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Knunudyeckue HCccJJaeqoBaHuA
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Pe3rome

3HAUUTeTbHBIN BKJIA]] B TeUeHNe Cercruca 1 0COOeHHO CENTUYECKOro III0Ka BHOCAT AUCPETYISIIUA apTe-
pUaIbHOTO JaBJIEHUs U pa3BUTHE [IUPKYIATOPHON HegocTaTrouHOCTU. OJJHUM 13 TeHOB, BIUSIONIINX Ha CO-
CTOSTHUE 9HJIOTeJIHsI COCYIUCTON CTEHKU U TOHyCa apTepUoJI, sIBJISIETCS TeH pelenTopa 1 K aHruoreHauny 11
(AGTR1). OgHOHYKJIEOTUIHBIHN TosiuMopduaM AGTRI 15275651 accollUMpoOBaH ¢ pa3BUTUEM CTEHOKAPANHY,
OTeKa JIETKUX B YCJIOBUSIX BBICOKOTOPbsI, TUIlepTeH3Un. 3HaueHue noiaumoppuama AGTRI rs275651 npu
CeIicuce, B TOM YKCJIe — B IPyNIIax HallMeHTOB B COUETAaHUH C BbIpaskeHHON KOMOPOUIHOCTHIO, paHee 1C-
CJIeJIOBAHO He ObLIO.

Iless ucciienoBaHusA — OIlpejiesieHre BKJIaaa QyHKIIMOHAIbHOr0 notuMopguama AGTR] B KCXOL Cell-
crcay nanyeHToB ¢ Pa3/ITYHON KOMOPOXIHOCTDIO, BRJIIOYAs CEPAEYHO-COCYIUCThIe 3a00JIeBaHUs U caxap-
HbBIU abeT BTOPOro TUIIA.

MarepuaJbl 1 MeTOIbI. B IpoCcnieKTUBHOE HccaefoBanue BKIoYnIn 144 nanuenta OPUT nByx K/InHU-
JecKuX 60JIbHUIL T. MOCKBBI B Bo3pacTte 18-75 JieT ¢ KIImHnYecKnMU rpusHakamu cercuca (CETICHC-3, 2016).

PeaynpraThl. B rpyniie manueHTOB € ceplleYHO-COCYyIUCTON naTosiorueii Hocutesu renotumna TT AGTR1
1s275651 xapakTepu30BaJ/JUCh MEHBIIUM YPOBHEM JIETAJIbHOCTH 10 CDABHEHUIO C HOCUTEJISIMU aJjliess A
(25 yeTaabHBIX UCXOA0B U3 33 TpoTUB 16 3 16, cooTBeTCcTBEeHHO, p=0,041, TM®; p=0,0019, log rank Tecr).
B rpynmne namnyeHTOB € caxapHbIM [uadeToM (n=62), Takske 0OHAPYKUJIN 3HAUUMBbIe pa3J/IMIus B UCXOJe
cercuca — B 3aBUCHUMOCTH OT BapuaHTa reHotumna AGTR1 rs275651. B noarpynmne Hocuteseii renorumna TT
AGTR]1 15275651 BbIABUJIM 3HAYMMO MEHBIIYIO JIETAJIbHOCTb 110 CDABHEHUIO C HOCUTEJIAMU reHOTUIIOB TA,
AA (27 neranbHbIX Ucxona U3 41 u 20 us 21 coorBeTrcTBeHHO, p=0,012, TM®; OR=10,37; 95% CI: 1,26-85,5;
p<0,0001, log rank Tecr).

3ak/arouyeHue. BoissBuIM cBA3h QPyHKIMOHATBLHOTO HonuMopduama AGTR1 -777 T>A (rs275651) ¢ ucxo-
JoM cericuca y nanreHToB OPUT ¢ BBICOKMM YpOBHEM UCXOAHON KOMOPOUIHOCTH: Y HOCUTe el oJiee pac-
npocTpaHeHHOTo reHotumna TT JIeTaTbHOCTh HUKE TI0 CPAaBHEHUIO C HOCUTEJISIMA MUHOPHOU aJijiesiu A.

Kntouesvte cnosa: cencuc; cenmuueckuii ulok; zenemuueckuil noaumopgusm; AGTR1; zen peuenmopa
anzuomen3una IT; caxapuulii duabem; KoMopouUdHOCmb

KoH(InKT HHTEpecoB. ABTOPHI 3asIBJIAIOT 00 OTCYTCTBUM KOH(JINKTAa UHTEPECOB.

Summary

Blood pressure dysregulation and circulatory failure are major contributors to the progression of sepsis
and especially septic shock. One of the genes affecting the vascular endothelium and arteriolar tone is the an-
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giotensin Il receptor 1 gene (AGTRI1). The AGTR1 rs275651 single-nucleotide polymorphism is associated with
the development of angina, high altitude pulmonary edema, and hypertension. The significance of the AGTR1
1s275651 polymorphism in sepsis, particularly in patients with significant comorbidity, has not been studied
previously.

The aim of the study was to determine the impact of AGTR1 functional polymorphism on sepsis outcome
in patients with various comorbidities, including cardiovascular disease and type 2 diabetes mellitus.

Material and methods. A prospective study included 144 ICU patients of two clinical hospitals in Moscow,
aged 18-75 years with clinical signs of sepsis (Sepsis-3, 2016).

Results. In the group of patients with cardiovascular diseases, carriers of the TT AGTR1 rs275651 genotype
had a lower mortality rate compared with carriers of the A allele (25 deaths out of 33 versus 16 out of 16, re-
spectively, P=0.041, Fisher’s exact test; P=0.0019, log-rank test). In the group of patients with diabetes mellitus
(n=62), we also found significant differences in sepsis outcome based on the AGTR1 rs275651 genotype vari-
ant. The subgroup of TT AGTRI rs275651 genotype carriers demonstrated significantly lower mortality com-
pared with TA, AA genotypes carriers (27 deaths out of 41 and 20 out of 21, respectively, P=0.012, Fisher’s exact
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test; OR=10.37; 95% CI: 1.26 to 85.5; P<0.0001, log-rank test).

Conclusion. We found an association of the functional polymorphism AGTR1 -777 T>A (rs275651) with
sepsis outcome in ICU patients with high-value baseline comorbidity: carriers of the more common TT geno-
type had lower mortality compared to carriers of the minor A allele.

Keywords: sepsis; septic shock; genetic polymorphism; AGTR1; angiotensin II receptor gene; diabetes mel-

litus; comorbidity
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BBengenue

Cericuc sBJsieTcsa HanmboJiee pacIpocTpa-
HEHHOU NMPUYNHON JI€TATbHOCTHU B OT/AEJEHUIX
peaHuMaToJIOTUN W WHTEHCHBHOUW Tepanuu
(OPUT) B m00011 pa3BUTON CTpaHe mMupa. 3a
TocJieTHYE TOJbI OBLIM OXapaKTepU30BaHbI pas-
HOOOpa3HbIE KJIETOYHBIE U MOJIEKYISAPHBIE MeXa-
HU3MBI cericuca [1], obocHOBaHa 1e1eco00pas-
HOCTh TIOAXOJOB K IE€PCOHAJTU3UPOBAHHON
MeIUuITnHe KPUTUUYECKUX COCTOSIHUH [2], B TOM
YHCJie IPU CEeNCuce — C YYEeTOM TeHeTHYeCKOM
BapuabeJbHOCTH MAIUEHTOB [2-5]. 3HAYNUTEb-
HbIN BKJa B Teuenue cercuca (CEIICHC-3, 2016)
1 ocobeHHO cenTrueckoro moka (CII) BHocAT
HapyIIeHUs 9HI0TETNS COCYI0B U TUCPETYIIAIIA
apTepuaIbHOTO aBJIEHU C TOCJIeIYIONINM pas-
BUTHEM IUPKRYAATOPHOU HegocTtarouHocTH (ITH)
¥ HapymieHueM repdysnn tkanei. I[{H saBaserca
OIHVM W3 TJIaBHBIX CHUMIITOMOB IIIOKa ¥ IPUBO-
IUT K TIOBPEKIEHNI0 OPTraHOB C 00pa3oBaHUEM
MMOJTMOPTAaHHON HemocTaroyHocTu. Pazsutre [TH
IIPOUCXOAUT BCIEACTBUE HECOOTBETCTBUSA MEKIY
00'beEMOM ITUPKYIUPYIONTEN KPOBU U EMKOCTHIO
cocyaucroro pycsaa. [Ipu cercuce mox Bo3aen-
cTBHEM OaKTepHuaIbHbIX 9HTOTOKCHHOB, IIPOBOC-
MaJIUTEJbHBIX 9H/IOT€eHHBIX MEINAaTOPOB U MPO-
OIYKTOB  AKTUBHUPOBAHHBIX  TPaHYJIOIUTOB,
aNre3VpyIOMNXCcs Ha MTOBEPXHOCTHU 9HOTEJIHS,
MIPOVICXOJIUT PaCIIMpeHrne CTEHOK MEJIKUX COCY-
JIOB, pa3BUTHE TUIIOTEH3UN U CHUKEHNE TKaHe-
BOTO Tep(dy3nMOHHOTO [aBJEHUs, BCJEACTBUE
4ero KpPOBOCHabO)KeHWE TKaHeld CTaAaHOBUTCS
HeJ0CTAaTOYHBIM, Pa3BUBAIOTCS THIIOKCHUS TKa-
Hell ¥ opraHHasi HeJJOCTaTOYHOCTh. JTOMY CIO-
COOCTBYIOT CHUKEHHE COKPATUTEbHOM CIIOCo0-

Introduction

Sepsis is the most common cause of mortality
in intensive care units (ICUs) in any developed coun-
try of the world. In recent years, a variety of cellular
and molecular mechanisms of sepsis have been
characterized [1] and the feasibility of approaches to
personalized critical care medicine [2] based on ge-
netic variability in sepsis was shown [2-5]. Endothe-
lial dysfunction and blood pressure dysregulation
with resulting circulatory failure (CF) and impaired
tissue perfusion contribute significantly to the pro-
gression of sepsis (Sepsis-3, 2016) and especially sep-
tic shock. Circulatory failure is one of the main pre-
sentations of shock and leads to organ damage with
the development of multiple organ failure. Circula-
tory failure results from a mismatch between the vol-
ume of circulating blood and vascular bed capacity.
In sepsis, bacterial endotoxins, proinflammatory en-
dogenous mediators and products of activated gran-
ulocytes adhering to the endothelial surface cause di-
latation of small vascular walls, hypotension and low
tissue perfusion pressure, which leads to inadequate
blood supply to tissues, tissue hypoxia and organ fail-
ure. This is promoted by reduced myocardial con-
tractility and volumetric blood flow rate in the micro-
circulatory system during shock development [6].

Sepsis development also depends on the poly-
morphism of genes controlling the processes that
are pathogenetically significant for critical condi-
tions [2-7]. Vascular damage in chronic diseases
and conditions (diabetes mellitus, hypertension,
increased body weight, metabolic syndrome) sig-
nificantly impairs the compensatory reactions of
the body. This can reduce the effectiveness of treat-
ment, slow down the recovery, and lead to the
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KianHu4YecKkue UCCIEeN0BaHUA

HOCTH MUOKapAa U 00beMHON CKOPOCTHA KPOBO-
TOKa B MUKPOLAPKYJIATOPHOM pyCJie IIPA Pa3BU-
THHU IIIOKA [6].

PasBuTne cencuca 3aBUCUT U OT IOJIUMOP-
¢usmMa reHoB, KOHTPOJUPYIOIIUX IIPOIECCHI,
IIaTOT€HETUYEeCKU 3HAaYMMBble IJI KDUTUYECKUX
cocrostHUi [2-7]. [TopaskeHue coCy0B IIPU XpO-
HUYeCKUX 3a00/IeBaHUSAX W IATOJOTUYECKUX
COCTOSTHUSAX (CaxapHBIN AMabeT, TUIIEePTEeH3NH,
yBeJIMYeHHAas Macca Tesia, MeTaboTnIeCKUi CUH-
IpoM) 00yCJIOBJIMBAET 3HAYNTEIFHOE CHUKEHTIE
KOMIIEHCAaTOPHBIX peakIUuil opraHuaMa. ITO
MOKeT CHU)KaThb 3((@PEeKTUBHOCThb Je4dYeHUs,
3aMenJIATh IIPOLeCC BBI3JAOPOBJIEHUS, IIPUBO-
IUTH K IIepexoly OCTPOr0 KPUTUYECKOI'0 COCTOA-
HUA B XpoHHUYecKoe. VccaenoBanue reHerude-
CKHUX ¢akropos, acCOMAPOBAHHBIX C
IIOPa’KeHUEM COCYIOB IIPU KPUTUYECKUX COCTOS-
HUSIX, OCTAETCsI IPUBJIEKATeJIbHOM, HO ellle Hesl0-
CTaTOYHO MCCJIEJOBAHHON 00J1aCThI0 TEHETUKH
KPUTUYECKUX COCTOSIHUU.

OIHUM U3 IeHOB, BJIMUAIOIINAX HA COCTOA-
HUE COCYJUCTOU CTEHKHU, 9HAOTeJUU U TOHYC
apTepuoJI, ABJSAETCA I'eH penenropa 1 auruo-
ten3uHa Il (AGTR1). [TonmumopduaM aToro reHa
BHOCUT 3HAUYUTEJIbHBIM BKJaJ B CTPYKTYpY
3abo/ieBaeMOCTH TUNEPTEH3WEH M XpOHHUUe-
CKOM 0OoJie3dHbio mouek [8, 9]. IloswlleHHad
akcnpeccuss AGTR1 cBsidaHa c runeprpoduei
ceppna u arepockiaepos3oM [10]. OgHOHYKIIEO-
TUuAHBIN TosiuMopduam AGTRI rs275651 acco-
OIUHAPOBAH C pa3BUTHEM CTEHOKApAWH, OTEKa
JIETKUX B YCJIOBHUSX BBICOKOIOPbS, TUIIEPTEH-
aum [11-13]. HaumboJiee pacmpocTpaHeHHBIN
ranjotun [ TTAA B I pOMOTOPHOU YacTU reHa —
T (rs275651) — T (rs275652) — A(rs422858) — A
(rs275653) — acconMupoOBaH B €BPONEOUTHON
MONYJALMY C YBeJIUYEeHUEM aKTUBHOCTHU IIPO-
MOTOpa r'eHa U pa3BUTHUEM TrulepTeH3uu [14].
HccaemoBaHusA € HCIOJb30BAHAEM TPAHCIEH-
HBIX MBbIIIEH IToKasaJjau, 4YTo AJid ramjoruna l
XapakTepHa yBeJWYeHHAsI CIIOCOOHOCTH MPO-
MOTOPHOW 00J1acTH TeHa CBA3BIBATh TpPAHC-
kpunuuoHHbIN pakTop USF2 [15]. [TokasaHo,
uyTo muMenHo USF2 obGecneuynBaeT m3aMeHeHUE
akTuBHOCTH npomoTropa AGTRI c nmocaenylo-
IIVM YBeJIMYCHUEM OKMCJIUTEJIbHOIO CTpecca "
NOBBIIIIEHEM  Iepudepruyeckoro  JaBJjie-
HUA [15]. OKCIEepUMEeHThI C UCIIOJb30BaHNUEM
KPBIC IPOLEMOHCTPUPOBAJIH, YTO IIPU CEICUce
akcnpeccusa AGTR1 cHUKaeTCs BO BCeX opra-
Hax, IPUBOJs K YMEHBIICHUIO peaKIuu cepred-
HO-COCYAUCTOM CHUCTeMbl Ha aHTMOTeH3UH Il u
CIIOCOOCTBYS TEM CaMbIM Pa3BUTHIO CENITHYE-
cKoro moka [16]. OgHako KJAMHUYECKUX UCCJIIe-
JOBaHUH, IOCBAIIEHHBIX CBI3U (PYyHKIIMOHAJb-
Horo noaumopduama AGTR1, cemncuca u
HapylIeHUH CO CTOPOHBI CepAeYHO0-COCYyIUCTON

CHUCTEMBI, HE IPOBOANJIN.

transformation of an acute critical illness into a
chronic one. The study of genetic factors associated
with vascular damage in critical conditions remains
an attractive, but underexplored area of genetics of
critical illness.

One of the genes affecting the vascular wall,
endothelium and arteriolar tone is the an-
giotensin II receptor 1 gene (AGTR1). The poly-
morphism of this gene contributes significantly
to the development of hypertension and chronic
kidney disease [8, 9]. Increased AGTR1 expression
is associated with cardiac hypertrophy and ath-
erosclerosis [10]. AGTR1 1s275651 single-nu-
cleotide polymorphism associates with the devel-
opment of angina, high altitude pulmonary
edema, and hypertension [11-13]. The most
common haplotype I TTAA in the promoter re-
gion of the gene, T (rs275651) — T (rs275652) —
A(rs422858) — A (rs275653), is linked to increased
gene promoter activity and development of hy-
pertension in the Caucasian population [14].
Studies using transgenic mice showed that hap-
lotype lis characterized by an increased ability of
the promoter region of the gene to bind the USF2
transcription factor [15]. USF2 has been shown
to promote a change in AGTR1 promoter activity
followed by an increase in oxidative stress and
peripheral pressure [15]. Experiments using rats
have demonstrated that in sepsis AGTR1 expres-
sion is reduced in all organs, leading to a blunted
cardiovascular response to angiotensin II and
thus contributing to septic shock [16]. However,
there have been no clinical studies on the asso-
ciation of functional polymorphism of AGTR1,
sepsis and cardiovascular disorders.

The interest of researchers has also been at-
tracted to the 3 -region, the opposite one of the
AGTR1 gene. AGTR1 A1166C (rs5186) single-nu-
cleotide polymorphism, located in the 3’-region of
the gene, has been known to contribute to the de-
velopment of diabetic nephropathy [17, 18]. The C
allele of AGTR1 A1166C rs5186 has been shown to
protect against adverse outcome in nosocomial
pneumonia [19]. There is a linkage disequilibrium
between this allele and two other alleles as part of
the GCC haplotype constituted by the G rs1492078,
Crs5186, and Crs380400 alleles [20]. Interestingly,
the alternative A allele of AGTR1 rs5186 determines
the high risk of mortality for type 2 diabetic pa-
tients on dialysis [21]. However, the association of
diabetes, mortality, and the 3'-region or 5’'-region
polymorphism of the AGTRI gene in sepsis has not
been investigated. The aim of our study was to de-
termine the contribution of the functional poly-
morphism AGTRI rs275651 within the haplotype
5’-region of the AGTR1 gene to the progression and
outcome of sepsis in patients with multiple comor-
bidities, including cardiovascular disease and type
2 diabetes mellitus.
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Tabsauia 1. lemorpacguyeckre mokasareJsiy, 3a001€BaeMOCTh U KOMOPOUHOCTH narueHToB OPUT.

ITapameTpsl OPUT 1, n (%) OPHUT 2, n (%) P, ,** Bce manmeHTsl, 1 (%)
Myskunnsl, 1 (%) 28 (49%) 54 (62 %) 0,173 82 (57%)
JKenmwuusbl, n (%) 29 51%) 33 (38 %) 62 (43 %)
Bospact, M (IQR) 50,6 (45-69) 56,8 (51-68) 0,746 54,3 (50-68)
OneHnka 1o mkase SOFA npu nocrynsesun, M (IQR) 6,3 (5-7) 6,0 (3-9) 0,982 6,1 (4-8)
[leputonut, n (%) 3 (5%) 10 (11%) 0,328 13 (9%)
BHeboJsIbHMYHAaA nHeBMOHUA, 1 (%) — 19 (23%) <0,001 19 (14%)
CepneuHo-cocyaucTole 3adoseBanusi, 1 (%) 15 (26%) 18 (21%) 0,560 33 (23%)
[TankpeaTuT, TaHKPEOHEKPO3, 71 (%) 3 (5%) 6 (7%) 0,965 9 (6%)
IToueyHast HEAOCTATOYHOCTD, THEJIOHE(DPUT, 23 (41%) 10 (11%) <0,001 33 (23%)
novevHo-KaMeHHas1 00/1€3Hb, aTUITHYHbBII

TeMOJIUTHKO-YPEeMUYEeCKUM CUHAPOM, 71 (%)

TpaBwmsl, 1 (%) 2 (4%) 10 (11%) 0,165 12 (9%)
djiermoHa, n (%) 3 (5%) 5 (6%) 0,804 8 (5%)
Abcuecc, n (%) 4 (7%) 5 (6%) 0,965 9(6%)
Omnyxoasu, n (%) 1(2%) 2 (2%) 0,709 3 (2%)
IHAOKAPAUT, 11 (%) 3 (5%) — 0,117 3 (2%)
Jpyroe*, n (%) — 2 (2%) 0,671 2 (1%)
OnepupoBanHsle, 11 (%) 34 (60%) 51 (59%) 0,960 85 (59%)
CaxapHblii guaber, n (%) 26 (46%) 36 (41%) 0,742 62 (43%)
CenTuyecKo MoK, 7 (%) 37 (65%) 59 (68%) 0,857 96 (67%)
3HaueHue uHaeKca komopouauoctu Charlson, M (IQR) 5,9 (5-8) 5,7 (3-8) 0,460 5,8 (3-8)
Ouenka 1o mkaJie Cirs, M (IQR) 21,3 (18-26) 20,1 (15-26) 0,326 20,7 (16-26)
Onenka no mkaJie Cirs cepaue, M (IQR) 2,1 (1-3) 1,9 (1-3) 0,174 2,0 (1-3)
Omenka 1o mkaste Cirs cocynsr,M (IQR) 2,0 (2-3) 1,7 (1-2) 0,115 1,8 (1-3)
OneHka 1o mkasie Cirs kposs, M (IQR) 1,6 (1-2) 1,1 (0-2) 0,002 1,3 (0-2)
Onenka 1o mkasie Cirs jerkue, M (IQR) 1,2 (0-2) 1,3 (0-2) 0,811 1,3 (0-2)
OmeHka 1o mkasie Cirs oprassl uyBcTs, M (IQR) 1,0 (0-2) 1,1 (0-2) 0,423 1,0 (0-2)
Onenka 1o mkaste Cirs skesryJOYHO-KUIIeYHbIN TPAKT 1,3 (1-2) 1,4 (1-2) 0,499 1,4 (1-2)
1o Tomeit kumrku, M (IQR)

Ouenka 1o mkaste Cirs sKesTyJOYHO-KUAIIeYHbIN 0,9 (0-2) 0,9 (0-1) 0,827 0,9 (0-2)
ot tomeit kuinku, M (IQR)

Onenka 1o mkasie Cirs medenb, M (IQR) 1,1 (0-2) 1,2 (0-2) 0,417 1,2 (0-2)
Ornenka o mkadste Cirs, mouku, M (IQR) 2,7 (2-4) 2,0 (1-3) 0,003 2,3 (1-3)
Ouenka 1o mkaJie Cirs, ModerosioBasi cuctema, M (IQR) 1,6 (1-2) 1,4 (0-2) 0,520 1,5 (1-2)
Omenka 1o mkaste Cirs, OIIOpHO-IBUTaTeTLHBIH armapar 1,6 (0-3) 1,3 (0-2) 0,370 1,4 (0-3)
u koska, M (IQR)

Onenka no mkasie Cirs, HepHas cucrema, M (IQR) 1,3 (0-2) 1,5 (1-2) 0,212 1,4 (0-2)
Onenka no mkaJie Cirs, aggokpuaHas cucteMa, M (IQR) 2,2 (1-4) 2,1 (0-4) 0,677 2,1 (1-4)
Ornenka o mkaste, Cirs mcuxuka, M (IQR) 0,8 (0-2) 1,2 (0-2) 0,139 1,1 (0-2)
Bcero, n 57 87 144

Ipumeuvanue. * — cungpom Nuenko-KymuHra, si3Ba sxesyaka. JIjs tabu. 1, 2: n — 4uCIJI0 ManueHToB; M — MequaHHOe
3HaueHue; IQR — MeKKBapTU/IBHBIN pasmax; ** — 3Ha4YeHusl p, paCCYUTAHHbBIE [10 KPUTEPUI0 MaHHa—YUTHH.

BuuManue uccienoBaresieii ObLI0 IpUBJIeYe-
HO ¥ K JIPYro¥l — MPOTHUBOMOJIOKHON — 00J1acTu
reda AGTR1 — 3" -o6Jjiactu. I3BeCTHBI JJaHHBIE O
BKJIaJle OJHOHYKJeOoTUnHON 3ameHnl AGTRI1
A1166C (rs5186), pacrioyioskeHHOH B 3'-00J1aCTH
reHa, B pa3BUTHH THa0eTH4YeCcKoi HedponaTuu [17,
18]. [Toxasano, yto asneab C AGTR1 A1166C rs5186
3aIUIIAeT OT HEeOJArompUATHOTO HCXOofa MpHU
HO30KOMHAJIbHON ITHeBMOHMU [19]. JlaHHBIA
aJ11eJIb HepaBHOBECHO CLEIJIeH C IBYMsA OpYyriMU
ayutesssMu, Bxofs B rarsiotun GCC, KOTopbIii o0pa-
gytor amiaenn G 151492078, C rs5186 u C
rs380400 [20]. MiHTepecHO, YTO aJETepHATUBHBIN
amenb A AGTR1 rs5186 ompejesisieT BbICOKUU
PUCK JIETATLHOTO MCXO/IA AJIs1 MAlIMEeHTOB C iuade-
TOM BTOPOT'O TUIIA, HAXOOAIIUXCA Ha auaJmse [21].
OpHako, cBsi3b AuabeTa, JeTaTbHOCTH U TTOJIUMOP-
¢usma 3 -o6sactu uiau 5 -obstactu rena AGTR1
TIPU CeTICUce He uccaenoBanu. lleabp paboTbl —
ompeneyeHne BKIaga (PyHKIMOHAJIBLHOTO TIOJHU-

Materials and Methods

An uncontrolled noncomparative sampling study
was conducted. Mortality was the primary endpoint; the
incidence of septic shock and SOFA scores were the sec-
ondary endpoints.

According to preliminary data, the mortality rate
in sepsis in the cohort of patients with multiple comor-
bidities was about 90 percent which served as the basis
for calculating the sample size. According to the formula
for sample size calculation n=(t2*P*Q)/A? [22, 23],
where t is the critical value of Student test (at 0.05 sig-
nificance level it equals 1.96), A is the marginal error
(5%), P is the proportion of cases in which the studied
parameter occurred (90), Q is the proportion of cases in
which the studied parameter did not occur (10), the
total number of patients (n) was 138. The study in-
cluded ICU patients (n=144) from two clinical hospitals
in Moscow aged 18-75 years with clinical signs of sepsis
(Sepsis-3, 2016, Table 1).

As shown in the table 1, median scores on the
Charlson and CIRS comorbidity scales were 5.8 and
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Table 1. Demographic parameters, morbidity and comorbidity of ICU patients.

Parameter ICUL,n(%) ICU2,n(%) P, ,value** All patients, n (%)
Men, n (%) 28 (49%) 54 (62 %) 0.173 82 (57%)
Women, 7 (%) 29 (51%) 33 (38 %) 62 (43 %)
Age, M (IQR) 50.6 (45-69) 56.8 (51-68) 0.746 54.3 (50-68)
SOFA score on admission, M (IQR) 6.3 (5-7) 6.0 (3-9) 0.982 6.1 (4-8)
Peritonitis, n (%) 3 (5%) 10 (11%) 0.328 13 (9%)
Nosocomial pneumonia, n (%) — 19 (23%) <0.001 19 (14%)
Cardiovascular disease, n (%) 15 (26%) 18 (21%) 0.560 33 (23%)
Pancreatitis, pancreatic necrosis, 1 (%) 3 (5%) 6 (7%) 0.965 9 (6%)
Renal failure, pyelonephritis, renal stones, 23 (41%) 10 (11%) <0.001 33 (23%)
atypical hemolytic uremic syndrome, n (%)

Trauma, n (%) 2 (4%) 10 (11%) 0.165 12 (9%)
Cellulitis, 7 (%) 3 (5%) 5 (6%) 0.804 8 (5%)
Abscess, n (%) 4 (7%) 5 (6%) 0.965 9(6%)
Neoplastic disease, n (%) 1(2%) 2 (2%) 0.709 3 (2%)
Endocarditis, n (%) 3 (5%) — 0.117 3 (2%)
Other*, n (%) — 2 (2%) 0.671 2 (1%)
Underwent surgery, n (%) 34 (60%) 51 (59%) 0.960 85 (59%)
Diabetes mellitus, 7 (%) 26 (46%) 36 (41%) 0.742 62 (43%)
Septic shock, n (%) 37 (65%) 59 (68%) 0.857 96 (67%)
Charlson comorbidity index, M (IQR) 5.9 (5-8) 5.7 (3-8) 0.460 5.8 (3-8)
CIRS score, M (IQR) 21.3 (18-26) 20.1 (15-26) 0.326 20.7 (16-26)
CIRS Heart score, M (IQR) 2.1(1-3) 1.9 (1-3) 0.174 2.0 (1-3)
CIRS Vascular score, M (IQR) 2.0 (2-3) 1.7 (1-2) 0.115 1.8 (1-3)
CIRS Hematopoietic score, M (IQR) 1.6 (1-2) 1.1 (0-2) 0.002 1.3 (0-2)
CIRS Respiratory score, M (IQR) 1.2 (0-2) 1.3 (0-2) 0.811 1.3 (0-2)
CIRS Eyes, ears, nose, throat, and larynx score, M (IQR) 1.0 (0-2) 1.1 (0-2) 0.423 1.0 (0-2)
CIRS Upper GI score, M (IQR) 1.3 (1-2) 1.4 (1-2) 0.499 1.4 (1-2)
CIRS Lower GI score, M (IQR) 0.9 (0-2) 0.9 (0-1) 0.827 0.9 (0-2)
CIRS Liver, pancreas, and biliary score, M (IQR) 1.1 (0-2) 1.2 (0-2) 0.417 1.2 (0-2)
CIRS Renal score, M (IQR) 2.7 (2-4) 2.0 (1-3) 0.003 2.3 (1-3)
CIRS Genitourinary, M (IQR) 1.6 (1-2) 1.4 (0-2) 0.520 1.5 (1-2)
CIRS Musculoskeletal and skin, M (IQR) 1.6 (0-3) 1.3 (0-2) 0.370 1.4 (0-3)
CIRS Neurologic score, M (IQR) 1.3 (0-2) 1.5 (1-2) 0.212 1.4 (0-2)
CIRS Endocrine and breast score, M (IQR) 2.2 (1-4) 2.1 (0-4) 0.677 2.1 (1-4)
CIRS Psychiatric illness score, M (IQR) 0.8 (0-2) 1.2 (0-2) 0.139 1.1 (0-2)
Total, n 57 87 144

Note. * — Cushing syndrome, gastric peptic ulcer. For Table 1, 2: n— the number of patients; M — median; IQR — interquartile
range; GI — Gastrointestinal tract; ** — P values calculated using the Mann-Whitney test.

Moppuama AGTRI 1s275651 B cocTaBe ranjoTuna
5" -o6Jactu reHa AGTR]1 B TedeHHeE U UCXO/I CeIICKca
V IAIEHTOB C BBICOKON KOMOPOUIHOCTBIO, BKJIIO-
4Jasi cepAeIHO-COCYIUCThIe 3a00JIEBAHUS U caxap-
HBIU TrabeT BTOPOTO THUIA.

MarepuaJj 1 METOAbI

IIpoBesu 3aKpbITOE HEKOHTPOJIUpPYEeMOe HeCpaB-
HUTeJTbHOE BEIOOPOYHOE HccelofoBaHue. IlepBUIHON
KOHEYHOHN TOYKOH SABJIAJIACH JIETAJIBHOCTH, BTOPUY-
HBIMY KOHEYHBIMH TOYKAaMHU OBLJIM 4YaCTOTa pa3BuTuA
CeNTUYeCKOTO II0Ka, OlleHKH 110 mikaJje SOFA.

Ilo npeaBapuTeJTbHBIM TAHHBIM JIETA/JIBHOCTL IIPU
cercruce B KOropre OOJBHBIX C BBICOKOM KOMOpPOUA-
HOCTBIO cocTaBuJia IpuMepHO 90 IIPOLEHTOB, HA OCHO-
BaHWM JTOTO OBLI paccuynTaH pa3mep BBIOOPKU. o
dopmysie @i pacyera  pa3Mepa  BBIOOPKU
n=(t2*P*Q)/ A2 [22, 23], rue t — KpuTHYECKOe 3HAYEHU S
kpurepusa CreonenTa (pu yposHe 3Hauumoctu 0,05
cocrasjser 1, 96), A — IpeneJbHO IOIIyCTUMAasg
ommoOKa (5%), P — oJist cy4asi, B KOTOPBIX BCTPEYaJICs
nayJaeMbli npuaHak (90), Q — moJis cay4aes, B KOTO-
PBIX He BCTpeyaJICsl n3yd9aeMblii mpu3Hak (10), obmiee
KOJIMYECTBO IarueHToB (n) coctaBusio 138. B ucciuemno-

BaHMe BKJIIOYNIN nanuentoB OPUT (n=144) nByx KiInu-

20.7, respectively, indicating multiple comorbidities in
the entire cohort studied. Patients from the two ICUs
did not differ on most parameters. Some differences in
the CIRS Hematopoietic and CIRS Renal scores were
due to the higher number of patients with impaired
renal function in the ICU 1 due to the presence of a
nephrology tertiary care center in the hospital where
the ICU 1 was based.

On admission, 49 patients had cardiovascular
disorders scored 3 or 4 on the CIRS scale, and 62 pa-
tients were diagnosed with type 2 diabetes mellitus
(Table 2). The groups of patients with diabetes and car-
diovascular disease predictably differed from patients
without these comorbidities in age, Charlson scores
and CIRS Heart, Vascular, Respiratory, Eyes, ears, nose,
throat, and larynx, Renal, Musculoskeletal and skin,
Neurologic, and Endocrine and breast scores. How-
ever, SOFA scores did not differ between these patient
groups on admission.

The AGTRI1 rs275651 allelic variants were deter-
mined by tetraprimer polymerase chain reaction fol-
lowed by electrophoretic separation and identification
of stained products in a gel. The following primers were
selected and synthesized at Eurogen LLC using the
Primer-BLAST software (https://www.ncbi.nlm.nih.gov/
tools/primer-blast/):
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Tabsmua 2. leMmorpaduveckue mokasaTejau 1 KOMOPOUIHOCTh manueHToB OPUT ¢ nuadeTom, TsKeI0M cep-
JIETHO-COCYIUCTOM MaToJioruei, u 6e3 quadera v cepAeuHO-COCYIMCTOH MTaTOJIOTHH.

ITapameTpsIl ITanueHTHI P
c nuaGerom (1) ©0e3 quabera Ccepae4HO-
M CEpPAEYHO-  COCYTUCTOMH
COCYIHMCTOI  IaTOJIOTHeH
aToJorH (2) (3)
MysK4UHBI, 1 29 (48%) 35 (59%) 31 (63%) p1-=0,230
JKeHIIuHEL, 1 33 (52%) 24 (41%) 18 (37%) po_s=0,826
Bospact, M (IQR) 62,8 (59-70) 50,8 (40-63) 60,5 (56-70) p1-2<0,001
P2_3<0,001
Omenka no mkasie SOFA npu nocrynesuu, M (IQR) 6,7 (5-8) 6,1 (3-8) 6,9 (5-8) p1-=0,153
p2_3=0,081
Nunexc komopouaHoctu Charlson, M (IQR) 8,0 (7-9) 3,4 (1-5) 7,6 (7-9) p1-2<0,001
P2_3<0,001
Cirs, M (IQR) 25,8 (23-30) 14,3 (7-22) 24,7 (22 -28) p1-2<0,001
P2_3<0,001
Cirs cepnue, M (IQR) 2,4 (2-3) 1,1 (0-2) 3,1(3-3) P1-2<0,001
P2-3<0,001
Cirs cocynpl, M (IQR) 2,3 (2-3) 1,2 (0-2) 2,4 (2-3) P1-2<0,001
P2_3<0,001
Cirs kpoBb, M (IQR) 1,7 (1-2) 0,9 (0-2) 1,6 (0-2) p1-2<0,001
p2_3=0,100
Cirs siterkue, M (IQR) 1,5 (1-2) 0,9 (0-2) 1,4 (1-2) p1->=0,003
p2_5=0,011
Cirs oprans! 4yBcTB, M (IQR) 1,4 (1-2) 0,7 (0-1) 1,6 (1-2) p;1-2<0,001
P2_3<0,001
Cirs ykeJTyI04HO-KUIIEYHbIN TPAKT 10 Tolel kumky, M (IQR) 1,4 (1-2) 1,3 (0-2) 1,8 (1-2) P1-=0,392
p2_3=0,103
Cirs ykeJTyI04HO-KUIIEeYHbIH OT Tolel kuiku, M (IQR) 0,7 (0-1) 0,9 (0-2) 0,9 (0-2) p1_»=0,957
p2_3=0,603
Cirs meuenb, M (IQR) 1,3 (0-2) 0,9 (0-2) 1,7 (1-2) p1->=0,103
p2_5=0,027
Cirs mouku, M (IQR) 2,8 (2-4) 1,6 (1-2) 2,7 (2-3) p1-2<0,001
P2_3<0,001
Cirs mouenoJioBasi cuctema, M (IQR) 1,7 (1-2) 1,2 (0-2) 1,7 (1-2) P1-5=0,006
p2_5=0,013
Cirs ormopHO-ABUTaTeIbHBIN anmapat 1 koka, M (IQR) 1,7 (1-2) 0,9 (0-2) 1,9 (1-2) P1-2<0,001
P2_3<0,001
Cirs HepBHas cucrtema, M (IQR) 1,9 (1-3) 0,9 (0-2) 1,9 (1-2) P1-2<0,001
P2_3<0,001
Cirs agnokpunHas cucrema, M (IQR) 3,5 (3-4) 1,0 (0-2) 2,3 (2-3) P1-=<0,001
Po_3=<0,001
Cirs ncuxuka, M (IQR) 1,4 (1-2) 0,8 (0-2) 1,2 (0-2) p;-2=0,001
p2-5=0,013

HUYECKUX O0JILHUIL T. MOCKBEI B Bo3pacTte 18-75 Jiet ¢
KJIMHW4YeCKUMU npusHakamu cerncuca (CEIICUC-3,
2016, Tabur. 1).

Kak BugHO M3 Tabsa. 1, MennaHHbIe 3HAYEHUS
OIeHKH MMAIlMeHTOB 0 MIKaaM komopouaaoctu Charl-
son u Cirs cocraBuu 5,8 u 20,7 COOTBETCTBEHHO, UTO
YKa3bIBaeT Ha BHICOKYI0 KOMOPOMIHOCTD HMAaIMEeHTOB
BCEH WCCJIeIOBAHHONW KOTOPTHI. IlallMeHThl M3 NBYX
OPUT He pasIuvyaJIvCh 0 OOJBITMHCTBY TAPAMETPOB.
HexkoTopble pa3nyus oljeHOoK 110 1mkasaam Cirs KpoBb 1
Cirs moyky 06yCJIOBJIEHBI OOJIBIITNM IIOCTYTIJIEHHEM T1a-
OMEHTOB C HapylleHneM (QyHKOuWi modexk B OPUT 1
BCJIEICTBHE HaIuuusag HedPOJOTMYeCKOro LieHTpa B
I'KB ¢ OPUT 1.

IIpu nocryniennu y 49 maieHTOB BbIABUJINA Ha-
PYIIEHUs CepAedHO-COCYAUCTON CUCTEME], OlleHEHHbIE
Ha 3 nou 4 6an1a no mkaste CIRS, y 62 mamueHTOB [uar-
HOCTHPOBAJIM CaXapHBIH [rabeT BTOporo Tuma (TabJr. 2).
['pynmel ManyeHToB ¢ AHA0ETOM M CepIedHO-COCYAH-
CTOM I1aTOJIOTHEH 0KUIAeMO OT/IMYAINCh OT IIal[IEHTOB
6e3 TaHHBIX KOMOPOUIHOCTEN IO BO3PACTY, HHAEKCY

1for 5°-GGACATGCTACCCAAGTTGC-3

2for 5°-CCAAAAATCAATTAATGTTA-3"

1rev 5 -GCAATTGGCATATCCATCAC-3*

2rev 5°-GTCACCCTACTCACCTATCA-3".

Significance of differences between the groups was
assessed using y? test with Yates correction for sample
continuity and Fisher’s exact test (FET). Odds ratios (OR,
odds ratios) and 95% confidence intervals (95% CI) were
calculated to assess risks of sepsis mortality in patients
with various genotypes. Normality of distribution was de-
termined using the Kolmogorov-Smirnov test. Qualita-
tive parameters were presented as absolute numbers
with the percentages indicated. In non-normal distribu-
tion, Mann-Whitney U-test was used to evaluate differ-
ences between groups by calculating medians and in-
terquartile range (IQR). The Kaplan—-Meier procedure and
log-rank test were used to identify differences in survival
rate. Predictors of outcome were determined by logistic
regression. Differences at P<0.05 were considered signifi-
cant. Statistical analysis was performed using MedCalc
version 11.6 and SigmaStat version 3.5.
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Table 2. Demographic parameters and comorbidity of ICU patients with diabetes mellitus, severe cardiovascular
disease, and without diabetes mellitus and cardiovascular disease.

Parameter Patients Pvalue
with diabetes  without diabetes with
mellitus (1) mellitus and cardiovascular
cardiovascular disease (3)
disease (2)
Men, n 29 (48%) 35 (59%) 31 (63%) P;_»=0.230
Women, n 33 (52%) 24 (41%) 18 (37%) P, 5=0.826
Age, M (IQR) 62.8 (59-70) 50.8 (40-63) 60.5 (56-70) P;_»<0.001
P, 5<0.001
SOFA score on admission, M (IQR) 6.7 (5-8) 6.1 (3-8) 6.9 (5-8) P;_»=0.153
P, =0.081
Charlson comorbidity index, M (IQR) 8.0 (7-9) 3.4 (1-5) 7.6 (7-9) P;_»<0.001
P, 5<0.001
CIRS score, M (IQR) 25.8 (23-30) 14.3 (7-22) 24.7 (22-28) P;_»<0.001
P, 5<0.001
CIRS Heart score, M (IQR) 2.4 (2-3) 1.1 (0-2) 3.1(3-3) P, ,<0.001
P, 5<0.001
CIRS Vascular score, M (IQR) 2.3 (2-3) 1.2 (0-2) 2.4 (2-3) P;_»,<0.001
P, 5<0.001
CIRS Hematopoietic score, M (IQR) 1.7 (1-2) 0.9 (0-2) 1.6 (0-2) P;_»<0.001
P, 5=0.100
CIRS Respiratory score, M (IQR) 1.5 (1-2) 0.9 (0-2) 1.4 (1-2) P;_»=0.003
P, ;=0.011
CIRS Eyes, ears, nose, throat, and larynx score, M (IQR) 1.4 (1-2) 0.7 (0-1) 1.6 (1-2) P,_,<0.001
P, 5<0.001
CIRS Upper GI score, M (IQR) 1.4 (1-2) 1.3 (0-2) 1.8 (1-2) P;_»=0.392
P, 5=0.103
CIRS Lower GI score, M (IQR) 0.7 (0-1) 0.9 (0-2) 0.9 (0-2) P, ,=0.957
P, ;=0.603
CIRS Liver, Pancreas, and biliary score, M (IQR) 1.3 (0-2) 0.9 (0-2) 1.7 (1-2) P;_»=0.103
P, =0.027
CIRS Renal score, M (IQR) 2.8 (2-4) 1.6 (1-2) 2.7 (2-3) P,;_»<0.001
P, 5<0.001
CIRS Genitourinary, M (IQR) 1.7 (1-2) 1.2 (0-2) 1.7 (1-2) P,_,=0.006
P, ;=0.013
CIRS Musculoskeletal and skin, M (IQR) 1.7 (1-2) 0.9 (0-2) 1.9 (1-2) P,_,<0.001
P, 5<0.001
CIRS Neurologic score, M (IQR) 1.9 (1-3) 0.9 (0-2) 1.9 (1-2) P;_»,<0.001
P, 5<0.001
CIRS Endocrine and breast score, M (IQR) 3.5(3-4) 1.0 (0-2) 2.3 (2-3) P,;_,=<0.001
P, 5=<0.001
CIRS Psychiatric illness score, M (IQR) 1.4 (1-2) 0.8 (0-2) 1.2 (0-2) P;_»=0.001
P, ;=0.013

Charlson u miikaste Cirs, orierkam 1o mkase Cirs ceppna,
COCYJIOB, JIETKUX, OPTaHOB YYBCTB, I0YEK, OTIOPHO-/IBH-
raTeIbHOTO allllapara, HEPBHOH CUCTEMBI U 9HJOKPHH-
HOU cucteMbl. OTHAKO OTeHKH 110 mKkaae SOFA mexy
OJaHHBIMU T'DYIIIIaMU MMAIIUEHTOB IIPU IMOCTYIIJIEHUN HE
PpasyINJaInCh.

Annenbable BapuanTbl AGTRI1 rs275651 onpene-
JISJTM C TIOMOIIIBIO TeTpanpaiMepHOH OTNMepasHOH
[IEITHON peaKINH C TIOC/IeYIONINM 3JIeKTpodopeTrnde-
CKUM pasJieJIeHreM U HeHTH(PUKAe OKpaIleHHbIX
NPOAYKTOB B reJjie. C IOMOIIBIO IpOrpaMMel Primer —
BLAST (https://www.ncbi.nlm.nih.gov/tools/primer-
blast/) 6s11 momobpans! 1 cuHTe3npoBaHb! B OO0 «EB-
poreH» CaeayIolre MpaiMepb:

1for 5°-GGACATGCTACCCAAGTTGC-3"

2for 5°-CCAAAAATCAATTAATGTTA-3"

1rev 5°-GCAATTGGCATATCCATCAC-3°

2rev 5"-GTCACCCTACTCACCTATCA-3".

3HAYMMOCTH pa3JIUINN MeKAY TPyIIaMu ole-
HUBAJIH C UCII0JIb30BAHNUEM KPUTEPHs y° C TONIPABKOH
MeiiTca Ha HEMPEPLIBHOCTL BBHIGOPKU U TOYHOTO Me-

Results and Discussion

The study found a strong association between
increased comorbidity and mortality. Mortality
among patients with CIRS comorbidity score of
1-10 (n=23) was 26%, and with that of 11-35
(n=121) — 72% (P=0.001, y?, Fig. 1, a). In the sub-
group of patients with Charlson score of 1-4 (1n=47),
62% survived; in the subgroup with score values
5-15 (n=97), 23% survived (P=0.001, y?, Fig. 1, b).
Thus, in our patient cohort, comorbidity scores sig-
nificantly predicted outcome.

Logistic regression was used to analyze the re-
lationship between survival rate and CIRS comor-
bidity score of patients in the first two days of ad-
mission to the clinic (Table 3). The table shows that
comorbidity contributes significantly to mortality
in sepsis. In the studied cohort of severely comor-
bid patients in our sample, the CIRS comorbidity
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TaGsmmna 3. JIorucTHYeCKas perpeccusi — aHaJIHN3 Mpe;y

HKTOPOB BBIZJKHBA€MOCTH IIPH CeIICHUCE.

Table 3. Logistic regression analysis of predictors of survival in sepsis.

Parameter All patients Diabetes mellitus Without diabetes mellitus
OR 95% CI P OR 95% CI P OR 95% CI P
Age 0.99 0.95-1.03 0.658 0.983 0.90-1.06 0.585 0.99 0.937-1.041 0.634
Sex 1.10 0.48-2.47 0.826 1.1432 0.25-5.18 0.862 1.516 0.50-4.58 0.461
Charlson score 1.09 0.8-1.36 0.425 1.17  0.013-1.100  0.452 1.15 0.85-1.57 0.355
CIRS score 1.13 1.04-1.23 0.005 1.23 0.98-1.54 0.071 1.126 1.010-1.26 0.032
SOFA score 1.04 0.91-1.2 0.561 0.92 0.712-1.19 0.862 1.10 0.92-1.31 0.275
Parameter Severe cardiovascular conditions Without severe cardiovascular conditions
OR 95% CI | OR 95% CI P
Age 1.08 0.953-1.23 0.2589 0.9924 0.9398-1.0479 0.7831
Sex 0.003 0.0-0.82 0.0421 2.1471 0.9320-1.2653 0.1181
Charlson score 1.2 0.68-2.10 0.5303 1.0148 0.7144-1.4415 0.9346
CIRS score 1.84 1.12-3.02 0.016 1.119 1.01-1.24 0.029
SOFA score 0.0 0.0-0.0 0.99 1.09 0.93-1.26 0.290
Parameter Pooled group: severe cardiovascular Without severe cardiovascular conditions
conditions and diabetes mellitus and diabetes mellitus
OR 95% CI P OR 95% CI P
Age 0.97 0.91-1.04 0.425 1.01 0.94-1.08 0.801
Sex 0.36 0.099-1.3 0.118 3.19 0.94-10.81 0.062
Charlson score 1.21 0.85-1.73 0.289 0.96 0.67-1.36 0.813
CIRS score 1.18 0.98-1.42 0.085 1.14 1.013-1.28 0.036
SOFA score 0.88 0.72-1.11 0.279 1.1532 0.95-1.4 0.145

Note. OR — odds ratio; 95% CI — 95% confidence interval.

Ipumeuanue. All patients — Bce manuenTsl; diabetes mellitus — quater; severe cardiovascular conditions — Tsoresas cep-
JIEYHO-COCYAKCTas1 maToiorusi; pooled group — o6beguHeHHas rpymnma; without — HeT; age — BO3pacT; sex — I0JI; Score —
6aJuter; OR — oTHOMIeHMe nmancoB (odds ratio); 95% CI — 95-npoleHTHBIE JOBEPUTEIbHbBIE HHTEPBAJIBI.

Topa Pumepa (TM®P). JIg OleHKU PUCKOB JieTaJlb-
HOT'0 MCXO0/1a CeICrca y NallieHTOB C Pa3/IMYHbIMU I'e-
HOTHUIIAMU PAaCCUYMTBIBAJIU OTHOIIeHu:A maHcoB (OR,
odds ratio) 1 95-npoLeHTHBIE [OBEPUTEIbHbIE UHTED-
BaJibl (95% CI). CooTBeTCTBUE 3HAYEHU HOPMAJb-
HOMY pacIipeieJIeHUI0 OIIpe/IeJIAIN C TOMOIbIO KpH-
tepusi KoamoropoBa-CmupHoBa. KauecTBeHHBIE
NPU3HAKM MIPECTABJSANN B aOCOJIOTHBIX YUCJIAaX C
ykazanueMm jgoJsier %. B ciayudae pacnpeneseHus
3HAUYeHMUU, KOTOpOe OTINYaeTcsi OT HOPMaJbHOTO,
NIPY CPaBHEHUU Pa3/IMINHU Mesk Iy TPyIIlaMU UCIIOJIb-
3oBanu U-kpurepuid MaHHa-YUTHH, PaCCUYUTHIBAS
MeJUaHbl U MEKKBAPTUJILHBINA pa3dmax (IQR). Jlyist BbI-
SIBJIEHUS PA3JIUYUN B BBIXKMBAEMOCTH UCII0/Ib30BaIN
npouenypy Kansmana-Meepa u jorapudmuydeckuit
paHroBsiii kputepuii (Logrank test). I[IpequKTOpHI KC-
X0Jla BBIABJIAAJIU IOCPENCTBOM JIOTUCTUYECKOHN pe-
rpeccud. 3HAYMMBIMUA CYWUTAAM pas3judusa I[pHU
p<0,05. CtarucTU4eCcKuil aHa/an3 IPOBOJUJIU C HC-
noJsb3oBanuem nporpamm MedCalc Bepcust 11.6 u Sig-
maStat Bepcus 3.5.

Pe3ysbTaThl M 00CYK/IEHHE

HccnenoBanue BBISIBUIIO BBIPAYKEHHYIO aCCO-
IHUAIUI0 MEKIy YBeJMYeHUEM CTelleHU KOMOP-
OMIHOCTHU U JIeTAJbHOCTHIO. JIETATLHOCTD Cpeau
MAIIMEeHTOB C OLIEHKAaMU I10 IIKaJie KOMOPOUIHO-
ctu CIRS 1-10 (n=23) coctaBuja 26 %, c olleHKaMu
11-35 (n=121) — 72% (P=0,001, 2, puc. 1, a). B nox-
rpyIilie TAIMEHTOB C OIleHKaMU uHeKca 1-4 1o
mikase Charlson (n=47) Berxuiu 62%, B MOATPYII-
e c oneHkamu 5-15 (n=97) Berxuau 23% (P=0,001,
x% puc. 1, b). Takum 06pa3oM, B Halllell KOTOPTe
MAllMeHTOB IIKaJbl OLIEHKU KOMOPOWIHOCTHU
3HAYMMO IIPOTHO3UPOBAJIN UCXOT,.

score was highly informative for outcome progno-
sis. In the group of patients with severe cardiovas-
cular conditions we found differences in survival
depending on sex. Women survived more often in
this subgroup. There were no differences in the sex
distribution of patients with different AGTR1
1s275651 genotypes.

Approximately half of our sample consisted of
patients with type 2 diabetes mellitus (DM). We
found that the mortality in patients with DM and
sepsis was significantly higher than that of septic
patients without diabetes (47 of 62 vs. 46 of 82, re-
spectively, P=0.023, x?>=5.165, n=144, Fig. 1, ¢). The
results confirmed the conclusion of other authors
that comorbid diabetes contributes significantly to
the adverse outcome of sepsis [24].

The study of the genetic variability of the en-
tire cohort of patients studied revealed the follow-
ing distribution of AGTR1 rs275651 genotype fre-
quencies: TT — 101 (70%), TA — 41 (28%), AA — 2
(2%), which corresponded to the Hardy-Weinberg
law (P=0.338, n=144), and did not differ from the
distribution in the group of apparently healthy
donors in the Moscow population (TT — 76%, TA —
22%, AA — 2%, P=0.672, n=141, Table 4).

Further analysis of a possible link between
genotype and comorbidity according to the CIRS
and Charlson scales revealed no differences in co-
morbidity between patients with different AGTR1
rs275651 genotypes. Patients of various AGTR1
1s275651 genotypes with sepsis did not differ in
mortality as well (Fig. 2, a), but there was a trend
toward less frequent septic shock development in
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Puc. 1. BeizkuBaemocts nmanueHToB OPUT ¢ cencucoM ¥ pa3/IMYHBIM YPOBHEM KOMOPOUTHOCTH.
Fig. 1. Survival rate of ICU patients with sepsis and various comorbidity scores.
Note. a— based on CIRS score, n=144, P=0.001, x>. b— based on Charlson comorbidity index, P=0.001, x>. c— based on presence

of diabetes mellitus, P=0.023, y2.

IIpuMeuaHue. a— B 3aBUCHMOCTH OT orieHKH 110 mikasie CIRS, n=144, p=0,001, y*>. b—B 3aBUCIMOCTH OT OLleHKH 110 mKaJje Charl-
Son UHJEKC, n=144, y?. ¢— B 3aBUCUMOCTH OT HAJIMYUSI caxapHOro auabdera, p=0,023, y2.

C IOMOTIIBIO JIOTUCTUYECKOM perpeccuu aHa-
JIU3UPOBAJIN CBSI3b BBI)KUBAEMOCTHU W OIIEHKU
KOMOPOUTHOCTH AIMEHTOB 110 ITkaste Cirs B mep-
Bbl€ IBO€ CYTOK IIOCTYIJIEHUS B KJIMHUKY (Ta0JI. 3).
M3 TabuIbl BUTHO, YTO KOMOPOUTHOCTH BHOCUT
3H3‘~II/IT€J’ILHBII>1 BRJIA/ B JIETAJIBHOCTH HpI/I cercu-
ce. B ucciemoBaHHOM KOTOPTE BBICOKOKOMOPOU/I-
HBIX MMAIIMEHTOB HaIllell BLIOOPKU IIKaJIa OIeHKU
koMopbugHoctu Cirs okasansach BLICOKOUHPOP-
MaTHUBHa JJ1s1 IPOrHO3a Ucxofa. B rpyIe nanueH-
TOB C TSKEJIOHN CepAeYHO0-COCYyJUCTON ITaToJIoruei
00HAPYKUJTU pa3JINYre B BBIKUBAEMOCTH B 3aBU-
CHUMOCTH OT IloJia. B maHHOU mojrpynmne yarie
BBI)KMBAJIN KEHIITUHBI. He OB1J10 pa3inuuii B pac-
Ipejie/IeHNH 110 TI0JTy MAllMeHTOB C Pa3JIMYHbIMU
reHotunamMmu AGTRI1 rs275651.

I[IpuMepHO TIOJIOBMHY HaIled BBIOOPKU
COCTAaBUJIU ITAIITEHTHI C CaxaprIM ,I(I/Ia6eTOM BTO-
poro tuna. OGHAPYKUJIH, YTO JIETATHHOCTD ITaIfi-
€HTOB C nuabeToM U CeICHCOM Oblia 3HAYHMMO
BBIIIIE, YeM CEIITUYECKUX NallMeHToB 0e3 quadbera
(47 ciyuaeB u3 62 vs. 46 13 82, COOTBETCTBEHHO,
P=0,023, 42=5,165, n=144, puc. 1, c). Peaysibrarsl
MOATBEPANJINA BBIBOJ JPYTUX aBTOPOB O TOM, YTO
Ha/n4yue ):[I/Ia6eTa BHOCUT 3Ha‘{HTeJIbHLIfl BRJIAO B
HeOJIaroTpUATHBIN UCXOJ ceTicrca [24].

V3ydyeHve reHeTHYeCKON BapuabeIbHOCTU
BCEH KOTOPTHI HCCJIEJOBAaHHBIX MAIMEHTOB
BBIABWJIO CJIeNIyIOIlee pacnpeieseHrue 4YacToT
regotunioB AGTR1 rs275651: TT—101 (70%), TA —
41 (28%), AA—2 (2%), 9TO COOTBETCTBOBAJIO 3aKOHY
Xapmn-Batia6epra (p=0,338, n=144), n He oTINYa-
JIOCh OT pacrpeiesieHus1 B IpyIIle YCJIOBHO-3[I0PO-
BBIX JIOHOPOB MOCKOBCKOU nonyssaruu (TT — 76%,
TA —22%, AA— 2%, p=0,672, n=141, TadJ1. 4).

JlanpHEUNY aHau3 BO3MOYKHOUW CBSI3U
reHOTUNa 1 KOMOPOUTHOCTH TI0 IITKaJIaM KOMOP-

the AGTR1 1s275651 TT genotype carriers
(P=0.062, FET).

However, a separate analysis of the groups of
patients with severe cardiovascular conditions
(n=49) and with type 2 DM (n=62) revealed signifi-
cant differences in the progression and outcome of
sepsis based on the AGTRI rs275651 genetic vari-
ant. Thus, in the group of patients with cardiovas-
cular disease (predominantly coronary heart dis-
ease), carriers of the TT AGTRI rs275651 genotype
were characterized by a lower mortality rate com-
pared with carriers of the TA, AA genotypes (25
deaths out of 33 and 16 out of 16, respectively, n=49,
P=0.041, FET; P=0.002, log-rank test, Fig. 2, b).
Among the carriers of TA, AA variants in this group
of patients, a higher incidence of septic shock was
also noted (16 cases out of 16 vs. 24 cases out of 33;
P=0.022, FET).

The groups of patients with cardiovascular
conditions and DM overlapped significantly: 25
patients (17% of the total sample, half of patients
with cardiovascular diseases) had both comorbidi-
ties. In the group of patients with type 2 DM
(n=62) the progression and outcome of sepsis as-
sociated with the AGTRI rs275651 genotype vari-
ant. Thus, differences in mortality and frequency
of septic shock were found: carriers of the TT
AGTRI1 15275651 genotype were characterized by
lower mortality compared with carriers of the TA,
AA genotypes (27 deaths out of41 and 20 out of 21,
respectively, P=0.012, OR=10.37; 95% CI: 1.26 to
85.5, FET; P<0.0001, log-rank test, Fig.2d). Carriers
of TA, AA variants developed septic shock more
frequently (20 of 21 versus 26 of 41; P=0.006,
OR=11.54; 95% CI: 1.40 to 94.84). SOFA scores in
diabetic patients also differed depending on the
AGTRI1 rs275651 genotype of the patients. While
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TaGsmna 4. Pacnipe/iesieHHe YacTOT FEHOTHIIOB CPEIH YCIOBHO-3/I0POBBIX JOHOPOB U nanueHToB OPUT.
Table 4. Distribution of genotype frequencies among apparently healthy donors and ICU patients.

Donors and patients AGTRITT AGTRITA AGTRI AA
Apparently healthy donors 107 (76%) 31 (22%) 3 (2%)
ICU patients 101 (70%) 41 (28%) 2 (2%)

Puc. 2. BepkuBaeMocTh cennTudeckux nanueHToB OPUT c pasinuuynbsiMu reHotunamu AGTRI1 rs275651.

Fig. 2. Survival rate of ICU sepsis patients with various AGTRI rs275651 genotypes.

Note. a — all patients, n=144, P=0.062, x* P=0.057, log-rank test. b — patients with severe cardiovascular diseases, n=49, P=0.041,
Fisher’s exact test; P=0.002, log-rank test. ¢ — patients without severe cardiovascular diseases, n=95, P>0.05, Fisher’s exact test;
P=0.734, log-rank test. d— patients with diabetes mellitus, n=62, P=0.012, OR=10.37 95% CI: 1.26-85.50, Fisher’s exact test; P<0.0001,
log-rank test. e— patients without diabetes mellitus, n=82, P>0.05, Fisher’s exact test; P=0.451, log-rank test.

IIpumeuanue. a — Bce nanueHTsl, n=144, p=0,062, x% p=0,057, log rank Tect. b — nanueHTsI C TAHKEJTOH CepAedHO-COCYIUCTON
narosiorueit, n=49, p=0.041, Tounslii Mmetox Pumiepa; p=0,002, log rank Tect. c— nanueHTs! 6€3 TAKENI0N cepaAedHO-COCYAUCTON
maroJsioruu, n=95, p>0.05, rounsiit Metox duiepa; p=0,734, log rank TecT. d — naUeHTHI ¢ caxapHbIM Auaderom, n=62, p=0,012,
OR=10,37 95% CI: 1,26-85,50, Tounbiiit MeTop Pumiepa; p<0,0001, log rank TecT. e — marueHTs! 6e3 caxapHoro auadera, n=_82,

p>0,05, Tounslit MeTos Puiepa; p=0,4508, log rank rect.

ounHoctu Cirs 1 Charlson He BBISBUJI pa3aunynuil
110 KOMOPOUTHOCTY MEKY MTallieHTaM¥ pas3Ind-
HBIX reHOTUII0B AGTR1 rs275651. ITanieHTrI € cell-
cucoMm pasHbIX reHorunoB AGTR1 rs275651 ne
OTJINYAJIUCh U 110 JIeTaJbHOCTU (pUC.2 a), OHAKO
B rpymne Hocutesei renotuna AGTR1 rs275651 TT
OTMeYaJIM TeHIEHIHIO K CHUYKEHUIO pa3BUTHUA
CenTU4eCcKoro moka (p=0,062, TM®).

OpnHako, pa3fe/bHbIA aHAJIN3 IPYIII NaleH-
TOB C TSDKEJION CepAeYHO0-COCYyJUCTOM ITaToJIoruei
(n=49) ¥ c caxapHbIM TUabETOM BTOPOTO THINA
(n=62) BBIABUJI 3HAYMMBIE pa3J/In4ud I10 TEYUEHUIO
Y MICXOMy CeIICUCa B 3aBUCAMOCTHU OT T€HEeTUYECKO-
ro BapuanTa AGTR1 rs275651. Tak, B rpymie nauu-
€HTOB C Cep/ieYHO-COCYAUCTOU MaTosioruei (mpe-
AMYyIIeCTBEHHO C HWIIeMU4ecKod O00JIe3HbIO
cepaua) Hocutenu resotuna TT AGTR1 rs275651
XapaKTepU30BaJIMCh MEHBIIINM YPOBHEM JIeTab-
HOCTH 110 CPABHEHHUIO C HOCUTEJIAMU I'€HOTUIIOB
TA, AA (25 JetaabHBIX Ucxona u3 33 u 16 u3 16,
COOTBETCTBEHHO, =49, p=0,041, TM®; p=0,002, log
rank tect, puc. 2, b). Cpejiu HocuTeJieli BApUaHTOB
TA, AA B 3TOW rpymne NalueHTOB OTMedYasad U
6osbiryio wactory passurus CIII (16 cirydaes us
16 vs. 24 u3 33; p=0,022, TM®).

I'pynnel naliieHTOB C CepAEeYHO-COCYAUCTON
1aTOJIOTHEN U caXapHbIM ANAa0ETOM 3HAYUTEHHO
MepeKphIBAINCh: 25 manueHToB (17% obmiei

no significant differences in the frequency of mul-
tiple organ failure were found on the first day, they
were already significant on day 2 of ICU stay
(P=0.004, Mann-Whitney U-criterion): median
SOFA scale values were 9 (IQR 8.0 to 10.8) points
for carriers of minor allele A and 7 IQR 5.0 to 9.0)
points for homozygous patients of TT AGTR1
15275651 genotype. Genotype-specific differences
on the SOFA scale were characteristic of patients
on the «median» day of ICU stay (P=0.001,
Mann-Whitney U-criterion) as well as with re-
spect to the maximum multiple organ failure rate
during the entire hospitalization period (P=0.039,
Mann-Whitney U-criterion). At the same time, as
seen in Fig. 2, ¢, e, no differences in the progres-
sion and outcome of sepsis were found between
the groups of patients of different AGTR1 rs275651
genotypes without cardiovascular conditions
(n=95) and without diabetes mellitus (n=82).

After pooling patients with severe cardiovas-
cular disease and diabetes mellitus into one cohort
of highly comorbid patients (n=85), survival rate
differences remained highly significant in relation
to AGTR1 rs275651 genotype (Fig. 3, a). Thus,
among carriers of the more common TT genotype,
mortality was 69%; among carriers of the minor A
allele, it was 96% (P=0.005, OR=10.97, 95% CI: 1.38
to 87.35, FET; P<0.0001, log-rank test).
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BBIOOPKW, TOJIOBUHA AI[MEHTOB C CEP/IEYHO-COCY-
JIHUCTOU IIaTOJI0THEl) UMeT 00e KOMOPOUTHOCTH.
B rpymre manreHTOB € caxapHbIM TrabeToM BTO-
poro tuna (n=62) Te4eHue U UCXOJ Cercruca 3aBu-
ceJ1 or BapuaHTa reHoruna AGTR1 rs275651. Tak,
BBIAABWJIM PA3JIM4YMs II0 YPOBHIO JIETAJIBHOCTH U
4aCcTOoTe pa3BUTHS CENTUYECKOTO IMIOKA: /151 HOCH-
Tesieti reHoTumna TT AGTRI rs275651 6bl1a Xapak-
TepHA MeHbINAasA JeTaJbHOCTh 0 CPABHEHUIO C
HOCUTeJasIMU reHoTunoB TA, AA (27 JeTaJdbHBIX
ncxona us 41 u 20 ua 21 coorsercTBeHHO, p=0,012,
OR=10,37;95% CI: 1,26 — 85,5, TM®; p<0,0001, log
rank Tect, puc. 2, d). Y HocuTeJielt BapuaHToB TA,
AA cenThYecKui IOK pa3BuBaJcs vaiie (20 cay-
gaeB u3 21 ipotuB 26 u3 41; p=0,006, OR=11,54;
95% CI: 1,40-94,84). Onenku 1o mkajsie SOFA y
MMareHToB C nuabeToM TOKe pas3udajiich B
3aBUcUMOCTH OT reHoTtuna AGTRI rs275651 naiu-
eHTOoB. Ec/ii B 1epBbIi leHb 3HAYNMBbIX Pa3Iuuni
10 YPOBHIO ITOJIMOPTAaHHOUN HEJOCTAaTOYHOCTU He
00HAPY>KWJIH, TO y>Ke Ha BTOPOH JIeHb mpedbIBa-
HusA B OPUT pasnnumsa okasaanch 3HAUYUMBI
(p=0,004, U-kpurepuii ManHa—YUTHU): MeIHaH-
Hble 3HaueHus 1o mKrajie SOFA cocraBuin 9 (IQR
8,0-10,8) 6a/1710B /15T HOCUTeJIell MUHOPHOU aJjljie-
au Au 7 (IQR 5,0-9,0) 6aJ1710B JIJII TOMO3UTOTHBIX
namueHToB resotuna TT AGTRI1 rs275651. T'eno-
TUII-crienuuueckue pa3andus 1o mraae SOFA
OBLTU XapaKTePHBI JIJIS TAITUEHTOB B «CPETUHHBIIN»
nenb mpebbiBanusi B OPUT (p=0,001, U-kputepuii
MaHHa-YUTHH), a TaK)Ke B OTHOIIIEHUH MaKCH-
MaJIbHOTO 3HA4YeHU s MoKa3aTe i MOJIMOPTaHHON
HEeJIOCTaTOYHOCTH 3a BECh ePUOJ TOCITATAIN3a-
uuu (p=0,039, U-kpurtepuit Manna—-YurtHau). [Ipu
9TOM, KaK BUJHO Ha PHUC. 2, ¢, e, MEKIY IpylamMu
MaryeHToB pa3HbIX reHoTUnoB AGTRI rs275651
0e3 cepaieYHO-CcOCYyIMCTOH arooruu (n=95) u 6e3
caxapHoro nuabera (1=82) pa3Jimyuii B TeUeHUN U
HMCXOJl€e Cercrca He BbISIBUJIM.

[Ipu o6benMHEHUYN TAIUEHTOB C TSKEJIOU
CepeYHO-COCYIUCTON MaToJ0ruel 1 caxapHbIM
nrabeToM B OTHY KOTOPTY BEICOKOKOMOPOUIHBIX
ManueHToB (1=85) pas3/in4yus 110 BBIYKUBAEMOCTH
COXPaHAJIN BBICOKYIO 3HAYMMOCTb B 3aBUCUMOCTH
orreroruna AGTRI1 rs275651 (puc. 3, a). Tak, cpeqn
HOCHUTeJIer 6oJee pacIpoCTpaHeHHOT0 TeHOTHIIA
TT neranpHOCTH cocTaBuia 69%, y HOcUTesel
MHUHOpPHOH amnienun A — 96% (p=0,005, OR=10,97
95% CI: 1,38-87,35, TM®; p<0,0001, log rank TecT).

Hamporus, B KOropTe MaldeHTOB C MEHBIIIEN
KOMOPOUIHOCThI0O — 0€e3 caxapHOro aguadera u
BBIpa’KEHHOH CepleuHO0-COCyIUCTOU IIaTOJIOTUN
pasjnyusA 110 BBDKMBAEMOCTH MEKIy IpylIiaMu
MMallMeHTOB, OWINYaIuXxcs 1o resoruny AGTR1
rs275651 (TT mporus A+) orcyrcrBoBasiu (p>0,05;
puc. 3, b).

IIpencraBiieHHBIE JaHHBIC YKA3bIBAIOT HAa TO,
YTO KOMOPOHUIHOCTH MAIlMEHTOB, 00yCIOBIEHHAS
caxapHbBIM TMAa0ETOM UJIH BhIPAKEHHOH ITaTOJIOTH-

Puc. 3. BbkHBaeMoCTh cenTuYeckux mamuenToB OPUT c
pa3au4yHbIMU reHoTUnaMu AGTRI1 rs275651, 6e3 u ¢ comyT-
CTBYIOIIEH TSAKEJT0H KOMOPOHAHOCTHIO.

Fig. 3. Survival rate of ICU sepsis patients with various AGTR1
rs275651 genotypes, with and without severe comorbidities.
Note. a — pooled group that include patients with severe car-
diovascular diseases and patients with diabetes mellitus (1=85,
P=0.005, OR=10.97 95% CI: 1.379-87.347, Fisher’s exact test;
P<0.0001, log-rank test). b— patients without diabetes mellitus
and severe cardiovascular diseases (n=59, P>0.05, Fisher’s exact
test; P=0.191, log-rank test).

IIpuMmeuaHue. @ — KOropTa, 00beJUHSIOMAS TAIIMEHTOB C
cepJieYHO-COCYAMCTON NaToJIOTHel U CcaxapHbIM JuabeToM
(n=85, p=0,005, OR=10,97 95% CI: 1,38-87,35, TM®; p<0,0001,
log rank rect). b— nanueHThI €3 caxapHOro Auadera u TsoKe-
JIOW cepJiedHO0-COCyaUCTOH marooruu (n=59, p>0,05, TM®;
p=0,1914, log rank Tecr).

In contrast, in the cohort of patients with less
comorbidities (without DM and significant cardio-
vascular conditions) there were no differences in
survival between patient groups with different
AGTRI1 15275651 genotypes (TT versus A+) (P>0.05;
Fig. 3, b).

Our findings suggest that a comorbidity
such as diabetes mellitus or advanced cardiovas-
cular disease may be contributing factor to the
AGTR1-associated predisposition to the adverse
course of sepsis.

Sepsis and especially septic shock are accom-
panied by dramatic cardiovascular changes caused
by abnormal reaction of the immune cells to the
infection, involving components of microorgan-
isms and products of activated immune cells (cy-
tokine storm). Vascular damage, hypotension, re-
duced cardiac output, low perfusion lead to tissue
hypoxia and multiple organ failure associated with
septic shock.

In sepsis, the renin-angiotensin system is ac-
tivated, apparently as one of the universal adaptive
responses to stress. However, with a prolonged in-
crease in gene expression, there may be exhaustion,
resulting in a drop in Ang II level. Insufficient an-
giotensin production leads to maladaptation and
an increased risk of profound hypotension. This
has been the basis for attempts to treat patients
with septic shock wusing a recombinant
drug [25-27]. Recombinant Ang II administration
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el cepredYHO-COCYAUCTOU CHUCTEMBI, MOKET
SIBJISITHCST (PAKTOPOM, CITOCOOCTBYIOIITHM ITPOSIBJIE-
a0 AGTR1-accoltuupoBaHHOM MPepaciolosKeH-
HOCTH K HeOJIaronpuATHOMY TE€UYEHHIO CETICHCA.

Cemnicuic, m 0coOeHHO ero TsKesas (popma —
CeNTUYECKUH 10K, COIIPOBOKIAETCS BIPAKEeH-
HBIMM U3MEHEHUAMU CO CTOPOHBI CEpeYHO-COCY-
JUCTOU CUCTEMbI, BBI3BAHHBIMU IIATOJIOTUYECKOMN
peakiueli KJIeTOK UMMYHHOH CUCTeMBbI Ha UH(EK-
[IYI0, C y9aCTHeM KOMIIOHEHTOB MUKPOOPraHU3-
MOB W IIPOAYKTOB AaKTHUBHUPOBAHHBIX KJIETOK
WUMMYHHOH CHUCTeMBbl (IMTOKUHOBBIA ILITOPM).
[TopaskeHus COCyIOB, pa3BUTHE TMIIOTEH3UH, CHU-
SKEHHME CepAeYHOro BhIOpOca, rumomnepdysus
NIPUBOAAT K TUIIOKCMU TKaHeH U pa3BUTHIO
IIOJIMOPTaHHOU HEeJOCTaTOUYHOCTH, COIPOBOXK-
JTaroniel CEeNTHYEeCKUH IIIOK.

IIpu cencuce akTUBHUPYETCsI pEHUH-AHTHO-
TeH3WHOBasl CHCTeMa — BUINAMO, KaK OJHA U3 YHU-
BepCaJbHBIX aJalTUBHBIX pEaKIUil Ha CcTpecc.
OpHako, IpY JJINTEIBHOM yBEJIMYCHUN 9KCIIPEC-
CHU I'eHa MOJKET IIPOUCXOIUTH €e UCTOIeHUE, B
pesyJabrare KOToporo cogepskanue Angll nagaer.
PasBuTHe HegOCTATOYHOCTU NMPOAYKIUNA aHIHO-
TeH3WHAa IPUBOAUT K JUCANANTAlAN U YBeJInJe-
HUIO PHUCKA pa3BUTHUSA IMTy0OOKo# runoreHsuu. Ha
9TOM OBLTM OCHOBAHBI MOMBITKU KIUHUYECKOTO
JIEYeHHUsI IAllMEeHTOB C CENTHUYECKUM IIOKOM C
IIOMOTITHI0 PEKOMOMHAHTHOTO IIpernapara [25-27].
BBegnenune pekomOmHaaTHOTO ANngll OB17T0 OCOOEH-
HO YCHENIHBIM [JIsI OBICTPOTO0 BOCCTAHOBJIEHUS
MaIMeHTOB C TUIIOTEH3UeN U PEKOMEeHJ0BAHO [/
JIeYCHHs ITAallMEeHTOB C KaTeX0JIaMUH-PEe3UCTECHT-
HBIM NIUCTPUOYTUBHBIM IIOKOM [28]. OmHaKo,
Jaske pacllMpeHHble UCCIeL0BAaHU KIUMHUYECKO-
ro npuMeHeHusa Angll mpu moke ocTaBUIN Hepe-
LIEHHBIMU MHOTHWE BOIPOCHI 10 KJIUHUYECKOU
3(p(PHeKTUBHOCTH ero npuMeHeHus1. Takue BOIIpo-
ChI BOSHUKJIM B CBSI3M C OOHApy;KeHHBIMU HeOI1a-
TONIpPUATHBIMHU 3(p(peKTamu npenapara Ha JIETKHe,
TOJIOBHOU MO3T, MUKPOLMPKYJIAINAIO, BOCIAJIU-
TeJIbHbIC pEaKLIUU U yBeJIHWYEHUE PUCKA TPOM-
60ambosru [29]. ITO 0OYCTOBUIIO TIOVCK TaTOTE-
HETUYEeCKN 3HAYMMBIX OMOMapKepoB  IJis
NepCOHU(pUKALMY JIeYeHUsI CeITUUEeCKOTro III0Ka
Angll. B HeJTaBHUX HCCIeTOBAaHUAX ObLIa TIPOJIe-
MOHCTPHUPOBaHAa NOBBIIeHHAasI 3 (HEeKTUBHOCTD
npenapara IpHu Je4eHUH ITIalMeHTOB C BBICOKUM
coflepskaHrEeM peHWHA, KOTOPBIHA OBIJ OIIpe/iesieH
Kak OMoMapkep-KaHAUAAT JJIs1 TepCOHATN3ANN
npuMeHeHus pekoMOrHaHTHOTO Angll [30].

Henocrtarounocts apdextuBHocT Angll
MOYKET UMETh IIPUYNHY, CBA3aHHYIO C YMEHbIIIe-
HUeM akcnpeccun AGTR] npu cencuce, BEI3BaH-
HOM JleliCTBeM HeCKOJIbKUX IIPOBOCHAJINTENb-
HBIX IJUTOKMHOB (IUTOKUHOBBIN IIITOPM) U OKCHIA
asora (NO) [16]. IloHusKeHHbIE YPOBHU 3KCIIpEC-
CUU TeHOB PEHUH-aHTMOTeH3WHOBON CHCTEMBI
Angll u ACE nipu cenicrce ObLJIM aCCOITUAPOBAHBI

has been particularly successful for the rapid recov-
ery of hypotensive patients and has been recom-
mended for the treatment of patients with cate-
cholamine-resistant distributive shock [28].
However, even extended studies of the clinical use
of Ang Il in shock have left many unresolved issues
regarding its clinical efficacy. These issues emerged
when adverse effects of the drug on the lungs,
brain, microcirculation, inflammatory reactions,
and increased risk of thromboembolism were
found [29]. This has prompted a search for patho-
genetically relevant biomarkers to personalize the
treatment of septic shock with Ang II. Recent stud-
ies have demonstrated increased efficacy of the
drug in the treatment of patients with high renin
levels, which has been identified as a candidate
biomarker for the personalization of recombinant
Ang I use [30].

Lack of Ang II efficacy may stem from de-
creased AGTRI1 expression in sepsis induced by sev-
eral proinflammatory cytokines (cytokine storm)
and nitric oxide (NO) [16]. Reduced expression lev-
els of the Ang II and ACE renin-angiotensin system
genes in sepsis have been associated with an unfa-
vorable prognosis [31]. At the same time, there is
evidence that AGTR1 expression is reduced in sep-
sis, leading to impaired cardiovascular response to
Ang I1 and contributing to the development of sep-
tic shock [16]. Ang 11 is a highly effective vasopres-
sor administered in hypotension in patients with
sepsis, particularly in septic shock, to stabilize
blood pressure and reduce catecholamine de-
mand [32]. Ang Il administration in refractory sep-
tic shock was effective in increasing blood pressure
and reducing norepinephrine demand [33]. One
could logically assume that in sepsis (and especially
in septic shock) the survival rate of patients with the
genotype associated with increased expression of
the receptor to Ang II, TT AGTR1 -777 T>A1rs275651,
would be higher. We confirmed this hypothesis in
the present study: both the incidence of life-threat-
ening septic shock and mortality were significantly
lower in patients with the most common TT AGTR1
=777 T>A (rs275651) genotype. One might speculate
that these patients might be genetically predisposed
to the highest sensitivity to their own Ang II. How-
ever, additional administration of recombinant Ang
II could be excessive in these patients and result in
well-known complications associated with Ang II
use. Further clinical studies will help establish the
possible informative value of the AGTR1 -777 T>A
(rs275651) polymorphism appropriate for the per-
sonalized use of recombinant Ang Il in distributive
types of shock, including septic shock.

Sepsis is particularly dangerous for patients
with comorbid conditions such as diabetes mellitus
and cardiovascular disease. Hereditary predisposi-
tion to vascular disorders may increase the risk of

lethal outcome. For example, AGTRI rs263936 and
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¢ Heb6IaronmpusATHBIM MPorHo3oM [31]. BmecTe ¢
TeM, UMEIOTCsI TaHHBbIE O TOM, YTO IIPU CeICHce
CHUKAeTCA U 9KcIpeccus peuenropa Angll —
AGTR], NIpUBOAA K yXyIUIEHUIO pEaKIiK cepuey-
HO-COCYIHCTOU crcTeMbl Ha Angll u ciocobcTBys
Pas3BUTHUIO CeNTUYeCKoro Immoka [16]. Angll
ABJSETCS BBICOKOI(HEKTUBHBIM Ba30MPECCO-
pOM, KOTOPBIH HCIIOJNB3YIOT IIPU TMIIOTEH3UU Y
MTAITMEeHTOB C CETICUCOM, OCOOEHHO — ITPU CENTHU-
YeCKOM IIIOKe IJIA CTaOuaM3anuy NaBJaeHUS U
CHU’KEHUS TTOTPeOHOCTH B KarexoJaMuHax [32].
Beenenue Angll npu pedpakTepHOM cenTHde-
CKOM IIIOKE M03BOJISIO 3(P(PEKTUBHO MOBBICUTH
JaBJeHNe U CHU3UTD IIOTPEOHOCTH B HOPAIpEeHAIIH-
He [33]. JIorm4HO OBLIO TPEIIOJIOMKUTD, YTO TIPU
cericrice (M 0COOEHHO — IIPU CENTUYECKOM ITTOKE)
BbI)KMBAEMOCTbD ITAIIMEHTOB C TeHOTUIIOM, ACCOIIUH-
POBaHHBIM C YBEJIMUEHHOU 9KCIIPECCUEN PeleITo-
pak Angll — TT AGTRI1 -777 T>A rs275651 — Oymer
BBIIIIE. JTy TUIIOTE3y MBI IOATBEPAUIN B HACTOSI-
IIIeM MCCJIeOBAaHUM: ¥ 9YaCTOTa YKU3HEYT POYKAIOIIIe-
ro CIII, 1 ieTaTbHOCTh OBLIM 3HAYUTETHHO HIKE Y
TMaIeHTOB HanboJIee paclpoCTPaHeHHOTO TeHOTH-
na TT AGTR1 -777 T>A (rs275651). MoskHO 110J1a-
raTh, YTO UMEHHO TaK¥e MaIieHThbl OyIyT reHeTH-
YeCKU ITpeapacloIOKeHbl K HANOOJIbITIEN peaKITiuu
Ha cobcTBeHHBIH Angll. He ckiou€eHo, OTHAaKo, 4TOo
MMEHHO Y TAKKX ITAI[EHTOB JOIIOJIHUTEJIBHOE BBE-
JleHre PpEKOMOMHAHTHOTO nipenapara Angll mosker
SIBUTHCsI U3OBITOYHBIM, W TIPUBENET K OCJIOKHE-
HUAM, COIPOBOXKIAIOINUM HasHaueHue Angll.
JlanpHelIe KIMHIYECKIe MCCJIETOBAHUs IIOMO-
TYyT YyCTaHOBUTH, JOCTATOYHO JIU MH(POPMATUBHO
onpenenenne noaumopduama AGTR1 -777 T>A
(rs275651) 1151 MepCOHUPUITUPOBAHHOTO MCIIOMb-
30BaHMA pekoMbuHaHTHOTO Angll mpu qrcTpuody-
THUBHOM IIIOKe, BKJIIOYasI CEITHYECKUI ITIOK.

Oco0eHHO OmaceH Celncuc IJIs MMaleHTOB C
TaKUMU KOMOPOUIHBIMHU TTATOJIOTUSIMHY, KaK caxap-
HBII ArabeT 1 cepedHO-COCYIUCThIe 3a00IeBaHMA.
[Tpu sTom Hac/IeICTBeHHAsT TTPEIPACTION0KEHHOCTD
K COCYIMICTBbIM HapyIIeHUAM MOSKET ITOBbIIIAaTh PUCK
JIeTaJIbHOIO Ncxona. Tak, OTHOHYKJICOTUIHbBIE 3aMe-
HbI AGTR1 15263936 11 1$1492099 ObLTH aCCOTUUPOBA-
HBI C BHE3AITHOM OCTAaHOBKOM ceppna [34]. M3BecT-
HO, yTo aienab C AGTR1 A1166C rs5186 B 3° —
00J1acTH CBsI3aHa C YBeJIMYEHNEM PUCKA HIIIeMUAYe-
CKOM 00J1e3HU cepjla U MHPapKTa MUOKapaa. Y
HocuTesaen C-anesn r1s5186 CHIKaaI0Ch CBA3bIBa-
Hrue MuKpo-PHK miR-155 (koTopble momaBJistioT
9KCIIPECCHIO TeHa) B 3" -00J1aCTh TeHa, B pe3ysIsrare
4ero Bo3pacraer cuHTe3 MoJiekyal AGTR1 [35].
Amnnenb C rs5186 B cocrase ramsioruna GCC (G
151492078, C rs5186, C1s380400) ObLT acCOITMUPOBAH
C YMEHBIICHUEM CHUCTOJIMYECKOI0 apTepuaibHOIO
JTaBJIEHWsI [IPU Tepaliny KaHAecapTaHOM. AJIBTEpHA-
TUBHBIHN rarutoTun AAC, Ha000pOT, aCCOITUUPOBAIICS
C yMEHBIIICHEM IUAaCTOJIMYECKOI0 JABJICHU B OTBET
Ha Takoe ke jiedeHue [20].

rs1492099 single-nucleotide polymorphism have
been associated with sudden cardiac death [34].
The C allele of AGTR1 A1166C rs5186 in the 3" -re-
gion is associated with an increased risk of coro-
nary heart disease and myocardial infarction. Car-
riers of the rs5186 C allele had reduced binding of
miR-155 microRNAs (which suppress gene expres-
sion) in the 3’-region of the gene, resulting in in-
creased synthesis of AGTR1 molecules [35]. The C
rs5186 allele within the GCC haplotype (G
rs1492078, C rs5186, C rs380400) has been associ-
ated with decreased systolic blood pressure during
candesartan therapy. In contrast, the alternative
haplotype AAC was associated with decreased di-
astolic blood pressure in response to the same
medication [20].

AGTR1 polymorphism is involved in the devel-
opment of diabetic nephropathy [17, 18, 36]. The
mortality of type 2 diabetic patients on dialysis has
been shown to depend on the AGTRI rs5186 ge-
netic variability [21]. A synonymous substitution in
the AGTRI1 rs5182 coding region participates in the
development of hypertension in diabetes: patients
with AGTR1 rs5182 CC genotype had a higher risk
of hypertension [37].

The above listed examples indicate the signifi-
cance of the AGTR1 genetic polymorphism in the
severity of comorbid diseases in patients with sep-
sis and septic shock in our study. The T rs275651 al-
lele is a part of haplotype I TTAA, which consists of
4 substitutions in the promoter 5 -region of the
AGTR1 gene including T rs275651, T rs275652, A
rs422858, A rs275653. Interestingly, the AGTR1
rs422858 and AGTRI rs275653 minor alleles were
associated with longevity in the Italian population.
In the Japanese population, the GG rs275653 A/G
genotype was also associated with the life
longevity; in addition, the centenarians with this
genotype had lower blood pressure [38]. There is an
evidence that the AGTR1 rs275653 polymorphism
is associated with the risk of small vessel stroke [39].
AGTRI1 15275652 and rs275653 genotypes affected
the clinical manifestations of systemic sclerosis in
a Mexican population, contributing to vascular
damage [40].

Increased frequency of AGTRI rs5186 allele C
associated with high level of AGTR1 receptor pro-
duction is typical for survivors of nosocomial pneu-
monia [19]. Our research shows a similar pattern,
which is however associated with another mutation
localized in the 5'-region of the same gene: in-
creased survival in sepsis is characteristic of pa-
tients with the AGTR1 genetic variant associated
with a relatively high expression of this gene.

Angiotensin II is known to have strong im-
munostimulatory and proinflammatory activ-
ity [41-43]. Therefore, one may assume that the in-
creased survival in life-threatening infections of
carriers of genetically polymorphic variants with
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[Momumopduam AGTR1 urpaet poJjib B pa3Bu-
TN guadbeTndeckoil Hedpomarmu [17, 18, 36].
ITokasaHo, YTO JIeTaJIbHOCTh IIAIIMEHTOB C quabde-
TOM BTOPOTO TUIIA HA TUAA3€ 3ABUCUT OT FreHeTH-
geckoro BapuaHnTa AGTR1 1s5186 [21]. ChuHOHUMIY-
Has 3aMeHa B Kopupyotiei oosmact AGTRI rs5182
WUTpaeT poJib B PA3BUTUH TUIIePTEH3UM IPU Ccaxap-
HOM nuabere: 6oabHbIe renotuiia AGTR1 155182 CC
00172/ 60JTBITTUM PUCKOM TUTIEPTEH3UH [37].

[IpuBeneHHble IIpUMepbl YKa3bIBAlOT Ha
3HaYeHNe reHeTU4ecKoro noaumopduama AGTR1
B TeUeHNU 3a00JIEBAHUT, SIBJISIONTAXCS KOMOPOUI-
HBIMU ]I IAIIMEHTOB C CEIICCOM U CEeNITUYECKUM
IIIOKOM B HallleM WuccjaegoBaHuu. AJjeab T
rs275651 BxoguT B ramyiotun I TTAA, cocTosimmii us
4 3aMeH B TPOMOTOPHOI 5" -001actu rena AGTR1: T
1s275651, T rs275652, Ars422858, Ars275653. UuTe-
pecHo, yTo MUHOpPHBIEe asenan AGTR] rs422858 u
AGTRI1 1s275653 OBLIN aCCOIMUPOBAHBI C TOJITO-
SKUTEJIbCTBOM B UTAJIbSTHCKOM ITONYJIANMY. B ANOH-
CKOU IONYJIAIUY C JOJTOKUTEIbCTBOM OKa3aJICs
cBsA3aHHBIM U reHotun GG rs275653 A/G; kpome
TOI'0, JOJTOKUTEJIN C JaHHBIM TeHOTUIIOM UMeJIn
0ojlee HU3KOe apTepHasibHOe maBjeHue [38].
Nmetorcst jaHHble 0 cBsA3U nmosuMopguama AGTR1
1$275653 C pUCKOM MHCYJIBTa MEJIKUX COCYIOB [39].
I'enotunbl AGTRI1 1rs275652 u rs275653 BAUSIN HA
KJIWHUYECKNe TIPOSBJIEHUS CUCTEMHOTO CKJIep03a
B MEKCHUKAHCKOU TOMNYJAIUM, BHOCS BKJAI B
MOBpeXIeHne cocynos [40].

[ToBbIIIeHHAs1 4acTOTa BCTPEYaeMOCTH aJjljie-
751 C AGTRI1 rs5186, accolMMpOBAaHHOTO C BBICOKUM
ypoBHeM npoaykuuu penenropa AGTR1, xapakrep-
Ha JIJ1sI BBDKUBIIHX ITAIIEHTOB C HO30KOMHAJIbHOM
mHeBMOHUeH [19]. B Hareii paboTe mpociieskuBa-
€TCS AaHAJIOTUYHAsA 3aKOHOMEPHOCTh, HO aCCOIAM -
pOBaHHas y3Ke C APYyroi MyTanuen, T0KaJIu30BaH-
HOM B 5’-00J/I1aCTH TOTO Ke reHa: IOBLIIIeHHas
BBDKMBAEMOCTh IPU CeICHCe XapaKTepHa [Js
NaeHTOB C TeM TeHeTUYECKUM BapUuaHTOM
AGTR1, KOTOPBIHN aCCOIMUPOBAH C OTHOCUTEJILHO
BBICOKMM YPOBHEM 9KCIIPECCUHU JAHHOTO I'eHa.

Obcykmass MoJiy4eHHbIE TAaHHBIE, CIEAYET
orMeTuTh, 4To Angll 00samaeT BBIPA’KEHHOU
UMMYHOCTUMYJIMPYIOIIe 1 IPOBOCHATIUTEIbHON
AKTUBHOCTBIO [41-43]. II0aTOMY HE HCKJIIOYEHO,
4YTO IIOBBIIICHHAS BBI)KABAEMOCTD IIPU YKU3HEYT-
poskatoleit ”HPEeKITUU HOCUTeel TeHETUYeCKHU
moaIuMOpP(HBIX BapUAHTOB C 0OoJiee BBICOKOM
TPAHCKPUIIIMOHHOMN aKTUBHOCTHIO TeHa perernTo-
pa Angll oOycsioBieHa yCHJIEeHHWEM IPOTHUBO-
WH(EKITMOHHOTO WMMYHHUTETa Uu/uiaum OoJsee
BBIPA’KEHHOMN CTUMYJIALE UMMYHOPETYJIATOp-
HBIX MEXaHU3MOB, IIpeKIe BCero — CyIlpeccop-
HBIX KJIETOK MHEJOUTHOTO TIPOUCXOKIAECHUS
(CKMII), cnocOoOHBIX CHUKATh Ype3MePHBIHA ypo-
BeHb BOCIAJINTEbHBIX peaKkIui npu cerncuce. O
TaKOM BO3MOSKHOCTHU CBUIETEIbCTBYIOT JaHHbIE
06 wmuayknumu CKMIT npu BBemenum Angll

higher transcriptional activity of the Ang I receptor
gene is due to enhanced anti-infective immunity
and/or a more pronounced stimulation of im-
munoregulatory mechanisms, primarily myeloid-
derived suppressor cells (MDSCs) that can reduce
the excessive inflammatory response in sepsis. This
possibility is evidenced by the data on the induc-
tion of MDSCs when injecting Ang II into mice [44]
and on the accumulation of MDSCs in patients
with sepsis, including septic shock [45, 46].

The involvement of Ang I receptors in a num-
ber of processes pathogenetically related to severe
vascular and immune system damage in patients
with serious comorbidities such as cardiovascular
disorders and type 2 diabetes mellitus determines
the association of the functional genetic variant
AGTR1 with organ disorders in sepsis and septic
shock outcome in the studied cohort of patients,
which we have found.

Conclusion

The AGTR1 (-777 T>A) rs275651 polymor-
phism associates with the progression and out-
come of sepsis in ICU patients with a baseline co-
morbidity such as type 2 diabetes mellitus or
cardiovascular disease. Carriers of the most com-
mon TT genotype demonstrate less severe organ
damage (as seen according to the SOFA score), de-
veloped septic shock less frequently, and exhibit a
significantly higher survival rate as compared to
carriers of the minor A allele.

mblIam [44] n o HakonsteHnn CKMII y manieHTOB
c cencucoM, BrJrrodasi CIII [45, 46].

He nicr1r09€eHo0, 4TO BOBJIEUEHHOCTD PerenTo-
poB Angll B 11eJ1b1i1 pSAL IPOLECCOB, TaTOreHeTHYe-
CKU CBSI3AHHBIX C BBIPAYKEHHOCTHIO TOPa’KEHUN
COCYIMCTOM M MMMYHHOU CHCTEM IIallUE€HTOB C
TOKEJTBIMA KOMOPOUTHBIMI COCTOSTHUSIMU — Cep-
JIEYHO-COCYIMCTBIMI HAPYLICHUAMU U CaXapHBIM
IabeToM BTOPOTO THIIA, OTIpeesisieT 0OHAPYKeH-
HyI0 HAMM aCCOI[MAaTUBHYIO CBAA3b (DyHKIIMOHAJIBHO-
ro reHeTn4eckoro Bapuanra AGTR1 ¢ oprasHbIMu
HapyLUIEeHUAMHA IIPU CEIICUCe U UCXOL0M CelThude-
CKOTO I1I0KA B MCCJIEIOBAaHHOM KOTOPTE MAIIMEHTOB.

3akJrouenue

O6Hapy:xumm cBsA3b nosmmoppuama AGTR1
(-777T>A) 1s275651 C TSKECThIO TEYUEeHU U UCX0/1a-
Mu cericuca y naiyeHToB OPHT ¢ BBICOKMM ypOBHEM
HCXOTHOM KOMOPOUTHOCTH — HAJIMYUEM CaXapHOTO
nrabeTa BTOPOTO THITA WJIA CEPIEYHO-COCYIUCTON
maroJioruu. [IJist HocuTeied HanboJiee pacipocTpa-
HeHHOro reHoruna TT ObLTM XapaKTepHBI MeHee
BBbIpa)KeHHbIe OpraHHble HapyIlIeHH: (C OI[eHKOM 110
mikase SOFA), cenTryecKuii 0K Pa3BUBAJICS PESKE,
a BBDKMBAEeMOCTD ObIJIa 3HAYUMO BBIITIE TTO CPaBHE-
HUIO C HOCUTEJISIMA MUHOPHOH aJIjiesiu A.
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