpeTtoma 3 MCK € 6inblu ekoHo-
MiYHUM | Binbl NPaKTUYHUM ONS KMiHIYHOrO 3acTocy-
BaHHS!, OCKINbKM BOHO [03BOSSIE YHUKHYTWU iHBa3UBHUX
npouenyp 360py KNiTuH;

— MOXIUBE MacoBE BUPOOHWLITBO 3a [OMOMOIoH
cneujianbHO BUIOTOBMEHUX KMITUHHUX MiHIA Y KOHTPOSbO-
BaHMX NnabopaTopHWx ymoBax, 3abesnedqyloun 3pyyHe
pKeperno 6ioakTMBHUX daKTopiIB;

—Yac i BapTiCTb poO3LUMPEHHS Ta NiATPUMKN KyNBTUBO-
BaHWX CTOBOYpOBMX KNITUH MOXyTb OyTM 3Ha4yHO
CKOpPOYEHi, a roTOBi CEKPETOMM MOXYTb OyTW HeramHo
OOCTYNHi Ans NikyBaHHA roCTPUX CTaHiB,;

— GionorivyHMI NPOAYKT, OTPUMaHWUA AN TepaneBTuy-
HOro 3acTocyBaHHSl, MoOXe OyTu mopgudpikoBaHun [0
GakaHuX KMiTUHHO-cneundivHNX edekTiB.

MosakniTnHHI Be3nkynu knacudikyoTb BiaNOBIiAHO A0
ix GioreHesy. Ek3ocoMM € HaWMEHLWMUMWU 3 NO3aKMiTUH-
HUX BE3MKYI, po3Mipom npnbnunaHo 30—150 Hv, Ta yTBOptO-
IOTbCA Yepe3 eHAOoMi30coManbHUI LWASX Npu iHBariHauii
eHaocoM i 36epiraloTbCst B MyNbTUBE3UKYNSAPHUX TiNbLsX
00 BMBINbHEHHS wWwnaxoMm ek3oumtosy [19, 20]. Hewo-
[aBHO NPOOEMOHCTPOBAHO, LU0 ek30coMU BepyTb yyacTb
y perynsauii yHKUiT iMyHHUX KNITWUH i onocepeakyBaHHi
PO3BUTKY Pi3HUX 3anarnbHKUX 3axBoptoBaHb [19, 21].

Ek3socomy MicTATb HWM3KY GIiONOrYHO  aKTUBHMX
PeYoBUH, Takux sk 6inku, ninign Ta, WO HankBaxnmeile,
HYKNEeTHOBI KMCNOTU, 3aBASKM HYOMY BifirpatoTb BaXKIUBY
pornb B iMYHHiA Moaynsiuii, npoaHrioreHesi, GnokyBaHHi
anonTo3y Ta pereHepauii TkaHuH. [1o TenepiwHbLOro
Yyacy 6yno oxapakTepusoBaHo noHazg 5000 Buais Ginkis
ek3ocoM 3 MCK, Bkntoyatoum megiatopu, WO KOHTPOIHO-
I0Tb CaMOOHOBIEHHSI, AMdEPEHLIIOBaHHS, TpPaHCAyKLito
curHany Ta gopatkoBi aHTureHn MCK, wo BnnuBaioTb
Ha mirpadito MCK [22-24].

3Baxaloun Ha KIYoBi NATOreHETUYHI NaHKK cencucy
[OOoLiNbHO HABECTM XapaKTEPUCTUKY BiJOMOCTEN Npo Tepa-
neBTUYHY edeKTMBHICTb ek3ocoM 3 MCK npu 4oTupbox
NPOBIAHMX CMHAPOMAaX CEMNCUCy — NP FOCTPOMY YpaXKeH-
Hi nereHb, NpW YLIKOMKEHHI HWPOK, NpW CcepLeBo-
CYAMHHUX po3rnagax Ta Ha Tni NOLWKOMKEHb NeYiHku [22].

TepaneBTu4Hi edpekTu ekzocom 3 MCK

HQA TAi FOCTPOro ypaXKeHHsl AereHb

[ocTpe ypaXeHHsA nereHb € HannoLMpeHiwnMm ypa-
KEHHSIM OpraHiB y NauieHTIB i3 cencucom, Lo nigsuLlye
cmepTHicTb A0 40% [22, 23]. [ocTpe ypaeHHs nereHb,

that MSC-derived secretome has therapeutic effects
similar to those observed after transplantation of MSCs
themselves. The secretome is defined as a set of
bioactive factors obtained from MSCs - soluble pro-
teins, nucleic acids, lipids, and extracellular vesicles
that are secreted into the extracellular space [17].
The use of cell-free means, such as exosomes,
provides key advantages compared to the use of
MSCs [17, 18]:

— the application of exosomes from MSCs solves
the safety problems that are potentially associated with
the transplantation of living and proliferative cell popu-
lations, including immune compatibility, tumorigenicity,
emboli formation and transmission of infections;

— MSC-derived secretion could be evaluated for
safety, dosage, and efficacy in a manner similar to con-
ventional pharmaceutical agents;

— storage could be carried out without the use of
potentially toxic cryopreservatives for a long period
of time without losing the product’s effectiveness;

— the use of the secretome from MSCs is more
economical and more practical for clinical use, as it
allows you to avoid invasive cell collection procedures;

— possible mass production using specially made
cell lines in controlled laboratory conditions, providing
a convenient source of bioactive factors;

— the time and cost of expansion and maintenance
of cultured stem cells can be significantly reduced, and
ready-made secretomes can be immediately available
for the treatment of acute conditions;

— a biological product obtained for therapeutic use
could be modified to have the desired cell-specific effects.

Extracellular vesicles are classified according to
their biogenesis. Exosomes are the smallest of the
extracellular vesicles, approximately 30—150 nm in size,
and are formed through the endolysosomal pathway
during endosome invagination and are stored in
multivesicular bodies until release by exocytosis [19, 20].
Recently, it has been demonstrated that exosomes
are involved in the regulation of immune cell function
and mediating the development of various inflamma-
tory diseases [19, 21].

Exosomes contain a number of biologically active
substances, such as proteins, lipids and, most impor-
tantly, nucleic acids, thus playing an important role in
immune modulation, proangiogenesis, blocking apop-
tosis and tissue regeneration. To date, more than
5,000 types of MSC exosome proteins have been
characterized, including mediators controlling self-
renewal, differentiation, signal transduction, and addi-
tional MSC antigens affecting MSC migration [22—24].

Taking into account the key pathogenetic links of
sepsis, the data on the therapeutic effectiveness of
exosomes from MSCs in four leading sepsis syndro-
mes — acute lung injury, kidney damage, cardiovascular
disorders, and liver damage caused by sepsis — are
described [22].

Therapeutic effects of exosomes from MSCs

against the background of acute lung injury
Acute lung injury is the most common organ injury in
patients with sepsis, increasing mortality to 40% [22, 23].
Acute lung injury caused by sepsis is characterized
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CNPUYMHEHE CEMCUCOM, XapakKTepu3yeTbCs NMOpYyLLUEHHSM
eniteniansHoro Gap’epy Ta akTUBALi€l anbBeornsipHUX
mMakpodparis, Lo MNpU3BOAUTL [0 HEKOHTPOIbOBAHOIO
3ananeHHs nereHeBoi TKaHWHM [25]. CyTb roctporo
pecnipatopHoro auctpec-cuHgpomy (FPOC) nonsrae
B HEKOHTPONbOBAHIA 3ananbHin peakuii, LWo Xapak-
TepU3yeTbCs MAacCMBHOK iH(iNbTpauielo  3ananbHUMK
KNiTUHaMW, YTBOPEHHSIM LUUTOKIHOBMX LUTOPMIB, MiaBK-
LLIEHHSIM NPOHWKHOCTI NereHeBmX Kaninsapis Ta Habpsikom
nereHb [19]. HesBaxatoum Ha Te, Wwo 6yno OOCArHYTO
nporpecy B po3yMmiHHi natoreHedy POC 3 yacy Woro
nepworo onucy B 1967 p., cydacHe nikyBaHHSA BKa3a-
HOro CMHAPOMY B OCHOBHOMY MOKMaAaeTbCcs Ha NigTpu-
MYyIOdy Tepanito i3 LUTY4YHOI BEHTUNSALIEIO NereHb i He Mae
cneumndivyHoi Ta edhekTMBHOT hapmakoTepanii [26].
JlereHeBun eHaoTenin € AMHaMIYHUM peLEenTOpHO-
e(heKTOpPHUM TKAHWHHUM CEHCOPOM i pearye Ha curHanu
3 No3akniTMHHOro cepenosuLla. Ek3ocomu € kno4oBrMm
edekTopamu B3aeMogii nereHeBoro eHOoTenito 3 cycia-
HIMW Ta LMPKYNIOYUMY KMiITUHAMK Ta Mediatopamu ons
Moaynsauii nokanbHOro iMyHHoro Tpomb6o3y, aaresii 3a-
nanbHMX KNITUH Ta LiNiICHOCTI anbBeOnApHUX oanHMLb [7].
Y pocnigxenHi Li H. Ta cniBaBT. NpogeMOHCTpOBaHO,
WO BHYTPIWHbOBEHHA iH'EKLisi €K30COM XapakTepu3ay-
Banacs BULWWMW PIBHAMW nNpo3ananbHUX LUTOKIHIB
(IL-1B Ta TNF o), HenTpodhinbHO iHINLTpaLlieto Ta nocu-
NEHHsIM aKTUBHOCTI Mienonepokcuaasn B nereHsax [27].
Morrison T.J. Ta cniBaB. BCTaHOBWMK, LIO €K30COMMU,
oTpumaHi 3 MCK ntoguHn, siki BBOAWAWM iHTpaHasanbHO
TBapuHam, 3axuwanM BiAd €eHOOTOKCUH-iHAYKOBAHOIO
YPaXXeHHs1 nereHb — BigMivYanacb MeHwa abcontoTHa
KinbkicTb HenTpodinis, 3aransHoro Ginka Ta TNF-a [28].
Huska ekcnepMMeHTanbHUX [OChigKeHb npoae-
MOHCTpyBana edEeKTUBHICTb 3acCTOCyBaHHSI E€K30COM
3 MCK npu 3mopenboBaHOMY FOCTPOMY YpaKeHHi ne-
reHb y TBapuvH. Tak, y gocnigpxeHHi Chen W. Ta cnisaBT.
nokasaHo, o BBedeHHs eksocoM 3 MCK npwu roctpomy
YPaXeHHi rnereHb, iHOYKOBaHOMY LUMAXOM iHTpaTpaxe-
anbHoi iHCcTUNAUT GneoMmiuuHy, BUKNUKAE MoAynsLuilo
anonTo3y Yepes curHanosHuin wnsax PI3K/AKT/mTOR [29].
Deng H. Ta cniBaBT. BCTAHOBWMN, LLIO €K30COMU, OTPUMaHI
3 MCK kicTkoBOro Mo3ky, nocrnabntolTb roctpy TpaBmy
nereHb, CMPUYMHEHY  ninononicaxapuaom, — LUNSXOM
mMoaynsauii nonsipusauii makpodaris 4epes iHribyBaHHS
rnikonizy B Makpodparax [30]. Y pocnimkeHHi Kaspi H.
Ta ChiBaBT. MPOAEMOHCTPOBAHO, O iHTpaTpaxeanbHe
BBedeHHA ek3ocom 3 MCK 3ymoBnoe BigHOBMEHHSA
GanaHcy iMyHHOT BignoBigi (3HWXeHHs piBHIB IFN-y,
IL-6, TNF-a) Ha wmogeni TPOC [31]. Y pob6orTi
Mao G.C. Ta cniBaBT. nokasaHo, WO ek3ocomn 3 MCK
BUSIBNSAKTL aHTUANONTO3HY Ait0, CMApUsitoTb  BigHOB-
neHH dYyHKUT eniTeniansHoro G6ap’epy Ta nonerwywTb
3HaYHi NOLIKOMKEHHS fereHb. AHTMaNoONTOTUYHUI edPeKT
i edekT pereHepadii 6ap’epy MoxyTb OyTu onocepepn-
KoBaHi nocuneHHam ekcnpecii GPRC5A B kniTuHax-
peuunieHTax, WO MNpM3BOAUTL OO CMPUSIHHA eKcrpecii
Ta penokanisauii Bcl-2 [32]. Monsel A. Ta cniBaBT.
nokasanu, wWo BBegeHHa ek3ocom 3 MCK Buknukae
3MEHLLEHHSA Konarncy anbBeon i KinbKOCTi HenmTpooinis
y nereHesi TkaHuHi [33]. Wei X. Ta cniBaBT. BCTaHOBMWIMK,
Wwo 3acTtocyBaHHA ek3ocom 3 MCK nonerwye roctpy
TpaBMy flereHb, CMpUYMHEHY ninononicaxapuaom Luns-
XOM HaUiNioBaHHSA Ha perynartopHun acouinioBaHumn
Ginok komnnekcy panamiuuHy-1 ccaBuiB aons iHAyKuil
ayTodparii, a TakoX BUKNMKAE HUXEHHS piBHs IL1-B, IL-6,
IL-17 Ta Ginka xemoaTpakTaHTa MoHouuTiB 1 Tny [34].

by disruption of the epithelial barrier and activation of
alveolar macrophages, which leads to uncontrolled
inflammation of lung tissue [25]. The essence of acute
respiratory distress syndrome (ARDS) is an uncontrolled
inflammatory reaction characterized by massive
infiltration by inflammatory cells, formation of cytokine
storms, increased permeability of pulmonary capillaries
and pulmonary edema [19]. Despite the fact that progress
has been made in understanding the pathogenesis
of ARDS since its first description in 1967, the current
treatment of this syndrome mainly relies on supportive
therapy with artificial ventilation and lacks specific and
effective pharmacotherapy [26].

The pulmonary endothelium is a dynamic receptor-
effector tissue sensor and responds to signals from the
extracellular environment. Exosomes are key effectors
of pulmonary endothelial interactions with neighboring
and circulating cells and mediators for modulating
local immune thrombosis, inflammatory cell adhesion,
and alveolar unit integrity [7].

In the study of Li H. et al. demonstrated that intrave-
nous injection of exosomes was characterized by higher
levels of pro-inflammatory cytokines (IL-13 and TNFa),
neutrophil infiltration and increased myeloperoxidase
activity in the lungs [27]. Morrison T.J. et al. found that
exosomes obtained from human MSCs, which were
administered intranasally to animals, protected against
endotoxin-induced lung damage - lower absolute
numbers of neutrophils, total protein, and TNF-a
were noted [28].

A number of experimental studies have demonstrated
the effectiveness of using exosomes from MSCs in
simulated acute lung injury in animals. The study by
Chen W. et al. showed that the administration of
MSC-derived exosomes in acute lung injury induced
by intratracheal instillation of bleomycin modulates
apoptosis through the PISK/AKT/mTOR signaling
pathway [29]. Deng H. et al. found that exosomes
derived from bone marrow MSCs attenuate acute lung
injury caused by lipopolysaccharide by modulating mac-
rophage polarization through inhibition of macrophage
glycolysis [30]. The study by Kaspi H. et al. demonst-
rated that intratracheal administration of MSC-derived
exosomes restores immune response balance (reducing
levels of IFN-y, IL-6, TNF-a) in an ARDS model [31].
In the work by Mao G.C. et al., it was shown that MSC-
derived exosomes exhibit anti-apoptotic effects, promote
recovery of epithelial barrier function, and alleviate
significant lung damage. The anti-apoptotic effect and
barrier regeneration may be mediated by enhanced
expression of GPRCS5A in recipient cells, leading to
increased expression and relocalization of Bcl-2 [32].
Monsel A. et al. showed that the administration of
MSC-derived exosomes causes a reduction in alveolar
collapse and the number of neutrophils in lung tissue [33].
Wei X. et al. established that the use of MSC-derived
exosomes alleviates acute lung injury induced by
lipopolysaccharide by targeting the regulatory-associated
protein of mMTOR complex 1 to induce autophagy, and
also causes a decrease in IL1-f, IL-6, IL-17, and mono-
cyte chemoattractant protein-1 levels [34].

The substantial amount of data on the therapeutic
efficacy of MSC-derived exosomes from experimental
studies has led to clinical trials of this approach for
treating lung injuries, particularly in pneumonia [35]
and in patients with COVID-19 [36] and others.
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3HayHa KinbKiCTb AaHMX MNpO TepaneBTU4YHY edpek-
TMBHICTb ek3ocoM 3 MCK 3a pesynbratamu ekcnepwu-
MEHTarnbHMUX AOCMiMKEeHb CMOHyKana [0 KMiHIYHUX BK-
npobyBaHb BKa3aHOro niaxogy B MiKyBaHHi ypaXeHb
nereHb 3okpema npu nHeBMOHii [35] Ta y xBOpux
Ha COVID-19 [36] Ta iH. Y pocnimkeHHi Sengupta V.
Ta cnieaBT. [36] Ha Tni BBegeHHa ek3ocom 3 MCK
y XBOpMX 3 TskKkoto oopmoto COVID-19 Busisunm 3HaqHe
nokpalleHHss  abcomoTHOi  KiNbkocTi  HelTpodinis
(cepenHe 3HWXeHHA Ha 32%) Ta nimdoneHito i3 36inb-
LWeHHAM cepegHboil  kinbkocTi CD3*, CD4* ta CD8*
nimcoumntiB Ha 46, 45 Ta 46% BignosigHo. Tak camo
3HU3WUMNCA peareHTu rocTpoi dasn i3 cepegHim 3Hu-
XeHHsiM C-peakTuBHoro 6Ginka, deputuHy Ta D-gumepy
Ha 77, 43 Ta 42% BignosigHo [36].

EdoekTuBHiCTb ek3ocom 3 MCK Ha TAi

roCTpPOro NOLKOAXEHHS HUPOK NMPU Cencuci

loctpe nowkomxeHHs Hupok (ITIH) 3ycTpivaeTbcs
y 20% xBopux 3 cencucom [37]. Ha cborogHi aHTu-
anonTo3Hi [38], npoaHrioreHHi [39] Ta npoTu3anansHi [40]
BnacTueocTi ekdocoM 3 MCK posrnsgatoTbest ik NpoBigHi
MEXaHi3MM iX peHONPOTEKTUBHOI akTUBHOCTI [22].

Ek3ocomn 3gatHi nepeHocutn MikpoPHK Ta iHWwwun
reHeTUYHUA MaTepian, LWo npu3BOAUTL [0 akTusauii
GaraTbOX CUrHanbHWX LWAXiB Ta OBrpyHTOBYE HU3KY
NO3NTUBHUX ePEKTIB, SKi MOXHA PO34iNMTK Ha TpU Mpo-
BigHi Hanpsamku y ceitni [MH [7, 41]:

1) HedpponpoTekuisn: iHriGyBaHHA OKWCHOIO CTpecy,
anonTto3y Ta ¢ibporeHesy; cnpusiHHsA ayTodarii [42];

2) pereHepauisi HUPOK: CTUMYNSUi KMITUHHOI npo-
nicpepadii, mirpauii, TybynspHoi aegudepeHuiadii, aHrio-
reHesy [43];

3) imyHOMOAOynsUis: npoTM3ananbHi Ta iMyHocynpe-
CUBHI edekTn Yyepes iHayKuito mMakpodparisa M2 i T-pery-
natopHux knituH (Treg) [44] i mogynsauito NK-kniTuH [45].

Y pocnigpxeHHi He Z. Tta cniaBT. [46] NpOAEMOHCT-
pOBaHO, WO MO3aKNiTUHHI BE3WUKYNWU, CeKpeToBaHi eHao-
TenianbHUMKU KNiTUHaMU-NonepeaHMkaMu, Lo MiCTSTb
MikpoPHK-93-5p, 3abe3neuytoTb 3axucT Bif CrnpuynHe-
HOroO CEMncucoM TOCTPOrO YPaKEHHSI HUPOK Yepes3 BiCb
KDM6B/H3K27me3/TNF-a. Gao F. Ta cnisasrT. [47] BuS-
BMMMM 3axuCcHy yHKuito ek3ocom i3 MCK xupoBoi Tka-
HWHW NPY rOCTPOMY ypaxkeHHi HUpok vepes wnax SIRT1.

MNepcnekTuBM 3aCTOCYBAHHS ek3ocom 3 MCK

HQ TAi CepLLeBO-CYAUHHUX PO3ACAIB MPU CENCcUCi

IHaykoBaHa cencucoM AMCAyHKLiA Miokapaa € nowun-
PEHUM YCKNaAHEHHSIM Yy XBOPUX Ha Cerncuc i noe’sizaHa
3 NiABULLEHOI0 CMEPTHICTIO. YpaXkeHHs1 cepusi € noLumpe-
HWMM pO3NagoM y nauieHTiB i3 cencucom, i npnbnuatoy 50%
nauieHTiB i3 cencucom BUSIBNSAIOTb O3HAKU OUCHYHKLUIT
Miokapaa [48]. TuM He MeHL, TOYHE KMiHiYHE 3Ha4YeHHS
OuncdyHKLii Miokapaa, CnpU4MHeHoi cencmcom, 4oci HeBi-
nome. Ockinbkn cepue, Sk NULLE ofHa YacTuHa cUcTeMu
KpoBooODiry, MOCTINHO pearye Ha 3MiHy nepudepuyHoi
remoguHamikun, BaXKKO Bigpi3HUTU peakLito cepus Ha 3MiHN
nonepeaHbLOro MOCTHaBaHTaXeHHs1 Ta/abo Helporymo-
panbHOi akTUBHOCTI Mig 4Yac cencucy Ta NpsiMvMiA BNnuvB
cencucy Ha cepue B KniHiYHMX ymoBax [48, 49].

3ananeHHs Ta Koarynsuis € KpUTUYHUMKU NaHKamu
npu cencuci, siki BKMOYalTb NenkouuTn, TpoMoouuTn
Ta CyOuHHi eHpoTenianbHi KNiTMHW. JocnigXeHHa noka-
3anu, WO B3aEMO3B’SI30K MK 3ananeHHsMm i koaryns-

In the study by Sengupta V. et al. [36], significant
improvement was observed in patients with severe
COVID-19 following administration of MSC-derived
exosomes, with a notable reduction in absolute neutrophil
count (average decrease of 32%) and lymphopenia,
with increases in average CD3*, CD4*, and CD8*
lymphocyte counts by 46, 45, and 46%, respectively.
Acute phase reactants also decreased, with an average
reduction in C-reactive protein, ferritin, and D-dimer
by 77, 43, and 42%, respectively [36].

Efficacy of MSC-Derived Exosomes
in Acute Kidney Injury in Sepsis

Acute kidney injury (AKI) occurs in 20% of patients
with sepsis [37]. Currently, the anti-apoptotic [38], pro-
angiogenic [39], and anti-inflammatory [40] properties
of MSC-derived exosomes are considered the leading
mechanisms of their renoprotective activity [22].

Exosomes are capable of transporting microRNAs
and other genetic material, which leads to the activation
of numerous signaling pathways and underlies several
positive effects that can be divided into three main
directions in the context of AKI [7, 41]:

1) nephroprotection: inhibition of oxidative stress,
apoptosis, and fibrogenesis; promotion of autophagy [42];

2) kidney regeneration: stimulation of cellular proli-
feration, migration, tubular dedifferentiation, and angio-
genesis [43].

3) immunomodulation: anti-inflammatory and immu-
nosuppressive effects through the induction of M2
macrophages and regulatory T cells (Tregs) [44] and
modulation of NK cells [45].

In the study by He Z. et al. [46], it was demonstrated
that extracellular vesicles secreted by endothelial
progenitor cells containing microRNA-93-5p provide
protection against sepsis-induced acute kidney injury
via the KDM6B/H3K27me3/TNF-a axis. Gao F. et al. [47]
found the protective function of adipose tissue-derived
MSC exosomes in acute kidney injury through the
SIRT1 pathway.

Prospects of Using MSC-Derived Exosomes
in Cardiovascular Disorders in Sepsis

Sepsis-induced myocardial dysfunction is a common
complication in septic patients and is associated with
increased mortality. Cardiac injury is prevalent among
sepsis patients, with approximately 50% of these patients
showing signs of myocardial dysfunction [48]. However,
the exact clinical significance of sepsis-induced myo-
cardial dysfunction remains unknown. Since the heart,
as just one part of the circulatory system, constantly
responds to changes in peripheral hemodynamics, it is
challenging to distinguish the heart’s response to chan-
ges in preload, afterload, and/or neurohumoral activity
during sepsis from the direct impact of sepsis on the heart
in clinical settings [48, 49].

Inflammation and coagulation are critical pathways
in sepsis, involving leukocytes, platelets, and vascular
endothelial cells. Studies have shown that the interplay
between inflammation and coagulation, described by
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Li€to, SIKUIA ONUCYETLCS TEPMIHOM «TPOMOO3ananeHHs»,
€ KpuTM4HMM Yy natoreHesi cencucy [50]. CborogHi
3ananeHHss Tpomby abo «iMyHOTPOMGO3» BBaXakTbCsl
B3aEMO3aMiHHMMMK TepMiHaMK, WO BKa3yloTb Ha Au3pe-
rynsgito  isionoriyHnx aHTUTpomMOOTUYHMX | MpoTu3a-
nanbHUX PYHKUIN eHaoTenianbHUX KNiTUH, WO HeraTMBHO
BNAMBaEe Ha remocTtas i Cnpusie BigknageHHw TpombGis
SIK Y MIiKPO-, TaK i B MakpoCyauHHin cuctemi [51-53].

B ornapgosin po6oti Laura Francys J. Ta cnisaBr. [54]
y3aranbHUNM Aadi nirepatypu Ta nokasanu, Lo eK3COMu
3 MCK nposiBnsoTb KapgionpoTeKTUBHY Ao npu iH-
dapkTi Miokapaa, AiabeTuyHin cenTuUYHIA kapaioMionarii.
Y po6oti Wang X. Ta cniBaBT. [55] npoaeMoHCTpoBaHo,
wo ek3ocomn 3 MCK, ski mictate miR-223, mMoxyTb
3anobirati anonTo3dy KNiTMH Miokapaa Ta MpurHivysatu
3ananbHy peakuilo LUMSIXOM iHrGyBaHHA CUrHanbHOro
wnsaxy NF-kB, wo, y cBow 4Yepry, mMoxe 3anobirtu
CMpUYMHEHOMY Cerncucom ypaxkeHHto Miokapga. Liu C. Ta
cnigaBT. [56] BcTaHoBUNK, WO ek3ocomn 3 MCK, 3bara-
yeHi MikpoPHK-146a-5p, MoxyTb cnpuatu nponicgepadii
Ta  BWKMBAHHIO  KNiTWH,  PErymnol4YM  eKcnpecio
Myb-nogibHoro npoTeiHy 1, TakMM YMHOM 3axuLLaKYU
CEenTUYHI KNiTMHM Miokapga abo TkaHuHKW. Kpim Toro,
poctaBka miR-223-3p MSCs-EVs Moxe npurHidysatu
CNpUYMHEHE CEMCUMCOM CepLEBE 3ananeHHsl, nipo-
nTo3 Ta AucodyHKUilo miokapga [57]. 3a gaHumun Li J.

Ta cniBaBT. [58] ek3ocomm 3 MCK Takox MOXyTb
poctaBnsATM  circRTN4  pgns iHribyBaHHs  cepLeBoro
ibpo3y Ta 3ananeHHs 4Yepe3 CUrHanbHy BiCb

miR-497-5p/mitsugumin 53, Takum 4nHOM 3anobiraioun
CMPUYMHEHOMY CEMCUCOM CepLIeBOMY NOLLKOMKEHHIO [59].

AiKkyBaAbHi BAQCTUBOCTI eksocom 3 MCK

HQA TAI FOCTPUX YPAXKEHb NeYiHKK

YpaXeHHs1 MEeYiHKM € TMOLMPEHUM YCKMaOHEHHSM
cerncucy, sike Cnpusie naTtoreHesy roniopraHHoi auc-
dyHKuUii Ta nepenbavae HecnpuaTnuei pesynsraty [60].
[ocnigXeHHs1 Ha Pi3HNX MOAENsiX 3aXBOPKOBAHb MEYiHKN
npogemMoHcTpyBanu, wo eksocomn 3 MCK MoxyTb
NpUrHivyBaTV 3ananbHy peakLilo, 3MeHLLyBaTV anonTo3
renaTouuTiB i NOCKoBaTK pereHepaLito nedviHkm [22].

Y pocnigpxkeHHi Cai J. Ta cnieaBT. [61] BCTaHOBMEHO,
wo eksocomu, otpumaHi 3 MCK, nonerwyioTb roctpe
YLWIKOOKEHHSI MEYiHKW, MOB’SI3aHe 3 CENCUCOM LUMSIXOM
npuayweHHs MALAT1 yepes mikpoPHK-26a-5p. MALAT1
€ €eBOSMOLIAHO KOHCEPBATMBHOK [OBrOK HEKOAYHYOH
PHK, sika Gepe yyacTb y Pi3HMX pakoBWX i 3ananbHUX
3axBoptoBaHHaAX. [Nosigomnanocsa, wo MALAT1 cunbHo
eKCnpecyeTbCs Y NauieHTiB i3 cencucom [61].

Kpim Toro, renatonpoTeKTUBHA aKTUBHICTb EK30COM
3 MCK npogemMoHCTpoBaHa Ha Uifin HX3LUI rocTpux
ypaxeHb MNedviHkW, iHOYKOBaHUX TeTpaxiiopMETaHOM,
KOHKaHaBaniHom A Ta Mogeni iwemMivyHo-penepdysin-
HOro YLIKOAXKEHHS neviHkn [22]. Yan Y. Ta cniBaBT. [62]
npogemMoHcTpyBanu, wo eksocomm 3 MCK cnpusiiotb
BiHOBMEHHIO MEYIHKOBOTO OKCUAAHTHOIMO MOLLKOMKEHHS
LWNASXOM [ocCTaBku rnyTaTioHnepokenpasn 1 (GPX1).
Tan C.Y. Ta cniaBT. [63] niaTBepaunu, WO €K30COMU
3 MCK 3paTHi cnpuaTn pereHepauii  renatoumTis
wnsaxoM iHAykuii wnsxy IL-6/STAT3 Ta nporpecyBaHHA
KniTHHOro uwmkny. Kpim toro 6yno BusieneHo, wo 6inku
B ek3ocomax 3 MCK, Taki gk nepeTtBopioBaq curHany
iHTepnenkiHy 6 (IL6ST), xemokiHoBui niraHg 2 (CXCL2)
Ta daktop pocty renatouutieB (HGF) Towo, GepyTb
y4yacTb Y npoueci pereHepadii neviHku [22].

the term «thromboinflammation,» is critical in the patho-
genesis of sepsis [50]. Today, thromboinflammation or
«immunothrombosis» are considered interchangeable
terms, indicating the dysregulation of the physiological
antithrombotic and anti-inflammatory functions of
endothelial cells, negatively impacting hemostasis
and promoting thrombus formation in both micro- and
macrovascular systems [51-53].

In a review by Laura Francus J. et al. [54], literature
data were summarized to show that MSC-derived
exosomes exhibit cardioprotective effects in myocardial
infarction and diabetic septic cardiomyopathy. In the study
by Wang X. et al. [55], it was demonstrated that
MSC-derived exosomes containing miR-223 can
prevent myocardial cell apoptosis and suppress the
inflammatory response by inhibiting the NF-kB
signaling pathway, which in turn can prevent sepsis-
induced myocardial injury. Liu C. et al. [56] estab-
lished that MSC-derived exosomes enriched with
microRNA-146a-5p can promote cell proliferation and
survival by regulating the expression of Myb-like
protein 1, thereby protecting septic myocardial cells
or tissues. Additionally, the delivery of miR-223-3p
MSC-EVs can suppress sepsis-induced cardiac inflam-
mation, pyroptosis, and myocardial dysfunction [57].
According to Li J. et al. [58], MSC-derived exosomes
can also deliver circRTN4 to inhibit cardiac fibrosis and
inflammation through the miR-497-5p/mitsugumin 53
signaling axis, thus preventing sepsis-induced cardiac
damage [59].

Therapeutic Properties of MSC-Derived Exosomes
in Acute Liver Injuries

Liver injury is a common complication of sepsis,
contributing to the pathogenesis of multiple organ
dysfunction and implying unfavorable outcomes [60].
Studies on various liver disease models have demonst-
rated that MSC-derived exosomes can suppress the
inflammatory response, reduce hepatocyte apoptosis,
and enhance liver regeneration [22].

In the study by Cai J. et al. [61], it was established
that MSC-derived exosomes alleviate sepsis-associated
acute liver injury by suppressing MALAT1 through
microRNA-26a-5p. MALAT1 is an evolutionarily conser-
ved long non-coding RNA involved in various cancerous
and inflammatory diseases. MALAT1 has been reported
to be highly expressed in patients with sepsis [61].

Additionally, the hepatoprotective activity of MSC-
derived exosomes has been demonstrated in a range
of acute liver injury models induced by carbon tetra-
chloride, concanavalin A, and ischemia-reperfusion
injury [22]. Yan Y. et al. [62] demonstrated that
MSC-derived exosomes promote the recovery from
liver oxidative damage by delivering glutathione
peroxidase 1 (GPX1). Tan C.Y. et al. [63] confirmed
that MSC-derived exosomes can promote hepatocyte
regeneration by inducing the IL-6/STAT3 pathway
and cell cycle progression. Furthermore, proteins
in MSC-derived exosomes, such as interleukin-6
signal transducer (IL6ST), chemokine ligand 2 (CXCL2),
and hepatocyte growth factor (HGF), among others,
are involved in the liver regeneration process [22].
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POAb €HAOFr€HHUX eK30COM,

AIK MeAiaTopiB iIMyHHOI BiaNoBiAil npu cencuci

Ek3ocomu, oTpuMaHi K 3 iIMyHHUX, TaK i 3 HEIMYHHUX
KNiTUH, BigirpalTb BaXUBY POrb B iIMYHHIN perynsuii,
sika MOXe CnpuATUM PO3BUTKY naTororii 6aratbox 3axBo-
plOBaHb 4Yepe3 NocepesHULTBO iIMYHHOI cTUMynsALii abo
npurHiveHHs [64]. IMyHHa perynsuis ek3ocom moxe 6yTn
3yMOBIeHa nepefaveld Ta MNpeseHTauierd aHTUreHHMX
nentuais, nepegadeto curHanis cGAS-STING, iHaykoBa-
Hux OHK y kniTuHax-peuunieHTax, perynsuieto ekcnpe-
cii reHiB MikpoPHK ek3ocom Ta iHayKuUi€to pisHUX curHanis
NMoBEpPXHEBMMU MiraHa4aMu ek3ocom (Hanpuknag PD-L1
i FasL) [65]. MNpuBepTae yBary, O €K30COMW TaKOX
3a6e3neuyloTb 3axMCT, NOAIGHMI OO BPOMKEHOrO iMyHi-
TETY, aKTUBHO HEWTpanisytoun bakTepianbHi TOKCUMHY [66].

Eksocomn GepyTb yyacTb Yy npeseHTauii aHTu-
reHy [67] ronoBHMM UMHOM 3a [OMOMOrOK TaKuX
TPbOX MEXaHi3MmiB:

1) npsime NpeAcTaBneHHs: eK30COMU, OTPMMaHIi 3 AeH-
OPVTHUX KMiTWH, ski HecyTb komnnekcn MHC-nenTtug,
KOCTUMYNATOPHI Ta aAresvBHi MOMEeKynu, 3B’S3YylTbCA
3 T-knitnHamn 6e3nocepenHbo;

2) HenpsiMe npeacTaBMNeHHs: €K30COMW MNepeaarTb
CBOi aHTuMreHHoro nentugy go monekyn MHC peuwn-
NIEHTHUX aHTUTEH-NMPE3EHTYHUNX KIITUH;

3) 3axonneHi ek3ocomu, ki 30epiraloTbCsi Ha Mo-
BEPXHi  @HTUIEH-NPE3eHTYyuNX  KNiTWH, NpeacTaB-
naTb cBoi komnnekcn MHC-nentug 6e3nocepenHbo
T-kniTuHam [64, 68].

CurpoBaTKOBi €K30COMU MOXYTb CNpusATM AudepeH-
uiauii, nponidpepadii Ta xemoTakcucy T-KniTUH 3a gono-
MOroK npo3ananbHux UuTokiHiB, GM-CSF i xemokiHiB
OKpeMo, BoAHOYacC Bigirpaiodu MpOTUNEXHY pofb Yepes
wnsax PD1/PDL1. Kpim Toro, ek3aocomu MOXyTb nocnab-
noBaTh anonto3 T-KMiTMH Yepes iHribyBaHHA Kacnasw,
onocepeakoBaHe mMIiR-7-5p. OpgHak €eK30COMM TaKoX
MOXYTb iHOYKYBaTU anonTto3 T-KMiTMH 3a [OMOMOro
curHanbHoro wnsxy FasL/Fas. Kpim TOoro cupoBaTkoBi
€K30COMW CnpusAoTbL Mirpauii Makpodaris, nponidepadii
Ta nonsipusauii M1 4epes uncneHHi mikpoPHK-onoce-
peakoBaHi curHanbHi Wwnaxu. Eksocomu TpomGouuTiB
BUKNMKaTb HagMipHe yTtBopeHHs NET uepes wnsx
ayTodarii Akt/mTOR [69].

Huska pocnimkeHb mnokasana, WO €eK30COMM, OTpu-
MaHi 3 aKTMBOBaHUX Makpodaris, MOXYTb BNnuBaTu
Ha IMYHHY (YHKLiO iHakTBOBaHWX Makpodaris vepes
ayTOKPUHHMI | napakpuHHuMi BnnuB. Kpim TOro, ek3o-
COMM, OTpMMaHi 3 MakpodoariB, TakoX BMMBaKOTb Ha
HenTpoinK, anbBeonsApHi enitenianbHi KNITUHW, eHOo-
TenianbHi  KNITMHWM | renatounTn npu cencuci [69].
Kpim Toro, eksocomu, WO BUAINATbLCA Makpodaramm
nauHK, MIcTATb depMeHTU ansa 6iocnHTe3y NnemnkoTpi-
€HiB (LTC4S, LTA4H, 5-LO), cnpustoTb Mirpadii rpaHyno-
LUMTIB, @ TaKOX ChpuATb agresii 3ananbHuMX KiTUH
npu cencuci LWnaxom nocuneHHs ekcnpecii ICAM-1
B anbBeONAPHUX eniTenianbHUX KnitnHax [69, 70].

MoHoumnTK, CTUMYNBbOBaHI 3ananeHHsM Ta iHdekuieto,
BMBIMbHAOTb  €K30COMM, WO MICTATb  MOMEKynsapHi
CTPYKTYpW, MOB’A3aHi 3 MOLUKOMKEHHAM MITOXOHAPIN
(mt-DAMP), siki 3MeHLUYIOTb XeMOTaKCuC i ctepunisauiio
HelTpodinie Yepes iHribyBaHHs TLR9, onocepenkoBaHe
eHgocomanbHUM nigkucneHHam [71]. Ek3ocomun, oTpu-
MaHi 3 nonimopdHosaepHux nerikoumnTis (PMN), micTaTtb
dyHKkuioHanbHU aHekcnH 1 (AnxA1), akuii € eHpgo-
reHHUM npoTu3ananbHUM GinkoM, WO KOHTPOSOE aKTu-
BaLil0 Ta TpaHCNOPTYBaHHA 3ananbHUX KNiTUH [72].

The Role of Endogenous Exosomes
as Mediators of Immune Response in Sepsis

Exosomes derived from both immune and non-
immune cells play a significant role in immune
regulation, which can contribute to the pathology of many
diseases through mediation of immune stimulation or
suppression [64]. The immune regulation by exosomes
may be due to the transfer and presentation of antigenic
peptides, cGAS-STING signaling in recipient cells
induced by DNA transfer, regulation of gene expression
by exosomal microRNAs, and the induction of various
signals by surface ligands on exosomes (such as PD-L1
and FaslL) [65]. Notably, exosomes also provide
innate immunity-like protection by actively neutralizing
bacterial toxins [66].

Exosomes are involved in antigen presentation [67].
They participate in antigen presentation primarily
through three mechanisms:

1) direct presentation: exosomes derived from
dendritic cells carrying MHC-peptide complexes,
costimulatory, and adhesion molecules bind directly
to T-cells;

2) indirect presentation: exosomes transfer their
antigenic peptides to the MHC molecules of recipient
antigen-presenting cells;

3) captured exosomes retained on the surface of
antigen-presenting cells present their MHC-peptide
complexes directly to T-cells [64, 68].

Serum exosomes can promote T-cell differentiation,
proliferation, and chemotaxis through pro-inflammatory
cytokines, GM-CSF, and chemokines, while also playing
an opposing role via the PD1/PDL1 pathway. Addi-
tionally, exosomes can attenuate T-cell apoptosis
through miR-7-5p-mediated caspase inhibition. However,
exosomes can also induce T-cell apoptosis through the
FasL/Fas signaling pathway. Moreover, serum exosomes
promote macrophage migration, proliferation, and
M1 polarization through various microRNA-mediated
signaling pathways. Platelet-derived exosomes induce
excessive NET formation via the Akt/mTOR autophagy
pathway [69].

Several studies have shown that exosomes derived
from activated macrophages can influence the immune
function of inactivated macrophages through autocrine
and paracrine effects. Furthermore, macrophage-derived
exosomes also affect neutrophils, alveolar epithelial
cells, endothelial cells, and hepatocytes in sepsis [69].
Additionally, human macrophage-derived exosomes
contain enzymes for leukotriene biosynthesis (LTC4S,
LTA4H, 5-LO), promote granulocyte migration, and
enhance the adhesion of inflammatory cells in sepsis
by increasing ICAM-1 expression in alveolar epithelial
cells [69, 70].

Monocytes stimulated by inflammation and infection
release exosomes containing mitochondrial damage-
associated molecular patterns (mt-DAMPs), which
reduce neutrophil chemotaxis and sterilization through
endosomal acidification-mediated TLR9 inhibition [71].
Exosomes derived from polymorphonuclear leukocytes
(PMNss) contain functional annexin 1 (AnxA1), an endo-
genous anti-inflammatory protein, controlling the
activation and transport of inflammatory cells [72].

In summary, exosomes derived from antigenpre-
senting cells (dendritic cells, macrophages, and B-cells)
primarily promote immune activation, including the
activation, differentiation, maturation, and proliferation of
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Y3aranbHO4M HaBedeHi BiOOMOCTI chnif 3a3aH4yuTy,
L0 eK30COMM, OTPMMaHi 3 aHTUTEHMPE3EHTYHUNX KIITUH
(OeHApUTHUX KNITWUH, Makpodaris i B-kniTuH), ronoBHUM
YMHOM CMPUAIOTb aKTMBALii IMyHITETY, BKMOYaOuM cnpum-
SHHA aKTMBaLii, andepeHuiadii, [o3piBaHHIO Ta Nponi-
depauii iIMyHHUX KNiTUH, SKi JonoMaraloTb BPOKEHIN Ta
afanTMBHIN IMYHHIN cucTemi pearyBaTW Ha BTOPrHEHHS
natoreHie 6inbLwoi edekTuBHOCTI. B TOM 4yac sk ekso-
comn, oTtpumaHi 3 MCK, B OCHOBHOMY BUSBMSAIOTb
iMyHOCYMNpecuBHY Ta npoTusanansHy Aito [67].

BUCHOBKMU

Huska pocnimkeHb NPOAEMOHCTPYBanu, Lo CeKpe-
ToM, oTpumaHuii 3 MCK, nokasaB TepaneBTUYHi edeKkTu,
nopibHi 4o TUX, WO CnocTepiraloTbCs Micns TpaHcnnaH-
Tauii MCK. Ek3ocomun, oTpumaHi $IK 3 iMyHHUX, Tak i 3
HeiMYHHUX KNiTWH, BidirpaloTb BaXMMBY pPOrib B iMYHHI
perynauii, fka MoOXe CnpuaTM po3BUTKY natonoril
HaraTbox 3axBOplOBaHb Yepe3 NocepenHUUTBO iIMYHHOT
ctumynsuii abo npurHiyeHHs. Ek3ocomu, OTpuMaHi
3 MCK, maroTb MpOTEKTUBHY aKTUBHICTb NPW MPOBIAHUX
CMHAPOMax Cencucy — MNpu rocTpoMy YPaXKeHHi nereHb,
NPy  YWKOMKEHHI HUPOK, MNpU  CepLeBO-CYAUHHUX
po3nagax Ta Ha Tni MOLKOOXEHHS MeYiHKW, cnpuyn-
HEHOro Cencucom.

CNUCOK BUKOPUCTAHOI AITEPATYPU

1. Srzi¢ I, Nesek Adam V., Tunji¢ Pejak D. Sepsis definition: what's
new in the treatment guidelines. Acta Clinica Croatica. 2022. Ne 61(1).
P. 67-72. DOI: https://doi.org/10.20471/acc.2022.61.s1.11

2. Singer M., Deutschman C.S., Seymour C.W., Shankar-Hari M.,
Annane D., Bauer M. et al. The Third International Consensus
Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA. 2016.
Ne 315(8). P. 801-810. DOI: https://doi.org/10.1001/jama.2016.0287

3. Rudd K.E., Johnson S.C., Agesa K.M., Shackelford K.A., Tsoi D.,
Kievlan D.R. et al. Global regional and national sepsis incidence
and mortality 1990-2017: analysis for the Global Burden of
Disease Study. The Lancet. 2020. Ne 395(10219). P. 200-211.
DOI: https://doi.org/10.1016/S0140-6736(19)32989-7

4. Seymour C.W., Kennedy J.N., Wang S., Chang C.H., Elliott C.F,,
Xu Z. et al. Derivation Validation and Potential Treatment Implications
of Novel Clinical Phenotypes for Sepsis. JAMA. 2019. Ne 321(20).
P. 2003-2017. DOI: https://doi.org/10.1001/jama.2019.5791

5. Liu D., Huang S.Y., Sun J.H., Zhang H.C., Cai Q.L., Gao C. et al.
Sepsis-induced  immunosuppression:  mechanisms  diagnosis
and current treatment options. Military Medical Research. 2022.
Ne 9(1). 56 p. DOI: https://doi.org/10.1186/s40779-022-00422-y

6. Vincent J.L., Marshall J.C., Namendys-Silva S.A., Frangois B.,
Martin-Loeches |., Lipman J. et al. Assessment of the worldwide
burden of critical illness: the intensive care over nations (ICON) audit.
The Lancet Respiratory Medicine. 2014. Ne 2(5). P. 380-386. DOI:
https://doi.org/10.1016/S2213-2600(14)70061-X

7. Quaglia M., Fanelli V., Merlotti G., Costamagna A., Deregibus M.C.,
Marengo M. et al. Dual Role of Extracellular Vesicles in Sepsis-
Associated Kidney and Lung Injury. Biomedicines. 2022. Ne 10(10).
2448 p. DOI: https://doi.org/10.3390/biomedicines10102448

8. Rudd K.E., Johnson S.C., Agesa K.M., Shackelford K.A., Tsoi D.,
Kievlan D.R. et al. Global, regional, and national sepsis incidence
and mortality, 1990-2017: analysis for the Global Burden of
Disease Study. Lancet. 2020. Ne 395(10219). P. 200-211. DOI:
https://doi.org/10.1016/S0140-6736(19)32989-7

9. Fleischmann C., Scherag A., Adhikari N.K., Hartog C.S., Tsaganos T.,
Schlattmann P. et al. Assessment of Global Incidence and Mortality of
Hospital-treated Sepsis. Current Estimates and Limitations. American
Journal of Respiratory and Critical Care Medicine. 2016. Ne 193(3).
P. 259-272. DOI: https://doi.org/10.1164/rccm.201504-07810C

10. McBride M.A., Patil T.K., Bohannon J.K.,HernandezA., Sherwood E.R.,
Patil N.K. Immune Checkpoints: Novel Therapeutic Targets to Attenuate
Sepsis-Induced Immunosuppression. Frontiers in Immunology. 2021.
Ne 11. 624272 p. DOI: https://doi.org/10.3389/fimmu.2020.624272

11. Ramanathan R., Leavell P., Mays C., Duane T. M. Impact of Sepsis on
Surgical Outcomes. Surgical Infections. 2015. Ne 16(4). P. 405—409.
DOI: https://doi.org/10.1089/sur.2014.063

immune cells, thereby aiding the innate and adaptive
immune systems in responding more effectively to
pathogen invasion. In contrast, MSC-derived exosomes
mainly exhibit immunosuppressive and anti-inflam-
matory effects [67].

CONCLUSIONS

A number of studies have demonstrated that the
secretome derived from MSCs shows therapeutic effects
similar to those observed after MSC transplantation.
Exosomes derived from both immune and non-immune
cells play a significant role in immune regulation, which
can contribute to the pathology of many diseases
through mediating immune stimulation or suppression.
MSC-derived exosomes exhibit protective activity in
major sepsis syndromes, including acute lung injury,
kidney damage, cardiovascular disorders, and liver
damage caused by sepsis.
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MepcnekTMBU NOAAABLLUMX AOCAIAXEHD

OaHi ormagy nitepaTypy cnyryioTb MNiAFPYHTSAM NpOBeOeHHS
nornubneHnx ekcnepMMeHTanbHUX Ta, y ManbyTHbOMY, KIiHi4-
HUX [OCMiMKeHb MPOTEKTUBHUX BNAacTUBOCTENW E€K30COMM,
oTpuMaHoi 3 MCK, npu roctpomy ypaxKeHHi nereHb, yLKOMKEHHI
HUPOK, CEepLEBO-CYAMHHMX po3najax Ta Ha Thi MOLLUKOOAXEHHS
neyiHKW, CNPUYMHEHOTO CENCUCOM.

KoHdAiKT iHTepeciB

ABTOpPU pyKONMCY CBIAOMO 3acBiAYylOTb BIACYTHICTb hakTuy-
Horo abo NOTEHLNHOrO KOHMMIKTY iHTEpeciB Woao pesynbraTie
uiei pobotn 3 chapmaueBTUYHMMM KOMMAHIAMKU, BUPOBHMKaMM
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Prospects for further research

The data from the literature review provide a foundation for
conducting more in-depth experimental and, in the future,
clinical studies on the protective properties of MSC-derived
exosomes in acute lung injury, kidney damage, cardiovascular
disorders, and liver damage caused by sepsis.
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