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Pneumonia. Acute Respiratory Distress Syndrome
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Puck pas3BuTusi, 0COGEHHOCTH Te€YeHUs1 HO30KoMHaabHOU mHeBMonun (HII) U 0CTPOro pecnupaTopHOro AUCTPECC-CHHAPOMA
(OPIIC) 3aBHCHT HE TOJIBKO OT CBOICTB BO30YUTEJIS, HO U OT TEHETHYECKUX 0COOEHHOCTEN G0abHOrO. I3BECTEH 3HAUHTEb-
HbIii BKJIaJI TeHETHYECKUX (DaKTOPOB B PEIPACIIOI0KEHHOCTh, 0COGEHHOCTH T€YEHHS M HCXO0/[a IIPH HH(EKIMOHHBIX OCI0K-
HEHUSIX KPUTHYECKUX cocTosiHMii. Ilesb JaHHOTO HCcIe10BaHus — BbISIBJIEHHE T€HOTUIIOB, CONPSIPKEHHBIX C PUCKOM Pa3BUTHS
HII u OPIIC. Mamepuanvt u memoosvi. Bouii udyuyeHbl 0qHOHYKI€OTHIHbIE NoMMopdubie BapuanTbl (SNPs) B reHax 1eTok-
CHKAIMH KCEHOOUOTHKOB M OKcuaaTuBHOro ctpecca (CYP1A1 (tpu caiita), AhR, ABCB1, SOD2, GCLC, CAT), a rakke B re-
Hax cocyaucroro romeocrada (ACE, AGT, AGTR1, NOS3, VEGFan MTHFR) c noMomipio TeTpa-npaiMepHoii ajuiesibCcreiy-
duueckoii mosmmepasuoii nenuoii peakuuu (IIP). Boum renotunuposanbl 750 yenosek: 419 GOJABHBIX W MOCTPAJABIIAX
(81,1% myskuuH, B Bo3pacte 42.9+0,9 roza), rocnuTaiu3upoBaHHbIX B KiuHu4Yeckue 6azpl HUU o0uieii peanuMaToI0rum UM.
B. A. Herosckoro (Mocksa, Poccust). Pesyavmamot. B rpynne 6oibHbIx 3aperucrpupoBansi 268 ciayyaes HIL. Unausumy-
anbubiii SNPs ananus nokasai, uro cpeau 6ombubix HII puck passutust OPIIC conpsizkeH ¢ HOCHTEIbCTBOM CJIELYIONIUX Te-
HotunoB: CYP1A1 rs2606345-T/T (p=0,0027, OR=2,38, 95% CI: 1,35—4,17) u AhR rs2066853-G/A-A/A (p=0,0012,
OR=2,94, 95% CI: 1,54—5,60). Yacrora Bcrpeyaemoctu C-amnensi rena AGTRT rs5186 Gbliia 3HAUMTEIHHO BBILIE CPE/H BbI-
skuBmux (B rpymne HIT). Ounenka MyJIbTHIUIMKATUBHOM reHETHYECKOIl MO/ie/I TeHOB, KOTOPbIE IPOIEMOHCTPHPOBAJIN HaH-
Gousbune oqHONMOKYcCHbIE 3¢ deKTbI B ¢Bsi3H ¢ prckoM passutust OPIIC, 1 rocnuTaipHOi JeTaIbHOCTH, O3BOIIIA YCTAHOBUTH
KOMIIIEKCHBIIf TeHOTHII, BKJIIOYAIONIMI COYeTaHHEe PUCKOBBIX ajlieJiell TeHOB CUCTEMBbI IeTOKCHKAIMH U COCYAMCTOTO TOMeo-
craza (CYP1A1 rs2606345-T — AhR rs2066853-A u ACE rs4340-D — AGT rs699-C — AGTR1 rs5186-C), accouuupoBaHHblii
¢ noBbIeHHbIM prckoM passutus kak HII, tak u OPIIC, a Tak:ke ¢ BEPOSITHOCTDBIO JETAJILHOIO UcXoa. Bbieod. Psa annens-
HBIX BAPHAHTOB T€HOB JIETOKCHKAIMH KCEHOOMOTHKOB CONPSIKEH C PUCKOM Pa3BUTHS HO30KOoMHaIbHOH muesmMonnu u OPIIC:
CYP1A1 rs2606345-T/T, AhRrs2066853 G/A-A/A u AGT rs699 C/C AhR rs2066853-G/A-A/A. Coueranue nByx u Goaee
puckoBbIx ajieneil B renax CYP1A1, AhR, ACE, AGT u AGTR1 y oxHoro u Toro ke GoJbHOTro noBbinaer puck passurus HIL.
VBeauuenne KoIM4ecTBa PUCKOBBIX auiesieil 10 yerbipex u Goaee y Goapubix HII conpsizkeno ¢ puckom passurus OPIIC.
Knioueevie co6a: nonumMop@usm reHoB, TEHbI OKCHIATUBHOTO CTPECCA, TEHBI IETOKCHKAIMA KCEHOOMOTHKOB IETOKCUKAIIUH
KCEHOOUOTHKOB, OCTPBIi PECIMPATOPHDIIl UCTPECC-CHHAPOM, HO30KOMHAIbHASI THEBMOHHSL.

Genetic predisposition partially accounts for the clinical variability of the course of an infectious process. A total of 750
people, including 419 (81.1%) male patients aged 42.9£0.9 years, admitted to the clinics of the V. A. Negovsky Research
Institute of General Reanimatology (Moscow, Russia), were genotyped to establish the influence of genetic factors on
their susceptibility to critical conditions. Materials and methods. Tetra-primer allele-specific polymerase chain reaction
was used to investigate single-nucleotide polymorphisms (SNP) in the xenobiotic detoxification and oxidative stress
genes (CYP1A1 (three sites), AhR, ABCB1, SOD2, GCLC and CAT) and in the vascular homeostasis genes (ACE, AGT,
AGTR1, NOS3, VEGFa and MTHFR). Results. A total of 268 nosocomial pneumonia (NP) cases were registered in a
patient group. Individual SNP analysis has shown that among the patients with NP the risk of acute respiratory distress
syndrome (ARDS) is associated with the carriage of the following genotypes: CYP1A1 rs2606345-T/T (p=0.0027,
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OR=2.38; 95% CI: 1.35—4.17) and AhRrs2066853-G/A-A/A (p=0.0012, OR=2.94; 95% CI: 1.54—5.60). The frequency of
the C allele of the AGTR1T gene (re5186) was much higher among the survivors (in the NP group). The assessment of a
multiplicative genetic model of genes that had demonstrated the highest single-locus effects because of a ARDS risk, as
well as in-hospital mortality, could establish the complex genotype including a combination of risky alleles of the detoxi-
fication and vascular homeostasis genes (CYP71A1 rs2606345-T — AhR rs2066833-A and ACE rs4340-D — AGT rs699-C —
AGTR1 rs53186-C), which was associated with the increased risk of both NP and ARDS, as well as with the likelihood of a
fatal outcome. Conclusion. An understanding of the risk factors of NP and ARDS will aid in predicting the outcome of the
underlying disease and in developing possible preventive measures. Key words: gene polymorphism, oxidative stress
genes, xenobiotic detoxification genes, acute respiratory distress syndrome, nosocomial pneumonia.
DOI:10.15360,/1813-9779-2015-3-24-38

BBenenue

Y marnmenToB B oTeseHusax peanumarosnorun (OP)
Ccpean OCJIOKHEHMI Ho3okomuasnbHas nHesmonus (HIT)
HO-TIPEKHEMY 3aHUMAET JUAUPYIOLINE TIO3ULIUK, 00y CIIaB-
JINBast TEM CaMbIM BBICOKYIO JieTanbHOCTb [1—3]. U3Bect-
HBI JIAHHBIE UCCJIEOBAHMIT 110 U3YUEHUIO BEHTUJISTOP-AC-
COIIMMPOBAHHON THEBMOHUH [4 ], 0CTPOTO pecrinpaTopHOro
nuctpecc-cunzpoma (OP/[C) u mHeBMOHUM HOBOPOXK/ICH-
HBIX, TJIe OTMEYEHO, YTO 9TH 3a00JIEBaHUST OTHOCSITCS K
My asTHdhakTOpHanbHbiM (1in mosureHabiM) [5]. Cospe-
MEHHBIE TIPE/ICTABIECHUSI O TEHETHYECKON COCTABJISIONIEH
Mysibrudaxkropuanbibix 3a6onesanuii (MM3) Bo MHOTOM
CBS3aHBl C KOHIIETIIMEH TO/IBEPKEHHOCTH TOPOTOBOTO
nposiByieHus: MHOTO(akTopHoro ¢enoruna |6, 7]. Cormnac-
HO JIAaHHOUM KOHIIETIIIUU TPEIPACTIONIOKEHHOCTh K BO3HUK-
HOBEHUIO 3a00JI€BaHVsI HACIEACTBEHHO O0YCIOBJIEHa, HO
peanusaius ee BO3MOXKHA TOJIbKO TIPH B3aUMOJICHCTBUU C
dakTopaMu cpebl.

B pasButuu pasanuHbix 6oJie3Heil ocoboe 3HaueHue
UMEIOT MCCJIE[IOBAHUE CUCTEMbI TEHOB MeTaboJM3Ma Kee-
HOOUOTHKOB, NOCKOJIbKY (DEPMEHTAME 9TOU CHCTEMbI OCY-
HECTBISIETCST METAOOIN3M He TOJBKO GOJIBITHHCTBA Pas-
HOOOPa3HBIX O XUMUYECKOI CTPYKTYpe IK30TEHHBIX
MOJIEKYJI, HO U MHOTOYHCJIEHHBIX SH/IOTEHHBIX BEIECTB,
Harpumep, MeAuatopoB BocnaneHus: [8]. Mexrenubie
B3aUMO/ICHCTBUST 00YCJIOBJIEHBI B3AMMHbBIM BJIMSIHUEM I'e-
HETUYECKUX BAPMAHTOB B KOHTEKCTE OJIHOTO (hU3nosoTn-
geckoro myTH. [Ipumenntensio k MM 3 mpeamotaraercs,
YTO OTHEJbHBIH I'€HETHUYECKUII BapUaHT uMeeT Cabblil
WHAMBUYaIbHbIH 9 dekT B oTHOmEeHnn dheHoTumna, of-
HAKO B CHHEPrU3Me C J[PYTUMU BapuaHTaMu aToT addexr
MOXKeT 3aMeTHO yBennunBathes [9]. B cryuae MD3 Ba-
PUAHTHBII TeHOTUI 00JaaeT HEMOJIHOU MeHEeTPAHTHOC-
ThIO (T.e. HeToTHOe (heHOTUITHYECKOE COOTBETCTBUE TEHO-
THUITY), U PUCK, ACCOIMUPOBAHHBIN C TAKUM BapUaHTOM,
npesbimiaeT cpepnenonysinonabit [10]. [Tockoabry B
MOBPEXK/ICHUN CYP(HAKTAHTHONH CUCTEMbl U HApyIIECHUH
KPOBOOOpAIleHUsT B JIETKUX PUHUMAIOT y4acTHE Pa3HO-
00paszHble MeUATOPbI BOCIIAJIEHUSI 1 PEIYJISITOPbI COCYAU-
CTOTO TOHYCQ, MOJIEKYJISIPHO-TeHeTHUECKOe UCCIIeIOBAHIIE
PUPO/IbI 0COOEHHOCTEN TeUEHSI ITHEBMOHU M Pa3InUHO-
ro reHe3a HarboJee MOJIHO, KOT/Ia B AHAJIN3 BRIIOYAETCS
MHOKECTBO TeHOB, 3(hdeKT KOTOPBIX MOAUGUIINPOBAH
BHEIIHeCPeIOBbIM BaustaueM [11, 12].

B Hacrosiiee Bpemsi BBITIOJTHEHO e/IMHCTBEHHOE T10JI-
HOTEHOMHOE HUCCJIeIOBaHIE, TIOCBSIIIIEHHOE TOUCKY TeHeTH-
yeckoit gerepmuHanTbl pazBuTs OP/[C, B KoTOPOM BbISIB-
geHn onwH reHetmdeckuii maprkep (PPFIA1) pwucka

Introduction

Among the complications in patients in the intensive
care units nosocomial pneumonia (NP) still holds a leading
position, thereby causing a high mortality [1—3]. Known
research data for the studies of ventilator-associated pneu-
monia [4], acute respiratory distress syndrome (ARDS)
and pneumonia of newborns noted that these diseases are
multifactorial (or polygenic) [5]. Modern understanding
of the genetic component of multifactorial diseases (MD)
includes the concept of exposure threshold manifestations
multivariate phenotype [6, 7]. According to this concept of
predisposition the disease is due to hereditary factors, but
its realization is possible only in the interaction with envi-
ronmental factors.

Xenobiotic metabolism gene system significantly
contribute to the development of various diseases since
this enzyme system is involved in the metabolism of not
only different in the chemical structure exogenous mole-
cules, but also numerous endogenous substances, such as
inflammatory mediators [8]. As applied to MDs it is
assumed that a single genetic variant has a weak effect
on an individual phenotype, but in synergy with other
variants this effect can be markedly increased [9]. In the
case of MDs the variant genotype has incomplete pene-
trance (i.e., incomplete phenotypic matching to geno-
type), and the risk associated with such variant is more
than average in a population [10]. Since various media-
tors of inflammation and regulators of vascular tone are
involved in the surfactant system damage and circula-
tion disturbances in the lungs, molecular genetic study
of NP predisposition would be complete when the analy-
sis included many genes which effect is modified by envi-
ronmental influence [11, 12].

Currently the only performed full genome study of
genetic determinants of the development of ARDS,
includes as a one genetic marker (PPFIA1) risk of acute
lung injury (the first stage of ARDS) [13]. The results of
our previous studies further indicated the role of genes
detoxification of xenobiotics (particularly CYP1A1) gene
and the hemostatic system in susceptibility to pneumonia
of various origins [14, 15].

The purpose of this study was the identification of
genotypes under a risk of nosocomial pneumonia and acute
respiratory distress syndrome.

Materials and Methods

The sample consisted of 419 patients (81,1% of men aged
42,9%0,9 years) who were hospitalized at the V. A. Negovsky
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Pa3BUTUS OCTPOTO HMOBPEKICHUS JETKUX (IIepBasi CTaus
OP/C) [13]. PegysbraThl HAIIMX TPEIBIAYIIAX UCCIENO0-
BaHMIT YKa3bIBAIOT JIONIOJHUTEIBHO Ha POJIb T€HOB JETOK-
cukanny Kcenoonotukos (ocobernno CYP1A1) u reHos
CHCTEMBI I'eMOCTa3a B IPEeIPACIIONOKEHHOCTH K ITHEBMO-
HUW pa3InaHoro reresa [14, 15].

Taxkum 06pa3zoM, MeJIbI0 TAHHOTO UCCTe0BaHUsT Obl-
JIO BBISIBJICHHE TEHOTHIIOB, COIPSKEHHBIX ¢ PHCKOM Pa3BH-
THST HO30KOMUATBHON ITHEBMOHIHU W OCTPOTO PECTINPATOP-
HOTO INCTPeCC-CHHAPOMA.

Marepuan u MeTObI

Boibopka coctasuita 419 GospHbix 1 octpagasimix (81,1%
MykunH B Bo3pacte 42,9+0,9 roga), rocrnuTamn3sMpoBaHHBIX B
kanHnueckue Gazsl HUUW o6meii peanumaronorun uM. B. A. He-
rosckoro (Mocksa, Poccust). TToapoGHast XapaKTeprcTuKa nece-
JOBaHHBIX TPYIII NpecTaBieHa B Tabur. 1.

Kpurepusamu uckmodenus ObLim: Bospact MeHee 18 set, or-
cyTcTBre nH(MDOPMUPOBAHHOTO COTJIACHS, JTUTETBHbII TIPHEM KOpP-
THKOCTEPOWIOB, XPOHMYECKHE 3a00JIeBAaHUS OPraHOB [IbIXAHUS
(6GpoHxuasbHast acT™Ma, XpOHUYecKast 00CTPYKTUBHASA HOJIE3Hb Jler-
KHX, TyOEpKYyJIe3, paK JIErkux), JoOble XpOHUYecKne 3a00J1eBaHust
B CTQJNM JEKOMIICHCAIINH, TSKEJIBIH HeBPOJIOrnIecKnil fepuiut
(<8 o mkane koMbl [1asro), Hapkomanusi, ankoroyausm, CITN /L u
GepeMeHHOCT. B 06enx rpyrimax ObLM MAlMeHThl ¢ COMYTCTBYIO-
muMu 3a60J1eBaHMAME, CPeM HanboJIee 4acTo BCTPEYAIOIUXCS:
aTepoCKIEepO3, UllleMudeckasd OOJe3Hb cepilla, apTepuaibHast Ii-
neprensust 1—2 crenenn — 10, 6% u 14,9%, coorBercTBeHHO; ANa-
6er 1—2 tuna — 2,0% u 4,5%; alMMeHTapHO-KOHCTUTYIIMOHAIIBHOE
oxupenne 1—2 crenenn — 1,3% u 3,7%; si3BeHHast 60JE3Hb JKeJIy /-
ka 1/ 12 mepernoit kumkn — 2,0% u 3,7%; MouekamMeHHasT 1
sKeTdexaMenHas 6omesns — 4,0% u 3,4%.

Kimnnueckue aanmbie Gblin coOpaHbl MPOCIEKTUBHO. B Xoe
sedenns y 268 marpenTtos Obia auarnoctuposara HII. /luarios
HII Gblur yeTaHOBJIEH HA OCHOBE KIMHUYCCKUX JAHHBIX M HHCTPY-
MEHTAJIBHBIX METO/IOB JUArHOCTUKY (peHTreHorpauu OpPraHoB
IPYAHON KJIETKHU, TPU HEOOXOAMMOCTH — KOMITBIOTEPHON TOMOTpa-
dbun serknx). dust Bepudukaryn BosOyantenss HIT Bormosmsiim
6GaKTepHOJOTHYECKOE HCCAe0BaHe OGPOHXO0AIbBEONSPHON Ja-
Baxkroit skuakocT (BAJIK). [TosmoxuTesaM cunTamm pesyasraT
npu KourerTpanuu narorena 1X10° koe/mur un 6oaee. [luarnoc-
tuka OP/[C ocyiecTBisiiach ¢ HMCIOJb30BaHUEM KPUTEPUEB
HWU o6ueit peannmarosiornn um. B. A. Herosckoro (2006) [16].

Bcee 6oabubie ¢ HIT mostyyany jedenne B COOTBETCTBUM ¢ Pe-
KoMeHzanusamu Poceuiickoro pecripatopHoro obiectsa u Mesk-
PErnoHaIbHON acCOMMAIUHI 10 KINHUYECKOW MUKPOOMOJOTHI 1
aHTUMUKPOOHOI xumunoreparuu [17]. B kauectBe KOHEUHBIX TO-
yek uceaenoBanus Obimn onpenesens: OP/IC, mosmoprantast He-
nocrarounocts (ITOH), cenTimueckuii MoK u JTeTaTbHBII HCXO/ OT
J0GOTT TIPUYMHBL.

MuororpaHHocTh (hYHKIUN JIETKUX, UX 3HAYEHUE JIJIS TIO/I-
JlepsKaHus roMeocTasa TpebyeT riryboKoro aHajimsa U paccMoTpe-
HYSE TTIOJMMOP(U3MA TEHOB, YYACTBYIONMX BO MHOTHX MeTab0JIu-
4yecKHUX  TpoieccaXx. B KayecTBe  reHOB-KaH/UAaTOB
MPEPACTIONOKEHHOCTH K PHUCKY Pa3BUTUSI HO30KOMHAJIbHOI
[THEBMOHUY ObLJIM BBIOPAHbBI TEHbI, YYACTBYIONIUE B PEryJIsIIHN
Pa3INYHBIX 3BEHBEB FOMEOCTa3a: FeHbI JETOKCHKAIMHU KCeHOOO-
tukoB (CYP1AT (tpu caiirta); AhR, GSTM1; GSTT1; ABCB1); re-
HBl OKHCJINTENbHO-BOCCTaHOBHUTEIbHOTO cTatyca (SOD2, CAT,
GCLC); rennt cocymucroro romeoctasa (ACE, AGT, AGTR1, NOS3,
VEGFa), a Take TeH, OTBETCTBEHHBII 32 CHHTE3 W METUJINPOBA-
nue JHK — MTHFR).

JIHK Bbinesisiiiv U3 BeHO3HOU KpoBU. MeToauueckoii 0CHO-
BOIT T€HOTUITUPOBAHUS SIBUJIACH aJllesb-crieninduveckas: TeTpa-
npaiiMepHasi Tosimmepastast tennast peaxius [18]. Auzaiin nc-
CJIeJIOBAHUSL: CJydail — KOHTPOJIb, T. €. CPABHEHME YaCTOTBI
pacrpeiesieHusi TeHOTHIIOB CPer OOJBHBIX U 37I0POBbIX. Bria/bt

research institute of general reanimatology (Moscow, Russia).
Detailed characteristics of the studied groups are presented in
Table 1.

Exclusion criteria were: age less than 18 years, lack of
informed consent, long term administration of corticosteroids,
chronic respiratory diseases (asthma, chronic obstructive pul-
monary disease, tuberculosis, lung cancer), any chronic diseases in
the stage of decompensation, severe neurological deficit (on a
scale of coma Glasgow <8), drug addiction, alcoholism, AIDS and
pregnancy. In both groups there were patients with concomitant
diseases, including the most common: atherosclerosis, coronary
heart disease, arterial hypertension of 1—2 degrees — 10, 6% and
14,9%, respectively; Type 1—2 diabetes — 2 and 4,5%; alimentary
and constitutive obesity — 1,3 and 3,7%; peptic ulcer and / or duo-
denal ulcer 12 — 2,0 and 3,7%; urolithiasis and cholelithiasis — 4,0
and 3,4%.

Clinical data were collected prospectively. In the course of
treatment, 268 patients were diagnosed with NP. The diagnosis of
NP was put up on the basis of clinical and instrumental methods
of diagnostics (chest X-ray, if necessary, CT scan). To verify the
cause of NP bacteriological examination of bronchoalveolar lavage
fluid (BALF) was done. A positive result was considered at a
pathogen concentration of 1X10° cfu / ml or more. Diagnosis of
ARDS was carried out using the criteria of the V. A. Negovsky
research institute of general reanimatology (2006) [16].

All patients with NP were treated in accordance with the
national guidelines [17]. As the study endpoints were determined:
acute respiratory distress syndrome, multiple organ dysfunction
(MODS), septic shock and death from any cause.

The versatility of lung function, their importance for the
maintenance of homeostasis requires a thorough analysis and
consideration of polymorphisms of genes involved in many meta-
bolic processes. As a candidate genes the following were selected:
genes of detoxification of xenobiotics (CYPTA7 (three sites);
AhR, GSTM1; GSTT1; ABCB1); genes of redox status (SOD2,
CAT, GCLC); genes of vascular homeostasis (ACE, AGT, AGTR1,
NOS3, VEGFa), genes responsible for synthesis and methylation
of DNA — MTHFR).

DNA was extracted from venous blood. Methodical basis of
genotyping was allele-specific tetra-primer polymerase chain reac-
tion [18]. Study Design: case — control (comparing the frequency
distribution of genotypes among patients and healthy controls).
Contributions of different genotypes in the risk of disease was
determined by the traditional indicators such as «odds ratio»
(OR). The results were interpreted as follows: OR=1 — no corre-
lation between genotype and disease; OR>1 — increased risk of
disease; OR<1 — protective effect of genotype on the risk of devel-
oping the disease. A comparison was carried out in three models:
dominant, recessive and additive.

Statistical analysis included: for the distribution of geno-
types — test to comply with the distribution of the Hardy-
Weinberg equilibrium; binary parameters: two-sided Fisher's
exact, multiple logistic regression; for quantitative indicators: lin-
ear regression, Mann-Whitney test. Effects haplotypes examined
by regression analysis using the maximum likelihood estimate.
The multiplicative effects assessment alleles within the pathways
carried out using an approach based on the calculation of the
cumulative genetic risk score. These studies were interpreted tak-
ing into account the power of the test and statistical significance
for multiple comparisons [19—23]. The following software was
used:  WinSTAT  (http://www.winstat.com/), SNPStats
(http://bioinfo.iconcologia.net/SNPstats) and WinPepi (http:
//publichealth.jbpub.com/book /gerstman /winpepi.cfm).

Results and Discussion
A group of patients with NP and without NP were

comparable in age, sex, ethnicity (Table 2). In each of the
groups dominated caucasoids, mainly Eastern Slavs
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Ta6auna 1. XapakrepucTuka 60JbHbIX.
Table 1. Characteristics of patients.

Indicators Values of indicators in the groups
without NP, with NP,
n (%) n (%)
Total number 151 268
Age (years) 42.5%1.5 43.1+1.2
Sex
Male 116 (76.8) 224 (85.6)
Female 35(23.2) 44 (16.4)
Underlying diseases
Severe combined trauma/wounding 91 (60.3) 143 (53.4)
Bowel obstruction 7 (4.6) 14 (5.2)
Inflammatory diseases of the abdominal cavity 38(25.2) 66 (24.6)
and retroperitoneal space complicated by destruction’
Purulent-inflammatory diseases of the skin, 8(5.3) 34 (12.7)
subcutaneous tissue, head and neck®
Other® 7 (4.6) 11 (4.1)
Comorbidity*:
No 121 (80.1) 189 (70.5)
Yes 30 (19.9) 79 (29.5)
Solid tumors 13 (8.6) 18 (6.7)
Cardiovascular diseases’ 16 (10.6) 40 (14.9)
Type 2 diabetes 3(2.0) 12 (4.5)
Obesity 2(1.3) 10 (3.7)
Neurological pathology® 1 (0.66) 8(3.0)
Gastric/duodenal ulcer 3(2.0) 10 (3.7)
Urolithiasis/cholelithiasis 6 (4.0) 9 (3.4)
Days before NP development — 5.2+0.2
Acute Respiratory Failure (ARF)
No 89 (58.9) 16 (6.0)
Yes 62 (41.1) 252 (94.0)
Mean intensive care unit stay, days 44.9+3.4 64.5+3.5
Mortality 4 (2.6) 92 (34.3)

Note (npumeuanus): Indicators — npusnaku; total number — umncsno Goububix; age (years) — Bospact (romb); sex (Male,
Female) — noa (myskumnpl sxkenmuibl); underlying diseases — nepsuunasi Hozoqorus; severe combined trauma/wounding — Ts-
JKeJlast codeTanHast TpaBma/panensi; bowel obstruction — kumeuynas menpoxoanmocts; inflammatory diseases of the abdominal
cavity and retroperitoneal space complicated by destructiona — BocnanurenbHbie 3a601€BaHIs OPraHOB GPIOIIHOL MOJI0CTH, OC-
JsoxkHenbie gectpykuueii; purulent-inflammatory diseases of the skin, subcutaneous tissue, head and neckb — ruoiino-socmanu-
TeJbHbIE 3200T€BAHIS KOXKI, TTOAKOKHON KI€TUYATKH, TOJMOBHI 1 men; other — apyrue; comorbidity — comyTcrByomtie 3a6osesa-
HUS; NO — HeT; yes — aa; solid tumors — omyxouu; cardiovascular diseasese — cepaeuno-cocyauctsie 3abonesanust; type 2 diabetes
— nuaber 2 THNA B CTalK KOMIIeHcaIni; obesity — alnMeHTapHO-KOHCTUTYIIMOHATbHOE O)upenue; neurological pathology —
HeBposornyeckoe 3aboseBanue; gastric/duodenal ulcer — as3Benmnas 06ose3ub Keayaka/12-u TMepCTHOW KHUIIKY;
urolithiasis/cholelithiasis — Mmouekamennas/;kenmunokamennas 6osestb; days before NP development — auu g0 passutus HIT,
acute Respiratory Failure (ARF) — ocrpas apixarenbias negocratrounocts (OJ[H); mean intensive care unit stay, days — cpe-
HSIST TPO/IOJUKUTENBHOCTD TOCITUTANMBAINH, CYTKI; mortality — rocniuranpnas getamprocts. Values of indicators in the groups —
3HaueHus B rpynnax; without NP — 6es HII; with NP — ¢ HIIL.

! Pancreatonecrosis, acute phlegmonous and gangrenous appendicitis, destructive cholecystitis, renal carbuncle, hollow organ per-
foration — maHKpeOHEKPO3, OCTPHIIl (HIErMOHO3HO-TAHTPEHO3HBIN AMMEH/NIINT, TeCTPYKTHBHBIN XOTEINCTHT, KAPOYHKYJI MOUKH,
nepdoparust nosoro oprana. > Lacunar tonsillitis, retropharyngeal abscess, suppurative submandibular lymphadenitis, purulent
sphenoiditis, purulent pansinusitis, purulent otitis — JakyHnapHas anruma, 3arJoTouHbIi abciece, MoA4eI0CTHON THOWHBIN JuMba-
JICHUT, THOHHBIH c(heHOUANT, THOHHBII MaHCUHYCUT, rHOIHBIT oTuT. * Acute violation of cerebral circulation, pericarditis — ocTpoe
HapylleHne MO3roBoro Kposoobparenus, nepukapaut. * Some patients had more than one disease — HecK0IbKO NaIEHTOB UMEIN
He OJIHO, a HECKOJILKO COTyTCTBYOIuUX 3aboaesanuii. ° Ischemic cardiopathy, essential hypertension, widespread atherosclerosis,
coronary artery bypass — VBC, runeronmdeckast 601€3Hb, aTePOCKIEPO3, A0PTO-KOpoHapHoe myHTupoBanue. * Consequences of
earlier stroke — mocsiecTBUS paHee MEPEHECEHHOTO OCTPOTO HAPYIIeHUs MO3TOBOro KposooGpammenus (OHMK).

Pa3JIMYHBIX T€HOTUTIOB B PHCK PA3BHUTHSI OOJIE3HI OTPEIENSIIN C
HOMOIIBIO TPAJUIIMOHHOTO /LIS TAKUX MCCJI/0BAHNIT T0Ka3aTe st
«odds ratio» (OR — coorHomenue marcos). [Tomydentbie pe-

(85,6% and 80,4%), which included Russian (73,7% and
68,2%), The most frequent complication in the study

3YJIBTATBI TPAKTOBAIM cireayonmm obpasom: OR=1 — ykassiBaer
HA OTCYTCTBUE KOPPEJISIIIUI MEXK/Ly TEHOTUIIOM U 3a00JIeBaHNEM;
OR>1 — nospimennblii puck 6osesnn; OR<1 — nporekTUBHbIN
addeKT TaHHOTO TEHOTHIIA OTHOCUTENBHO PUCKA Pa3BUTHS 3200-
sieBannst. CpaBHEHUeE MTPOBO/INIIN 1O TPEM MOJIEJISIM: JIOMUHAHT-
HOI1, peIleCCUBHHON ¥ aJ/TUTHBHOI.

CratuCcTHYEeCKUIT aHAIN3 BKJIOYAIL: /TS PACIIPe/iesIeH s re-
HOTHUIIOB — IIPOBEPKY Ha COOTBETCTBUE PacIpe/ieJieHUsT 3aKOHY

group — NP was detected in 268 (63,9%) cases. It was also
clear that in the group with NP the incidence of critical
states are significantly higher than patients without NP
(Table 2), particularly ARDS was — 69 (25,8%) and 3
(2,0%) of respectively. Therefore, in the group with respi-
ratory support pneumonia was more common and the
duration of mechanical ventilation was longer compared to
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Ta6auua 2. XapakTrepucTHKa OCI0KHEHHIA.
Table 2. Complications in groups.

Indicators Values of indicators in the groups
without NP N (%) with NP N (%)
Complications (of basic disease)'
No 54 (35.8) —(0.0)
Yes 97 (64.2) 268 (100.0)
Major complications
Nosocomial pneumonia (NP) —(0.0) 268 (100.0)
Sepsis 3(2.0) 77 (28.7)
Multiple organ failure 4(2.7) 105 (39.2)
Acute respiratory distress syndrome 3(2.0) 69 (25.8)
Peritonitis 32 (21.2) 51 (19.0)
Intra-abdominal abscesses 8(5.3) 10 (3.7)
Anastomotic failure —(0.0) 9 (3.4)
Lung abscesses/empyema —(0.0) 32 (11.9)
Wound suppuration 3(2.0) 5(1.9)
Posttraumatic osteomyelitis 2(1.3) 5(1.9)
Secondary meningoencephalitis 2(1.3) 4 (1.5)
Mediastinitis 1(0.7) 9 (3.4)
Tracheoesophageal fistula —(0.0) 2(0.7)
Pleurisy 4(2.7) 48 (17.9)
Pulmonary thromboembolism 2(1.3) 6(2.2)
Ttraumatic bullets 9 (6.0) 24 (9.0)
Pneumothorax 5(3.3) 19 (7.1)
Other? 9 (6.0) 13 (4.9)
Combined pulmonary and extrapulmonary complications 7 (4.6) 151 (56.3)
Yes 62 (41.1) 252 (94.0)
No 89 (58.9) 16 (6.0)
Acute Respiratory Failure (ARF)
Days before NP development — 5.2+0.2
Use of mechanical ventilation
No 134 (88.7) 146 (54.5)
Yes 17 (11.3) 122 (45.5)
Duration of mechanical ventilation. (days) 6.0+1.7 15.8+0.8
ICU admission
No 16 (10.6) 11 (4.1)
Yes 135 (89.4) 257 (95.9)
Length of ICU stay (days) 5.7£0.6 20.2%1.8
Hospital mortalityg 4(2.6) 92 (34.3)

Note (npumeuanus): Indicators — npusnaku; complications (of basic disease) — ocnokHeHuss; no — Het; yes — na; major complications
— OCHOBHbIE OCTOKHeHMsT; nosocomial pneumonia — HO30KOMIATbHAsI MTHEBMOHNS; sepsis — cercuc; multiple organ failure — mosmop-
raHHasl HeJIOCTaTOYHOCTh; acute respiratory distress syndrome — ocTpblii peclpaTopHbIil AUCTPECC-CUHIPOM; Peritonitis — HepuToHuT;
intra-abdominal abscesses — a6Gcnecent GpiontHoil mosocTy; anastomotic failure — HecoctosTeBHOCTL paHee HANOKEHHOTO AaHACTOMO3A,;
lung abscesses/empyema — aberiecc /ammnmema Jerkrx; wound suppuration — HarHOeH¥e MOCJIEOTEPAIMOHHON paHbl; posttraumatic
osteomyelitis — nocrrpaBmarnueckuii ocreomuenut; secondary meningoencephalitis — Bropudmbiii Menunrosnnedaint; mediastinitis —
meauactunut; tracheoesophageal fistula — rtpaxeo-nmmesoanbiii csuuy; pleurisy — maesput; pulmonary thromboembolism —
TpombGoamboJist Jterounoii aprepun (TAJIA); traumatic bullets — TpaBmarmueckuii myabMonuT; pneumothorax — nmueBMoTopakc; other
— napyrue; combined pulmonary and extrapulmonary complications — coueTanne JIETOUHBIX W BHEJETOYHBIX OCJIOKHEHWH; Acute
Respiratory Failure (ARF) — octpast abixaresbHast HefoctatouHocth; days before NP development — Bpemst pazBuTiist HO30KOMUAIBHOI
nesmonnu (HIT), cytku; use of mechanical ventilation — npumenenne MBJI; duration of mechanical ventilation, days — pmrensiocts
UBJI, cyrku; ICU admission — rocnuraiusaigs B OTAeJdeHnH peanuManun 1 narencusroii teparmu (OPUT), cytku; length of inten-
sive care unit (ICU) stay, days — amureasHocts npeGoisanust 8 OPUT, cytiu; hospital mortalityg — rocniuranbHas setaibHocTh; values
of indicators in the groups — 3nauenust B rpynmax; without NP — 6es HIT; with NP — ¢ HII. ' — a few patients who had not one, but sev-
eral complications — HECKOJIBKO [TAIIMEHTOB UMEJIH HE O/[HO, & HECKOJIBKO 0CJI0kKHeHuil; * — acute cerebrovascular accident, purulent lym-
phadenitis, gemomediastinum, endomyocarditis, fat embolism, pansinusitis, seizure, secondary pyelonephritis, acute limb ischemia, early
adhesive ileus, post-operative / post-traumatic pancreatic necrosis — ocTpoe HapyuieHue Mo3roBoro KpoBooOpamieHust, THOWHbII TuMba-
JICHUT, FeMOME/IMACTUHYM, SHIOMHUOKAPIUT, KUPOBas 9MOOIHsI, TAHCHHYCHT, STTHJICTITUYECKUH IIPUTIa0K, BTOPUIHBIN ITHeI0HedPUT, 0C-
Tpast UIIEMUS HUKHUX KOHEYHOCTEH, PAHHsIsI CIAeUHAs KUIIEYHAsI HEPOXOIUMOCT, TI0CJIEOEPAOHHBIN /TIOCTTPABMATHIECKUIT TaH-
KPEOHEKPO3.

Xapau-Baitnbepra; 1y OMHAPHbBIX [IOKa3aTeleii: TOYHbIN ABYCTO- . . .
- pra; 2 P By the group without the NP, which in turn led to an
pounuii kpurepuit Duiepa, MHOKECTBEHHYIO JIOTHCTHYECKYIO

DErpECCHIO; LIS KOJHUECTBEHIbIX HoKasaTenedi: mnneiinyio per- | ncreased time in the ICU and length of hospitalization.

peccuio, kputepuit Manna-Yutnu. h@eKTsl TalJIoTHIIOB pac- The frequencies of genotypes of studied genes in
CMaTPHUBAJIN C HOMOIIBIO PErPECCHONHOTO alajiu3a ¢ ucnoib3osa- | groups is presented in Table 3. We then compared the dis-
HHEM METOJfd MAaKCHMAILHOTO mpasjonoaobus (maximum | tribytion of genotypes in patients with NP among those
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Ta6muua 3. Pacnpenenenne renorunos B rpynie ¢ HIT u KOHTpos1bHOI BBIOODKE.
Table 3. The distribution of genotypes among patients with NP and without NP.

Genes and genotypes At-risk control NP P-value'? (genetic model)?,
Number (%) OR (95% CI)

CYP1A71 152606345 n=150 n=266 0.30 (dom)
T/T 53 (35.3) 107 (40.2) 0.80 (0.53—1.22)
T/G 77 (51.3) 129 (48.5)
G/G 20 (13.3) 30 (11.3)

CYP1A1 154646903 n=150 n=263 0.40 (dom)
T/T 124 (827) 208 (79.1) 1.25 (074—2.10)
T/C 26 (17.3) 54 (20.5)
c/C 0 (0.0) 1(0.4)

CYP1A1 151048943 Tle462Val n=151 n=265 0.83 (dom)
A/A 139 (92.1) 245 (92.4) 0.92 (0.44—1.95)
A/G 12 (7.9) 20 (7.6)
G/G 0(0.0) 0(0.0)

AhR 152066853 Arg554Lys n=147 n=261 0.42 (dom)
G/G 122 (83.0) 208 (79.7) 1.24 (0.73—2.10)
G/A 23 (15.7) 51 (19.5)
A/A 2 (1.4) 2(0.8)

ABCB17 151045642 Tle1145 = n=150 n=264 0.28 (dom)
T/T 51 (34.0) 90 (34.1) 0.75 (0.44—1.27)
T/C 70 (46.7) 133 (50.4)
c/C 29 (19.3) 41 (15.5)

SOD2 rs4880 Ala16Val n=151 n=268 0.077 (dom)
c/C 50 (33.1) 68 (25.4) 1.49 (0.96—2.33)
T/C 63 (41.7) 132 (49.2)
T/T 38 (25.2) 68 (25.4)

CAT 1517880664 n=146 n=260 0.42 (rec)
T/T 62 (42.5) 104 (40.0) 0.78 (0.44—1.41)
T/A 62 (42.5) 124 (47.7)
A/A 22 (15.1) 32 (12.3)

GCLC rs17883901 n=148 n=262 0.84 (dom)
c/C 120 (81.1) 214 (81.7) 0.95 (0.56—1.59)
C/T 26 (17.6) 45 (17.2)
T/T 2 (1.4) 3(1.1)

ACE 154340 Alu-287 bp n=150 n=266 0.35 (rec)
D/D 36 (24.0) 70 (26.3) 0.80 (0.50—1.27)
/D 73 (48.7) 136 (51.1)
I/1 41 (27.3) 60 (22.6)

AGT 15699 Met235Thr n=148 n=264 0.30 (rec)
T/T 41 (27.7) 70 (26.5) 1.31 (0.79—2.18)
T/C 80 (54.0) 135 (51.1)
c/C 27 (18.2) 59 (22.4)

AGTR1 rs5186 n=149 n=264 0.26 (rec)
A/A 79 (53.0) 144 (54.5) 1.56 (0.71—3.45)
A/C 61 (40.9) 95 (36.0)
c/C 9 (6.0) 25 (9.5)

MTHFR rs1801133 Ala222Val n=147 n=261 0.57 (dom)
c/C 65 (44.2) 124 (47.5) 0.89 (0.59—1.34)
C/T 70 (47.6) 110 (42.2)
T/T 12 (8.2) 27 (10.3)

NOS3 1799983 Glu298Asp n=150 n=264 0.97 (dom)
G/G 76 (50.7) 135 (51.1) 1.01 (0.67—1.51)
G/T 65 (43.3) 109 (41.3)
T/T 9 (6.0) 20 (7.6)

VEGF-a 15833061 n=148 n=264 0.29 (rec)
T/T 40 (27.0) 69 (26.1) 0.87 (0.55—1.39)
C/T 69 (46.6) 132 (50.0)
c/C 39 (26.4) 63 (23.9)

Note (npumeuanus): Genes and genotypes — rensl u rerorunsr; at-risk control — xoutposns; NP — HII; number — uuciio; P-value
(genetic model) — P-gnauenue (reHernyeckas Moziesinb); ' — multivariate logistic regression adjusted for age, sex, co-morbidity, and dura-
tion of mechanical ventilation — MHOKeCTBEHHBII PerpecCHOHHBII AHATIN3 C YIETOM BO3PACTA, TI0JIa, HATMYHSI I OTCYTCTBUS COITYTCT-
BYIOIEH IaToJI0ruy, ipuMeHenys u amrensaoct BJT; 2 — genotypes associated with response in the accordance with OR (protective,
if OR<1, susceptible, if OR>1) — renorumnsl, accoruuposannbie ¢ puckom passutus HIT u OPZ[C B coorserctsun ¢ OR (1ipoTeKTHBHbII
addext, ecoit OR<1, npeapacnonoxernocts, ecait OR>1); * — the genetic model: rec (recessive), dom (dominant) — renernyeckast Mo-
nenb: rec (peneccusnas), dom (romunanTHas).
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likelihood estimate). MyJbsruiuinkaTuBHoe orenuBanue agdex-
TOB ajuiesiell B paMKax MeTaboIMYecKuX myTeil 0CyIecTBIISIIN ¢
UCIOJIb30BAHUEM TI0/IX0/1a, GA3UPYIONIETOCs Ha TOCUETE KYMY-
JATUBHOTO a(hdekra puckoBbIX ajeneil (cumulative genetic risk
score, CGRS). /lannble nccse1oBannii MHTEPIPETHPOBAIIH C yue-
TOM MOIIHOCTH TECTA U CTATUCTHYECKON 3HAUMMOCTH MHOKECT-
BeHHBIX cpaBHeHuil. [19-23] Bplin ncmoab30BaHbl TPOTPAMMBI 1
pecypes: WinSTAT  (http://www.winstat.com/), SNPStats
(http://bioinfo.iconcologia.net/SNPstats) " WinPepi
(http://publichealth.jbpub.com/book/gerstman/winpepi.cfm).

PesyibraThl U 00CyK/IEHHE

Ipyuner 6oabubix ¢ HIT u 6e3 HII 6biin cpasHu-
MBI TI0 TOJIY, BO3PACTY, STHUYECKOU MPUHAJIEKHOCTH
(tab. 2). B kax 0 U3 rPyIIN NPeBaNnpPOBaIi KaBKa30-
UIBI, TPEUMYIIECTBEHHO BOCTOUHbIE ciaaBsane (85,6 u
80,4%, COOTBETCTBEHHO), K KOTOPLIM OTHOCSITCS PYC-
ckue (Ha 73,7 u 68,2%, coorBercTBeHH0). Haubosee ua-
CTOE OCJOKHEHMEe B uccaefoBaHHoil rpynne 268
(63,9%) cayuaes — HII. OueBumen ToT (akT, 4TO B
rpynme ¢ HIT gactota pa3BuTns KpUTUUECKUX COCTOSI-
HUI OblIa CYIIECTBEHHO BbIIIE, YeM y HAIMEHTOB 6e3
HII (ra6n. 2), 8 wactnoctu, OP/JC cocrasun — 69
(25,8%) u 3 (2,0%) cayuaes, cooTBeTCTBEHHO. [ToaTOMY
B rpynme ¢ HII npumensann pecniupaTopHyIO MOAAEPIK-
Ky 4atie, a mpojIoJIKUTENbHOCTh HCKYCCTBEHHO BEHTH-
asinun gerkux (MBJI) 6bia Gosbleil o cpaBHEHUIO €
rpynmoii 6es HII, uro, B cBOWO ouepesib, IPUBOAUIO K
yBesndeHnto Bpemenn npebpisanus 8 OPUT u rocnu-
TAJN3AIUK B I[EJIOM.

YacToThl TEHOTUIIOB 110 U3YYEHHBIM I'€HaM B TPYIITIe
¢ HIT u rpynne 6e3 HIT npezncrasiena B Tabur. 3 (1711 Beex
IeHOTHUIIOB cOOJI0IeHO paBHOBecue Xapau-BaiinGepra B
o6eux rpynmnax). CpaBHUIM TaKKe pacipe/ieJieHe TeHO-
TunoB B rpynie 6osbHbix ¢ HIT cpeau Tex, y Koro passui-
cs1 6o ne passuacsa OP/IC, a Takike cpein BbIKUBITNX U
yMepiux (Tabu. 4).

Nupusupyanbubiii SNP-anamus (0QHOHYKIEOTH]I-
HbIe TIOJTMMOP(hHbIE BADUAHTBI) TEHOB CHCTEMbI JIETOKCHU-
Kallui KCEeHOOMOTUKOB MOKa3ajd, YTO PHUCK PasBUTHUS
OPIIC B rpymie 6osbHbIX 1 nocTpagasinux ¢ HIT acconu-
MPOBaH ¢ MAKOPHBIM reHoTu oM rera CYPTA T rs2606345-
T/T (p=0,0027, OR=2,38, 95% mOBepUTETBHBIN MHTEPBAI
[CI]): 1,35—4,17).

JlaHHble pe3ysIbTaToOB T€HOTUITMPOBAHUS T€HOB CHC-
TEMbI COCY/ITUCTOTO TOMEOCTA3a TTO3BOJINJI YCTAHOBUTD, YTO
yactora renotunoB AhRrs2066853 G/A-A/A n AGT rs699
C/C AhR 152066853-G/A-A/A 3na4uresbHO BBIIE CPEIN
nanuentos ¢ OP/IC B rpynmne HII o cpaBHeHMIO ¢ TeMu, y
KOTO He pPasBUJIOCh AaHHoe ocjoxHeHue (p=0,0012,
OR=2,94,95% CI: 1,54—5,60). P-3HaueHue mocJje mpoBep-
ki 1o Bondepponn ocraBasoch 3HAUMMBIM JIsI TEHOB
CYP1A1 (1s2606345) u AhR (Ppopferroni=0,038 u
Pponferroni=0,017, cCOOTBETCTBEHHO). AHAIN3 B3aNMOCBSI3eii
MoKasaJj, 4To Hocutesjeil MuHopHoro G-ajjenst reHa
CYP1A1 T/GG/G (rs2606345) 3HAYNTENHLHO PEKE PETHC-
TpupoBanau B noarpyne, rae passuicst OP/C, uro moz-
TBEp/MJIA OIIEHKA TallJIOTUIIOB. B xozie uccsenoBanust ObL
BBISIBJICH TallJIOTHUII, TIPOJIEMOHCTPUPOBABIITHI TIPOTEKTUB-

who developed and did not develop ARDS, and among the
survivors and dead in this group (Table 4).

Individual SNP-analysis (single nucleotide polymor-
phic variants) of genes of detoxification of xenobiotics
showed that the risk of ARDS in patients with NP was asso-
ciated with a major gene genotype CYP1A1 rs2606345-T /
T (P=0,0027, OR=2,38, 95% CI: 1,35—4,17).

The results of genotyping of the genes of vascular
homeostasis revealed that the frequency of genotypes
AhRrs2066853 G / AA / A and AGT 15699 C / C AhR
1s2066853-G / AA / A was significantly higher among the
patients with ARDS in the NP group compared to those
who did not developed this complication (P=0.0012,
OR=2.94, 95% CI: 1.54—5.60). P-value after Bonferroni
test was significant for gene CYP1A7 (rs2606345) and AhR
(Pgopferroni=0,038 and Pgpreroni=0,017, respectively). An
analysis of the relationships showed that carriers of the
minor allele of G-gene CYP1AT1 T / GG / G (rs2606345)
were recorded significantly less frequent in the group in
which ARDS developed, which was further confirmed by
the assessment of haplotypes. The study identified a haplo-
type demonstrated the protective effect on the risk of
developing ARDS: CYP1A7 rs2606345-G-rs1048943-A-
rs4646903-T (P=0.0024, OR=0.44, 95% CI 0.26—0.74).

Bacteriological examination of BALF in the subgroups
showed that there were no significant differences. Gram neg-
ative flora dominated, accounting to 60% and 52.4%.

A strong association with the probability of death
was associated with the C-allele of the gene AGTRTY
(rs5186), and this result remained significant even after
adjustment for multiple comparisons (P-Bonferroni).
Among the survivors, we observed protective effect of
other site of the gene CYP1A7, namely — minor C allele of
the gene CYP1AT (1s4646903) (under dominant model).

To search for risk genotypes on the development of
sepsis and MODS in NP group multiple regression analy-
sis was used. But none of the SNPs were significantly of
associated with these complications. The frequency distri-
bution of genotypes of the genes studied, adjusted for the
primary nature of nosology, age, sex, use and duration of
mechanical ventilation showed no difference among
patients and survivors with respect to the risk of NP and
critical conditions such as sepsis, ARDS and MODS.

Next, we analyzed the 14 SNPs for association with
the duration of stay in the intensive care unit. It was
revealed that carriers of ABCB1 rs1045642-T allele stayed
significantly longer in the ICU (Fig. 1; U-test [Mann-
Whitney] T / CC / C vs. T / T, P=0.04). Given the pro-
nounced additive effect (one allele risk against two risk
alleles), we tested the other SNPs (linear regression analy-
sis, adjusted for age, sex, use of mechanical ventilation and
length), then the accuracy of Association T-allele of the
gene ABCB17 (1s1045642) with duration of stay in the
intensive care unit became more pronounced (P=0,0045)

Next the multiplicative genetic model was assessed
in the framework of the metabolic pathways that demon-
strated the greatest effects in connection with the risk of
ARDS and mortality: detoxification of xenobiotics
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TaGmiua 4. Pacnpenenenue reHorunos B rpynne 6ombubix HIT otHocuTensHo pucka passutust OPIIC u jieTaibHOro uexozna.
Table 4. The distribution of genotypes among NP patients with ARDS and poor outcome and in at-risk controls.

Genes and genotypes NP patients ARDS P-value'? NP NP non- P-value
without ARDS (genetic model)’, survivors survivors (genetic model),
Number (%) OR, 95% CI Number (%) OR, 95% CI
CYP1A1rs2606345 n=198 n=68 0.0027 (dom)* n=166 n=91 0.53 (dom)
T/T 69 (34.9) 38 (55.9) 0.42 64 (38.5) 39 (42.9) 0.85
T/G 102 (51.5) 27 (39.7) 0.24—0.74 84 (50.6) 42 (46.1) 0.50—1.42
G/G 27 (13.6) 3 (4.4) 18 (10.8) 10 (11.0)
CYP1A1rs4646903 n=195 n=68 0.26 (dom) n=163 n=91 0.03 (dom)
T/T 151 (77.4) 57 (83.8) 0.66 121 (74.2) 78 (85.7) 0.48
T/C 43 (22.1) 11 (16.2) 0.32—1.37 41(25.1) 13 (14.3) 0.24—0.95
C/C 1(0.5) 0(0.0) 1 (0.6) 0(0.0)
CYP1A1rs1048943 Tle462Val n=197 n=68 0.22 (dom) n=165 n=91 0.56 (dom)
A/A 180 (91.4) 65 (95.6) 0.48 151 (91.5) 85(93.4) 0.75
A/G 17 (8.6) 3(4.4) 0.13—1.69 14 (8.5) 6 (6.6) 0.28—2.03
G/G 0(0.0) 0(0.0) 0(0.0)
AhR 152066853 Arg554Lys n=193 n=68 0.0012 (dom)® n=163 n=89 0.32 (dom)
G/G 163 (84.5) 45 (66.2) 2.94 132 (81.0) 68(76.4) 1.38
G/A 29 (15.0) 22 (32.4) 1.54—5.60 30 (18.4) 20(22.5) 0.73—2.60
A/A 1(0.5) 1(1.5) 1(0.6) 1(1.1)
ABCB1 151045642 Tle1145 = n=196 n=69 0.32 (rec) n=164 n=91 0.18 (dom)
T/T 65 (33.2) 26 (36.8) 0.66 51 (31.1) 37 (40.7) 0.69
T/C 98 (50.0) 35(51.5) 0.29—1.52 87 (53.0) 39 (42.9) 0.40—1.19
c/C 33 (16.8) 8 (11.8) 26 (15.8) 15(16.5)
SOD2 rs4880 Ala16Val n=199 n=69 0.084 (rec) n=167 n=92 0.079 (rec)
c/C 46 (23.1) 22 (31.9) 0.55 44 (26.4) 22(239) 0.58
T/C 97 (48.7) 35 (50.7) 0.27—1.11 75 (44.9) 33 (57.6) 0.31—1.08
T/T 56 (28.1) 12 (17.4) 48 (28.7) 17 (18.5)
CAT rs17880664 n=193 n=67 0.25 (dom) n=161 n=90 0.25 (dom)
T/T 73 (37.8) 31 (46.3) 0.72 68 (42.2) 32(35.6) 1.37
T/A 99 (51.3) 25(37.3) 0.41—1.26 74 (46.0) 47 (52.2) 0.80—2.36
A/A 21(10.9) 11 (16.4) 19 (11.8) 11 (12.2)
GCLC 1517883901 n=194 n=68 0.58 (dom) n=162 n=95 0.94 (dom)
c/C 160 (82.5) 54 (79.4) 1.22 133 (82.1) 75(82.4) 0.97
C/T 31 (16.0) 14 (20.6) 0.61—2.45 28 (17.3) 15(16.5) 0.49—1.91
T/T 3(1.6) 0(0.0) 1 (0.6) 1(1.1)
ACE 134340 Alu—287 bp n=198 n=68 0.43 (rec) n=166 n=91 0.60 (dom)
D/D 50 (25.2) 20 (29.4) 1.30 42 (25.3) 26 (28.6) 0.86
I/D 106 (53.5) 30 (44.1) 0.68—2.46 86 (51.8) 45 (49.5) 0.48—1.53
I/1 42 (21.2) 18 (26.5) 38(22.9) 20(22.0)
AGT 1s699 Met235Thr n=196 n=68 0.028 (rec) n=164 n=91 0.67 (dom)
T/T 57 (29.1) 13 (19.1) 2.03 43 (26.2) 26 (28.6) 0.88
T/C 102 (52.0) 33 (48.5) 1.09—3.80 83 (50.6) 44 (48.4) 0.50—1.57
c/C 37 (18.9) 22 (32.4) 38(23.2) 21(23.1)
AGTR1 15186 n=196 n=68 0.07 (dom) n=164 n=91 0.0023 (add)‘
A/A 100 (51.0) 44 (64.7) 0.59 97 (59.1) 41 (45.0) 1.83
A/C 79 (40.3) 16 (23.5) 0.33—1.05 57 (34.8) 35(38.5) 1.24—2.72
C/C 17 (8.7) 8 (11.8) 10 (6.1) 15 (16.5)
MTHFR 151801133 Ala222Val n=193 n=68 0.21 (dom) n=162 n=90 0.23 (dom)
c/C 87 (45.1) 37 (54.4) 0.70 71(43.8) 47(52.2) 0.73
C/T 85 (44.0) 25 (36.8) 0.40—1.22 69 (42.6) 39 (43.3) 0.43—1.23
T/T 21 (10.9) 6(8.8) 22 (13.6) 4 (4.4)
NOS3 51799983 Glu298Asp n=196 n=68 0.88 (dom) n=164 n=91 0.48 (dom)
G/G 100 (51.0) 35(51.5) 0.96 86 (52.4) 43 (47.2) 1.20
G/T 81 (41.3) 28 (41.2) 0.55—1.67 64(39.0) 42 (46.1) 0.72—2.02
T/T 15(7.7) 5(7.3) 14 (8.3) 6 (6.6)
VEGF-a 1833061 n=196 n=68 0.30 (dom) n=164 n=91 0.055 (dom)
0.72 0.57
0.39—1.33 0.32—1.01
T/T 48 (24.5) 21(30.9) 36(21.9) 30(33.0)
C/T 101 (51.5) 31 (45.6) 88 (53.7) 38(41.8)
c/C 47 (24.0) 16 (23.5) 40 (24.4) 23(25.3)

Note (npumeuanusi): Genes and genotypes — rensr n reHotunsr; NP patients — nmanuentst ¢ HIT; without ARDS — 6e3 OP/IC; with
ARDS — ¢ OPJIC; P-value (genetic model) — P-znauenue (renerudeckas mojeb); NP survivors — Boikusinue ¢ HIT; NP non-survivors
— ymepurre ¢ HIT; number — uncino; ' Adjusted analysis by age, sex, use and duration of mechanical ventilation — muoskecTBenHbIit per-
PECCHOHHBIIT aHAIN3 C MONPABKON Ha BO3PACT, MOJI, IPUMEHEHNE U [JINTEIbHOCTD MeXaHn4ecKoil BenTuysiny; © Genotypes associated
with response in the accordance with OR (protective, if OR<1, susceptible, if OR>1) are highlighted in grey; significant P-values are in
bold — rexorunsr B coorsercrsun ¢ OR (nporextusibiii npu OR<1, acconnuposanubrii ipu OR>1) Bble/IeHBI CePBIM IIBETOM; 3HAYU-
Mble P-3HaueHns BbieseHn Kupabiv mpudrom; * The genetic model: rec (recessive), dom (dominant); add (additive) — renetnueckme
Mozesu: rec (penteccusnast), dom (nomunanthas); add (aaaunsnasn); © — Py reroni=0,038; ° = Pgonferroni=0,017; ° Propferroni=0,032.
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HBIH (3aIUTHBIN) 3(dEKT OTHOCUTENTBHO PUCKA Pa3BUTHSI
OP/IC: CYP1A1 1s2606345-G-151048943-A-1s4646903-T
(p=0,0024, OR=0,44, 95% CI 0,26—0,74).

Baxrepuomorndeckoe ucciemosanne BAJIIK y 60ib-
ubix HII B moarpynmax ¢ OPIC u 6e3 OP/IC nokasai or-
CYTCTBUE 3HAUUMBbIX pas/inuuii. B kauecte Bo3OyauTest B
obenx moarpymmnax npeobiagana Ipam (-) duiopa, cocra-
BuB 60% 1 52,4% COOTBETCTBEHHO.

CuiibHast CBSI3b € BEPOSITHOCTBIO JICTATBHOTO UCXO/IA
6bira acconuuposana ¢ C-amenem rena AGTRT (1s5186),
U 3TOT PE3YJIbTaT OCTABAJICS 3HAYMMBIM JIaKe MOCJe T0-
TIpaBKH Ha MHOKeCcTBeHHbIe CPaBHEHUS (Ppoyeroni)- CPEAN
BBIKUBIIUX [AIMEHTOB NCCIIEA0BAHHBIX IPYII Mbl HabJI10-
JlaJid IPOTEKTUBHBIN ahdexT ppyroro caiita rena CYP1AT,
a umenno — wmuHopHoro C-ammenss rema CYPT1AT
(rs4646903) (110 1OMUHAHTHOI MOJIENIN).

J171s1 moncka pruCKOBBIX TEHOTUTIOB Pa3BUTHS CETICH-
ca u ITOH B rpynmne ¢ HII 61 ipuMeHeH MHOKECTBEH-
HbIiT perpeccuoHHbli ananus. Ho v omut uz SNPs He ObLt
JIOCTOBEPHO aCCOIUPOBAH C ATUMH OCJOKHeHUsAMU. Hac-
TOTA PACIpEIeJIeHUS] TEHOTUIIOB 110 M3YYEHHBIM I'€HaM C
TIOTIPABKOI Ha XapakTep IePBUYHOI HO30JI0TUHU, BO3PACT,
I0JT, TpUMeHeHue U iuTerbHocTh VIBJI He BeIgBUIIA pas-
JMKid cpesin GOJIBHBIX W MOCTPAAABIIMX OTHOCUTEIBHO
pucka pasutust HII ¥ Takux KpUTHYECKUX COCTOSTHMUIA,
kak cerncuc, OP/IC u ITOH.

asnee anamusupoBasu 14 SNPs 1151 BoIsiBIeHUst ac-
CONMAIii ¢ TPOAOKUTENbHOCTEIO pebbiBarms B OP. Ye-
tanosuau, 4ro Hocureaun ABCB7 rs1045642-T amnens
3HAYUTEJILHO JIOJIBIIIE OCTABAJIICH B OT/IC/IEHUN NHTEHCUB-
Hoii Tepanuu (puc. 1; U-rect [Mann-Whitney] T/C-C/C
npotus T/T, p=0,04). YuanursiBas BeIpaskKeHHBIH aINTHB-
Hblii addexT (oAnH ajesib prucKa MPOTUB JIBYX aJliesieit
pHCKa), TeCTUpOBasn 9TOT U Jipyrue SNPs (suHeitHbiii pe-
IPECCHOHHBIN aHATM3 ¢ MONPABKOI HAa BO3PACT, 110JI, TIPHU-
MeHeHue U npojorkuTesbHocTh VIBJI), mocae wero focro-
BepHocTb accormarnun T-amnens rena ABCB1(rs1045642)
¢ muTenbHOCThIO npebbiBanus B OP crana Gosee Bbipa-
sxennoit (p=0,0045).

[lanee ObLIa NPOBEEHA OLEHKA MYJIBTUILIMKATHB-
HOM TeHETUYECKON MOJIEN B paMKaxX TeX METabOTMIECKUX
nyTel, KOTopbie IPOAEMOHCTPUPOBAIN HauboJibInue 3¢-
(extsl B cBsizu ¢ puckom pazsutus OP/IC u netanbHOCTH:
netokcrkamu kcenoouotukos (CYPTAT u AhR) v renb
pennH-anrunoten3nnoBoii cucrembl (ACE, AGT, AGTRT)
JUUIST BCeX KOHEUHBIX TOYeK pucka. Ha pucynke 2 nmokazaHa
BocripuumunBocth K HIT u OPI[C a1 HocuTeseit pazHoro
KOJIMYECTBA PUCKOBBIX asuiesieil. OrpesiesieHo oporoBoe
3HaUEHMeE JIUIST IPOTEKTUBHBIX U PUCKOBBIX T€HOTHIIOB, CO-
npsikennbix ¢ HIT u OPIIC. Coueranue aByx u 6osee aj-
JieJiell pUCKa B YKAa3aHHBIX T€HAX Y OJIHOTO U TOTO 3Ke Maliu-
eHTa moBbIalOT puck passutus HII (puc. 2 BepxHwmii.
p=0,017, OR=2,04, 95% CI 1,16—3,57). YBesuueHue Ko-
JIMYECTBA PUCKOBBIX aJljiefieli 10 uetbipex u 6osee y 60Jib-
ueix ¢ HII conpsizkeno ¢ passutuem OP/IC (puc. 2 Hu-
sxrmit. p=0,0012, OR=2,56, 95% CI 1,46—4,49).

Takum 06pa3oM, CO3laHUE TeHETHMYECKUX MaHesael
MOJKET TOMOYb BbIJIEJIUTD TPYIIIBI BBICOKOTO PUCKA Pa3BU-

35
30
25

20 §

15

Days in ICU = SE

10

c/C T/C

genotypes

T/T
ABCB1

Puc. 1. Tenorunsl rena ABCB1, accouuupoBaHHbIe C /IJITENb-
HOCTBI0 ipeObiBanusi B OPUT.

Fig. 1. ABCB1 genotypes associations with the number of days
in ICU.

Note (npumevanus): Days in ICU — uucio aueit B OPUT; geno-
types — TeHOTHIIBI.

(CYP1A1 and AhR) and the genes of the renin-angiotensin
system (ACE, AGT, AGTRT) for all endpoints risk. Figure 2
shows the sensitivity to NP and ARDS for different num-
ber of carriers risk alleles. Threshold values for protective
and risk genotypes associated with NP and ARDS.
Combining two or more risk alleles in these genes in one
and the same patient increases the risk of NP (upper panel;
P=0.017, OR=2.04, 95% CI 1.16—3.57). Increasing the
number of risk alleles and four more patients with NP asso-
ciated with the development of ARDS (lower panel;
P=0.0012, OR = 2.56, 95% CI 1.46—4.49).

Thus, the creation of genetic panels can help to iden-
tify groups at high risk for certain critical conditions.
Nominally significant relationship was found for the same
risk score (the threshold for the four genotypes of risk) to
predict the outcome of the disease with the development of
nosocomial pneumonia (P=0.041, OR = 1.77, 95% CI
1.04—3.00). However, we found no association between
the same multiplicative genetic model for sepsis and
MODS in patients with NP.

This study evaluates the effects of SNPs in the xeno-
biotics detoxification and vascular homeostasis genes on
the development and progression of critical illness (noso-
comial pneumonia, ARDS, sepsis, MOF and mortality) in
a relatively homogeneous group of patients of the same
ethnicity.

The most intriguing finding is the cumulative effect
of risk alleles in genes containing genes partner (detoxifi-
cation of xenobiotics: CYPTA7T and AAR and the renin-
angiotensin system: ACE, AGT, AGTRT) on the risk of NP
and ARDS. Taking into account that cytochrome P450
enzymes play an important role in the metabolism of
endogenous and exogenous chemicals identified CYPTA1
gene effects do not seem random. The enzyme CYP1A1 is
involved in the regulation of the functions of the bronchial
and alveolar epithelium; moreover, P450 enzymes, includ-
ing CYP1A1, are involved in the formation and further
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[THeBmoHMA. OCTPBIV pecHUpaTOPHBIN AUCTPECC-CUHAPOM

TUSI KOHKPETHBIX KPUTUYECKUX COCTOsTHMIT. HoMuHambHO
3HAUMMas B3aUMOCBSI3b ObLIa BBISBJICHA JJIs1 OJHOTO U TO-
r0 ke 6asuta pucka (Mopor ISt 4eThIPEX TEHOTUIIOB PUCKA)
JUIST TIPOTHO3UPOBAHUSI MCX0/a 3a00JI€BaHNsT TIPU PA3BH-
TUU HO30KOMHayibHOU mHeBMoHuu (p=0,041, OR=1,77,
95% CI 1,04—3,00). OznHako MbI He BBISTBIIN aCCOTTUATIAN
MEXKIY TEeMU Ke MYJBTUILTMKATUBHBIMU TEHETUUECKUMU
Mozessivu st cericrca u ITOH y Gonprpix HIT.

[TpoBesienHOE HMCCIEIOBAHNE OIEHUBACT BJIUSHHE
moJIMMOP(HBIX BAPMAHTOB B TE€HAX JETOKCUKAINK KCEHO-
OGMOTHUKOB 1 COCYMCTOTO TOMEOCTa3a Ha PA3BUTHE U Teue-
ure HII m OP/IC B cpaBHUTENBHO OHOPOAHBIX TPYIIIAX
6OMBHBIX OMMHAKOBON HAIMOHATHHOCT.

CaMbIM UHTPUTYIOIUM PE3yJIBTATOM HCCJIEI0BAHUS
SIBJISIETCST COBOKYITHOE BJIMSIHUE PHCKOBBIX ajljiesieil B re-
HaX, CO/IEPIKAIINX TeHbI-TIAPTHEPDI (JIETOKCUKAIMN KCEHO-
6uorukos: CYP1A1 u AhR v peHUH-aHTMOTEH3UHOBOIA CHC-
tembl: ACE, AGT, AGTRT) na puck passutus HIT u OP/[C.

[TpunuMas Bo BHUMaHUe, 4YTO (DEPMEHTbI CUCTEMBI
nuroxpoMa P450 urparor BakHYIO posib B MeTaboJM3Me
9K30T€HHBIX U DH/IOTEHHBIX XUMHUUYECKUX BEIIECTB, BbISIB-
sernble a¢dekTsl reHa CYPTAT xaxyTcs He CIydaiiHBIMU.
®epment CYP1A1l npunmMmaer ydyactue B PeryJssiiun
(yHKIUIT OPOHXMANBHOTO U AJbBEOJISIPHOTO DIUTENNUS;
KpoMe TOTo, ¢epMenTsl cucteMsl P450, B ToM dncie
CYP1A1, BoBJieuenbl B hopMHUpPOBaHUE U JlajibHElIIee pe-
IYJIMPOBAHUE PEAKIUIT aKTUBHBIX (DOPM KUCTIOPO/IA, B TOM
qucae, U TOKCHUeCKux ahdexktoB kucaopoma [24, 25].
DOyuxrorambHbil TosuMophusm 1s2606345G/T pacrio-
soxken B uHTpoHe CYP1A1 n Biiusiet Ha ypoBeHb 9KCIIpec-
CUU JIAHHOTO TeHa [26, 27]. B Hammx npeapiiynmux uccie-
poBanusx [14, 15] MBI MoOKasajgu posib BAPHAHTOB TeHA
CYP1A1 (uckmounTesnbio uin B couetannu ¢ SNPs B iipy-
I'UX TEHOB) B CBSI3U C PUCKOM Pa3BUTUsI BHEOOJIbHUUHOI 1
HO30KOMHUAJTBHONH MHEBMOHUU. OKUCIUTENbHBIN CTpecc
WUTPaeT BAKHYIO POJIb B MATOr€HE3€ 3HAUUTEJIBHOTO YHCJIa
3a60JieBaHNi. BaKHBIMU KOMIIOHEHTAME 3all[UThl KJIE€TOK
OT OKUCJIUTEIBHOTO CTPECCa SIBJISIIOTCS AaHTHOKCUIAHTHBIE
(hepMeHTBI, aKTUBHOCTH KOTOPBIX TEHETHUUYECKH JIeTEPMU-
HUpoBaHa. AKTUBHBbIE (DOPMbBI KHUCJIOPOAA HEOOXOAUMBI
JUIST QHEPTETHYECKOTO 0OeCTIeYeH s, a TaKKe /7151 G0PbOBI ¢
UHQEKIIMOHHBIMU areHTaMH, JeTOKCUKAI[MKU KCEHOOMOTH-
KOB, PEryJsiiiuu CTPYKTYPHBIX ITPOIECCOB Tposineparmu,
nubdepeHIMpoBKU U aronTosa). Bmecte ¢ TeMm, BbicoKast
PEeaKIMOHHAs CIIOCOOHOCTh KUCIOPO/Ia, OCOOEHHO €ro aK-
TUBHBIX (DOPM, yUACTBYIONIUX B Pa3HOOOPA3HBIX 1ATOJIOTU-
YecKuX Ipoleccax (BocHaleHHe, JIXO0Pa/iKa, UIMIeMUs 1
JIPYTHE), OMPE/IENSET 1eJ1ecO00Pa3ZHOCTD BKIIOYEHUST MHO-
TOYPOBHEBOW CHCTEMBI aHTHOKCUAAHTHON 3ammThl. [lomm-
MOp(hHbIE BAPUAHTHI T'€HOB AHTHMOKCHAHTHON CHCTEMbI
(AOC), obycnoBuBas GyHKIIMOHAIBHYIO BAPUATUBHOCTD
6EeJIKOBBIX IIPOAYKTOB, BJAUSIOT HA IUPOKUIL CrieKTp GUo-
XUMUYECKUX PeaKINil, HAIPABJICHHBIX HAa AKTUBAIUIO
AOC, 1eTrepMUHUPYSE TEM CaMbIM PUCK PEATH3AIIH HIHPO-
KO0 CHEKTpa I1aTOJIOrMYeCKUX cocTosiHuil. PesysbraTbl
MouckKa reHetndyeckux jerepmuHanToB AOC yKasbiBaOT
Ha HaJIW4KMe HACJIEACTBEHHON IIPEIPACIIONOKEHHOCTH K
mucbanancy AOC [28]. Jlerkue HanGoJiee YsA3BUMBI B OT-
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Puc. 2. OTHOCUTEIPHAS YaCTOTA PACIIPEAETIECHHUS YHCIA PUCKO-
Bbix ajwteneid npu HII (Bepxumii pucynox) u OPIC (nuskHuit
PUCYHOK) U COOTBETCTBYIOIUiI KOHTPOJb no reHam CYP1A1,
AhR, ACE, AGT u AGTR1.

Fig. 2. Relative frequency distribution by the number of risk
alleles in the SNPs associated with NP (upper figure) and
ARDS (lower figure) and matched control in CYP1A1, AhR,
ACE, AGT and AGTRT1 genes.

Note (npumeuanus): Relative frequency — yacrora Becrpedaemo-
ctu; number of risk alleles genes — umcso puCKOBBIX aslesieil B re-
Hax; controls (without NP) — koutpous (6e3 HIT); NP — HIT; At-
risk controls (NP patients without ARDS) — koHTposb
(nmarentst 6e3 OPIIC); ARDS — OPJIC. Mean values and stan-
dard errors of relative frequencies are plotted by the number of
carried risk alleles, so bars represents proportions of patients or at-
risk control subjects carrying specified number of risk alleles.
Genotype distribution of SNPs was compared using additive
model: homozygous risk — 2 risk alleles, heterozygous — 1 risk
allele, homozygous protective — 0 risk alleles. Risk alleles are:
CYP1A1 1s2606345-T, AhR 1s2066853-A, ACE rs4340-D, AGT
rs699-C and AGTR7 rs5186-C. My IbTUIIMKATUBHBIN PUCK Olle-
HUBAJIN C MCIOJb30BAHNEM INTUBHOIN MOJEJI: TOMO3UTOTHBII
FEHOTHII 110 PUCKOBOMY aJIJIEJIIO — /[Ba PUCKOBBIX aJIIEJIs], FeTePO-
3UTOTHBIII TEHOTUII — OJMH PUCKOBBIN aJlJIeJib, TOMO3UTOTHBIN
IIPOTEKTUBHBII TeHoTHI — () pUCKOBBIX asteseil. PruckoBbre ame-
g CYP1A1 rs2606345-T, ALR rs2066853-A, ACE 1s4340-D, AGT
1rs699-C u AGTR7 rs5186-C.

There are only two subjects in the group with eight risk alleles
(lower figure) — B rpymnme ¢ BOCEMBIO PUCKOBBIMU AJLIEJISIMHE
TOJIBKO /1B OOJIBHBIX (HIKHUN PUCYHOK).
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HOIIIEHUN OKCUIAHTHOTO MOBPEK/ICHUS, TAK KaK HETlocpeI-
CTBEHHO TIO/IBEPTAIOTCST JICHCTBUIO KMCJIOPO/IA U €T0 aKTUB-
HBIX (DOPM, YTO OOYCIOBIEHO ANCHATAHCOM B CHCTEME OK-
CUJIAaHTBI-aHTUOKCUIAHTBI.  Hapylnenue paBHOBecus
MEJK/y MOHOOKCUTE€HA3HOI CHCTEMOI 1 CUCTEMOI aHTHOK-
CUTEHA3HON 3aINTHl OPTAaHU3MA SIBJISICTCS TIYCKOBBIM Me-
XaHU3MOM TI0BPEK/IeHMsT OPOHXOB IIPU XPOHUUECKON 06CT-
PYKTUBHO#T GOJIE3HU JIETKUX.

Xopo11o M3BeCTHO, YTO aKTUBHOCTH TeHa CYPT1A1
peryupyercst TpaHckpunnonabiM haxropom AhR. ITo-
BbllleHUe 0aszajibHOTO ypoBHs1 mutoxpoma P450 (CYP)
MOZKET ObITh 00YCJIOBJIEHO, B YACTHOCTH, IOJUMOPMOUIMOM
rera penentopHoro 6eaka AhR. Beisisieno 10 naubosee
PaCIIPOCTPAHEHHDBIX BapUaHTOB TeHa AAR, BAUSOMNX Ha
aktuBHOCTh CYP. B wacTHOCTH, MOBBIIEHHYIO aKTUBHOCTH
oOHApyKMBAIU [IPU HAJMYUKM BapUaHTa B KOAUPYIOIIEil
obmactt AhR (amnens G1721 A), npudem y My)KYUH B
GoJIbIIel cTereH , YeM y skeHmH [29].

Mpb! JIOTIOJIHUTENBHO TIPOTECTUPOBAIN (DYHKIHNO-
HanpHbIH BapuanT (rs2066853) B joMeHe TpaHCAKTHBATINN
rena AAR [30]. BoisBienve acconmaruu nojumopduama
AhR ¢ puckom passurust OP/IC nopuepkuBaeT runoresy
0 MPUYACTHOCTU 0OOUX F€HOB K PEryJisilU CUIHAJIbHbIX
KaCKa/[0B, KOHTPOJIMPYIONINX IIPOrPECCUPOBAHNE BOCIIAJIE-
HUS B JIETKUX BIUIOTH 710 pazButus OPC nan BO3HUKHO-
Benue HII na done yxe passusierocss OP/IC. [Toatomy
MBI [I0JIaTaeM, 4TO MOJUMOP(HBIE BapUAHTHI TEHOB
CYP1A1 u AhR moryT ObiTh reHeTHYECKMMU (DaKTOpamMu
pucka passutust OP/[C.

V3HauasibHO cumtanioch, uto AhR yuactByer B oC-
HOBHOM B MeTab0JIM3Me XUMUYECKUX BEIECTB U3 OKPYIKa-
1o1ieii cpesipl. Terepb U3BECTHO HECKOJIBKO (hU3HOJIOrYec-
Kux Jjuravaos [y AhR, Hanpumep, MeanaTopbl 0CTPOro
BOCIIAJIEHUST: JIEHKOTPUEHBI M npocTarianintbl [31]. Jkc-
npeccusi AhR B GOJIBIIMHCTBE TUIIOB KJIETOK UMMYHHOIL
CHCTEMbI BJIMSIET Ha aKTUBHOCTh MHOKECTBA KCEHOOMOTHK-
WJIN IMOKCUH-IyBCTBUTENbHBIX a71eMeHTOB (XREs/DREs),
KOTOPbIE PEryJIMPYIOT MMMYHHBINH OTBET, YTO MOYEPKUBA-
€T BaKHOCTh HTOTO PEIeNTopa B UMMYHOJIOTHYECKUX T1PO-
1ieccax, B YaCTHOCTH TIpK Bocmasiernn [32—35].

B psane mccmenoBanuii moxasaHo, YTO TPUMeHEHNE
MBJI nepeaxo mpuUBOIUT K Pa3BUTHIO BOCIIATICHUS B JIET-
KHX, YTO MHIYIUPYET OKUCJUTEJbHBII CTPecc, KOTOPbIi
yeyrybuisieT TeueHue naToJ0rudeckoro nporecca. Boiiie-
YKa3aHHbIE TUIIOTE3bI O POJIM METa0OJMUYECKOrO MyTH C
yuactuem CYP1A1 u AhR B nporpeccupoBanuu Bocnase-
HUSL JIETKUX, COOTBETCTBYIOT HKCIIEPUMEHTAJIbHBIM JIaH-
HBIM, TTIOJTyY€HHBIM Ha JKMBOTHBIX, ¥ TTOKa3bIBAIOIIUM, YTO
akcrpeccust CYPTA71 3HauWTENbHO YBEIWYMBACTCS IPU
runepokcun [24]. Pe3yssTaTsl IPOBeIEHHOTO UCCIIEI0Ba-
HUst yOeIUTEIbHO J0Ka3bIBAKOT TO, YTO FEHETUYECKH JIeTep-
MUHUPOBaHHas M3MeHYMBOCTh B aktuBHOCTH CYP1A1 1
AhR moxet cioco6ctBoBath pazsutio OP/IC.

B pesysbrate 1pOBEJEHHOTO MCCIEMOBAHUS yCTa-
HOBJICHO 3HAYEHKE F€HOB ellle OJHOIO BaKHOTO MeTaboIu-
YecKoro myTH (peHMH-aHTHOTEeH3UHOBOH crcteMbl — PAC)
st pucka BosuukHoBerunst OP/[C. N3BectHo, 4TO (hyHK-
IMOHATbHAS AKTUBHOCTH KOMIIOHEHTOB PAC, B ToM vmciie

control the reaction of reactive oxygen species, including
oxygen and toxic effects [24, 25]. Functional polymor-
phism rs2606345G / T located in intron CYP1A1 and
affects the expression level of the gene [26, 27].

In our previous studies [14, 15], we showed the role
of the gene variants of CYP1A1 (exclusively or in combi-
nation with SNPs in other genes) due to the risk of com-
munity-acquired and nosocomial pneumonia. Oxidative
stress plays a significant role in the pathogenesis of dis-
eases. Important components protect cells from oxidative
stress are antioxidant enzymes, whose activity is genetical-
ly determined. Reactive oxygen species are needed for
energy security and to combat infectious agents, detoxifi-
cation of xenobiotics, structural regulation of proliferation,
differentiation and apoptosis). However, the high reactivi-
ty of oxygen, particularly the active forms involved in a
variety of pathological processes (inflammation, fever,
ischemia, etc.) determines the appropriateness of including
multilevel antioxidant defense system. Polymorphic vari-
ants of genes of antioxidant system (AOS), causing func-
tional variation of protein products affect a wide range of
biochemical reactions, aimed at activation of the AOC,
determing the risk of implementing a wide range of patho-
logical conditions. Results of genetic determinants of the
AOC indicate the presence of a genetic predisposition to
an imbalance of the AOC [28]. Lungs are most vulnerable
to oxidative damage because they are directly exposed to
oxygen and its active forms resulting from imbalance in the
oxidant-antioxidant.

It is well known that the activity of the CYP1A71
gene is regulated by the transcription factor AhR.
Increased basal levels of cytochrome P450 (CYP) may be
due, in particular, to the receptor protein gene polymor-
phism AhR. Ten most common variants of the gene AAR,
affecting the activity of CYP, are revealed. In particular,
increased activity was found in the presence of variations
in the coding region of AAR (allele G1721 A), and in men
more then in women [29].

In addition, we further tested a functional variant
(rs2066853) in the gene transactivation domain AiR [30].
Identification of AhR polymorphisms association with the
risk of ARDS supports the hypothesis of the involvement
of both genes in the regulation of signaling cascades that
control the progression of the inflammation in the lungs
until the development of ARDS or the occurrence of NP
on the background of already developed ARDS. Therefore,
we believe that polymorphic variants of the genes CYP1A1
and AAR may be genetic risk factors for ARDS

Initially it was believed that AhR was involved pri-
marily in the metabolism of chemical substances from the
environment. Now, there are several physiological ligands
for AhR, e.g., acute inflammation mediators: leukotrienes,
prostaglandins [31]. AhR expression in most cell types of
the immune system are influenced by the activity of many
xenobiotic- or dioxin-sensitive elements (XREs / DREs),
that regulate immune response, emphasizing the impor-
tance of this receptor in immunological processes, particu-
larly during inflammation [32—35].
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reHoB anrnorensnnoreda (AGT), anrmorensmH-TIpeBpa-
maiorntero dpepmenta (AIID) u pereniropa 1 Tuma anruo-
tenzuHa [I (AGTR1), Busger na aprepnanbHoe 1aBieHne
1 TOHYC COCY/IOB, M BasKHA JIJIsT Pa3BUTH Bocnanienus [36].

Anrnorensun II (Angll) saBigercsas ocHOBHBIM ad-
dexropom PAC n, kak m3BeCcTHO, HJIATOAPsT COCYAOCY K-
BaioreMy a(hheKTy BbI3bIBACT 3HAYMTEIBHOE YBETMYCHUE
CUCTEMHOTO M JIOKAJIBHOTO apTepuajbHOro aasjaeHus. [lo-
MHUMO TIpsiMoro BiustHust Angll Ha cucTeMHbBIIT KPOBOTOK,
BO3MOKHO TaKsKe ONOCPEN0BaHHOE BO3AeHCTBIE OejiKka Ha
COCY/IUCTBIN TOHYC TIPU TPABME B YCIOBUSAX OKUCTUTEIBHO-
ro crpecca [37]. st KpUTHUECKUX COCTOSTHUI XapaKTepHa
u30bITOUHAS TIPOAYKIIUST CBOOOIHBIX PAIUKAIOB, UCTOIIE-
HUE aHTUOKCUJAHTHON 3aIlUTBI, YTO, B CBOIO 0Y€Pe/b, MO-
JKET MOCITYKUTD ITYCKOBBIM MEXaHU3MOM Pa3BUTUSI CUCTEM-
HOTO BOCTIAJICHUST U TIOJIMOPraHHOI HegoctaTouHocTH [38].
BosbimuHeTBo  (husmosornyeckux u marodusnoornyec-
kux ahdexros Angll peanusyercst npu B3anMojiecTBIM €
AGTRT [39]. BorsaBiiennast B HaCTOSIIEM UCCIE0BAHIN ac-
conmanys moanmopusama AGTRT ¢ Heb1aronpusiTHBIM UC-
xoztoM cpenu maimentos ¢ HIT koppesmpyer ¢ simteparyp-
HBIMU JIAHHBIMU 1 OHOJIOTHYECKH OTIPABAHA.

MpbI curTaem, 4TO KacaeTcsl CONPSIKEHHOCTh Bapua-
6eaproct rera ABCB1 ¢ pasButreM 0CJI0KHEHHOTO Te-
yeHust ocHoBHOTO 3aboseBanust (HII, OP/IC) o6bscHsier-
csl ero 3HaueHWeM B (DapMaKOKMHETHKE JIEKapPCTBEHHBIX
[penaparoB yepes KJIeTOUHbie MeMOpPaHbl, TAK KaK MHU-
BUJlyaJIbHble OCOOGEHHOCTU PaCIpe/eJieHUus] 1 CKOPOCTH
BO3HUKHOBEHMS TEPAleBTUYECKOTO a(hherTa KOHKPETHOTO
JIEKAPCTBEHHOTO CPEACTBA y GOJIBHOTO TAKIKE TEHETUUECKU
netepmeHnposansl [40, 41].

Bce mmpe npusHaeTcs, 4To, aHATM3UPYST CyMMapHOe
BJIMSIHUE TE€HOB PA3JIMYHBIX CHUCTEM, IPEANOJOKUTETHHO
YUACTBYIOLIUX B IIATOT€HE3€¢ PasBUTHs 3a00JI€BAHMS WU
KPUTHYECKOTO COCTOSIHUSI, MOKHO NPUOJIUBUTHCST K [TOHU-
MaHHMI0 MEXaHU3MOB Pean3alii TeHETHYECKUX JIeTEPMU-
HaHT [42, 43]. YuuTbiBast 5T0 COOOPasKEHIE, Mbl CTPYIIITUPO-
Basin SNPs B MeTab0oIMUECKUX 1Ty TSIX, 8 3aTeM TECTUPOBAJIK
COBMECTHOE BjiusiHMe KomOuHanuil. /[Ba Habopa reHOB-
HapTHEPOB ObLIM aHAIM3UPOBAHBI HA OCHOBE UX BKJA/IA B
pasBUTHE BOCIAJIEHUS U KPUTHUYECKOTO COCTOSTHUSI.

Ito mepsoe coobmenne 06 accormanmu HIT u
OP/IC ¢ mysasrumiukaTuBHbIMU a(hdeKTaMi TeHOB Jie-
TOKCUKALUU KCEHOOMOTUKOB U PEHMH-aHTUOTEH3UHOBOIL
cucreMbl. Pacnipesesienue ajesneii pucka B Metaboudec-
KHUX TYTSX JeTOKCUKAIMK,/OKCUJATUBHOTO CTPecca 1 co-
CYJIUCTOTO TOMEOCTa3a MOKa3bIBAET, UTO yBEJIUYEHHUE KO-
JIMUECTBA PUCKOBBIX ajliesieil HabJofaeTcss UMEHHO B
rpytre HIT u OP/IC.

[TosryyeHHbie pe3yJIbTaThl MO3BOJISIOT CYJAUTh O TOM,
YTO CYIIECTBYET TECHAsI CBSI3b MEXK/LY JIBYMsI M3YYEHHBIMU
MyTSIMM B OTHOIIEHUM YCUJIEHUSI BOCHAJINTEJIBHON pPeakx-
LUK B JIETKUX, KOTOPasi B 0OCOOEHHOCTU 3aBUCUT OT BJIUSI-
HUS BBIPA)KEHHOCTH OKUCJIUTETIBHOTO cTpecca n InchyHK-
1MW 9H/IOTEJINST JIETOUHBIX KAlMJLISIPOB [44].

WccnenoBanne mMesno HECKOJIBKO OTpaHUYEHMIT. BbI-
Gopka ObljIa CPeIHeil, 1 He Y BCEX BBISIBICHHBIX aCCOIMAIINiT
CTaTHCTUYECKash MOIIHOCTh Tecta Oblia Gosee 80%. [lasb-

Several studies showed that the use of mechanical
ventilation often leads to the development of inflamma-
tion in the lungs that induces oxidative stress, which
exacerbates the disease process. The above hypothesis
about the role of the metabolic pathway involving
CYP1A1 and AhR in the progression of inflammation of
the lungs, the experimental data obtained in animals,
showing the expression of CYP1A71 significantly
increased by hyperoxia [24]. The results of this study
clearly demonstrate that the genetically determined
variability in the activity of CYP1A1 and AhR may con-
tribute to the development of ARDS.

The study is set of genes of another important path-
way (renin-angiotensin system — RAS) in connection with
the risk of ARDS. It is known that the functional activity
of components of the RAS, including genes of
angiotensinogen (AGT), angiotensin-converting enzyme
(ACE) inhibitors and angiotensin type 1 receptor II
(AGTR1), influence on the blood pressure and vascular
tone is important in connection with the development of
inflammation [36].

Angiotensin II (Angll) is the primary effector of
RAS and, as is known, thanks to the vasoconstrictor
effect causes a significant increase in local and systemic
arterial pressure [37]. For critical conditions character-
ized by excessive production of free radicals, depletion
of antioxidant protection, which in turn can serve as a
trigger for the development of systemic inflammation
and organ failure [38]. Most of the physiological and
pathophysiological effects of Angll are realized in the
interaction with AGTR7 [39]. Identified association of
the polymorphism of AGTRT gene with a poor outcome
in patients with NP correlates with literature data and
is biologically justified.

With regard to the variability of gene ABCB1 conju-
gation with complications of the underlying disease (NP,
ARDS), we believe that this is due to its value in the phar-
macokinetics of drugs across cell membranes, as the indi-
vidual characteristics of the distribution and rate of occur-
rence of the therapeutic effect of a particular drug in a
patient are also genetically determined [40, 41].

It is increasingly recognized that by analyzing the
total effect of the genes of different systems, involved in
the pathogenesis of the disease or a critical state, can
bring us closer to the understanding the mechanisms of
realization of genetic determinants [42, 43]. Given this
consideration, we have grouped the SNPs in the meta-
bolic pathways, and then tested the joint effect of combi-
nations. Two sets of partner genes were analyzed based
on their contribution to the development of inflamma-
tion and critical state.

This is the first report of an association between NP
and ARDS and cumulative effects of xenobiotics detoxifi-
cation and RAS family genes. Our results suggest that
there is a significant crosstalk between two studied path-
ways in the aggravation of lung inflammation, which par-
ticularly depends on strong oxidative stress and pul-
monary capillary endothelial dysfunction [44].
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Pneumonia. Acute Respiratory Distress Syndrome

HeHmmil aHamm3 cTpaTuduKamu (HarpuMep, BEHTUIISTOP-
acconMupoBaHHas MHeBMoHus, cpokn paszsutust OP/IC mo
OTHOIIIEHUIO K HO30KOMHAJIbHON ITHEBMOHWH, YaCTOTA BCTpe-
vyaemoctu cericuca u [IOH B Kask0ii moarpyie) ObL1 orpa-
HUYEH CTATUCTUYECKOI MOIITHOCTBIO ¥ HEZIOCTATOYHBIM YHC-
JIOM CJIy4aeB JJI CPAaBHEHNS B NCCIICZI0BAHHbBIX IPYIITIAX.

3akjaoyeHue

Takum 06pasoM, TIOKA3aHO, UTO PsiJ| A/LIETbHBIX BapH-
AHTOB TCHOB JICTOKCUKAIINN KCEHOOMOTUKOB COIPSIKEHO C
PHICKOM Pa3BUTHS HO30KoMHuarbHOW mHeBMoHNN 1 OP/C:
CYP1A11s2606345-T/T (p=0,0027, OR=2,38, 95% noBepu-
TesibHbIl uHTepBAT: 1,35—4,17), AhRrs2066853 G/A-A/A u
AGT 13699 C/C AhR rs2066853-G/A-A/A (p=0,0012,
OR=2,94, 95% moseputrenphbiii uarepsar: 1,54—>5,60). Co-
yeTaHue JABYX 1 GoJjiee PUCKOBBIX ajuienieil B reHax CYPTAT,
AhR, ACE, AGT u AGTR1 y 0iiHOTO 1 TOTO K€ OOJIBHOTO MO~
Bormaet pruck passutust HIT (p=0,017, OR=2,04, 95% CI
1,16—3,57). YBemmueHne KoJImyecTBa PHCKOBbIX ajljiesiei 10
yerbipex 1 Gosiee y 6ombHbIx HIT conpsizkeHo ¢ pruckoM pas-
sutust OP/IC (p=0,0012, OR=2,56,95% CI 1,46—4,49). Boi-
SIBJIEHHbIE ACCOIMAIIY OY€Hb BAYKHBI /IJIsI TOHUMAHUS My Tei
n MexauauamoB BosnuknoBenust HIT u OP/IC, nporrosupo-
BaHUsI UCXO/a 3a00JIeBaHNUs, OCOOEHHO B TOM CJIyYae, eCJIU B
Gumokaiitem GyiyIeM pesyJIbTaThl HOTOOHBIX TeHETHIYECKIX
uccaeoBaHUi GyAyT TIPUMEHSITBCS ISt [IEPCOHAIM3UPO-
BAHHOTO MOAXO/IA K IEYCHUIO GOJTHHBIX.
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The study has several important limitations. Our
sample size was modest, and not all estimated associations
had > 80% power to detect a moderate OR. Further strat-
ification analysis (e.g., ventilator-associated pneumonia
and others) was limited by the statistical power in stratifi-
cation analysis. We could not estimate the associations in
non-NP group as there were only a few subjects with
ARDS, sepsis and MOF in this group.

Conclusion

Thus, it is shown that a number of allelic variants
of genes of detoxification are associated with the risk of
NP ad ARDS: CYP1A7 rs2606345-T / T (P=0.0027,
OR=2.38,95% CI: 1.35—4.17), AhRrs2066853 G / AA /
A and AGT rs699 C / C AhR rs2066853-G / AA / A
(P=0.0012, OR=2.94, 95% CI: 1.54—5.60). The combi-
nation of two or more risk alleles in the gene CYP1A7,
AhR, ACE, AGT and AGTR1 the same patient increases
the risk of NP (P=0.017, OR=2.04, 95% CI 1.16—3.57).
Increasing the number of risk alleles up to four and more
in NP patients is associated with the risk of ARDS
(P=0.0012, OR=2.56,95% CI 1.46—4.49). The identified
association is very important for understanding the ways
and mechanisms of NP and ARDS, predicting disease
outcome, especially if in the future the results of these
genetic studies will be used for a personalized approach
to the treatment of patients.
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