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Pe3rome

CucreMHOe BOCIIaJIeHHE SIBJISIETCS HeOThbeMIeMOol TaTo(hU3n0I0TNYeCKOM COCTaBIIAIONIEN MHOIUX KPU-
TUYECKUX COCTOSIHUI. B OCHOBE CHCTEMHOI'0 BOCHAJIMTE/BHOIO OTBETA JIESKUT KacKal B3auMOelCTBUH,
NIPUBOJAIINYI K TUIIEPIIUTOKUHEMUN, U, KaK CJIe/ICTBUE, K IIOJIMOPTaHHON HeJOCTaTOYHOCTU, KOTOpasi SIB-
JISIeTCs1 OGHOM U3 OCHOBHBIX IPUYUH JIETATLHOCTU B OTJe/IeHUX MHTEHCUBHOU Tepanuu.

Ilenb paGoThl. OIEHUTH AKTUBHOCTb CHCTEMbBI HETAaTHBHOU PETYJISIIIN T-KJIETOYHOTO OTBETA, OIIPE/IE/UB
IIJIa3MEHHYIO KOHIIeHTpaIuio MoJsiekys PD-1, PD-L1 u PD-1.2 y 60/1bHBIX THEBMOHUSMY Ha (poHe rpunma A/HIN1.

Marepuanbs u MeToabl. O0ciiefoBanu 85 60IbHBIX MTHEBMOHMEN Ha ¢oHe rpunma A/HIN1. V3 mux 30
[IalleHTOB C TSHKeJI0M THEBMOHUEH, 55 — ¢ HeTsyKeJIol THeBMOHMEeN. MeTo1oM IPOTOYHO ITUTO(IyOoMeT-
puu onpenesIsAIn J1a3MeHHYI0 KOHIIeHTpanuio MoJjiekysa PD-1, PD-L1, PD-L2.

Pe3yabTarhl. YCTAaHOBUIIY, YTO Y OOJIBHBIX TS)KEJION THeBMOHUeH Ha (pone rpunina A/HIN1 niasmeHHas
KOHLIeHTpanus peuenropa PD-1 nossiniasnace B 4,6 pasa, IIpy 9TOM KOHIIEHTpauusa ero gurasgos PD-L1 u
PD-L2 yBesmmunBasiace B 10,6 u B 2,2 pa3a, COOTBETCTBEHHO.

3ax/modenye. CTaTuCTUYECKU 3HAYNMOe yBeJInueHne KoHueHTpanuu PD-1 u ero siurannos PD-L1 u PD-1.2
y 00JIbHBIX ITHeBMOHMel Ha hoHe rpunma A/HIN1 cBueTeIbCTByeT 0 BOBJIEUEHUH B KACKa] UMMYHOJIOTMTYECKIX
peaknuii crucTeMbl HETaTUBHOU Pery/saiuy T-KJIeTOYHOTO OTBETAa U aCCOIMUPOBAHO C TSKECTHIO COCTOSIHUSI.
BoaMmoskHast KOppeKIsA UMMYHHBIX PeaklIii, peanadyeMbIx uepe3 kommsiekc PD-1/PD-L1/PD-1.2 y naniueHTOB
B KPUTUYECKOM COCTOSTHUM — 3TO [IepCIIEKTUBHOE Hay4yHOe HallpaBJIeHHe.

Karouesvte cnoea: PD-1; PD-L1; PD-L2; 2punn A/HINI1; nHeéMOHUs
KoH(INKT HHTEpeCcOoB. ABTOPHI 3asIBJISAIOT 00 OTCYTCTBUU KOH(MJINKTA HHTEPECOB.

Summary

Systemic inflammation is an integral pathophysiological component of many critical illnesses. The systemic
inflammatory response is based on a cascade of interactions leading to hypercytokinemia and, as a conse-
quence, multiple organ failure, which is one of the main causes of mortality in intensive care units.

Aim of the study. To evaluate the activity of the negative regulation system of T-cell response by determining
the plasma levels of PD-1, PD-L1 and PD-L2 molecules in pneumonia patients with influenza A (HIN1).

Materials and methods. 85 patients with pneumonia and underlying influenza A (H1N1) were examined.
Among them there were 30 patients with severe pneumonia, and 55 patients with non-severe pneumonia.
Plasma levels of PD-1, PD-L1, PD-L2 molecules was determined by flow cytofluorometry method.
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Knunudyeckue HCCJaeqoBaHuA

Results. In patients with severe pneumonia and underlying influenza A (H1N1), the plasma level of PD-1
receptor increased 4.6-fold, while the concentration of its ligands PD-L1 and PD-L2 increased 10.6 and 2.2-

fold, respectively.

Conclusion. Significant increase in levels of PD-1 and its ligands PD-L1 and PD-L2 in patients with pneu-
monia and underlying influenza A (H1N1) indicates the involvement of negative regulation system of T-cell
response in the cascade of immunological reactions and is associated with the severe disease. Possible cor-
rection of immune reactions realized through PD-1/PD-L1/PD-L2 complex in critically ill patients is a promis-

ing research avenue.
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BBenenue

CucreMHOe BOCIlaJieHne SIBJSIETCS HEOTheM-
JIeMO¥ IaTo(pU3n0JIOTUYECKON COCTaBJIAIONIIEH
MHOTUX KPUTUUYECKUX COCTOSIHMU. Kak n3BecTHO,
B OCHOBE CHUCTEMHOI'0 BOCHAJUTEIbHOTO OTBETa
JIESKUT KacKaJl B3BaUMOAeUCTBUU, TPUBOISAIINAN K
TUTIePIIUTOKMHEMUH, YTO BJeYeT 3a coO0il pas-
BUTHUE TIPO- U MPOTHBOBOCHAJUTEJILHBIX peaK-
uuii [1, 2]. CoBpeMeHHbIe TOJIX0/IbI U METO/bI
WHTEHCUBHOM Teparuu MO3BOJISIOT MTallieHTaM B
KPUTHUYECKOM COCTOSTHUU TIPE0[0JIeBaTh IePUO]]
peo0JIaTaHusI TUTIEPBOCIAINTETHLHBIX peaKIni
C JaJIbHEUIINM IlepexoloM B a3y UMMYHOCY-
npeccun [1, 3]. OpuH U3 NyTed peryasnuu
HUMMYHHOTI'O OTBeTa AaKTHUBUPYETCs IIOCpen-
CTBOM CBA3bIBaHUA peunenropa PD-1 c guras-
nom PD-L1/PD-L2. Programmed cell death-1
(PD-1) — KO-WHTHOMPYIOIIHH pEeNenTop u3
CUCTEMBI HETaTUBHOU peryisanuu T-KJIeTouHOoro
orBeTa [3-5]. KilroueBbIM MEXaHU3MOM UMMYHO-
CYyIIpECCUH SIBJISIETCS WHTUOUPYIOIee BIUSHUE
PD-1 Ha T-KJeTKH, YTO HPUBOIUT K UX UCTOIILe-
HHUIO, YTO OYEHb CXOJKE C IpeKJIeBpPeMeHHbIM
KJIETOYHBIM CTapEHMEM, TaK KaK U CTapelolue, 1
ucromieHubie T-TMM@OIUTHI He 9KCITPECCUPYIOT
b6esrok CD28, 13-3a 4ero TepsIIOT CIIOCOOHOCTH K
AHTUTEeHHOUW aKTUBAIIMU U HE CIIOCOOHBI CUHTE-
3UpOBaTh IUTOKUHEI [3, 5, 6]. Kpome Toro, B3au-
mopelictsue PD-1 ¢ auraggom PD-L1 croco6-
crByer nud@epenuuposke CD4+T-kJjeTok B
perynsaropable FOXP3+ KJIeTKH, YTO OKa3bIBaeT
BJIMSIHME Ha MPOAOJIKUTEJIbHOCT U CUJY
WUMMYHHOTO oTBeTa [3]. MMMyHOCylIpeccuBHas
akTUBHOCTH PD-1 cBsi3aHa TaKk’Ke C UHTUOUPYIO-
MM BO3/IeCTBHEM Ha KMHA3bl, BOBJI€UEHHbIE B
aktuBanuio T-kiaeTok yepeld pocdarasdnst SHP-1u
SHP-2, uarnbupys, Takum o6pasom nyth T-kite-
toyHoro penentopa (TCR) PI3K/AKT [5, 7, 8].
Mouieryia PD-L1 aBiigercd JJUTaHIoM IJIg IBYX
peneitopoB — B7-1 (CD80) u PD-1 (CD279), skc-
npeccupyercs Ha T- u B-nmum@onurax, makpoda-
rax, NeHJAPUTHBIX KJIEeTKaX, 9HJI0TeJUaTbHbBIX,
reMOIIO3TUYECKHUX 1 dIUTEeJIMAJIbHBIX KJIeTKax [9].
®akTop PD-L2, OTHOCUTCS K CEMEHNCTBY OEJTKOB
B7, orpaHuyeHHO aKCIIpeccCUpyeTcs Ha JeHIPUT-

Introduction

Systemic inflammation is an integral patho-
physiological component of many critical illnesses.
The systemic inflammatory response is based on a
cascade of interactions leading to hypercytokine-
mia, which entails the development of pro- and
anti-inflammatory reactions [1, 2]. Modern ap-
proaches and methods of intensive therapy allow
critically ill patients to overcome the period of pre-
dominant hyperinflammation and further transi-
tion to immunosuppression [1, 3]. One of the ways
of immune response regulation includes activation
of PD-1 receptor binding to PD-L1/PD-L2 ligand.
Programmed cell death-1 (PD-1) is a co-inhibitory
receptor, a component of the negative regulation of
T-cell response system [3-5]. PD-L1/PD-L2 — PD1
interactions represent the key mechanism of im-
munosuppression. The inhibitory effect of PD-1 on
T cells results in their exhaustion, similarly to pre-
mature cellular senescence. Both senescent and ex-
hausted T cells do not express the CD28 protein,
which is unvaluable for antigenic activation of cells
and production of cytokines [3, 5, 6]. In addition,
the interaction of PD-1 with the PD-L1 ligand pro-
motes the differentiation of CD4+ T cells into regu-
latory FOXP3+ cells, which affects the duration and
strength of the immune response [3]. The immuno-
suppressive activity of PD-1 is also associated with
an inhibitory effect on kinases involved in T-cell ac-
tivation via SHP-1 and SHP-2 phosphatases, thus
inhibiting the T-cell receptor (TCR)-linked
PI3K/AKT pathway [5, 7, 8]. The PD-L1 molecule is
a ligand for two receptors, B7-1 (CD80) and PD-1
(CD279), and is expressed on T- and B-lympho-
cytes, macrophages, dendritic cells, endothelial,
hematopoietic and epithelial cells [9]. Factor PD-12,
amember of the B7 protein family, has a limited ex-
pression on dendritic cells and activated
macrophages, and binds mainly to the PD-1 recep-
tor. The PD-1 receptor is known to play a key role
in the regulation of reactions in autoimmunity,
tumor immunity, transplant immunity, and im-
munopathology [3, 4, 6, 9]. Studying the role of the
PD-1 receptor system in the development of im-
munosuppression in various non-neoplastic con-
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HBIX KJIeTKaxX 1 aKTUBUPOBAHHBIX Makpodarax u
CBsI3BIBAETCsI, TVIAaBHLIM 00pa3oM, ¢ PD-1 permern-
TOpoM. M3BecTHO, yTO peuentop PD-1 urpaer
OJIHY U3 KJIIOYEBBIX pOJied B PEryisluy ayTo-
MMMYHHBIX peaKIIii OyX0JeBOro UMMYHUTETA,
TPaHCIJIaHTAIMOHHOI0 UMMYHHUTETA, UMMYHOIIA-
ToJIoruH [3, 4, 6, 9]. IHTEpec nipeacTraB/igeT nuayve-
HUe posau cucrteMsl PD-1 penentopa B pa3BUTuMn
MMMYHOCYIIPECCUHU IPU pa3/INYHON HEOHKOJIOT U -
YeCKOU IIaToJIOTUH y MAllMeHTOB B KPUTHUYECKOM
COCTOSTHUM, a TaK)Ke IIOMCK BO3MOYKHBIX ITyTel
KOPPEeKLIMUH IAaHHOIO cocTosAHuA. Kpome Toro,
MouieKyJabl PD-1/PD-L1 paccMarpuBaroTcsA B Kade-
CTBe OTEeHIINAJILHBIX OMOMapKepoB [10-12].

Ilesb rcciaenoBaHusaA —OLEHUTh aKTUBHOCTD
CHUCTeMBbl HETaTUBHOU perysisanuu T-KjIeTouHOTo
oTBeTa y O0JIbHBIX THEBMOHUSIMU Ha (DOHE TpHTITa
A/HINI.

MarepuaJa u MeToabI

O6cnenoBasu 85 60/ILHBIX THEBMOHUEHN Ha (hOHE
rpunmna A/HIN1. M3 Hux 30 mamueHToB C TAKeJI0H
IHEeBMOHUEH, 55 — ¢ HeTIKeJI0i MHEBMOHUEN. TTarm-
€HTbI HaXOIUJ/IMCh Ha CTAlIMOHAPHOM JIEY€HUU B [IEPUOT,
nogbema 3abosieBaemocty rpunmnom A/HINI B 2019 1.
VcciteoBaHme IPOBEIEHO C COOJTIONEHIEM IIPUHIIVITIOB
XeJIbCMHCKOM JieKkJIapanuu BceMupHOU MeTUITMHCKON
acconmanuu (WMA Declaration of Helsinki, 1964, pen.
2013 1.) 1 010OPEHO JIOKATBHBIM 9TUYECKUM KOMUTETOM
PI'BOY BO «UnuTHHCKaA rocygapcTBeHHas MeguIH-
CKas akaneMusi» Munagpasa Poccun. Bospact nmanuen-
TOB coCcTaBuJI 48+15 sieT. My»K4nHBI cocTaBAIu 47,8%,
a sKeHIUHbI — 52,2%. KpuTepusaMu UCKIIIOUYEHUS B-
JSAJINCH: HecTabuabHasA remonuHamuka, IMT>30, ca-
xapHbIi nuaber, BUY, TybepKysie3, OHKOMATOJIOTHS.
I'pynny KoHTpoJ1s1 chopMUpoBau U3 15 30POBLIX 10-
HOpOB. /Ilnarunoa rpunn A/H1N1 noarBepskaasics mojao-
SKATEJbHBIM pesynsraroM [111P-ananusa. lyia quarso-
CTUKU U OLIEHKU TSYKeCTU THEeBMOHUI UCI0JIb30BAIN
mkagbl CURB/CRB-65; SMART-COP, a Tak:ke Peje-
pa/iibHbIe KINHNUYECKUe pekoMeHaanuu M3 PO «Bue-
OoJIbHUYHASI THEBMOHUS Y B3POCJIBIX», 2019 T. M KpuTe-
puu IDSA/ATS (ipu HaJTUYUH OTHOTO «OOJIBITIOTO» UJTH
Tpex «MaJlbIx» KpUTepHeB IHEBMOHUS paclieHUBaIach
KaK «TssKeJIasi»).

CrangapTHas cxema Tepanuu BK/ovasa: O3essra-
MUBHP 75 Mr' 1 T 2 pa3a B CyTKY; aHTUOAKTepUA/IbHYIO Te-
parnuio: mpu HeTsHKeI0M TeueHnr — tedasocriopud Il mo-
kosienus (Lledrpuakcon/Ledarokcum) 2,0-3,0 r/cyTKy;
TIPY TSPKEJIOM Te4eHNY — KOMOWHAIINIO MHTHONTOP-3aIIIH-
1LIEHHOI'0 IIeHUIMJIJINHA/ e alocopruHa (AMOKCUIIUII-
JIMH/KJIaByaaHar 3,6 r/cyrtku Jimbo lledomepason/cy-
JpbaktaM  4,0-60 T/CyTKM) C  peCcIUpaToOpHBIM
dropxunosionoM (JleBodiokcarys 0,5-1,0 T B cyTku/ Mok-
cuditokcary 0,4 T/ cyTkn); nHQY3NOHHAsI Tepanusi coa-
JIAHCUPOBAHHBIMHU U30TOHUYECKUMU KPUCTAJJIONIHBIMU
pacTBOpaMu, aHTUKOATYJIATHTHASA TePANAA HUSKOMOJIEKY-
JIIDHBIMU IellapuHaMu B IPO(PUIAKTUYECKOM 103€, IpU
TAYKEJIOM T€YeHUH — KOHTPOJIApyeMas OKCUI'€HOTepa-
Yisi/ pecriipaTopHasi HOAepsKKa € ToI00pOM PesKIMa 1
rapaMeTpoB BEHTUJIALIVN.

MeTtonom npoTouHOH uTOdIyoMeTpUX Ha aHa-
smsatope Beckman Coulter (CIIIA), ucnons3yst Habop

ditions in critically ill patients and searching for pos-
sible ways to correct these conditions appears partic-
ularly interesting. In addition, PD-1/PD-L1 molecules
are considered to be potential biomarkers [10-12].

The aim of the study — to examine the activity
of system of negative regulation of T-cell response
in pneumonia patients with the underlying in-
fluenza A (HIN1).

Materials and Methods

85 patients with pneumonia and underlying in-
fluenza A (H1N1) were examined. Among them there
were 30 patients with severe pneumonia, 55 patients
with non-severe pneumonia. The patients were hospi-
talized during the period of increased influenza A
(HIN1) activity in 2019. The study was conducted in
compliance with the principles of the World Medical
Association (WMA Declaration of Helsinki, 1964, ed.
2013) and was approved by the local ethical committee
of the Federal State Budgetary Educational Institution
of Higher Professional Education «Chita State Medical
Academy» of the Russian Ministry of Health. The age of
the patients was 48+15 years. Males comprised 47.8%
and females constituted 52.2% of participants. The ex-
clusion criteria were unstable hemodynamic parame-
ters, BMI>30, diabetes mellitus, HIV, tuberculosis, neo-
plastic conditions. Fifteen healthy donors comprised
the control group. The diagnosis of influenza A (H1IN1)
was confirmed by a positive PCR assay. To assess the
pneumonia severity, CURB/CRB-65, SMART-COP
scores, as well as Federal clinical guidelines of the Min-
istry of Health of the Russian Federation on commu-
nity-acquired pneumonia in adults (2019) and
IDSA/ATS criteria (if one «major» or three «minor» cri-
teria were present, pneumonia was considered as «se-
vere») were used.

The standard therapy regimen included antiviral
Oseltamivir 75 mg 1 tablet 2 times a day. Antibacterial
therapy including 3 generation cephalosporin (Cef-
triaxone/Cefotaxim 2.0-3.0 g/day) in mild cases or a
combination of penicillin (cephalosporin) with a beta-
lactamase inhibitor (Amoxicillin/clavulanate 3.6 g/day
or Cefoperazone/Sulbactam 4.0-6.0 g/day) with a res-
piratory fluoroquinolone (Levofloxacin 0.5-1.0 g/day
or Moxifloxacin 0.4 g/day) was administered as a part
of standard therapy. Fluid therapy with balanced iso-
tonic crystalloid solutions, anticoagulation therapy
with low molecular weight heparin in a prophylactic
dose, and controlled oxygen therapy / respiratory sup-
port with adjusting mode and parameters of ventila-
tion were also used.

The plasma levels of PD-1, PD-L1, and PD-L2
molecules were determined by flow cytometry on a
Beckman Coulter analyzer (USA) using a LEGEND-
plex™ HU Immune Checkpoint Panel 1 multiplex assay
kit by Biolegend (USA). Statistical analysis was per-
formed using Microsoft Excel and Statistica 10 soft-
ware. The data were presented as median (Me) and in-
terquartile range (QI and Q3). Normality of data
distribution was assessed using Shapiro-Wilk test. To
assess significance of differences between the study
groups we used Kruskal-Wallis test and Mann-Whitney
test for pairwise comparison of the groups, using Bon-

ferroni correction for P-value estimation.
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KoHIeHTpanus ucciieyeMbIX HapaMeTpoB y 00TbHBIX THEBMOHUSIMHY Ha ¢oHe rpunna A/HIN1 (Me (Q1; Q3)).
The levels of studied parameters in patients with pneumonia and underlying influenza A (HIN1) (Me (QI; Q3)).

Parameter Values, pg/ml
Control, Patients with non-severe Patients with severe
n=15 pneumonia, n=55 pneumonia, n=30
PD-1 5.69 (4.21; 7.05) 13.37 (3.46; 36.19) 26.43 (10.11; 78.08)
P=0.03 P<0.001; P;=0.02
PD-L1 9.87 (6.84; 12.20) 66.02 (36.24; 117.58) 105.18 (50.34; 273.47)
P<0.001 P<0.001; P;=0.008
PD-L2 6658.00 (4891.50; 8064.00) 15038.50 (11957.25; 18335.50) 14854.50 (10961.50; 18331.50)

P<0.001 P<0.001; P;=0.53

Note. P— significance of differences compared with the healthy controls; P; — significance of differences between the group of
patients with non-severe pneumonia and the group of patients with severe pneumonia.

ITpumeuanmue. Values — 3HaueHus; patients with non-severe/severe pneumonia — HalleHTbI ¢ HETsKeJIOH / TAMKeJIOH THeB-
MOHHeH. p— CTaTUCTUYeCKass 3HaYMMOCTb PA3JIMYMiA 10 CPAaBHEHUIO CO 3JI0POBBIMHU; P; — CTATUCTUYECKasA 3HaYUMOCTh pas-
JIMYHUI MeKIy IPYIIIOHN aleHTOB C HeTsKeJI0 IHeBMOHUe! U IPYIIIoN MallieHTOB C TSAKeJI0H THeBMOHUeH.

J1s1 MyssruniekcHoro ananuaa LEGENDplex™ HU Im-
mune Checkpoint Panel 1 ¢upwmsbr Biolegend (CIIIA),
OIIpeesIsiii KOHIeHTpanuio MoJsiekysl PD-1, PD-L1, PD-1.2
B 11a3Me. CTaTUCTUYEeCKUH aHA/IN3 BBITIOJTHSIN C IIOMO-
mpIo makeTra mporpamm Microsoft Excel i Statistica 10.
JlaHHBIE NIpeICTaBUIN B BUAe MequaHsbl (Me) u naTep-
KBapTUJIbHOTO nHTepBaJsa (QI u Q3). OnieHKy HOpMaJib-
HOCTH pacrpeeseHust JaHHBIX OCYIIeCTBJISAINC TIOMO-
mpio kpurepus lllanupo-Yunka. [laa oneHkn
CTaTUCTUYECKON 3HAYMMOCTH PA3JIMINU MK Ty CCJIe-
JyeMBIMHU I'PyIIIaMU UCIIOJIb30BaNu Kputepuii Kpac-
KeJla—YO0JIJIACA, a TAaK)Ke KpuTepuil MaHHa-YUTHY, IpU
IIOMapHOM CpaBHEHUWU TIpyIlll, C IPUMEHEHUEM II0-
npaBku boHdeppoHu npu olleHKe 3HAYEHUS P.

Pe3ysnbrarhl U 00Cy:K/A€HHE

[Ipu ucciienoBaHUM UMMYHHON KOHTPOJIb-
HOH ToykH PD-1 ycTaHOBMJIH, 9TO ¥ OOJTHHBIX HETS -
sKesJIoM TTHeBMOHUed Ha ¢ouHe rpunma A/HINI
KOHIleHTpanuA PD-1 yBeauuuBasiacs B 2,3 pasa 1o
CPaBHEHUIO C KOHTPOJIbHOU I'PYHIION U COCTABJIS-
aa 13,37 (3,46; 36,19) or/mu (p=0,03). Berasuin, 4To
y OOJIBHBIX TSYKEJION THeBMOHMEN Ha (DOHE TPHUII-
ma A/HIN1 kornentpanus PD-1 yBesimumBasiach B
4,6 pasa (p<0,001) o cpaBHEHUIO C KOHTPOJIBHOU
TpyIIo# U cocTasJsiia 26,43 (10,11; 78,08) nr/mu
(Tabur.). ITpu aTOM, y 60TEHBIX HETSKEI0H THEBMO-
Huel Ha poHe rpunna A/HIN1 konuerTpanus PD-
1 okasasacs B 1,9 pasa HUKe OTHOCUTEJIBHO I1aly-
€HTOB C TsKeJsI01 MHeBMoHUeH (p=0,02).

[Ipu wucciaenoBaHuM JWraHga WMMYHHOU
KOHTpOJIbHOU Touku PD-1 — PD-L1 ycTanoBu/IY,
4YTO Y OOJTLHBIX HETSKEJION THEBMOHMEN Ha (poHe
rpunmna A/HIN1 comepskanue PD-L1 ObLJIO BhIIITE
B 6,6 pa3a mo CpaBHEHMIO CO 3[IOPOBBIMU U COCTAB-
J15J10 66,02 (36,24; 117,58) ir/ma1 (p<0,001). Okasa-
JIOCh, YTO y DOJbHBIX TSKEJI0H MTHEBMOHUEH Ha
¢one rpunna A/HIN1 konuenTtparnus PD-L1 yBe-
aunyusaznack B 10,6 pasa (p<0,001) u cocrasJiisaa
105,18 (50,34; 273,47) nr/ma (tabsa.). Taxxke
BBISABUJIM, YTO Y OOJIBHBIX TSKEJI0M THEBMOHUEH
Ha ¢one rpunmna A/HIN1 konnenTpanus PD-L1
yBeJIn4YnBasach B 1,6 pasa OTHOCUTETHHO HOJIb-
HBIX HeTsi3KeJI0M THeBMoHuel (p=0,008).

Results and Discussion

When studying the immune checkpoint PD-1
we found that in patients with non-severe pneumo-
nia with underlying influenza A (H1N1) the PD-1
concentration increased 2,3-fold compared to the
control group and was 13,37 (3,46; 36,19) pg/ml
(P=0,03). Patients with severe pneumonia and un-
derlying influenza A (H1N1) showed a 4.6-fold
(P<0.001) increase in PD-1 concentration com-
pared to the control group, amounting to 26.43
(10.11; 78.08) pg/ml (table). At the same time,
PD-1 concentration was 1.9 times lower in patients
with non-severe pneumonia and influenza A
(H1N1) compared to patients with severe pneumo-
nia (P=0.02).

While studying the PD-1 immune checkpoint
ligand, PD-L1, we found that in patients with non-
severe pneumonia and influenza A (H1N1), PD-L1
level was 6.6 times higher compared to the healthy
controls and was 66.02 (36.24; 117.58) pg/ml
(P<0.001). In patients with severe pneumonia and
influenza A (HIN1), the PD-L1 level increased 10.6-
fold (P<0.001) and was 105.18 (50.34; 273.47) pg/ml
(table). We also found that patients with severe
pneumonia with underlying influenza A (H1N1)
had a 1.6-fold increase in PD-L1 level vs the pa-
tients with non-severe pneumonia (P=0.008).

Quantification of the PD-1-PD-L2 immune
checkpoint ligand revealed that in patients with
non-severe pneumonia and underlying in-
fluenza A (H1N1) the PD-L2 level increased 2.2-
fold compared to the healthy controls and was
15,038.50 (11,957.25; 18,335.50) pg/ml (P<0.001)
We found that in patients with severe pneumo-
nia and underlying influenza A (HIN1) the PD-
L2 concentration increased 2.2-fold compared to
the healthy controls and was 14,854.50
(10,961.50; 18,331.50) pg/ml (P<0.001) (Table). At
the same time, no differences in PD-L2 level be-
tween patients with severe and non-severe
pneumonia with underlying influenza A (H1N1)
were found (P=0.53).
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[Ipu KoJIMYEeCTBEHHOM ONpe/ieJIeHUH JTUTAHAA
MMMYHHOU KOHTPOJIBHOU Touku PD-1 — PD-L2
BBISIBUJIH, YTO Y OOJTbHBIX HETS)KEJION ITHEBMOHHEH
Ha (¢one rpunmna A/HINI conepskanue PD-12 yBe-
JIMYMBAJIOCH B 2,2 pa3a OTHOCUTEJIBHO 3JOPOBBIX 1
cocranJisgs0 15038,50 (11957,25; 18335,50) nor/mJj
(p<0,001) YcTaHOBHUIU, YTO ¥ OOJIBHBIX TAKETON
nHeBMOHUeN HA oHe rpunma A/HIN1 KOHIIeHT-
panua PD-L2 yBennyuBasace B 2,2 pa3a OTHOCHU-
TeJbHO 3I0POBBIX U cocTaBjasga 14854,50
(10961,50; 18331,50) rir/ma1 (p<0,001) (Taba.). [Tpu
9TOM pa3JIM4Yuil B KOHUeHTparuu PD-1.2 y 60J1b-
HBIX TSIOKEJI0N U HeTsI3KeJIOU THEBMOHMEN Ha (poHe
rpunmna A/HIN1 He Berasuiu (p=0,53).

C MoMeHTa ITlepBOH (pOPMYJIMPOBKY Ompeie-
JIeHUsI CUHAPOMAa CUCTEMHOTO BOCIAJIUTEIbHOTO
otBeTa (SIRS), a Takke KOMIIEHCATOPHOTO MPOTH-
BoBocnanauTeabHoro cuaapoma (CARS) R. Bone
MIPOIILTIO, TPAKTUYECKHU, TPU JeCATUETHSA. 3a 9TOT
MepuoJl HAKOILJIEH OOJIBIIION OIBIT KaK B U3y4Ye-
HUU TIaTOTeHe3a, TaK U B UHTEHCUBHOU Tepanuu
KpUTHUYECKUX cocTtossHui [1, 2]. Kpome Toro,
TOCTUSKEHUST MOJIEKYIISIPHOM OMOJIOTHH, MOJIEKY-
JIIPHOU reHeTHUKH, UMMYHOJIOTHY, IIaToJI0THYe-
CKO¥ (hM3MOJIOTHH CliesTaIy B3I Ha IIPO0JIeMy
Opra”HHOM NUC(YHKIMY 3HAYNTEJBHO mupe. Pac-
KPBITHI pa3JIUYHbIe MEXaHN3MbI BJIUSIHUA HA MaK-
pOOpPraHu3M CHUCTEM PeLenTOPOB, y4aCTBYIOIINAX
B peasiu3aliy peakIiuii BpOXKJIEHHOTO U aJJallTUB-
HOI'O MMMYHHUTETa, BCJEACTBUE IOBPEKIEHUA
uau nHpexnmu [1, 13, 14]. OmHON U3 TAKUX CUCTEM
SIBJISIETCSI CUCTEMA HeraTUBHOU peryssinuu T-kiie-
TOYHBIX OTBETOB, perenropa PD-1 u ero surasnios
PD-L1u PD-L2 (3,9, 15, 16]. Poas PD-1 Ha KiInHNu-
YeCKOU Mojiesii cericuca BIlEpBbIe omnucaHa X.
Huang u kosieramu. Tak, y HOKayTHBIX 10 PD-1
MBIIIIEN MCCJIe0BATEIIMU TIPOJIEMOHCTPUPOBA-
HBI yBeJTMYEHNE BBDKUBAEMOCTH, YITy4IlleHre OaK-
TepHUaJbHOTO KJIMPEHCAa U YMEpPEeHHOe OpraHHoe
TOBpE’K/IeHNe Ha 7-€ CYTKH, IpUYeM He OBLIOo
3a(puKCUPOBAHO HU OJHOTO JIeTATBHOIO UCXO/Ia B
TedyeHHue MepBbIX 4-X CyTOK. MccaenoBaHue mom-
TBEpAUI0, uro nedunur PD-1 crnocoOcTByeT
3¢ dEeKTUBHOM 3aIUTE MBIITIEN OT PAHHETO JIeTa/Th-
HOro ucxonma mpu cercuce [3, 17]. YBequueHue
BBIKMBAEMOCTH ITPH CETICHICE TAKKe HAOITIOAIOCh
MbItiel, nedurutHbix o PD-L1 [3, 7]. Kpome Toro,
IIOKa3aHo yBeJIMYeHue YpoBHA akcnpeccuu PD-1
CD4+ u CD8+ T-rnerkamu u PD-L1 MoHOIIUTAMu y
CEeNITUYECKUX ImanueHTos [16-20]. Ipyras rpymnma
HccretoBaTesiel HadTIoaa yBeTndeHre aKCIpec-
cuu peuenropa PD-1 CD4+ T-kj1eTkaMu 1 yMeHb-
IeHre pasHooOpasusi T-KJIeTOYHOTO perenTopa y
MalyeHTOB HAa PAHHUX CTagusAX CENTUYECKOTO
mIoka (3, 20, 21].

MpbI 3a(pMKCUPOBAJIA CTATUCTUYECKU 3HAYUU -
MOe yBeJIM4YeHune KoHueHTpanuu PD-1 u ero
gmragnoB PD-L1 1 PD-1.2 y 60/1bHBIX THEBMOHHEN
Ha ¢one rpunna A/HINI, acconuupoBaHHOE C

Almost three decades have passed since the
first definition of the systemic inflammatory re-
sponse syndrome (SIRS) and the compensatory
anti-inflammatory syndrome (CARS) was formu-
lated by R. Bone. During this period a lot of experi-
ence has been accumulated both in the study of
pathogenesis and intensive therapy of critical con-
ditions [1, 2]. In addition, advances in molecular bi-
ology, molecular genetics, immunology, patholog-
ical physiology have led to a much broader view of
the problem of organ dysfunction. Various mecha-
nisms of effects of receptor systems participating in
the innate and adaptive immunity reactions caused
by damage or infection have been uncovered [1, 13,
14]. One such system is the negative regulation of
T-cell responses, the PD-1 receptor and its ligands
PD-L1 and PD-1.2 [3, 9, 15, 16]. The role of PD-1 in
a clinical model of sepsis was first described by X.
Huang and colleagues. Thus, in PD-1 knockout
mice, the researchers demonstrated increased sur-
vival, improved bacterial clearance and moderate
organ damage by day 7, and no deaths were re-
ported during the first 4 days. The study confirmed
that PD-1 deficiency contributes to the effective
protection of mice against early mortality in sepsis
[3, 17]. Increased survival in sepsis was also ob-
served in PD-L1-deficient mice [3, 7]. In addition,
increased levels of PD-1 expression by CD4+ and
CD8+ T cells and PD-L1 monocytes in septic pa-
tients have been shown [16-20]. Another group of
investigators observed an increase in PD-1 receptor
expression by CD4+ T cells and a decrease in T-cell
receptor diversity in patients in the early stages of
septic shock [3, 20, 21].

We observed significant increase in the levels
of PD-1 and its ligands PD-L1 and PD-1.2 in patients
with pneumonia with underlying influenza A
(H1N1), associated with the severity of disease. The
increase of PD-1 concentration, in our opinion, re-
flects the involvement of negative immunological
regulators in the systemic inflammatory response
with the initiation of a compensatory anti-inflam-
matory response, when immunosuppression is not
yet pronounced, however, active mechanisms are
included in the process, which fits into the concept
of systemic inflammation according to R. Bone. In
addition, a marked increase in PD-L1 ligand level,
especially in patients with severe pneumonia, indi-
cates the activation of inhibitory co-stimulatory
molecules, since PD-L1 is the ligand of two recep-
tors, B7-1 and PD-1 [9, 22, 23]. At the same time, an
increase in the concentration of PD-L2, which is a
PD-1 ligand, may indicate the transition of the im-
mune reaction cascade to the anti-inflammatory
phase [5, 6, 9].

Currently, the immunological cascade of pro-
and anti-inflammatory reactions is studied in detail
in critically ill patients with severe and extremely
severe COVID-19 [24, 25]. This allows to identify in-
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TSAYKECTHIO COCTOSTHUSA. YBeJUnYeHne KOHIEHTpa-
nyu PD-1, Ha Ham1 B3I, OTpa)kaeT BOBJIeUeHUe
B IIPOIIECC CUCTEMHOTO BOCITAJIMTEJILHOTO OTBETa
HeraTuBHbIX IMMYHOJIOTUYECKUX PEryJIATOPOB C
WHUIIMAIMeN KOMIIEHCAaTOPHOTO MMPOTUBOBOCIIA-
JIATEJIBHOI'O OTBETa, KOrja MMMYHOCYIpeccus
ellle He BBIPAYKEHA, OTHAKO aKTUBHbIE MEXaHU3MBbI
BRJIIOYAIOTCS B TIPOIIECC, YTO BIIMCHIBAETCA B KOH-
[ENIUI0 CuCTeMHOT0 BocniasieHus R. Bone. Kpome
TOTO, BBIPAsKEHHOE YBeJUYeHNe KOHIeHTpaluu
gmrannaa PD-L1, ocoOeHHO y TAalleHTOB C TsKe-
JIOW THEBMOHUEH, CBUJIETETbCTBYET 00 aKTHBa-
MY MHTIOUPYIONIUX KO-CTUMYIUPYIOIINX MOJIe-
KyJI, TOCKOJIBRY PD-L1 aBJigeTcs JIMraHg0M IBYX
peuenropoB — B7-1 u PD-1 [9, 22, 23]. [Ipu atom
yBeJInYeHne KoHLeHTpauuu PD-1L2, asidroniero-
cs1 uragom PD-1, MOYKeT CBUIETEJIbCTBOBATH O
repexojie KaCKaJa UMMYHHBIX peakluii B IPOTHU-
BOBOCIIAJIUTEBbHYIO a3y [5, 6, 9].

Ha cerogHAmHMM NeHb KINHUYECKU UMMY-
HOJIOTUYECKUH KACKaJI TIPO- U IPOTUBOBOCIIAJIM -
TeJIbHBIX peaKIi TOAPOOHO U3yyaeTcsi Ha MoJie-
JIY MAIUEeHTOB C TSKeJIbIM U KpallHe TsKeJIbIM
teueHrneM COVID-19, HaxogAImMuxcsa B KpUTHU4de-
CKOM COCTOSHUU [24, 25]. ITO 00CTOATEILCTBO
MO3BOJISIET OTIPeEJIesATh MoKa3aHus U 3PP eKTUB-
HO MPUMEHSTH Ha MPAKTUKE TeHHO-UH)KEHEPHbIe
JIEKapCTBEHHBIE CPEJICTBA — WHTHUOUTOPHI STHYC-
KWHAa3 ¥ IUTOKUHOBBIX PEIeNNTOPOB, aHTUIIATO-

KUHOBBIE ITpernaparhl, OJIOKUPYS TU3PETYIAIIAIO
MMMYHHOU CHCTEMBI, CHOCOOCTBYS YIIyUIIIEeHUIO
pe3y/1bTaTOB JIEYeHU U CHUKEHUIO JIeTaJbHO-
CTH y NMAallMEHTOB, HAXOAAUIUMXCA B KpUTHUYE-
CKOM cocTosiHHUH [25-28]. KoMIiekc penientopa
PD-1 c qurangamu PD-L1/PD-L2, kak MumieHb
nass  GapMaKoJIOTUYECKOTO  BO3JeHCTBUA
HCIOJIb3YEeTCA INPHA KOMIJIEKCHOM JIe4eHUU
pa3auvYHOM oHKoTmaroJsoruu [15, 29]. OxHako,
UMEeIOTCS [TaHHbIe, CBUAETEJbCTBYIOIIUE 00
3 HEeKTUBHOCTU MPUMEHEHUSI MOHOKJIOHAJb-
HbIX aHTUTEJ 111 PD-L1 (Are3onnaymad), cHH-
SKAIOIero MMMYHOCYIIPECCHUIO Ha MOZeJIN Cell-
cuca Mbllien. HMcciaemoBaTeaud OTMEYaloT
CHU’KEHUE CKOpPOCTH anonTo3da T-1uM@oIuToB
U yBeJIMYEeHUEe BbIKUBaeMoCTu [17].
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macrophages plays a pathologic role in altering microbial clearance and

dications for effective clinical use the genetically
engineered drugs such as Janus kinase, cytokine re-
ceptor inhibitors and anti-cytokine drugs, which
block immune dysregulation and contribute to im-
proved treatment outcomes and decreased mortal-
ity in critically ill patients [25-28]. The PD-1 recep-
tor complex and PD-L1/PD-L2 ligands are
established targets for pharmacological drugs em-
ployed in comprehensive treatment of various neo-
plastic diseases [15, 29]. However, there is evidence
that monoclonal antibodies against PD-L1 (Ate-
zolizumab) are effective in reducing immunosup-
pression in a mouse model of sepsis. Researchers
have noted a decrease in the rate of T-lymphocyte
apoptosis and an increase in survival [17].

Conclusion

A significant increase in the concentration of
PD-1 and its ligands PD-L1 and PD-L2 in plasma
from patients with influenza A (HIN1) pneumonia
is associated with the severity of disease and
demonstrates the involvement of negative regula-
tion of T-cell responses in cascade of immunologi-
cal reactions.

The correction of immune reactions con-
trolled by PD-1, PD-L1, PD-L2 molecules using
monoclonal antibodies could be a promising ap-
proach towards developing new treatment
modalities for critically ill patients.

3arJaoueHnue

3HauyuMoe yBesiMueHne KoHleHTpauuu PD-1
u ero muraggos PD-L1 u PD-L2 B n1a3Me y mmanu-
€HTOB ITHeBMOHUelN Ha ¢oHe rpunma A/HINI1
ACCOILMUPYETCA C TSAKECThI0 COCTOSTHUA U CBULE-
TeJIbCTBYET O BOBJIEYEHNHU B KaCKaJ UMMYHOJIOTH-
YeCKUX peakI[iil CUCTeMbl HETaTUBHOM peryJisi-
1y T-KJIETOYHOTO OTBETA.

KoppexkIiiyuss UMMYHHBIX peakiuii, KOHTPOJIU-
pyeMbIx MoJiekysiamu PD-1, PD-L1, PD-L2, ¢ momo-
1610 MOHOKJIOHAJTbHBIX aHTUTEJT SIBJISIETCS IIEPCIIEK-
TUBHBIM Hay4YHBIM HallpaB/IeHUEM, HallpaBJIeHHbIM
Ha pa3paboTKy HOBBIX METONIOB JIeUeHN I TAIIIEHTOB
B KPUTUYECKUX COCTOSTHUSIX.
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