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Ilens uccnenoBanus. OrnpenesnTh 3HAUECHHE FTEHETUYECKUX BAPUAHTOB CaliTa OIHOHYKJIEOTU/IHOTO MOJUMOP-
dbusma rs3736309 unrpona 3 rena akpanopuna-5 (AQP5) B Te4eHUN KPUTUUECKUX COCTOSIHUE Y GOJIbHBIX € IOKY-
MEHTHPOBAHHON MH(EKINEH JICTKUX.

Marepuaist u MeTozbl. O6ciieoBana rpyna G0JIbHBIX PeaHUMAIOHHbBIX OTACTCHUIT TPU PAa3BUTUI KPUTIYE-
ckux cocrosinuii (n=86, Bozpact — ot 27 1o 82 ser, cpeanuii Bospact — 53,20+14,34 roga). B Beibopke npeobiia-
naau OOJIbHBIE CO 3JI0KAUeCTBEHHBIME HOBOOOpasoBanusivu (15%), neputonutom (16%) U MaHKpPEOHEKPO30M
(37%). Y 55% 6oJibHBIX pa3BUJIACh HO30KOMUAJIbHASI ITHEBMOHUS, OCTPbIA PECIMPATOPHbIIL UCTPECC-CUHPOM
(OPIIC) — y 54% GoubHbIX, cenrtruyeckuii oK — y 48% 6osbHbix u'y 33% OPIIC coueTascs ¢ CeNTHYECKUM 1110~
KOM. B JmaBakHOIT JKUIKOCTH Beex GOJMBHBIX OBLIN BbIsIBIEHDBI OakTepuu Pseudomonas aeruginosa, Klebsiella pneu-
moniae, Acinetobacter baumannii W30JUPOBAHHO WJIN B aCCONMAINH, B T.4. ¢ Proteus mirabilis. TenotunupoBamme
JTHK mpoBoan/In ¢ NCTIOIB30BAHUEM TETpa-TpaiMepHOiT MoJMMepasHoi MermHoi peaktun. CTaTHCTHYECKYTO 00-
pabotky ocyuiectsisiu npu nomotiu nporpammbl GraphPad InStat (GraphPad, USA).

Pesyabrarsl. Pactipeziesenie yactor renotunos AA, GA u GG AQP5 rs3736309) cpean Bceil BHIOOPKH TIOIYH-
HsT0Ch 3aK0oHY Xapau-BaiinGepra (p=0,923) 1 coOTBETCTBOBAJIO JAHHBIM UCCJIEI0BAHNI YCJIOBHO-30POBBIX UHIN-
BUJLYYMOB B eBponeouiHoii nomysistiuu (p>0,05). [TokasaHo, 4To B HOArpyIiiie GOJIbHBIX ¢ CENITUYECKUM IIIOKOM Te-
Horuma AQP5 AA (rs3736309), Hauwnast yke ¢ 1-ro st o6csie1oBanus, ObUIM BBISIBJIEHD! O0Jiee HU3KNe 3HAYEHNsT
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MBCBJI 1o cpasrenmio ¢ 60mbHbiME TeHoTHITOB GG 11 GA ¢ cenTnyecknM MIOKOM, HECMOTPST Ha OJIHAKOBDIE MO~
XOIbI K JIECYEHNIO KPUTHYECKOTO COCTOSTHUSL. Passimanst MesKiry reHeTUYeCKU PAa3HBIMI MOATPYIIITAMU GOJIBHBIX C CETI-
TUYECKUM [IOKOM COXPaHSJINCh Ha TIPOTSIKEHUU BCero cpoka obcseposanus (p<0,05, nuu 1, 3, 5 u 7). Tenerunuec-
kuii Bapuant G+ AQP5 (rs3736309), takum 06pa3oM, sIBJIsICS HEGIATONPUSTHBIM (DAKTOPOM, CIIOCOOCTBYIOIIUM
Pa3BUTHUIO OTEKA JIETKIX, YCTONYMBOTO K JieueHuio (cooTHotenue mancoB, OR=6,75; p=0,032). Toibko B moarpyt-
1ie OOJIBHBIX € CENTUYECKUM MIOKOM reHoTUIa G+ (HO He BO BCeil rpyIiie OOJIbHBIX WK B MOATPYIie O0IbHbIX 6e3
CENTHYECKOTO MOKA € TEM K€ TeHOTUTIOM) GbIIO OTMEYEH 3HAYUTENBHO GoJiee BHICOKUH YPOBEHD CYyPhaKTaHTHOrO
6enka SP-D B mrasme 110 cpaBHeHuIo ¢ 6osbHbIME TeHoTUia AQPS AA ananornusoii moarpymisl (p<0,05).

3akmouenue. [Ipu cenTrueckom 1oke HajgMune roMoO3UroTHOro Bapuanta ajuiesst A (AA) caiita noaumopdus-
ma rera AQP) 13736309 siBiisiercst GaronpusiTHbIM (haKTOPOM TIPU pa3BUTHU OoTeka Jerkux. Hammune amuienst G
AQP5 rs3736309 siBistercsi hakTopoM prcka GOJIbIIEN BBIPAKEHHOCTH OTEKA JIETKUX M €0 YCTOYNBOCTH K JIEYEHHIO.

Kntoueswie cnosa: SNP; norumoppuzm AQPS; axeanopuiivl; nOIUMOPPUIM 2HO8; OMEK JE2KUX; CENMUUECKULL ULOK

Purpose of the study. Determine the value of genetic variants of a single nucleotide polymorphic site
rs3736309 of intron 3 of aquaporin-5 (AQP5) gene in the course of critical illness in patients with documented pul-
monary infection. Materials and methods. Patients with critical illness admitted to the intensive care units were
examined during the course of treatment (n=86, age 27 to 82 years, mean age 53.20+14.34 years). Main diagnosis
included malignancies (15%), peritonitis (16%) and necrotizing pancreatitis (37%). Patients developed nosocomi-
al pneumonia (55%), acute respiratory distress syndrome (ARDS) (54%), septic shock (48%), ARDS combined
with septic shock (33%). Bacterial species of Pseudomonas aeruginosa , Klebsiella pneumoniae, Acinetobacter bau-
mannii, and /or Proteus mirabilis alone or in association were revealed in lavage fluid. DNA genotyping DNA was
carried out using tetra-primer polymerase chain reaction (PCR). Statistical processing was performed using
GraphPad InStat program (GraphPad, USA).

Results. The distribution of frequencies of genotypes AA, GA and GG (AQP5, rs3736309) in cohort of patients
corresponded to Hardy-Weinberg equilibrium (P=0.923) and was similar to frequencies of same alleles determined
in a conditionally healthy Caucasian individuals (literature data) (P>0.05). In a subgroup of patients with septic
shock and AQP5 AA (1s3736309) genotype the lower EVIWI values were found compared to patients with geno-
types GG and GA with septic shock in spite of the same approach to treatment. The differences between geneti-
cally different subgroups of patients with septic shock were maintained throughout the life of the survey (P<0.05,
days 1, 3, 5 and 7). Genetic variant AQP5 G+ (1s3736309) contributed to the development of pulmonary edema
resistant to treatment (odds ratio, OR = 6,75; P=0.032). Only the subgroup of patients with septic shock and geno-
type G + (but not all patients or the subgroup of patients without septic shock of the same genotype) were char-
acterized by significantly elevated levels of surfactant protein SP-D in plasma compared to patients of genotype
AQP5 AA with septic shock (P<0.05).

Conclusion. In septic shock, the presence of homozygous variant allele A (AA) of AQP5 rs3736309 is a favor-
able factor for patients developing the pulmonary edema. The presence of allele AQP5 G (rs3736309) is a risk fac-
tor for developing severe pulmonary edema and unfavorable prognosis in spite of treatment.

Key words: SNP polymorphism; AQP5; aquaporins; gene polymorphism; pulmonary edema; septic shock
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BBenenne

Tenetnyeckuii mommMophu3M SABJIIETCH OJHUM
BaKHBIX U3 MICTOYHUKOB ITOUCKA TIOTEHIIUATBHBIX O1-
OMapKepoB IPOTHO3UPOBAHUM TEUECHUS U HCXO/a
kputndeckux cocrogauit (KC). [lns caiitoB onHo-
HYKJICOTUIHBIX 3aMen (single nucleotide polymor-
phism, SNP) HekoTOpbIX reHOB (TEHBI IIUTOXPOMOB,
BPOKJICHHOTO MIMMYHUTETA U JIP.) TIOKa3aHa acCOIH-
arug ¢ pazputueM n tedeHuem KC [1—4]. Omnaxo
JIAJIEKO HE BCE M3 MCCJEIOBAHHBIX MOTEHIIUATBHBIX
MapKepOB UMEIOT OUEBU/THOE MTATOTEHETUYECKOE 3HA-
yenne g pazputus KC, 4To orpaHnymBaeT ux uc-
MOJIb30BAHUE JIJI TTO3HAHUS MEXAaHU3MOB Pa3BUTHUSA
KC. OnnuM 13 1epCcrieKTUBHbBIX aJIJIEIbHbIX T10JIU-
MOPGhU3MOB, KOTOPbIE MOTYT UMeTh OTHOIIEHHUE K I1a-
Torenedy pasubix KC, sgBigercd MaTon3ydeHHbIH re-

Introduction

Genetic polymorphism is a valuable source of
potential biomarkers predicting the course and out-
comes of critical illness (CI). Sites of single
nucleotide substitutions (single nucleotide polymor-
phism, SNP) of various genes (genes of cytochrome
P450s, innate immunity, and others) have been
shown to be associated with the development and
course of the CI [1—4]. However, not all potential
biomarkers studied so far evidently relate to CI
pathogenesis that limit their use for clarifying the
genetic base of heterogeneity of CI development. One
of promising allelic polymorphisms, which potential-
ly pathogenetically contribute to various CI develop-
ment, is understudied polymorphism of AQP5. The
product(s) of AQP5 gene has been demonstrated to
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Hetnyeckuii osmmopduam AQPS. Tlokazano, uTo
npoayKT(bl) AQP5 mMeeT MaToreHeTUYecKoe 3Have-
HUeE JIJIsE PA/Ia TAKebIX 3a00J1eBaHUi 1 COCTOSTHU.

IIponyxr rena AQP5 NpUHAJICKUT K CEMENCT-
By akBanoputoB (AQPs) — MeMOpaHHBIX OEJIKOB,
OTBETCTBEHHbBIX 32 M30UPATEJbHbII TpaHCMEMOpaH-
HBII TPAaHCIOPT BOJIBL. JKCIIEPUMEHTHI Ha Jabopa-
TOPHBIX KMUBOTHBIX U KJIETKAX 7 0ilr0 BBISIBUIN
(OYHKIIMOHATIBHYIO 3HAYUMOCTh aKBAIIOPHHOB B pe-
TyJISIUU 00beMa KJIETOK U KJIETOYHOU MUTPAIUN |5,
6]. Camskenue axcrpeccut AQPS y MblIItieli acconum-
POBAJIOCH C BOCHAJIUTENbHBIMU PEAKITUSIMU B JIETKUX
[7]. TlokazaHo 4TO aKBAOPUHBI UTPAIOT 3HAYUTEJIb-
HYIO POJIb B Pa3BUTHH OTEKA JIETKUX Y IKCIIEPUMEH-
TaJbHBIX JKUBOTHBIX U OTEKA MO3Ta y uesoBeka |8, 9].
Kimmnunyeckue ucciie/joBaHns B KUTAUCKOM MTOIYJIsi-
LUU BBIABWJIM, YTO HOCUTEJW reHoruna +2254 A
AQP5 (1s3736309) obmaaiu GOJBIIUM PUCKOM He-
GJIATONPUSTHOTO TEYEHUS] XPOHUUYECKON 00CTPYK-
tuBHOI Gosesnu Jyerkux (XOBJI) 1o cpaBHEHUIO ¢
GOJIHBIMU JIPYTUX BApUAHTHBIX TeHOTUTIOB AQPH
(GG u AG) [10]. Hag npyroro SNP, 1364A/C (caiit
npoMoTtopHoil obsactu AQPY), mokazaHa accorua-
1ug reHotTuna AA ¢ TIOBBINIEHNEM BBIKUBAEMOCTU
npu TsresoM cericuce [11]. Ogaako 3HaYeHue 1MoJm-
MophHbIX BapuanTtoB AQP) B pa3BUTUM U T€UEHUU
OTeKa JIETKUX NPHU JOKYMEHTHUPOBAHHON TsKesaon
uH(bEKIUN JIETKUX He MCCIe0BATIOCH.

[Toatomy 1esbio HAIIETO0 WUCCIEIOBAHUS SIBU-
JIOCH OIIpejieJieHre TPOTHOCTUYECKON 3HAYUMOCTH
BapuanTHbIX renotutioB SNP +2254 A>G rena aksa-
nopuna-d (uarpon 3 AQPS, rs3736309) B orHoIe-
HUW Pa3BUTHUS OTEKA JIETKUX Y OOJBHBIX C CEIICHCOM.

Marepuan u MeTobI

Kiunuko-1aGoparopusie uccienopanus. Vccieno-
BaHue ObLIO 0J06PEHO JTOKANTBHBIM ITHICCKUM KOMUTETOM
1 TIPOBE/ICHO B COOTBETCTBHUU C IMIPUHIIMIIAMU XeJIbCHHCKOM
[lexkmapaiun 1 peryasatopHbiMu pekoMengaruayvu HUN
obmieii peannmarosiorun uM. B. V. Herosckoro. Bobiibie
GBLIN BKJIIOYEHBI B UCCIIEIOBAHUE B COOTBETCTBUM C KPUTE-
PHAMH BKITIOUEHNS M NCKITIOUCHUSI.

Kputepun BkiioueHus: Bospact ot 23 mo 82 ier;
GOJIbHBIE, TIEPEHECIIne XUPYPrHYecKOe BMEIIATelIbCTBO,
HAXOAUBINNECS HA UCKYCCTBEHHOW BEHTHUJISIINU JIETKUX
(1BJI) 6oJee ABYX CYyTOK M C TpU3HaKaMu WHMEKIUU B
JIETKUX, JIOKA3aHHON GAKTePUOJOTHYECKIM HUCCIe0BAHN-
eM GPOHXAJIbBEOJISIPHOTO COAEPIKUMOTO.

Kpurepun uCKIIOUEHUS: TSIKECTb COCTOSTHUS 110
APACHE 1I>26 6Ganios; TpaBMa; Haamune GepeMeHHOCTH;
TSKEJIBIT IMMYHOZIe(DUIIT; TPOTUBOTIOKA3AHUS K KATETEPH-
3anuu GeIPeHHON aprepun (TSIKEIOe aTePOCKIEPOTUYECKOE
HOopakKeHre MaruCTPATbHBIX aPTEPHIi, THITOKOATYJISIHS (3HA-
yenuss AYTB 1 MHO, npesbrmatorie HopMaIbHbIe 3HAYE-
Hust B 2 pasa), rpombonuronenust meree 50X 10°/01); HeocTa-
TOYHOCTD JIEBOTO KeJTy0uKa (110 KINHIMYECKUM JIaHHBIM 1
OlIEHKEe TOKazaTesiell 0ObEMHON TIPEeAHArPy3Kn); OIHOBpE-
MEeHHOE YYacThe B IPYTUX KINHUYECKUX UCCIIEI0BAHIISIX.

DBouta ob6eseoBana rpyiina OONBHBIX (MysKYUHBI U
sKeHTHBL, 7=86) B Bo3pacTe oT 27 10 82 et (cpemHuii Bo3-

pathogenetically contribute to development of a
number of serious diseases and conditions.

Product of AQP5 gene belongs to a family of
aquaporins (AQPs), membrane proteins, responsible
for the selective transmembrane transport of water.
Experiments in laboratory animals and cells have
identified the in vitro functional significance of
aquaporin regulation of cell volume and cell migra-
tion [5, 6]. Reduced AQP5 expression in mice was
associated with inflammatory reactions in the lungs
[7]. Tt was shown that aquaporins significantly con-
tributed to the development of pulmonary edema in
experimental animals and human brain edema [8, 9].
Clinical studies in Chinese population revealed that
carriers of genotype +2254 A AQP5 (1s3736309) had
a greater risk of unfavorable course of chronic
obstructive pulmonary disease (COPD) compared
to patients of other genotype variants of AQP5, GG
and AG [10]. For another SNP, 1364A/C (promoter
region within the AQP5 locus), the AA genotype was
associated with improved survival in severe sepsis
[11]. However, the value of polymorphic variants
AQP5 in the development and progression of pul-
monary edema in severe lung infection has not been
studied so far.

Therefore, the aim of our study was to deter-
mine the prognostic significance of variant geno-
types SNP +2254 A> G of aquaporin-5 gene (intron
3 AQP)5, rs3736309) in patients with documented
bacterial infection of the lungs, with a focus on pul-
monary edema development in sepsis patients.

Materials and Methods

Clinical and laboratory studies. The study was
approved by the local Ethics Committee and conducted in
accordance with the principles of the Helsinki Declaration
and regulatory recommendations of V. A. Negovsky
Institute of General Reanimatology. Patients were includ-
ed in the study according to the inclusion and exclusion
criteria.

Inclusion criteria were: age between 23 and 82 years;
patients who undergone surgery, patients on mechanical
ventilation (MV) for more than two days, with symptoms
of infection in the lungs proven by bacteriological exami-
nation of broncho-alveolar lavage content.

Exclusion criteria: severity of the condition by
APACHE II> 26 points; trauma; pregnancy; severe
immunodeficiency; contraindication to the femoral artery
catheterization (severe atherosclerotic lesion of major
arteries, hypocoagulation (APTT values and INR greater
than normal values in 2 times), thrombocytopenia less
than 50x10°/L; failure of the left ventricle according to the
clinical data and evaluation of a volumetric preload; simul-
taneous participation in other clinical trials.

Patients included male and female, =86, aged 27 to
82 years (mean age 53.20+14.34 years) who underwent
surgery, with bacteriologically proven infection in the
lungs (Table 1). Patients were investigated for the devel-
opment of septic shock, acute respiratory distress syn-
drome (ARDS), nosocomial pneumonia, pulmonary
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pact 53,20%14,34 roma), nepeHecinx Xupypruaeckoe BMe-
IIATETBCTBO, € GAKTEPHOJIOTNYECKHU JIOKA3aHHBIM HH(DEKII-
OHHBIM [POIECCOM B JierkKuX (Tabur. 1). Y 60IbHBIX BBISBIIS-
JIY Pa3BUTHeE CEIITHYEeCKOro 1I0Ka, OCTPOrO PECIIMPATOPHOTO
mcrpecc-cungpoma (OP/IC) n HO30KOMUAILHOM ITHEBMO-
HUM, OTEKA JIETKUX. DOJIbHBIX TTO/Pa3/esisiii Ha TPYIIIbI B
3aBUCHMOCTH OT KaTerOPHU KPUTHYECKOTO COCTOSTHIS. BHy-
TPH KaK/[0# TPYIITBI MM BeeX GOJIBHBIX TTOAPA3ICISIN Ha
HOATPYIIIBI B COOTBETCTBUM ¢ reHoTHamu AA nian GA +
GG AQP5 1s33736309. [/lnarHocTHKa CENTUYECKOTO INOKA
OCYIIECTBIISITIACH PETPOCIIEKTUBHO B COOTBETCTBHUU C KPHTE-
pusivu the Surviving Sepsis Campaign 2012 [12]. PasButue
n tskectb OPJIC oriennBay B COOTBETCTBUN € METO/[TYEC-
KHUMU peKoMeHIalusivMu, paspaboranabivu 8 HUW O6mieii
peannmarosiorin M. B.A. Herosckoro [13—15]. ITapamer-
PBI LIEHTPATIBHOI TeMOJAMHAMUKY, UH/IEKC BHYTPUTPYIHOTO
o6bema kpoBu (MBT'OK) u uHjeke BHECOCYMCTON BOIbI
serkux (MUBCBJI) uamepstiiich 110 METOIMKe TPAHCITYJIbMO-
HAJIBHON TEPMOJIMJIIOIIN C HCTIOJIb30BAHNEM MOJLYJISI MHBA-
suBHoro Monuropudra M1012A#C10 <«Pulsion PiCCO
Plus» (Pulsion Medical Systems, [epmanust), uHTErpupo-
BanHoro B Mouutop Philips IntelliVue cepuu CMS2001
(Philips Medizin Systeme, Tepmanust). PenrreHorpadust
OPraHoOB TPYAHON KJIETKH BBIIOJIHSIIACH MOPTATUBHBIM
peHTreHoBCcKUM — armapartoM  Siemens Polymobil 10
(Siemens, lepmanmsa), KT — ma ammapate Somatom
Sensation 16 (Siemens, [epmanmust).

BousbHbIX, yCTONYUBBIX K JIEYEHUIO OTEKA JIETKUX, Xa-
pakrepusoBasu 1o aunamuke UBCBJI B reuenune nenesu:

1. OtpumnarenbHas IUHAMHUKA: yBeJUUeHUE 3HAUE-
uus UBCBJI 6ostee, ueM Ha 2 MJI/KT 3a CEMb CYyTOK, HECMO-
TPs Ha IIPOBOINMOE JICUEHIIE;

2. DBes cymiecTBeHHOI IMHAMUKI: OTCYTCTBUE CHHU-
sxkerust IBCBJI o yposus Mernee 10 MJI/KT B TeueHuUe ce-
MU CYTOK, HECMOTPST Ha TIPOBOJIMOE JIEYEHUH;

3. DBes cymuiecTBeHHOI ANHAMUKU: B IpyIine 60Jb-
HBIX ¢ HarboJiee BBIPAKEHHBIM OTEKOM JIETKUX (HAYasb-
Hblid ypoerb 10 Mu/Kr 1 Gosiee) OTCyTCTBOBAIO CHUKE-
Hue sHaueHnit UIBCBJI Ha 2 mui/kr u GoJiee Ha 7-€ CyTKH
sedenus [16, 17].

YeroitunBbiMU K JiedeHnio (HeGIaronpusiTHBINA T1po-
rHO3 Pa3BUTHUS OTEKA JIETKUX) [PU3HABAIN OOJIBHBIX, OT-
HOCSIIIIUXCST K OJTHOI 13 TPeX MepeyrcIeHHbIX KaTeTOPHIA.

TskecTb COCTOSIHUST OOJIBHBIX, CTEIEeHb TTOBPEKICHUS
JIETKUX, Pa3BUTHE HO30KOMUAJTIBHON TTHEBMOHUH, BOCITAJIH-
TEJIbHBIX MIPOIECCOB OIEHUBAJIN 110 COOTBETCTBYIONTM KA~
sam (APACHE 11, Murray, CPIS) corsiacHo pekomMeH/10BaH-
HeIM KputepusiM |14—16]. JImarnoctika HO30KOMUATBHOM
[THEBMOHWHM ITPOBOJINJIACH € WCIHOJIb30BanneM Poccuiickux
HAIMOHAJIBHBIX peKoMeHaimnii « HozokomuasbHast mHeBMo-
HIIS Y B3POCJIBIX» [17].

¥ Bcex GOJIbHBIX, BKIOUEHHDBIX B MCC/IEIOBAHKE, B ICHD
BKJTIOUEHS B UCCJIEZI0BAHIE, & TAK JKe HA 5 1 7 CYTKHU JIEYeHUsT
HPOU3BOIIIICS 32a00p OPOHXOATBBEOJSIPHOTO COIEPIKIMOTO
(71aBaska) ¥ BEHO3HOI KPOBH JIJIsI MUKPOOHOJIOTMYECKOTO HC-
cJlesioBaHus. BasTie MaTepraa ocyecTBIISIIN B COOTBETCT-
BUU C IPABIJIaMU 3a00Da, XPAHEHMsT, TPAHCTIOPTUPOBKU U Pa-
60tbI ¢ Mukpobuosorndecknmu obpasiamu (Ipukas Ne535
M3 CCCP, 1985 r.) /luist foCTaBKU MOTEHITUATLHO HH(EKIU-
OHHOTO Marepriajia B JIAOOPATOPUIO HCIIOJIB30BAIM TPAHC-
noprusie cpeapl «<MEUS Srl» (Piove di Sacco, Uramus).
Baxreprosioriaeckoe HCCIeoBaHIe BKITIOYATO B ceOsT MUK-
POCKOINIO IIperiapaTa, OKpalleHHoro o Ipamy, oneHKy pocta
KYJIBTYD ¥ MAEHTU(DUKALIIO BO30Y IUTEIS.

edema, and divided into groups depending on the category
of the critical illness. All patients and groups were subdi-
vided into subgroups according to genotype AA or
GA+GG AQP5 1s3736309. Diagnosis of septic shock was
performed retrospectively in accordance with the criteria
of the Surviving Sepsis Campaign 2012 [12]. The develop-
ment and severity of ARDS were evaluated in accordance
with the methodological recommendations developed in
the V.A. Negovsky Institute of General Reanimatology
[13-15]. The parameters of central hemodynamics,
intrathoracic blood volume index (ITBVI) and pulmonary
extravascular water index (EVLWI) were measured by
transpulmonary thermodilution using module invasive
monitoring M1012A # C10 <«Pulsion PiCCO Plus»
(Pulsion Medical Systems DMC GmbH, Germany), inte-
grated into Philips IntelliVue monitor series CMS2001
(Philips Medicine Systems DMC GmbH, Germany).
Chest X-ray was performed by a portable X-ray machine
Siemens Polymobil 10 (Siemens, Germany), computer
tomography (CT) was performed with the aid of Somatom
Sensation 16 (Siemens, Germany).

Patients with no or limited efficacy (resistant to
treaqtment) of the treatment of pulmonary edema were
characterized by the dynamics of EVLWI during the week:

1. Negative dynamics: increasing the value of
EVLWI more than 2 mL / kg after seven days of treatment;

2. No significant dynamics: EVLWI showed no
reduction less than 10 mL / kg following seven days of
treatment;

3. No significant dynamics in a group of patients
with the most severe pulmonary edema (initial level of 10
ml/kg and more): no reduction in EVIWI values for 2
ml/kg or more on day 7 of treatment [16, 17].

Patients belonged to one of three above categories
were considered as those resistant to treatment (with poor
prognosis of lung edema dynamics) .

The severity of the disease, degree of lung injury,
development of nosocomial pneumonia, inflammation were
assessed by the relevant scales (APACHE II, Murray,
CPIS) according to the recommended criteria [14-16].
Diagnosis of nosocomial pneumonia was conducted using
the Russian National Guidelines «Nosocomial pneumonia
in adults» [17].

All patients included in the study, on the day of entry
into the study, as well as on day 5 and 7 of treatment were
investigated for infection using bacterial investigation of
broncho-alveolar lavage (BAL) and venous blood.
Harvesting the material was carried out in accordance to
the rules of sampling, storage, transportation and working
with microbiological samples (Order Ne535 of the USSR
Ministry of Health, 1985). For the delivery of potentially
infectious material in the laboratory the transport media
«MEUS S.rl» (Piove di Sacco, Italy) was used.
Bacteriological examination included evaluation of
microscopy preparations stained by Gram, estimating
growth of bacteria in specific media followed by the
pathogen identification.

Treatment of patients in each group was carried out
using standardized methods of complex causal, patho-
genetic and symptomatic intensive treatment accompa-
nied by dynamic monitoring. Complex methods include
antibiotics, infusion of inotropic and vasopressor drugs
(noradrenaline), as well as methods of infusion (crystalloid
solutions), transfusion (packed red blood cells, fresh frozen
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Jleuerne GOJIBHBIX KAsKIOU TPYIIIIBI OCYIIECTBIISIIN C
TIOMOIIIBIO CTAHIAPTH3MPOBAHHBIX METOOB KOMILJIEKCHOMN
ATUOTPOITHOM, MATOTeHETUYECKOH M CUMITOMATHYECKOM
MHTEHCUBHOI TePaIiK € COMYTCTBYONIMM JANHAMITYECKUM
MOHUTOPUHTOM. KOMILIEKC METOIOB BKJIIOYAI aHTUOUOTHU -
KOTepanuio, WHGY3UI0 MHOTPONHBIX M Ba3ONPECCOPHBIX
npernaparoB (HOPAJIPEHAIIH ), & TAK)Ke METO/IbI HH(Y3HOH-
HOW (KPUCTAIOUIHBIE PACTBOPBI), TPAHCHY3MOHHON
(9pUTPOLUTHAS Macca, CBEKE3aMOPOKEHHAS T1JIa3Ma, ajlb-
OGyMUH), aHTHCEKPETOPHOU (6I0KATOPBI IPOTOHHOU TTOM-
T1bI, CAH/IOCTATHH ), CEJaTUBHON 1 aHATBIeTUYECKON
(TUITHOTUKY, OIMOU/IBI, HECTEPOUIHbIE MPOTUBOCHAIN-
TeJIbHbIE TIPENapathl, MapareTaMoll, SupypaibHoe 00es3-
GoJMBaHue), aHTHKOATYJISIHTHOI Tepariu. BoJbHble 1mo-
JiydaJii TIapeHTepajbHOEe W HHTEPAJIbHOE IHTaHUE C
100aBJIEHIEM KOMILIEKCOB BUTAMUHOB M MUKDPO3JIEMEH-
TOB. BceM GOJIbHBIM OCYIIECTBIISIIN PECIUPATOPHYIO MOJI-
JIEP/KKY B COOTBETCTBUU ¢ KOHIen e 6ezonactoil MBJIL.
Pecrimparopnast mojepskka IPOBOIIJIACH HA amliapaTax
Engstrom Carestation (GE Healthcare, CIITIA) B pexnme
SIMV (Synchronized Intermittent Mandatory Ventilation
€ KOHTPOJIEM 10 JIaBJIEHUIO ), CHHXPOHU3UPOBAHHON Tiepe-
MesKaloleicsl IPUHY/IUTeIbHON BeHTUIIAIINEeH.

Jluist viccsieioBaHst cojiepskanust cypdakraTHoro oe-
ka SP-D mpousBommics 3a60p 8 MJI BEHO3HON KPOBH B
npobupku ¢ IITA Ha 1, 3, 5 u 7 cyrku. Kposb nenrpudy-
ruposanu B tedenne 10 mun. co crkopoctbio 2000 06,/ Mum.
[I1asMy KpoBU B KOIUYeCTBE 3-4 MJI OTAEIANN U 3aMOpa-
SKUBAJIW B OTAENbHBIX TPOOUPKax (Ge3 KOHCepBaHTa MPU
temmeparype -200C. V3mepenne comepskanust B 06pasiax
IJTA3MBl TIPOBOJIMJIOCH COTPYAHUKOM, He BJIAJICIONIIM ITH-
dbopmarmeil 0 GOJBHBIX, BKJIIOYEHHBIX B HCCJACIOBAHUE.
Copepskanue Gesika ONpeesIsiiiv ¢ TOMOIIBI0 UMMYHO(bEpP-
MEHTHOIO METOA C UCIOJIb30BaHueM Habopa crernuduy-
Horo st SP-D (BioVendor, CIITA) [18].

lenotunuposanue. JITHK s renotunmpoBanus Bbl-
JIEJISUTN U3 1IeJIbHON BEHO3HOI KPOBH € MOMOIIBIO HaGOPOB
Diatom DNA Prep 200, cornacHo mpuiaraeMoii HHCTPYK-
u (OO0 «JIaboparopust Usorens ). Mudopmaiust o no-
suMopdu3Me 1 pacipeieJIeHuii 4acTOT TEHOTUTIOB B €BPO-
neiickoii nomysstiiuu SNP +2254 A>G B3sita us my6andHo
nocTynmHol 6aspr gannbix caiita NCBI [19]. Ha ocHoBanun
9TOi MH(MOPMAINU ObLIM CHHTE3UPOBAHBI M HCIIOJIb30Ba-
JIUCH JIJIsT aMITU(UKAINT CJIe/LYIOIINe TIpaiiMepbl:

1. Ilpswmoii Baentamii (Fy) —

5'-ATTCATTCAGCCTTCACTCAGA-3',

2. Ob6parubiii BHemHuil (Ry) —

5'-ATGTCTCTGCTCCCATGTCA-3',

3. Ilpawmoii Baytpennwnii (Fy) —

5'-GCAGATAAAAGATCACTGCCCTC-3',

4. Ob6parnbiii BuyTpennnii (Ry) —

5'-CTGCTGGAATGTCAGCTTCTTA-3'.

lenorunuposanne [HK ocymectsisiocs MeTonom
terpa-npaiimepnoii ITI[P ¢ ucronrpzoBanuem mporpamMmmu-
pyemoro tepmoctata C1000 Touch™ (BioRad, CIIIA)
[20—22]. IIporpamma ammin@uKami cocTosna u3 32
muksoB: T — 95°C, 30 cek, Tmy — 64,5°C, 30 cex (16 muk-
J0B), Tm, — 64,2°C (16 nukion), Te — 72°C ¢ nocsenyio-
mieit postonranueit npu 72°C, 7 mus. IIpoayKTsl amIim-
dbukanuum  pasgensuiuch  9JeKTPohOpeTHYECKH €
nocJsieyioniell BU3yasnsalieil pe3yibraToB B MPOXOJs-
mem YO-cgete (puc. 1).

Cratuctuyeckass o6paGoTKa JaHHbIX. Pacmpesene-
HHe 4acTOT ajulesieil IIPOBEPSIN HA COOTBETCTBUE 3aKOHY

plasma, albumin), and antisecretory (blockers, proton
pump, Sandostatin) drugs, sedative and analgesic drugs
(hypnotics, opioids , non-steroidal anti-inflammatory
drugs, paracetamol, epidural anesthesia), anticoagulants.
The patients received parenteral and enteral nutrition sup-
plemented with a complex of vitamins and microelements.
All patients were receiving the respiratory support in
accordance with the concept of safe ventilation.
Respiratory support was carried out on devices Engstrom
Carestation (GE Healthcare, USA) in the SIMV mode,
the control pressure (Synchronized Intermittent
Mandatory Ventilation), synchronized intermittent
mandatory ventilation.

To determine the surfactant protein SP-D in blood,
the eight-milliliter specimens of venous blood were har-
vested into tubes with EDTA on days 1, 3, 5 and 7 follow-
ing admittance to the ICU. The blood was centrifuged for
10 min at 2000 rpm and blood plasma in an amount of 3.4
ml was separated and frozen in separate tubes without
preservative at -20 oC. Measurement of plasma samples
was conducted by an indepenent technician with no
knowledge on the particular patients. Concentration of
SP-D was determined by enzyme-linked immunosorbent
assay using a kit specific for SP-D (BioVendor, USA) [18].

Genotyping. DNA for genotyping was isolated from
venous whole blood using Diatom DNA Prep 200 kit
(Isogene,Moscow, Russia) according to manufacturer's
protocol. Control data on polymorphism and genotype fre-
quency distributions in European population (SNP +2254
A> G) were taken from publicly available NSBI database
[19]. Following primers were synthesized to run
tetraprimer set:

1. Forward external (F,) —

5'-ATTCATTCAGCCTTCACTCAGA-3'

2. Reverse external (Ry) —

5'-ATGTCTCTGCTCCCATGTCA-3'

3. Forward internal (F,) —

5'-GCAGATAAAAGATCACTGCCCTC-3'

4. Reverse internal (R,) —

5'-CTGCTGGAATGTCAGCTTCTTA-3'.

Tetra-primer PCR was run using C1000 Touch™
cycler (BioRad, USA) [20—22]. Amplification program
consisted of 32 cycles Td — 95°S, 30 seconds, Tm; — 64,5°S,
30 seconds (16 cycles), Tm, — 64,2°S (16 cycles), Ts —
72°C with subsequent prolongation at 72°C, 7 min. The
products of amplification were separated by electrophore-
sis followed by visualization of the results in transmitted
UV light (Fig. 1).

Statistical data processing. Allele frequency distrib-
ution was tested for compliance with the Hardy-Weinberg
equilibrium using the y* test. The study was based on a
comparison of the frequency of homozygotes with other
genotypes in groups of patients. Statistical processing was
performed using the program GraphPad InStat (GraphPad
Software Inc., La Jolla, CA, USA). The degree of associa-
tion of genotypes and critical conditions were character-
ized by the indicator odds ratio (OR, odds ratio), sensitiv-
ity and specificity of the method. Kolmogorov-Smirnov
method was employed to determine the character of distri-
bution of variables to select adequate statistics. For binary
indicators, the Fisher's exact test was employed, whereas
for quantitative indicators Mann-Whitney test was used.
Differences between groups or subgroups were considered
significant at P<0.05.
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Xapau-Baiin6epra ¢ momoripio Tecta y°. Vccmemoparme
CTPOMJIOCH HA CPABHEHUM YACTOT FOMO3UTOT C OCTAJIbHBIMHI
reHOTUIIAMU B rpynnax 6osbHbIX. CTaTucTHuecKyo obpa-
GOTKY OCYIIEeCTBIIsLIN IpU oMoty mporpammbl GraphPad
InStat (GraphPad Software Inc., La Jolla, CA, USA). Cre-
[IeHb ACCOIUAIIMU FEHOTUIIOB M KPUTHYECKUX COCTOSHUI
XapaKTepr30BaIl C MOMOIIBIO 1TOKA3aTes COOTHOIICHUS
mancoB (OR, odds ratio), uyBcTBUTEIBHOCTH M ClIELU-
dbuuHocTH MeToz1a. [yt GMHAPHBIX OKasaTesieli MpuMeHsi-
Jin TouHbIi Kputepuit Duriepa, 7T KOTMIECTBEHHBIX TT0-
kasartesneil — xputepuit ManHa-YurtHu. /locToBepHBIMU
cunranuck pasanaus npu p<0,05.

Pe3yabraThl 1 00CyK/I€HHE

I'enotunupoBanue. Bouin 1poaHasn3npoBaHbl
ob6pasir [IHK or 86 GosbhbIx. Pacipeenenne yac-
TOT B TPYIIIie TEHOTUITUPOBAHHBIX OOJIbHBIX (TabJ1. 1)
coctaBmiio (B CKOOKax — 4rcyio 60bHBIX): AA — 71%
(61), AG — 27% (23) u GG — 2% (2), 4uTO COOTBETCT-
BoBajio 3akoHy Xapau-BaiitaGepra (x’=0,009,
p=0,923) nug Beeit rpynnb; g noarpymr ¢ OPAC
— x*=0,984, p=0,321; ¢ cenTuvyeckum 1moxom — y*=1,
065, p=0,302; ¢ OP/IC u cenTUyecKUM ITOKOM —
x°=1,589, p=0,208. Pacmpezesnenne reHOTUNIOB st
Beeit rpymisl (1=86, P=0,923) u noarpyIin 60JbHBIX
¢ cenrtrudeckuM mokom (n=45, P=0,876) u 6e3 ¢ cer-
tuyeckoro moka (n=41, P=0,974), coorBeTcTBOBAJIO
pe3yJibrataM MOy ISIIIHOHHBIX UCCIEI0BAHUN YacTOT
BCTPEYAEMOCTHU TEHOTUTIOB 17151 lanHoro SNP [19].

Hoszomornueckast xapakTepucTuka rpymibl. B
ob1eii BeIGopke mpeodiiaganu 6oJbHble ¢ THPEKIIMOH-
HBIMU OCJIOKHEHUSIMU OHKOJIOTUYECKUX 3200 IeBaHIII,
MAHKPEOHEKPO30M U TIEPUTOHUTOM. Y 55 % OOJIBHBIX
ObLITa IMArHOCTUPOBAHA HO30KOMHUAIbHAST TTHEBMOHUS,
OPIIC — y 54% OGOJNbHBIX ¥ CENTHYECKUIT MIOK — Y 48
%. OTan4uii B HO30JI0TMIECKOI CTPYKTYype KOTOPThI
GOJIbHBIX, Pa3/Ie/IEHHBIX HA TPYIIILI [0 TeHOTHIaM AA
u GG+GA AQP) ue o6HapyskeHO (Tad. 2).

B ob6pasiiax OpOHX0AIBBEOJISIPHOM JKUAKOCTH
GOJIbHBIX OBLIM OOGHAPYKEHBI TPAMOTPHIIATETHHBIE
GakTepuy — IOTEHI[UaIbHbIe BO3OYIUTEIN HO30KO-
MUAJTBbHON ITHEBMOHUU U IPYTUX MH(DEKITNH, CBA3aH-
HBIX C OKazaHueM MeauinHCcKO romotnu [23]. B
tabmuie 3 MPeJCTaBJIeH BUIOBOI COCTAB BbBIIEJICH-
HBIX GAaKTEpHUil 1 pacrpeesieHue uX cpeiu GONbHBIX
Pa3JIMYHBIX FeHOTUITOB. /[oCTOBEPHBIX PA3INYuil 110
COCTaBY BBIJIEIEHHDBIX BO30YAUTEIEH MEKITY TPYIIIa-

M A/A A/G G/G

i s

K
S e R - S

Puc. 1. diaexrpodoperpaMma npoayKTOB aMIUIM(UKALNY, BbI-
sIBJISIONIAsI Bce BapuanTbl renoruna AQPS5.

Fig. 1. Electropherogram of amplification products to deter-
mine genetic variants of the AQP5.

Note: K — amplification control, 370 bp.; G — G allele, 232 bp;
A — allele A, 178 bp; M — DNA ladder.

IIpumeuanue: K — xonrposs ammmdukaiuu, 370 mu.; G — an-
aenb G, 232 mu., A — amnens A, 178 m.n., M — mMapkep JUIMHbI
¢parmentos JTHK.

Results and Discussion

Genotyping. 86 patients were genotyped for
AQP5 polymorphism. Allocation of frequencies in a
cohort of genotyped patients (Table 1) was as follows
(n — number of patients): AA — 71% (n=61), AG —
27% (n=23) and the GG — 2% (n=2), which corre-
sponded to Hardy-Weinberg equilibrium (%*=0.009,
P=0.923); for subgroups with ARDS: x°=0.984,
P=0.321; with septic shock: y*=1, 065, P=0.302; with
ARDS and septic shock: y*=1.589, P=0.208. The dis-
tribution of genotypes were as follows: for the entire
group (n=86, P=0.923) and sub-groups of patients
with septic shock (n=45, P=0.876); with no septic
shock (n=41, P=0.974) that consistent with the
results of population studies in which the genotype
frequencies for the SNP were estimated [19].

Nosological  characteristics of  groups.
Infectious complications of cancer, pancreatic necro-
sis and peritonitis were dominated in the whole
group of patients. In 55% of patients nosocomial
pneumonia was diagnosed, acute respiratory distress
syndrome was found in 54% of patients, septic shock
was diagnosed in 48% of patients. Differences diag-
nosis or complication in group of patients subdivided
into groups depending on genotypes AA and GG +
GA of AQP5 were not detected (Table 2).

Gram-negative bacteria, potential pathogens of
nosocomial pneumonia [23] and other infections
associated with healthcare, were detected in all BAL

Ta6umua 1. Pacnpenenenune renorunos AQP5 rs3736309 B 06cie10BaHHOli BHIGOPKE GOJIBHbIX.
Table 1. Distribution of AQP5 rs3736309 genotypes in critically ill patients.

Genotypes AQP5 rs3736309

The number of patients of different genotypes AQPS rs3736309, n (%)

Whole group No septic shock Septic shock
+2254 AA 61 (70.93) 31 (68.89) 30 (73.17)
72254 GG 2(2.33) 2 (4.4%) 0(0)
12254 AG 23 (26.74) 12 (26.67) 11 (26.83%)

Ipumeyanue. 3yiech 1 B Tabs1. 2—5: number of patients (n) — uncso Gosbubix; different — pasmuunbie; genotype(s)— renorun(s); whole
group — Best rpyma; no septic shock — cenruueckoro moxka e 66110; septic shock — centuueckuii mox.
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Ta6imua 2. XapakTepuCTHKA TSKEAbIX COCTOSIHUI (MarHo3 u/WiM OCJI0KHeHHe) GOJbHBIX Pa3HbIX reHoTunos AQP5
€ KPUTHYECKUMHU COCTOSTHUSIMU.

Table 2. Characteristics of severe conditions (diagnosis and/or severe complication) in critically ill patients with dif-
ferent AQP5 genotypes.

Diagnosis and/or complication

The number of patients of different genotypes AQP5 rs3736309, n (%)
Genotype +2254 AA Genotypes +2254 AG and +2254 GG

Pancreatonecrosis 10 (16) 3 (12)
Common purulent fibrinous peritonitis
(post-surgery complication) 11 (18) 3 (12)
Empyema of pleura (parapneumonic) 3(5) 1 (4)
Community-acquired pneumonia 4 (7) 2 (8)
Malignancies: 20 (33) 12 (48)
Colon Cancer 4 (6) 4 (16)
Stomach cancer 1(2) 3(12)
Cancer of the bile duct 3(5) 1(4)
Esophageal carcinoma 5(8) 1(4)
Bladder Cancer 5(8) —
Prostate cancer — 2(8)
Lung cancer 2(3) 1(4)
Suppuration of postoperative wound 2 (3) —
Acute appendicitis 2 (3) 1(4)
Hepatophyma 2 (3) 2 (8)
Abscess of soft tissues 2(3) —
Mediastinitis (after cardiac surgery) 2(3) —
Acute pyelonephritis 2 (3) 1(4)
Acute adhesive obstruction of small bowel 2 (3) 2 (8)
Phlegmona of soft tissue 2(3) —
Post-surgery bleeding 2 (3) —

IIpumeuyanue. Diagnosis and/or complication — auarnos m/wmm ocioxuenue; Pancreatonecrosis — mankpeorekpos; Common purulent
fibrinous peritonitis (post-surgery complication) — pacripocrpanentbiii rHOIHHO-GUOPUHO3HBII TEPUTOHUT (KAK OCTOKHEHUE B TIOCTIE0TIe-
panmonHoM tieprozie); Empyema of pleura (parapneumonic) — amnuema iespsl (apanHesmMonundeckast); Community-acquired pneumo-
nia — BHeboMbHIYHAS TTHeBMOHMsT; Malignancies — amokavectsennsie HoBooGpasosanus, Colon Cancer — pak knmnrednnka; Stomach can-
cer — pak xexyaka; Cancer of the bile duct — Pak semanpix mpotokos; Esophageal carcinoma — pax numesona; Bladder Cancer — pax
MOUYEBOTO I1y3bIpst; Prostate cancer — pak mpecTaTebHON xee3bl; Lung cancer — pak Jierkoro; Suppuration of postoperative wound —
rHoltHOE ocsokHeHue parbl; Acute appendicitis — octpbrii anmenauit; Hepatophyma — aberece meuenu; Abscess of soft tissues — a6-
crece msrknx tkaneii; Mediastinitis (after cardiac surgery) — meanactunut (rmocsie Kanoxupyprudeckoii onepaipn); Acute pyelonephri-
tis — ocrpsiii menonedput; Acute adhesive obstruction of small bowel — ocrpas ciaeunast ronkokunieunas Herpoxoaumocts; Phlegmona
of soft tissue — ¢rermona mMsirkux Tkameii; Post-surgery bleeding — kpoBoteuenue (B mocjeonepanuoHHOM TIEPHOJIE).

Ta6iuua 3. CocraB Bo30Oyaureneii BHyTPHOOJbHUYHONW MHEBMOHHH CPeAd OOJbHBIX Pa3JM4HBIX reHoTunos AQP5
rs3736309 (+2254A>G).

Table 3. Composition of nosocomial pneumonia pathogens in patients of different genotypes AQP5 rs3736309
(+2254A> G).

Bacteria All group, n The number of patients of different genotypes AQP5 rs3736309, n
Genotype +2254 AA Genotypes +2254 AG and +2254 GG
Septic shock No septic shock Septic shock No septic shock
Proteus mirabilis 33 12 14 2 5
Pseudomonas aeruginosa 57 23 17 6 9
Klebsiela spp. 37 15 12 2 8
Acinetobacter spp. 55 15 23 6 9
All patients 86 30 31 11 14

IIpumeuanue. Bacteria — Gakrepun.

MH GOJIBHBIX Pa3HbIX reHOTHIIOB AQP5 He oOHapyKe-
HO (Tabu. 3).

Kinnuko-nabopatopHbie nokasareau. B ta6-
Jiiie 4 TIpeJICTaB/IeHbl KJIMHUYeCKHe 1 j1abopatop-
HBIE TIOKA3aTe I TPy OOJBHBIX (BCS TPyTIia, O0JIb-
HBIE C CENTUYECKUM IIOKOM U 0Oe3 Hero) reHOTHIIa
AQP5 AA 110 cpaBHEHUIO ¢ GOJIBHBIMU JIPYTHX T€HO-
tunoB (GG u AG). B usyueHHoii BIOOPKE HaMU He
OBLIO OOHAPYKEHO PA3IUYUN B JIETAIBHOCTH MEKILY
rpynmaMu GOJIHBIX € PA3JUYHBIMU TEHOTHITAMUL.

fluid samples of patients. Table 3 shows the species
composition of the isolated bacteria and their distri-
bution among patients with different genotypes. No
significant differences in isolated pathogens between
groups were found when compared patients of differ-
ent AQP5 genotypes (Table 3).

Clinical and laboratory parameters. Table 4
shows data on clinical and laboratory parameters of
patients in groups of interest (whole group, patients
with septic shock and without it): genotype AA
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Ta6imua 4. Kiunnueckue nokasaresu 60JbHBIX Pa3/IMUHbIX reHoTHIOB AQP5.
Table 4. Clinical scores of patients with different genotypes AQP5.

Indicators Days Quantitative values of the indicators of patients with different genotypes AQP5
+2254 AA +2254 AG and +2254 GG
All group  No septic shock Septic shock All group  No septic shock Septic shock
Number of patients, n — 61 30 31 25 14 11
Average age, =SD, years =~ — 51.80£14.37  52.26+14.62 51.33+14.34 56.64+13.13 56.29+14.10 57.09+12.44
Mortality, 7 (%) - 24 (39) 8 (13) 16 (26) 9 (36) 4(16) 5 (20)
ARDS, n (%) . 31 (51) 13 (21) 18 (30) 15 (60) 5(20) 10 (40)
Nosocomial pneumonia, n  — 33 (54) 14 (23) 19 (31) 14 (50) 7 (28) 7 (28)
APACHE II — 14.39+4.60 14.71£5.41 14.46+3.53 13.27+3.82 14.41+3.82 13.40+4.00
SOFA 1 5.89£3.16 4.76+2.40 5.00£2.89 7.20%£1.69 6.58+1.93 7.11+1.76
3 5.93£2.61 5.04%2.16 5.17%£2.33 7.00£1.70 6.08+1.51 6.89+£1.77
5 6.80£2.70 5.95%£2.58 6.17£2.62 7.20+1.93 7.07£2.02 7.11£2.02
7 7.60£2.52 6.50£2.79 7.17£2.62 7.20£1.93 6.67£1.97 7.11+2.02
Murray 1 1.65£1.10 2.24%0.77 2.40£0.71 2.59%0.84 2.31£0.94 2.56x0.88
3 1.73£0.95 2.12+0.84 2.26=0.80 2.55%0.87 2.11£0.83 2.60=0.80
5 1.91+0.84 2.22+0.82 2.31+0.75 2.65+0.86 2.22+0.82 2.65+0.86
7 2.03£0.95 2.07£0.79 2.47%0.81 2.84%0.70 2.40£0.93 2.83%0.74
CPIS 1 7.20£3.53 7.10£3.61 7.17£3.95 8.36+2.77 7.09£3.80 8.80+2.49
3 7.03£2.91 7.03+3.34 6.78+3.41 8.27+3.10 8.80+2.57 8.70+2.91
5 6.80=3.03 6.53%3.40 6.44%3.40 8.18+3.46 8.44%3.56 8.70+3.16
7 6.60+3.23 6.30£3.56 6.22+3.48 8.18+3.16 8.36+2.85 8.80+2.53
ITBWT, ma/m 1 770 771.5 737 903.5 780 1027
(25-75 IQR) (737-787)  (750—1027)  (702—7775)  (750—1185) (736.5—1235.25) (750—1131)
3 776 775.5 799.5 960 823 960
(689—823) (689—-960) (689—823) (775—1326)  (746.5—-1326) (775—1275.5)
5 810 799 788 788 812 1100
(767—1351)  (760—1100)  (720—799)  (720—882)  (775—1404) (783—1357.25)
7 772.5 789 759 899 899 998
(734—840)*  (759—998)**  (734—782.5) (783—1119)* (783—1119)** (789—1177.5)

Note. Presents the average values and standard deviation (M+S8D) or medianal indicating persenteley + 25—75 (25—75 IQR) — for
ITBWI values. For clinical assessment scales presented averages in points. When comparing the groups of patients, marked (*) and (**)
were found significant differences (* — P=0.024; ** — P=0.013, respectively, Mann-Whitney test).

IIpumevanue. Quantitative values of the indicators — kosmuecTBenHble 3HaYeHKs MOKazareseil. Average age+SD, years — Bo3pacTHOI
JIMaIa3oH + cTaHjapTHOE OTKJIOHeHue, rojbl; Mortality — cmeprrocts; ARDS — OPIIC; Nosocomial pneumonia — HozokoMuabHast
naesMonust. [Ipe/icTaBieHbl cpeiHne 3HaYeHust oKasaresaeil 1 craugapraoe otkaonenre (M+SD) nim meauanbl' ¢ ykazanuem 25—75
nepcenteneii (25—75 IQR) — aus snavenuiit UBTOK. [lyist mikasr KIMHUYECKUX ONEHOK MPEACTABICHbI CPeiHNe 3HaueHus B Gasiax. [pu

CpPaBHEHUH TPYMI OOJBHBIX, OTMEYEHHBIX (*) 1
COOTBETCTBEHHO, KpuTepuii Manua-YutHm).

ITpu cpaBHEHUM JIETATTBHOCTU CPEU OOJIBHBIX T€HO-
o AA 1 GA+GG ¢ centuueckuM mokoM u 6e3
CENTUYECKOTO MOKa, PA3INUuii TakkKe He OOHapyKe-
1o (p>0,05). [Ipu cpaBHeHUU rPyII PA3HBIX T€HOTH-
moB AQP5 110 BO3PaCTHOMY COCTaBY, MOKa3aTeJsiM
urkas Murray, APACHE II, CPIS u SOFA nocrosep-
HBIX OTJINYUI He OOHAPY KU,

Hauunast ¢ niepBoro [Hs HaOJIIOEHNUST, 3HAUe-
Hust UBTOK y Beex GOJIbHBIX B TEUEHHUE TIEPBBIX I151-
TU [Hell He IpeBbiiany (HUUOIOTUIeCKUe 3HAUeE-
uust (800—1000 mu/m? [24]). Tonbko Ha 7-it menb
HCCJIEJIOBAHUST BO BCEW rpyiine OONbHBIX 3HAUEHIIST
NBTOK nocroBepHO CHUZKAIUCH; TIPU ITOM 3TO CHU-
JKeHre OB 00YCIOBIEHO BKIaJ0M OOJBHBIX C CeTl-
TUYECKUM MOKOM TeHoTuta AA AQP5, HO He TeHOTH-
noB G+ (tabu. 4).

N3syuyenune uamenenus yposHein UBCBJI B
rpyriax 60sbHbIX reHoTHIIOB AA 1 GA+GG, moka-
3as10, uto 3uadenuss UBCBJI, nauunas yxe co maHs
MOCTYILJIEHUST B OTJIEJIeHUEe PeaHuMATOJIOTHH U Ha
HMPOTSKEHUH 7 CYTOK JieueHust, y GOJbHBIX TeHOTHIIA
AA ObLTH TOCTOBEPHO HITKE, 9€M Y OOJILHBIX TPYIIIIHI

(**) O6bun obHApyKeHbl pocToBepHbIe oTanumst (¥ — p=0,024 u ** — p=0,013,

AQP5 versus other genotypes (GG and AG). First, no
difference in mortality between the groups of
patients (with septic shock and without septic
shock) of different genotypes were not observed
(P>0.05). Second, groups of different genotypes
AQP5 were not differed at age composition, perfor-
mance scales Murray, APACHE II, CPIS and SOFA.

Beginning from the first day of observation,
ITBWT values in all patients during the first five
days did not exceed the physiological value (800—
1000 ml/m? [24]). Only on the 7th day of the study
in all patients ITBWT values significantly decreased;
interestingly, that this decrease was due to contribu-
tion of septic shock patients of genotype AA AQP5,
but not G +genotypes (Table 4).

Evaluation of changes in EVLWT in patients of
genotypes AA and GA + GG, showed that the
EVIWT values, starting from the date of admission
to the ICU and during 7 days of treatment, in
patients with genotype AA was significantly lower
than that of patients in a combined group of patients
with GA or GG genotypes (Figure 2). Based on
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GA+GG (puc. 2). Ha ocHOBaHUYM aHa/Iu3a IUHAMU-
ku sHavenuil VIBCBJI B Teuenue 7 nHeill JledyeHUs
OBLIN BBIIEJICHBI TPYIIIBI GOJBHBIX, OTIHYAIOIIAECS
110 XapaKTepy Pa3BUTHUS OTEKA JIETKUX B XOJIe TIPOBO-
muMoro JiedeHus. Kpurepuu ornenku ahgexkTuBHOC-
TH JiedeHUsT ObLIN 0DO3HAYEHBI KaK UYBCTBUTEJb-
HOCTD K Jiedennio (cM. MaTtepuaspl 1 MeTospl). [pu
CpaBHEHUU TPYIIT OOJBHBIX PA3JIUYHBIX TEHOTHUIIOB,
0Ka3aJIoCh, uTO cpeu 6obHbIX TeHoTua AA AQPS ¢
CENTUYECKMM IOKOM OBLIO J0CTOBEPHO OO0JIbliIe
GOJILHBIX, Y KOTOPBIX B TeUeHHe 7 [HE JIeYeH s CHU-
JKATUCh WA OCTABAJIUCH MI0-IIPEKHEMY OTHOCUTEJIb-
HO Huskumu (Menee 10 MuI/Kr) mokasaTesum OTeKa
JIETKUX, YTO XapaKTePU3YeT TAKUX OOIbHBIX KAK 4yB-
CTBUTEJILHBIX K JIEYEHUIO, T.€. JIJIST KOTOPBIX OHO ObI-
Jo Gosiee 3(DPEKTUBHBIM B OTHOIIEHUU JUHAMUKU
pasBUTHs OTeKa JierKux (Tabir. 5).

Cienyer oTMeTuTh, 9T0 y 53% GOJILHBIX B Ha-
meM uccaegoBanun 6pwn quarsocruposad OPIC, a
y 33% passusanuch u OP/]C, n centuueckuii mox.
ITpu 5TOM B TpyTITie OOJBHBIX € CENTHYECKUM ITOKOM,
Hecymux amens G (renorunst GG u GA, Hebaro-
NPUSTHBIE JIJIST Pa3BUTUSI OTEKa JIETKUX) HabJII0/1a-
JIACH TEHJIEHIINS K YBEJMUEHUIO YMCTa OOJIBHBIX U €
OPIC, u ¢ centuueckuM 1mokoM — 10 90%, Ttorma
Kak B rpymie ¢ reHotunoM AA 6osbHbIX ¢ OP/IC Gbi-
Ji0 B oaTopa pasa Menbiiie — 60% (p>0,05). Hecmo-
TPsl HA OTCYTCTBUE TOCTOBEPHOCTH ITUX PABJIUUUIA,
HMEIOTIASICS TEH/IEHIINST HAKOTIIIEHUST OOJIBIIIETO YHC-
ga 6ospHbiX ¢ OPIC reHotuna G+ npu cenrtudec-
KOM IIIOKE MOKET OODBSICHUTD MOBBINIEHHbIE 3HAYE-
Hust UBCBJI uMeHHO y GOJIbHBIX JaHHOT'O TeHOTHIIA.

B mos1p3y 3TOr0 IpeonoKe sl CBUIETENbCT-
ByeT OOHapysKeHue pasanduii 1mo yposHioo SP-D B
iazme y GOJIbHBIX ¢ pasHbiMu TeHoTunamu AQPS ¢
CENTUYECKUM IIOKOM. TaK, TanHble PUC. 3 CBUETENb-
CTBYIOT O TOM, 4TO y O0sibHbIX ¢ reHotunoM GG u cer-
THUYECKHUM IIOKOM COJIepKaHue CyphaKTaHTHOTO Oei-
ka SP-D 0ObUIO JOCTOBEPHO BbIIlE, YeM Yy GOJHLHBIX
reroruiia AA. VI3BecTHO, uTo G0JIee BHICOKUIT YPOBEHD
colepKaHust cypdakTaHTa sIBJSIETCST HeOJIArompusiT-
HBIM ITPOTHOCTUYECKUM (DAaKTOPOM B OTHOIIEHUU HC-
XOJIa CENTUUECKUX COCTOSIHUI, a cosiep:kanue SP-D B
muarazone 115,8—253,0 Hr/mMJ1 B 11€pBbIe CyTKU UCCJTE-
JIOBaHM:A cooTBeTCTBYET 1epBoii craznn OPIC [18].

12.26
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Puc. 2. /luHaMuka HHAEKCAa BHECOCYAMCTOH BOJBI JIETKUX Y
60abHBIX TeHOTHIIOB AA 1 GA+GG B Teuenue 7 CyTOK JeueHusl.
Fig. 2. Dynamics pulmonary extravascular water index patients
of genotypes AA and GA + GG during 7 days of treatment
Note: a — All group; b — no septic shock; ¢ — patients with
septic shock. The average values of EVLWI, ml/kg, are present-
ed. * — P>0.05 (Mann-Whitney test).

IIpumeuanue: a — All group — Bes rpymia; b — no septic shock —
6e3 cenTuueckoro 1oka; ¢ — patients with septic shock — 60sb-
Hble ¢ centuueckum mokom. EVIWI, ml/kg — upencrasienst
cpennue 3navenust UBCBJI, mui/kr. ¥ — p>0,05 (Mauua-YurHu).
Days — num.

analysis of the dynamics of EVIWI values during 7
days of treatment, the differences in lung edema
dynamics in a course of the treatment were revealed.

TaGauna 5. I dexTUBHOCTD JIeYeHHsT OTeKa JETKNX Y GONBHBIX PAa3JIMYHbIX FeHOTHIOB +2254 A>G AQP5.
Table 5. Efficiency of treatment of pulmonary edema in patients with different genotypes +2254 A> G AQP5.

Genotypes Number of patients, n (%)
All group No septic shock Septic shock
Sensitive Resistant Sensitive Resistant Sensitive Resistant
to treatment to treatment to treatment to treatment to treatment to treatment

+2254 AA 36 (59) 25 (41) 18 (58) 13 (42) 18 (59) 12 (41)
+2254 AG u +2254 GG 12 (48) 13 (52) 10 (71) 4(29) 2 (18) 9 (82)

P (EMF) >0,05 >0,05 0,032

OR — — 6,75

IIpumeuanue. Sensitive to treatment — 4yBcTBUTETbHBIC K JIeYeHHTO; resistant to treatment — pe3ucTeHTHBIE K JIEUEHNIO.
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SP-D concentration
60.31 P>0.05
84.125

No septick
shock

Septick
shock

a

group

[l GA+GG
[ AA

Criteria for evaluating the efficacy
of treatment was designated as
sensitivity/resistance to the treat-
ment (Materials and Methods).
When comparing the groups of
patients with different genotypes,
it was found that the proportion of
patients with decreased edema was
significantly increased in patients
with septic shock and genotype
AA AQP5 during 7 days of treat-
ment but not in G+ genotypes
(Table 5). Table 5 shows that no
differences exist in patients’

171.93
P=0.01

ng/ml

200 groups with same genetic differ-

ences and no septic shock.

Puc. 3. Conep:kanue cypdaxrantaoro 6enxa SP-D B nasve GOJbHBIX, OTIHYAIOMIAX-

¢4 o reHotunry AQPS.

Fig. 3. Concentration of SP-D surfactant protein in plasma of patients differed in

AQP5 allelic variants.

Note. Averages for SP-D in plasma are presented, ng/ml. P was evaluated by Mann-

Whitney test.

IIpumeyanne. [Ipencrasnenst cpeanne sHadenuss SP-D B mmaszme, nr/mi. 3nadenue p

OlLleHUBAJN 110 KpuTepuio ManHa-YuTHu.

[TosryueHHbIE TaHHBIE YKA3BIBAIOT HA TO, UTO Te-
norunt AA AQP5 (1s3736309) acconmmpyercd ¢ 3a-
MIUTON OT OTeKa JIETKUX TPHU CEITHYECKOM IIMOKE,
Torga kak amieiab G spisercs HeGJIaronpusaTHHIM
(hakTOpOM B OTHOTIIEHUH PA3BUTHSI OTEKA JIETKUX, yC-
TONYUBOTO K JICUEHUTO B TEUECHUE TIePBOU He/le I Ha-
xoxkaenns 6osabaoro B OPUT.

W3yueHre reHeTHUECKNX TTOTMMOP(MU3MOB TIPU
MHOEKITMOHHBIX OCTOKHEHUSIX KPUTHIECKIX COCTOSI-
HUIl IPUBJEKAeT B IOCJIEAHUE TOAbl Bce OoJibliee
yrcsio uccaenosaresein. Ilo nanubiM 6as3bl Scopus,
TOJIBKO 32 MOCJIETHUE 5 JIET B 9TON 0b1acTu ormy6Jiu-
koBaHO Gosiee 300 pador. Pacryiast momyJsipHOCTD
9TOM 061acTH OOBACHSIETCSI, C OAHOI CTOPOHBL, HE0O-
XOAMMOCTBIO TTO3HAHWST MEXaHU3MOB Pa3BUTHUS CEll-
crica — 0COOEHHO B CJIydae UCCIIeI0BaHMst (DYHKITHO-
HAJHbHO 3HAYMMBIX TEHETHUYECKNX MAPKEPOB, KOTOPbIE
MOTYT UMETh TTaTOTEHETHYECKOe 3HAUEHUe JIJIST Pas-
BUTHUS OTTACHBIX JIJIST JKU3HU KPUTHUECKUX COCTOSTHUH
(OP/IC, centuueckuii mok). Takue wucciemoBanust
MOTYT TTOMOYb BBISIBUTH HOBBIE MOJIEKYJISIPHBIE M-
MIEHN IJIST JIEIeHUsT /WU TIPeyTIPEKICHIST Pa3By-
TUSA TaKuX cocTosiHNi. C IpYToit CTOPOHBI, OHU HECYT
HOTEHINA Pa3pabOTKH IIPOTHOCTUYECKUX MAPKEPOB
C TeJTPIO TTEPCOHM(UKAIINN JIEYEHUSI C YIETOM JIOTIOJ -
HUTENbHDIX, TEHETHYECKUX TI0 CBOEH MPHUPOJIE, PUC-
KOB HEOJIArOIPUSATHOIO TeYeHUsE 3200/ 1€ BaHMSL.

WccnepoBanust B 06J1aCTH FE€HETUYECKOTO TOJIH-
Mopduzma AQPH 1pu CeNnTUYECKOU JIETOUHOUM WH-
dexiuu BakHbI ¢ 006€UX OTMEUEHHBIX ITO3UIHUIL.
[Ipexze Bcero, motomy, uTo Mosiekybl AQPS yuact-
BYIOT B TPAHCIIOPTE BOJABI B KJIETKY W YYacCTBYIOT B
opmupoBanuu otekoB B TKaHsx |25, 26]. [Ipu aTom

It should be noted that 53%
of patients in this study were diag-
nosed with ARDS, and 33%
patients developed both ARDS
and septic shock. In group of
patients with septic shock carrying
allele G (genotypes GG and GA,
unfavorable genotypes for the
development of pulmonary edema)
there was a trend of accumulation of more patients
with both ARDS and septic shock — 90%, while in
the group of patients of AA genotype accumulation
of patients with ARDS was less — 60% (P>0.05).
Despite the lack of significance of these differences,
current tendency of accumulation of a increased
number of more severely ill patients (ARDS+septic
shock) among patients of G+ genotype may partly
explain the increased values of EVLWT in patients of
a given genotype.

This assumption is supported by the detection
of differences in the level of SP-D in plasma of
patients with AQP5 different genotypes and septic
shock. Figure 3 demonstrates that in patients of G+
genotype and septic shock the concentration of circu-
lating SP-D is significantly higher than in similar
group of patients of AA genotype. Higher levels of
surfactant have been shown to be a poor prognostic
factor for outcome of sepsis, and SP-D within the
range of 115.8—253.0 ng ml on day 1 at admittance to
the ICU corresponds to the first stage of ARDS [18].

These data indicate that the AQP5 AA geno-
type (rs3736309) is associated with protection
against pulmonary edema in septic shock, whereas
the G allele is an unfavorable factor that positively
contributes to development of pulmonary edema in
septic shock patients and to relative resistance
(decreased efficacy) to treatment during the first
week of admittance to the ICU.

Recent years, the studies of genetic polymor-
phisms in infectious complications of critical illness
have attracted an increasing number of researchers.
According to the Scopus database, only in the last 5
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Gakrepuasbhbiil Junomnosmcaxapuy (JIIIC) sHauwm-
TEJBHO CHIZKAET aKcIpeccuio nMeHHo AQP), HO He
AKBAIIOPUHOB-3 U -4 B KJIETKAX SIUTEJIUST OPOHXOB
yesioBeka [27], u moatoMy MH(MEKITMOHHBIN 1TPOIece B
JIETKUX MOJKET IPUBECTH K CHIKeHUI0 AQPS-otocpe-
JOBAHHOTO TPAHCIIOPTA BOZIbI U3 BHEKJIETOYHOTO I1PO-
CTPAHCTBA B COCYIUCTOE PYCJIO Yepe3 KJIETKU DIIITe-
JIUST JIETKUX, TIPUJIETAIolie K CTEHKAM KalUJLIsSIPHO
ceTu. JTU JAHHbIE SIBJISTIOTCSI OCHOBOU [IJIsT TIPEIIIO-
JIOJKEHUS 0 TTaToreHeTndeckoin posmmt AQPS B ¢popmu-
POBaHUM U PA3BUTUU OTEKA JIETKUX IIPU JIETOYHOM
uH(pEKIUY, B X0/e KOTOPOI BHICBOOOIKIaeMble OaKTe-
pHAJIbHbIE YHIOTOKCUHBI M, BO3MOXKHO, Jpyrue Jiu-
TaHjibl PEIeNnTOPOB BPOKIEHHOTO UMMYHUTETA —
ToJI-110100HbIX perienitopoB (toll-like receptors,
TLRs) — mapymrator akcrpeccnio AQPS Ha moBepx-
HOCTH JIETOYHOTO 3MUTENUS U CIIOCOOCTBYIOT HAKOTI-
JIEHUIO BOJIbI B uHTepcTuiinu jerkux. C xapyroii cro-
pDOHBI,  WMMEIOTCS  [JaHHbIE O  TOM,  4TO
HeOJIATOTPUSITHBIE UCXOJIbI CETICUCA ACCOIUUPYIOTCST
C QJIIEJIbHBIMY BapHaHTaMK TIPOMOTOPHOI 00JacTh
AQP5. Tax, nast mpomotoproro SNP-1364 A/C noka-
3aHa accoluanys renoTuna AA u CHUKeHHOU cMepT-
HOCTBIO TIpU TskesioM cericuce [11]. Harme uccaeno-
BaHue, BIIEPBble YCTAHOBUBIIEE ACCOIMAIIMIO
MHTPOHHOTO ToIMMopdHOTro Bapuanta AQP5 ¢ pas-
BUTHEM OTEKA JIETKUX MTPU Harboree TsLKeol (hopme
Cercrca — CelnTUYECKOM IIOKe, MOATBEPKAAET WH-
(hopMATUBHYIO TIEHHOCTDb UCHOJIb30BAHUS TeHETHIEC-
Kkoro nosumopdusma AQP) 1171 IPOTHO3a PA3BUTHS
9TOTO OIMACHOTO [IJIsI JKU3HU COCTOSIHUSI U, BO3MOKHO,
JUIST TTOCJIE/YIOTIeN epCOHn(pUKAIINN KI3He0OecTe-
YeHUs GOJIBHBIX C CEIITUYECKUM TITOKOM.

Boiee uem y 50% 60JIbHBIX CEIICUCOM Pa3BHBa-
etca otek Jierkux [13]. OTek JieTKuX TPOSIBJISETCS
U30BITOYHBIM HAKOILJIEHHEM BHECOCY/IMCTOI BOJBI B
UHTEPCTUIINATBHOM ¥/UJIH AJbBEOJISIPHOM IIPOCT-
paHCTBaX JIETKUX U OOBEKTUBHO BLIPAKAETCSI B BUJIE
yBesmmuenns 3Haueanit UBCBJIL. B 310poBbIX erkux
GajlaHC MesKy IOCTYILJIEHUEM U yAaleHreM cBoOO/I-
HOI BOZIBI TTOJI/IEP;KUBAETCS ajibBeoiorutaMu [ Tuma.
[Tpu cenTuveckoM IIOKe MOBPEKAEHUS IITUTETHAIb-
HBIX KJIETOK JIETOYHOW TKaHW HanboJiee BBIPAsKEHBI
BCJIE/ICTBUE U TOKCUUECKUX OAKTEPUATBHBIX MTPOIYK-
TOB, U MOBBIIIEHHOW MUTPAIIMU KJIETOK BPOKIEHHOTO
MMMYHUTETa, B IEPBYIO ouepe/ib — JielKonnuTos. 11o-
BPEX/IEHHBI B pe3yJibTaTe IPOOKCUIAHTHON Jiesi-
TEJbHOCTH MOCTEAHUX KOJLIATEH-MYKOTIOJINCAXAPII-
HBIII MATPUKC MEXKKJIETOUYHOTO MPOCTPAHCTBA
stByisteTcst (haKTOPOM, CIIOCOOCTBYIOIIUM 3aJ[epPIKKe
BO/IbI, & BBICOKAsI TIPOHUIIAEMOCTDb COCY/IOB B PE3YJIb-
tare WH(HEKIMOHHOTO BOCIAJIEHHUS CITOCOOCTBYET Tie-
pexo/ty OEJIKOB U3 KAITUJLJISIPOB B UHTEPCTUITHATIBHY IO
TKaHb. JTO MOXET MPUBOAUTH K YBEJIMIEHUIO OCMO-
TUYECKOrO JIaBJieHns B mHTepcTuiinu. V3secrho, 4to
AKBAIOPUHBI CITOCOOHBI OOECIIEUMBAOT pPa3HOHA-
[PABJIEHHBIN TPAHCIIOPT BO/bI — KAK BHYTPb KJIETKH,
Tak u u3 Hee. Tax, mosiekysist AQP1 MmeMOpaHbI 5puT-

years more than 300 papers directly related to this
field were published. The growing popularity of this
area of research is due, on the one hand, to still
understudied mechanisms of sepsis, especially those
that reflect the genetic base of sepsis heterogeneity
and pathogenetically contribute to development of
life-threatening critical illness (acute respiratory dis-
tress syndrome, septic shock). These studies may
help to identify new molecular targets for treatment
and/or prevention of such dangerous conditions. On
the other hand, these studies might result in devel-
opment of potential prognostic markers to personal-
ize the treatment with the aid of knowledge of
extended list of risk factors for unfavorable course of
the illness.

Studies in the area of intersection of a genetic
polymorphism of AQP5 and septic lung infection are
important because of both above mentioned posi-
tions. This is primarily due to AQPS5 water molecules
are involved in transport into the cell and signifi-
cantly contribute to the edema formation in tissues
[25, 26]. Interestingly, that bacterial lipopolysaccha-
ride (LPS) significantly reduces AQP5 expression,
but not aquaporin-3 and -4 in human bronchial
epithelial cells [27]. Therefore, the infection process
in the lungs may lead to decreased AQP5-mediated
water transport from the extracellular space into the
vascular direction through the lung epithelial cells
adjacent to the walls of the capillary network. This
data seem to provide a rationale for the assumption
on the pathogenetic role of AQP5 in the formation
and development of pulmonary edema in lung infec-
tion, during which bacterial endotoxins and other
ligands of innate immunity receptors (Toll-like
receptors, TLRs) might alter AQP5 expression on the
surface of the lung epithelium and contribute to the
accumulation of extracellular water in the interstitial
area of the lungs. On the other hand, there is an evi-
dence that the adverse outcomes of sepsis associated
with the allelic variants of the promoter region
AQP5. Thus, for the promoter SNP -1364 A/C, the
association of genotype AA and reduced mortality in
severe sepsis has been demonstrated [11].

Our study is the first in establishing an associa-
tion of intronic polymorphic variant AQP5 with pul-
monary edema development in patients affected by
the most severe form of sepsis — septic shock. This
study also provided new data to support the infor-
mative value of the use of genetic polymorphism
AQP5 for predicting the development of this life-
threatening condition, with a potential for further
personalization of a life support in patients with sep-
tic shock.

More than 50% of septic patients develop pul-
monary edema [13]. Pulmonary edema is manifested
by an excessive accumulation of water in the
extravascular interstitial and/or alveolar spaces of
the lungs and objectively expressed as increased

www.reanimatology.com

GENERAL REANIMATOLOGY, 2016, 12; 3



DOI:10.15360,/1813-9779-2016-3-8-23

OPTAI‘MHQ.AI)HBIC MCCACAOBAHMI

POIIUTOB MbIlliell aKTUBU3UPYIOT BBIBOJ BOIbI U3
KJIETKH B TUIIEPOCMOJISIPHBIX PACTBOPAX, TOT/IA KAK B
YCJIOBUSIX CHUYKEHHOIN OCMOJISIPHOCTH ITH Ke MOJIe-
KyJIbI 0OECTIEYMBAIOT TPAHCIIOPT BOJIBI B KJIETKY [28].
MozkHo onaratb, 4to u 17151 AQP) XapakTepHbI 10-
JIOOHbBIE 3aKOHOMEPHOCTH., JKCIIEPUMEHTBHI Ha KPBICAX
MOKA3aJv, YTO TIPU TOBBIIEHNN aKcrpeccun AQPH
101 BO3/IEICTBUEM 9MO/IITHA OTEK JIETKUX TIPH CETCH-
ce yMmenbiajucst 6eictpee [29]. B akcrepumeHTab-
HBIX MOJIEJISIX Celcuca ObLIO MOKA3aHO, YTO CHELKE-
HUe ypoBHA aKciipeccun AQP) B KJeTKaX JIETOUHOM
TKaHU crocoOCTBOBaIO pasButuio oreka [30], a ero
MOBBINIIEHNE — CHUKAET BBIPAKEHHOCTh oTeka [31].
BosmozkHo, uto renotun AA rs3736309 AQP5 acco-
[UMPOBAH C OTHOCUTEJBHO 0O0JIee BBICOKUM YPOBHEM
HKCIPECCUU ITOTO OGENTKA B KJIETKAX SITUTEHS JIETKUX,
09TOMY GOJIbHBIE JJAHHOTO FeHOTHUIIA B GOJIbINEl cTe-
[eHU KOMIIEHCUPOBAHDI B OTHOIEHUU PA3BUTUS OTe-
Ka JIETKUX, 4eM OOJIbHbIE [PYTHX TeHOTUIIOB.
MHTepecHo, 4To 9Ta 3aKOHOMEPHOCTH ObLJIA BbI-
sIBJIEHA B JIAHHOU paboTe TOJBKO Y OONBHBIX C CENTH-
YeCKUM IIOKOM, T.e. IPU KPUTUIECKOM COCTOSIHWH,
COTIPOBOXKAIONTNMCS MOITHOM BOCHAJIUTENbHON aK-
THBHOCTBIO HEIIOCPE/ICTBEHHO B JieroyHoii Tkanu. He
HCKJIIOYEHO, YTO TAaKOMY OrpaHudeHuIo addekra re-
HeTrueckoro nosumopdusma AQP) nipu otexe Jer-
KUX MOTJIO CIIOCOOCTBOBATh BOBJIEYEHUE B TIPOIIECC
00pa3oBaHUsT OTeKa TPOAYKTOB KJIETOK UMMYHHOI
CHCTEMbI, MUTPUPYIOIIUX 13 KPOBOTOKA B JIETOYHYIO
TKaHb. VI3BeCTHO, UTO pa3jnyHble KJIeTKH UMMYHHON
cUCTeMBI aKcTipeccupyioT AQP) Ha cBOeii TOBEPXHOC-
T [32]. Bosnee Toro, AQP5 umeeT HermocpecTBEHHOE
oTHOIIeHe K (DYyHKIIMOHATIBHOM AKTUBHOCTH KJIETOK
UMMYHHOI CHCTEMBI, YYaCTBYsl B BOCIIAJTHTETbHBIX
peakiusax, parorutapHoi (GyHKITUU U MUTPAIUN UM-
MYHOKOMITETEHTHBIX KJeToK [33, 34]. Tunorernuec-
KW, TeHeTHYecKn mnosuMopgHbie BapuanTol AQPH
MOTJI ObI OBITH ACCOIUUPOBAHBI ¢ PA3HBIM YPOBHEM
JIOKQJILHOTO HAKOILJIEHUST MTPOBOCIIATUTETbHBIX WU
[POTUBOBOCIIATTUTEIBHBIX KJIETOK UMMYHHOI CUCTe-
MBI TIPU UHOEKITNOHHOM TIPOIIECCE B JIETKUX.
Wnrepecuo, uto 3uauenusi IBIOK, kocBenno
OTPasKAOIIIe BOJEMUUYECKHUIT cTaTyc GOJBHBIX, OBLIN
JIOCTOBEPHO HITKE B IPyTIiie OONbHBIX reHoTUIa AA 1o
cpaBHEHMIO ¢ Tpynmoil renotunos G+. Takoil xapak-
TEp pacipe/esieHus 3HAYEHUIT TTOKA3ATeNsT CPEIn
rpy1it GOJIBHBIX PA3HBIX TEHOTHUIOB ObLI 0OYCIOBIIEH
UCKJIIOUUTENBHO OJIarofiapst MOArpyIine OOJbHBIX
centuaeckuM mokoM (Tabu. 4). Hebosbimoe, XoTst 1
JIOCTOBEPHOE CHUKeHNe 3HAYEHU T JAHHOTO TIOKa3aTe-
JISL TOJIBKO B TPYIIITE OOBHBIX ¢ CENTHYECKUM [TOKOM
rerotuiia AA MOTJIO OBITh OTPAKEHUEM TEHETHUECKOI
FeTEPOreHHOCTH AJIANTAIIMOHHBIX MEXAHU3MOB IPU
Ppa3BUTUM OTeKa JieTKuX. /[eficTBUTEIbHO, aHAIN3 aH-
HBIX BBISIBUJI CPEJIHUI XapaKTep CBSA3U OOOUX MOKa3a-
TeJiel — JI0OCTOBEPHbIE YPOBHU OOPATHON KOPPEJISIIIUT
meskay mokazatensimu UBCBJI u UBI'OK (7=-0,594
u r=-0,610 mus qHeit 3 u 5 uccaenosanust, p=0,039 u

EVIWT values. In healthy lungs balance between
supply and removal of free water is maintained by I
type alveolocytes. In septic shock damage to the
epithelial cells of the lung tissue is due to toxic bac-
terial products, migrated inflammatory cells, primar-
ily, leukocytes. Damaged collagen-mucopolysaccha-
ride matrix of extracellular space is a factor
contributing to water retention, and high vascular
permeability (as a result of infectious inflammation)
promotes the protein transfer from the capillaries
into the interstitial tissue. This may result in an
increase of osmotic pressure in the interstitium. It is
known that aquaporins can provide multidirectional
transport of water, inside the cells and from the cells.
Membrane molecule AQP1 in mice erythrocytes was
shown to activate withdrawal of water from the cells
into hyperosmolar solution, whereas under the
reduced osmolality AQP molecules mediate trans-
port of water molecules into the cell [28]. Tt is
believed that AQP5 follows similar rules.
Experiments in rats have shown that an emodin-
stimulated increase in the expression of AQP5 led to
decreasing pulmonary edema in experimental sepsis
[29]. In experimental models of sepsis it has been
shown that reducing the expression level of AQP5 in
lung tissue cells contribute to the development of
edema [30], whereas increased expression reduced
edema intensity [31]. Tt is possible that AA genotype
of rs3736309 AQP5 is associated with relatively
higher levels of protein expression in lung epithelial
cells, and patients of given genotype are largely com-
pensated in respect of lung edema compared to
patients of other genotypes.

Interestingly, this pattern has been identified in
our study only in patients with septic shock and lung
infection, i.e. in critical illness accompanied by a
strong inflammatory activity in the lung tissue. It is
possible that such a limitation of the effect of genet-
ic polymorphism AQP5 with pulmonary edema was
due to the involvement of products of immune cells
migrating from the bloodstream into the lung tissue.
It is known that various cells of the immune system
express AQP5 on cell surface [32]. Moreover, AQP? is
directly related to the functional activity of immune
system cells, participating in inflammatory respons-
es, phagocytic function, and migration of immune
cells [33, 34]. Hypothetically, genetically polymor-
phic variants of AQP5 could be associated with dif-
ferent levels of proinflammatory or local accumula-
tion of inflammatory cells in the immune system
during lung infection.

Interestingly, the values of ITTBWT that indi-
rectly reflect volemic status of patients were signifi-
cantly lower in the group of patients with genotype
AA in comparison with genotype group G+. This
pattern of distribution of index values among the
groups of patients with different genotypes was sole-
ly due to the subgroup of patients with septic shock
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p=0,039, coOTBETCTBEHHO) OIPENEIIAIUCH TOTBKO B
rpyiitie GOJBHBIX C CENTHYECKUM ITOKOM TeHOTHA AA
AQP5, Torjia kKak B rpyiie 60JbHBIX reHOTUoB GA u
GG 3nauenus koaddunmentoB koppessain (Crup-
MeH) BapbupoBasu B ripegenax 0,1—0,3 u 6buiu Hezo-
CTOBEPHBI B J1000i1 U3 JIHEI nccaejoBaHKs. ITH JaH-
Hble TPEOYIOT MOATBEPKIIEHNSI B OOJIBIIEN 110 pasMepy
BBIGOPKE GOJIBHBIX.

CormocraBiienue OOHAPY/KEHHBIX HAMU OTJIU-
quil GOJHLHBIX Pa3HbIX TeHOTUoB (AA mpoTuB
AG+GG) 153736309 AQP5 (yposuu MBCBJI u
YYBCTBUTEJIbHOCTh K JIEYEHUIO) TO3BOJISIET II0JIa-
rath, yTo renotun AA rs3736309 zamuinaer ot pas-
BUTHS OTeKa JieTKuX. MexaHuaMom Takoro addex-
Ta MOMKET SIBJSIThCS 0OoJiee BBICOKUI yPOBEHD
skcipeccunt AQP5 y GOJBHBIX JAHHOTO TEHOTHUIIA.
[Mocaepyiomue uccaes0BaHusE HeOOXOAUMBIL, YTOObI
MIPOBEPUTD ITY TUIIOTESY.

IIporextuBnbril apdexr renornna AA AQPS B
OTHOIIICHUM Pa3BUTHS OTEKA JIETKMX Ha (hOHE CeTH-
YeCKOTO0 MIOKA U [IPU COOTBETCTBYIOIIEM JIEY€HUH MO-
JKeT ObITh 0OYCJIOBJIEH BHYTPUJIOKYCHBIM HEPABHO-
BECHBIM CIEIUIEHUEM JaHHOTO MHTPOHHOTO caiTa
JIPYTUMU TOJTUMOP(MHBIMY caliTaMu TeHa (HapUMep,
B TIPOMOTOPHOIT obsactu AQP5), HermocpencTBEHHO
KOHTPOJUPYIOIMINMI JKCIIPECCUIO AKBAIIOPUHA-5.
BuyTtpuniokycnoe HepaBHOBECHOE CIIETLIEHHS OITH-
CBIBAETCST KAaK HECJAydailHOe pacipezieieHue 4acToT
anenredl moJIMMOpP(GHBIX CaliTOB BHYTPHU JIOKYCa,
BCTpevalolieecs Jaiie, 4eM IPU CAyIallHOM pacipe-
nenenun. Bo3aMOXKHO, YTO TIOBBIIIEHIE YACTOTHI Ta-
KOl KOMOWHAIMU B TIOMYJISIIIUKA MMEET aallTHBHOE
suavenue |35]. [ rs3736309 AQP) nokazaHo BHYT-
PHJIOKYCHOE HEPABHOBECHOE CIIEIJIeHne C CaiTaMu
rs2878771 u 15296763, dbyHKIIMOHAIbHAS 3HAYU-
MOCTb KOTOPBIX He sicHa. M bl He OOHAPY KIJIH B JIUTe-
parype JaHHBIX O HAJTMYUYM HEPABHOBECHOTO CIIEILIIe-
HUA caiiToB nosmMopdusama uHTpoHa rs3736309 n
npomoropa AQPS rs3759129. Oxnako, B uteparype
UMEIOTCs IAHHbIE O HAJIMYUU HEPABHOBECHOTO CIIEI-
JieHUs HeCMHOHUMUYHOTO SNP, pacnosioskeHHOro B
ak30He 4 reHa AQP) 1 accolmmupoBaHHOTO € YCTOWYH-
BOCTHIO MOJIEKYJIbI AKBAIIOPUHA-D, € HECKOJIbKIMU
npyrumu SNP, B Tom umciie n ¢ rs3736309. Ananus
ramiotunnoB SNP AQP5 mokasas, 4TO TamoTHIl
CGCT pa SNP 152878771 (annenb A), rs3736309
(anmens G), 15296763 (aswtenn C) u 152849266 (as-
Jsiesib T) ObLT accoIUUPOBaH ¢ HanboJiee BhIPAsKEHHON
CKOPOCTBIO cHUKeHUs dyHKImn jJerkux (p=0,0007)
y 60sibHBIX XOBJT [36]. MOKHO MPEATIONIONKUTD, 4TO
BHYTPUJIOKYCHOE HEPABHOBECHOE CIETLJIEHUE aJlJIesist
G AQP5 153736309 1 annens SNP ax30Ha, KOHTPOJIU-
PYIOIIETO CTPYKTYPHbBIE OCOOEHHOCTU MOJIEKYJIBI
AQP5, BHOCUT BKJIaJ ¥ B OOHAPY/KEHHbIII HAMM HeTra-
TUBHBIN ahdekT amnesns G npu cenTUUecKoM IIOKe.

Ilpyroit MexaHusM, OOBSICHSAIONINI BJIUSHIE
resorunia AQP5 Ha pa3BUTHE OTeKa JETKUX IpU
JIerouHOU MHMEKIUK, MOKET ObITh CBSA3AH € ydac-

(Table 4). A small, but statistically significant
decrease of the values of this parameter only in
patients with septic shock of AA genotype presum-
ably might result from genetic heterogeneity of
adaptive mechanisms contributing to the develop-
ment of pulmonary edema. Indeed, the analysis of
the data revealed the negative relationship of both
indicators: there was a significant inverse Spearman
correlation between the levels EVIWT and ITBWI
(r=-0.594 and r=-0.610 for days 3 and 5 of the study,
P=0.039) in patients with septic shock of AA geno-
type, whereas in patients of GA and GG genotypes
the correlation coefficients varied between 0.1—0.3
and were not significant at any of the days of the
study. These findings need to be confirmed in a larg-
er cohort of patients.

Comparison of the differences that werefound
in patients with different rs3736309 AQP5 genotypes
(AA vs. AG + GG) (in EVLWI levels and sensitivity
to treatment) suggests that rs3736309 AA genotype
protects against the development of pulmonary
edema. The mechanism of this effect may be a higher
level of AQP5 expression in patients with this geno-
type; further studies should explore this hypothesis.

The protective effect of AA AQP5 against
development of pulmonary edema in septic shock
and under the appropriate treatment may be due to
intralocus linkage disequilibrium of the intronic
polymorphic site and other sites of this gene (e.g.,
promoter region of AQP5), directly controlling the
expression of aquaporin-5. Intragenic linkage dise-
quilibrium has been described as a non-random dis-
tribution of the frequencies of alleles of polymorphic
sites within one locus, occurring more frequently
than in a random distribution. It is possible that such
combinations with increased frequency in a popula-
tion has an adaptive value [35]. For rs3736309 AQP5
intralocus linkage disequilibrium was shown for
rs2878771 and 1rs296763 SNP sites, however, the
functional significance of data is unclear. We did not
find any data demonstrating a linkage disequilibrium
of intronic site of rs3736309 SNP and AQP5 promot-
er rs3759129 site. However, there are available data
on the linkage disequilibrium of a nonsynonymous
SNP, located in exon 4 of AQP5 gene, which was asso-
ciated with increased resistance of an aquaporin-5
molecule to degradation, and several other AQP5
SNPs including intronic rs3736309. Haplotype
analysis of SNP AQP5 showed that haplotype CGCT
(includes SNP rs2878771 — A allele, rs3736309 —
allele G, 15296763 — allele C, and rs2849266 — T
allele) was associated with an incerased rate of
decline in lung function (P = 0.0007) in patients
with COPD [36]. We can assume that intralocus
linkage disequilibrium of intronic allele G (AQP5
rs3736309) and exon encoding structural features of
AQP5 molecule contributing to resistance to degra-
dation of the protein, contributes to a negative effect
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OPTAI‘MHQ.AI)HBIC MCCACAOBAHMI

THEM BapUAHTHOU WHTPOHHOU 00JIACTU B PETyJIsi-
UM AKCIIpeccuu TeHoB. VI3BeCTHO, YTO MHTPOHHBIE
obJractu MOTYT y4acTBOBaTh B ciuiaiicmare MPHK
n B (opMUPOBAaHUM BTOPUYHBIX CTPYKTYp IIpe-
MPHK, Biausgsg TeM caMbIM Ha 3KCIPECCUIO TEHOB
[37]. Ilpeamomaraercs, 4TO TaKoil MeXaHU3M CY-
NIECTBYET U B OTHOIICHUU PETYJISAINU dKCIPECCUU
akBamopuna-5 [10].

HesaBucumo ot MexaHU3Ma, JIeKAIero B OCHO-
BE YCTAaHOBJIEHHBIX (DAKTOB, TIPEACTABJSCTCS IIeJie-
coOOpa3HbIM M3YyYEHUE 3aBUCHMOCTH YPOBHEN 9KC-
npeccuut AQP5 ot renoruna rs3736309. GosbHBIX
IIPU CETITUYECKOM TIOKe. Pe3yJbTaThl TAaKOTO HCcJie-
JIOBAaHUS [IO3BOJIAT Jiydiile TOHATh BKjian AQPS B
Pa3BUTUU OTEKA JIETKUX U IPUOJUZUTHCS K TIEPCOHA-
JIN3AIUN JiedeHnst OOJIbHBIX C JIErOYHON MH(peKInei
U CENITUYECKUM TIIOKOM.

BoiBobI

[MosyuyeHHDIE JAHHBIE CBUAETENBCTBYIOT, UTO
nosmmopdubie BapuanTsl 1s3736309 AQP5 oxasbi-
BAIOT BJIUSIHIE HA TEYEHUE U UCXOJ[ OTEKA JIETKUX
OpU CENTUYECKOM MIOKe. Y OGOJbHBIX TEHOTHUIIA
AQP5 AA (1s3736309) ¢ cennTmuecKuM MIOKOM 3Ha-
yenug UBCBJI, a takxke comepskanue cypdakTan-
toro Gesika SP-D B riazame ObLIN HUKE, 4eM Y GOJIb-
HBIX J[pyrux reHoTurnoB (tabu. 4, puc. 2 u 3).
Boubabie reHotuna AA Obuti 60JIee YyBCTBUTEID-
HbBI K JIEYEHUIO OTEKA JIETKUX TIPU PA3BUTHH CEIITH-
gyeckoro moka (tabu. 5). Amrens G rs3736309 siB-
jasercst  HebmaronpusiTHeIM — (aKTOPOM  TIpu
Pa3BUTHUU OTEKA JIETKUX B 00CIeI0BAHHON BBIOOPKE
GOJIBHBIX C CENTUYECKUM MIOKOM. [Ipesmoaraercs,
YTO TEHOTUIUPOBAHUE OOJIBHBIX 10 CAUTY TOJIH-
Mopdusma rs3736309 rena AQP) 1M03BOJIUT CTPATH-
(unMpoBaTh PUCKK PA3BUTUSI OTEKA JIETKUX Y OOJIb-
HBIX C CENTUYECKUM IMOKOM C IeJbI0 HauGobIIei
MEPCOHATUBAIUY JIEYEHUSL.

Bbaarogaproctu. KosisiekTrB aBTOPOB BbIpasKa-
et mpusHaTesbHOCTh Mamaxosoii C.B. 3a mpose/e-
HUe JTabOPATOPHBIX UCCJIEIOBAHIN,
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of the G allele in edema development in patients
diagnosed with septic shock.

Another mechanism to explain the effect of
AQP5 genotype on the development of pulmonary
edema in pulmonary infections may be associated
with a role of variant intron region in the regulation
of gene expression. It is known that the intron
regions are involved in splicing of mRNAs and sec-
ondary structures formation of pre-mRNA, thereby
affecting gene expression [37]. It has been proposed
that a similar mechanism might regulate expression
of AQP5 molecules [10].

Regardless of the mechanism underlying the
established facts, it seems appropriate to study the
expression levels of AQP5 depending on the geno-
type of rs3736309 in patients with septic shock. The
results of this study will enable a better understand-
ing of the contribution of AQP5 in the development
of pulmonary edema in critical illness and personal-
ize the treatment of patients with lung infection and
septic shock.

Conclusion

The findings suggest that polymorphic variants
rs3736309 AQP5 affect the course and outcome of
lung edema in septic shock. Patients with genotype
AA AQP5 (rs3736309) with septic shock exhibit
lower EVLWI values and decreased concentration of
surfactant SP-D protein in plasma compared to
patients of other genotypes (Table 4, Figs. 2 and 3).
Treatment of pulmonary edema in patients with sep-
tic shock was more effective in patients of AA geno-
type of AQP5 (rs3736309) (Table 5). Allele G
rs3736309 is an unfavorable factor for the develop-
ment of pulmonary edema in patients with septic
shock. Tt is suggested that genotyping of patients for
rs3736309 AQP5 genotype might contribute to risk
stratification for patients with septic shock and lung
edema to personalize the treatment.
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