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HCJI]) HCCJIeJ0BaHUusd. BBIHBVTTB CBA3b aJlUIEJIbHBIX BapUAaHTOB CaﬁTOB OHOHYKJICOTUTHOT'O ITO]TI/IMOpq)I/ISMa re-
HOB NRF2 (156726395, 177238501A>G) u TLR9 (1352162, 52218953T>C) — u30JUPOBAHHO U B KOMILIEKCE — C
0COOEHHOCTSMU TEYEHUST KPUTUYECKUX COCTOSHUN TIPU MH(MEKIUH JIETKHX.

Marepuaisl 1 MeToabL. AJueb-criennduyeckn renorunuposana JJHK or 86 GosbHBIX, NepeHecnx Xupyp-
THYECKOE BMEITATETHCTBO, U OHKOJOTHYECKUX OOIBHBIX.

PesyabraTel. O6HApysKeHO, uTO Y 60s1bHBIX reHoTrna NRE2 177238501 A>G GG ¢ cenTuyecKuM IOKOM ITOBbI-
1IeHa JleTajJlbHOCTh 1 OoJiee Bbicokue Oasuibl 1o mkane APACHE II, yaiie pasBuBasics OTeK JErKHX, PE3UCTEHTHbII
K JiedeHmnio. Y 60ombHbIX ¢ KomGuHanuei renotunos NRF2 177238501A>G GG/TLR9 52218953T>C CC pexke
Pa3BUBAJICS CENTUYECKUIT NTOK M HO30KOMHUAJIbHAS ITHEBMOHMS.

3akmouenne. Kom6unanus amnens NRF2 177238501 A>G B romosurotaoM coctosunu (GG) spisercs He-
GIATOTIPUSATHON JUISI TEYEHUS] U MCXOJIa KPUTHYECKUX COCTOSIHUET TOJNBKO B codeTaHun ¢ ajensimu TLR9
52218953T>C CT nym TLR9 52218953T>C TT y G0JIbHBIX € CENTHYECKUM MIOKOM. IIpr 9TOM KOMOWHAIHS aJijie-
aeit TLRY 52218953T>C CC ¢ «nebmaronpusitibivit» NRF2 177238501A>G GG 3auuiinaer oT pa3BUTUS CENITH-
YEeCKOT0 MIOKA ¥ HO30KOMHUAJIbHOW ITHEBMOHUH.

Knroueswte cnosa: SNP; nonumopusm zeros NRF2; mparnckpunyuonnvii gpaxmop NRF2; moar-nodobuviii pe-
yenmop TLRY; cenmuueckuil wiox; HO30KOMUANLHASL NHEBMOHUS
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Aim of the study. To elucidate the association of allelic variants of single nucleotide polymorphism in NRF2
(rs6726395, 177238501 A>G) and TLR9 (1352162, 52218953T>C) genes, each gene separately and in their com-
bination, with peculiarities of the course of critical conditions during lung infection.

Materials and methods. DNA from 86 post-operative patients and oncologic patients was genotyped in an allele-
specific fashion using tetra-primer polymerase chain reaction followed by gel electrophoresis analysis of products.

Results. It has been found that septic shock patients with NRF2 177238501 A>G GG genotype had increased
mortality and higher APACHE II score and developed non-responsive edema more frequently. Patients with NRF2
177238501A>G GG/TLR9 52218953T>C CC genotype combination developed septic shock and nosocomial
pneumonia more rarely.

Conclusion. The homozygous NRF2 177238501A>G (GG) allele combination is unfavorable for the course
and outcome of critical conditions only in combination with TLR9 52218953T>C CT or TLR9 52218953T>C TT
alleles in septic shock patients. At the same time, the combination of TLR9 52218953T>C CC alleles in the same
patients with 'unfavorable' NRF2 177238501 A>G GG protects against development of septic shock and nosoco-
mial pneumonia.

Key words: SNP; gene polymorphism NRF2; NRF2 transcription factor; toll-like receptor TLR9; septic shock;
nosocomial pneumonia
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BBenenne

Opnnonyxaeotuauabiit momumopdusm (SNP, sin-
gle nucleotide polymorphisms) — omgHOBpemenHOE
CYIIECTBOBAHNUE B IMOIYJISIIINA HECKOJbKUX AJLTe/Ib-
HBIX BAPUAHTOB TeHA, OTIMYAIOINXCS TOJBKO OTHIM
nykaeotugom. Uccaenosarnme SNP mupoko pacipo-
CTPAHEHO B Ka4YeCTBE MOJIEKYJISIPHO-T€HETUIECKUX
MapKepoB TIPEIPACIOI0KEHHOCTH K PA3JINYHBIM 3a-
00JIeBaHUAM, B TOM 4YHCJIE K 3a00/1€BaHUAM JIETKUX,
HATIPUMEDP K OCTPOMY PECIUPATOPHOMY [IHCTPeCcC-
cunzipomy (OPIIC) [1]. B mogo6HBIX Hccie10BaHu-
SX B KaUeCTBe MAPKEPOB UCCJIEIOBAIICH TAKIE TeHbl,
kak IL1B, IL6, ILS, IL10, IL13, CYP1A1, AhR,
ABCB1, SOD2, GCLC, CAT, ACE, AGT, AGTR1,
NOS3, VEGFa, MTHFR, GSTM1, GSTT1, GSTP1,
CYP1A1[2—T7]. Ucxom KpUTHYECKUX COCTOSTHUH, CO-
MIPOBOXKIAIONIUXCST MYJIBTUOPTAHHON HE0CTATOYHO-
cThio, 3aBuCHUT OT mutornporekiuu. NRF2 w TLR9
y4acTBYIOT B riuTonporekinu [8, 9]. Micxons us nau-
HBIX COOOPasKeHM, Mbl U3Y4M/IU accoluanmio SNP
renoB TLRY u NRF2 ¢ TedyeHueM 1 UCXOJOM KPUTHU-
YECKUX COCTOSHUM.

ToJt-110106HbBIE PEIENTOPbI — 3TO OEJIKH, pac-
MO3HAIIIIEe KOHCEPBATUBHBIE MATTEPHBI MUKPOO-
HBIX CTPYKTYp. OfMH U3 HUX, TOJUI-TIOMOOHBINA pe-
nenrop 9 (TLRY9) — umromiasaMaTHYECKuii Geslox,
obecrieunBaronuii (hyHKIIMOHUPOBAHUE BPOKIECHHO-
ro ummynurera. PacnosnaBasg GC-obGoraliieHHbie
yuactku JIHK, TLRY 3amyckaeT curHaJIbHBIC TYTH,
OPUBOJAIINE K TIPOAYKIUU CUTHAJBHOTO O€jiKa
Stat3, npoBocHaJUTENbHBIX IUTOKUHOB, TAKUX, KaK
untepbepons, DHOa (dakrop Hexposa omyxosu
anbda) u unrepieiikunnr: 1L-12, 1L-18, IL-6 u ap.
Opun n3 BapranToB SNP 15352162 (52218953T>C)
reda TLRY, aumenno TLR9 52218953T>C CC, acco-
IIMUPOBAH C YBEJTUYECHHON MPOIYKITNEN JIeHKOIUTa-
Mu mpoBocnanurtenpuoro iutokuna @HOa B orer
Ha GC-6oraryio Gakrepuanphyio JJHK. Vmerorcs

Introduction

Single nucleotide polymorphisms (SNP) is a
concurrent presence of several allelic variants of a
gene in the population, which differ in one
nucleotide only. The SNP examination is widely
spread as a tool to obtain molecular genetic markers
of susceptibility to various diseases including pul-
monary diseases, for example, acute respiratory dis-
tress syndrome (ARDS) [1]. As markers, those stud-
ies used to involve such genes as IL1B, IL6, ILS,
IL10, IL13, CYP1A1, AhR, ABCB1, SOD2, GCLC,
CAT, ACE, AGT, AGTR1, NOS3, VEGFa, MTHFR,
GSTM1, GSTT1, GSTP1, CYP1A1 |2—T7]. The out-
come of critical conditions accompanied with multi-
organ failure (MOF) depends on cytoprotection.
NRF2 and TLR9 are involved in cytoprotection [8,
9]. Based on these considerations, we have studied
the association of SNPs in TLR9 and NRF2 genes
with the course and outcome of critical illness.

Toll-like receptors TLR9 are proteins recogniz-
ing conservative patterns of microbial structures.
One of them, toll-like receptor 9 (TLRY) is a cyto-
plasmic protein supporting innate immunity func-
tioning. By recognizing GC-enriched DNA elements,
TLR9 triggers signal paths resulting in production of
a signaling protein Stat3, proinflammatory cytokines
such as interferons, TNF (tumor necrosis factor ) and
interleukins: 1L-12, IL-1f, TL-6 etc. One of SNP vari-
ants 1s352162 of TLR9 gene, namely, TLR9
(52218953T>C) CC is associated with increased
production of pro-inflammatory cytokine TNF in
response to GC-rich bacterial DNA. There are limit-
ed set of data evidencing that patients who are carri-
ers of the polymorphic variant of TLR9 gene
(rs352162) in homozygous state (CC) display MOF
most frequently [10].

Transcription factor NRF2 (NFE2L2, ery-
throid-derived factor 2-like nuclear factor 2) is
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JIaHHBIE O TOM, Y4TO y OOJBLHBIX — HOCHUTEJIEN MOJIH-
mopduoro Bapuanta rera TLR9 (rs352162) B romo-
3urotTHoM coctossanu (CC) vaie BBISABJILETC TI0-
smoprannas Henocrarounocts (IIOH) [10].

Tpanckpunimonnsiii pakrop NRF2 (NFE21.2,
erythroid-derived 2-like 2) ywactByer B 1urompo-
TEKITMU U BBI3BIBAET AKCIIPECCUIO aHTUOKUCIUTEh-
HbIX OesikoB. NRF2-3aBUCUMBIN OTBET SIBJISIETCSI
KJIIOYEBBIM 3AITUTHBIM MEXaHU3MOM TIPOTUB OKHC-
suresbHOTO crpecca [9]. O6napyskeHo, 4To y geTeit
C CENTUYECKUM MIOKOM U 3/IOPOBBIX JIETEH 1T0-Pa3HO-
MY 3KCIIPECCUPYIOTCS TeHBI, aKTUBHOCTb KOTOPBIX
3aBucut ot NRF2 [9]. Tenetuveckue BapHaHTBI
NRF2 npejnarajivich B KaueCTBe KaHAUAATHOTO Map-
Kepa B IaToreHese Takux 3ab0JIeBaHUN, KaK acTMa,
OPIC, ambuzema [11]. [Tokazano, uto noanmMopd-
upiii Bapuant NRF2 (rs6726395, 177238501A>G)
GG: 1) accoruupoBaH ¢ OOJIbIIEN MTPOLOJIKUATED-
HOCTBIO JKM3HU TIPU XOJIaHTHOKapiuHoMme [12], 2)
CBSI3aH C JIOCTOBEPHO GOJBITNM 06BeMOM (HOPCHPO-
BAaHHOTO BBIJIOXA 32 OJIHY CEKYH/Y 10 CPaBHEHUIO C
6ombHbiME TeroTtunia AA [13], 3) xoppenupyer ¢
YMEHBIIIEHNEM PUCKA BJIAKHON (hOPMBI BO3PACTHOM
nerenepaiuu cetuatku [14]. IlpuBenennble ganmbie
CBUJIETENBCTBYIOT O TOM, uT0 NRF2 177238501 A>G
GG, BeposITHO, ACCOIUMPOBAH C ITOBBIIIEHHOM IUTO-
MpoTeKTUBHOM (yHKIMei. [lockoabKy B pa3BuTHN
Cericuca UrpaeT PoJb OKUCIUTENbHBIN CTPECC, Mbl
MPEATIONOKIIN, YTO MMEHHO JaHHBIH MOJTUMOP-
(busm acconumrpoBaH ¢ TeUeHUEM U UCXOJIOM KPUTHU-
YECKUX COCTOSTHUM.

IIpu cemncuce uccenoBanIcd TOJBKO MOJMMOP-
¢dusm gpyroro caiita — NRF2-617 C/A [15], caiir
NRF2 1s6726395 ObL1 UCC/IeI0BAH JIUIITb ITPU PECIIAPA-
TopubIx nHpeknuax [16], mpu XOBJI, kapauoBacky-
JistpHBIX OosiesHsix [17]. TIOCKOJIbKY OIHOHYKJIEOTH/I-
ubIi osumopduam NRF2 1s6726395 ne uccienoBascst
IIPU CETICKCE, MBI TIPETOJIOKIIIN, YTO U3YUYEHUE aCCO-
mparu moauMopdubix BapuantoB SNP rs6726395 u
cercuca y OOJIBHBIX ¢ KPUTHUECKUMU COCTOSTHUSIMU
MO3BOJIUT BBISBUTH HOBbIE 3aKOHOMEPHOCTH TEYECHUS 1
MCXO/1a KPUTUIECKUX COCTOSTHUIA.

Marepuan u MeTobI

Bbuna nceneposana rpymia 6obHbIX (n=86) B Bo3pa-
cre ot 27 110 83 Jiet, cpenHnii Bospact — 53,2 Toja, mepe-
HECIINX XUPYPTUYECKOe BMENIATEIbCTBO U C PA3BUBIINM-
cs1 GAKTEPHOJIOTUYECKU JIOKA3aHHBIM WHQEKIMOHHBIM
poreccoM B jierkux (tabir. 1). BHyTpu rpyIinst BbLAEIIN
HOATPYIIbl 6OIbHBIX, nexoas 13 Hamuuns OPIC, cenru-
YeCcKoTO I0Ka, a Takke codetanust OP/[C u moka. CenTu-
YeCKHil 10K OIEHWBAJIM COTJIACHO KpuUTepusiM Surviving
Sepsis Campaign [18, 19]. Pazsutue u tsxxects OPAC
OIEHUBAJIA B COOTBETCTBUH C METOIUYECKUMU PEKOMEH/TA-
uamu, pazpaborannbiMu B HUU O61meit pearrMaTosio-
riun M. B. A. Herosckoro [20—24].

BobHBIX, YCTOIUUBBIX K JIEYCHUIO OTEKa JIETKHUX Xa-
PaKTepU30BaJIM 10 IMHAMUKE HH/IEKCA BHECOCYIMCTON BO-
1ot B sierkux (MUBCBJI) B Teuenue nemenu:

involved in cytoprotection and induces the expres-
sion of anti-oxidative proteins. The NRF2-dependent
response represents the key defense mechanism
against oxidative stress [9]. It was established that
the NRF2-driven genes are expressed differently in
children with septic shock and healthy children [9].
Genetic variants of NRF2 were suggested as candi-
date markers in the pathogenesis of such diseases as
asthma, ARDS, emphysema [11]. It has been shown
that polymorphic variant of NRF2 (rs6726395,
177238501A>G) GG is: (1) associated with a longer
lifespan in cholangiocarcinoma patients [12], (2)
connected with a reliably larger forced expiration
volume per one second (FEV1) compared to patients
with genotype AA [13], and (3) correlates with a
lower risk of the wet form of age-related macular
degeneration [14]. The published data evidence that
NRF2 177238501A>G GG presumably associates
with a higher cytoprotective function. Sinse oxida-
tive stress contributes to sepsis development, we
have supposed that exactly this polymorphism asso-
ciates with the course and outcome of critical illness.

In respect of sepsis, the polymorphism of a dif-
ferent site, NRF2 -617 C/A, was studied [15],
whereas NRF2 rs6726395 site was investigated only
in respiratory infections [16], COPD, and cardio-
vascular diseases [17]. Since single nucleotide poly-
morphism of NRF2 rs6726395 was not studied in
patients with sepsis, we assumed that investigation
of the association of SNP polymorphic variants of
rs6726395 and sepsis in critically ill patients would
define new regularities in the course and outcome
of critical illness.

Materials and Methods

The study included a group of patients (n=86) aged
from 27 to 83 years with a mean age of 53.2 years, who had
been exposed to surgical interference and developed a bac-
teriologically proven pulmonary infection (Table 1). The
group was split into sub-groups of patients depending on
presence of ARDS, septic shock, and a combination of
ARDS and shock. Septic shock was evaluated according to
the Surviving Sepsis Campaign criteria [18, 19]. ARDS
development and severity was assessed according to the
guidelines developed in the V.A. Negovsky Institute of
General Reanimatology [20—24].

Patients unresponsive to pulmonary edema treatment
were characterized based on the dynamics of extravascular
lung water index (EVLWT) during a week:

1. Negative dynamics: EVIWI increase by more than
2 mk/kg within 7 days in spite of delivered treatment;

2. Without significant dynamics: no EVLWI decrease
to the normal level (less than 10 ml/kg) within 7 days in
spite of delivered treatment;

3. Without significant dynamics — in the group of the
most severe pulmonary edema. No EVIWI decrease by 2
ml/kg and over at initial level of 10 ml/kg and over within
7 days in spite of delivered treatment [25, 26].

Patients classified under one of the three above-listed
categories were considered unresponsive to treatment.

www.reanimatology.com
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TaGauna 1. XapakTepucTHKa HO30JOTHYECKON CTPYKTYPbI TEHOTUIMPOBAHHBIX OOJIBHBIX.

Table 1. Nosologic structure of genotyped patients.

Diagnosis or Complication

Number of patients with different genotypes

NRF2 rs6726395, n (%)

TLR9 rs352162, n (%)

GG AG, AA CC CT, TT
Pancreonecrosis 5(38.5) 8 (61.5) 4 (30.8) 9 (69.2)
Peritonitis 6 (42.9) 8(57.1) 5(35.7) 9 (54.3)
Pleural empyema 1(25) 3(75) 1(25) 3(75)
Community-acquired pneumonia 3 (50) 3 (50) 0 6 (100)
Malignant neoplasms, including: 9 (30) 21 (70) 11 (36.7) 19 (63.3)
Intestine cancer 1(16.7) 5(833) 3 (50) 3 (50)
Stomach cancer 1(33.3) 2 (66.7) 1(33.3) 2 (66.7)
Biliary tract cancer 1(33.3) 2 (66.7) 2 (66.7) 1(33.3)
Esophageal cancer 1(14.3) 6 (85.7) 2(28.6) 5(71.4)
Bladder cancer 3 (60) 2 (40) 2 (40) 3 (60)
Prostate cancer 0 2 (100) 1(50) 1 (50)
Lung cancer 2 (66.7) 1(33.3) 0 3 (100)
Liver cancer 0 1 (100) 0 1 (100)
Purulent complication of wound 1(100) 0 0 1(100)
Appendicitis 0 2 (100) 0 2(100)
Abscesses 3 (50) 3 (50) 3 (50) 3 (50)
Mediastinitis 1(20) 4 (30) 3(60) 2(40)
Hemorrhage 1(100) 0 1 (100) 0
Phlegmon 1 (100) 0 1 (100) 0
Mitral valve prolapse 1(100) 0 0 1(100)
Pyelonephritis 1 (100) 0 1(100) 0
Adhesive obstruction 0 1(100) 1 (100) 0

IIpumeuanue. Diagnosis or Complication — gnartos wiu oci0KHEHIE; Pancreonecrosis — MaHKpeoHeKpos; peritonitis — nepuronur; pleur-
al empyema — smmuema 1IeBphr; community-acquired pneumonia — BHeGobHIYHAS THEBMOHMS; malignant neoplasms, including — 3m0-
KayecTBeHHbIE HOBOOGPA30BaHIisl, B TOM YKCJI€; intestine cancer — pak KulleyHnka; stomach cancer — pak skesyzika; biliary tract cancer —
PpaK JKeTIHBIX TTPOTOKOB; esophageal cancer — paxk mummeBoza; bladder cancer — pak MoueBoro mysbipst; prostate cancer — pak poctaTsr; lung
cancer — pak Jierkoro; liver cancer — pak nedenn; purulent complication of wound — ruoiinoe ocioxxuennst paubr; appendicitis — arnenu-
uT; abscesses — abcrecent; mediastinitis — meaunactuanT; hemorrhage — kposoreuenue; phlegmon — duermona; mitral valve prolapse —
TPOJIATIC MUTPATBHOTO Kiamana; pyelonephritis — mesonedpur; adhesive obstruction — cmaeumnast Hempoxomumocts; number of patients —
uncso 6osbHbIX (Takske s Tabur. 2); with different genotypes — ¢ pasmuHbIMU TEHOTHITAMME.

1. OrpumarenpHas AMHAMWKA: yBeJIMUeHUE 3HAUe-
nusa MBCBJI Gosee yem Ha 2 M/Kr 3a 7 AHEH, HECMOTPS
Ha IPOBOIUMOE JICUCHHE;

2. DBes cymiectBeHHOI JMHAMUKN: OTCYTCTBHUE CHU-
skennst UBCBJI o Hopmasbroro yposHst (Menee 10 mi/Kr)
B TedeHue 7 JHel, HeCMOTPS Ha IIPOBOIMMOE JICUCHHUE;

3. Dbes cymectBennoli tnHaMuKu — B TPYIIe HaW-
GoJiee BBIPAKEHHOTO OTeKa JierknxX. OTCyTCTBUE CHIKE-
Hust UBCBJI Ha 2 mut/kr 1 GoJiee 1Py HAYaJIbHOM YPOBHE
10 mur/kr m Gostee 3a 7 Hel, HECMOTPS Ha TIPOBOIMMOE Jie-
yenue [25, 26]. Pe3ucTeHTHBIMU K JIEUEHUIO TTPU3HABAJIN
GOJILHBIX, OTHOCSIIIUXCST K O[HON U3 TPEX MePEeUNCICHHBIX
KaTeropuii.

TsrecTb coCTOstHUST GOJIBHBIX, CTENEHb OBPEKICHUS
JIETKUX, PA3BUTHE HO30KOMUATBHON ITHEBMOHUU, BOCHIAJIN-
TEJBHBIX IPOIECCOB OLEHWBAIM 110 COOTBETCTBYIOIINM
mkanam (APACHE 11, Murray, CPIS u 1.1.) cormnacuo pe-
KOMeH/lyeM Kpurtepusim [25, 27, 28].

JIHK 17151 reHOTUTIMPOBAHUS BBIJIETSIN W3 TIEJTBHOMN
KpoBH ¢ nomomipio Habopos Diatom DNA Prep 200, cormmac-
HO npusiaraemoii unerpykuuu (OO0 «Jlaboparopust 130-
ret»). Mndopmarus o mosmmopdusme u pacripesiesieHui
YacTOT TEHOTHUTIOB B eBporeonHoi nomyssiiiun SNP NRF2
6726395 u TLRI rs352162 B3sita U3 myOIMIHO JOCTYITHOI
Gaspr annbix caiita NCBI [29]. Ha ocHoBauny 1aHHbIX Gbi-
JIV CUHTE3UPOBaHbI TipaiiMepst 17ist NRF2 1s6726395:

1. IIpsamoii BHemnwmii (Fy) —

5°- TGCAACTGAAGCAATTTAGG — 37,

The severity of patients' conditions, the degree of pul-
monary lesion, development of nosocomial pneumonia,
inflammatory processes were evaluated according to
appropriate scales (APACHE 1I, Murray, CPIS etc.)
according to the recommended criteria [25, 27, 28].

DNA for genotyping was isolated from whole blood
with the aid of Diatom DNA Prep 200 sets according to
manufacturer's protocol (Laboratory Izogen LLC). Data
on polymorphism and distribution of genotype frequencies
in the Caucasian population for SNP NRF2 rs6726395 and
TLRY 1s352162 was taken from the public database of
NCBI website [29]. On the basis of data, thr following
primers for NRE2 rs6726395 were synthesized:

1. Forward external (F,) —

5°- TGCAACTGAAGCAATTTAGG — 37,

2. Reverse external (Ry) —

5°- CTCATTATTATCCATTGGCCTG — 37,

3. Forward internal (F,) —

5 -ATTATTCCATCCTACCCAAGCA-3",

4. Reverse internal (R,) —

5°- TTGATCCACTAACATCTGTAC- 3".

For TLR9 rs352162:

1. Forward external (F,) —

5'- CTGAGATAGTGGTGCGCGGCT-3",

2. Reverse external (R;) —

5" - CCACTGTTGAGTGGCTCTGA-3,

3. Forward internal (F,) —

5°- GAAGGTCCACCAGGAACTGCT-3",

OBINAA PEAHMMATOAOTI WS, 2016, 12; 4
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2. OGparnbiii Baemnuii (R;) —

5- CTCATTATTATCCATTGGCCTG — 37,

3. Ilpawmoit Buytpennwuii (F,) —

5 - ATTATTCCATCCTACCCAAGCA-3",

4. OG6parubiii BuyTpennuii (Ry) —

5 - TTGATCCACTAACATCTGTAC- 3".

Jlnst TLRY rs352162:

1. IIpsawmoii Bentamii (F;) —

5- CTGAGATAGTGGTGCGCGGCT-3",

2. Ob6parnbiii BHermHuil (Ry) —

5 - CCACTGTTGAGTGGCTCTGA-3,

3. Ilpawmoii Buytpennwnii (Fy) —

5- GAAGGTCCACCAGGAACTGCT-3",

4. OGpatHbiil BHyTpenHuil (R,) —

5" - ATTGCCAGGCCCACCCTCCG- 3°

lenoturnuposanue [IHK mpoBoauu ¢ momoinbio tet-
parpaiiMepHoil 1osimMepasHoil nenHoi peakuuun (I1I1P)
[30]. IIpuaIm MeToa CoIeYIONINIA: /IBE TIApPhI TPAaiiMepoB
B OJIHON MPOOKPKE OJAHOBPEMEHHO aMILUIH(GHUIUPYIOT 06a
aJuiesist — MyTaHTHBIH U HOPMAJIBHBII, a TaKXKe KOHTPOJIb-
et pparment [JHK [31—35]. Oxma mapa mpaiimepos
(upsiMOIl BHYTpeHHUI 1 0OpaTHbIN BHEIIHUIT) aMIuingu-
[MPOBAJIA O/IMH AJIJIeJIb, TOT/IA KaK BTOpAasi Mapa 1paiiMepoB
(BHEIHWI TIPAMON M BHYTPEHHUIT 00paTHBIN) — IPYTOii.
[IpsiMoii BHeImHKI 1 0OpaTHBINA BHENIHUIT IpaiiMepbl aMIl-
JsndunnpoBaai KOHTpoJibHbIN dparment JHK.

Amnesib-cieninuyHble AMIIJIMKOHBI UMEJIM PasHble
JUIUHBL U OIIpe/leJISIICD C IIOMOIIBIO Iefib-ay1eKTpodopesa.
Amnenp-crierududeckyto TP npoBoanan B nporpammu-
pyemom tepmoctate GenAmp 9700 (Applied Biosystems,
CIIIA). VcionbaoBanu ciemytoniye pesKuMbl TOCTAHOBKA
ITIP: mist NRF2 rs6726395: Tn — 95°C, 30 ¢, To — 61,4°C,
30 ¢, Ts — 72°C, 30c (32 nukna), To — 72°C ¢ nocsenyio-
el nposionranueit npu 72°C B Te4eHUU 7 MUHYT; IS
TLRY rs352162: Tn — 95°C, 30 ¢, To — 64,2°C, 30 ¢, Ta —
72°C, 30c (32 nukia), Ta — 72°C c nocJieayionieii mpoJsion-
rareit pu 72°C B TedeHWN 7 MUHYT.

[TpomykTsl aMIINGUKAIINN Pa3/essIl ¢ TIOMOIIBIO
aekTpocopesa B 2% arapo3HOM TeJie ¢ TTOCTeYIONIEH BU3Y-
anm3arueii pe3y asraTos B mpoxosiiieM YD-ceete (puc. 1).
Pacnpenesienne 4acTor ajuieseil Ha COOTBETCTBHE 3aKOHY
Xapzau-Baiinbepra 1posepsiin ¢ moMolbio Tecra x°. B uc-
CJIeIOBAHUY CPABHUBAJIM YACTOTHI TOMO3UTOT € OCTAJIbHBI-
M TEHOTUTIAMU B IpyIax 6osbHbIX. CTemneHb acconnanmm
FeHOTHIIOB ¥ 3a00JIEBAHUN XapaKTePU30BAIM € TOMOIIBIO
nokasaresst coornonrerns mancos (OR, odds ratio u 95-
MPOIIEHTHBIE JIOBEpUTEIbHbIC MHTepBasibl). CraTtucruyec-
Kyi0 00pabOTKy OCYIIECTBIISIA TIPU TIOMOIIM [TPOTPAMMBbI
InStat GraphPad (GraphPad Software Inc., La Jolla, CA,
USA): qist iporiopiiuii mpuMeHsiin TouHbiit Metoz Duiie-
pa (TM®), 1yt KOTMYIECTBEHHBIX TTOKa3aTesel (B 3aBHUCH-
MOCTH OT XapaKTepa paclipefieJIeHusI IoKa3arteseil) — Kpu-
tepuil Manna-YutHu wuiu  kpurtepuit ¢ CrbrojgeHTa.
JlocroBeprbiMu cuntasn passnaust npu p<0,05.

Pe3yabraThl 1 00CYK/IEHHE

Pacrnipe/iesieHust 4acToT B BIGOPKE GOJNBHBIX 110
SNP NRF2 rs6726395 cocrasuimmn: AA — 10,5%, AG
—51,2%, GG — 38,3% (N=86), 4TO COOTBETCTBOBA-
Jo 3akony Xapau-Baiin6Gepra (x*=1,035, p=0,309)
(puc. 2, a). Pacnpenenenust 4actoT B rpyiie 60Jb-
upix 1m0 SNP TLR9 rs352162 cocraBuaun: CC —

M LRl A CLT 25 IC/E

ey sagwes C

Puc. 1. dnekrpodoperpaMmma npoaAyKTOB aMILTH(UKAIUH.

Fig. 1. Electrophoregram of amplification products.

Note. a — NRF2 rs6726395. K — amplification control, 401 bps,
G — allele G, 275 bps, A — allele A, 168 bps. b — TLR9 rs352162.
K — amplification control, 360 bps, C — allele C, 232 bps, T —
allele T, 168 bps.

Ipumevanne. a — NRF2 rs6726395. K — koHTpoJib amMimpuka-
umn, 401 1., G — amnens G, 275 1., A — annens A, 168 1. b —
TLRY 1s352162. K — konrpous amimdukanuu, 360 .., C — ai-
aeab C, 232 m.u., T — amnens T, 168 m.m.

4. Reverse internal (R,) —
5 - ATTGCCAGGCCCACCCTCCG- 3°

DNA genotyping was conducted using tetraprimer poly-
merase chain reaction (PCR) [30]. The principle of the tech-
nique is as follows: two pairs of primers in one test tube con-
currently amplify both alleles, the mutant one and the normal
one, as well as control DNA fragment [31—35]. One pair of
primers (forward internal and reverse external) amplified one
allele, the second pair of primers (forward external and reverse
internal) amplified the another allele. Forward external and
reverse external primers amplified control DNA fragment.

Allele-specific amplicons were of different lengths and
were identified using gel electrophoresis. Allele-specific
PCR was performed using the programmable thermostat
GenAmp 9700 (Applied Biosystems, USA). The following
PCR setting modes were employed: for NRE2 rs6726395:
Td — 95°C, 30 sec, To — 61.4°C, 30 sec, Te — 72°C, 30 sec
(32 cycles), Te — 72°C followed with extension at 72°C for
7 minutes; for TLR9 1s352162: Td — 95°C, 30 sec, To —
64.2°C, 30 sec, Te — 72°C, 30 sec (32 cycles), Te — 72°C
followed with an extension at 72°C for 7 minutes.

The amplification products were separated using elec-
trophoresis in 2% agarose gel with subsequent UV trans-
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Puc. 2. Pacnpezenenue GOJbHBIX MO YACTOTAM T€HOTHIIOB 11O
CPaBHEHHUIO C IAHHBIMU MOMYJISIIUOHHBIX MCCIIEI0BaHUIT YacToT
BCTpeyaeMocTH (TpyIna CpaBHEHHs ).

Fig. 2. Patient distribution by genotype frequencies versus
population-based studies of frequencies occurrence (the con-
trol group).

Note. a — NRF2 rs6726395. Comparison versus the Caucasian
population data (control): AA — P=0.009, AG — P=0.211, GG —
P=0.422. b — TLR9 rs352162. Comparison versus the Caucasian
population data (control): CC — P=0.011, CT — P=0.006, TT —
P=0.642. The control group included the data from publicly avail-
able data from studies in the Caucasian population
(http://www.ncbi.nlm.nih.gov/projects/SNP).

Ipumeuanune. a — NRF2 rs6726395. CpaBHeHue ¢ JaHHBIMU 110
esponeoninoii momyssun: AA — P=0,009, AG — P=0,211, GG —
P=0,422. b — TLR9 1s352162. CpaBHeHue ¢ JJaHHBIMU 110 €BPOTIe-
ounnonn nomnyssaiun: CC — P=0,011, CT — P=0,006, TT —
P=0,642. Tpymma cpaBHeHUsT — JaHHble MyOIMIHO JOCTYITHBIX HC-
cIIe/I0BaHUI B €BPOTIEOUTHOT HOIY AT
(http://www.ncbi.nlm.nih.gov/projects/SNP). Patients — 6oJib-
Hble (Takxe [uist puc. 4, Tabi. 4); control group — rpyrnma cpaBHe-
Hus; genotypes — reHoTuIs; frequencies — yactorsl (Takke Jist
puc. 3, 5, 6; Tabu. 2, 4).

36,1%, CT — 34,9%, TT — 29,1% (n=86), uto He co-
oTBeTcTBYyeT 3akoHy Xapsu-Baitabepra (p=0,006)
(puc. 2, b). TIpu4uHBI JTAHHOTO PACXOKIEHUST HEU3-
BECTHBI, MTO-BUAUMOMY, 3((PEKT CBSA3AH C CEJNCKTUB-
HOCTBIO BBIOOPKH. TlosIydeHHbIe JaHHDIE HECKOJIBKO
OTJIMYAIOTCST OT TPYIIIbI CpaBHeHust (puc. 2, b), 4to,
BO3MOXKHO, SBJSETCH PE3YJBTATOM OTHOCHUTEIHHO
HeGOJIBIIIOTO pasMepa BhIOOPKH.

mittive imaging of the results (Fig. 1). Distribution of alle-
les frequencies for compliance with Hardy-Weinberg equi-
librium was evaluated by x* test. The study compared the
frequencies of homozygotes versus other genotypes in
patient groups. The degree of association between geno-
types and diseases was characterized using the odds ratio
(OR) and 95-percent confidence intervals. Statistic pro-
cessing was perofrmed using InStat GraphPad (GraphPad
Software Inc., La Jolla, CA, USA): for binary values, the
Fisher's exact test (FET) was employed; for quantitative
values, Mann-Whitney test or Student's ¢-test were
employed depending on distribution of variables.
Differences between groups (subgroups) were considered
significant at P<0.05.

Results and Discussion

Frequencies distributions of SNP NRF2
rs6726395 in patients were: AA — 10.5%, AG —
51.2%, GG — 38.3% (n=86), which corresponded to
the Hardy-Weinberg equilibrium (y3*=1.035,
P=0.309) (Fig. 2, a). Frequencies distributions of
SNP TLR9 rs352162 in patients were: CC — 36,1%,
CT — 34,9%, TT — 29,1% (n=86), which did not cor-
respond to the Hardy-Weinberg equilibrium
(P=0.006) (Fig. 2, b). The reasons for this disagree-
ment are unknown; the effect seems to be related to
sample selectivity. The data obtained somewhat dif-
fer from the comparison group (Fig. 2, b), which
might result from the relatively small sample size.

About a half of all patients (n=41) were patients
with septic shock. From the 11 patients with septic
shock among carriers of allele NRF2 GG (rs6726395),
10 died and only one survived. For the other 30 patients
with septic shock the figures are 11 and 19, respective-
ly. The data on Fig 3 demonstrate significantly higher
mortality rate in septic shock patients with genotype
NRF2 177238501A>G GG compared to septic shock
patients with genotypes NRF2 177238501A>G AA, AG
(OR=17,21, P<0.004, FET). Specificity was 0.950
(0.751—0.999), sensitivity was 0.476 (0.257—0.702),
positive predictive value (PPV) 0.909 (Fig. 3).

Groups of patients were identified, who
responded to treatment differently (see Materials
and Methods). The patients relatevily unresponsive
to the treatment during the first week of treatment
accounted for less than a half of the group (Table 2).

In the general group of patients, no reliable differ-
ence based on EVIWT values between different patients
with different genotypes of NRF2 was found (Fig. 4, a).
However, in patients of NRF2 177238501A>G GG
genotype, EVIWT values were reliably increased on day
7 of treatment compared to the first day of treatment.
The same regularity was discovered among patients
with genotype NRF2 177238501A>G GG and septic
shock. Patients without septic shock tended to have
higher EVIWT values (Fig. 4, b).

The data demonstrate that it is NRF2
177238501 A>G GG genetic variant that is associat-

OBINAA PEAHMMATOAOTI WS, 2016, 12; 4

www.reanimatology.com

13



14

. Original Observation

DOI:10.15360,/1813-9779-2016-4-8-23

Ta6imua 2. CpaBHenue yncia 60JbHbIX pa3au4yHbiX reHoTunoB NRF2 rs6726395 no kpurepuio yyBCTBUTEIbHOCTH K Jie-

YEHHUIO.

Table 2. Comparison of the Number of Patients of Different Genotypes of NRF2 rs6726395 Based on Responsiveness

to Treatment.

Genotypes Number of Patients, n (%)
All Septic Shock
Responsive Unresponsive Responsive Unresponsive
NRF2 177238501A>G GG 15 (45,5) 18 (54,5) 1(9,1) 10 (90,9)
NRF2 177238501A>G AG, AA 34 (64,2) 19 (35,8) 19 (63,3) 11 (36,7)
P (PFM) >0.05 0.0036
OR 17.273

IIpumeuanue. All — Bee; septic shock — cenmuecknii mok (taxske st puc. 4, 5; 1abi. 3, 4); responsive — 4yBCTBUTEIbHbIE K JIEYCHHIO; UNTe-

SpPONSive — Pe3UCTEeHTHBIE K JICYCHHUIO.

0O Dead M Survived
Genotypes

ner2ac,an N ]

NRF2GG [l |

0 50 100
Frequency, %

Puc. 3. BookuBaeMOCTb NPH CENTHYECKOM LIOKE Y GOJBHBIX C
pasiauunbiMu reHorunamu NRF2 rs6726395 (OR=17,21,
P=0,004, n=41).

Fig. 3. Septic shock survivability in patients having different
genotypes NRE2 rs6726395 (OR=17.21, P=0.004, n=41).
IIpumevanue. Survived — BoukuBime; dead — ymepie.

OxoJio moioBUHBL Beex GosbHBIX (n=41) co-
CTaBJsIIU OOJIbHBIE ¢ cenTrudeckuM 1mokom. Cpean
11 GONBHBIX € CENTUYECKUM IIOKOM U3 HOCUTEJen
autesis NRF2 GG (rs6726395) ymepau 10, BbiKuI
TOJIBKO ofiuH 60sbHON. Cpenn octanbHbiX 30 60JIb-
HBIX ¢ cenrTudeckuM mokoMm — 11 u 19 coorBeTcTBEH-
Ho. [Tosryyennbie nannbie yKa3pIBAIOT HA CYIIECTBEH-
HOE YBeJIMYEHUE JIETAILHOCTH CPeAnd OOJNBHBIX C
CENTUYCCKUM IIOKOM reHoTuIIa NRF2
177238501A>G GG 1o cpaBHEHUIO ¢ OONBHBIME C
mokoMm renotunioB NRF2 177238501A>G AA, AG
(OR=17,21, p<0,004, TM®). IIpu arom creruduy-
Hocth coctaBuaa 0,950 (0,751—0,999), uyscTBU-
teapHOCTH — 0,476 (0,257—0,702), MOT0KUTENbHOE
nporunoctudeckoe 3Hadenue (PPV, Positive
Predictive Value) — 0,909 (puc. 3).

Bbuin Bbijie/IeHbI TPYIIITBI OOJBHBIX, TIO-PA3HOMY
pearupyiomux Ha Jiedernue (cM. Marepuasisl 1 MeTO-
Jibl). Pe3ucTeHTHBIE K JIeYeHII0 OOBHBIX COCTABIISLIN
MeHbIIIE TTOJIOBUHBI U3 Beeil BBIOOPKH (TabJL. 2).

B o61ieii rpyiitie 60JIbHBIX JOCTOBEPHBIX OTJIU-
unii o okazaresto TBCBJI mesk iy pasHbIME 6OJIb-
HBIMU C  Pa3JMYHBIMU  reHoTunamu  NRF2
177238501A>G obGuapysxkeHno He ObuTO (puC. 4, Q).
Opnakxo, y OGompHbBIX ¢ reHotunoM NRF2
177238501A>G GG mnoxkazaresin MUBCBJI mocto-
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14
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E 12
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N
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4 —— All patients
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0
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Puc. 4. Tunamuka usmenennst UBCBJI y 6osbHbix Ha 1—7 quu
JlevyeHus.

Fig. 4. EVLWI dynamics in patients on days 1—7 of treatment.
Note. a — Patients with different genotypes NRF2; b — Patients
with genotype NRF2 177238501A>G GG

IIpumeyanne. a —Bosbusie ¢ pazimaasivMu renotunamu NRF2; b
— Gosbabie ¢ renotunoM NRF2 177238501A>G GG. EVIWI —
MNBCBJI; day of treatment — cyrku sedenns; with/without —
¢/6e3 (Takke aas TabL. 3, 4).

ed with development of unresponsive edema, i.e. that
group of patients is prone to unfavorable course of
septic shock despite the intensive care.

Comparison of two groups of patients (NRF2
177238501A>G  GG-positive  versus  NRF2
177238501 A>G GG-negative) found no difference in
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Ta6amua 3. Cpenuue 3navenus no mkajie APACHE II y Gosbubix ¢ pasnnunbivu renotunamu NRE2 (£ crangapraoe

OTKJIOHEHHE).

Table 3. Mean APACHE II Values in Patients with Different NRF2 Genotypes (* standard deviation).

APACHE II Values in patients groups

all with septic shock without septic shock
NRF2 NRF2 NRF2 NRF2 NRF2 NRF?2
177238501 177238501 177238501 177238501 177238501 177238501
A>G GG A>G AG, AA A>G GG A>G AG, AA A>G GG A>G AG, AA
15,57+0,91 14,79+0,53 17,64+1,52 14,57+0,72 14,54+0,95 15,09+0,87
P>0.05, n=86 P=0.027 (t-test), n=41 P>0.05, n=45

Note. Mean APACHE 11 scores and mean errors are shown.

IIpumeuanue. Values in patients groups — sHauenust B TpyIiax 60abHbIX. [Ipegcrabienst cpeme 3nadenist 6amios 1o mkane APACHE 11

¢ OmMOKOI CPeTHeTO.

Ta6auua 4. Pacnpenenenne yactor redotunos NRF2 177238501 A>G cpeay GObHBIX ¢ HO30KOMHAIBHOI THEBMOHMEH

1 0e3 pa3BUBIIEACA HO30KOMHAILHON THEBMOHHUH.

Table 4. Distribution of NRF2 177238501 A>G Genotypes among Patients Who Developed Nosocomial Pneumonia

and Who Did Not Develop Nosocomial Pneumonia.

Genotypes

Patients

With Nosocomial Pneumonia

Without Nosocomial Pneumonia

NRF2 177238501A>G GG, (%) 16 (48.48)

17 (51.52)

NRF2 177238501A>G AG, AA, (%) 31 (58.49)

22 (4151)

Note. P=1.000 (FET).

IIpumeuanue. P=1,000 (TM®). Nosocomial Pneumonia — ro3okoMuajibHas MHEBMOHUSA (TaksKe /st puc. 6).

BEPHO MOBBIINAJINCH HA 7-11 JIeHb JIeUeHUsI 110 CpaBHe-
HUIO C TIEPBBIM JIHEM JIeUeHMsI. ITa 3aKOHOMEPHOCTD
Hanbosiee ObLTa BBIPAKEHA Y OOJIBHBIX C CEITUYEC-
KHMM IIOKOM. Y GOJIbHBIX 6€3 CeNTHYECKOro ImoKa 00-
Hapy/kKeHa TEHJEHIMS K IOBBIINIEHUIO YPOBHSI
MNBCBJI (puc. 4, b).

[lonyuentble paHHble YKa3bIBAIOT HA TO, YTO
umenno nasmune renotuna NRF2 177238501A>G GG
y OOJIBHBIX aCCOIMUPOBAHO C PA3BUTHEM OTEKA JieT-
KUX, PE3UCTEHTHOIO K JIEYEHUIO, T. €. JAHHAS TPYIIa
GOJIBHBIX XAPAKTEPHU3YETCST MPEAPACIIONOKEHHOCTHIO
K HeOJIaronpusiTHOMY TEYEHUIO CEMTUYECKOTO IOKa
HECMOTPsI HA IPEIIPUHSITOE UHTEHCUBHOE JiedeHue.

ITpu cpaBHeHuu AByX Tpymil 6osbHbIX (NRF2
177238501A>G GG-nonoxkutenbupix u  NRF2
177238501A>G GG-orpuiiaTeibHbIX) PA3IUIMil 10
mkase APACHE II me 6bL10 BbigaBiaeno. OpHaxo,
cpeu OOJIBHBIX ¢ CENITHYECKUM [IIOKOM Yy HOCUTEIEN
renotutia NRF2 177238501 A>G GG ormeuennt 60-
Jiee BbicOKue 3Hauvenus 1o mkajie APACHE 11
(p=0,027) (tab.. 3). TeHpeHIMSA K HOBbIIIEHNUIO 3HA-
yennit o mkane APACHE 11 y nHocuresieit renotuma
NRF2 177238501A>G GG nabuofanach B rpyiie
Bcex OOJIBHBIX, TOT/IAa KaK B IPyIIie OOJIbHBIX O€3 cell-
TUYECKOI'O LIOKA TeHeHIMs Oblia oOpaTHasi.

Takum 00pa3oM, MOBBIIIEHHAS JIETATHHOCTD
GOJIBHBIX € CENTUYEeCKOM HIOKOM reHotuna NRF2
177238501A>G GG wmosxer ObITh 00yCJIOBJIEHA
GOJIBIIEN CTEMEHBIO TSKECTU KIMHUYECKUX TIPOSIB-
stiennii o mkane APACHE.

Yacrorel renotunoB NRF2 177238501A>G
(GG, GA, AA) y 60JIbHBIX ¢ Pa3BUBIIEHCS HO30KO-

APACHE 1I values. However, in a subgroup of
patients with septic shock higher APACHE II values
were noted in patients with NRF2 177238501A>G
GG genotype (P=0.027, Table 3). The trend to exhib-
it higher APACHE 11 values in NRF2 177238501A>G
GG genotype patients was observed in the group of
all patients, however, in a subgroup of patients with-
out septic shock there was an opposite trend.

Therefore, increased mortality of patients with
septic shock who have NRF2 177238501A>G GG
genotype may be caused by higher severity of clinical
manifestations according to APACHE.

The frequencies of NRF2 177238501 A>G (GG,
GA, AA) genotypes in patients with developed noso-
comial pneumonia and without pneumonia did not
differ (Table 4).

Thereby, the association between the allele G
(177238501A>G) of NRF2 locus in homozygous
state and unfavorable course and outcome was a fea-
ture of patients with septic shock rather than noso-
comial pneumonia.

The analysis of combinations of the alleles of
TLRY 52218953T>C and NRF2 177238501A>G loci
in critically ill patients showed that among 12
patients who were simultaneously homozygous both
in NRF2 177238501A>G (GG) and TLRY
52218953T>C (CC), the only one patient developed
septic shock (Fig. 5).

However, in patients with no combination of
alleles, almost half of patients had developed septic
shock (P=0.004 with a Bonferroni correction
because of a two-locus model).
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Puc. 5. PasButie cenTuyeckoro moKa y GOJbHbIX ¢ Pas3inyHbl-
mu renoruniam NRF2 177238501 A>G u TLR9 52218953T>C.
Fig. 5. Development of septic shock in patients with different
genotypes of NRF2 177238501A>G and TLR9 52218953T>C.
Note. P=0.004 with a Bonferroni correction because of a two-
locus model.

IIpumeuanue. p=0,004, ¢ yuerom nonpasku Bonferroni na mc-
M0JIb30BaHMeE JIBYX JJOKYCOB. No — HeT (TKaxke /st puc. 6).

MUAJIBHOI ITHEBMOHUEN 1 €3 ITHEBMOHUHU HE Pa3Jiv-
qauch (Tabu. 4).

Takum 06pa3oM, TOJBKO JIjist TPYII GOJBHBIX C
CENTUYECKUM IIIOKOM, HO He HO30KOMUATIBHO MHEB-
MOHUel, Oblia xapakrepHa acconuanust amienun G
NRF2 177238501 A>G B roMO3UTOTHOM COCTOSTHUU C
HeOIATONPUSATHBIM TEYEHUEM U UCXOJOM.

IMpu usyuenun xomOGuHarmu ajuieseit TLR9
52218953T>C u NRF2 177238501 A>G y 60JIbHBIX €
KPUTHUYECKUMU COCTOSTHUSIMU ObLIO OOHAPYIKEHO,
410 13 12 GOJIbHBIX, OJIHOBPEMEHHO TOMO3UTOTHBIX 1
no NRF2 177238501A>G (GG) u mo TLR9
52218953T>C (CC) T01bKO y 0IHOTO GOJIBHOTO Pas-
BUJICST CETITHUECKUI TIOK (puc. 5).

ITpu atom y OOJNBHBIX, He HECYIIUX IaHHOU
KOMOUHAIIMN aJljiesiel, CeNTHYECKHIT 0K Pa3BHIICS
y nosioBuHb 60JbHBIX (p=0,004, ¢ yueToM MOMpaBKu
Bonferroni #a ucroJsib3oBaHue ABYX JIOKYCOB). ITO
MO3BOJISIET 110JIaraTh, YTO KOMOWHAIUST aJijiesieit
NRF2 177238501A>G GG u TLRY 52218953T>C
CC y ofiaux 1 Tex ke OOJIbHBIX 3AIUIINAET OT Pa3BU-
THUSI CENTUYECKOTO 110K, [|pyriuMu cjioBamu, pu co-
yetauuu asneneilt NRF2 177238501A>G GG, «He-
GJIATOTIPUSITHBIX>  [IJIST  Pa3BUTHUSL  CENTUYECKOTO
moxka, ¢ TLRY 52218953T>C CC 1ok npakruyecku
He pasBuBaetcs. VIHTepeCHO, 4To yacToTa 3ab0JieBa-
€MOCTbI0 HO30KOMHUAJIbHOW IHEBMOHUEH cpeaun
6osibHBIX ¢ coveranueM ajuieieil NRF2 GG/TLR9
CC 06bLra HUKe, 4eM 'y OOJIbHBIX, He UMEIOIIUX TAKO-
ro couetanus ajieneit (puc. 6).

Tak, cpeau 12 Gosbhbix ¢ reHorunom NRE2
177238501A>G GG/TLR9 52218953T>C CC noso-
KOMUAJIbHAST ITHEBMOHUS Pa3BUJIACH JIUIIb Y TPeEX,
TOT/Ia KaK cpein OOJIbHBIX C [PYTUMU TEHOTUITAME —
y 44 w3 74, coorBercrBernno (OR= 0,227, p=0,032,
6e3 yuera momnpasku Bonferroni).

Takum  ob6pasom, amreaun GG NRF2
177238501A>G B TOMO3UTOTHOM COCTOSTHUHU OTIpe-
JEJSTIOT HeGJIATONPUSITHOE TeYUeHUE U MCXOJ[ CENTH-

Puc. 6. 3aGoeBaeMOCTh HO30KOMUAIBLHON THEBMOHHEN Y GOJIb-
HBIX ¢ pa3nuuHbiMu renorunamu NRF2 177238501A>G u TLR9
52218953T>C.

Fig. 6. Occurrence of nosocomial pneumonia in patients with
different genotypes in NRF2 177238501A>G and TLR9
52218953T>C loci.

This fact suggests that the combination of specific
alleles of two loci, NRF2 177238501 A>G GG and TLR9
52218953T>C C, in the same patient protects against
the development of septic shock. In other words, when
alleles NRF2 177238501A>G GG, which are 'unfavor-
able' for the development of septic shock, are combined
with TLR9 52218953T>C CC, shock is not developing.
Interestingly, the occurrence of nosocomial pneumonia
among patients with a two-loci combination of alleles
NRF2 GG/TLRICC (177238501A>G/ 52218953T>C)
was lower than among patients who did not carry that
combination of alleles (Fig. 6).

Fig. 6 demonstrates that in 12 patients with
genotypes NRF2 177238501A>G  GG/TLR9
52218953T>C CC only 3 patients developed nosoco-
mial pneumonia, whereas in patients with other geno-
types — in 44 of 74, respectively (OR=0.227, P=0.032,
without Bonferroni correction).

Hence, homozygous alleles GG NRF2
177238501A>G determine the unfavorable course
and outcome of septic shock and, to a lesser degree,
nosocomial pneumonia, but only in combination
with alleles TLR9 52218953T>C CT or TLR9
52218953T>C TT. However, the combination of
alleles TLRY 52218953T>C CC in the same patients
with the 'unfavorable’ variant NRF2 177238501 A>G
GG protects against the development of septic shock
and nosocomial pneumonia.

Interestingly, genotype NRF2 GG (rs6726395)
is associated with decreased risk of wet age-related
macular degeneration [14]. Since oxidative stress
plays a role in pathogenesis of this disease [36], one
can suppose that particularly this genotype is associ-
ated with increased production of NRE2, the master
regulator of the transcription activity of cellular
antioxidative enzymes. During oxidative stress,
NREF2 translocates into the nucleus and interacts
with the antioxidant response element (ARE) pro-
moter regions to increase gene expression [37].
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YEeCKOTO IMOKA M B MEHBIIEH CTeleHn — HO30KOMU-
AJTbHON MTHEBMOHUM, HO TOJBKO B COUETAHUU C aJLjie-
asmu - TLRY9  52218953T>C CT wumu TLRY
52218953T>C TT. IIpu aToM KOMOMHAIMS aJLjIeieit
TLR9 52218953T>C CC y onHuX U TeX Ke OOJbHBIX
¢ <«HebmaronpusiTHbIM»  BapuaHtoM  NRF2
177238501A>G GG 3amuiiaer ot pa3BUTHs CENTU-
YEeCKOTo 10Ka ¥ HO30KOMHUAIBHON ITHEBMOHUH.
WNurepecuo, uyto rtenotun NRF2 GG
(rs6726395) acconuupyercsi ¢ yMeHbIIEHUEM PUCKA
BO3HUKHOBEHUS BJIAKHOU (POPMBI BO3PACTHOI Jiere-
Hepaiuu cetdyatku [ 14]. ITockobKy OKUCTUTENbHBII
CTPECC UTPAeT POJib B IIATOTEHE3E HTOTO 3a00JIEBAHIIST
[36], MOXKHO TIPEATIONOKNUTD, YTO UMEHHO 3TOT TEHO-
TUIl aCCOIIMUPYETCsl C IIOBBIIIEHHON MPOAYKIMen
NRF2 — KJII09€BOTO PEryJsiTopa TPAHCKPUIITUOHHOM
AKTUBHOCTU aHTUOKUCJIUTETIBHBIX (PEPMEHTOB KJIET-
ku. Bo Bpems okucantenbHoro crpecca NRF2 TpaHc-
JIOIIUPYETCS B ANIPO U CBSA3BIBAETCS C IIPOMOTOPHBIMU
00J1aCTSIMU T€HOB aHTUOKCHJIAHT-4yBCTBUTEIHHBIX
anemenToB (antioxidant response elements, ARE),
YTO OmpenessieT MOBBIMIEHHYIO 9KCIIPECCUI0 TeHa
[37]. Cencuc compoBoxKAaETCS HEMOCTATOYHOCTHIO
AHTUOKCUIAHTHOM CUCTEMBI, YTO TIPUBOJIUT K COCTOS-
HUIO TIPOJOJKUTETbHOTO W HEKOHTPOJUPYEMOTO
OKHCJIUTEJBHOTO CTPecca U KIeTouHoi rubesu [38].
lenotunn NRF2 GG (rs6726395) accornumponan
C MaKCHUMAJbHBIM €KETOJHBIM MHaJieHueM oObeMa
(hopcupoBanHoro Boioxa y Kypuiabinmkos [39]. C
JIPYTOil CTOPOHDI, IAHHBINA TEHOTHIT CBSI3aH € OOJIb-
muM 00beMoM (hOPCUPOBAHHOTO BBIZIOXA 34 OJ[HY Ce-
kyHay [13]. I3amepeHust KOTMUecTBEHHBIX PA3IUUNii
ypoBHst skcrpeccun NRF2 y GOJIbHBIX Pa3JnuHBIX
FEHOTUIIOB TIO3BOJISIT MPUOIU3UTHCS K BHISICHEHUIO
MeXaHN3Ma acCOIMAIMK MOJUMOP(HBIX BApUAHTOB
NRF2 v Teyenus u ucxo/ia KPUTUUYECKUX COCTOSTHUI.
B sutepatype uMeroTCs JIaHHbIE O TOM, YTO Te-
Hetnueckwii Bapuant C B IPOMOTOPHOIT 00sracTu Te-
Ha NRF2 (-617 C/A) acconuupyercsi ¢ 60JIbIIei 9Kc-
npeccueii rena [40—42]. 3amena C na T B SNP NRF2
T336C MoxeT 3HAYUTENIBHO YMEHBITUTDH 3JKCIIPEC-
cuto rera NRF2 [43]. OpHako Mbl He OOHAPYKUIU B
JIUTEPAType MaHHBIX 00 ACCOIUAIUU KOJUYECTBEH-
HBIX ITapameTpoB aKciipeccun NRF2 u ucciemryemMoro
B Haieil pabore SNP (rs6726395) NRF2 B obsactu
mepBoro MHTpoHa. MOXKHO Tpeanosaratb, 4To ad-
(exr renorunra NRF2 177238501A>G GG B oTHo-
NIEHUU UCXO/IA CENITUYECKOTO MOKA ¥ PE3NCTEHTHOC-
TH K JICYEHUIO OTeKa JIeTKUX 00YCJIOBJIEH
HEPABHOBECHBIM CIIEIIJICHUEM JTAHHOTO WHTPOHHOTO
caiita ¢ JpyruMu IOJuUMOPGHBIMU caiiTaMu TeHa
(HampuMep, B poMOTOpHOIT obmactu NRF2), Hero-
CPEAICTBEHHO KOHTPOJUPYIOMUMHU  IKCIIPECCUTO
NRF2. Opnako, JaHHble, MOATBEPKIAAIONIE BHYTPU-
JIOKyCHOe HepaBHOBecHoe crenienne SNP NRF2
rs6726395 ¢ npyrumu SNP, orcyrersyior [39].
Hesb3st MCKIIIOYUTD U BO3MOXKHOU PeryJisiTop-
HOI pOJIM MHTPOHA, B KOTOPOM pactioyioskeH SNP, B

Sepsis is accompanied by anti-oxidant system insuf-
ficiency leading to continuous and uncontrolled
oxidative stress that results in cell death[38].

Genotype NRF2 GG (rs6726395) is associated
with maximum annual decrease of the forced expira-
tion volume in smokers [39]. On the other hand, this
genotype is connected with a larger forced expiration
volume per one second [13]. Measurements of quan-
titative differences in the level of NRF2 expression in
patients with different genotypes will allow getting
closer to defining the mechanism of influence of this
single nucleotide polymorphism on the course and
outcome of critical conditions.

There are reports that genetic variant C in the
promoter region of NRF2 (-617 C/A) gene is associ-
ated with higher expression of the gene [40—42].
Substitution of C by T in SNP NRF2 T336C may
considerably reduce expression of NRF2 [43].
However, we have found no published data on the
association between the quantitative parameters of
NREF2 expression and SNP (rs6726395) in the first
intron region of NRF2 studied in this work. It can be
surmised that the effect of genotype NRF2
177238501A>G GG on septic shock outcome and
unresponsiveness of lung edema to therapy is due to
non-equilibrium linkage of this intron site with other
polymorphic sites of the gene (for example, in the
promoter region of NRF2), directly controlling the
NRF2 expression. There are, however, no data con-
firming intra-locus non-equilibrium linkage of NRF2
rs6726395 SNP with other SNPs [39].

The probable regulatory role of the intron where
this SNP is located in gene expression cannot be
excluded. Tt is known that intron regions may partici-
pate in mRNA splicing and formation of secondary pre-
mRNA structures, thus affecting gene expression [44].
Other data suggest that different SNP alleles of NRF2
locus have a functional role in the regulation of NRF2
expression [40, 41]. Though this SNP is found in the
first intron of the gene, allelic variants did not correlate
with different levels of mRNA according to GENEVAR
database [45]. At the same time, GENEVAR uses data
obtained only in three types of cells (fibroblasts, lym-
phoblastoid cells andT cells). Therefore, one cannot
exclude that in alveolar macrophages, rs6726395
adversely affects the transcription activity of NRF2,
down-regulating the key enzymes of cytoprotection in
these cells [46]. Interestingly, in patients with chronic
obstructive pulmonary disease (COPD) the decreased
expression of NRF2 mRNA was found specifically in
macrophages [39, 47].

NRF2 gene product is an antagonist of the key
pro-inflammatory regulator, the transcription factor
NFkB. When the expression of NRF2 is increased, the
production of NFkB declines [48]. Since NFkB
evokes the inflammatory responses by innate immu-
nity cells, an increase in NRF2 expression might result
in reduced immune responses favoring the develop-
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SKCIIPeCCUn TeHOB. MI3BECTHO, YTO MHTPOHHbBIE 00JIa-
CTH MOTYT yd4acTBoBaTh B ciuraiicuire MPHK u B
opmupoBarr BTOpUYHBIX CTPYKTYp mpe-MPHK,
BJINSAS TE€M CAMbIM Ha 3KCIIPECCUIO T€HOB [44]. dtn
JTAHHbIC TTO3BOJIMJIN TIPEAIIOJIOKUATD, YTO PA3JUUHbIE
asten SNP NRE2 umerot (hyHKIMOHATBHOE 3HAYE-
Hue B peryssaiun arcnpeccunt NRF2 [40, 41]. Xors
Jnanubiii SNP HaxouTcst B IepBOM MHTPOHE TeHa, aJi-
JieJIbHbIC BAPUAHTBI HE KOPPEJUPOBAH C PA3JINIHbI-
mu yposasimu MPHK B cootBercTBun ¢ 6asoil jaH-
Heix GENEVAR [45]. Oxgnako B 6aze GENEVAR
UCTIOJB3YIOTCA JIAHHBIE, TTOJyYeHHbIE TTPU U3YYeHUN
TOJIBKO TPEX TUIIOB KJeTOK (hubpobractst, mMb0o06-
gacronzinbie 1 T-kuetkn). IloaTomy, He NCKIIOUEHO,
YTO B AJbBEOJIAPHBIX Makpodarax BapUaHT
rs6726395 HeraTUBHO BJIUSIET HA TPAHCKPUIIHOH-
HYI0 akTUBHOCTb NRF2, IPUBO/ISA K CHUKCHUIO B HUX
YPOBHS KJIIOUEBLIX (PePMEHTOB IIUTOTIPOTEKIIUN B yC-
JIOBUSIX OKCHZIAHTHOTO cTpecca [46]. inTepecHo, 4To
[PU XPOHUYECKOH OOCTPYKTHBHOU OOJIE3HU JIETKIX
(XOBJI) ormevaercs cHiskenune akcipeccuss MPHK
NRF2 umenno B Mmakpodarax [39, 47].

IIponykr rena NRF2 gBisgercsd aHTaroHUCTOM
KJTI0UEBOTO IPOBOCHAJIUTENBHOTO PETYAATOpa —
tpaHckpurimonHoro (akropa NFkB. TIpu moBbi-
HIEHHOM ypoBHe aKcripeccunt NRF2 cHUKaeTcs 1mpo-
nykimst NFkB [48]. Tak xak NFkB croco6erByer
Pa3BUTUIO BOCIIAJIMTENBHBIX PEAKI[Hil, 00YCIOBIEH-
HBIX aKTUBHOCTBIO KJIETOK BPOKJICHHOTO UMMYHUTE-
Ta, yBesandenue akcrpeccun NRF2 MOKeT TpUBECTH
K CHWDKEHUI0 UMMYHHOTO OTBETA, TIPEIPACIIOIaraeT K
PasBUTUIO MOJUOAKTEPUATLHON UH(MEKIUH, BKJIO-
yasi WH(EKINU, CBA3aHHbIC C OKa3aHUEM MEIUITIH-
cKOU moMoru (BHYTPUOOIbHUYHBIE HHPEKIUN) —
oJivH 13 HanuboJiee HeOIArONPUITHBIX (DAaKTOPOB TIPH
cernicuce. IloCKONbKY TIOBBIIEHHAS 9KCIIPECCHUS
NRF2 npuBOJUT K YMEHBIIEHNIO KOJTMYECTBA aKTUB-
ubix opm kuciaopoma (ADK) [49], cumwkenune ux
MPOAYKIIMY KJIETKAMU BPOKICHHOTO UMMYHHUTETA —
HeliTpoduiamu, Makpodaramu, IeHAPUTHBIMU KJIET-
KaMH, B MEHbIIEil CTelleHN 3alllUTUT OT OaKTepHuii
[50]. OT0 mpuBezseT K yBeIMUeHUIO GAKTEPUAIBHOIM
HATrPY3KH W YTSKEJEHUIO TEUYEHUS Celcuca BILIOTh
710 Pa3BUTUA CEIITUYECKOTO MOKA IO/l BO3/ICHCTBUEM
GOJIBIIETO KOJINYECTBA GAKTEPUAIBHBIX JHIOTOKCH-
HOB B IIUPKYJISAIINU.

Crieyer OTMETHTB, YTO JIEWKOIUTBI OOJBHBIX
reroruna TLR9 CC rs352162 mnpoayimpytot GoJibiie
DHOa 1pu cTuMyisiun GaKTEPUATHLHBIM JIUITOTO-
mucaxapuziom [10]. @HOa 3ammiaer ot pa3BuTHs
uHbEKIIMOHHOTO TIpoiiecca B jerkux [51]. NRE2, BbI-
CTynas He TOJBbKO B KAuecTBEe MHIYKTOPA aHTHOKCH-
JTAHTHOTO OTBETA, HO U KaK (haKTOp YCUJIEHUS IIPOTH-
BOBOCHATTUTEIHHON AKTUBHOCTU KJIETOK, MOKET
yCyryOUTh T€UEHUE CENTHYECKOTO MIOKA M CIOCOOCT-
BOBATh HEOJIATONPUSITHOMY HCXOAy [52—54]. MoskHO
10JIaTaTh, YTO UMEHHO MTO3TOMY TEHETUUECKUI Bapy-
ant NRF2 177238501A>G GG, npearnonoKuTenbHO

ment of polybacterial infection including healthcare
associated infection that is one of the most unfavor-
able factor in sepsis. Since increased expression of
NRF2 results in decreased quantity of reactive oxygen
species (ROS) [49], by the declined production of
ROS by innate immunity cells such as neutrophils,
macrophages, dendritic cells, would result in less pro-
tection against bacteria [50]. Enchanced bacterial
load may aggravate the course of sepsis up to the
development of septic shock due to increased bacter-
ial endotoxins in circulation.

It should be noted that leukocytes of patients
with TLR9 CC 1s352162 genotype produce more
TNFa when stimulated by bacterial lipopolysaccha-
ride [10]. TNFa protects against development of pul-
monary infection process [51]. NRF2, acting not only
as anti-oxidant response inducer, but as a factor inten-
sifying cellular anti-inflammatory activity, may aggra-
vate the course of septic shock and promote the unfa-
vorable outcome [52—54]. One can suppose this to be
the reason why the variant NRF2 177238501A>G
GG, by presumably promoting excessive anti-inflam-
matory activity, leads to excessive suppression of
immune responses followed by unfavorable course and
outcome of septic shock [55]. On the other hand, since
immune cells of the TLR9 52218953T>C CC patients
have a better infection protection potential, the com-
bination of genotypes NRF2 177238501A>G
GG/TLR9 52218953T>C CC is favorable during
infection complications in critical illness.

There may be additional mechanisms explain-
ing the discovered phenomenon. For instance, con-
tribution of TLR9 molecules in restoration of intes-
tine epithelium after treatment with sodium dodecyl
sulfate and cytoprotective modulation of production
of mitochondrial ATP in cardiomyocytes and neu-
rons has been shown [8, 44, 56]. These data suggest
that cytoprotective function of TLRY might also con-
tributes to proitection of cells from excessive cellular
stress in septic shock.

It cannot be excluded that the unfavorable
effect of GG NRF2 (rs6726395) alleles in patients
with critical illness and infection is caused by more
complex mechanisms of NRF2 expression activation.
On the one hand, transcription factor NRF2 induces
expression of antioxidant enzymes, protecting cells
from oxidative stress. On the other hand, there are
evidence that when a critical threshold of ROS con-
tent in the cell is is increasing up to a sertain critical
threshold, NRF2 stimulates expression of Kruppel-
like factor 9 (KLF9) transcription factor, which
results in further increase of ROS production and
cell death [57]. Tt cannot be excluded that the sup-
posedly increased activity of NRF2 in septic shock
patients of NRF2 177238501A>G GG (1s6726395)
genotype paradoxically leads to excessive produc-
tion of ROS, assisting development of more severe
MOF and lethal outcome. Interestingly, data analy-
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c11oco6CeTBYsT M30BITOUHOM TPOTUBOBOCITATIATEIBHOM
AKTUBHOCTH, TPUBOJUT K UBJIUIITHEMY IOJABJIEHUIO
UMMYHHBIX PEAKITUIT ¢ TOCJIEYOIIUM HEOIarOmpUsIT-
HBIM TEYEHNEM U MCXOIOM CETITUIECKOTO 1ToKa [55]. C
JIPYroil CTOPOHBI, TTOCKOJbKY HUMMYHHBbIE KJIETKH
6osbHbIX TLRY 52218953T>C CC HecyT Jsiydriuii m1o-
TEHIIUAJT 3aIUThI OT HHMEKIIK, KOMOUHAIUS TEHOTH-
noB NRF2 177238501A>G GG/TLR9 52218953T>C
CC sBisiercst GJaronpusiTHON PU UH(MEKITMOHHBIX
OCJIO’KHEHUSIX KPUTUYECKUX COCTOSTHIIA.

Bo3MOXHBI U OTIOHUTETHHBIE MEXAHU3MbI,
oOBsICHSIOMTIE OOHAPYKEHHDII (heHOMeH. Tak, moka-
3aH BKJaj MoJieKysl TLRY B BoccTaHOBJIEHUU STIUTE-
JIUSL KUIEeYHUKa 1ocjie 00paboTKU A0AeIICyIb(ha-
TOM HATPUS ¥ IUTONPOTEKTUBHON MOIYJISIIUN
MPOAYKIIMH MuToxoHapuaabHoit AT® B Kapanomu-
onuTax u Heiiponax [8, 44, 56]. [loatomy MoxHO 110-
Jlarath, 4To 1uTonporektuBHas ¢hyuking TLRY BHO-
CHUT CBOI BKJIajl B 3alllUTy KJETOK OT U30OBITOYHOTO
cTpecca MpH CENTUIECKOM IIOKE.

He uckioueHo, uto HeOJArOMPUSTHBIN 3-
dexr amreneit GG NRF2 (rs6726395) y G0JbHBIX ¢
KPUTHYCEKUMU COCTOSTHUSIMU U uH(beKuneid 00yc-
JioBJieH GoJiee CJIOKHBIMU MEXaHU3MAMU aKTHUBa-
uu akcnpeccun NRF2. C ofiHOI CTOPOHBI, TPaHC-
KpuniuonHeii  ¢axrop NRF2 unaynupyer
9KCIIPECCUI0 AHTUOOKCHIAHTHBIX (hEPMEHTOB, 3a-
MUIAs KJIETKH OT OKHUCJIUTeNbHOro crpecca. C
JIPYTOI CTOPOHDI, UMEIOTCSI IAaHHbBIE O TOM, YTO IIPU
JNOCTUKEHUHU OIMpPeNeIeHHOT0 KPUTHYECKOTO MOPOo-
ra conepxanusg ROS B kietke, NRF2 ctumynupyer
9KCIPECCUI0  TPAHCKPUIIUMOHHOTO  (hakTopa
Kruppel-mogo6uoro dakropa 9 (KLF9), uro mnpu-
BOAUT K [AJbHENIIeMy yBeJIMYEHUIO IIPOLYKIIUN
ROS u rubenu xnerku [57]. He uckiaoueHo, 4To
npezroJaraeMast HOBbIIIIEHHAS aKTUBHOCTD NRF2 'y
6oabHbix reHoruna NRF2 177238501A>G GG
(rs6726395) ¢ centuyecKuM MIOKOM apaIOKCATb-
HO MPUBOJUT K Ype3aMepHo# npoaykiuu ROS, cro-
cobcTByOIIEll pazBuTHIO OoJice BHIPAKEHHOI 1M0-
JIMOPTraHHON HEJIOCTATOYHOCTH U JIeTAJbHOMY
ucxony. MurepecHo, 4To aHaan3 AaHHBIX [TOKA3aJ
TEHJICHIIUIO K 00Jiee HUBKUM 3HAYEHUSIM 110 IIKaJIe
SOFA y 6Gosbabix ¢ KoMOuHanueil amieneir TLR9
52218953T>C CC NRF2 177238501A>G GG mno
cpaBHeHuio co 3HaueHusiMu SOFA y GOJbHBIX ¢
npyrumu reHotunamu (cpexnue 3nadenus SOFA
(co cranmapTHOl omnbKON) cocrasuim: 5,739 +0,4
B rpymnime GoibHbIX ¢ reHotunamu TLRY
52218953T>C CT, TT/NRF2 177238501 A>G AG,
AA u 4,9 +0,7 B rpynme GOJBHBIX € TEHOTHUIIOM
TLRY 52218953T>C CC/NRF2 177238501A>G
GG, coorerctBenno, P>0,05). 9Tu gaHHbIE TO-
TBEPIKAAIOT TOJIOKEHUE O TOM, YTO JaHHAST KOMOU-
HAI[Us SBJSETCS OJArONPUSTHOW [T TedeHUst
KPUTUUYECKUX cOocTosTHUU. [lampHelinine uccieno-
BaHUsI ¢ UCIOJb30BAHUEM OOJIBIIETO YHCJIA TATlH-
€HTOB MTOMOTYT TIOATBEPAUTH KINHUIECKOE 3HAYE-

sis has shown a trend to lower SOFA scores in
patients with a combination of TLR9 52218953T>C
CC / NRF2 177238501 A>G GG alleles compared to
SOFA scores in patients of other genotypes (mean
SOFA scores (including the standard error) equaled
to: 5.739 0.4 in the group of patients of genotypes
TLR9 52218953T>C CT, TT/NRF2 177238501 A>G
AG, AA, versus 4.9 £0.7 in the group of patients of a
genotype TLR9  52218953T>C  CC/NRF2
177238501A>G GG, respectively, P>0.05). These
data support the thesis that this composition is
favorable for the course of critical conditions.
Further investigations involving a larger number of
patients may confirm the clinical significance of this
combination for the course and outcome of critical
conditions.

Future studies of quantitative differences in the
level of expression of TLR9, molecular targets NRF2,
and other genes in the cells of septic shock patients,
differed by on allele variants of these loci, should
detail the mechanism of cytoprotection by combina-
tion of alleles in septic shock patients and determine
novel potential molecular targets to decrease the
unfavorable outcomes in infection-associated critical
illness.

Conclusion

The data suggest that allele variants NRF2
rs6726395 (177238501A>G) and TLRY rs352162
(52218953T>C) are candidate predictive markers of
the course and outcome of critical illness complicat-
ed by infection:

1) NRF2 177238501 A>G GG is associated with
higher mortality during septic shock compared to
carriers of genotypes NRF2 177238501A>G AG, AA;

2) NRF? 177238501A>G GG/TLRY
52218953T>C CC combination of genotypes pro-
tects against the development of septic shock and
nosocomial pneumonia.

The study was in part supported by RFBR
grant No.16-04-01541 (to V. M. Pisarev).

HUE JaHHOW KOMOWHAIIUU JIJIST TEYEHUs U UCXOJa
KPUTHYECKUX COCTOSTHUM.

Bymymue nceieoBanns KOTMYECTBEHHBIX Pa3-
JUYWH 10 ypoBHIO akcmipeccuu TLRY, MoJiekysp-
HBIX MuliieHelrt NRF2 v psija APYTUX TEHOB B KJIETKAX
GOJIBHBIX € CENITUYECKUM TIIOKOM, OTJIHYAIOIIUXCST TIO
AJJIEJIbHBIM BAPUAHTAM 9THX JIOKYCOB, TI03BOJIUT GO-
Jiee TOYHO BBIACHUTD MEXaHU3M ITUTOMPOTEKTUBHOTO
JeiicTBUS KOMOMHALIMU ajijiesieil TIPU CeNTHYECKOM
HIOKE U OIPE/ICIUTD HOBBIE TIOTEHIIMAIbHBIC MOJICKY -
JIAPHbIC MUIICHU, BO3/IEHCTBUE HA KOTOPbIE MTOMO-
JKET CHU3UTH HEOJIATONPUSATHBIE UCXObI KPUTHYEC-
KUX COCTOSTHUI, OCJIOKHEHHbBIX NUH(pEKITUEN.
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