DOI:10.15360/1813-9779-2019-3-31-47

Knunudyeckue NpaKTHUKa U UCCJeJOBaHUA

KoMOuHausa MoJieRyJIsapHbIx 0uomapkepos JTHK
B IIPOTHO3€ UCX0/Ia KPUTHUYECKUX COCTOSTHHUH

B. M. IIucapes!, A.I. Uymauenko!, A. [I. ®usies!?, E. C. Epmosal?, C. B. KocTiok!?,
H. H. Beiiko?, E. K. I'puropse!>¢, E. B. Enucuna'?®, P. A. Yepnakos’, A. B. Tyrenbsan®*

I HU o61eii peannmarosoruu uM. B. A. Herosckoro ®HKI] PP,
Poccus, 107031, r. Mocksa, ya. IlerpoBka, 1. 25, cTp. 2
2 MeMKO-TeHeTUYeCKUI HayYHbIN LIEHTP,
Poccus, 115478, . MockBa, yi1. MockBopeube, 1. 1
3 @enepalibHbIM HAYYHO-KJIMHUYECKUH [IEHTP IeTCKON reMaToJIOTHH,
OHKOJIOT'MY ¥ UMMYHoJs10ruu uM. [I. PoraueBa Munsnpasa Poccuu,
Poccus, 117997, . Mocksa, I'CI1-7, yi1. Camopsl Martteda, 1. 1
4 Ilentpanbubiit HUU anupemuosiorun PociorpebHansopa,
Poccu, 111123, . Mocksa, yi1. HoBorupeesckas, 1. 3a
> Topojackasi KIIMHUYecKasi 6ostbHULA uM. B. I1. JlemuxoBa,
Poccus, 109263, r. Mocksa, ya. lIIkynesa, 1. 4
6 Toponckas kiuHu4eckast 6oapHuna Nel5 um. O. M. dusarosa,
Poccus, 111539, . MockBa, yi1. BermtHAKoOBCKad, 1. 23
"Topojackasi KIMHUYecKasi 601pHULA UM. B. M. BysiHOBa,
Poccus, 115516, MockBa, yi1. bakuHckas, 1. 26

Combination of DNA Molecular Biomarkers
in the Prediction of Critical Illness Outcome

Vladimir M. Pisarev!, Anastasiya G. Chumachenko!, Anton D. Filev'?, Elisaveta S. Ershova'?,
Svetlana V. Kostyuk!?, Natalia N. Veiko?, Evgeny K. Grigoriev'57, Elisaveta V. Elysina'?®,
Rostislav A. Cherpakov?, Alexei V. Tutelyan®*

1'V. A. Negovsky Research Institute of General Reanimatology,
Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Bldg. 2, 107031 Moscow, Russia
2 Medical Genetics Research Center
1 Moscowrech’e Str., 115478 Moscow, Russia
3 D. Rogachev Federal Scientific Clinical Centre of Pediatric Hematology,
Oncology and Immunology, Ministry of Health of Russia,

1 Samora Mashela Str., GSP-7, 117997 Moscow, Russia
4 Central Research Institute of Epidemiology, Rospotrebnadzor,
3a Novogireevskaya Str., 111123 Moscow, Russia
5V. P. Demikhov City Clinical Hospital,

4 Shkulev Str., 109263 Moscow, Russia
6 0. M. Filatov City Clinical Hospital
23 Veshnyakovskaya Str., 111539 Moscow, Russia
7V. M. Buyanov City Clinical Hospital, Moscow Department of Health,
26 Bakinskya Str., 115516 Moscow, Russia

ITesb HCC/IefOBAHUA: OTIPEeTUTh NH(POPMATUBHOCTD TPEANKIINY JIETAIbHOCTHU MAI[EHTOB C CEIICUCOM
C IOMOIIIbI0 KOMOMHAIINY KaHIUJATHBIX MapKepPOB — KOJIUYECTBEHHOTO COfiepsKaHUA NUPKYIUPYIomeH
BHekseTouHot [JTHK (BkIHK) B n1asme U ajiIe/IbHBIX BapuaHToB reHa TLR9, koxgupylomero JHK-pacmo-
3HAIOINH KJIeTOUHbIHN penenTop TLRI.

Marepuasbl 1 MeTOABL. B riccieqoBanme BonIu nanueHTol u3 natu OPUT detsipex 60abHUILL (1=156).
[TanmeHTOB pasaenusau Ha 2 rpynnsl: (1) ¢ cencucom (o kputepusm CEIICHC-3, 2016), (n=81) u c OHMK
(n=75). Bk/IHK Bb1J€JIs1J11 U3 IIJIa3MBbI [TIAI[JUEHTOB OPraHUYeCKUMU PACTBOPUTEJISIMU U OIIpeeJIsaIu ee KOH-
I[eHTPAIXIO Ha CIeKTPOo(hOTOMEeTpe, UCI0JIb3YA (PIyopecleHTHbIN HHTepKaIupyomuii areHT SYBR Green,
cBaspiBatonuiica ¢ IHK c BeIcokoi adprHHOCTBIO. [eHOTUITMPOBaHNe aJlyIeIbHBIX BapuaHTOB reHa TLR9
r$352162 MpOBOAUIH C TOMOIIBIO TOTUMePa3HOH I[eMTHOM peaKIIuy C MCI0/Ib30BaHUeM TeTpanpaiMepos ¢
MOCJIEYIOIINM 3JIEKTPO(opeTUIecKUM pa3ie/ieHreM IPOAYKTOB U UX BU3yaIn3anuell. SHaueHUs KOHI[eHT-
panuii BkIHK conocTaBisaiau ¢ pe3yasraTaMu TeHOTUnupoBaHus mo TLRY rs352162 1 UCX0J0M B TedeHue
30 mHel mocJjie TOCIIUTAIN3allii.

PesyirraTsl. [To copepsxkanuio BK/JHK marumeHTsI ¢ CeIICUCOM (TOATPYNIbI ¢ a0IOMUHAIBHBIM WU He-
a0JOMUHAJIBHBIM CEIICHCOM) U3 ABYX PA3HBIX O0JIBHUI] 3HAYUMO He OTIMYAJINCh, a KOHIleHTpauu BK/IHK
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B IpyIIIax IAallMeHTOB He 3aBHcesIa OT UCTOYHUKA IIePBUYHON MH(MEKIUY, YTO [I03BOJIUJIO YBEJIUUUTH pa3-
MepBbI TPYIII, CYMMHUPOBAaB JaHHbIE. [Ip1 HCII0/Ib30BaHNY 00BeATHEHHBIX JaHHBIX II0KA3aJIH, YTO YYBCTBU-
TEJIbHOCTH U CIIeNU(PUIHOCTH MPOTHO3UPOBAHMS JIETATLHOTO MCX0/IA 10 OIpeiesieHrI0 cofepskanust BKIHK
3aBHCHT OT F€HOTHIIA: ¥ TOMO3UTOTHHIX HanueHToB remoruna TLRI rs352162 CC Bennunaa AUC 6bL1a
3HAYMMO BhIIIE, 4eM B rpynmne nanueHToB reHotunioB TLRY CT u TT (rs352162).

3akJrroueHmue. [losryueHHbBIe JaHHBIE CBUETETHCTBYIOT 00 MH(POPMATHBHOCTH OTIpe/e/IeHNsI TeHeTIIe-
ckoro roauMopduama TLRI 1 060CHOBBIBAIOT I1€/1€CO00Pa3HOCTH TO00pa MAIIMEHTOB JJIs FICCIIeJOBAHUH
JIeHICTBYSA TAPTETHBIX IIPerapaToB, MHrHOMpyIomx B3anMoselicteue BK/JHK c perentopom TLRI ¢ yueTom
regoruna TLR9 manuenrTa.

Knaroueewte crosa: enekiemoutas /JHK; noaumop@pusm TLRY; kombuHayus 6uomaprepos; cencuc; kpu-
muueckue COCmMosiHUS,

Purpose: to determine the informative value of the prediction of mortality of patients with sepsis using a
combination of candidate markers — the quantitative content of circulating cell-free DNA (cfDNA) in plasma
and allelic variants of TLR9 gene encoding-cellular recognition receptor TLR9 for DNA fragments.

Materials and methods. The study included patients from five ICU of 4 four hospitals (n=156). The patients
were divided into 2 groups: (1) with sepsis (based on SEPSIS-3, 2016, criteria), (n=81) and with acute cere-
brovascular event (n=75). CEDNA was isolated from patient’s blood plasma using organic solvents and its con-
centration was established by a spectrophotometer using fluorescent intercalating agent SYBR Green binding
DNA with high affinity. Genotyping of rs352162 allele variants of TLR9 gene was carried out with the help of
polymerase chain reaction using tetraprimers followed by separation of products via electrophoresis and their
visualization. The cfDNA concentrations were compared in patients differ in TLR9 rs352162 genotypes and
outcome was predicted in 30 days after hospitalization using the ROC analysis.

Results. As regards the cfDNA content, there was no significant difference between patients with sepsis
(subgroups with abdominal or non-abdominal sepsis) from two different hospitals, and cfDNA concentration
in groups of patients was not associated with the source of primary infection, which allowed increasing group
size by pooling up the data. Pooled data have shown that the sensitivity and specificity of the lethal outcome
prediction based on the cfDNA content depends on the genotype: in homozygotic patients withg TLR9
1s352162 CC genotype, the AUC was significantly higher than in the alternative group of patients with TLR9
rs352162 CT and TT genotypes.

Conclusion. The data we obtained suggest high informative value of establishing the genetic polymorphism
of TLR9 as complimentary to determining the cfDNA concentration and may demonstrate potential usefulness
of selecting patients according to their TLR9 genotype for investigations of the clinical effect of targeted drugs

inhibiting interaction of cfDNA with receptor TLR9.

Keywords: extracellular DNA; cell-free DNA; TLR9 polymorphism; combination of biomarkers; sepsis; critical

conditions
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BBenenue

HNHdeKITMOHHBIE OCTIOMKHEHUS KPUTHIECKUX
coctossuni (KC) — cercuc, B TOM YHCJIE -CeITHYe-
ckuii mok (CEIICHC-3, 2016) ocratoTcs Benyiien
MIPUYUHON CMEPTHOCTH B OT/EJIEHUSIX peaHuMa-
nuu 1 uHTeHcuBHOM Tepanuu (OPUT) [1]. [Ipen-
OTBpAIleHNE JIETATHHOTO UCXO0/Ia Cercrca TpebyeT
pa3paboTKU HOBBIX CTpaTeruil mepcoHaJn3alnuu
JIeYeHUsI, HysKAaIouxcA B (1) HaesKHbIX U BBICO-
KOMH(pOPMATUBHBIX IPOTHOCTUYECKUX OMOMapKe-
pax u (2) pacliMpeHNH HaIIUX IIPeICcCTaBIeHn 00
UX CBsI3W C (DEHOTHUIIMYECKUM pas3HOooOpasueM
MMaTOJIOTUYECKOTO MpoIlecca MNpPHU  CEeNCHUcCe,
00yCJIOBJIEHHOM pa3HO00pa3ueM NaToreHeTude-
CKUX 3BeHbeB. PanHee 1CI0J/Ib30BaHue TAKUX O1O-
MapkepoB B MeauiiHe KC m03Bo/IMIO OBI CBOE-
BpPEMEHHO CTpaTUMUIIUPOBATh IMAIMEHTOB II0
rpynnaM pucka HeOJarompusiTHOrO TeYeHUsl U
JeTaJbHOro ucxona. IlocaenHee crrocooCTBOBAJIO
OBbI IPUHSITUIO ONITUMAILHOTO PEIIEHUS O JIeYEHUN
MarueHTa, B TOM YUCJe — O 11eJ1ecO000pasHOCTHU

Introduction

Infectious complications of critical conditions
(CC) — sepsis, including septic shock (SEPSIS-3,
2016), remain the prevalent reason of mortality in
intensive care units (ICU) [1]. Prevention of the
mortal outcome of sepsis requires novel strategies
of management personalization that need for (1)
reliable prognostic biomarkers of high informa-
tional value, and (2) extension of our understand-
ing of their relation to phenotypic diversity of the
pathological process during sepsis due to the ver-
satility of the pathogenic elements. Early use of
such biomarkers in CC medicine would allow
timely stratification of patients by groups of the risk
of adverse course and lethal outcome. The latter
would assist making the best decision with regard
to patient management including usage of high-
tech approaches and individualization of drug
doses [2].

There are two main groups of molecular bio-
markers, which are promising candidate markers of
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HCII0JIb30BAHUSI BhICOKOTEXHOJOTUYHBIX METO/IOB
U UHIWBUIyaJIN3alUu 103 [Ipenaparos [2].

K nepcnekTUBHBIM KaHAWUIATHBIM MapKepaM
MPOTHO3a TeYeHUs U MPEeTUKIINU UCXoa 3a0oJie-
BaHUUA ¥ IIATOJIOTUYECKUX COCTOSHUI, B TOM
yucae — KC oTHOCAT JBe OCHOBHBIE TI'PYIIBI
MOJIEKYJISIPHBIX OMOMapKepoB — IHUPKYIUPYIO-
1I1e B KPOBU MOJIEKYJIBI U ITOJIUMOP(HBIE T'€HBI,
XapaKTepU3YIOIINecs: OJHOHYKJIEOTUIHOU 3ame-
HOMH, CJIeJICTBIEM KOTOPOU MOYKET SIBUTHCS U3Me-
HeHHUe (PYHKIMOHAJBHOU AKTUBHOCTU TeHa C
IOCJIEAYIOMIM KOJIWYEeCTBEHHBIM H3MEHEeHUeM
aKcIpeccuu ero npoaykros — MPHR u coorsert-
cTByIOIIIero 6emnka [2, 3.

OnHyM 13 6MOMapKEPOB C IMTOATBEP K IeHHbI-
MU BBICOKMMU 3HAYEHUSAMH CHENUPUUHOCTU U
YyBCTBUTEJbHOCTHU T€CTA [IPU IPOrHO3UPOBAHUN
ncxona pa3nbix KC asasercsa Bk/IHK [4-8]. B opra-
HHU3Me YeJI0BEKa esKeTHEBHO 00Pa3yroTCs U ITOT U -
6aror 1011 KJI€TOK, YTO MPUBOIUT K ITOMAJaHUIO B
OUPKYJIALNNIO 0KoJIo 1 rpamma THK [9]. B pesyiib-
TaTe MakpodaraJbHOU aKTUBHOCTU U JeUCTBUSA
HykJ1ea3 KpoBu JJHK noru6mmx KJIeTOK paciien-
JseTcA U BblaesasdeTcd U3 opranusama [10-11].
TakuM 00pa3oM MOAAepsKUBAETCS TPUOJIUIU-
TeJIbHO IIOCTOSIHHAsA KOHIeHTpanusa BK/IHK B
njaasMe Ha ypoBHe 200 HI/MJI WJIM HECKOJIbBKO
OoJee, B 3aBUCMMOCTH OT MeTOj/ia ee 0OHapysKe-
HUA [12]. ¥V 3I10pOBOro 4yesioBeKa COJepskaHue
BK/IHK moskeT BappupoBaTh B 3aBUCUMOCTH OT
(pusnuecKoi NI SMOIMOHAIBHON HAarpy3Ku [13].
OnHAaKo, 9TO MOBBINIIEHUE KPAaTKOBPEMEHHOE, U
koHreHTpanus Bk/IHK 6bI1cTpo Bo3BpaIiaercs K
HOpMaJIbHBIM ITOoKa3aresasaM [13]. [IokasaHo, 4TO
BK/IHK y 300pOoBOro 4es0BeKa B KPOBU IIPEUMY-
miecTBeHHO (93%) HaXOOATCS B COCTaBE HAHOBE3U-
KYJI — 9K30COM, YTO 00JIer4yaeT ux MpOHUKHOBE-
HUE B KJIeTKHU [14].

B kJieTKe WM Ha ee TOBEPXHOCTU (pparmMeH-
TbI BK/IHK, oboraireHHble yqacTKaMu, CofepsKa-
IUMUA  IUTO3UH-Pocdar-ryanuHoBble  (CpG)
I10CJIeI0BATEeIbHOCTH, CIIOCOOHBI CBA3BIBATHCS C
toll-momo6uBIM pererrropoM TLRI [15]. McTouHM-
kamu CpG-60rarbIx (pparMeHToB MOTYT OBITH OaK-
tepuanbHaa [JHK un mekoropsle ydactku JTHK
9YKapUOT, BKJIIOYas YeJI0BeKa (30HbI IPOMOTOPOB,
pubocomublie TeHbl) [12, 16]. ®parments JJHK,
conepskamue CpG mocjemoBaTe IbHOCTH, 06J1a-
JTAIOT OO0JIBIIIEH YCTONYNBOCTHIO CBA3W TYaHO3WH-
nuto3uH (I-11) k pparmeHTaIuy, IOCKOJIBKY 9HEP-
rusi cBsi3u B mape [-11 B coctaBe pparmenTos /JITHK,
cofepsKallliX ONHOHUTEBBbIE pPAa3pbIBBI, CYyIIe-
CTBEHHO OOJIbIIIE [0 CPAaBHEHUIO C IMApOU aeHo-
3uH — TuMuH [12]. Iloatomy nmenno CpG-conep-
skamue ¢gparmentel JJHK npeumyliiecTBeHHO
HaKaILJIMBAIOTCS B KPOBOTOKeE 00J1a/1as1 IOTEHITNA-
JIOM MPOJIOHTUPOBAHHOU aKTUBHOTCTU B OTHOIIIE-
Hnm TLRI peneriropa. TLR9 o6HapyskeH y 60J1b-
IIMHCTBA KJIETOK, C Ha0OJIbIIIEel IIJIOTHOCTHIO OH

prognosis of the course and prediction of the out-
come of diseases and pathological conditions includ-
ing critical conditions, namely: molecules circulating
in blood, and polymorphous genes characterized by
single nucleotide substitution that might result in a
change of gene’s functionality followed by a quanti-
tative change in the expression of its products —
mRNA and the corresponding protein [2, 3].

One of biomarkers with confirmed high speci-
ficity and sensitivity in a test of predicting the out-
come of different critical states is cfDNA [4-8]. In
the human body, 1011 cells form and die every day,
which leads to inclusion in circulation of 1 gram of
DNA approximately [9]. As a result of macrophagal
activity and blood nuclease action, DNA of dead
cells breaks down and is eliminated from the body
(10, 11]. In this way, an approximately constant
concentration of cfDNA in plasma is maintained at
a level of 200 ng/ml or slightly higher, depending
on the detection method [12]. In a healthy person,
the content of cfDNA might vary depending on
physical or emotional stress [13]. However, such
rise is short-term and cfDNA concentration fast re-
covers to normal figures [13]. It has been shown
that in the healthy human blood, cfDNA is found
mostly (93%) in nanovesicles — exosomes, which
facilitates their penetration into cells [14].

Inside or on the surface of a cell, cfDNA frag-
ments enriched with sites containing cytosine-
phosphate-guanine (CpG) sequences are capable
of binding with toll-like receptor TLR9 [15]. The
sources of CpG-rich fragments might be bacterial
DNA and some eukaryote DNA regions including
human (promoter sites, ribosomal genes) [12, 16].
DNA fragments containing CpG sequences and
DNA nicks are more resistant to DNA fragmenta-
tion due to increased binding energy for guano-
sine-cytosine bond compared to thymine-adeno-
sine bond [12]. That is why this is the CpG-rich
fragments that preferably accumulate in the blood
flow, featuring potential for prolonged activity in re-
spect of TLR9 receptor. TLR9 was found in most
cells, its highest densities were detected both on
membrane surface and inside antigen-presenting
cells [15]. TLR9 activation launches the Myd88-de-
pendent anti-inflammatory response [17, 18].
Blocking of TLR9 activation leads to reduced ex-
pression of anti-inflammatory genes (NFkB, IL1,
IL6) and production of anti-inflammatory cy-
tokines, better elimination of bacteria, increased
content of granulocytes and peritoneal dendritic
cells [17]. High content of DNA fragments in
plasma is associated with a negative prognosis. In
the experimental sepsis model, the quantity of cir-
culating bacterial DNA was drastically increased,
resulting in excessive activation of TLR9 and higher
mortality [17]. During such critical conditions as
acute cerebrovascular events in the brain and my-
ocardium, a severe trauma, operative interventions,
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BBISBJISIETCSI KAK HAa IIOBEPXHOCTH MeMOpaHbI, TAK
U BHYTPU aHTUTEHIIPEICTaBJIAIONINX KJIETOK [15].
AxtuBanusi TLR9 npuBoauT k 3amycky Myd88-
3aBUCUMOTO IIPOBOCHAIUTEIBHOI0 OTBeTa [17, 18].
[Tpu aTom GyiokupoBanue akTuBaru TLRI mpuBo-
JIUT K CHUYKEHUIO 9KCIIPECCUU TTPOBOCTIAJINTEIb-
HbIx reHoB (NFkB, IL1, IL6) u npogyKiiuu mpoBocC-
NaJnTe bHBIX IIUTOKUHOB, JIy4lllel 3JIMMUHALINN
OakTepuii, yBeJTMYEHUIO COJlepsKaHUS TPAHYJIOIH-
TOB U IIEPUTOHEAbHBIX IEHJAPUTHBIX KJIETOK [17].
Bricokoe copepskanus pparmenToB [IHK B mias-
Me aCCOIIMMPOBAHO C HETaTUBHBIM NPOTHO30M. B
9KCIepUMEHTAJbHOU MOJIEJIU Cercuca KoJaude-
CTBO UHMpPKyIupyomel 6akrepranbHoil THK
PEe3KO TIOBBIIIIEHO, YTO MPUBOJIUT K Ype3MEPHOU
axtuBanuu TLRI u k 0oJibleit erajabHoCTH [17].
[Ipy TaKUX KPUTHUECKUX COCTOSTHUAX, KAK OCTPhIEe
HapyIIeHusI KpoBOoOpaIieHus B TOJIOBHOM MO3Te
1 MUOKap/e, TAKeJiasi TpaBMa, OllepaTuBHbIE BMe-
[1aTeJIbCTBA, CETICUC, COITPOBOKIAIOIIAXCS BOCIIA-
JIUTEJIbHBIMU peaKIsIMH, KOHIleHTpanus BK/HK
KparHO noBbiIaercs [4-8]. OmHaKoO reTeporeH-
HOCTb HO30JIOTUYECKUX (POPM U CONTYTCTBYIONIAsI
KOMOPOUTHOCTb MOTYT OBITh ICTOYHUKOM Bapua-
bespHOCTM TI0 comepskanuio Bk/HK, urto
orpaHuuuBaeT HUH(MOPMATUBHYIO  I[€HHOCTH
BK/IHK kak npenukropa ncxona KC, u, B 4acTHO-
CTY, cericuca. /Ipyroii ipuunHoOH, ciep;KuBaoIen
HIMPOKOE UCIIOIb30BAHUE TECTA B KIUHUYECKOU
MIPAKTHUKE, sIBJISIETCS TeHETHYECKOe pa3HooOpasye
MalueHTOB — MOJUMOP(U3IM TeHOB, KOHTPOJIH-
pylolux nepegady Curaanos ¢ BK/HK B KkieTkax,
TIPEIITOJIOMKUTETHHO, MOT ObI TOKE BHOCUTH BKJIA
B CIEIU(PUYHOCTh U YYBCTBUTEJbHOCTD TeCTa IpU
KC. B oTHOII1EHUY TeHETUYeCKOT0 MoJIuMopdr3mMa
reHa, Konupylolero perentop ¢gparmenros JJHK,
6orarbix CpG, U3BECTHBI JIUIITH ACCOIMAIINY BapH-
anTa TLR9 rs352162 C/C B roMO3UT'OTHOM COCTOSI-
HUU C BBICOKOM CMEPTHOCTHIO M PaA3BUTHEM
noJinopranHou HegocrarounocTu (ITOH) mpu cern-
CHCe, a TAKKE C YCUJICHHEM IIPONYKIIMY paHHEeTr o 1
MOIIIHOTO HOPOBOCHAJIUTEIBHOTO ITMTOKWHA —
(¢akropa Hekpo3sa omyxosau (PHO) [19]. 9pderTsI
NIPEJIIOJI0KUTEIbHO ABJIAITCA CJIEACTBAEM yCHU-
JIEHUsI CUTHAJIMHTA Yepes3 PeLenTop y HocuTesei
BapuaHTa C/C B TOMO3UTOTHOM cocTossHUHA [19]. B
JUTEpaType Mbl He OOHAPYKWJIM [TaHHBIX I10
M3y4eHUIO IIPOTrHOCTHYECKOH IIEHHOCTH KOMOWHA-
1y copepskanusi BK/IHK B KpoBU 1 HAIWYMA TOTO
WUJIY UHOTO (DyHKIIMOHAIbHO 3HAYMMOTO FeHeTHu-
yeckoro sapuanTa TLR9.

llenp wmccaengoBaHUsA onpeJesieHne
WHOPMATUBHOCTU TPEIUKIUUA JIETAJIbHOCTHU
MAIIEHTOB C CEIICCOM C IIOMOIIILI0 KOMOMHAIIN
KaHAUJATHBIX MapKepoOB — KOJHUYECTBEHHOTO
cofiepsKaHusd IUPKYJUPYIOIlell BHEKJIETOUHON
JHK (BkIHK) B mima3me 1 a/ijieIbHbIX BADUAHTOB
reHa TLR9, konupymomiero JHK-pacnosnatomuii
KJIeTOYHbIN perenTop TLRI.

sepsis, which are accompanied by inflammatory re-
sponses, cfDNA concentration rises many-fold
[4-8]. However, heterogeneity of medical condi-
tions and comorbidity might be a source of cfDNA
content variability, which limits the informative
value of cfDNA as a predictor of the outcome of a
critical state, including but not limited to sepsis.
Another reason impeding wide application of the
testin clinical practice is the genetic diversity of pa-
tients: polymorphism of genes controlling signal
transduction from cfDNA to the cell might also
contribute to the test specificity and sensitivity in
critical conditions. Regarding genetic polymor-
phism of the gene coding for the receptor of CpG-
rich DNA fragments, the only associations that are
known are the associations of homozygotic TLR9
rs352162 C/C with higher mortality and risk of mul-
tiple organ failure (MOF) during sepsis, and inten-
sified production of an early and potent anti-in-
flammatory cytokine — tumor necrosis factor
(TNF) [19]. The effects are supposedly a conse-
quence of amplified signaling via the variant recep-
tor in the carriers of homozygotic C/C [19]. We have
not found any published reports in the literature
concerning investigations of the prognostic value
of the combination of cfDNA content in the blood
and presence of some or other functionally signifi-
cant genetic variant of TLR9 rs352162.

The aim of the study was to determine the in-
formational value of the prediction of sepsis pa-
tient’s mortality using a combination of candidate
markers — the quantitative content of circulating
extracellular DNA (cfDNA) in plasma and allelic
variants of TLR9 gene coding DNA-cell recognition
receptor TLR9.

Materials and Methods

Patients. All patients with critical conditions
(n=156), which were included in the study, were divided
into two groups of ICU patients: (1) patients from V.P.
Demikhov Municipal Clinical Hospital (ICU 2), V.M.
Buyanov Municipal Clinical Hospital (ICU 1), and O.M.
Filatov Municipal Clinical Hospital (ICU 3), who had a
clinically established infection and presence of organ
failure (i.e. sepsis according to SEPSIS-3, 2016, classifica-
tion), n=81 (table 1); (2) neurology ICU patients from V.p,
Demikhov Municipal Clinical Hospital (ICU 4) and S.P.
Botkin Municipal Clinical Hospital (ICU 5) with an acute
cerebrovascular event (ACVE) as a result of an ischemic
stroke or hemorrhagic stroke (n=75) (table 2). Ischemic
stroke patients did not receive brain recanalization due
to presence of one or more counter-indications: patients
beyond the therapeutic window (up to 3.5 hrs. thrombol-
ysis, up to 6 hrs. thromboextraction), convulsions at the
stroke onset, hypertensive crisis, NIHSS < 3 points, op-
erative interventions during the last 3 months, age of
more than 80 years). The control group consisted of clin-
ically healthy donors (n=30).

According to the classification suggested by con-
sensus conference SEPSIS-3 (2016), sepsis was regarded
a condition characterized by presence of a focus of infec-
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Tabsmna 1. XapaKkTepHCTHKA HO30JI0THYECKOH CTPYKTYpbI TalfHeHTOoB ¢ cernicicoMm (OPUT 1 - OPUT 3).
Table 1. Characterization of sepsis patient’s nosology (ICU 1 - ICU 3).

Indexes

Value of indexes in groups

Non-Abdominal Sepsis, n=44

Abdominal Sepsis, n=37 Sepsis, n=81

Mean age 57.9+13.9

53.7+14.7 55.9+14.3

Men 23

52

\S]
—

Women

29

Pneumonia

Severe trauma

=[]~

Oncological diseases*

=[]~

—
[ee]

Cardiovascular diseases

—
[ee]

Pyelonephritis, nephropathy

Diabetes mellitus

Intestine perforation

Cholecystitis, cholangitis

Appendicitis

Peritonitis

RN Ee=I 11 B \S] i) Kop)

Pancreatitis, pancreonecrosis

—
(=]

Mesenteric thrombosis

[=] f=l fol fo] o) fe) K] 1] Nop]

Intestine perforation

Other**

—

ofn| w| B[ ~| | v o|o|o|o|o|o| x| B

=N W

Note. * — adrenal gland mass; ** — Itsenko-Cushing syndrome.

IIpumeuanue. * — oOpa3oBaHKe HAAOUYEUYHUKA; ** — Cunapom Uneako-Kymunra. yist Taba. 1, 2: indexes — nokasaresiy;
value of ... in groups — 3Ha4YeHus ... B IPyIIax; mean age — CpeJHUHM BO3pacT; men — My>KYMHbI; Women — SKeHIUHBI; pneu-
monia - THEBMOHWUSI; Severe trauma — TskeJiast TpaBMa; oncological diseases — oHkoJsiorudeckue 3aboseBanust; cardiovascular
diseases — cepieuHo-cocynucTbie 3aboseBanusi; pyelonephritis, nephropathy — nuenonedpur, Hepponarus; diabetes mellitus
— caxapHbIi 1uader; intestine perforation — nepdoparnus kumiky; cholecystitis, cholangitis — xosenucTuT, Xo/1aHrUT; appen-
dicitis — anmenauIUT; peritonitis — mepuTOHUT; pancreatitis, pancreonecrosis — maHKpeaTUT, TAHKPEOHEKPO3; mesenteric
thrombosis — Mme3eHnTepaabHbIi TPOMO03; intestine perforation — mepdopanus kumky; other — fpyroe; sepsis — cercuc; non-Ab-

dominal/Abdominal — He-abmoMUHaJIBHBIN /a0TOMUHAIBLHBIN.

MaTepnaJI H ME€TOAbI

IMamuenTsl. [Tanuentos B KC (n=156), Bormieaimx
B MCCJIe[IOBaHMe, pa3e/nju Ha IBe FPYIIIb] IallieHTOB
OPUT: (1) 'KB um. B. I1. lemuxoBa (OPUT 2), 'Kb um. B.
M. bysanoBa (OPUT 1) u I'Kb umenu O. M. ®unaroBa
(OPUT 3) c KIMHUYECKU BBISIBJIEHHOH HH(peKImell 1 Ha-
JIMYMEM OpPraHHON HEZOCTATOYHOCTH (T. €. CEIICHC, CO-
rnacHo kiaccugukarmu CETICHC-3, 2016), n=81 (TabJr. 1);
(2) manmenTs! HeiipopeannMarnuu I'KB um. B. I1. [lemu-
xoBa (OPUT 4) u I'Kb nm. C. I1. Borkuna (OPUT 5) c ocT-
pBIM  HapylleHHeM MO3TOBOTO KpOBOOOpalieHus
(OHMK) B pesyJibraTe UI1eMUYeCKOr0 MHCYJIBTa UJIU re-
MOpparu4ecKkoro MHCy/IbTa (1n=75) (TadJ. 2). [lanueHTam
C UIIIEMUYECKUM UHCYJIETOM BOCCTAHOBJIEHUE IIPOXO/IU-
MOCTH COCYZJ0B F'OJIOBHOI'O MO3T'a He IIPOBO/IUJIN B CBA3U
C HaJINYMeM OTHOTO WM 60Jiee TPOTUBONIOKA3aHUH: T1a-
[IMEeHTHI BHE TEPANIeBTUYECKOTO OKHA (TPOMOOJIU3UC 10
3,5 yacoB, TPOMOOIKCTPAKIIMS 10 6 4aCOB), CyJJOPOTH B
Jeb1oTe MHCY/IbTA, TUIepTOHNYecKui kpus, NIHSS<3
0aJIJIoB, OIlepaTUBHbIE BMEIIaTeIbCTBA 32 ITOC/IeTHIE 3
MecsIia, Bo3pact 6oee 80 sieT). KOHTPOJIBHYIO TPyHITy
COCTaBUJIU KJIIMHUYECKU 3[J0POBBIe JOHOPHI (1=30).

ITof, cercucoM, B COOTBETCTBUHU C KJaccuduka-
nuen, mpeaaosKeHHON KOHCEHCYCHOU KoH(pepeHIuei
CEIICHC-3 (2016), moHUMaJIU COCTOSTHUE, XapaKTepU-
3yeMoe HaJuureM UH(EeKINOHHOro oyara U MoJmop-
raHHOM HEeIO0CTAaTOYHOCTHU, OIleHMBAaeMOM 110 OaJiiaMm
SOFA He MeHee 4yeM Ha 2 equHHUIbI [20]. [TaliieHTOB C
CEeNTUYECKUM IIIOKOM KJIMHUYECKHU BBISIBJISJIN II0 He-
00X0IMMOCTH Ba30IIPECCOPHON MOAEPIKKHU 10 YPOBHS
CpelHero apTepuaabHOTO JaBJIeHUsA 65 MM PT. CT. UJIA
0oJ1ee, coueTaroIelcsi C ypOBHEM CHIBOPOTOYHOTO JIAK-
TaTa BhIllIe 2 MMOJIb/JI (>18 Mr/ 1) IpU OTCYyTCTBUU TH-
noBoJiemuu [20].

tion and multiple organ failure estimated at least as SOFA
score 2 [20]. The septic shock was understood as a con-
dition whereby substantially severe circulatory cellular
and metabolic disorders are associated with a higher risk
of mortality than during sepsis not complicated with sep-
tic shock. Patients with septic shock were clinically iden-
tified based on the necessity of vasopressor support to
the level of mean arterial pressure of 65 mm Hg or higher
combined with serum lactate over 2 mmol/I (> 18 mg/dl)
in the absence of hypovolemia [20].

Isolation of DNA from blood samples. Venous
blood was sampled within 24 hours after sepsis mani-
festation (according to sepsis-3 criteria [20]) in group 1
and at admission to ICU (group 2) into tubes VAC-
UETTE® TUBE K3EDTA, Greiner bio one, Austria). To
obtain plasma from whole blood, blood samples were
centrifuged at 22°C, 1600 g, for 10 minutes. The super-
natant was collected without touching the bottom layer
and transferred into a clean tube, then centrifuged
again at 22°C, 16000g, to remove cellular debris. For the
purpose of quantitative assay of plasma DNA, the latter
was isolated by means of extraction with organic sol-
vents. To 800 pl of plasma, 90 pm of lysis buffer (10%
sodium lauryl sarcosinate, 0.5M EDTA), RNase A
(Sigma-Aldrich, USA), were added to the concentration
of 75 pg/ml. Then, after 45-minute incubation at 37°C,
25 pl of proteinase K solution (20 mg/ml) was added
and incubated for 16 hrs. at 37°C. DNA was extracted
twice using phenol solution (pH=8.0); to the super-
natant, saturated ammonium acetate solution (8M) was
added to the final concentration of 2M, and DNA was
precipitated using the 2.5-fold volume of ethanol during
16 hours at —20°C. The DNA sediment was centrifuged,
washed with 75-percent ethanol, dried, and dissolved
in 40 pl of deionized water. Plasma samples were kept
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Ta6smna 2. XapakTepuCTHKA CTPYKTYPbI TPYNIIbI NAIIIEHTOB HeHpopeaHMMAaIlHOHHOT0 TPo¢HJIsi, TOCITUTAJIH-

3upoBaHHbIX B OPUT 4 u OPUT 5.

Table 2. Characterization of the structure of the group of neuro-resuscitation patients hospitalized to ICU 4 and

ICU5.
Indexes Value of indexes in groups

Ischemic Stroke, n=57 Hemorrhagic Stroke, n=18 Total, n=75
Mean age 71.3+11.1 63.2+14.1 69+12.4
Men 28 8 36
Women 29 10 39
Pneumonia 15 3 18

IIpumeuvanue. Stroke — unCynsT; Ischemic/hemorrhagic — mmemuyeckuii/remopparudeckui; total — Bcero.

Iosryuenne THK u3 06pa3noB kpoBH. 3a00p Be-
HO3HOI KpOBU MPOU3BOAUIU B TeUEHUE CYTOK I1OCTE
MaHuecTauu cerncuca (CoIacHO KpUTEPUsIM sepsis-
3 [20]) B rpynne 1 u npu noctymiennu B OPUT (rpynna
2) B npodupku VACUETTE® TUBE K3EDTA, Greiner bio
one, Austria). [y moJy4yeHUsI IJIa3Mbl U3 ILeJbHON
KpOBHU 00paslbl C KPOBBIO LIEHTPUDYrUpOBaIHN NIPU
22°C, 1600 g, B Teuenue 10 muHyT. CyniepHaTaHT OTOU-
paJiy, He 3aTparuBasg HUKHETO0 CJI0s1, U lepeMeliaiyd B
YUCTYI0 IPOOUPKY. 3aTeM ITOBTOPHO LIEHTPUDYrupo-
BaJsu rpu 22°C, 16000 g 1151 yasieHusi KJIeTOYHOro 1e0-
puca. C 11es1b10 onlpeieIeHUs KOJIUYeCTBEHHOT0 Cozlep-
skaHusA B 1a3me JIHK BbIessa/11 MeTo10M 9KCTPaKIIuu
oprannyeckumu pactBopuressimu. K 800 MKJI 1171a3Mbl
no6asssiin 90 MK tusuc-0ydepa (10% saypusicapko-
ausat Hatpus, 0,5M 3/1TA), PHKaasy A (Sigma-Aldrich,
CIIIA), oo koHIleHTpauu 75 MKr/MJ1. 3areM, rnocJje 45
MUHYTHOH MHKyOanuu npu 37°C, 1o6aBasau 25 MKJI
pacTtBopa nporerHasbl K (20 Mr/mJi) u MHKyOMpoBaIu
16 4 ipu 37°C. JIHK akcTparupoBanau IByKpaTHO pac-
TBOpoM ¢eHosa (pH=8,0), k cynepHaraHTy 100aBJsIN
HAaCBIIIEHHBINA pacTBOp arerara aMMoHus (8M) 10 Ko-
HEYHOU KOHIeHTpamnuu 2M u ocasknamu JITHK 2,5-kpat-
HBIM 00'beMa 3aTaHoJIa B Te4yeHuH 16 yacoB rpu —20°C.
Ocagoxk JJHK ocaskganu 1ieHTpugyrupoBaHuemM, Ipo-
MBIBaJIM 75-IIPOLIEHTHBIM 3TaHOJIOM, MOCYILINBAIN U
pactBopsiau B 40 MKJ JeMOHM30BaHHOU Boabl. O0-
Ppasiibl JIa3MbI COXpaHAJIM B TedeHue 1-3 MecAleB Ipu
Temneparype —28°C. KoHIleHTpanuio BHEKJETOYHOMN
JHK B ny1a3ame uaMepsijid MeTo1oM (hJII00PECIEHIINH C
WHTepKanupymomum Kpacuresaem PicoGreen (Invitro-
gen, CIIJA) ¢ ucnosb30BaHMEM ILJIAHIIETHOI'O CIIEK-
tpodroopumerpa EnSpire (Perkin Elmer, ®uHassHus)
IIpU AJIMHE BOJIHBI BO30y:kaeHus 480 u AIHE BOJIHBI
amuccuu 520 HM.

Tenorunmposanue [THK. [1J1s1 11e/1€1 TEHOTUTTUPO-
BaHus a/uiesbHbIX BapuanToB C u T TLRI rs352162 JTHK
MaIlMeHTOB U BBIAEJANN U3 CBEKEINOJyYeHHBIX WA
IIpe/iBapUTeIbHO 3aMOPOYKEHHBIX 00pasloB IeJIbHOM
KpOBU ¢ ToMoIIbi0 HabopoB Diatom DNA Prep 200, co-
racHo npuiaraemoi nHCTpykimu (000 «J/TabopaTtopust
N3oren»). Onpenesienue ajieseil IPOBOAUIIU C IIOMO-
b0 TeTpanpaiMepHo TP MeTos T03BOJISIET B OTHOMU
npobupke amruuguiposaTts ¢pparments [THK, cooT-
BETCTBYIOIIIE aJIbTepHATUBHBIM aJliesisiM. TeTparnpaii-
MepHbIN Habop assa [P Br/IIOYaeT Mapy BHEITHUX
IpaiiMepoB: IpsIMOM 1 0OpaTHBIN, U Tapy BHYTPEHHUX
aJIJIeJTh- CIENU(PUYECKUX TTPAMEPOB, TOKE MPSIMOUA U
0oOparHbIi TpaiiMepbl. AMILUTU(UKAIIUIO TTPOBOJINIIN B
nporpamMmmupyemoM trepmoctare Geneamp 9700 (Applied
Biosystems, CIIIA). ITpoayKThl amnauduKanuu pasmie-
JISLJIU C IIOMOIIIBIO 3J1eKTpodopesa B 1-IIPOIIeHTHOM ara-
pO3HOM reJjie C MCIOJb30BAaHMEM MKCTOYHUKA TOKa

during 1-3 months at —28°C. The concentration of ex-
tracellular DNA in plasma was measured by means of
fluorescence with intercalating agent PicoGreen (Invit-
rogen, USA) using benchtop spectrofluorometer En-
Spire (Perkin Elmer, Finland) at excitation wavelength
of 480 nm and emission wavelength 520 nm.

DNA genotyping. For genotyping allelic variants C
and T of TLR9 rs352162, patient’s DNA was isolated from
fresh or preliminarily frozen samples of whole blood
using Diatom DNA Prep 200 kit following the enclosed
instruction (Isogen Laboratory LLC). Alleles were deter-
mined by means of tetraprimer PCR. The method allows
amplifying DNA fragments matching the alternative al-
leles in one tube. The PCR tetraprimer kit includes a pair
of outer primers: forward and reverse, and a pair of inner
allele-specific primers, which are also forward and re-
verse primers. Amplification was carried out in program-
mable thermostat Geneamp 9700 (Applied Biosystems,
USA). The amplification products were separated by
means of electrophoresis in 1-percent agarose gel using
current source Elf-4 (DNA-Technology, Russia). The fol-
lowing DNA fragments were used as primers:

1. Forward outer (F,) —

5"— CTGAGATAGTGGTGCGCGGCT-3",

2. Reverse outer (R;) —

5" — CCACTGTTGAGTGGCTCTGA-3",

3. Forward inner (F,) —

5" — GAAGGTCCACCAGGAACTGCT-3,

4. Reverse inner (R,) —

5" — ATTGCCAGGCCCACCCTCCG- 3°

Statistical analysis. Statistical processing of the re-
sults was carried out with the help of research statistical
software packages — GraphPad InStat (GraphPad Soft-
ware Inc., La Jolla, CA, USA) and SigmaStat 12.5 (Jandel
Scientific Software, San Jose, California, USA); for binary
indices, Fisher’s exact test (FET) was used, for quantita-
tive indices — Mann-Whitney test; multiple parameters
were assessed using One-Way ANOVA on Ranks, and
Dunn’s test if the distribution of variables was inconsis-
tent with normal distribution. The nature of distribution
of values under analysis was established using the Kol-
mogorov—-Smirnov’s test with the help of GraphPad InStat
software package (GraphPad Software Inc., La Jolla, CA,
USA). The same package was also used to determine the
odds ratio (OR). Differences between groups were con-
sidered significant at P<0.05.

Results and Discussion

To assess the informative value of the predic-
tion of mortality of patients with sepsis using a
combination of DNA markers, cfDNA concentra-
tion and variants of TLR9 gene encoding DNA re-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 3



DOI:10.15360/1813-9779-2019-3-31-47

Knunudyeckue NpaKTHUKa U UCCJeJOBaHUA

«bd-4» (IHK-Texnosorus, Poccus). B kauecTBe npaii-
MEPOB UCIOJb30BAJH ciieayonime parmentsl JJHK:

1. TIpsamotii BHemHMH (F) —

5°— CTGAGATAGTGGTGCGCGGCT-3",

2. O6parubIii BHemTHUH (R;) —

5" — CCACTGTTGAGTGGCTCTGA-3",

3. Ilpsimoii BHyTpeHHui (F,) —

5"- GAAGGTCCACCAGGAACTGCT-3",

4. ObparubIii BHyTpeHHUN (R,) —

5" — ATTGCCAGGCCCACCCTCCG- 3°

CraTucTuueckuii anaau3. CTaTUCTUYECKYIO 00-
paboTKy pe3y/IBTaTOB OCYIIEeCTRIISAIN TP ITOMOIIN Ta-
KETOB CTAaTUCTUYECKUX ITPOrPAMM JJI1s1 HAYYHBIX UCCJIe-
poBaHuii GraphPad InStat (GraphPad Software Inc., La
Jolla, CA, CIIIA) u SigmaStat 12.5 (Jandel Scientific Soft-
ware, San Jose, California, USA); mpu aTom a5 6uHap-
HBIX IIOKa3aTreJsel IPUMeHI TOYHBIN MeTon Puliepa
(TM®), 111 KOJTMYECTBEHHBIX ITOKa3aTeJiell — KpuTe-
puii MaHHa- YUTHU, MHOKECTBEHHBIE TTapaMeTpPhI O11e-
HUBaJ/M ¢ momoIbio One-Way ANOVA on Ranks, meTo
Dunn, B cjlydyae HeCOOTBETCTBUS XapaKTepa pacipese-
JieHUus1 BapuabeTbHBIX 3HAYeHUH HOPMaJIbHOMY pac-
npejeseHNI0. XapaKTep paclpejeseHns aHaJIu3upye-
MBIX 3HAYE€HUH OIpedessasu C IOMOIIBI0 MeToAa
KonmoropoBa-CMUpPHOBA, UCII0JIb3YsI IPOTPAMMHBIN
naket GraphPad InStat (GraphPad Software Inc., La Jolla,
CA, USA). 3TOT ke makeT UCII0/Ib30BAJIY U /15 OIIpeie-
JIEHWsI COOTHOIIIeHus 1m1aHcoB (odds ratio, OR). 3Haun-
MBIMU CUATAJIU PA3JIMYHs MEKIY TPyIIIaMy TPy 3HaYe-
"M p<0,05.

Pe3ysnbrarhl U 00Cy:K/A€HHE

UT0OBI O11eHUTH NTH(OPMATUBHYIO IIEHHOCTh
IIPOTrHO3a CMEPTHOCTHU ITAIlMEHTOB C CEIICUCOM C
HCII0JIb30BaHNEM KOMOMHANu MapkepoB JJHK —
roHneutpanuu cfDNA u BapuanToB rena TLR9,
ronupytomero penentop JHK TLR9 — 6b110
11eJ1eCO000Pa3HO YBEJMYUTH BHIOOPKY F€HOTHUITH -
POBAHHBIX MANMEHTOB. YTOOBI OIIEHUTH, MOKHO
JIY UCIIOJIb30BaTh JaHHbIe IallUeHTOB, [IOCTYIINB-
mmx B pasuble OPUT (pa3Hble OOJIBHUIIBI),
cpaBHUBaIu copepskanue cfDNA y nmanueHTOB
pa3ubix OPUT. bpL10 IpenIonosKeHo, YTo OTCYT-
CTBUE PA3JIUYUH 110 JAHHOMY IOKA3aTeJII0 1acT
BO3MOYKHOCTb OO'BEJJUHUTH JIaHHBbIE U3 Pa3HBIX
6ospaUT/ pasubix OPUT niis1 yBesIm4eHUs1 KOTOP-
Thl IAMEHTOB C IeJbl0 IIOMCKa accouuanuu
nosumopduama TLR9 u ucxoma KpUTHUUECKOTO
COCTOSIHUSA.

Copnep:xanne Bk/IHK B m1a3ame 100poBoJIBb-
11€B KOHTPOJIGHOM I'PYIIIbI U TAIIHEHTOB C CETICH-
com (CEIICHC-3,2016). Konnentpanus Bg/JHK B
006pas1ax naa3Mbl KOHTPOJILHOU TPYNIIbI (KJIMHU-
YEeCKH 3/I0POBbIe TOOPOBOJIBLIIBI — JOHOPHI
KpoBH) cocTaBujia 278,5 (96,28; 457,0) Hr/ma
(3HaueHUa MeguaHbl 1 25-75 npoueHTun), n=30.
[TaneHToB ¢ IMarHOCTUPOBAHHBIM CEIICUCOM B
3aBUCHMOCTH OT JIOKaJIM3allAY IIEPBUYHOI0 o4ara
pasaesiuav Ha 2 TPYNIBL MalieHThl ¢ abmoMu-
HaJIbHBIM CEIICUCOM — KCTOYHUK IE€PBUYHON
UH@EeKIUH B OPIOIITHOM OJI0CTH (1=37) U Cencu-

]
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a
. | 1T 1
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g 30004
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= 1000
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Puc. 1. Copep:ranue Bk/JHK B mi1adme naimjueHToB U3 pas-
HbeIX OPUT ¢ a0OMHHAJIBHBIM CEIICHCOM.

Fig. 1. The cf-DNA concentration in plasma of patients with
abdominal sepsis from different ICUs.

Note. For fig. 1, 2: Group 1 - healthy volunteers; Group 2 - ICU
1 patients; Group 3 — patients from ICU 2 + ICU 3 (combined
group); P- significance of difference between groups of patients
from different ICU and the control group and between groups
of ICU patients.

IIpumeuanue. 114 puc.1-5: groups — rpynnsl; Cf-DNA concen-
tration in plasma, ng/ml — konuenTpanus Bk/IK B miasme,
Hr/mi. s puc. 1, 2: 1 — KIMHAYECKA 3J,0POBBIE IOHOPBI; 2 —
namyenTsl OPUT 1; 3 — manumenTtsl OPUT 2 + OPUT 3 (KomOu-
HUPOBAHHAs TPYIIIIA); p— 3HAYUMOCTb PA3JIMYUN MEXKY IPYII-
namu nanuenToB pasHbix OPUT 1 KOHTPOJIBHOM rpymnnoi u
MesRay rpynnaMu nanueHToB OPUT.

ceptor TLR9, more genotyped patients should be
acquired. To evaluate whether it is possible to use
data from patients admitted to different ICUs the
difference in the content of cfDNA between groups
of ICU patients in critical illness from different hos-
pitals was compared. We hypothesized that if no
differences found it would be possible to combine
data from different hospitals/ICUs to increase the
cohort for TLR9 polymorphism association study.

The content of cfDNA in the plasma of con-
trol group volunteers and sepsis patients (SEPSIS-
3, 2016). The concentration of cfDNA in plasma
samples of the control group (clinically healthy vol-
unteers — blood donors) was equal to 278.5 (96.28;
457/0) ng/ml (the median and 25-75 percentiles),
n=30. The patients with diagnosed sepsis were split
into 2 groups depending on the primary focus lo-
cation: patients with abdominal sepsis — the
source of primary infection was located in the peri-
toneal cavity (n=37) and sepsis, and the source of
infection located elsewhere (n=44).

Determination of plasma cfDNA in abdominal
sepsis patients within each unit (ICU 1) or in aggre-
gate in two units (ICU 2+ICU 3) of three medical in-
stitutions (ICU 1-3) revealed statistically significant
difference between the control group (clinically
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Puc. 2. CpaBHeHune koHueHTpanuu Bk/ITHK B ni1asme cenrtu-
YeCKHX NalieHTOB 6e3 aGJ0OMHHAIBLHOTO Cencuca

Fig. 2. Comparison of the cf-DNA concentration in plasma of
sepsis patients (no abdominal sepsis)

COM ¥ UCTOYHMKOM MH(EKINU NHOW TTEPBUYHOMN
JIOKaJau3auuu (n=44).

Onpepnesienue yposHa BkJIHK B miasme
MaIMeHToB ¢ abJOMUHATBLHBIM CETICICOM BHYTPH
Kaxgoro orgenenus (OPUT 1) miau cymmapHO
nByx otaesenuit (OPUT 2+OPUT 3) BbIsiBUIIU CTa-
TUCTAUYECKU 3HAYMMBbIE PAa3JIM4YUA MEeKIy IPyll-
MO KOHTPOJISI (KJIMHUYECKU 3I0POBBIE TOHOPHI)
1 JTI000W M3 ABYX TPYNIl MMAIlUEHTOB C abIOMU-
HaJIbHBIM cericucoM (puc. 1, p<0,0001).

Mesxgy rpynnaMy IIalMEeHTOB M3 PasHbIX
OPUT 3HaYMMBIX PA3JIMUUU 1O COAEPKAHUIO
Bk/IHK B ms1adme He oOHapyskusu (puc. 1, p>0,05).

Kounenrpanuu BkJIHK manueHTOB 000UX
OPUT c cencucoM, Opu KOTOPOM HCTOUYHHUK
WHQEKIINY He HaXOAUJICS B OPIOITHOM ITOJIOCTH,
MesKIy COO0H He pa3InyaJifcCh, OJJHAKO, pa3jInda-
JIUCh TI0 CPAaBHEHUIO C KOHTPOJIBHOU TpymHIoi
(puc. 2, p<0,0001).

Kak 1 B npeapIymux rpymmax naiuyueHToB ¢
a0IOMHHA/TBHBIM CEIICHCOM, 3HAYUMBIX Pa3JTHINI
Mesky nanueHTamu pasubsix OPUT obHapyskeHO
He 661710 (p>0,05).

JIOOJTHUTEJIBHO ~ TIPOAHAJIU3UPOBATIHA
cogepsrkanne BK/IHK y manyeHTOB ABYX APYrux
JIe4eOHbIX yupeskgeHuil ¢ amarHosom OHMK
(OPUT 4 u OPUT 5). ITpu atom oT60p 06pasIos
KPOBY IIPOBOJIUJIM B T€YEHUE NIEePBBIX 2—-3 CYyTOK
rnocJje nocrymienus nanuenTos B OPUT, u nuar-
HO3 CellCcuca nanyeHTaM He cTaBuJIu. Takas rpy-
Ia CJysKuJja TpynIod cpaBHeHUs AJIsl TaHHOTO
HccjiefoBaHus. Pesynbrarhl MCCae0BaHUA IIPeL-
CTaBJIeHbI Ha puc. 3. Kak BUAHO U3 PUCYHKA, YPO-
BeHb conepskanus BK/IHK B mirazame nmammeHToOB C
OHMK (3nayenuss meguan 239,3 Hr/ma u 411,6
Hr/mu B OPUT4 u OPUT5, cooTBETCTBEHHO) MPaK-
TUYECKU He OTVINYAJICA OT TAKOBOTO B KOHTPOJIb-
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Puc. 3. CpaBHeHne koHueHrpanuu Bk/IHK B niiaame naiu-
€HTOB C HHCYJIETOM.

Fig. 3. Comparison of the cf-DNA concentration in plasma of
the patients with stroke

Note. Group 1 - ICU 4; Group 2 - ICU 5; Group 3 - healthy vol-
unteers; P - significance of differences between the patients
from different hospitals or patients group vs. control group.
IIpumeuanwue. 1 — OPUT 4; 2 — OPUT 5; 3 — KIMHUYECKU 3]10-
POBBI€E TOHOPEI; p — 3HAYUMOCTD Pa3JIMYUN MRy HalfieH-
TaMU U3 PA3HBIX JleueOHBIX YUPEeRISHUH U MesK1y MalueH-
TaMU U KJIMHUYECKH 310POBBIMU JOHOPAMHU.

healthy donors) and the group of abdominal sepsis
patients (P<0.0001, fig. 1).

No significant difference in the plasma cfDNA
content was found between groups of patients from
different ICU (fig. 1, P>0.05).

Concentrations of cfDNA in sepsis patients
from both ICU, wherein the source of infection was
located other than in the abdominal cavity, did not
differ from the control group (fig. 2, P<0.0001).

Same as in previous groups of patients with
abdominal sepsis, there was no significant differ-
ence between patients from different ICU (P>0.05).

Additionally, the content of cfDNA in ACVE
patients from two other medical institutions (ICU
4 and ICU 5) was analyzed. Blood samples were
taken within the first 2-3 from patients’ admission
to ICU, and sepsis was not diagnosed in those pa-
tients. That group served as a comparison group
for this study. The study results are shown on fig.
3. As one can see from the figure, the content of
plasma cfDNA in ACVE patients (the median val-
ues were 239.3 ng/ml and 411.6 ng/ml in ICU4
and ICUS5, respectively) almost did not differ from
that in the control group (clinically healthy vol-
unteers, the median was equal to 278.5 ng/ml).
Comparison of the results between the patients
from ICU 4 (n=59) and ICU 5 (n=16) did not es-
tablish any significant difference in the plasma
cfDNA content of patients admitted to different
hospitals (P>0.05, fig. 3).
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HOW rpy1ne (RIMHUYECKU 3J0POBbIE JOOPOBOJIE-
IIbI, 3HaUEeHME MeauaHnsl 278,5 Hr/mi). [1pu stom
CpaBHeHUE pe3yJbraTOB MesKJy IMalueHTaMu
OPUT 4 (n=59) u OPUT 5 (n=16) He BBISABUJIO
3HAYMMBIX pa3JIMIuil o cogepskanuio BK/IHK B
njaasMe NalueHTOB, IOCHUTAJIU3UPOBAHHBIX B
pasHble KIVHUKHA (puc. 3, p>0,05).

OTCyTCTBUE 3HAYUMBIX PAIJIUUYUN MERITY
rpynmaMyd MalyueHTOB U3 Pas3HbIX JeuyeOHBIX
VUIpesKIeHUl, HO CO CXOJHBIM MCTOYHUKOM IIep-
BUYHON MHQEKINN (MJIN HECKOJTbKUX UCTOUYHU-
KOB, KaK IIpU CeIlCuCe, He CBA3aHHOM C O4YaroMm
MH(pEKINY B OPIONTHOM IOJOCTH (CM. TPYIIIHBI 3 HA
puc. 1 u puc. 2), uau manueHToB 6e3 SBHBIX IPU-
3HAKOB MH(PEKIINY (ITAI[EHTHI C MHCYJIETOM) TI03-
BOJIUJIA YKPYIHUTH TPYHOIbI, OOBETUHUB UX II0
WCTOYHUKY WH(EKIINY UJIU IIPYU €€ OTCYTCTBUU —
10 HO30JIOTUYECKOU hopMme.

Ha puc. 4 npeacraB/ieHbl JaHHbIE [10 CPaBHE-
Huio KoHneHTpannii Bk/IHK y mammmento OPUT
pu 00beJUHEHNU OJITN3KUX I10 UCTOYHUKY TPYIIIT
MMAIIMEeHTOB U3 PA3HBIX JIeYeOHBIX YUPEIKIeHUN.

Pesysibrarel, npencraBieHHbIE HA PUC. 4, YKa-
3bIBAIOT Ha COXpaHeHVe BBIPayKEHHOT0, 3HAYNUMO-
r'o NOBbIIIeHUA YpoBHA BK/IHK y nanueHTos ¢ cer-
CHCOM TI0 CPaBHEHMIO C KOHTPOJIBHON T'PYIIIIOHN
(p<0,0001). ITpm aTOM maAIUEHTbI C CEICHUCOM
OTJINYAJIUCH 110 TAHHOMY ITI0KA3aTeJIi0 ¥ OT I'PYyIIIbI
cpaBHeHusA (nmanmueHTsl ¢ OHMK), p<0,0001 (cm.
puc. 4). KoHTpoJibHaA rpymiia 1 rpyniia CpaBHEeHUs
110 TIOKasaresiio copepskanusa Brk/IHK B masme
3HAYMMO He OTJINYaJINCh (puc. 4, p>0,05).

30-1HeBHAaA BBIXKUBAEMOCTh IIPH CEeIICHCE.
[IpuHuMas BO BHUMaHUe, YTO JIeTAJbHOCTb IIPU
cerncuce (B TOM YUCJIE CENNITUYECKOM IIOKE) BBICO-
ka — OoJstee 40%, [21] MBI mpoaHATU3UPOBAIHN
cBsI3b MekAy 30 THEBHOW BBIKHMBAEMOCTHIO U
ypoBHeM BK/IHK B nyiazme narneHToOB € CEIICUCOM
(mo kmaccucdpuranuu CEIICHIC-3, 2016). Bersisuimy,
4TO TOBBINIeHWe KoHIeHTpanun BKIHK 6osee
1215 ar/ma accoruupoBano ¢ 30 JHEBHOM JIeTasIb-
HOCTBIO (p<0.0007, OR=49 (3,8-638,2), uyBCTBU-
TeabHOCTh 0,7778, cnenuduunocts 0,9333 CI
95%). Cpeny BBIDKMBIINX KOHIIeHTpanusa BK/JHK
ObljIa 3HAYMMO HIKe (3HadeHusd meauada 592,5
Hr/Mut vs. 2064,167 ur/mi, p<0,001). Takum o6pa-
30M, TIOITBEP/IUIH, 9YTO BEICOKUH ypoBeHBb BK/JHK
acconuupoBaH ¢ 30-THEBHOU JE€TATLHOCTBIO TPU
cercuce (CEIICHC-3). [laHHBIE COOTBETCTBYIOT
pesyabraraM, paHee MmoJydyeHHbIM Avriel A. et al.,
2014, mokasaBIlIUM, YTO YBeJIMYEHUE KOHIIEHTpa-
1y Bk/IHK B KpoBU sIBJISJIOCH BBICOKOUH(pOpMA-
THUBHBIM MapKepOM JIeTaJIbHOT'0 UCXO0/la Cercrca B
Teuenue 28 nHel mocJe nmocrymiaenus B OPUT [22].
Onpenesnienne BK/IHK B maHHOM nccienoBaHAn
obOJtamasio gaske 6OIbIIENH TPETUKTUBHON MOIII-
HOCTBIO, YeM OIlpeJieJieHre IPOKaJIbIIMTOHNHA. B
JMIaHHOU paboTe, OJHAKO, B OTJIMYHE OT HACTOSIIIIEe-
0 WCCJeN0OBaHUsI, IPU (POPMUPOBAHUU TPYIIII
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Puc. 4. CpaBHenne koHueHTpauuu BK/IHK B nu1a3me nanu-
€HTOB C a0IOMHHAJIbHBIM CEIICHCOM, 0e3 a00MHHAJIHHOIO
cerncuca 1 OHMK (00 bequHeHHast BBIOOPKA MAIHEHTOB U3
Pa3HBIX KIIMHUYECKUX HCTOYHHUKOB).

Fig. 4. Comparison of the cf-DNA concentration in plasma of
the patients with abdominal sepsis, without abdominal sepsis
and with stroke (combined cohort).

Note. Group 1 - patients with abdominal sepsis from ICU 1, ICU
2 and ICU 3; Group 2 - patients without abdominal sepsis from
ICU 1, ICU 2 and ICU 3; Group 3 - patients with stroke from ICU
4 and ICU 5; Group 4 - healthy volunteers. P - significance of
differences between the patients from different hospitals or pa-
tients’ group and control group.

IIpumeuanwue. 1 — marueHTsI ¢ abOMUHAIBHBIM CETICCOM U3
OPUT 1, OPUT 2 u OPUT 3; 2 — marueHThl 6€3 abJOMHUHAIb-
Horo cencuca ud3 OPUT 1, OPUT 2 u OPUT 3; 3 — maniueHThI C
OHMK u3 OPUT 4 u OPUT 5; 4 — KIUHUYECKU 30POBBIE J10-
HOPBI; p— 3HAYUMOCTb Pa3INYUi MesKay MallMeHTaMU U3 pas-
HBIX JIEYEOHBIX YUPEKIEHNI 1 MEKY TAllMeHTaMH U KJINHU-
YECKH 3J0POBBIMU JOHOPAMHU.

Absence of significant difference between
groups of patients from different medical institu-
tions but with a similar source of primary infection
(or several sources like during sepsis not related to
a focus of infection in the abdominal cavity (see
groups 3 on fig. 1 and fig. 2), or patients without ob-
vious symptoms of infection (stroke patients) al-
lowed consolidating groups by pooling them up
based on the source of infection or, in the absence
thereof, by nosology.

The results shown on fig. 4 indicate persistence
of a prominent significant increase of the cfDNA
level in sepsis patients versus the control group
(P<0.0001). Sepsis patients different in this index
from the comparison group (ACVE patients), too,
P<0.0001 (see fig. 4). There was no significant differ-
ence between the control group and the compari-
son group by plasma cfDNA content (fig. 4, P>0.05).
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MaIeHTOB UCII0JIb30BaIN D0JIee paHHee OIpeie-
JIeHWe CeIlCcHuca, B COOTBETCTBHE C KOTOPBHIM B
BBIOOPKY OBIJTM BKJTIOYEHBI ¥ TAIIMEHTHI C CUCTEM -
HOM BOCIIQJTUTETLHOU peaKiyei 0e3 moJImopraH-
HbBIX HapyIIeHn!U.

INosmimopdHble BapuanTtbl reHa TLRY y
nanueHToB OPUT u JaeraasHocTh B OPUT.
BxJIHK o06J/1agaeT CBOMCTBAMU CUTHAJILHOM MOJIe-
KYJIbl, ABJIAACH JIMTAHOM pelenTopa OgHOIO U3
toll-1TomOOHBIX PEIENTOPOB CUCTEMBI BPOSKIEHHO-
ro ummyHurera TLRY [15]. [eneTnueckas Bapua-
0eJbHOCTE toll-TTOmOOHBIX PENEeNnToOpoB, B TOM
4yucjie — OJHOHYKJIEOTUIHBIH MNOIUMOpPhU3IM
TLR9, oTHOCHUTCSI K CYILIECTBEHHBIM (pakTopam,
KOHTPOJIMPYIOIINM KJIMHUYECKOE Pa3HOOOpasue
KC, gacToTy, 0cOOEHHOCTH TeUeHHs U ITPepacIio-
JIO’KEHHOCTDb K HebaronpusaTHbeIM ucxomam KC,
BKJIOYas1 cencuc [23-25]. I3BeCTHO, 4TO OOWH 13
reHetnyeckux BapuanToB TLRY, amnens C ogHO-
HYKJIeOTUAHOI0 nojaumMopduama rs352162, acco-
IMUPOBAJICS C PAa3BUTHUEM MOJIMOPTAHHOU HEJI0-
CTQTOYHOCTU ¥ IIOBBIIIEHHOH IpOgyKIIUen
npoBocnaauTesabHOro nutoknHa — TNF-anbda
rocsie cTuMyasun oakrepuanbaoit [JHK snetiko-
IIATOB KPOBU IIOCT-KPUTUYECKUX ITAIIUEeHTOB [19].

Hcxongss M3 aTUX MAHHBIX, OPEINOJI0KUIIH,
uyto u ipu KC, He CBA3aHHBIX C TPaBMOM, TaHHBIN
reHernyeckuit Bapuant C TLRI (rs352162) 6ymeT
ACCOIMUPOBATHCA C IJIOXUM HNPOTHO30M. BhLIO
TaKsKe IIPEeJII0JI0KEHO, YTO UMEHHO Y TallueHTOB-
"Hocuresien ajieas C TLR9 (rs352162) B HarOO0JIk-
el crerneHy OYAYT BBIPpa)KEHBI ATOTeHeTHYe-
ckre 3@dderThl, CBsI3aHHBIE C TMOBBIIIEHHON
KoHIleHTpaiuei Bk/JIHK — ecTtecTBeHHOrO0 JTUTaH-
na TLRY. ITapajienbHOe TeHOTUIIMPOBAHME 1Al -
€HTOB 10 BapHaHTaM OJHOHYKJICOTUIHOIO II0JI1-
mopduama TLR9 CC, CT, TT (rs352162) wu
onpejnesieHre KoHIleHTpanuu BKJIHK B miasme
TeX JKe MaIeHTOB BLISIBUJIO HANOOJIbIIIEe COMep-
skanue BKJIHK y nanuenTos resorumna TLR9 CC
(3Hauenust meguad 1373 Hr/mu versus 805 HI'/MJI,
cooTBeTcTBEHHO, p=0,030), YTO MOYKHO OOBSICHUTD
0oJiee BbIpAYKEHHBIM ITOCT-PEIEeNTOPHBIM CUTHA-
Jom nocse peuenunu BKIAHK knetkamuy, Hecymu-
MH BapUaHT TeHa pelenTopa, 00ecreYnBaloniero
JIYYIIMY CUTHAJIMHT, II0-BUAMMOMY, JIEKaIIUHA B
OCHOBE 0OJIBIIIEN MPOIYKIINU BOCIATUTETHHBIX
OUTOKWHOB OTBET Ha CTUMYJIALUIO JUTaHIOM —
¢parmenTom JTHK [19].

BoJibmas npogyknus NpoBOCIAIUTEIbHBIX
[IUTOKWHOB KJI€TKaMU MpeapacriojiaraeT K KJe-
TOYHOU rubeJTu, TPUBOIAIIEH K BLICBOOOKIEHUIO
OoJsiee 3HAUNTETLHOU KOJTMUecTBa MoJsiekyn JTHK
U ux pparmMeHToB. [109TOMY IpEIION0KUIH, YTO
nMeHHO nanueHThbl reHotuna TLRY C, cogepska-
e B OUPKYAANUN OOJbIINE KOHIIEHTPAIlUN
BK/IHK u reHetnuecku nmpenpacnoJiosKkeHHbIe K
JIydIIei peakliuy pelnenTopoB Ha auragj BKHK,
OynyT umeTs xyaiuii mporaos B OPUT, o cpaBHe-

30-day survival during sepsis. Taking into ac-
count that mortality from sepsis (including septic
shock) is high — more than 40% [21], we analyzed
the relation between 30-day survival and the level
of cfDNA in plasma of patients with sepsis (accord-
ing to SEPSIS-3 classification, 2016). It was found
out that increase of cfDNA concentration over 1215
ng/ml is associated with 30-day mortality
(P<0.0007, OR=49 (3.8-638.2), sensitivity 0.7778,
specificity 0.9333, CI 95%). Among the survived, the
cfDNA concentration was significantly lower (the
median was 592.5 ng/ml vs. 2064.167 ng/ml,
P<0.001). Thus, it has been confirmed that high
cfDNA content is associated with 30-day mortality
during sepsis (SEPSIS-3). The data are consistent
with the findings received earlier by Avriel A. et al.,
2014, which showed that increase of cfDNA con-
centration in blood was a highly informative
marker of the lethal outcome of sepsis within 28
days from admission to ICU [22]. In that study, de-
termination of cfDNA possessed even a higher pre-
dictive power than determination of procalcitonin.
However, in that study, in contrast to the present in-
vestigation, earlier diagnosis of sepsis was used in
forming patients’ groups, according to which the
sample included also patients with systemic in-
flammatory response without multiple organ dis-
turbances.

Polymorphic variants of gene TLR9 in ICU
patients and mortality in ICU. CfDNA is a signal
molecule being a ligand for one of toll-like recep-
tors of the congenital immunity system — TLR9
[15]. Genetic variability of toll-like receptors, in-
cluding single nucleotide polymorphism of TLR9,
is one of essential factors controlling the clinical di-
versity of critical conditions, incidence, peculiari-
ties of the course, and predisposition to adverse
outcomes of critical conditions including sepsis
[23-25]. It is known that one of genetic variants of
TLR9 — allele C of single nucleotide polymorphism
of rs352162 — was associated with development of
multiple organ failure and increased production of
anti-inflammatory cytokine TNF-alpha after stim-
ulation of post-critical patient’s blood leukocytes
with bacterial DNA [19].

Proceeding from those data we supposed that
during critical conditions not related to a trauma,
this genetic variant C of TLR9 (rs352162) would also
be associated with a poor prognosis. It was also sup-
posed that in the patients who are carriers of allele
C of TLR9 (rs352162), the pathogenic effects related
to increased concentration of cfDNA — a natural
ligand of TLR9, would manifest most prominently.
Parallel genotyping of patients by variants of single
nucleotide polymorphism: TLR9 CC, CT, TT
(rs352162), and determination of plasma cfDNA in
the patients revealed the highest content of cfDNA
in patients whose genotype was TLR9 CC (the me-
dian values were 1373 ng/ml versus 805 ng/ml, re-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 3



DOI:10.15360/1813-9779-2019-3-31-47

Knunudyeckue NpaKTHUKa U UCCJeJOBaHUA

Tabsmna 3. 3HaueHust AUC U COOTBETCTBYIOIIHE HM TOYKH OTCeYeHHsI KoHIeHTpanuii Bk/IHK B niiaame nipu
oInpeje/ieHUU YyBCTBUTEJBHOCTHU U cienu(pU4HOCTH B rpynnax nauueHToB OPUT pasubix renorunos TLRI.
Table 3. AUC and corresponding cut-off values for plasma cfDNA concentrations in ICU patients of different geno-
types TLR9.

Patients with a TLR9 genotype n cfDNA AUC

Cut-off value M (95% CI) p
1 CC+CT+TT 166 516.0 0.705 (0.629-0.773) <0,0001
2CT+TT 104 554.0 0.652 (0.552-0.743) 0,005
3CC 62 413.6 0.795 (0.673-0.887) <0,0001

Note. Group 1 - ICU 2-5 patients of any genotype; Group 2 — patients with TLR9 CT or TT genotype; Group 3 - patients with
TLR9 CC genotype. AUC — area under the ROC curve.
IIpumeuanwue. 1 — nanuentsl OPUT sm060r0 reHornna; 2 — nanuedTsl renoruna TLRY CT, TT; 3 — nanuenTs! renorumna TLRI

CC; cfDNA cut-off value — Touka orceuenusi Bk/IHK; AUC — mutomans mog ROC-KpuBoOii.
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Puc. 5. CpaBHeHHe nnporuo3a y nanueHToB OPUT 2-5 Ha ocHoBe KoHIeHTpanuu BK/IHK 1 nonmumopduamos rena TLRI.

Fig. 5. Comparison of the ICU 2-5 patients outcomes based on cf-DNA concentration in plasma and TLR9 polymorphisms.
Note. a—ICU 2-5 patients; b - patients with genotypes TLR9 CT, TT; ¢ - patients with genotype TLR9 CC.

ITIpumeuanwue. a — nanuentsl OPUT 2-5; b — nauuenTts! renorunioB TLRI CT, TT; ¢ - nanuents! renotuna TLRI CC. Sensitivity —
YYBCTBUTEJIBHOCTB; specificity — cneruduunocts; AUC - ntomans mog ROC-kpuBoi; criterion — Todka oTCeYeHUs.

HUIO C TTAllMeHTaMU aJETepPHAaTUBHBIX TEHOTUIIOB
TLR9 CT, TT (rs352162).

JleiicTBUTENIBLHO, OIpejeleHe KOHIIEHTpa-
nuu BKIHK, nosmmmopdusma resa TLRI rs352162
u 30-THEeBHOU BHI)KMBAEMOCTH TP AaHAJIN3€E BCETO
MaccuBa JaHHBIX (71=166) BEIABUJ 3HAYMMbIE pa3-
JIMYWSA MEKIY IPYIIIaMU TAalEeHTOB 10 3HAYCHUIO
ROC, xapakTepusyomnue IpOrHOCTUYECKYIO IIeH-
HOCTb B TEPMUHAX YyBCTBUTEJIBbHOCTHU U CIIELU-
¢uuHOCTH uCXO0fa (J€eTaJbHOCTh) IAllMEHTOB
OPUT B Teuenue 30-THEBHOTO CPOKA HAOTIOIEHUS
(puc. 5). Bca rpymnna naneHToB XapaKTepu3oBa-
JIaCh OTHOCHUTEJILHO HeOoabIuM 3HauenneM ROC
KpuBbIX (0,705), Ipy 3HAYEHUAX YYBCTBUTEJILHO-
ctu 57,0% u cnenuduyunoctu 82,5% (puc. 5, a),
OfHaKo B rpymnmnax pasabix resorunos (TLRY CT,
TT versus TLR9 CC) ObL/IY BBISIBJIEHBI 3HAUYNTEJIh-
HO OTJIMYAIOIIYECs ONIIO3UTHBIC 3HAYCHUS, Ya-
Jgenable oT 3HaueHuss AUC njis Bcell BBIOOPKH
nanueHToB OPUT (n=166). Tak, 4yBCTBUTEJIBHOCTD
Tecta y manueHToB reHotunoB TLRY CT, TT 6s11a
HUKe, 4yeM y nanuenToB resorumna TLR9 CC (puc.
5, bu puc. 5, ¢, COOTBETCTBEHHO).

B Tabs1. 3 mpecTaBIeHbl 3HAYEHUS TIJI0IA-
nett mox ROC-kpuBoii (AUC) mpu pacyeTax 3Have-

spectively, P=0.030), which can be explained by a
stronger post-receptor signal after reception of
cfDNA by cells carrying the receptor variant provid-
ing better signaling that probably underlies higher
production of inflammatory cytokines in response
to stimulation with the ligand [19].

Higher production of anti-inflammatory cy-
tokines by cells predisposes to cell death leading to
release of a greater quantity of DNA molecules and
their fragments. Therefore, it was suggested that
these are the patients of genotype TLR9 C, contain-
ing higher concentrations of cfDNA in their circu-
lation and genetically predisposed to a better re-
sponse of receptors to the ligand to cfDNA, who
would have a worse prognosis in ICU compared to
patients of alternative genotypes TLR9 CT, TT
(rs352162).

In fact, determination of cfDNA content, poly-
morphism of gene TLR9 rs352162, and 30-day sur-
vival rate revealed, during pooled data analysis
(n=166), significant differences between groups of
patients in ROC figures, which characterized the
prognostic value in terms of sensitivity and speci-
ficity of the outcome (mortality) of ICU patients
during the 30-day follow-up period (fig. 5). The
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HUI YyBCTBUTEJBHOCTU U CHIEIU(PUUYHOCTHU U 95-
MIPOIIeHTHBIE TOBEepUTeIbHbIe MHTEPBAJIbI 3HAYE-
Huit AUC (95% CI), a Takke COOTBETCTBYIOIIIE
KaxgoMy 3HayeHnnio AUC u onTuMasibHbIE IJA
Ka’KI0Tr0 TeHOTHUIIAa TOUYKHU OTCEeUYeHUsI 3HAYeHUN
conepskanusi Bk/IHK.

3navenne AUC aJi malmyeHTOB TeHOTUIla
TLR9 CC mocCTOBEepHO BBIllIE, YeM y NaleHTOB
reHorunoB TLRY CT, TT npu cHUsKEHHOM 3Haue-
HUU TOYKU oTceueHus (cut-off value) mo koHIIEHT-
pamuu Bk/IHK.

Cerncuc xapakTepuayeTcs IOJAOPTaHHOU
HeIOCTaTOYHOCTHIO, BO3HHKIIEH BCJIEICTBUE
nH@EKITMOHHOTO ITpotiecca [20]. BoctianiuTeabHbIE
peaku¥, WHAYOIUPOBAaHHBIE  BO30yaUTEEM
WH(EKINH, CIIOCOOCTBYIOT YCUJIEHUIO KJIETOYHON
rubenu [26-27]. CiaeacTBUeM sIBJIETCS IIOBLIIIE-
Hue BbIxoma BKIHK B mupkynsaTropHoOe pycio.
N3BecTHO, uTO KoIndecTBO BK/IHK OakTepuasinb-
HOTO IPOUCXOKIEeHUS ITPU PAa3BUBIIIEMCS CETICUCe
PE3KO IOBBILICHO [17], OfHAKO ee 3HAYUTEJIbHO
MeHblile, yeM nupkynaupytomeit JTHK xo3suna [4].
Bo3MOKHO, 4YTO HMEHHO C IUPKYJIUPYIOIIen
Bk/IHK opranmama, a He OaktepuasbHOoil JTHK
CBsI3aHO ee JIeNCTBYE Ha OPTaHU3M, OIIOCPeJOBaH-
HOoe KJieTouHbIMH perjentopamu JIHK — TLRY,
STING, NLRP3 [4, 28-29]. [lpyrumu cj0Bamy, IIpu
BEPOSITHON MOJIEKYJIsIpHOU uaeHTuYHOCTU CpG-
cofepsKaInX JIMTAHI0B 3TUX PEIeITOPOB PA3HOTO
MIPOUCXOKAEHUA — MPOKAPUOTUYECKUX (TTAaTOTeH-
aCCOLMHUPOBAHHBIE MOJIEKYJIIDHBIE IIaTTEpPHBI,
niu PAMP) 1 syKapuoTU4YEeCKUX (MOJIEKYJIAPHbBIE
MaTTEPHBI, aCCOIIMUPOBAHHbBIE C TTOBPEKIEHUEM,
unu DAMP) — nipu nuaderimonnom KC nomMmuHm-
PYIOLIMMU JIUTaHJAMU ABJSIOTCA ITOCIeIHUE. ITO
MMOATBEPsKIAeTCs HUMEIIUMUCA JKCIIEpUMEH-
TaJIbHBIMU U KJIMHUYECKUMU JaHHBIMHU O TOM, YTO
BK/IHK nmpu KC, B TomM 4mciie U mpu Cercuce,
HaKallJIMBaeTCs B IUPKYJIALMY B pe3yJsrare aloll-
TO3a, HEKpo3a U Hero3a kKJjeToK [30]. Hesbaa
HUCKJIIOYNATH, BIIPOYEM, U AKTHUBHYIO CEKpPELHIO
muToxoHApuasabHo JIHK B cocTraBe ak3ocom B
peayJsbrare He3aBepIlIeHHbBIX IIPOLIECCOB MUTOdA-
TAU B KJETKax, II0ABEP)KCHHBIX 3HAYUTEJIbHOMY
OUTOIJIA3MaTUYECKOMY M OKHCJIUTEJIbHOMY CTpec-
cy, xapakrepaomy aJjs1 KC.

HccaemoBaHus ¢ UCIIOJIL30OBAHMEM B KaueCcTBE
Jguragnos MoJierys JITHK ¢ pasHbIM conepskaHueM
CpG pasnyHOro 6aKTepHaBLHOTO MTPOUCXOKIIE-
HUS BBIABWIN NOJIOKUTEJbHbIE KOPPEJIAINN
Mesky KoHIleHTpanue CpG-y4acTKOB B MOJIEKYJIe
JHK moJjiekyjie ¥ BBIPasKE€HHOCTH IIPOBOCIIAJIU-
TeJIBHOIO IOTeHIMasa nocjaenseii [16]. B apyrux
WCCJIEJOBAaHUAX (MOJeJb 9KCIIEPUMEHTATbHOTO
abOMIHAJILHOTO CETICHCA Y TPHI3YHOB) YCTAHOBH-
JIY, YTO Y HOKAyTHBIX TIr9-/- Mbllieil BBI)KMBaeMOCTb
MpY TTOJTNOAKTEPUAIHLHOM CeICHCe 3HAYUTETHLHO
BBIIIIE, 4YeM y Mblieli reHorumna T1r9+/+ [17]. Biokana
TIr9 ¢ nomopio MOIUMPUIMPOBAHHBIX TOJTUHYK-

merged group of patients was characterized by a
relatively small AUC value (0.705), sensitivity being
57.0% and specificity being 82.5% (fig. 5, a); how-
ever, in groups of different genotypes (TLR9 CT, TT
versus TLR9 CC), significantly different opposite
values remote from the AUC value for the pooled
sample of ICU patients (n=166) were discovered.
For instance, test sensitivity in patients of geno-
types TLR9 CT, TT was lower than in patients of
genotype TLR9 CC (fig. 5, b and fig. 5, ¢, respec-
tively).

Table 4 shows the values of areas under the
ROC curve (AUC) in sensitivity and specificity cal-
culations and 95-percent confidence intervals of
AUC values (95% CI), also cfDNA content cut-off
values corresponding to each AUC value and opti-
mal for each genotype.

Sepsis is characterized by multiple organ fail-
ure caused by an infection process [20]. Inflamma-
tory responses induced by an infectious agent pro-
mote intensified cell death [26-27], the
consequence being increased release of cfDNA into
the circulation stream. It is known that the quantity
of cfDNA of bacterial origin is drastically increased
during established sepsis [17], nevertheless, it is
much smaller than the quantity of circulating host
DNA [4]. Its action on the body mediated by cellular
receptors of DNA — TLR9, STING, NLRP3 — might
be possible related particularly to circulating
cfDNA of the body rather than bacterial DNA [4,
28-29]. In other words, in the context of probable
molecular identity of CpG-containing ligands of
these receptors of different origin — procaryotic
(pathogen-associated molecular patterns or PAMP)
and eucaryotic (damage-associated molecular pat-
ters or DAMP) — during an infectious critical con-
dition, the latter are the predominant ligands. This
is supported by the available experimental and
clinical data showing that during a critical condi-
tion including sepsis, cfDNA accumulates in circu-
lation as a result of apoptosis, necrosis, and NETo-
sis of cells [30]. Though active secretion of
mitochondrial DNA as part of exosomes as a result
of incomplete mitophagy in cells exposed to con-
siderable cytoplasmic and oxidative stress typical
for critical conditions is not inconceivable.

Investigations wherein DNA molecules with
different CpG content of various bacterial origin
were used as ligands revealed positive correlations
between the concentration of CpG-segments in a
DNA molecule and manifestation of the anti-inflam-
matory potential of the latter [16]. Other investiga-
tions (the model of experimental abdominal sepsis
in rodents) established that in knockout T1r9-/- mice,
survivability during polybacterial sepsis was signifi-
cantly higher than survivability of mice of genotype
TIr9++ [17]. Tlr9 blocking with the help of modified
polynucleotides assisted better survivability of sepsis
mice. Recent clinical studies in a group of patients
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JIEOTH/IOB CIIOCOOCTBOBAJIA JIy4IIIEH BHI?KIMBAEMO-
CTU MBIIIIEH C cercucoM. HemaBHue KIMHIYECKUE
HCCJIeJ0BaHMsl B IPYIIIe MAlMEHTOB C CElCHUCOM
BBIABWJIM 3HAaUeHWe ITOBBIIIEHHOTO COAep KaHMs
nUpKyupyloiiei BK/IHK Ha MOMeHT nocTynjieHust
60bHBIX B OPUT Kak BBICOKOMH(OPMATUBHOIO
Mapkepa 28-THeBHOH JieTaabHOCTH [22]. IHTEepecHO,
4TO aCCOIUAIMA JIETATBHOCTH IPHU CETICHCe U TTOBBI-
meHus1 KoHreHTpanyuu Bk/IHK (B yacTHOCTH MUTO-
XOHJIpUAJIbHOW) McYe3asia Ipu HU3KOH TIJIOTHOCTHA
peuernrropoB TLRY B KieTkax [28].

JlanHbIEe HaIllero HCCJeI0BaHUS ITOKa3bl-
BaloT, 4TO cojiepskanue BKIHK mpu abmoMuHa b-
HOM U HeabJOMMHA/JbHOM CeIICHCe, a TaKiKe
OHMEK B rpymmax naifieHToB U3 Pa3HbIX O0JTbLHHUI]
3HAYMMO He OTJIMYAIOTCA. OTO II03BOJIUJIO YBEJIN-
YATH BBIOOPKY, CYMMHPOBAaB JaHHbIE Pa3HBIX
6osbHUI, MccaenoBanue Ha 00JIbIIIEM KIXHAYE-
CKOM MarepuaJie BbIABUJIO, YTO HaIW4YMe y MTalu-
€HTOB C CeIICMCOM He TOJIbKO ITOBBIIIIEHHOTO
conmepskanusi BKJIHK, HO 1 — ogHOBpeMeHHO —
reHetTu4eckoro sapuanTa penenropa JIHK TLR9 ¢
MyTanuel (3aMeHa TUMUHA Ha ITUTO3UH) B TOMO-
3urorHoM coctossHum (CC) mpuBommiIa K Hau-
boJsibllielt WHAOPMATUBHOCTU IIpeACKasaHUs
JeTaJIbHOTO MCX0Ja, 3HAYNMMO OTJINYAIOIIEIiCsI OT
TaKOBOH y MallMeHTOB aJIbTePHATUBHbBIX T€HOTU-
nos (CT um TT). IlonydyeHHBIE pe3ysabTarbl, IIO
HaIlIUM CBeJeHUAM, ABJISAIOTCA NePBbIMU TaHHBI-
MW, CBUJIETETbCTBYIOIMMI O HAauOOJIbIIIEH TPo-
THOCTUYECKON MH(OPMATUBHOCTA KOMOMHAIINU
conpsiskeHHBIX [IHK-3aBUCHUMBIX MapKepoOB Npu
cencuce-aurasga — Modiexyssl JJHK 1 BapuanT-
HOro resa ero peuenropa TLR9.

Panee 6b110 mOKa3aHo, uro regorurl TLR9 CC
oInpepeJisieT HOBBIIIEHHYIO YYBCTBUTEJIbHOCTD K
nepejayve curHaJsa npu B3aumosericteuu TLRI ¢
auraggoM JTHK. MoskHO 1oJiaratb, 4YTO UMEHHO
9TO JIESKUT B OCHOBE MeXaHW3Ma 00HapY;KEHHOTO
a(pderra — KOMOMHAIWS IBYX TATOTEHETUYECKH
CBSI3aHHBIX, COMPSIYKEHHBIX MOJIEKYISAPHBIX OMO-
MapKepoB — reHeTUYEeCKOTO MapKepa perenTtopa
Y IIMPKYJINPYIOIIET0 MapKepa-Jnuranaa obramaer
HauboJjiee 3HAYUMBIM IIPOTHO30M JIETAJHLHOTO
ucxoja.

JIomOJTHUTETbHBIM MEXaHU3MOM, OIlpeje-
JIAIOIMM IaToreHeTudeckoe 3HauveHme TLR9-
JHK B3auMoneiicTBUsA /1 pa3BUTHUA KU3HEYTPO-
skaomiero KC B Xofe cenTH4eCcKOro Ipoliecca,
MO’KeT ABUTHCS ONHOBPEMEHHas IUIIepCTUMYJIs-
s kiaeTok BKJIHK u 6akTepraabHBIMU TPOIYK-
TaM# — 9HJIOTOKCUHAMHU, U3 KOTOPBIX HanboJiee
naydensl aunononucaxapunsl (JIIIC). [locnennue
B3aUMOJIeHCTBYIOT C IpyruM perientopoM — TLR4
[31], mpu aTOM Mepejlaya CUTHAJIA C KJIETOYHOU
IIOBEPXHOCTU ONOCPENyeTCs dyepes3 BHYTPUKJIE-
TOYHBIH 6esiok MyD88, o01mii 17151 Tepeiavy CUr-
HaJsoB ¢ TLR9 u TLR4. Ilo nanubiM Karin M et al
(2018), mpu gevictBum PAMPs in vitro Ha MbIIIIHU-

with sepsis have discovered increased content of cir-
culating cfDNA at the time of patient admission to
ICU as a highly informative marker of 28-day mor-
tality [22]. Interestingly, the association of mortality
during sepsis and increased concentration of cfDNA
(in particular, mitochondrial) disappeared at low
density of TLR9 receptors in cells [28].

Our data show that there is no significant dif-
ference in the content of cfDNA during abdominal
and non-abdominal sepsis also during ACVE in the
groups of patients from different hospitals. That al-
lowed enlarging the sample by summing up data
from different hospitals. The investigation on the
large clinical material revealed that when sepsis pa-
tients had not only an increased content of cfDNA,
but simultaneously the genetic mutation (substitu-
tion of adenosine with cytosine) of DNA TLR9 re-
ceptor in the homozygotic state (CC), the informa-
tive value of lethal outcome prediction was the
highest and significantly differed from that in pa-
tients of alternative genotypes (CA and AA). As far
as we know, the results obtained are the first data
evidencing the highest prognostic informative value
of the combination of related DNA-dependent
markers during sepsis — the ligand — DNA mole-
cule and the variant gene of its receptor — TLR9.

It was shown earlier that genotype TLR9 162
CC determined an increased sensitivity to signal
transduction during TLR9 interaction with the DNA
ligand. It can be assumed that this is what underlies
the mechanism of the effect discovered — the com-
bination of two pathogenically related, complimen-
tary molecular biomarkers — the genetic marker of
receptor and the circulating marker — the ligand,
which gives the most significant prognosis of the
lethal outcome.

An additional mechanism determining the
pathogenic value of TLR9-DNA interaction for the
development of a life-threatening critical condition
in the course of septic process might be the simulta-
neous hyperstimulation of cells by cfDNA and bac-
terial products — endotoxins, of which lipopolysac-
charides (LPS) being the most thoroughly studied.
The latter interact with a different receptor — TLR4
[31], wherein signal transduction from the cell sur-
face is mediated via intracellular protein MyD88,
which is common for transmitting signals from TLR9
and TLR4. According to Karin M et al. (2018), when
PAMPs act in vitroon mice macrophages, mitochon-
dria start active production of DNA fragments
(mtDNA), which, when they enter cytoplasm, acti-
vate inflammasome NLRP3 that subsequently acti-
vates caspase-1 facilitating transition of inactive
molecules of cytokines IL-1b and IL18 into active
state [28]. Interestingly, activation of inflammasome
NLRP3 might also be caused by other DNA se-
quences including nuclear DNA. In sepsis patients,
a parallel action of LPS and cfDNA on receptors TLR4
and TLR9, correspondingly, might possibly take
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Hble MaKpodaru MUTOXOHIPUM HAYUHAIOT AaKTHB-
HO npoayuupoBars (pparments! JHK (MT/JHK),
KOTOpBIe, BBIHJS B IIUTONJIA3MYy, aKTUBUPYIOT
uH@ammacomy NLRP3 ¢ nmocienyronieil akTuBa-
el Kacmhasbl-1, CIOCOOCTBYIOIIEH Mepexomy
HEaKTUBHBIX MOJIEKYJI HUTOKMHOB IL-1b 1 IL18 B
aKTUBHOE COCTOsAHUE [28]. IHTEpEeCHO, YTO aKTH-
Banuss wuH@aammMacombl NLRP3 MoskeT OBITH
BbI3BaHA W [PYTHMMM II0CJIef0BaTeJbHOCTIMU
IHK, B Tom uncie — saepHoui JITHK. BoamoskHo,
4TO y IAlEeHTOB C CEIICUCOM UMeeT MeCTO IapaJl-
aesibHOe nevicteue JITIC u Bk/IHK Ha perenTopsbl
TLR4 u TLRY, cOOTBETCTBEHHO, YTO IPUBOAUT K
4Ype3MepHOU aKTUBAIIMM MPOBOCIAJIUTEHHOTO
OTBeTa, MaCIITAOMPOBAHNUEM KJIETOUHOH rubesu
C TIOBTOPHBIM BBICBOOOKIEHUEM (parMeHTOB
JOHK, napymatomux (yHKIIMOHUPOBAHUE 9HJIOTe-
JIUA cocynoB. CUuTaeTcs, 4TO IMEHHO II0CJIeIHee
CITOCOOCTBYET HapYIIEHUIO TTepdy3un TKaHEH C
MOCJIEIYIOMNM YCyTryOJIeHneM TOJIMOPTaHHON
HEeJO0CTAaTOYHOCTH, HEIIOCPEICTBEHHO yIPOsKal0-
e sku3um [32].

B rpynne nanyenTos ¢ OHMK noseimenusa
koHneHTpanuu Bk/IHK B m1aame He 06HApYKH-
JIM, YTO MOKET OBITH CBSA3aHO C HECKOJIbKUMU
npuuynHaMmu. [lepBast — aT0 paHHee BpeMs 3a60-
pa kpoBu. M3BecTHO, 4TO B ocTpeiiiieii ¢ase
WHCYJIBTa TOJIbKO (DOPMUPYETCSI 0Yar HeKpo3a U,
OJraroapsi MECTHOMY OTEKY TKaHeH M OTHOCH-
TEeJIbHOM 11eJI0CTHOCTU reMaTO3HIle(paTndecKoro
bapnepa, nomamanne BK/HK n3 30HBI MHCY/IbTA
B OUPKYJIALMIO B IIepBble Yachl MAUHUMAJIbHO
[33]. B panbHelIeM HEKPOTHYECKHE MacCChl
JIM3UPYIOTCSI, ONHOBPEMEHHO (opMupyercs
30HA MEHYMOPHI, I7le KJIETKU r'OJIOBHOTO MO3Ta
TaKk)Ke II0OCTEINEeHHO II0ru0baioT, MOBBIIIAETCS
IIpOHULAeMOCTh I'9b, B peayJsibrare 4ero qUpKy-
aupylomasa BK/IHK Moxer yBesnuymBarbcs
[33-34]. IMeroTCcs eMTMHUYHBIE TAHHBIE O IIOBBI-
meHun kKoHneHntpanuu JTHK mo 1000 Hr/mJu B
IepBBle CYTKM IIOCJIe MHCyIbTa [12], ogHAaKo,
0CTaeTCsI HesICHbIM, BEJICS JIM OTCYET BpEMEHH OT
IIOCTYIJICHUA ITAlAEHTOB B CTAllMOHAP UJIU Ke
OT MOMeHTa BO3HUKHOBEHMS COCYJUCTOU KaTa-
cTpodbl. YYUTBIBasi HEOOXOAUMOCTh CJIeI0Ba-
HUS IPOTOKOJIAM BeJIeHUS NAIMEHTOB C UIIIeMU-
4eCKUM MHCYJIBTOM, 10 KOTOPBIM IIOKa3aHa (1pu
OTCYTCTBUM IIPOTUBOIIOKA3aHUI) peKaHaJ/13a-
¥ B TIEpBBIE 3 yaca NocJje MpeKpalleHus Kpo-
BooOpamenus [35], ypoBeHnb BK/IHK 11e/1ec0006-
pas3Ho ompenesATh HEOMHOKPATHO, HaIpuUMep,
0 U mocJie ynajienus Tpomba. K HegocTaTkam
JJAHHOTO HCCJed0BaHUsI OTHOCUTCSI, IOMHMO
OTHOCUTEJIbHO HEOOJILIIIOTO 00 beMa BBIOOPKHU C
Y4EeTOM T'PYIIN NaIMeHTOB, OTHOKPATHOCTH 3a60-
pa 06pasIoB KPOBH IJIA UCCIETOBAHUNA COmep-
skaHuA BK/IHK. C yueToM yske nMeromuxca naH-
HBIX O 3HAaUYE€HUU He HaTUBHOW, a OKHCJIEHHOH
¢opmbr JIHK B akTtuBamuu uHEPJIaMMaCOMbI

place leading to excessive activation of anti-inflam-
matory response, scaling up of cell death with re-
peated release of DNA fragments disturbing func-
tioning of vascular endothelium. The latter is
considered as assisting compromised perfusion of
tissues followed by aggravation of multiple organ
failure immediately threatening the life [32].

In the group of ACVE patients, no increase of
plasma cfDNA concentration was found, which can
be connected with several reasons. The first one is
the early time of blood sampling. It is known that
during the most acute phase of a stroke, the necro-
sis site is just being formed and, thanks to the local
edema of tissue and relative intactness of blood-
brain barrier, ingress of cfDNA from the stroke area
into circulation is minimal during the first few
hours [33]. Later, necrotic masses undergo lysis and
at the same time a penumbra area is formed where
brain cells die gradually too, permeability of the
blood-brain barrier rises, as a result of which circu-
lating cfDNA might increase [33-34]. There are spo-
radic data about increase of DNA concentration to
1000 ng/ml during the first 24 hrs. after stroke [12];
however, it remains unclear whether the time was
counted from admission to hospital or from occur-
rence of the vascular catastrophe. Given the neces-
sity to follow the management protocols for is-
chemic stroke patients, which prescribe (if there are
no counter-indications) recanalization within the
first 3 hours after stagnation of circulation [35], it
would be useful to determine the cfDNA level more
than once, for example, before and after thrombus
removal. The drawbacks of this study, in addition to
arelatively small sample considering groups of pa-
tients, is that blood for the analysis of cfDNA con-
tent was sampled only once. Taking into account al-
ready available data concerning the value of
oxidized rather than native DNA in the activation
of inflammasome NLRP3 [36], it is necessary to
modify the study protocol to optimize the strategy
of sepsis outcome prediction based on determina-
tion of cfDNA/oxidized cfDNA concentration.

Conclusion

The findings have shown that the increased
plasma cfDNA in patients with abdominal and
non-abdominal sepsis is a meaningful marker of
patient’s mortality prediction. It has been demon-
strated for the first time that the combination of
two complementary, pathogenically significant for
the development of life-threatening conditions
during infection complications of critical condi-
tions, biomarkers — genetic marker TLR9 (TLR9
CC) and increased plasma cfDNA — most fully in-
form about the risk of 30-day mortality of ICU pa-
tients. The data obtained can be used to optimize
selection of patients during clinical studies of the
effects of innovative targeted drugs — inhibitors of
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NLRP3 [36], HeoOxommMa MogudUKaIUASA IPOTO-
KOJIa UCCJIeTOBAHUA IJIsI ONITUMMU3AINU CTparTe-
TUU MIPOTHO3a MCXO0JA CeIlCHca Ha OCHOBAHUU
onpeneaeHus koHneHTpanuu BKJIHK/okucaen-
Hoit BK/IHK.

3akJaoueHnue

Pesysiprarsl nccaenoBanusa IOKa3ald, 4To
NOBBINIEHHOEe coneps:kaHue BKIHK B miasme
MaIMeHTOB ¢ a0IOMIHATBLHBIM 1 HEAOIOMUHAJTH-
HBIM CEIICUCOM AIBJISIETCA 3HAaYMMBbIM MapKepoM
NIPeIVKIINA JIETAJIbHOCTH NTallMeHTOB. BriepBrle
IIOKAa3aHO, YTO COYeTaHHue JBYX CONPAKEHHBIX,
IIaTOreHeTUYeCKU 3HAYMMBbIX JJI1 pa3BUTHSA YTPO-
SKAIOIIUX SKU3HU COCTOSIHUH TPU NH(EeKIIMOHHBIX
ocnosxkHeHUsix KC 6rnoMapkepoB — reHeTU4eCcKo-
ro mapkepa TLR9 (TLR9 CC) u moBBIIIIEHHOTO
comepskanns BK/IHK B mrasame — HaumboJsiee
NOJHO UH(POPMUPYIOT O pucke 30-mHEeBHOU
JgeranbHOocTH nanuentoB OPUT. IlosydeHHbIE
JTAHHBIE MOTYT OBITH NCIIOJTb30BaHBI /I OTITHUMU-
3aruu moadopa MaueHTOB MPU KJIMHUYECKUX
HCCJIeJOBAHUSX AW CTBUSI NHHOBALIMOHHBIX Tap-
TeTHBIX IIPENapaToB — UHTUOUTOPOB PEIENTOPOB
JHK — TLR9 kak yacTu cTpareruu nepcoHa n3a-
LMY JIeYeHU A [AaEHTOB C CEIICUCOM.
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