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Pesome

B nepuon nmannemun HoBoii KopoHaBupycHoii nHdekiuu (HKW) COVID-19 (COronaVlIrus Disease 2019), Bei3BanHO# Bupycom SARS-CoV-2
(Severe Acute Respiratory Syndrome-related CoronaVirus 2), niepen HayKoil 1 0OLIECTBEHHBIM 31paBOOXPAHEHUEM TOCTABJICHBI CJOXHbIC 3a1a4u.
[TpoGnema eyeHuss COVID-19 no-npexHeMmy akTyajabHa, B CBSI3U C 3TUM HEOOXOIMMO AeTalbHO U3yuyaTh rnaroreHe3 COVID-19, B 1. 4. yuactue
B HeM Ty4yHbIX KIeTok (TK) u ux cneunduyeckux nporeas. Lleabto uccienoBaHus SiBUJIOCh YTOUHEHKE poJiu rporea3 TK — Xxumasbl, TpUNTa3bl
u Kapookcunentunassl A3 (CPA3) — B pa3Butuu nopaxkenus jJerkux y nanueHToB ¢ COVID-19. Marepuais u MeTonpl. B ccienoBanue BKITIO-
YeHbI 00pa3iibl ayTOTICUITHOTO MaTepuala JIErkux, MojydeHHble oT naiueHToB (1 = 30), ymepiuux nocie COVID-19 Tsxenoro TedeHust, v nauu-
€HTOB (7 = 9) KOHTPOJIbHOI TPYMIIbI C MOCIENYIOIIEH MOATOTOBKO! IMCTOJOTMYECKUX MTPEnapaToB, aHAIM30M MPOTEa3HOTro MPOMUIs 1 AerpaHy-
sssioHHOoM akTuBHOCTH TK. Takke MpoBOAMIICS aHATM3 HEKOTOPBIX JIeMorpadriecKux ¥ KIIMHUKO-JIa00paTOPHBIX TToKasaTeseil. Pe3yiabTaTol.
Y naumentoB ¢ COVID-19 cpeanee KonuyecTBO Tpunrasza-no3utuBHbIx TK 6e3 mpusHakoB gerpaHyasiuuu U obwee koiauyectBo CPA3-
no3uTuBHBIX TK ObLIO cTaTHCTIUECKN 3HAYUMO BhIIIE, a hparmeHToB TpunTada- u CPA3-mosutuBHBIX TK — Hitke. YcTaHOBIEHBI OTpULIATETb-
HbIe KOPPEISIIMOHHBIC CBSI3U MEXIY KOJIMYECTBOM TPHUIMTa3a-mo3uTUBHEIX TK 1 comepkaHueM 3pUTPOLIMTOB KPOBU B OOIIEM aHATU3e KPOBU
(OAK). YcraHoBIeHa OTpULIATeIbHAsT KOPPEJISLUS KOJMYEeCTBa HelerpaHy IMpPYOIIMX TpunTasza-no3uTuBHbIX TK ¢ conepxkaHneM reMorioonHa
o pesyabratam OAK. YcTaHOBIIEHBI TTOJIOKUTENIbHBIE KOppeasiiuu TpunTa3a-no3utuBHbIX TK ¢ comepxkaHuneM JIeHKOITUTOB U 203MHO(DUIOB
B OAK 1 oTpuiiatesnbHble — Mexay KonnuecTBoOM CPA3-103UTUBHBIX KJIETOK M COAECPXKaHUEM TPOMOOLIMTOB. YCTaHOBIEHA MPsiMasi KOPPEJSILIUS
MEXTy KOTMIeCTBOM COBMECTHO TPIJIEKAIINX, a TakkKe (hparMeHTOB TpUITa3a-mo3uTuBHbIX TK ¢ mokazaTeneM cKOpocTH oceqaHsi pUTPOLIM-
ToB (COD). O6HapyxxeHa oTpuliaTesibHas Koppesiiuus Mexny koandectBoM CPA3-no3utuBHbiX TK 6€3 MpU3HaKOB AErpaHy/IsiiUM U YPOBHEM
C-peakTuBHOTO 6enKa KpoBu. Y manueHToB ¢ COVID-19 o6HapyxeHa CHUXEHHast AerpaHyIsILIMOHHAS! aKTUBHOCTb TPUMTa3a-Mo3uTUBHbBIX TK
Hapsily ¢ TIOBBIIIEHHBIM TIpeicTaBUTENLCTBOM CPA3-1mo3uTuBHBIX. OTMEUEHBI HEKOTOPbIe BO3PACTHBIE TEHICHIIUU U CBSI3U C JIAOOPATOPHBIMU
nokasarensiMu. PaccMaTtpuBaercst moreHuuanbHoe yyacte TK B pasBUTUM aHEMUU U TPOMOOLIMTONIEHUM, YCTAHOBJIEHbI CBSI3U TPUITa3a-Mo31-
tuBHBIX TK ¢ ypoBHEM JeKOIMTOB U 203UHOGMUIOB Tepudepudeckoii Kposu, a Takxke COD. 3akmouenne. [TomyueHHbIe pe3ynbTaThl BeChbMa
npoTuBopeunBbl. MHorue acrnektol yuactus TK u ux nporeas B naroreHeze COVID-19 octaiorcs HeICHBIMM, YTO OOYCIIOBIMBAET HEOOXOIM -
MOCTb MPOBEACHUS UCCIENOBAHUI Ha Oosiee KPYITHBIX KOTOPTaX MalueHTOB.

Kimrouesbie cioBa: Tyunbsie kietku, COVID-19, nopaxeHue Jerkux, Xxumasa, TpunTasa, kKapookcurenruaasza A3.
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Abstract

The new coronavirus infection COVID-19 (Coronavirus Disease 2019) caused by SARS-CoV-2, has posed scientific and public health challenges.
The problem of treating COVID-19 still remains, and the pathogenesis of COVID-19 needs to be studied in detail, including the involvement of mast
cells (MCs) and their specific proteases. The aim of this study was to characterize the role of mast cell proteases chymase, tryptase, and carboxypep-
tidase A3 (CPA3) in the lung damage associated with COVID-19. Methods. The study included postmortem lung biopsies from 30 patients who died
of severe COVID-19, and biopsies from 9 control group patients. Histological preparations were made and protease profile and degranulation activ-
ity of MCs were analyzed. In addition, some demographic, clinical, and laboratory parameters were analyzed. Results. The average number of
tryptase-positive MCs without evidence of degranulation and the total number of CPA3-positive MCs were statistically significantly higher in
patients with COVID-19, and the number of tryptase-positive and CPA3-positive MCs fragments was lower compared with controls. Negative cor-
relations were established between the numbers of tryptase-positive MCs and red blood cell count. Negative correlations were found between
non-granulating tryptase-positive MCs and hemoglobin levels. Positive correlations were noted between tryptase-positive MCs and the leukocytes
and eosinophils counts, and negative correlations were noted between the number of CPA3-positive cells and the platelet count. A positive correla-
tion was found between the number of adjoining MCs, as well as fragments of tryptase-positive MCs, and the erythrocyte sedimentation rate (ESR).
A negative correlation was also observed between the number of non-degranulated CPA3-positive MCs and the blood level of C-reactive protein.
In patients with COVID-19, reduced degranulation activity of tryptase-positive MCs was found along with increased representation of CPA3-
positive MCs. Several trends and associations with laboratory test results were noted. The potential involvement of MCs in the development of
anemia and thrombocytopenia is considered. Associations were established between tryptase-positive MCs and the peripheral blood counts of leu-
kocytes and eosinophils, as well as ESR. Conclusion. The results obtained are highly contradictory. Since many aspects of the involvement of MCs
and their proteases in COVID-19 pathogenesis are still unknown, studies with larger cohorts of patients are needed.
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Hogas xoponaBupycHas undexuus (HKM) COVID-19
(COronaVlrus Disease 2019), Bbi3dBaHHas1 BUpycoM SARS-
CoV-2 (Severe Acute Respiratory Syndrome-related Coro-
naVirus 2), BIIepBBIC 3aperuCTpUpOBaHa B AeKabpe
2019 r. B Yxane (Kwurait). [Tocne oObsiBIeHUs naHae-
muu COVID-19 nepen HayKoii 1 001IECTBEHHBIM 3pa-
BOOXpaHEHUEM BCTaJM CIOXHBIC 3amaun. M3BecTHO,
YTO TIPY BO3ACHCTBUM BUPYCa MOXKET HAOTIOIAThCS KaK
OeccUMNTOMHOE, TaK U TSKeJIoe TeUeHue 3a00J1eBaHus
C Pa3BUTHUEM OCTPOTO PECITUPATOPHOTO AUCTPECC-CUH-
npoma (OPJC) m moanopraHHO# HEITOCTATOYHOCTBIO
BILJIOTH JI0 JIeTanbHOTO Mcxoa [1]. Kputnueckast popma
COVID-19 gaBaseTcsi pa3HOBUIHOCTHIO «IIUTOKHMHOBOTO
IITOPMa», KOTOPBII XapaKTepu3yeTcsl TUTIepaKTHUBALIM -
el T-xieToK, MakpodaroB u HaTypaJIbHBIX KUJIJIEPOB
C TUTIEPIPOLYKIIMEI TTIPOBOCITAIMTEIBHBIX IUTOKMHOB
U XeMOKHUHOB [1, 2].

Tyunsie kietku (TK) — 3T0 UMMYHHBIE KJIETKU MUe-
JIOWTHOTO PsIa, MPeACTaBICHHBIC TI0 BCEMY OpPTaHU3MY,
KOTOPBIE CUHTE3UPYIOT OOJIBIIIOE KOJTUIECTBO IIUTOKUHOB,
XEMOKUHOB U IPYTMX MEAUATOPOB U PETYIUPYIOT (PYyHK-
LIMA UMMYHHBIX KJIETOK (MaKpodaros, TpaHyJIOLIMTOB,
T-knerok, B-kieTok u HatypaabHbIX KiuiepoB) [3]. TK
BOBJICUEHBI B TAaTO(DU3MOJIOTHIO aJUIEPTUIESCKIX PEAKIINIA,
MMMYHHOT'O OTBETa, BOCTIAJICHMSI, KETYIOUHO-KUIIIEYHbIX
pacCcTpoiiCTB, MHOTUX BUIOB 3JI0KQ4€CTBEHHBIX HOBO-
00pa3oBaHMiT K HEKOTOPHIX CePAEYHO-COCYIUCTHIX 3a00-
neBaHuii [4, 5]. Yxe uzBectHa BaxkHast poib TK B matore-
He3e OpoHxuanbHOI acTMbl (BA), paccMaTpuBaeTCs TakxKe
WX yJacTHe B TTaTOTeHEe3e XPOHUUIECKOM OOCTPYKTUBHOM
6ose3nu aerkux (XOBJI) [6]. Kpome Toro, mossisieTcst
Bce Oouibliie faHHBIX 0 posin TK B mopaxkeHuu Jerkux
npu COVID-19 [3, 7-9].

TK BbIaeNsSOTCS U3 TpaHyJd WU CEKPETUPYIOTCS
de novo OMOJIOTMYECKN aKTUBHBIMM BEIIICCTBAMU — TMCTa-
MWHOM, TelTapyuHOM, TIpoTea3aMmu (B-Tpumnrasa, Xumasa,
kapooxkcumnentunasza A3 (CPA3), uutokuHamu (MHTEp-
sevikunbl (IL)-6, IL-1, IL-31, IL-33 u ¢akTop Hekpo3a
OIYXOJIM-Q.), TIPOCTaNIAaHAMHAMU U JICUKOTPUEHAMMU,
dakTopamu pocta u ap. [10], HEeKOTOpbIe U3 KOTOPHIX
yeyryosstior Bocniasienue ripu COVID-19 [11].

W3BecTHO, uTo 3Kcmpeccupyemas TK tpunraza urpaer
posb B uHbULIMpoBaHuu opranuima SARS-CoV-2 [12],
a XMMasa yJacTBYeT B aKTHBHOM THIPOJIN3¢ aHTUOTCH3M -
Ha I B aHruoreHs3uH lI, aBisisich y4aCTHUKOM pa3BUTUSI
JIETOYHOI runepreH3uu [13].

TakuMm ob6pa3oM, IMeeTCss MHOTO MPEIITOCHITIOK ISt
pactyuero uHTepeca k onojoruu TK u ponu ux meaua-
TOPOB, B T. 4. crieiudpuyIecKux (hepMEeHTOB, B ITATOTCHE3e
HKW COVID-19. YuursiBast akTyaJbHOCTb pa3padOTKU
HOBBIX METOJIOB JIeUeHUsI JaHHOTO 3aboseBaHus [14],
MOXHO paccMmarpuBath TK Kak moTeHIIMaNIbHYIO MUIIICHD
IIJIST BO3IEMCTBYSI TTaTOTeHeTMYeCKOM Tepanui [9].

Llenplo uccnenoBaHus SBUIOCH YTOUHEHUE POJIU ITPO-
tea3 TK — xumasbl, Tpuntassl 1 CPA3 B pa3BuTuu nopa-
KeHus Jlerknx y nanueHtos ¢ COVID-19.

Matepuanbl u meTogbl

B uccnenoBanve 0bUIM BKIIIOYEHBI MaleHTHI (7 = 30:
15 (50 %) myxuuH, 15 (50 %) XeHIUUH; CpEAHUI BO3-
pact — 67,2 £ 11,7 rona) ¢ ycTaHOBJIEHHBIM THAarHO30M
COVID-19 Tsxenoro u KpaitHe TSXKeJoro Te4eHus, o -
TBEPXKICHHBIM METOIOM IOJIMMEpPa3HOi HEeIMHOI peak-
LIUY, C pa3BUTHEM JIBYCTOPOHHEN BUPYCHOM BHEOOTLHNY-
Hoi#t mHeBMoHuu, OPJIC (nmpu ycTaHOBJIEHUM AMAarHo3a
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OPIC ncnonb30BaivcCh TMarHOCTUYECKUE KPUTEPUU
«bepnunckas nedpununus» OPIC — The ARDS Definition
Task Force) [15, 16], moy4aBLIKX J€YECHUE B OTACICHM -
sx w1t tedeHust COVID-19 B nmepuon ¢ centsiopst 2021
o MaptT 2022 r. u ymepuiux B pesyiabrate COVID-19.

3abop ayToncuitHOro MaTepuasia Jerkux y yMepumx
OOJBHBIX OCHOBHO TPYMITHI OCYIIECTBIISIIICS Ha 0a3ax
MaTOJIOTOAHATOMUYECKUX OTAEJIECHUN CTallMOHAPOB.
B KOHTpOJBHYIO IPYMIly ObUIM BKJIIOUEHBI MAllMEHThI
(n=9:4 (44 %) myxuuHsbl, 5 (56 %) KEeHLIUH; CPEAHUI
Bo3pacT — 63,42 + 10,80 roma), yMmepiiue OT BHELIHUX
MIPUYMH; 3200p ayTOTICUITHOTO MaTepraja JETKUX B 3TOM
cJIyJyae OCYLIECTBIISIICS Ha 6a3e 010po cyleOHO-MEANLIH -
CKOU 9KCMEPTUSHI.

B uccrenmoBaHme He BKIIOYAINUCH MAIIMEHTHI C XPO-
HUYEeCKMMU 3a00JieBaHUSIMU opraHoB abixaHus (BA,
XOBJI, xpoHuyeckuii OpoHXUT, TIpodeccuoHaIbHbIE
3aboseBaHus Jerkux) u apyrumu (kpome COVID-19)
WH(EKIMOHHBIMY 3a00JIEBAHUSIMY JICTKUX (ITHEBMOHUH
TIPYTOIi STUOJIOTUM, TYOSPKYJIe3 U Ap.), TPOMOOIMOOIMEH
JIETOYHOI apTepur, OHKOJIOTUYECKHUMMU, B T. U. OHKOTeMa-
TOJIOTUYECKUMU 3a00JIEBAHUSIMU, TETTATUTOM, LINPPO30M
TICYCHU.

Hemorpacdudeckue rmoka3aTes I U HATMIHUE COIMYyTCT-
BYIOILIMX 3a00JIeBaHU TIpeACcTaBAeHbI B Ta0. 1.

AyTOTNCHUITHBII MaTepual ToaBeprajics Gukcaumu
B 10%-HOM HelTpaabHOM 3a0ydepeHHOM (opMaInHe
1 3aJIMBKE B TTapaduH C TTOCISAYIONINM U3TOTOBICHUEM
CPE30B TOJIIMHON 5 MKM JIJIs1 OKpalllMBaHMSI TeMaTOKCH -
JIMTHOM ¥ 303MHOM U KpacuTtejieM [ MM3a 1 yIbTpaTOHKUX
CPEe30B TOJIINHON 2 MKM JIJISI UMMYHOTUCTOXUMHUYECKOTO
a”Hanmm3a. MUMMyHOTHCTOXMMUYECKOE OKPAITMBAHWE BBI-
MOJIHSUIOCH IO CTaHIAPTHOMY TTpoTokoiy [17], mpu aTom
BBISIBJISLIMCH TpunTasa, xumasa u CPA3 TK. Unentudu-
KaIus IpoTeas3 MPOBOIMIACH C TIOMOIIBIO TTEPBUYHBIX
MBIIIMHBIX aHTUTeN Anti-Mast Cell Tryptase antibody (KnoH
AAl, #ab2378; passenenue 1 : 4 000), Anti-Mast Cell Chy-
mase antibody (#ab233103; pazsenenue 1 : 1 000) u An-
ti-CPA3 (#ab251685; passenenue 1 : 1 000). B kauectBe
BTOPUYHBIX aHTUTEJI TIPUMEHSUTUCH KO3bU U aHTUKPO-
nuyby aHTutena #AS-R1-HRP, kotopble BU3yanusupo-
Banuchk ImmPACTTM DAB Peroxidase Substrat Kit (#SK-
4105) 110 MPOTOKOITY, YKa3aHHOMY B MHCTPYKLIMU. Slmpa
KOHTPAaCTUPOBAJINCH TeMaTOKCWINHOM Maiiepa, mocie
Yero cpesbl MoMeIlalich B MOHTaxHYy1o cpery. CocTosi-
Hue aktuBauuu TK olileHUBanMCh Mo KOJIUYECTBEHHOMY
MIpeACTaBUTEIIbCTBY TpHIITa3a-, xumasa- 1 CPA3-1o3u-
tuBHBIX TK [18—20].

MukponpenapaTbl aHATU3UPOBAIKCH C TTOMOILBIO
MuKpockona Zeiss Axio Imager.A2 (Carl Zeiss, I'epma-
HUSI) C CUCTEMOH (hOTOTOKYMEHTUPOBAHUS U300paKEHUIA
u uudposoit kamepoii Camera Axiocam 506 color (Carl
Zeiss, 'epmanust). O0paboTKa M300pakeHU OCyIeCTB-
ssinack B mporpamme ZEN 2.3. TK nmoacuuThiBaIMCh TPy
rmoMoII 00beKTHBa X 40 ¢ aHam30M > 50 moJieit 3peHus..
I1pu aHanu3e MUKpoIpenapaToB MOACYMUTHIBAIOCH 0011Iee
yucio TK ¢ pacnipeaeneHrem 1o cTerneHu AerpaHyJIsiyn.
Taxoxe TPOBOIWIICST KOJIMIECTBEHHBII aHAJIU3 ITPOTEa3HO-
ro npoduis (tpumnrasa, xumasa, CPA3) na 1 mm>2.

AHaJM3 TIpernapaToB OCYILECTBIIsIcd Ha 6a3e HayuHo-
HUCCEI0BATEIbCKOTO MHCTUTYTA 3KCIIEPUMEHTAIbHOMN

Tabauua 1
Jlemoepaghuneckasn xapaxmepucmura nayuenmos u
Haauyue conymcmeylouux 3a601e6anui

Table 1
Demographic characteristics of patients and their
comorbidities
e B | o
Yucno naumeHTos, n (%): 30 (100) 9 (100)
Mon, n (%):

* MyX4UHbI 15 (50) 4 (44)

¢ KEHILMHbI 15 (50) 5 (56)
Bospacr, rogp! 67,2117 63,42 £10,8
MLP SARS-CoV-2 «+», n (%) 30 (100) 0(0)
[lBycTOPOHHAS NHeBMOHUS, N (%) 30 (100) 0(0)

OPAC, n (%) 30 (100) 0(0)
CaxapHblit auabet 2-ro Tuna, n (%) 8(27) 2(22)
TmnepToHnyeckas GonesHb, n (%) 26 (87) 8(89)
)c(s:));::,e:l((?/:; nwemunyeckas 6onesHb 4(13) 1(11)
Wwemmnyeckuit nucynet, n (%) 2(7) 1(11)
XCH, n (%) 11(37) 3(33)
Crapus* XCH, n (%):

d| 2(7) 1(11)

< lIA 9(30) 2(22)

«lib 0(0) 0(0)

ol 0(0) 0(0)
Oxwupenue, n (%) 13 (43) 4 (44)
CreneHb oxvpeHus, n (%):

ol 4(13) 1(11)
ol 3(10) 1(11)
ol 6(20) 2(22)
XpoHuyeckas GonesHb nouex, n (%) 2(7) 1(11)

Mpnmevanme: MLP - nomumepastas LenHas peakuus;; OPC — ocTpbiit pecnpatopHbii
anctpecc-cuhapoM; XCH - XpoHuyeckast cepagyHast HeOCTaTOYHOCTb; CTaUM XPOHUYECKON
CEPLENHOIN HE[OCTATOYHOCTY YkasaHbl Mo knaccudmkaumm [.H.Cmaxecko v B.X.BacuneHko.

Note: *, stages of chronic heart failure were classified according to D.N.Stazhesko and
V.Kh.Vasilenko.

ouosornu u MmeauiHbl DenepasbHOTO rOCyIapCTBEHHO-
0 OIOIKETHOTO 00Pa30BATEILHOTO YUPEKICHUS BBICIIIETO
oOpazoBaHus «BopoHexXckuii rocynapcTBEHHbBI Meau -
uuHckuii yauepcuret umenn H.H.Bypaenko» MuHu-
cTepcTBa 3apaBooxpaHeHust Poccuiickoit @enepaimu.

Y maumneHTOB OCHOBHOM TPYIMITBI IIPY MOCTYIICHUN
B CTallOHAp M KaK MUHMMYM OTHOKPATHO B TMHAMUKE
BBITOJIHSUTUCH CTaHAapTHBIN o61muit (OAK) u ouoxumu-
YECKUI aHAJIU3bl KPOBU C OTpe/eIeHUEM YPOBHSI Kpea-
TUHWHA, MOYeBUHBI, TJTIOKO3HI, aciapTaTaMIHOTpaHCde-
pasbl, alaHMHAMUHOTpaHcdepassl, 001Iero ouaupyornHa
n C-peaktuBHoro 6enka (CPB).

Pe3ynbTaThl mogBeprajiuch CTaTUCTUUYECKON 00paboT-
K€ ¢ TTOMOIIIbIO IporpamMMbl Statgraphics Centurion XV.
HopMmanbsHOCTB pactipenesieHrsI JTaHHBIX OLICHMUBAIACh
C MOMOILIBIO HOPMAJIM30BaHHBIX KOA(POULIMEHTOB KCLeC-
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ca M acUMMeTpuH, a Takke kputepus Lllanupo—Yuika.
KommaecTBeHHBIE JaHHBIE TP HOPMAJIBHOM pacIipeliesie-
HUU TIpeACTaBiIeHbl B Buae M + o, rne M — BEIOOpOYHOE
cpenHee, 0 — CTaHAAPTHOE OTKJIOHEHKE, TIPU HEHOPMaJIb-
HOM — B Bujae Me (VO’QS; V0,75)> rae Me — MeanaHa, VO,25
1V ;s — BEPXHUII 1 HIKHUI KBAPTHIIM COOTBETCTBEHHO.
KoppensiLiMoHHbII aHaIu3 B OCHOBHOM IPYIIIE TPOU3BO-
IAJICS ¢ UCITOJIb30BaHNEM KO3 (UIIMEHTa KOPPEISIINT
Cnupmena. JIoCTOBEpHBIMU CUMTAIUCH Pa3IudUs MpU

p<0,05.
Pesynbrarthl

B xone uccnenoBaHus onpeneaeHo cpeaHee KOJIMIeCTBO
TPUIITA3a-MMO3UTUBHBIX, XUMa3a-Mo3UTUBHbIX, CPA3-
no3utBHBIX TK Ha 1 MM? B rpyrimax COVID-19 u koHT-
pousisi. Kpome Toro, B Kaxkaoi rpyrre ObLIA OLeHEHBI
KOJIMYECTBO TpuUMTasa-, xuMasza- U CPA3-M03UTUBHBIX
TK c npuzHakamu nerpaHyasiuuu, 0e3 nerpaHyiasiiuu,
dparmenToB TK, a Takke coBMecTHBIX TTprutexkanmii TK.
Pesynbrarel ynciaeHHO peacTaBieHbl B Ta0. 2, rpadu-
yecku — Ha puc. 1-3.

B tkansx nerkux y nanuentos ¢ COVID-19 o6Hapy-
XKeHOo ob1upHoe npeacraButenbeTBo TK ¢ paznnuHbimM
MpOTea3HbIM MpodUIeM U AeTPaHyISIIMOHHON aKTUB-
HOCTBIO (puc. 4—06).

CTaTHCTHYECKU 3HAYMMBIX Pa3INIUiA B OOIIEM KOJIM -
yecTBe TpunTasa-no3uTuBHbIX TK, Tak Xe, Kak 1 Xuma-
3a-1o3uTUBHLIX TK, y malyeHToB UccaeayeMbIX TPy

He oOHapyXeHo. OIHAKO CTOUT OTMETUTb CTATUCTUIECKU
3HAYMMOE pasIndre Ha YPOBHE, OJIM3KOM K a0OCOTIOTHO-
MY, B CpeIHEeM KOJMYECTBE TPUIITa3a-IMo3UTUBHBIX TK
0e3 MPU3HAKOB JETrpaHyIsalun Ha 1 MM? MeXIy TpyIl-
noit maureHToB ¢ COVID-19 u xoHTposaem (p < 0,0001).
B rpynmne nammentoB ¢ COVID-19 KonnuecTBo Tpumra-
3a-1o3uTUBHBIX TK ¢ npu3HakaMu aerpaHyIsiLiuu ObLIO
MEHBIIIe TAKOBOTO B IPYIIIE KOHTPOJISI, HO CTATUCTUYECKU
3HAYMMBIX pa3IUunii He ycTaHOBJIeHO. OgHaKo (hparMeH-
THI TPUTITA3a-TTO3UTUBHEIX TK B cTaTUCTUYECKN 3HAYNMO
MEHBIIIEM KOJIMYECTBE OBUTH IPEACTABIICHBI Y ITAIIICHTOB
¢ COVID-19 (p = 0,0001). B coBOKYyITHOCTHY 3TN JaHHBIE
MOTYT CBUIETEIbCTBOBATH O CHUKEHHOM eTpaHy IsSIIOH-
HOI aKTUBHOCTHU TPUTITa3a-To3uTUBHBIX TK y manmeHToB
¢ COVID-19.

Cpenu xuma3za-1io3uTuBHbIX TK merpanynvpoBaHHbBIC
TK u dpparmentsl TK B nerkux nauueHtos ¢ COVID-19
MpeICcTaBJIeHBl B MEHBIIIEH CTeTIEHU, YeM B KOHTPOJIE,
OIIHAKO 0€3 CTATUCTUYECKU 3HAYMMBIX pa3IMImil. X1Ma-
3a-1o3uTuBHbIe TK 0€3 pu3HaKoB aerpaHyIsiuuu 6oiee
IIMPOKO MpPeNCTaBIeHbl B OCHOBHOM IpyIINe Mo CpaBHe-
HUI0 ¢ KoHTposieM (p = 0,0455).

WHEbIe pe3yIbTaThl OIyYeHbl OTHOCUTEIIEHO AaKTUBHO-
ctu CPA3-no3utuBHBIX TK B nccienyemMmoM MaTepuarie.
OOHapyXeHO CTaTUCTUYECKU 3HAUMMO OOoJiblliee o0llee
kosmuecTBo CPA3-no3utuBHbIX TK Ha 1 MM? B OCHOBHOM
TPYIIIE IO CPABHEHMIO C TAKOBBIM B TPYIIIIE KOHTPOJIS
u MeHblIIee KonmdecTBo parmeHToB TK (p = 0,0411
1 0,0355 COOTBETCTBEHHO).

Tabauua 2

IIpomeasnvuii npopuas (mpunmasa, xumasa, kapooxcunenmudaza-A3) u cekpemopHas AKMUGHOCHb MYHHbBIX KAEMOK
6 MKAHAX Ae2KUX Y NAUUEeHM08 0CHOGHOI U KOHMPOABHOI 2pynn

Table 2

Protease profile (tryptase, chymase, carboxypeptidase-A3) and secretory activity of mast cells in lung tissues of patients

Jfrom the main and control groups

‘ KonTponbHas rpynna (n = 9) ‘

MNokasatenb OcHoBHas rpynna (n = 30) p-value
CpenHee KONWYeCTBO TPUNTa3a-no3uTuBHLIX TK Ha 1 Mm?
TK 6e3 npusHakoB gerpaHynsiuum 11,54 (8,57; 18,13) 2,0 (1,78; 2,44) 0,0000
[JlerpanynupoBanHble TK 12,74 (9,2; 31,6) 19,78 (15,78; 26,2) 0,2501
®parmentsl TK 1,14 (0,0; 3,56) 7,56 (5,78; 10,22) 0,0001
CoBmecTHoe npunexanue TK 0,635 (0,0; 1,6) 1,33 (0,89; 1,78) 0,1383
Bcero 27,265 (21,2; 42,35) 28,0 (24,0; 35,11) 0,8545
CpepHee KONMYECTBO X1Ma3a-no3uTUBHLIX TK Ha 1 Mm?
TK 6e3 npusHakoB gerpaHynsauum 2,07 (1,18; 2,82) 1,11 (0,89; 1,11) 0,0455
[JerpaHynupoBanHble TK 2,705 (1,62; 4,2) 4,44 (2,0; 5,33) 0,4138
®parmenTsl TK 0,56 (0,0; 1,04) 0,67 (0,44; 0,89) 0,6201
CoBmecTHoe npunexanue TK 0,0 (0,0; 0,34) 0,44 (0,44; 0,89) 0,1044
Bcero 4,93(3,8;9,2) 5,56 (3,56; 6,44) 0,8807
CpegHee konuyecTBo CPA3-no3utneHbIX TK Ha 1 Mm?

TK 6e3 npusHakoB aerpaHynsuum 5,07 (4,36; 6,86) 4,025 (2,935; 6,035) 0,1032
[DerpanynupoBaHHble TK 2,465 (1,15; 4,62) 1,52 (0,86; 3,105) 0,2442
®parmeHTsl TK 0,0 (0,0; 1,15) 1,44 (0,85; 2,58) 0,0355
CoBmecTHoe npunexanue TK 0,0 (0,0; 0,0) 0,0 (0,0; 0,0) 0,9197
Bcero 7,795 (6,88; 10,56) 6,02 (5,36; 8,085) 0,0411

Mpumeyanme: CPA3 - kapbokevnenTinasa A3; TK — TyuHble KneTku.
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CPA3*-TK ¢ npusHakamu perpanynsiumu (OT)
CPA3*-TK ¢ npustakamu gerpanynsumm (KI)
CPA3*-TK 6e3 npuaHakoB Aerpanynsiumu (OT)
CPA3*-TK 6e3 npuaHakoB Aerpanynsumuu (KI)
®parmenTsl CPA3*-TK (OF) = =~ .
®parmentbl CPA3*-TK (KT)

CosmectHoe npunexanne CPA3*-TK (OI) }s .
ComecTHoe npunexatue CPA3*-TK (KT) 3
06uwee konuyecto CPA3*-TK (OF)
06uwee konuyectBo CPA3*-TK (KI)
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Cpe.que KONMYecTBO KneTok Ha 1 Mm?

o b

Puc. 1. CexperopHast akTuBHOCTb CPA3-TI03UTUBHBIX TYYHBIX KJIETOK B TKaHSIX JIETKMX MAIIMEHTOB OCHOBHOW ¥ KOHTPOJILHOM TPYTIIT (IrarpaMmma
Box-and-Whisker Plot)
[Mpumeuanue: CPA3 — kapookcunentuaasa A3; TK — tyunsie kinetku; OI' — ocHoBHas rpynma; KI' — koHTponbHast rpymmna.

Figure 1. Secretory activity of SPAS-positive mast cells in lung tissues of patients from the main and control groups (Box-and-Whisker Plot)
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O6uwee konuyecTBo Xumasa+-TK (KI)
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CpepHee KONMYECTBO KNETOK Ha 1 MM?

Puc. 2. CekperopHasi akTUBHOCTb XMMa3a-MO3UTUBHBIX TYUHbIX KJIETOK B TKAHSX JIETKMX MAllMEHTOB OCHOBHOW M KOHTPOJIBHOM IpynIl (1ua-
rpamMma Box-and-Whisker Plot)
IMpumeuanue: TK — tyunsie kietku; OI' — ocHoBHas rpynma; KI' — KoHTposbHast rpyrina.

Figure 2. Secretory activity of chymase-positive mast cells in lung tissues of patients from the main and control groups (Box-and-Whisker Plot)

Tpuntasa*-TK ¢ npusHakamu gerpanynsumv (OT)
Tpuntasa*-TK ¢ npusHakamu gerpanynsumm (KI)
Tpuntasa*-TK 6e3 npuaHakoB Aerpaynsumu (OT)

Tpuntasa*-TK 6e3 npuaHakoB Aerpanynsumu (KI)
®parmeHTbl TpunTasa'-TK (OF)

®parmenTbl TpunTasa*-TK (KI)

CoBMecTHoe npunexaxue Tpuntasa'-TK (OF)
CoBmecTHoe npunexanue Tpuntasa*-TK (KI)
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OGuwee konuyecTBO TpunTasa*-TK (Or)
O6wee konuyectBo Tpuntasa*-TK (KI)
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CpepHee kKONMYECTBO KNETOK Ha 1 Mm?

Puc. 3. CekpeTropHasi akTUBHOCTb TPUIITa3a-MO3UTUBHBIX TYUHBIX KJIETOK B TKAHSIX JIETKMX MAllMEHTOB OCHOBHOU M KOHTPOJIBHOM Tpynn (1ua-
rpamma Box-and-Whisker Plof)
IMpumeuanue: TK — tyunbie knetku; OI' — ocHoBHas rpynna; KI' — KOHTposibHAas rpymma.

Figure 3. Secretory activity of tryptase-positive mast cells in lung tissues of patients from the main and control groups (Box-and-Whisker Plot)
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Puc. 4. MIMMyHOrMCTOXMMUYECKAsT pPEaKIIMsI
¢ aHTuTenamMu K Tpunrase (Anti-Mast Cell Trypt-
ase antibody; xioH AAl, #ab2378; paszBeneHue
1:4 000), ssmpa mokpaiieHbl TeMaTOKCUJTUHOM
Maiiepa. A — HepaBHOMEpHOE pacrpeneieHue
TPUITA3a-MIO3UTUBHBIX TYYHBIX KJIETOK B Jie-
TOYHOW MapeHXMMe, KOJINYECTBO TPaHys B LU-
TOTIa3Me KJIETOK MEHSIETCST B 3aBUCMOCTH OT
ux GYHKIIMOHATBbHOI akTUBHOCTH; B, C — Tyu-
HbIe KJICTKU, COIACPXKAIINe IPaHyJIbl TPUIITa3bl
B COCTOSIHMM AETPaHYJISILUU (TPaHysI Majio, OT-
NeJTIbHbIC TPaHyJIbl HaXOMSTCSl 3a IpeneaMu

LUTOILIa3MbI TYYHBIX KJ'IGTOK)

Figure 4. Immunohistochemical reaction with
Anti-Mast Cell Tryptase antibodies (clone AA1,
#ab2378; dilution 1 : 4,000). The nuclei were
stained with Mayer’s hematoxylin. A, uneven
distribution of tryptase-positive mast cells in the
lung parenchyma. The number of granules in the
cytoplasm of cells depended on their functional
activity; B, C, mast cells containing tryptase
granules in a state of degranulation: there are few
granules, some granules are outside the mast
cells

Puc. 5. MmmyHorucroxumudeckasi peaxkiius
¢ aHTuTesamMu K xumase (Anti-Mast Cell Chymase
antibody; #ab233103; pa3senenue 1 : 1 000), siapa
JIOKpallleHbl TeMaTOKCUJIMHOM Maiiepa. A — 00-
Uil BUI TYYHBIX KJIETOK C IOJIOXUTENbHOM
9KCIIpeccueil B JITOYHOM TKaHu; B — TyuHas
KJIETKA C TPaHy/IaMU XMMa3bl TPUHAIEKUT SH-
norenrotuty; C — BbIpaskeHHasT IeTpaHy SIS
(TpaHyJibl ¢ XUMa30ii «PacChIaHbl» B MEXKIIE-

TOYHOM MaTpHUKCe)

Figure 5. Immunohistochemical reaction with
Anti-Mast Cell Chymase antibodies; #ab233103;
dilution 1 : 1,000; the nuclei were stained with
Mayer’s hematoxylin. A, general view of mast
cells with positive expression in the lung tissue;
B, a mast cell with chymase granules that belongs
to an endotheliocyte; C, pronounced degranula-
tion: granules with chymase are scattered in the
intercellular matrix

KpOMC TOro, B OCHOBHOM I'pynrie npoaHaJIn3npoBaHbI

KOPPEISIIIMOHHBIC CBSI3U 1 YCTaHOBJIEHA 3aBUCHUMOCTD
KOJIMYECTBA TpUNTasa-, xumasa- i CPA3-1mo3uTuBHBIX
KJIETOK U HEKOTOPBIX AeMOTpaduIeCcKuX U KJIMHUKO-J1a-
OopatopHbIX Moka3areseii. Ooiiee Konnuectso CPA3-
mo3uTuBHBIX TK Ha 1 MM? OBIJIO JJOCTOBEPHO BBILIE
y malueHToB GoJjiee crapiuero Bo3pacta (r = 0,6205;
p = 0,0253), Takas Xe CBsI3b HaOJI0daaCh 1S Helle-
rpanynaupoBaHHbIX CPA3-no3utuBHbIX TK (r = 0,550;
p = 0,0473), copmectHo mpuiexamux (r = 0,5863;
p =0,0345) u pparmenTos (= 0,6108; p = 0,0277) Tpur-
Taza-no3uTUBHBIX TK.

OOHapyXeHBI CUJIBHBIE OTPUIIATEIbHBIC KOPPEISIIN-
OHHBIC CBSI3M OOIIETO KOJIMYECTBA TPUITA3a-TTO3UTHB-
weix TK (= —0,8207; p = 0,0138), a Takke KoIMIecTBa
TpunTasa-no3utuBHbIX TK ¢ nmpusHakamu nerpaHyasiin

(r=—0,77200; p = 0206) ¢ comepXaHMEM SPUTPOLINTOB
KpPOBH I10 pe3yJibTatam nociaeaHero OAK, BBIIIOJIHEHHOTO
MalyeHTy He3a00J1ro A0 JeTalbHOro ucxoaa. Bmecre ¢ Tem
KOJIMUECTBO TpuITaza-no3uTuBHbIX TK 0e3 mpu3HakoB
JIETpaHyJISIIIMY OTPUIIATEIbHO KOPPEJIUPYET C ColepKa-
HueM remorioouHa B OAK, BBIIIOJTHEHHOM MALIUEHTY He-
3a70J1ro 10 JieTabHoro ucxona (r = —0,7697; p = 0,0209).

Tpunraza-nosutusHbie TK B ayTorcuitHom Matepu-
aJjie JIETKUX MPOSIBUIIN ce0sI Y B KOPPEJSIIUSIX C JICHKOIIN-
taMu KpoBu. CpenHee KOJIM4ecTBO Ha 1 MM? KaK OTaeIb-
Ho sexamux (= 0,6659; p = 0,0457), Tak 1 COBMECTHO
Mpuexanux Tpunrasa-no3utuBHbix TK (r = 0,7779;
p = 0,0196) M0OJ0XUTETBHO KOPPEIUPOBAIO C COIAEP-
JKaHUEM JIeMKOUUTOB 1o pedyiabrataM OAK, BbIImoJ-
HEHHOM NALMEeHTY He3aJ0JIro A0 JIETAIbHOIO0 UCX0/a.
Taxkke KOJTMYECTBO KakK OTAebHO jexarux (r = 0,7652;
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WP
= 5 B

Puc. 6. MUMMyHOTHCTOXMMUYECKAsT peaKkLus
C aHTUTeJaMM K KapOokcunentupaze (An-
ti-CPA3; #ab251685; passenenue 1 : 1 000),
s/ipa JIOKpalleHbl reMaTOKCWJIMHOM Maiiepa.
A — Ty4HBIE KJIETKH B JIECTOYHOI TKAHU C TPaHy-
JaMM KapOOKCUMEINTUAA3bl C Pa3HOM BbIpaXKeH-
HOCTBIO JIeTpaHyIsIuuu; B — rpaHysibl B 1IUTO-
niaszme 6e3 npu3HakoB aerpaHyasimu; C — Bbl-
NieJIeHUe TpaHyJl KapOOKCUTICITUIA3bI TYUHBIMU

KJIETKaMM1

B el ,. e AT

Figure 6. Immunohistochemical reaction with
anti-carboxypeptidase antibodies (Anti-CPA3;
#ab251685; dilution 1 : 1,000). The nuclei were
stained with Mayer’s hematoxylin. A, mast cells
in the lung tissue with granules of carboxypepti-
dase with different degree of degranulation;
B, granules in the cytoplasm, without signs of
degranulation; C, release of carboxypeptidase
granules by mast cells

p =0,0217), Tak 1 COBMECTHO Mpuiexaluux TpUIrasa-
nosutuBHbIX TK (= 0,8180; p = 0,0141) monoxureabHO
KOPPEIMPOBAJIO C CoAepKaHMEeM 303MHOMMIOB 1O pe-
syabratam OAK.

OOHapyXeHbl OTPUIIATEIbHBIE KOPPEJSIIMOHHBIE
cBs131 0o61Iero KonndecTBa CPA3-TTO3UTUBHBIX KIICTOK
(r=-0,6727; p = 0,0436) 1 CPA3-1103UTUBHBIX KJIETOK
0e3 npu3HakoB aerpanyasuuu (r = —0,7091; p = 0,0334)
¢ coaepkaHueM TpoMOoLUTOB 110 pedyabrataMm OAK, BbI-
ITOJTHEHHOM HE3aI0JITo A0 JeTaIbHOTO UCXOa.

YcraHoBIeHA TIpsIMast KOPPEIISIIIUS MEXIY KOJIMIe-
CTBOM COBMECTHO TpPUJICKAIIMX TPUIITAa3a-TTO3UTUBHBIX
TK, a takxe dbparMeHTOB TpumTaza-mo3uTuBHbIX TK
€O CKOPOCTBIO ocemanust apuTporutos (CO3) (r=0,8180;
p=0,0141 ur=0,7652; p = 0,0217 COOTBETCTBEHHO).

KpomMme Toro, B cciaenoBaHUU MPOAEMOHCTPUPOBaA-
Ha CWJIbHAsI OTpUIIaTeJIbHAsSI KOPPESIUS KOJUYecTBa
TpunTa3za-no3uTuBHEIX TK 0e3 mpr3HaKoB AerpaHyIsSIIIT
¢ ypoBHeM KpeaTuHuHa KpoBu (= —0,7173; p =0,0314).
Takue xe gaHHbIe MoaydeHbl 1jist pparmeHToB CPA3-
no3uTtuBHbIX TK (r=—0,7038; p = 0,0347).

HaxoHe1, oOHapy:eHa CHIbHasI OTPULIATEIbHAS KOP-
pensunst mexay konndectBoM CPA3-mto3utuBHBIX TK 03
MPU3HAKOB JIETPaHyJISLIMU U YPOBHEM BaKHEHIIIEro Map-
kepa BocrnianieHust — CPb kposu (r=—0,7333; p = 0,0278).

C npyrumu nokasateiasmu OAK m dOmoxumMmuaecko-
rO aHaJIM3a KPOBHU, OIPEAeICHHBIMU y TTAIIMEHTOB, 10-
CTOBEpPHbBIE KOPPEISILIMOHHBIE CBsI3U TokKa3artenein TK
HE YCTaHOBJICHBI.

O6cyxaeHue

Panee ObL1M nipencTaBieHbl pe3yJibTaThl aHAIM3a KOJU-
yectBa TK pasmnmaHBIX OMOTOTHYECKUX Cpell Y MallMeH-
toB ¢ COVID-19. J.S. Motta Junior et al. BeIIBIIeHA TI0-
BBbILLIEHHAs TJIOTHOCTh MEPUBACKYJISIPHBIX 1 CENTaTbHbIX
TK, skcnpeccupytomux 1L-4, B ayTonicuiiHom Matepu-
aje Jierkux oT mauueHToB ¢ COVID-19 1o cpaBHEHUIO
C TAKOBOM B KOHTPOJIE M 00pa3lax Jerkux, NoJay4YeHHbIX
ot nmauueHToB ¢ HINI [21]. OnHako aHanu3 mporeas-

Horo npodunsa TK B naHHOM uMcclienoBaHUM He TPo-
BOIMIICS.

B uccnenosanuu Z.Zhou et al. 06Hapy>KeHO MOBHI-
IIEHHOE KOJIMYECTBO aKTUBUPOBaHHBIX TK B XKuaKoCTH
OpoHXO0aNIbBEOJISIpHOTO JaBaxa y rarueHtos ¢ COVID-19
0 CPaBHEHUIO C KOHTPOJIBHBIMK 00pa3IiaMy 3I0POBBIX
qai [22]. Coob1aeTcs Takke 00 yBETMYEHHOM COIep-
kaHuu 1npoteas TK B CHIBOPOTKE KpOBM y MallMEHTOB
¢ COVID-19. §8.Gebremeskel et al. o6HapykeHbI 00Jiee Bbl-
COKME YPOBHM XUMa3bl, 3-TpunTa3el 1 CPA3 B CHIBOPOTKE
KkpoBu y namreHToB ¢ COVID-19 no cpaBHEHNIO ¢ KOHT-
POJILHOM TPYIIION, YTO YKA3bIBAET HA CUCTEMHYIO aKTHUBA-
vto TK y atux maimeHToB [23]. DTU faHHbIE COTIacyoT-
¢ ¢ pesyabTaTaMu, mojaydeHHbIMU J. Tan et al. TTokazaHo,
YTO Yy NalMeHTOB ¢ TseKeJbiM TedeHrneM COVID-19 noBbi-
LLIeH YPOBEHb X1MMasbl 1a3Mbl [24]. R.Soria-Castro et al.,
He3aBUCUMO OT S. Gebremeskel et al., Takke oOHapy>KeHO
yBenmmueHHOe comepxxaHne CPA3 B chIBOpOTKE KpOBU
y marmmeHToB ¢ COVID-19 [25], uTo cormacyeTcs ¢ mo-
JIy4EHHBIMM B HACTOSIIIIEM MCCIEAOBAaHUM pe3ybTaTaMUu
0 CTaTUCTUYECKU 3HAYMMO OOJIbLIIEM OOLIEM KOJUUYECTBE
CPA3-nosutuBHbiX TK Ha 1 MM? B ayTOIICHITHOM MaTe-
puaJe JIETKUX, MoJiydeHHOM oT rnmauueHToB ¢ COVID-19
10 CPAaBHEHMIO C TAKOBBIM B IPYIITE KOHTPOJISI, YTO MOXET
CBUJETENBbCTBOBATh 00 y4acTUu JaHHOU mpoTea3bl TK
B natoreHe3e HKM COVID-19.

CraTucTUYeCKN 3HAYMMBIX Pa3In4uii B 00IIEM KO-
JIMYECTBE TpUITaza-nmo3uTuBHbIX TK B ucciaeayembix
rpyrmnax He OOHapyXeHO, a aHaJn3 IerPaHy ISIIIMOHHON
AKTUBHOCTHU MOXET CBHUIIETEIHLCTBOBATh O CHIKCHHOM
JEeTPaHYISIIIMOHHOM aKTUBHOCTH TPUITTAa3a-TIO3UTUBHBIX
TK y mammuentoB ¢ COVID-19. Onnako S.Gebremeskel
et al. B nerkux y nammeHToB ¢ COVID-19 o6HapyxeHa
ToBbIIIIeHHAs! oKcTipeccust reHoB TPSB2 (Tryptase beta-2)
u TPSABI (Tryptase Alpha/Beta-1), KoTOpBIe KOTUPYIOT
tpunTtasy TK, uyto nmpennonaraer aktuBauuio TK B erkux
y 9TUX MauueHToB [23].

OOHapyXeHHBIEe CUJIBHBIE OTPUIIATEIEHBIE KOPPEIIsi-
IIMOHHBIC CBS3M OOIIEro KOIMUYECTBA TPUIMTA3a-TI03U -
TuBHBbIX TK, a Takke KomyecTBa TpUITa3a-1mo3UTUBHBIX
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TK ¢ npusHakaMu JerpaHyJIsiLiuU ¢ COAepKaHUEM dPUT-
POLIMTOB KPOBU MOTYT (POPMUPOBATH TUTIOTE3Y O IMTOTEH-
nuanbHO# ¢Bs13u TK M IpoayKToB MX AerpaHyISLINH,
a UMEHHO — TPUMTA3bl, C pa3BUTHEM aHeMUU. MmetoTcest
JAaHHbIE O PA3BUTUM AaHEMUM Y TTAIIMEHTOB C CUHAPOMOM
aktuBauuu TK [26], ogHako oHa MMeeT MHOrogakTop-
HOE MPOUCXOXKICHNE, TIOTOMY MEXaHU3MbI YCTAHOBJICH-
Ho¥t c¢Bs13m 11 nanmeHToB ¢ COVID-19 eme nipeacront
BBISICHUTH. BMecTe ¢ TeM oTpuliaTebHas KOPPeasiius
KOJIMYEeCTBA TpHITa3a-mo3uTUBHEIX TK 06e3 Mpu3HakoB
JIEeTPaHYJISIIAN C COIepKaHNEM TeMOTJIOOMHA BEI3BIBACT
HEKOTOPOE IMPOTHBOPEUNE.

Tpunraza-nosutusHbie TK B ayTorcuitHom MaTepu-
aJie JISTKUX TIPOSIBUJIN ce0sT U B TIOJIOXKUTETLHEBIX KOppe-
JISIIUSIX C CoIepKaHUEeM JICMKOILIMTOB W 03MHOMUIIOB
B KpoBu. [ToydeHHBIE pe3yabTaThl COIIACYIOTCS C YXKe
CYIIECTBYIOIIMMU TaHHBIMU O BIAUSIHUM TpunTasbl TK
Ha CTaTyC aKTWBAIlMU 303WHODUIOB ¢ MHIYIIMPOBa-
HUEM BBICBOOOXICHUS 303MHOMDUIBHON MIepOKCHUIA3EI
" B-reKco3aMUHMIAa3bl U3 303MHOMWIOB Tepudeprye-
cKoi1 kpoBu [27].

OOHapy:KeHHBIEC OTPUILIATEIIbHBIE KOPPEISILIMOHHEBIC
cBs131 o61Iero KoandecTBa CPA3-TTO3UTUBHBIX KIICTOK
1 CPA3-TI03UTUBHBIX KJIETOK 0€3 MPU3HAKOB JAerpaHy-
JISIUMM € cofepkaHrueM TpoM0Oo1uToB B OAK BbI3bIBAIOT
npeanosioxenue o6 yyactuu TK B pazButriu TpoM0O0111-
TorneHuU. Panee coob1aimock o critocooHoctn TK cuHTE-
3UPOBaTh (haKTOP aKTUBAILIUM TPOMOOIIMTOB, UTPAIOIIIIA
Ba)KHYIO POJIb B JIESTOYHOM MUKPOTPOMOO03€ Y MallUeHTOB
¢ COVID-19. Bmecrte ¢ TeM g0Ka3aHa CBsI3b TPOMOOIIU-
TOIIEHUH C Pa3BUTHEM HeOIarOMPUSTHBIX UCXOIO0B Y ITa-
LIMEHTOB ¢ TskeybIM TeueHrnem COVID-19 [28, 29].

OOpaiaeT Ha ce0s1 BHUMaHUe YCTaHOBJIEHHAsT CUJTb-
Hasl OTpULIATEeIbHAST KOPPEISILINS MEXIY KOJIMIECTBOM
CPA3-mrosutuBHBIX TK 0€3 mpr3HaKoB OerpaHyISIIIUN
n ypoBHeM CPB kpoBu. R.Soria-Castro et al. yctaHOBJIE-
Ha TOJIOKUTEIbHAs Koppeasuus mexay ypoBHem CPA3
CbIBOPOTKU KpoBHU nanueHToB ¢ COVID-19 u noka3zare-
seM CPB [25], 9To MOXeT CBUIETETLCTBOBATh 00 YIaCTUH
nmanHoi rmporeassl TK B matoreneze HKM COVID-19.

3aknioyeHue

Takum 06pa3oM, molydeHHbIE pe3yabTaThl BEChbMa ITPOTU -
BopeuurBbl — y marueHToB ¢ COVID-19 o6HapyxeHa CHU-
SKEHHas IeTpaHyISIIHOHHAs aKTUBHOCTh TPUIITA3a-TT031-
TuBHBIX TK Hapsmy ¢ MOBBIIICHHBIM ITPEICTABUTETLCTBOM
CPA3-nio3utuBHBIX TK. OTMEUYeHBI HEKOTOPBIE BO3PACT-
HbIe TEHASHLIMY U OOHAPYKEHbI CBSI3U € JJAOOPATOPHBIMU
rokaszaTeJissMu. PaccmaTprBaeTcst TOTEHITMAIbHOE yJac-
tie TK B pa3BuTHu aHeMUU U TPOMOOLIUTONIEHUHM, YCTa-
HOBJICHBI CBSI3U TPUIITa3a-Mmo3uTUBHBIX TK ¢ ypoBHeM
JIEHKOLIUTOB U 303UHOMUIOB NepudepruuecKoii KpoBU,
a takxke COD. I1pu aToM TpedyeTcs ganabHeilee yrouHe-
HUe TTpoTHUBOpeunii 06patHoit cBsI3U CPA3-TTO3UTUBHBIX
TK ¢ ypoBusimu kpeatunuHa u CPb. Mmerorcsa pas-
JIMYHBIE UcclenoBaHus KoauyecTBa TK u ux mporeas
B CBIBOPOTKE KPOBU, KMIKOCTH OPOHXO0ATHBEOISIPHOTO
JIaBaxka B ayTOIICMITHOM MaTepHalie JITKUX ITallueHTOB
¢ COVID-19 [21, 22, 24, 25]. OmHaKO MHOTHE aCITeKThI
yuactus TK u ux nmpoteas B natoreHeze COVID-19 octa-

IOTCSl HESICHBIMU, YTO O0YCJIOBIMBAET HEOOXOAUMOCTh
MMPOBEACHUS NCCIIEAOBaHMIT Ha O0Jiee KPYITHBIX KOTOPTaX
MMAllMEHTOB, PE3YIbTAaThl KOTOPHIX TOMOTYT 3aIIOJTHUTh
CYILECTBYIOIIKE ITPOOEIIBI M OTKPOIOT BO3MOXHOCTH UC-
MOJIb30BAHUSI YK€ UMEIOLINXCS WIIM Pa3pabOTKM HOBBIX
MpernapaToB, CIIOCOOHBIX BIUSAThH Ha JaHHOE 3BEHO MaTo-
reHe3a M yIydIaTh NCXOIbI 3a001eBaHNs.

Nutepatypa

1. MuHnucrepctBo 3npaBooxpaHeHust Poccuiickoit deneparnu.
BpemeHHBIe MeTonMYecKue pekoMeHnauuu: [IpoduiakrTuka,
NIMATHOCTHKA U JIeUeHUEe HOBOU KOPOHAaBUPYCHOU MHGbEKIINU
(COVID-19). Bepcus 15 (22.02.2022). JocTtynHo Ha: https;//stat-
ic-0.minzdrav.gov.ru/system/attachments/attaches/000/059/392/
original/%D0%92%D0%9C%D0%A0_COVID-19_VI15.pdf |data
obpauieHus: 15.07.22].

2. Theoharides T.C. Potential association of mast cells with coronavirus
disease 2019. Ann. Allergy Asthma Immunol. 2021; 126 (3): 217-218.
DOI: 10.1016/j.anai.2020.11.003.

3. Afrin L.B., Weinstock L.B., Molderings G.J. COVID-19 hyperinflam-
mation and post-COVID-19 illness may be rooted in MCs activation
syndrome. Int. J. Infect. Dis. 2020; 100: 327—332. DOI: 10.1016/j.
ijid.2020.09.016.

4. Krystel-Whittemore M., Dileepan K.N., Wood J.G. Mast cell:
a multi-functional master cell. Front. Immunol. 2016; 6: 620. DOI:
10.3389/fimmu.2015.00620.

5. Atiakshin D.A., Shishkina V.V., Esaulenko D.I. et al. Mast cells as the
target of the biological effects of molecular hydrogen in the specific
tissue microenvironment. Int. J. Biomed. 2022; 12 (2): 183—187. DOI:
10.21103 /Article12(2) _RA2.

6. Jing H., Liu L., Zhou J., Yao H. Inhibition of C-X-C motif chemok-
ine 10 (CXCL10) protects mice from cigarette smoke-induced chronic
obstructive pulmonary disease. Med. Sci. Monit. 2018; 24: 5748—5753.
DOI: 10.12659/MSM.909864.

7. Budnevsky A.V., Ovsyannikov E.S., Shishkina V.V. et al. Possible
unexplored aspects of COVID-19 pathogenesis: the role of Carboxy-
peptidase A3. Int. J. Biomed. 2022; 12 (2): 179—182. DOI: 10.21103/
Article12(2)_RALI.

8. Nagashima S., Dutra A.A., Arantes M.P. et al. COVID-19 and lung
mast cells: the kallikrein-kinin activation pathway. Int. J. Mol. Sci.
2022; 23 (3): 1714. DOI: 10.3390/ijms23031714.

9. Lam H.Y., Tergaonkar V., Kumar A.P., Ahn K.S. Mast cells: Thera-
peutic targets for COVID-19 and beyond. JTUBMB Life. 2021; 73 (11):
1278—1292. DOI: 10.1002/iub.2552.

10. Elieh Ali Komi D., Wohrl S., Bielory L. Mast cell biology at molec-
ular level: a comprehensive review. Clin. Rev. Allergy Immunol. 2020;
58 (3): 342—365. DOI: 10.1007/s12016-019-08769-2.

11. Kempuraj D., Selvakumar G.P., Ahmed M.E. et al. COVID-19,
mast cells, cytokine storm, psychological stress, and neuroin-
flammation. Neuroscientist. 2020; 26 (5-6): 402—414. DOI:
10.1177/1073858420941476.

12. Theoharides T.C. COVID-19, pulmonary mast cells, cytokine storms,
and beneficial actions of luteolin. Biofactors. 2020; 46 (3): 306—308.
DOI: 10.1002/biof.1633.

13. Kosanovic D., Luitel H., Dahal B.K. et al. Chymase: a multifunction-
al player in pulmonary hypertension associated with lung fibrosis. Eur.
Respir. J. 2015; 46 (4): 1084—1094. DOI: 10.1183/09031936.00018215.

14. Banin I.N., Budnevsky A.V., Grechkin V.I. et al. The experience of
surfactant therapy in severe COVID-19 pneumonia: a case report. /nt.
J. Biomed. 2021; 11 (2): 177—180. DOI: 10.21103/Article11(2) CRI.

15. Apoweukuit A.W., I'putian A.W., Asnees C.H. u np. JilnarHocruka
M MTHTEHCUBHAsI TePAITHsi OCTPOTO PECITUPATOPHOTO TUCTPECC-CUH-
npoma (KnuHuueckue pekomeHaanu O061iepoccuiickoit odiect-
BeHHOI1 opranu3armu «Deneparyisi aHeCTE3MOJIOrOB U peaHNMAaTo-
JIOTOB»). AHecme3suonoeus u peanumamonoeus. 2020; (2): 5—39. DOI:
10.17116/anaesthesiology20200215.

16. ARDS Definition Task Force, Ranieri V.M., Rubenfeld G.D. et al.
Acute respiratory distress syndrome: the Berlin definition. JAMA.
2012; 307 (23): 2526—2533. DOI: 10.1001 /jama.2012.5669.

17. Buchwalow I.B., Boecker W. Immunohistochemistry: basics and
methods. Berlin: Springer; 2010.

24

MynbmoHonorus « Pul’monologiya. 2023; 33 (1): 17-26. DOI: 10.18093/0869-0189-2023-33-1-17-26


https://static-0.minzdrav.gov.ru/system/attachments/attaches/000/059/392/original/%D0%92%D0%9C%D0%A0_COVID-19_V15.pdf
https://static-0.minzdrav.gov.ru/system/attachments/attaches/000/059/392/original/%D0%92%D0%9C%D0%A0_COVID-19_V15.pdf
https://static-0.minzdrav.gov.ru/system/attachments/attaches/000/059/392/original/%D0%92%D0%9C%D0%A0_COVID-19_V15.pdf
https://doi.org/10.1016/j.anai.2020.11.003
https://doi.org/10.1016/j.ijid.2020.09.016
https://doi.org/10.1016/j.ijid.2020.09.016
https://doi.org/10.3389/fimmu.2015.00620
https://doi.org/10.21103/Article12(2)_RA2
https://doi.org/10.12659/msm.909864
https://elibrary.ru/item.asp?id=48617431
https://elibrary.ru/item.asp?id=48617431
https://elibrary.ru/item.asp?id=48617431
https://elibrary.ru/contents.asp?id=48617430&selid=48617431
https://doi.org/10.21103/Article12(2)_RA1
https://doi.org/10.21103/Article12(2)_RA1
https://doi.org/10.3390/ijms23031714
https://doi.org/10.1002/iub.2552
https://doi.org/10.1007/s12016-019-08769-2
https://doi.org/10.1177/1073858420941476
https://doi.org/10.1002/biof.1633
https://doi.org/10.1183/09031936.00018215
https://doi.org/10.21103/Article11(2)_CR1
file:///F:/_WORKS-2/_%d0%9f%d0%a3%d0%9b%d0%ac%d0%9c%d0%9e%d0%9d%d0%9e%d0%9b%d0%9e%d0%93%d0%98%d0%af/1_2023/%d0%a2%d0%b5%d0%ba%d1%81%d1%82/ 
https://doi.org/10.1001/jama.2012.5669

OpuruHanbHble uccnepoBatus « Original studies

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Atiakshin D., Buchwalow I., Samoilova V., Tiemann M. Tryptase as
a polyfunctional component of mast cells. Histochem. Cell Biol. 2018;
149 (5): 461—477. DOI: 10.1007/s00418-018-1659-8.

. Atiakshin D., Buchwalow I., Tiemann M. Mast cell chymase: mor-

phofunctional characteristics. Histochem. Cell Biol. 2019; 152 (4):
253-269. DOI: 10.1007/s00418-019-01803-6.
Iumkuna B.B., KioukoBa C.B., Anekceea H.T. u np. Tpunraz-
HBIiA TPOGMWITL TIOMYJISIIIY TYIHBIX KJIETOK KOXKU KPBIC TIPY PAHEBOM
nipotiecce. XKypran anamomuu u eucmonamonoeuu. 2020; 9 (4): 84—89.
DOI: 10.18499/2225-7357-2020-9-4-84-89.
Motta Junior J.D.S., Miggiolaro A.F.R.D.S., Nagashima S. et al.
Mast cells in alveolar septa of COVID-19 patients: a pathogenic path-
way that may link interstitial edema to immunothrombosis. Front.
Immunol. 2020; 11: 574862. DOI: 10.3389/fimmu.2020.574862.
Zhou Z., Ren L., Zhang L. et al. Heightened Innate Immune respons-
es in the respiratory tract of COVID-19 patients. Cell Host Microbe.
2020; 27 (6): 883—890.¢2. DOI: 10.1016/j.chom.2020.04.017.
Gebremeskel S., Schanin J., Coyle K.M. et al. Mast cell and eosin-
ophil activation are associated with COVID-19 and TLR-mediated
viral inflammation: Implications for an Anti-Siglec-8 antibody. Front.
Immunol. 2021; 12: 650331. DOI: 10.3389/fimmu.2021.650331.
Tan J., Anderson D.E., Rathore A.P.S. et al. Signatures of mast cell
activation are associated with severe COVID-19. MedRxiv. 2021;
2021.05.31.21255594. DOI: 10.1101/2021.05.31.21255594.
Soria-Castro R., Meneses-Preza Y.G., Rodriguez-Lopez G.M. et al.
Severe COVID-19 is marked by dysregulated serum levels of carboxy-
peptidase A3 and serotonin. J. Leukoc. Biol. 2021; 110 (3): 425—431.
DOI: 10.1002/JLB.4HI10221-087R.
Afrin L.B. Presentation, diagnosis, and management of mast cell
activation syndrome. In: Murray D.B., ed. Mast cells: Phenotypic
features, biological functions and role in immunity. Hauppoge: Nova
Science Publishers; 2013: 155—232. Available at: https.//www.jillcar-
nahan.com/downloads/MCAS-Afrin.pdf | Accessed: July 10, 2022].
Vliagoftis H., Lacy P., Luy B. et al. Mast cell tryptase activates
peripheral blood eosinophils to release granule-associated en-
zymes. Int. Arch. Allergy Immunol. 2004; 135 (3): 196—204. DOI:
10.1159/000081304.
Lippi G., Plebani M., Henry B.M. Thrombocytopenia is associated
with severe coronavirus disease 2019 (COVID-19) infections: a me-
ta-analysis. Clin. Chim. Acta. 2020; 506: 145—148. DOI: 10.1016/j.
cca.2020.03.022.
Zhao X., Wang K., Zuo P. et al. Early decrease in blood platelet count
is associated with poor prognosis in COVID-19 patients-indications
for predictive, preventive, and personalized medical approach. EPMA
J.2020; 11 (2): 139—145. DOI: 10.1007/s13167-020-00208-z.
MocTtynuna: 23.07.22
MpuHsaTa k neyaTtu: 04.10.22

References

1.

Ministry of Health of the Russian Federation. [The Temporary
Guidelines: Prevention, diagnosis and treatment of new coronavi-
rus infection (COVID-19)]. Version 15 (February 22, 2022). Avail-
able at: https.//static-0.minzdrav.gov.ru/system/attachments/attach-
es/000/059/392/original/%D0%92%D0%9C % D0%A0_COVID-19_
V15.pdfAccessed: July 15, 2022] (in Russian).

Theoharides T.C. Potential association of mast cells with coronavirus
disease 2019. Ann. Allergy Asthma Immunol. 2021; 126 (3): 217-218.
DOI: 10.1016/j.anai.2020.11.003.

Afrin L.B., Weinstock L.B., Molderings G.J. COVID-19 hyperinflam-
mation and post-COVID-19 illness may be rooted in MCs activation
syndrome. Int. J. Infect. Dis. 2020; 100: 327—332. DOI: 10.1016/j.
1jid.2020.09.016.

Krystel-Whittemore M., Dileepan K.N., Wood J.G. Mast cell:
a multi-functional master cell. Front. Immunol. 2016; 6: 620. DOI:
10.3389/fimmu.2015.00620.

Atiakshin D.A., Shishkina V.V., Esaulenko D.I. et al. Mast cells as the
target of the biological effects of molecular hydrogen in the specific
tissue microenvironment. /nt. J. Biomed. 2022; 12 (2): 183—187. DOI:
10.21103/Article12(2) _RA2.

Jing H., Liu L., Zhou J., Yao H. Inhibition of C-X-C motif chemok-
ine 10 (CXCL10) protects mice from cigarette smoke-induced chronic
obstructive pulmonary disease. Med. Sci. Monit. 2018; 24: 5748—5753.
DOI: 10.12659/MSM.909864.

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Budnevsky A.V., Ovsyannikov E.S., Shishkina V.V. et al. Possible
unexplored aspects of COVID-19 pathogenesis: the role of Carboxy-
peptidase A3. Int. J. Biomed. 2022; 12 (2): 179—182. DOI: 10.21103/
Article12(2)_RALI.

Nagashima S., Dutra A.A., Arantes M.P. et al. COVID-19 and lung
mast cells: the kallikrein-kinin activation pathway. /nt. J. Mol. Sci.
2022; 23 (3): 1714. DOI: 10.3390/ijms23031714.

Lam H.Y., Tergaonkar V., Kumar A.P., Ahn K.S. Mast cells: Thera-
peutic targets for COVID-19 and beyond. /[UBMB Life. 2021; 73 (11):
1278—1292. DOI: 10.1002/iub.2552.

Elieh Ali Komi D., Wohrl S., Bielory L. Mast cell biology at molec-
ular level: a comprehensive review. Clin. Rev. Allergy Immunol. 2020;
58 (3): 342—365. DOI: 10.1007/s12016-019-08769-2.

Kempuraj D., Selvakumar G.P., Ahmed M.E. et al. COVID-19,
mast cells, cytokine storm, psychological stress, and neuroin-
flammation. Neuroscientist. 2020; 26 (5-6): 402—414. DOI:
10.1177/1073858420941476.

Theoharides T.C. COVID-19, pulmonary mast cells, cytokine storms,
and beneficial actions of luteolin. Biofactors. 2020; 46 (3): 306—308.
DOI: 10.1002/biof.1633.

Kosanovic D., Luitel H., Dahal B.K. et al. Chymase: a multifunction-
al player in pulmonary hypertension associated with lung fibrosis. Eur.
Respir. J. 2015; 46 (4): 1084—1094. DOI: 10.1183/09031936.00018215.
Banin I.N., Budnevsky A.V., Grechkin V.I. et al. The experience of
surfactant therapy in severe COVID-19 pneumonia: a case report. /nt.
J. Biomed. 2021; 11 (2): 177—180. DOI: 10.21103/Article11(2) CRI.
Yaroshetsky A.I., Gritsan A.I., Avdeev S.N. et al. [ Diagnostics and
intensive therapy of acute respiratory distress syndrome (Clinical
guidelines of the Federation of Anesthesiologists and Reanimatolo-
gists of Russia)]. Anesteziologiya i reanimatologiya. 2020; (2): 5-39.
DOI: 10.17116/anaesthesiology20200215 (in Russian).

ARDS Definition Task Force, Ranieri V.M., Rubenfeld G.D. et al.
Acute respiratory distress syndrome: the Berlin definition. JAMA.
2012; 307 (23): 2526—2533. DOI: 10.1001 /jama.2012.5669.
Buchwalow 1.B., Boecker W. Immunohistochemistry: basics and
methods. Berlin: Springer; 2010.

Atiakshin D., Buchwalow I., Samoilova V., Tiemann M. Tryptase as
a polyfunctional component of mast cells. Histochem. Cell Biol. 2018;
149 (5): 461—477. DOI: 10.1007/s00418-018-1659-8.

Atiakshin D., Buchwalow I., Tiemann M. Mast cell chymase: mor-
phofunctional characteristics. Histochem. Cell Biol. 2019; 152 (4):
253-269. DOI: 10.1007/s00418-019-01803-6.

Shishkina V.V., Klochkova S.V., Alekseeva N.T. et al. [ Tryptase pro-
file of rat skin mast cell population during wound healing]. Zhurnal
anatomii i gistopatologii. 2020; 9 (4): 84—89. DOI: 10.18499/2225-
7357-2020-9-4-84-89 (in Russian).

Motta Junior J.D.S., Miggiolaro A.F.R.D.S., Nagashima S. et al.
Mast cells in alveolar septa of COVID-19 patients: a pathogenic path-
way that may link interstitial edema to immunothrombosis. Front.
Immunol. 2020; 11: 574862. DOI: 10.3389/fimmu.2020.574862.
Zhou Z., Ren L., Zhang L. et al. Heightened Innate Immune respons-
es in the respiratory tract of COVID-19 patients. Cell Host Microbe.
2020; 27 (6): 883—890.¢2. DOI: 10.1016/j.chom.2020.04.017.
Gebremeskel S., Schanin J., Coyle K.M. et al. Mast cell and eosin-
ophil activation are associated with COVID-19 and TLR-mediated
viral inflammation: Implications for an Anti-Siglec-8 antibody. Front.
Immunol. 2021; 12: 650331. DOI: 10.3389/fimmu.2021.650331.

Tan J., Anderson D.E., Rathore A.P.S. et al. Signatures of mast cell
activation are associated with severe COVID-19. MedRxiv. 2021;
2021.05.31.21255594. DOI: 10.1101/2021.05.31.21255594.
Soria-Castro R., Meneses-Preza Y.G., Rodriguez-Lopez G.M. et al.
Severe COVID-19 is marked by dysregulated serum levels of carboxy-
peptidase A3 and serotonin. J. Leukoc. Biol. 2021; 110 (3): 425—431.
DOI: 10.1002/JLB.4HI10221-087R.

Afrin L.B. Presentation, diagnosis, and management of mast cell
activation syndrome. In: Murray D.B., ed. Mast cells: Phenotypic
features, biological functions and role in immunity. Hauppoge: Nova
Science Publishers; 2013: 155—232. Available at: Attps.//www.jillcar-
nahan.com/downloads/MCAS-Afrin.pdf | Accessed: July 10, 2022].
Vliagoftis H., Lacy P., Luy B. et al. Mast cell tryptase activates
peripheral blood eosinophils to release granule-associated en-
zymes. Int. Arch. Allergy Immunol. 2004; 135 (3): 196—204. DOI:
10.1159/000081304.

Lippi G., Plebani M., Henry B.M. Thrombocytopenia is associated
with severe coronavirus disease 2019 (COVID-19) infections: a me-

The article is licensed by CC BY-NC 4.0 International Licensee https:/icreativecommons.org/licenses/by-nc/4.0/

25


https://doi.org/10.1007/s00418-018-1659-8
https://doi.org/10.1007/s00418-019-01803-6
file:///F:/_WORKS-2/_%d0%9f%d0%a3%d0%9b%d0%ac%d0%9c%d0%9e%d0%9d%d0%9e%d0%9b%d0%9e%d0%93%d0%98%d0%af/1_2023/%d0%a2%d0%b5%d0%ba%d1%81%d1%82/ 
https://doi.org/10.3389/fimmu.2020.574862
https://doi.org/10.1016/j.chom.2020.04.017
https://doi.org/10.3389/fimmu.2021.650331
https://doi.org/10.1101/2021.05.31.21255594
https://doi.org/10.1002/jlb.4hi0221-087r
https://www.jillcarnahan.com/downloads/MCAS-Afrin.pdf
https://www.jillcarnahan.com/downloads/MCAS-Afrin.pdf
https://doi.org/10.1159/000081304
https://doi.org/10.1016/j.cca.2020.03.022
https://doi.org/10.1016/j.cca.2020.03.022
https://doi.org/10.1007/s13167-020-00208-z
https://static-0.minzdrav.gov.ru/system/attachments/attaches/000/059/392/original/%D0%92%D0%9C%D0%A0_COVID-19_V15.pdf
https://static-0.minzdrav.gov.ru/system/attachments/attaches/000/059/392/original/%D0%92%D0%9C%D0%A0_COVID-19_V15.pdf
https://static-0.minzdrav.gov.ru/system/attachments/attaches/000/059/392/original/%D0%92%D0%9C%D0%A0_COVID-19_V15.pdf
https://doi.org/10.1016/j.anai.2020.11.003
https://doi.org/10.1016/j.ijid.2020.09.016
https://doi.org/10.1016/j.ijid.2020.09.016
https://doi.org/10.3389/fimmu.2015.00620
https://doi.org/10.21103/Article12(2)_RA2
https://doi.org/10.12659/msm.909864
https://elibrary.ru/item.asp?id=48617431
https://elibrary.ru/item.asp?id=48617431
https://elibrary.ru/item.asp?id=48617431
https://elibrary.ru/contents.asp?id=48617430&selid=48617431
https://doi.org/10.21103/Article12(2)_RA1
https://doi.org/10.21103/Article12(2)_RA1
https://doi.org/10.3390/ijms23031714
https://doi.org/10.1002/iub.2552
https://doi.org/10.1007/s12016-019-08769-2
https://doi.org/10.1177/1073858420941476
https://doi.org/10.1002/biof.1633
https://doi.org/10.1183/09031936.00018215
https://doi.org/10.21103/Article11(2)_CR1
https://doi.org/10.17116/anaesthesiology20200215
https://doi.org/10.1001/jama.2012.5669
https://doi.org/10.1007/s00418-018-1659-8
https://doi.org/10.1007/s00418-019-01803-6
https://doi.org/10.18499/2225-7357-2020-9-4-84-89
https://doi.org/10.18499/2225-7357-2020-9-4-84-89
https://doi.org/10.3389/fimmu.2020.574862
https://doi.org/10.1016/j.chom.2020.04.017
https://doi.org/10.3389/fimmu.2021.650331
https://doi.org/10.1101/2021.05.31.21255594
https://doi.org/10.1002/jlb.4hi0221-087r
https://www.jillcarnahan.com/downloads/MCAS-Afrin.pdf
https://www.jillcarnahan.com/downloads/MCAS-Afrin.pdf
https://doi.org/10.1159/000081304

byonesckuii A.B. u dp. Ponb Ty4HBIX KJIETOK U UX TIPOTea3 B MopaxeHuu Jerkux y nauueHtos ¢ COVID-19

ta-analysis. Clin. Chim. Acta. 2020; 506: 145—148. DOI: 10.1016/j.
cca.2020.03.022.

for predictive, preventive, and personalized medical approach. EPMA
J.2020; 11 (2): 139—145. DOI: 10.1007/s13167-020-00208-z.

29. Zhao X., Wang K., Zuo P. et al. Early decrease in blood platelet count Received: July 23, 2022
is associated with poor prognosis in COVID-19 patients-indications Accepted for publication: October 04, 2022
WHdopmaumsa o6 aBTopax / Authors Information
BynueBckuii Auzpeii BanepueBud — 1. M. H., mpoeccop, 3aBeayrolnii kKade- HOTO YYpeXIeHUs BbICLIEro 00pa3oBaHusi «BOpOHEXCKUIT rocynapcTBeH-
poii dakyabreTckoii Teparuu DenepaaTbHOTO roCyIapCTBEHHOTO GIOIKETHOTO HbIIt MeAnIIMHCKUI yHUBepcuTeT nuMeHu H.H.Bypnenko» Munucrepcrsa
00pa3zoBaTeIbHOTO YUPEXKIAEHMSI BbICLIETro 00pa3oBaHusi «BopoHeXCKMii ro- 3npaBooxpaneHusi Poccuiickoit Deneparmu; tei.: (473) 243-76-88; e-mail:
cyIapcTBeHHbII MequuuHekuii yHuBepcuter uMenn H.H.Bypaenko» Munu- desaulenko79@gmail.com (ORCID: https://orcid.org/0000-0002-6 148-8834)
crepcTBa 3apaBooxpaHenust Poccuiickoit @eneparmn; Tei.: (473) 263-81-30; Dmitry I. Esaulenko, Candidate of Medicine, Senior Researcher, Research
e-mail: budnev@list.ru (ORCID: https.//orcid.org/0000000211712746) Institute of Experimental Biology and Medicine, State Budgetary Institution
Andrey V. Budnevsky, Doctor of Medicine, Professor, Head of the Department of Higher Professional Education “Voronezh State Medical University named
of Faculty Therapy, Voronezh State Medical University named after N.N.Bur- after N.N.Burdenko”, Ministry of Public Health of the Russian Federation;
denko, Ministry of Health of the Russian Federation; tel.: (473) 263-81-30; tel.: (473) 243-76-88; e-mail: desaulenko79@gmail.com (ORCID: htips;//orcid.
e-mail: budnev@list.ru (ORCID: https://orcid.org/0000000211712746) org/0000-0002-6148-8834)

AgnieeB Cepreii Hukonaesnu — 1. M. H., nmpoceccop, akageMuk Poccuiickoit @uiun Auppeii AHATOJIbEBHY — K. M. H., 3aBelyIONINil Kadeapoil maToaoru-

aKaneMUM HayK, 3aBeyloluii Kadenpoii myabMoHonorur MHCTUTYTa KIMHU- yeckoii anHaToMun DenepanrbHOro rocy1apCTBEHHOTO OI0IKETHOTO 00pa3o-

yeckoii MemuumHbl uMeHN H.B.Cximndocosckoro denepanbHOTo rocynaper- BaTEeJILHOTO YUPEXIECHMUS BBICIIETO 00pa3oBaHust « BopoHexckuii rocynaper-

BEHHOT'O aBTOHOMHOTO 00pa30BaTEIbHOTO YUPEXKICHHUSI BBICIIETO 00pa3oBa- BEHHBIII MeIMIIMHCKMIA yHUBepeuTeT iMenn H.H.Bypnenko» MuHucTepcTBa

Hust «[TepBblit MOCKOBCKUIT TOCYIapCTBEHHbIN MEIUIIMHCKUNA YHUBEPCUTET 3npaBooxpaHeHust Poccuiickoit Penepanuu; ten. (473) 253-98-51; e-mail:

umenn U.M.CeuenoBa» MuHUCTepCTBa 3ApaBooxpaHeHnsT Poccuiickoit filinan@ya.ru (ORCID: https.//orcid.org/0000-0003-1670-3694)

®Denepannu (CeueHOBCKMIA YHUBEpCUTET); Teal.: (495) 708-35-76; e-mail: Andrey A. Filin, Candidate of Medicine, Head of the Department of Patholog-

serg_avdeev@list.ru (SPIN-kox: 1645-5524; ORCID: https.//orcid.org/0000- ical Anatomy, State Budgetary Institution of Higher Professional Education

0002-5999-2150) “Voronezh State Medical University named after N.N.Burdenko”, Ministry of

Sergey N. Avdeev, Doctor of Medicine, Professor, Academician of Russian Public Health of the Russian Federation; tel.: (473) 253-98-51; e-mail: filinan@

Academy of Sciences, Head of the Department of Pulmonology, N.V.Sklifos- ya.ru (ORCID: https://orcid.org/0000-0003-1670-3694)

ovsky Institute of Clinical Medicine, Federal State Autonomous Educational

Institution of Higher Education I.M.Sechenov First Moscow State Medical Caymkuna Hecca AnekceeBHa — acCHCTEHT KadeIpbl GaKkyIbTeTCKON

University of the Ministry of Health of the Russian Federation (Sechenov Tepanuu PegeparbHOrO rocyaapcTBEHHOIO OI0IKETHOIO 00pa3oBaTeb-

University); tel.: (495) 708-35-76; e-mail: serg_avdeev@list.ru (SPIN-code: HOTO YIPEXKICHUS BBICIIETO 00pa3oBaHus «BOpOHEKCKMUI rocymapcTBeH-

1645-5524; ORCID: htps://orcid.org/0000-0002-5999-2150) HbIl MeAMLIMHCKMIA yHuBepcuTeT uMeHn H.H.Bypaenko» MuHucrepcTBa
3npaBooxpaHeHusi Poccuiickoit Meneparmu; te.: (473) 263-81-30; e-mail:

OgcsnankoB Eprennii CepreeBud — 1. M. H., mpoceccop Kadenpsr akyibTeT- savushkinainessa@yandex.ru (ORCID: https.//orcid.org/0000-0001-6988- 1369)

cKoii Tepann PeziepaTbHOTO roCyIapCTBEHHOTO OI0DKETHOTO 0Opa3oBaTeib- Inessa A. Savushkina, Assistant, Department of Faculty Therapy, State Bud-

HOTO YYPEKIeHHSI BBICIIEro 00pa3oBaHusi «BOpoHeKCKuMit rocynapCTBEHHBbIM getary Institution of Higher Professional Education “Voronezh State Medical

MeauIUHCKMIA yHuBepcuTeT umenn H.H.Byprenko» MuHucTepcTBa 31paBo- University named after N.N.Burdenko”, Ministry of Public Health of the

oxpaHeHust Poccuiickoit @enepannu; Tei.: (473) 263-81-30; e-mail: ovses@ Russian Federation; tel.: (473) 263-81-30; e-mail: savushkinainessa@yandex.ru

yandex.ru (ORCID: https.//orcid.org/0000-0002-8545-6255) (ORCID: https://orcid.org/0000-0001-6988-1369)

Evgeniy S. Ovsyannikov, Doctor of Medicine, Professor, Department of Faculty

Therapy, Voronezh State Medical University named after N.N.Burdenko, ITepBeeBa Mnna MuxaiijioBHA — K. M. H., Bpau-IyJIbMOHOJIOT BIomxeTHO-

Ministry of Health of the Russian Federation; tel.: (473) 263-81-30; e-mail: rO YUpexaeHusi 3paBooxpaHeHusi BopoHexckoii obnactu «BopoHexckast

ovses@yandex.ru (ORCID: https.//orcid.org/0000-0002-8545-6255) obacTHas KIMHWYeCKast 6ombHuIa No 1»; ten. (473) 257-96-22; e-mail:
perveeva.inna@yandex.ru (ORCID: https.//orcid.org/0000-0002-5712-9302)

IIumkuna Bukropus BuktopoBHa — K. M. H., tupekTop HayuHo-uccieno- Inna M. Perveeva, Candidate of Medicine, Pulmonologist, Budgetary health-

BaTEJIbCKOTO MHCTUTYTA SKCTIEPUMEHTATBHON OMOJIOTUN U METUIIUHBI, 10~ care institution of the Voronezh region “Voronezh Regional Clinical Hospi-

LeHT Kadeapsl rucroioruu PeepanbHOrO rOCyIapcTBEHHOTO OI0IKETHOTO tal No.17”; tel.: (473) 257-96-22; e-mail: perveeva.inna@yandex.ru (ORCID:

00pa3zoBaTeIbHOTO YUPEXKICHMsI BhICILIEro 06pa3oBaHusl «BopoHeXCcKuii ro- https://orcid.org/0000-0002-5712-9302)

CyIapCTBeHHBIN MenuIIMHCKUi yHruBepcuteT nmMenn H.H.Bypnenko» Munm-

crepcTBa 3paBooxpaHeHust Poceuiickoit @eneparmu; Tei.: (473) 243-76-88; Anekceesa Hanexna I'enHaaueBHa — KIMHUYECKMIT opAMHATOP Kadenpsl

e-mail: 4128069@gmail.ru (ORCID: https.//orcid.org/0000-0001-9185-4578) (akynbreTckoii Tepanuu denepaabHOTO roCyIapcTBEHHOTO GIOIKETHOTO

Viktoria V. Shishkina, Candidate of Medicine, Director of the Research Insti- 00pa30BaTebHOTO YUPEXKICHUS BBICIIETO 00pa3oBaHus «BopoHexkckumii

tute of Experimental Biology and Medicine, Associate Professor, Department roCylapCTBEHHbII MeIMUMHCKUIA yHUuBepcuteT umMeHn H.H.Byprenko»

of Histology, State Budgetary Institution of Higher Professional Education MuHucTepeTBa 3apaBooxpaHeHus: Poccuiickoit @enepaunu; rei.: (473)

“Voronezh State Medical University named after N.N.Burdenko”, Ministry 263-81-30; e-mail: nadya.alekseva@mail.ru (ORCID: https:;//orcid.org/0000-

of Public Health of the Russian Federation; tel.: (473) 243-76-88; e-mail: 0002-3357-9384)

4128069@gmail.ru (ORCID: https.//orcid.org/0000-0001-9185-4578) Nadezhda G. Alekseeva, Clinical Resident, Department of Faculty Therapy,
State Budgetary Institution of Higher Professional Education “Voronezh State

Ecaynenko JImutpuii iropeBuy — K. M. H., CTapIlMii HAyYHbI COTPYIHUK Medical University named after N.N.Burdenko”, Ministry of Public Health of

HayuHo-uccenoBaTeabeckoro MHCTUTYTA 9KCIIEPUMEHTAIbHOI 61oIorumn the Russian Federation; tel.: (473) 263-81-30; e-mail: nadya.alekseva@mail.ru

¥ MeauiMHbI DenepaabHOro ToCyIapCTBEHHOTO OIOIKETHOTO 00pa30BaTe b~ (ORCID: https://orcid.org/0000-0002-3357-9384)

YyacTtue aBTOPOB Authors Contribution

Bynnesckuii A.B. — HayuHOE KOHCYJIbTUPOBaHKE, PEAaKTUPOBAHME TEKCTa Budnevsky A.V. — scientific consulting and editing

Asnee C.H. — HayuHOE KOHCYJIBTUPOBaHKE, PEAAaKTUPOBAHKE TEKCTa Avdeev S.N. — scientific consulting and editing

OgcsinnnkoB E.C. — cratuctuueckast 00padboTka MaTepyaia, peIakTHPOBaHUE Ovsyannikov E.S. — statistical processing of data, text editing, development of

TEKcTa, pa3paboTKa MaTepruaioB U METOI0B materials and methods.

ITumkuna B.B. — pa3paboTka MateprasoB 1 METOIOB, AHAJIM3 MTPENapaToB, Shishkina V.V. — development of materials and methods, histological analysis,

HayYHOE KOHCYJIbTUPOBAHNE scientific consulting

Ecaynenko JI.W. — aHa/M3 npenaparoB, HAy4YHOe KOHCYJIbTHUPOBaHUE Esaulenko D.I. — histological analysis, scientific consulting.

@umnn A.A. — aHAJINM3 MTPenapaToB, HAyYHOE KOHCYJIbTUPOBAHUE Filin A.A. — histological analysis, scientific consulting.

Caymknna M. A. — cOop MaTepuana, HalmMcaHUE TEKCTa, pa3paboTKa MaTe- Savushkina I.A. — data collecting and processing, text writing, development of

PHUAJIOB U METOJOB, MOJrOTOBKA K ITyOJIMKALIMU materials and methods, preparation for publication

ITepBeeBa I.M. — c6op MaTepuaa, pe1akKTHPOBaHUE TEKCTa Perveeva .M. — data collecting, editing

Anekceesa H.I. — aHamu3 npemnapatoB, cO0p MaTepuana Alekseeva N.G. — collecting the materials, histological analysis

Bce aBTOpbI BHECIM CYLIECTBEHHbII BKJIaZL B [IPOBEIEHNE TOUCKOBO-aHAIM- All the authors made a significant contribution to the search and analytical

TUYECKOW PabOThl M MOATOTOBKY CTATHH, MPOWIN U 0XOOPUIN (DUHATBHYIO work and preparation of the article, read and approved the final version before

BEPCUIO 10 MyOIMKALIUN. publication.

26 MynbmoHonorus « Pul’monologiya. 2023; 33 (1): 17-26. DOI: 10.18093/0869-0189-2023-33-1-17-26


https://doi.org/10.1016/j.cca.2020.03.022
https://doi.org/10.1016/j.cca.2020.03.022
https://doi.org/10.1007/s13167-020-00208-z
mailto:budnev@list.ru
https://orcid.org/0000-0001-9185-4578
https://orcid.org/0000-0001-6988-1369
mailto:perveeva.inna@yandex.ru
mailto:perveeva.inna@yandex.ru
mailto:nadya.alekseva@mail.ru
mailto:nadya.alekseva@mail.ru
https://orcid.org/0000-0002-3357-9384

