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Pe3rome

VIHCYJIBT SIBJIsSIETCS BTOPOM 110 YacTOTe IPUYMHOM CMEPTHU B MUpe IT0C/Ie UIlleMUYecKoi 60J/1e3H cepiia
(MBC) u TpeThel 10 YacTOTe PAa3BUTHS UHBAJUTHOCTH.

Ilenb: BeIsSIBJIEHNE 3AaKOHOMEPHOCTEN COlepsKaHUsA KaHJUJaTHBIX MOJIEKYISIPHBIX MAPKEPOB B CHIBO-
POTKe KpOBM allMEHTOB B pa3/IMYHbIe CTaJUN FeMOpparundeckKoro NHCyabTa.

MarepuaJ 1 MeTobl. U1 CJI0 TAIMeHTOB C reMOpparndeCKUM HHCYJIBTOM COCTaBUJIO 33, U3 HUX MY>KYMH
15, sxenmuH 18. Bospact namnuenToB — 31-65 sieT. MoJsiekynspHble Mapkepbl LIHC B CBIBOpOTKe KPOBH OIIpe-
JleJIsLIU B ocTpeliieil craguu yepes 1-3 yaca, 7, 14 u 30 gHeil oT Havyasa 3abosieBanusi. KosimyecTBeHHYIO
OIIEHKY COflepyKaHusI KaHIUaTHBIX MOJIEKY/ISIDHBIX MapKEPOB ITOBPEsKIeHNsI IeHTPaabHON HEPBHOH CHU-
crembl (IIHC) B CbIBOPOTKE KPOBH Yy IAIIMEHTOB C FeMOPParn4eCKUM UHCYJIBTOM OCYIIECTBJIAIN METOJOM
UMMYHO(epMeHTHOI0 aHaar3a B ocTpeieil craguu yepes 1-3 yaca, 3areM — 7, 14 u 30 gHeli oT HavyasIa
3aboJsieBanus. Onpenesisiiii Heliporpodudeckuil akTop roJJOBHOTO MO3ra, HeHpoHCcIelupUIecKyIo eHo-
J1agy, 6eJsiok S-100 061K, IHaNbHBIN HelpoTpodudyeckuil pakTop, BACKYI09HA0TENNANTBHBIN (haKkTOp
pocTa, CHaTupPOBaHHbIN YIJIEBOAHBIN aHTUTeH, CyIIePOKCUIIUCMYTady. MoJsekynsipable Mapkepsb! [THC BbI-
SIBJISIJIU C IIOMOIIIBIO aBTOMATUY€CKOr0 MUKPOILJIAHIIIETHOIO UMMYHO( epMeHTHOT0 aHaau3aropa Immuno-
mat TM. KoutpoJibHylo rpymiry coctaBusu 20 1oOpoBoJIblLieB B Bo3pacTe 24-58 jieT. CTaTUCTUYeCKUM aHAIN3
IOJIyYeHHBIX JaHHBIX IPOM3BOAMJIM IPU ITIOMOIIY NakeTa Statistica 7,0. Vcriosib30Ba/iu napaMeTpuyiecKkue
METO/IbI CTATUCTUYECKOTO aHAIN3a, JAHHBIE ITPEJICTaBUJIN B BUE MeIuaHbl 25-75 nepuenTuiiei (25-75 IQR).
CrarucTr4ecky 3HaYMMbIM CUMTAJIM padjindue npu p<0,05.

Pe3yuisraThl. [10 CpaBHEHUIO C TPYIIION KOHTPOJISI B CHIBOPOTKAX KPOBU MAIIUEHTOB C TeMOPpParun4eckum
WHCYJIBTOM OTMeYaJli U3MEHEeHNe COolepyKaHNsA UCCaeqyeMbIX KaHIUAaTHbIX MOJIEKY/JIAPHbBIX MapKepoB. B
OCTpeHIIell CTauy TeMOpparn4eckoro nHcysnsra (1-3 gaca ot Havyasa 3aboJieBaHus1) perucTpUpPOBaIM CTa-
TUCTUYECKU 3HAUYMMOe Bo3pacTaHue copepskanus 0eska S100, rnanbHOro HelipoTpoduyeckoro ¢hakTopa,
(paxTopa pocTa IHIOTEIUSI COCYI0B, CYIIEPOKCUIINCMYTa3bl, CHJIMPOBAaHHOTO YIJIEBOAHOIO aHTUT€HA, & CHU-
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SKEHHE COfIepsKaHMA MO3TOBOT0O HeHPOTPOhUUIECKOT0 (paKTopa 1 MOBBIIIEHUE COJePyKaHusA HePOH-CIIel -
(hraeckoii eHoJ1a3bI OBIJIO CTATHCTUYECKH HEJIOCTOBEPHBIM. B OCTpOIl cTainy reMopparn4eckoro MHCYIBTa
(7-14 pHeil) oTMeYaJId CTAaTUCTUYECKU 3HAUYNMOe CHUKEeHHe COflepsKaHusl MO3roBOro HelpoTpoduueckoro
¢axTopa (14 geHb), TOBBIIIEHHE COEPKaHUA (PAaKTOPa POCTA 9HA0TEJINS, CYIePOKCUITUCMYTA3bl, CHAJIAPO-
BAHHOTO YIJIEBOZHOTO aHTHUIeHa. B momocTpoii craguu 3aboseBanus (30 CyTOK) perucTpUpoBaIn CTAaTUCTH-
4YeCKH 3HA4MMOe MOBBIIIeHHe cofiepskaHusA (paKTopa poCTa aHAO0TEINHA, CYyIIePOKCUIIUCMYTa3bl U CHaIUPO-
BAHHTIO YIVIEBOJHOT'O aHTUTE€HA.

3akJarouyeHue. M3yuniu IMHaMUKY COAEePKaHNA KaHIUIaTHBIX MOJIEKYJIAPHBIX MAPKEPOB B CEIBOPOTKE
KPOBH ITAIIMEHTOB C FeMOPParu4eckuM UHCYJIBETOM, KOTOPas, BEPOsATHO, OTpasKaeT IIPOLECChl ajJbIepanun
U pereHepanny, COOTBETCTBYIOIINE CTAAUAM 3abosieBaHus. VIcoap30BaHNe JaHHBIX KAaHIUIATHBIX MOJIe-
KYJISIPHBIX OMOMapKepoB, IIOCJIe COOTBETCTBYIOIIEH Ba/IUIAIIANY, IEPCIEKTHBHO B KOMIVIEKCHON AMarHo-
CTHKe, MOHUTOPHHTE JIeYeHH s ¥ PeadMINTAllMOHHBIX MEPOIIPUATHH Y TaHHOH KaTerOpuH MalfieHTOB.

Knaroueente crosa: 2eMoppa2uuecnu12 uHcyiom, kaHdudamHuwle MOJeR)IAApHbLE 6u0Mdpnepr

Summary

Stroke is the second most common cause of death after coronary heart disease (CHD) globally and the
third most common cause of disability worldwide.

Aim: to identify patterns of serum levels of candidate molecular markers in various stages of hemorrhagic
stroke.

Material and methods. The number of enrolled patients with hemorrhagic stroke was 33, 15 of them were
men and 18 women. The age of the patients was 31-65 years. The serum levels of molecular markers of the
central nervous system (CNS) were measured in the hyperacute phase of stroke (during 1-3 hours after the
onset), and on Days 7, 14 and 30 after the onset of the disease. The serum levels of candidate molecular markers
of CNS in patients with hemorrhagic stroke were measured by immunoenzyme analysis during the hyperacute
phase (first 1-3 hours), then on Days 7, 14 and 30 after the onset of disease. The levels of neurotrophic brain
derived factor, neuron-specific enolase, total S-100 protein, glial cell line-derived neurotrophic factor, vascular
endothelial growth factor, sialylated carbohydrate antigen, and superoxide dismutase were determined. The
molecular markers of CNS were measured using the Immunomat (TM) automatic microplate immunoenzyme
analyzer. The control group included 20 volunteers aged 24-58 years. Statistical analysis of the obtained data
was performed using the Statistica 7.0 software. Parametric methods of statistical analysis were used, data
were presented as medians and 25" and 75™ percentiles (25-75 IQR). The difference at P<0.05 was considered
statistically significant.

Results. Changes in the serum levels of the studied candidate molecular markers were found in the patients
with hemorrhagic stroke compared with the control group. During the hyperacute phase of hemorrhagic stroke
(first 1-3 hours), significant increases of S100 protein, glial cell line-derived neurotrophic factor, vascular en-
dothelial growth factor, superoxide dismutase, sialylated carbohydrate antigen levels, as well as decrease of
brain derived neurotrophic factor and increase of neuron-specific enolase levels were revealed. In the acute
phase of hemorrhagic stroke (Days 7-14), statistically significant decrease in brain-derived neurotrophic factor
level (Day 14) and increase in vascular endothelial growth factor, superoxide dismutase, sialylated carbohydrate
antigen levels were observed. In the subacute phase of disease (Day 30), a statistically significant increases in
the vascular endothelial growth factor, superoxide dismutase and sialylated carbohydrate antigen levels were
observed.

Conclusion. Serial changes of serum levels of candidate molecular markers in patients with hemorrhagic
stroke were found, which presumably represent alteration and regeneration corresponding to the disease
phases. The use of these candidate molecular biomarkers, after appropriate validation, is a promising tool for
comprehensive diagnosis, treatment monitoring and rehabilitation in this category of patients.

Keywords: hemorrhagic stroke, candidate molecular biomarkers.
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BBenenue Introduction

WHCymBT sIBJISIETCSI BTOPOU 110 YaCTOTE IPUYH-
HOH CMEPTH B MUpE ITOCJIE UIIIEMUYECKOI O0JIE3HI
cepana (MBC) u TpeThbell Mo 4acToTe Pa3BUTHUSA
nHBajauaHoctu [1]. leMopparnueckuil HWHCYJIBT
(') BcTpeuaerca B 5 pas peske UIIeMHUYeCKOro 1
XapakKTepuayeTcs: 6oJiee BBICOKOH (o 75%) nHBA-
Juausanuen [2]. JleTaJbHOCTB IIPU reMopparuye-
CKOM MHCYJIBTE cOCTaBJigeT okoJ1o 60% [3]. B cpen-
HeM, 4acToTa BCTPEe4YaeMOCTU UHCYIBTOB Ha 1000

YeJIOBEK COCTaBJIAET OT 4,2 10 6,5 [4].

Stroke is the second most common cause of
death after coronary heart disease (CHD) globally
and the third most common cause of disability
worldwide [1].

Hemorrhagic stroke is 5 times less common
than ischemic and is characterized by higher
chance of disability (up to 75%) [2]. Mortality in he-
morrhagic stroke can be estimated at about
60% [3]. On average, the incidence of stroke ranges
from 4.2 to 6.5 per 1,000 of population [4].
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[J11 nUarHOCTUKY WHCYJIBTa, IOMUMO KJIU-
HUYECKUX W HMHCTPYMEHTAJbHBIX, MCIIOJb3YIOT
JlabopaTopHbIe M OMOXUMHYECKHE METO/IbI NCCJIe-
noBaHUs [5-7], B T. 4. MOJIEKYJISIpHBIE OHIOMapKe-
pbl1. MicciienoBaHus 10 JaHHOU ITpobJieMe pa3pos-
HEHHbI, BHE MO0JIsI 3pEHUsi OCTAETCA BOIPOC,
KaCaIUNACA TUHAMUKY COJIEPKaHUS KaHIUIaT-
HBIX MOJIEKY/ISPHBIX MapKepoB B CBIBOPOTKE
KPOBH NAIlMEHTOB HA PA3JIMYHBIX CTATUAX TEMOP-
parn4ecKoro MHCYJbTa, YTO ABJAETCA UCKJII0YN-
TeJIbHO BasKHBIM JIJIS1 OIIEHKHU 00IIenaroJjiorunye-
CKUMX IPOIeCCOB — aJIETePaIlliy U pereHepannu —
C IIeJIbI0 TIOHMMAaHUA BbIPAKEHHOCTH 3TUX MPO-
IIECCOB B IIeHTPa/IbHON HepBHOU cucTeme (ILTHC),
4To ornpeiesnsieT 3pHeKTUBHOCTD JIEYeHUS U TIPO-
rHO3 3a00JIeBaHUA.

Ileqib — BBISABJIEHNME 3aKOHOMEPHOCTEU
cofiepyKaHus KaHIUAATHBIX MOJIEKYJIAPHBIX Map-
KEPOB B CBIBOPOTKE KPOBU IMAIIMEHTOB B pa3ny-
Hble CTaH FeMOPparu4ecKoro NHCyJIbTa.

MarepuaJa 1 MeToAbI

KosmmdecTBeHHyIO OLIEHKY COIepyKaHusA KaHauaar-
HBIX MOJIEKY/IAPHBIX MapKkepoB LTHC B CBIBOPOTKE KpOBU
MaleHTOB C FeMOPParndeCKUM MHCYJIBTOM IIPOBOINIIN
MeTOI0M IMMYHO(epPMEHTHOT0 aHa/IN3a B IIepBble 3 uaca,
yepes 7, 14 u 30 1Hel oT HavasIa 3ab0JIeBaHusA. 33 maru-
eHTa (15 My»kurH 1 18 )KeHIIUH B Bo3pacre oT 31 roga 10
65 J1eT) OBLTM FOCITUTATN3UPOBAHBI B OTIE/IeHHS PeaHu-
maunu PenepasbHOTO HAyYHO-KJIMHAYECKOIO LIEHTPa
pEeaHuMaToJIOTHHU U PeabUTUTOJIOTHH U 3-H TOPOICKOM
KJIMHAYECKON 00JbHUIILI M. M. I1. KoHYaJIOBCKOTO,
. MockBa. Bce manyeHTBI IMeJIN COMTyTCTRYIOIIEe 3a00-
JieBaHUE B BUJIe TUIIEPTOHUYECKON O0JIe3HU 3 CTaIUM.
22 nanuenTa nosydanu MBJI B ocTpeiiem nepuoje nH-
CyJIBTa C ITOCJIEAYIOIINM YCIICIITHBIM OTVIyYeHUEM.

KpuTtepuu BKJIIOUEHUS: HATNYNE KINHUYECKUX
NIPU3HAKOB UHCYJIBTA C IOATBEPYKICHUEM reMopparu-
YeCKOIr0 KOMIIOHEHTA IPU KOMITBIOTEPHOM TOMOrpadumn
TOJIOBHOT'O MO3Ta; JII00ast TOKaIU3aIisi reMopparuye-
CKOI'0 MHCYJIBTA; yDOBEHBb CO3HAHM S IIPU NTOCTYIJICHUH,
OIIEHEHHBIH 110 IIKaJjie KOMbI [J1a3ro, ot 4 10 9 6aJ1JI0B;
6e3 orpaHMYEHUH 110 BO3pacTy; Oe3 orpaHUYeHUH 110
KoMOpOUIHOCTU. KpUTepuy NCKITIOYeHUST: HECTAOUIb-
Hasi reMOJMHAMUKa B OCTpeileM Nepruofie NHCYJIbTa;
YPOBEHb CO3HAHUS 110 IITKaJIe KOMBI [i1asro Hirke 4 6aJt-
JIOB; MH(PEKITMOHHBIE OCJIOKHEHUS U CEIICUC; TEPMU-
HaJIbHOE COCTOSsTHUE.

Jlrarso3 reMopparu4ecKoro MHCYJIbTa BbICTAB-
JIAJIM, PYKOBOJCTBYSICh METONUYECKUMHU PEKOMeH/1a-
nusamu Munsnpasa PP (2020).

Bcem manuyeHTaMm IIpU NOCTYIUIEHUH B KJIUHUKY
NIPOBOAMJIN KOMIIBIOTEPHYIO ToMOorpaduio. KpoBous-
JIUSIHUSA 110 JIOKQ/IU3AUY ObLJIM BHYTPUMO3TOBBIMU U
cybapaxHoUaIbHBIMU.

i1 ncciienoBaHusA CcofepsKaHUsl KaHAUIATHBIX
MOJIEKYJISIPHBIX OIOMapKEPOB BBIIOIHAIN 3a00p 8 M1
BEHO3HOU KPOBHU B CTaHJAPTHBIE IPOOUPKHU C ITUJIEH-
IUAMUHTETPAALeTaTOM IIPU BKJIIOYEHUU B UCCJIeOBa-
HUe (B IepBble 3 yaca [10CJie roCnuTanu3anym), yepes 2,
3 u4 Henesu oT HavyaJsia 3abosieBanusi. KpoBb eHTpUdy-
TUpOBaJ/y B TedeHure 10 MuH. co ckopocThio 2000 06/MuH.

In addition to clinical and instrumental inves-
tigations, laboratory and biochemical methods, in-
cluding molecular marker testing, are used to diag-
nose stroke [5-7]. Studies on this problem are
scarce, and the issue of serial changes in the serum
level of candidate molecular markers in various
phases of hemorrhagic stroke remains unad-
dressed. The issue is extremely important for the
evaluation of alteration and regeneration in CNS
which is essential for treatment effectiveness and
the prognosis of disease.

Aim — to identify the patterns of serum levels
of candidate molecular markers in patients with
various phases of hemorrhagic stroke.

Materials and Methods

The measurement of the serum level of CNS candi-
date molecular markers in patients with hemorrhagic
stroke was done by immunoenzyme analysis in the first 3
hours, and on Days 7, 14 and 30 after the disease onset.
Thirty three patients (15 men and 18 women aged 31 to
65 years) were hospitalized in the intensive care unit of
the Federal Research and Clinical Center of Intensive Care
Medicine and Rehabilitology and the M. P. Konchalovsky
3rd City Clinical Hospital (Moscow). All patients exhibited
coexisting 3rd stage hypertension. Twenty two patients
underwent lung ventilation in the hyperacute stroke pe-
riod with successful weaning afterwards.

Inclusion criteria were clinical signs of stroke of any
localization with hemorrhagic component confirmed by
brain computed tomography, Glasgo coma scale 4-9 on
admission. No age or comorbidity restrictions were ap-
plied. Exclusion criteria were unstable hemodynamic pa-
rameters in the hyperacute period of stroke, Glasgow
coma score below 4 points, infectious complications and
sepsis, terminal condition.

Hemorrhagic stroke was diagnosed according to
the Health ministry of Russian Federation guidelines
(2020).

All patients had computed tomography done on
admission to the clinic. The localization of hemorrhages
was intracerebral or subarachnoid.

Eight ml of venous blood were taken to standard
EDTA tubes on study enrolment (during the first 3 hours
after hospitalization), 2, 3 and 4 weeks after the disease
onset to measure the level of the candidate molecular
biomarkers. Blood was centrifuged for 10 min. at a rate
of 2000 rpm. Blood plasma (3-4 ml) was separated and
frozen in separate tubes without preservatives at 20°C.
The level of candidate molecular biomarkers in blood
samples was measured by independent laboratory assis-
tants who did not know about the patients included in
the study.

The serum levels of brain-derived neurotrophic
factor (BDNF), neuron-specific enolase (NSE), total pro-
tein S-100 (af-pp), glial cell-line derived neurotrophic
factor (GDNF), vascular endothelial growth factor
(VEGEF), sialylated carbohydrate antigen (KL-6), and su-
peroxide dismutase were evaluated. The following
reagents were used: CanAg NSE EIA («<FUJIREBIO», Swe-
den); Human Free BDNF Immunoassay (R&D
systems,USA); Human GDNF ELISA (ABfrontier, Korea);
CanAg S 100 EIA (FUJIREBIO,Sweden); KL-6 KIT (Sekisui
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XapaKTepUCTHKA HCCJIeyeMbIX I'PyIIIL.
Parameters of the studied groups.

Parameters Values in groups P
Main, n=33 Control, n=20
Sex
male, n (%) 15 (45.5) 8 (40.0) >0.05
female, n (%) 18 (54.5) 12 (60.0) >0.05
Age, years (Me, min—-max) 42.4 (31-65) 38.5 (24-58) >0.05

IIpumeuyanue. Parameters — napaMmerpsl; values in groups — 3HaueHHUsI B IPyIIax; main — oCHOBHasI; control — KOHTpPoOJIbHAS;
sex, male, female — 1oJ1, My>K4YUHBI, SKEHIIIUHBI; age, years — BO3PacT, FOJbl.

[Ty1asmy KpoBHU B KOJIA4YECTBE 3—4 MJI OTIEJIANIMN U 3aMO-
pasKUBaIH B OTJEJIbHBIX TPOOUPKAx 6€3 KOHCepBaHTa
npu tremneparype 20°C. Copepskanue KaHIAIaTHbIX MO-
JIEKYJISIPHBIX OMOMapKepoB B 00pasiiax KPOBU H3Me-
PpsiIH He3aBUCHMbIe JTAOOPAHTHI, He BJIa ieloIye nHpop-
Manuen o 00JIbHBIX, BKIIOYEHHBIX B ICCI€IOBAHIE.

KoJinuecTBEHHO OLIeHUBAJIU COJlepsKaHUe B ChIBO-
POTKe KpoBU: HEHpoTpodudecKkuil hakTop TOJIOBHOTO
mo3sra (BDNF), wHeilipoH-crienurUecKyo eHoJ1a3y
(NSE), 6es10k S-100 ob61ruit (f-3), TTHaIbHBIN HEHPO-
Tpoduueckuii pakrop (GDNF), Backyn0sHg0TETNAIb-
HbIl akTop pocra (VEGF), cuanupoBaHHBIN yIVIEBOLI-
aeii  auturen  (KL-6), cymepokcuaaucMmyTasy.
Hcnosp3oBanu peakTUBhbl ciaeayomux gupm: CanAg
NSE EIA «FUJIREBIO» (IlIBenusi) HelipoHcnenuduye-
ckasd eHoJia3a; Human Free BDNF Immunoassay «R&D
systems» (CIIIA) HelipoTpoduueckuii pakToOp rosoB-
Horo mo3ara (BDNF); Human GDNF ELISA «ABfrontier»
(Kopes1) mmmanepHBIE HelipoTpoduueckuil daxrTop
(GDNF); CanAg S 100 EIA «FUJIREBIO» (I1IBerust) 6e10K
S-100 obmmit (af-hp); KL-6 KIT «Sekisui Medical CO»
(AAnonus) cuanupoBaHHbIN yieBogHbIN anTUreH (KL-6);
Human VEGF-A Platinum ELISA «eBio-science» (ABcTpust)
BACKYJ/I09HI0TeJIMAIBHBIN (hakTop pocTa; Superoxide Dis-
mutase Assay Kit «Cayman chemical» (CIITA) cynepokcu-
pucMmyTasa. [lyis ucciaenoBaHuil NCI0/Ib30BaJId aBTOMa-
TUYEeCKUH MUKPOIJIAHIIETHbI MMMYyHO(epMeHTHbIN
anasmaarop ImmunomatTM.

KoHTpoJIbHYIO rpyniTy cocTaBuid 20 70OPOBOJIh-
1eB (24-58 j1eT), JAaBIINX COIVIaCHe HA y4acTHe B JTaHHOM
ncciieoBaHNM. VcciieyeMble TPYIIIIbI CTaTACTHYECKH
3HAYMMO He pasyIn4aJjrch 110 II0JI0BOMY COCTaBY U BO3-
pacty (Tabura).

B KOHTPOJILHOM rpyTITIe BHIITOJHUIN OJHOKPAaTHBIN
3a00p 8 MJT BEHO3HOU KPOBH JIJI51 UCCJIEJOBAHUS (PHU3UO-
JIOTMYECKOT0 YPOBHS KaHAMIATHBIX OMOMapKEPOB.

CraTUCTUYECKUH aHaJIN3 TOJYYeHHBIX TaHHbBIX
NIPOU3BOAWIIN IIPU IOMOIINM ITaKeTa Statistica 7.0. Mc-
TI0JTB30BAJIN OOIIENPUHATHIE MaTEMAaTUKO-CTaTHCTH -
yecKHUe MeTOlbl pacyeTa OCHOBHBIX XapaKTePUCTUK
BBIOOPOYHBIX pacIipeiesIeHUN: TapaMeTpUIecKre Me-
TOJIBI CTATUCTUYECKOTO aHAIN3a, JaHHbIe OBLIH Ipe-
CTaBJeHbl B BHUJE MeauaHbl 25-75 mepreHTHJIel
(25-751QR). CraTnucTYeCcKy 3HAYMMBbIM CUUTAJIN Pa3-
auuue npu p<0,05.

Pe3ysnbrarhl U 00Cy:K/AI€HHE

Copep:xaHue MOJIEKYJISPHBIX MapKepoB B
CBIBOPOTKE KPOBH NAlIIEHTOB.

BDNE B KOHTpOJIbHOH IpyIIIEe CPelHee Coep-
sKaHue HeldpoTpoduyeckoro pakTopa roIO0BHOTO
Mmo3ra cocrasusio 1853,0 (1650,3; 2108,8) rir/mJ1.

Medical Co, Japan) for sialylated carbohydrate antigen
(KL-6) assessment; Human VEGF-A Platinum ELISA
(eBioscience, Austria); and Superoxide Dismutase Assay
Kit (Cayman Chemical, USA). The Inmunomat(TM) au-
tomatic microplate immunoassay analyzer was used in
the study.

The control group included 20 volunteers (24-58
years old) who provided informed consent for study par-
ticipation. The study groups did not significantly differ
by sex and age (table 1).

A single collection of venous blood (8 ml) was per-
formed in the control group to assess the physiological
level of candidate biomarkers.

The statistical analysis of the obtained data was car-
ried out using the Statistica 7.0 software. Generally accepted
methods were used to evaluate the distribution of variables.
The data were presented as medians and 25-75 percentiles
(25-75 interquartile ranges, IQR). The differences between
groups were considered significant at P<0.05.

Results and Discussion

The serum levels of molecular markers.

Brain-derived neurotrophic factor (BDNF). The
median of BDNF was 1853.0 (1650.3; 2108.8) pg/ml
in the control group.

Three hours after the onset of hemorrhagic
stroke the median of BDNF decreased to 1666.0
(1656.0; 1799.0) pg/ml (P<0.05 vs the control
group). On Day 7 after the stroke development, the
median of this parameter remained reduced to
1752.5 (1702; 1801.3) pg/ml. On Day 14 the median
of BDNF decreased even more significantly as com-
pared to the control group and was as low as 1498
(1422; 1546) pg/ml (P<0.05 vs the control group,
after 3 hours and on Day 7). On Day 30, the median
of BDNFwas similar to that of the control group and
amounted to 1821.0 (1709.3; 1906.0) pg/ml (P<0.05
vs after 3 hours) (fig., a).

Neuron-specific enolase (NSE). The median of
NSE was 6.1 (5.8; 6.4) pg/1 In the control group.

Three hours after the onset of the hemor-
rhagic stroke the average content of NSE tended to
increase to 6.3 (5.5; 8.1) pg/1 (P>0.05) vs the control
group. After 7 days the value of this parameter re-
mained the same at 6.3 (5.7; 7.1) ng/l. Fourteen
days after the development of hemorrhagic stroke,
the serum level of NSE did not change. the control
group and was 6.1 (5.8; 7.1) png/1. On the Day 30, the
level of neuron-specific enolase slightly increased
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Yepes 3 yaca nocjae BOBHUKHOBEHUS TeEMOP-
paru4yeckoro NHCYJIBTA CPeIHee CofepsKaHue Hell-
porpodudeckoro pakTopa roJOBHOTO MO3Tra CHU-
3UJI0Ch 10 1666,0 (1656,0; 1799,0) rir/mu (p<0,05 1o
CpaBHEHMUIO C rpyNnnoi KOHTpoJis). Uepes 7 nHel
IIoCJIe Pa3BUTHUs MHCYJABTA CpefHee 3HadYeHUe
JTAaHHOTO ITOKa3aTeJisl 0CTaBaJJ0Ch CHUKEHHBIM —
1752,5 (1702; 1801,3) nr/mJ1. Ha 14-e cyTku cpen-
Hee CojiepsKaHre MO3TOBOr0 HEHPOTPODHUUECKOTO
¢dakTOpa CHU3UJIOCH TI0 CPAaBHEHUIO C KOHTPOJIb-
HOW T'PYNIION elle OoJiee 3HAYMTEJHHO: 0 1498
(1422; 1546) rir/mut (p<0,05 110 OTHOLIEHUIO K IPYII-
Ie KOHTpPoJIdA, 3 yacaMm u 7 cyTkaM). Ha 30-e cyTku
cpefHee cojiepskaHue Heliporpoduyeckoro dak-
TOpa roJIOBHOT'O MO3Ta MPUOJIN3UIOCH K TTOKAa3a-
TEeJIIO TPYNIIBI KOHTPOJA U coctaBuao 1821,0
(1709,3; 1906,0) rir/ma1 (p<0,05 10 OTHOLIEHHUIO K 3
yacam) (puc., a).

Hetipon-cneyuguueckas enona3a (NSE). B
KOHTPOJIBHOM IpymIie cpeHee cofepsKaHne Hell-
poHcnenuduyeckol eHoJia3dbl cocTaBmio 6,1 (5,8;
6,4) MKr/J1.

B mepBbie 3 yaca moc/ie BOSHMKHOBEHHUS
reMopparu4ecKkoro MHCyJIbTa CpeiHee cogeprKa-
HUEe HeUpoH-cnenuduyueckol eHoJsas3bl II0
CPaBHEHUIO C FPYIIION KOHTPOJISI BO3POCJIO 10 6,3
(5,5; 8,1) MKr/Ja (cTaTUCTUYECKH He 3HAYNMO).
Yepes 7 gHell 3HaueHUeE JAHHOTO TOKa3areJs
0CTaBaJIOCh NpeskHuM: 6,3 (5,7; 7,1) MKkr/J1. Yepes
14 nHell mocJie pas3BUTHS TeMOPpPAruvdecKoro
WHCYJIBTA COlepsKaHre B CbIBOPOTKE KPOBU Hel-
poH-crienupUIeCcKol eHoJia3bl He MEHSJIOCH T10
CpaBHEHUIO C KOHTPOJIbHOU I'PYIIION U COCTABJIS-
J10 6,1 (5,8; 7,1) mxr/s. Ha 30-e cyTku cogepskaHue
HeWpOH-cnenuduIeckoi eHoaa3bl BO3POCJIIO 10
6,7 (5,1; 7,3) MKr/Jl IO CpPaBHEHUIO C I'PYNION
KOHTPOJISA CTAaTUCTUYECKU HE3HAYUMO (pUc., b).

Benok-S-100. B KOHTPOJIBHOH rpymIie cpef-
Hee comepskaHume Oesika S-100 cocraBusio 41,1
(38,8; 42,9) ur/Ja.

B mepBbie 3 yaca moc/ie BOSHUKHOBEHHUS
reMopparu4ecKkoro MHCyJIbTa CpeiHee cogeprka-
Hue Oesika S-100 3HAUYMMO BO3pacTaso a0 52,1
(48,7; 60,2) Hr/J1 (p<0,05 110 OTHOIIEHUIO K I'pyIIIIe
KOHTpoJIA). Ha 7 cyTKu 9TOT NOKa3aTe b CHU3UJI-
¢ 1o 37,6 (35,2; 39,3) Hr/u1 (p<0,05 10 OTHOILIEHUIO
K 1-3 yacam). Ha 7 cyTku conepskanue OeJjika BO3-
pocJio o 44, 9 (39,1; 46,4) ur/a (p<0,05 no oTHO-
IIEHUIO K IpylIne KOHTPOJA U 7-MU CyTKaM) U
0CTaBaJIOCh HA TAKOM K€ YPOBHE BIJIOTb 10 30-X
CyTOK II0CJIe BOSHUKHOBEHU S IeMOPParundecKoro
HUHCYyJbTa (pUC., C).

Tuanvubili Helipompoduueckuii parmop
(GDNF). B KOHTpPOJIbHOI I'pyIIIie cpefHee coaep-
sKaHUe TJINAJIbHOTO HEUPOTpodruieckoro pakTo-
pa coctaswuiio 30,2 (26,7; 52,8) rir/ mut.

[To cpaBHeHUIO C rPyNIION CpaBHEHUS B Iep-
BbIe 1-3 yaca nocJsie BOBHUKHOBEHUSI TeMOpparu-
4eCKOI'0 MHCYJIBTA CpelHee CoepsKaHue [IaabHO-

up to 6.7 (5.1; 7.3) pg/1vs the control group, but the
difference was not significant (fig., b).

Protein S-100. The median protein S-100 was
41.1 (38.8; 42.9) ng/l in the control group.

In the first 3 hours after hemorrhagic stroke
the median of S-100 increased up to 52.1 (48.7; 60.2) ng/1
(P<0.05 vs the control group). On Day 7, this index
decreased to 37.6 (35.2; 39.3) ng/l (P<0.05 versus
1-3 hours). On Day 7 the protein level increased to
44.9 (39.1; 46.4) ng/1 (P<0.05 vs the control group
and Day 7) and remained at the same level till Day
30 after the hemorrhagic stroke (fig., ¢).

Glial cell line-derived neurotrophic factor
(GDNF). The median of GDNF was 30.2 (26.7; 52.8)
pg/ml in the control group.

In the first 1-3 hours after hemorrhagic stroke,
the median of GDNF significantly increased to 44.5
(41.2; 49.8) pg/ml (P<0.05 vs the control group). On
Day 7 its median level dropped to 29.5 (28.7; 31.1)
pg/ml (P<0.05 vs 1-3 hours). On the Day 14 the level
of glial cell line — derived neurotrophic factor in-
creased to 31.0 (29.9; 35.3) pg/ml (P<0.05 vs the
control group) and on Day 30 it decreased to 29.7
(28.9; 36.0) (P<0.05 vs 1-3 hours) (fig., d).

The vascular endothelial growth factor (VEGF).
The median level of VEGF-A was 318.0 (133.0; 406.0)
pg/ml in the control group.

In the first 1-3 hours after hemorrhagic stroke
onset, the median VEGF level dramatically in-
creased to 909.0 (870.0; 1005.0) pg/ml (P<0.05 vs
the control group). On Day 7, this marker increased
significantly to 1067.0 (1046.5; 1180.5) pg/ml
(P<0.05 vs the control group), and on Day 14 it de-
creased to 990.0 (876.5; 1460.5) pg/ml (P<0.05 vs
the control group). On Day 30 the median level of
VEGF was higher vs the control group and reached
713.0 (696.8; 1075.3) pg/ml (P<0.05 vs the control
group and Day 7), but significantly lower than after
1-3 hours, on Days 7 and 14 after the onset of stroke
(fig., ).

Superoxide dismutase (SOD). The average con-
tent of SOD in plasma was 0.6 (0.56; 0.75) units/ml
in the control group.

In the first 1-3 hours after the hemorrhagic
stroke onset the median level of superoxide dismu-
tase increased to 0.86 (0.57; 1.15) units/ml, on Day
7 this value decreased to 0.81 (0.76; 0.96) units/ml
(P<0.05 vs the control group). On Day 14 it dropped
to 0.66 (0.64; 0.73) units/ml (P<0.05 vs 7 days) and
on day 30 it increased to 0.87 (0.81; 0.92) units/ml
(P<0.05 vs Day 14) (fig., /).

Sialylated carbohydrate antigen (KL-6). The
median level of sialylated carbohydrate antigen was
215.0 (198.0; 298.8) units/ml in the control group.

In the first 1-3 hours after hemorrhagic stroke
the level of KL-6 increased to 316.0 (310.0; 337.0)
units/ml (P<0.05 vs the control group). A week later,
KL-6 serum concentration decreased vs. the previ-

ous value and was 279.5 (250.3; 307.0) units/ml
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Fig. Serial changes of the serum molecular marker levels in patients with hemorrhagic stroke, Me (LQ; HQ).

Note. BDNF — brain-derived neurotrophic factor. The dotted line represents the control group values. P<0.05: ** — vs the control
group; * — vs after 1-3 hours; # — vs Day 7; # — vs Day 14.
IIpumeuanwue. Brain-derived neurotrophic factor (BDNF), pg/ml— HeliTpoTpodryecknii hakTop roJ0OBHOr0 MO3Ta, I/ MJI; neu-
ron-specific enolase (NSE), mcg/l — neiipon-cnenududeckas enosasa (HCE), Mxr/Ji; total protein S-100 (a3-3f), ng/l — Gesnok
S-100 o6uruii (¢f-Bp), ur/m; glial cell line-derived neurotrophic factor, pg/ml — ruansHbII HefipoTpoduueckuii hakTop, Ir/mJ;
vascular endothelial growth factor (VEGF-A), pg/ml — Backynoasngorenanbubii hakrop pocra (VEGFE-A), ir/mur; superoxide dis-
mutase, U/ml — cynepokcugaucmytasa, EJI/mi; sialylated carbohydrate antigen (KL-6), U/ml — cuainpoBaHHbBIH YIJIeBOIHbBIN
anturen (KL-6), E[l/mit; day — cyrkuy; hours — yachkl. [lyHKTUpHAsT TUHUAS — KOHTPOJIB. p<0,05: ** — 110 OTHOIIEHUIO K IPYIIITe
KOHTPOJISL; * — 110 OTHOIIEHUIO K 1-3 yacaM; # — 110 OTHOIIEHUIO K 7 CyTKam; ## — 1o OTHOLIeHHIO K 14 cyTKam.
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ro Heliporpoduyeckoro akTopa CylleCTBEHHO
Bo3pacTaJjio 1o 44,5 (41,2; 49,8) nr/ma (p<0,05 1o
OTHOLIEHHUIO K I'pylIe KOHTpoJiA). Ha 7 cyTtku ero
cpefHee colepskaHue CHU3WUJIOCh 1o 29, 5 (28,7;
31,1) nr/ma (p<0,05 110 OTHOLIEHUIO K 1-3 yacam).
Ha 14-e cyTku conepskaHue IIINaJIbHOT0 HEHPOTPO-
¢uyeckoro dakropa Bodpociio a0 31,0 (29,9; 35,3)
rr/mit (p<0,05 10 OTHOILIEHUIO K IPyIIIle KOHTPOJIA)
1 Ha 30-e CyTKU — CHU3UJIOCH 10 29,7 (28,9; 36,0)
(p<0,05 1o oTHOIIEHMIO K 1-3 yaca) (puc., d).

BackynosndomenuanvHoiii paxmop pocma
(VEGF). B KOHTPOJIbHOU I'pyIllie cpeJHee comep-
sKaHMe BaCKyJI09HI0TeINaIbHOTO (hakTopa pocTa
(VEGF-A) cocraBuJio 318,0 (133,0; 406,0) ir/MJ1.

B nepseblie 1-3 yaca nocjie BOSHUKHOBEHUA
reMopparu4ecKkoro MHCyJIbTa CpeiHee coaepryKa-
HHe BACKY/I09HJOTeJIUaIbHOr0 (pakTopa pesko
BoapacraJio 1o 909,0 (870,0; 1005,0) nr/mu1 (p<0,05
I10 OTHOIIIEHMIO K I'pyIlIie KOHTpoJiA). Ha 7-e cyTku
3HQUEeHME ITI0Ka3aTesass 3HAYUMO BO3POCJTO 10
1067,0 (1046,5; 1180,5) ir/ma1 (p<0,05 o oTHO1IE-
HMIO K IpyIIle KOHTPOJIA), a Ha 14-e CyTKU — CHU-
3uJiock 1o 990,0 (876,5; 1460,5) nir/ma (p<0,05 o
OTHOIIIEHUIO K I'pymIie KOHTpoJiA). Ha 30-e cyTku
cpefHee ColepsKaHue BaCKYJI09HA0TeJIMAaIbHOI0
¢parTOpa OBITIO BBIIIE 11O CPABHEHUIO C TPYIIIION
KoHTpoJA — 713,0 (696,8; 1075,3) nir/mu (p<0,05
II0 OTHOILIEHHUIO K I'PYIIIIe KOHTPOJIA U 7 CyTKaMm),
HO 3HAYUTEJIbHO HUYKe, yeM Yyeped 1-3 yaca, 7 u 14
CyTOK OT HadaJla pa3BUTHA UHCYJIBTA (PUC., €).

Cyneporcudducmymasa. B KOHTPOJBbHOU
rpymile cpefgHee cogepsKaHue CyIlepoOKCUIIUCMY-
Tasbl coctasuJo 0,6 (0,56; 0,75) EIl/mJt.

B nepsrle 1-3 yaca 1ocjie BOSHUKHOBEHUA
reMOpparn4ecKoro UHCy/IsTa CpefgHee ConepsKasue
CyIlepoKcugIucMyTa3bel Bo3pociao 1o 0,86 (0,57;
1,15) E/l/mu1, Ha 7 CyTKU 3Ha4YeHUe 3TOr0 IIoKa3are-
J1 cHu3u1o0ck 1o 0,81(0,76; 0,96) EIl/ma (p<0,05 o
OTHOIIIEHUIO K I'PyIIIe KOHTPOJIA). Ha 14-e cyTku —
cHusuiock 1o 0,66 (0,64; 0,73) EIl/ma (p<0,05 1o
OTHOILIEHUIO K 7-MU CyTKaM) 1 Ha 30-e CYyTKU — BO3-
pocao no 0,87 (0,81; 0,92) E/l/mar (p<0,05 1o oTHO-
IIIEHUIO K rpyIIe KOHTPOoJA 1 14 cyTkam) (puc., fj.

CuanuposarHblii yeaeeo0Hbili anmuzeH (KL-6).
B KOHTpOJIbHOI Tpyllle cpefHee ColepsKaHue
CHAJIMPOBAHHOIO YIJIEBOSHOIO aHTHUI'€HA COCTa-
BuJI0 215,0 (198,0; 298,8) EJI/ M.

B nepseblie 1-3 yaca nocjie BOSHUKHOBEHUA
reMOpparn4eCcKoro NHCyJIbTra CofepsKaHue Cuain-
POBaHHOTO YIVIEBOZHOI'O aHTUI'eHA BO3POCJIO 10
316,0 (310,0; 337,0) EIl/mu1 (p<0,05 110 OTHOILIEHUIO
K IpyIIe KOHTpoJIA). Yepes HeheJslio ero conepsra-
HUE B CBIBOPOTKE KpPOBM YMEHBIIWUJIOCH IIO
CpPaBHEHHUIO C MpeAbIayIIuM IloKas3arejieM u
cocrasJisno 279,5 (250,3; 307,0) EIl/mat (p<0,05 1o
OTHOILIIEHUIO K 1-3 yacaMm), a Ha 14-e CyTKU —
CHOBa MOBBICUJIOCH 110 326,0 EIl/Mma1 (317,5; 386,5)
(p<0,05 110 OTHOLIIEHUIO K IPYIIIIe KOHTPOJIA U 7-MU
cyTkam). Ha 30-e cyTku copepsxaHue CuaaInupoBaH-

(P<0.05 vs 1-3 hours), while on Day 14 it increased
again to 326.0 units/ml (317.5; 386.5) (P<0.05 vs
Day 7). On Day 30, the level of KL-6 was 319.0
(307.8; 375.5) units/ml (P<0.05 vs the control group
and Day 7) (fig., 8.

The obtained results confirm changes in the
serum level of the studied candidate molecular
markers in patients in various phases of hemor-
rhagic stroke.

A decrease of BDNF serum level was registered
in patients in hyperacute phase of hemorrhagic stroke
1-3 hours after the onset of the disease, with this re-
duction being maximal by Day 14. After Day 30 the
serum level of BDNF approached the control values.

NSE level was slightly increased in both acute
and subacute periods of the disease.

The level of protein S-100 in serum signifi-
cantly increased in the hyperacute period of hem-
orrhagic stroke 3 hours after the onset of the dis-
ease and fell below the control values in the acute
period after 7 days. Between Days 14-30 (subacute
period) the S-100 protein level increased again, ex-
ceeding the control level.

The serum level of GDNF increased significantly
in the hyperacute period of hemorrhagic stroke (3
hours after the onset of cerebral hemorrhage). Be-
tween Days 7-30 (acute and subacute periods) the
GDNF content was close to the control values.

There was also a significant increase of VEGF
level during hyperacute, acute and subacute peri-
ods of hemorrhagic stroke.

The level of SOD increased significantly after
3 hours and on Day 7 in the hyperacute and acute
periods of the disease. On Day 14 this marker’s level
decreased, and then increased again after 30 days
from the onset of the disease in the subacute period
of hemorrhagic stroke.

The level of KL-6 increased significantly (vs
the control group) in the hyperacute and subacute
periods of hemorrhagic stroke.

The implications of changes in the serum level
of the studied molecular biomarkers reflecting al-
teration and regeneration in the CNS in hemor-
rhagic stroke are related to their important role in
the functioning of neurons, glial cells and endothe-
lium. In particular, BDNF is a neurotrophic protein
which stimulates growth and reparation in neu-
rons, increases their synaptic plasticity and resist-
ance to damaging factors [12-14]. Stress, trauma,
hypoglycemia, brain ischemia affect BDNF expres-
sion [15]. Some mechanisms of synaptic plasticity
have been detected. Thus, BDNF of microglia stim-
ulates phosphorylation of neuronal kinase B recep-
tor associated with tropomyosin, which is a key me-
diator of synaptic plasticity (Miao H. et al,
2018) [16]. Inhibition mechanisms of spatial learn-
ing and memory capacity in rats with brain haem-
orrhage may be associated with reduced brain ex-

pression of BDNF [17]. This was confirmed by
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HOI'0 YIVIEBOAHOI'O aHTUreHa cocrasuso 319,0
(307,8; 375,5) Ell/mMa (p<0,05 110 OTHOLIEHUIO K
rpyIIe KOHTPOJIA U 7 cyTKaM) (puc., g).

[TostyuenHbIe pe3y/abTaTbl CBUAETEIbCTBYIOT
00 M3MEHEHUSIX CONlepsKaHMsI UCCIIeTlyeMbIX KaH-
JUAATHBIX MOJIEKYJIAPHBIX MAPKEPOB B CHIBOPOT-
Ke KPOBH ITAIIeHTOB B pa3J/IMYHbIe CTaAUU TeMOp-
parn4ecKoro MHCyJbTa.

B ocTpoii cTaguu reMopparun4ecKoro HHCYIb-
Ta PETUCTPUPOBAJINA CHUKEHNE COAEPsKaAHNUA MO3-
roBOro HelipoTpoduyueckoro pakTopa B CbIBOPOT-
K€ KpOBH IIAalUEHTOB C TIeMOpparudyecKuM
WHCYJIBTOM 4Yepe3 1-3 yaca ot HavaJsa 3aboJseBa-
HUA, KOTOpPOE JOCTUIJIO MUHUMYyMa K 14 cyTKaM.
Uepes 30 cyTok copepskaHre MO3TOBOI0 HeHpo-
TpoduYecKoro (pakTopa B CBIBOPOTKE KPOBU IIPU-
0JIM3UIOCH K KOHTPOJIBHBIM 3HAYEHUSIM.

HeiipoH-cnenuguueckas eHosiaza Xxapakre-
pu3oBajach HE3HAYMMBIM IIOBBIIICHUEM ee
COJepsKaHus KaK B OCTPOM, TaK W IOLOCTPOM
repuofie 3aboJieBaHus.

Conmepsranne Oesika S-100 B CHIBOpPOTKE
KPOBHU CTAaTUCTAYECKUW 3HAYMMO BO3pPOCJIO B
OCTpeliieM Ieprojie reMOpparnieckoro NHCYJIBTa
yepes 3 yaca OT Havyas1a 3aboJieBaHus M CHU3UJIOCh
HI)Ke KOHTPOJIbHBIX 3HAYeHUU B OCTPOM Ilepuojie
yepesd 7 cyTok. B uHTepBase 14-30 cyTok (11ogo-
CTPBI mepuom) comepskanue 6emka S-100 BHOBB
BO3POCJIO, IPEBBIIIAsl KOHTPOJIbHBIN YPOBEHb.

[nuanbHbIfl HeWpoTpoduyeckuit Qarrop
XapaKTepU30BaJICs CTAaTUCTUYECKU 3HAYMMBIM
BO3pacTaHueM ero COLep)KaHUusA B CHIBOPOTKeE
KPOBHU B OCTpelillieM Ilepruojie FeMOpparundeckoro
HMHCYJIbTa (4epes 3 yaca 1ocJie pa3BUTUSA BHYTPU-
MO3rOBOI'0 KpOBOU3AUAHUA). B uaTepsase 7-30
CYTOK (OCTPBIH ¥ IOJJOCTPBI ITepro/IbI 3a00s1eBa-
HUsI) COllepsKaHue IVIMaJbHOTO HelpoTpoduye-
CKOTO (parTOpa MpUOIMKATIOCH K KOHTPOJIbHBIM
3HAYCHUSAM.

OTMeTH/IM TakKe CyllleCTBEHHOE U CTaTu-
CTUYECKU 3HAYMMOE BO3pacTaHue COLeps;KaHusA
(¢arTOpa pocTa sHJ0TeHsI COCYI0B B OCTPEUIlIeM,
OCTPOM U IIOJOCTPOM IIeprOoiaX FeMOpparn4ecKo-
I'0 MHCYJIBTA.

Copepskanue CyllepOKCANAMCMYTa3bl CTaTU-
CTUYECKU 3HAYMMO BO3pPOCJIO Yepeld 3 yaca u 7
CyTOK B OCTpeWIIeM U OCTPOM Iepuojie Hauvasaa
3abosieBanuss. Ha 14-e CyTKM 3HauyeHHE 3ITOTO
IOKa3aTeJIs1 CHU3MJIOCH, @ 3aTeM BHOBb BO3POCJIO
yepes 30 cyTok OT Hayasa 3aboJsieBaHUsI B TIO0-
CTPOM IIeprOJe IFeMOPParn4eCcKoro NHCYJbTa.

CopnepskaHue CHaJIMPOBAHHOIO YIVIEBOIHOIO
autureHa (KL-6) craTucTiyecky 3Ha4UMO BO3POC-
JIO (110 CPaBHEHMIO C KOHTPOJBbHOU I'PyNmnoit) B
OoCTpeNIeM U IOA0CTPOM MepUoiax reMopparu-
YEeCKOI'0 MHCYJIBTA.

[locsencTBUA  M3MEHEHHMsI  COOEpKaHUA
HCCJIETyEMBIX MOJIEKYJISIPHBIX OMOMapKepoB B

CbIBOPOTKE KPOBH, OTPAKAIOIIMX ITIPOTECCHI aJIbTe-

experimental studies showing that BDNF secreted
by transplanted stem cells is one of the paracrine
factors that play a major role in reducing severe
brain damage caused by brain haemorrhage in
newborn rats [18].

NSE is one of the structural variants of the eno-
lase enzyme. NSE is present in all cells of a living or-
ganism and takes part in glycolysis. The enzyme is
present in red blood cells, neuroendocrine cells as
well as in neuronal cytoplasm and is one of the
markers of brain damage and prognosis in stroke.
Assessment of NSE in acute period of ischemic
stroke is useful for monitoring the blood-brain bar-
rier and predicting the transformation into hemor-
rhagic stroke [19]. The increase in the level of this
enzyme is associated with irreversible neuronal
damage resulting from abnormal metabolism and
structural changes in cells [20]. Although the neu-
ron-specific enolase does not help differentiate be-
tween ischemic and hemorrhagic strokes, it can be
used to assess the degree of brain damage both in
the first hours after the disease onset and later [21].

The S100 protein, a low-molecular calcium-
binding protein, is mainly produced by glial cells (as-
trocytes) as well as by Schwann cells. The protein
was given its name because of its ability to dissolve
in 100% ammonium sulfate solution (pH 7.2). The
protein S-100 has been studied in patients with var-
ious brain injuries, including trauma, stroke and
subarachnoid hemorrhage [22]. The blood level of
protein S100 has been shown to rise during the acute
phase of stroke [23]. Proven correlations of S100B
level in biological fluids in different CNS diseases
allow using it as a marker of cognitive impairment as
well as for monitoring the effectiveness of ther-
apy [24]. The S100B concentration in blood is signifi-
cantly higher in patients with intracranial hemor-
rhage or brain injury than in healthy subjects and in
patients with hemorrhagic stroke. Therefore, this
marker may be used to diagnose brain injury (25, 26].

GDNF is a protein, which is produced by as-
trocytes and is mainly present in them. GDNF par-
ticipates in neurogenesis being a necessary factor
for maintaining viability and functioning of neu-
rons, stimulates axon growth, controls synapses
formation, has a neuroprotective function by stim-
ulating the expression of neuronal regeneration
genes and blocking apoptosis by triggering cellular
signal pathways that affect gene expression [27-29].

VEGEF is a signal protein produced by cells to
stimulate angiogenesis [30, 31]. VEGF increases vas-
cular permeability, antithrombotic and anti-in-
flammatory properties of the endothelium, reduces
the risk of endothelial alteration caused by damag-
ing factors, has a neurotrophic and neuroprotective
effect on CNS neurons and glial cells [32]. The vas-
cular endothelial growth factor molecules bind to
receptors on the surface of cells with tyrosinase ac-
tivity, which are activated by transphosphorylation.
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pauuu u pere"epauuu B IIHC nipu remopparude-
CKOM HHCYJIBTE, CBSI3aHbI C UX BAYKHOU POJIBIO B
(PYHKIITMOHUPOBAHNU HEWPOHOB, KJIETOK NN U
augotenus. B vactHoctr, BDNF — 6es10k-Helpo-
TpO(¥H, KOTOPBII CTUMYJIUPYET POCT U perapaTuB-
HbIe IIPOIIecChl B HEMPOHAaX, IOBbIIIAET UX CUHAII-
TUYECKYI0 IIACTUYHOCTh, YCTOMYMBOCTH K
noBpeskaaonmm gakropam [12-14]. Ctpecc, Tpas-
Ma, TUIIOIIMKEeMUs], MILIeMUsI MO3Ta BJIUSIOT Ha 9KC-
npeccuo BDNF [15]. OGHapysKeHbl HEKOTOPBIE
MeXaHNU3Mbl CUHANITUYECKON NJIaCTUYHOCTHU. Tak,
BDNF mukporuu ctumynupyet (pochopuanpona-
HUe HeHPOHAIBHI0 KNHA3HOI 0 penienTopa B, cBs-
3aHHOI'0 C TPOIIOMUO3WHOM, ABJIAIOIIEr0Cs KJII0Ye-
BBIM M€JMaTOPOM CHHANTUYECKOH IJIACTUIHOCTU
(Miao H. et al 2018) [16]. MexaHU3MbI MHTUOHUPOBa-
HUSI TPOCTPAHCTBEHHOTO 00yY€eHUsI ¥ CIIOCOOHOCTh
K IIaMATHU Y KPBIC NIPA KPOBOUSJIUSHUUA B MOS3T
MOTYT OBITH CBSI3aHBI CO CHU;KEHWEM MO3TOBOM
akcnpeccuu BDNF [17]. 3To moaTBEPKIAETCS 9KC-
IIepUMEHTaJIbHbIMY HUCCIeJ0BAHUAMMY, CBAIETEIIb-
crBylomuMu o ToMm, uro BDNE cekpernpyemsbIii
TPaHCIVIaHTUPOBAHHBIMY CTBOJIOBBIMU KJIETKAMY,
SIBJISIETCST OJHUM U3 IMapaKpPUHHBIX (PaKTOPOB,
WTPAIOIIM OCHOBHYIO POJIb B OCJIA0JIEHUN TSKe-
JIBIX IIOBPEXKIEHNI TOJI0BHOT'O MO3T'd, BBI3BAHHBIX
KPOBOU3JIEM B MO3I'y HOBOPOKIEHHBIX KPBIC [18].
Hetipouncnienmudueckass enosasa (NSE)
SIBJISIETCSI OHOM M3 CTPYKTYPHBIX Pa3HOBUJHO-
creil ¢pepmeHTa eHoJa3bl. NSE IpuCyTCTBYeT BO
BCeX KJIeTKaX ’KUBOI'0 OpraHn3Ma U IpUHAMAeT
y4JacTre B IIpolieccax IMinkoJau3a. [lanublil gep-
MEHT HaxXOJUTCS B 3PUTPOIUTAX, HEWPOIHIO-
KPUHHBIX KJIETKAX, 4 TAKKe B ITUTOIlJIa3Me HEHPO-
HOB M ABJAETCA OJHUM U3 MapKepoB
IIOBPEsKACHUA I'OJIOBHOI'O MO3Id, a TAK)Ke OTHUM
13 IIPOTHOCTAYECKU BYKHBIX MAPKEPOB MHCYJIBTA.
Ananmua NSE Bo BpeMs oCTporo nepuojia UIeMu-
4YEeCKOro MHCyJIbTa I0JIe3eH IJIA MOHUTOPUHIA
COCTOSTHUSI TeMaTosHIedamaeckoro 6apbepa, a
Tak)Ke IPOTHO3MPOBAHUS ero TpaHchopMaluu B
reMopparuueckuii uHcyasr [19]. IloBblmieHue
cofiepsKaHusl TaHHOTO (pepMeHTa CBSI3BIBAIOT C
HeoOpaTUMBIMU TOBPEKIEHUSIMU HEHMPOHOB B
pesysbrare HapyuieHUH MeTaboJsim3Ma U CTPYK-
TYpPHBIX N3MeHeHUH kJeTok [20]. [TokasaHo, 4TO
HelpoH-cIenuduyecKasi eHoJa3a He [03BOJIsIeT
nnddepeHIPOBaTh UIITEMUYECKUN U TeMoppa-
rUYeCKUI UHCY/IBTBI, HO BasKHA [IJ151 OTIpeJiesIeHu s
CTEIleHN IIOBPEKIEHUs MO3ra KaK B IIepBble
Yachkl, TaK U B JMHaMuKe 3aboJjieBanus [21].
Besiok S100 — HU3KOMOJIEKYJISIPHBIN KaJlb-
I[AH-CBA3BIBAIOIINI OEJI0K B OCHOBHOM ITPO/TYIIH-
pyercsa KaeTKaMy MK (aCTpOLUTaMu), a TaK sKe
IIBAHHOBCKUMHU KJeTKkamMu. HasBaHme Oesika
006yCJIOBJIEHO €T0 CIIOCOOHOCTHIO PACTBOPATHCS B
100% pacTtBOpe cyiabdara ammoHus (pH 7,2).
BeJiok S-100 uccaenoBas y NaMeHTOB C pa3Jind-
HBIMH ITIOBPEKIEHUSAMU MO3Ia, BKJIIOYasi TPaBMBI,

In hypoxia, the hypoxia-induced factor causes re-
lease of VEGF proteins which bind to VEGF recep-
tors on the endothelial surface and activate tyrosine
kinase by triggering angiogenesis. Serum content
of VEGF in hemorrhagic stroke patients increases
and correlates with neurological deficit signs [33].

SOD belongs to the group of antioxidant en-
zymes and is one of the main systems of local free
radical removal which is activated in acute and
chronic CNS diseases [34, 35]. Its exogenous supply
can serve as an effective prevention and treatment
of some neurological diseases [36]. In an experi-
mental model of hemorrhagic stroke, a flavonoid
isoliquiritigen activated the antioxidant system
(particularly, the superoxide dismutase) mediated
by Nrf2, reduced neurological deficit, brain
oedema, minimized neuronal and blood-brain bar-
rier damage [37]. The main role in antioxidant pro-
tection is played by manganese dependent super-
oxide dismutase localised in mitochondria, where
the main production of superoxide occurs [38].

KL-6 is part of the glycans that form the sur-
face layer of cells called «glycocalyx». Glycocalyx is
composed of sialylated proteoglycans. Its damage
is seen in atherosclerosis, stroke, hypertension,
trauma, ischemic and reperfusion injury, exposure
to free radicals or endotoxins, and hyperglycemia.
This leads to increased vascular permeability and
worsens metabolic disorders [39, 40]. Damage to
endothelial glycocalyx affects the permeability of
blood vessels, their tone, coagulation, etc. In-
creased glycocalyx degradation products in blood
might serve as a useful diagnostic and prognostic
test in critical illness [41].

Mechanisms leading to changes in concentra-
tions of serum molecular biomarkers in hemor-
rhagic stroke patients remain poorly studied. Re-
cently, microRNAs, which represent a flexible
network of gene expression regulators, have been
recognized to play an important role in these
processes. Particular attention is paid to several
clusters of micro-RNA involved in neuroprotection
(miR-124, miR-181, miR-21, miR-29, miR-210 and
let7). Micro-RNA is considered a promising target
for future stroke therapy [42].

The in vivo administration of miR-130a in-
hibitor or Micro-RNA simulator (miR-367, miR-223)
improved neurological outcomes in an animal
model of intracerebral hemorrhage [43]. In addi-
tion, the study showed that the plasma levels of cir-
culating miR-181b, miR-223, miR-155 and miR-145
may serve as a potential non-invasive tool for the
detection of hemorrhagic stroke [44].

Conclusion

Changes in serum levels of candidate molecu-
lar markers in patients with hemorrhagic stroke pre-
sumably reflect alteration and regeneration corre-
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WHCYIBT W cy0apaxHOWaIbHOE KPOBOM3JIHS-
Hue [22]. Cogep-kanue 6eaka S100 TOBBIIEHO B
KpOBU BO BpeMsl OCTpoil (paswl uHCyabra [23].
JlokasaHHBIE KOppeJssanuu ypoBHs S100B B 6mo-
JIOTUYECKUX >KUTKOCTSX ITPU PA3JIMIHBIX 3a00Je-

BaHusax IITHC mo3BoJAIOT UCIIOJb30BaTh €ro Kak
MapKep KOTHUTUBHBIX HapylleHU, a Tak:ke JJis1
MOHHUTOpPUHTA 3(PEPEKTUBHOCTU TPOBOIUMOU
Tepanuu [24]. Cogepskanue S100 B KpOBU 3HAYU-
TeJIbHO BBIIIE y ITIAIIMEHTOB C BHYTPUYEPeNHbIM
KPOBOM3J/IUSTHUEM, YEPETHO-MO3TOBOM TPABMOH,
4yeM y 3[J0pPOBBIX JIIOJIeH U y TalleHTOB C reMoppa-
TMYEeCKUM MHCYJIBTOM. B cBA3U € aTUM, TaHHBIN
[MoKas3areJib MO3KeT ObITh UCII0JIb30BaH /IS Juar-
HOCTUKHU YepPENHO-MO3TOBOU TPaBMbI [25, 26].
[nuanbHBIN  HelipoTpoduvyeckuii  akTop
(GDNF) — 6eJI0K, KOTOPBIH COIEPIKUTCS IIPENMY-
IIECTBEHHO B aCTPOLIUTAX U SABJIACTCA IPOLYKTOM
CcUHTe3a JaHHBIX KiIeToK. GDNF npuHuMaer y4a-
CTHe B IIpolieccax HelporeHesa, ABJsieTcs Heo0X0-
IUMBIM (DAaKTOPOM JIJIsI TIOJIJIEPSKAHMS YKU3HECIIO-
COOHOCTH W (PYHKIMOHUPOBAHUS HEWPOHOB,
CTUMYJIMPYET POCT aKCOHOB, KOHTPOJIUPYET 00pa-
30BaHMe€ CUHAIICOB, BHITIO/THSET HEUPOIIPOTEKTOP-
HYI0 (PYHKIMIO, CTUMYJIHPYsI 9KCIPECCUIO TeHOB
HelpOHATLHOU pereHepanuy 1 OJIOKUPYS anom-
TO3 IIyTeM 3allyCKa CUTHAJIbHBIX KaCKaJ0B B KJIET-
Ke, BJIMAIOIINX Ha 9KCIIPECCUI0 TeHOB [27-29].
daxkrop pocra aggorenus cocynos (VEGE) —
CUTHATLHBIN O€JIOK, BIpabaThbIBAEMBII KJIETKAMU
I CTUMYyJIMpoBaHusA anruorenesa [30, 31]. VEGF
IOBBIIIAET IIPOHUIIAEMOCTD COCY0B, YBEJINYNBaECT
AHTUTPOMOOTHYECKHUE U IIPOTUBOBOCIIATUTETLHbBIE
CBOICTBA 9HJIOTEJIVSI, CHUYKAET PUCK €ro ajgkrepa-
WY TIPY BO3/IEUCTBUH MOBPEKAAIONINX (PAaKTOPOB,
OKa3bIBaeT HeUpoTpodUIeCcKoe 1 HEUPOIIPOTEK-
THUBHOE BO3/IeICTBUE HA HEUPOHBI U KJIETKU VINU
IIHC [32]. Besiku ¢pakTopa pocTa sHA0TENUS COCY-
JIOB CBSA3BIBAIOTCS C PEIEeNTOPAMU HA TOBEPXHOCTHU
KJIETOK, 00J/IaaloluX TUPO3WHA3HOU aKTUB-
HOCTBIO, KOTOpbl€ aKTUBUPYIOTCA B pe3yJbTrare
TpadcdochopusimpoBanus. [Ipu runokcuu mom
BJIMSIHUEM (paKTOpa, MHIYIUPYEMOTO TUIIOKCUEH,
BhICBOOOskHatoTcs 6esiku VEGE KoTOpbIe CBSI3BI-
Batorca ¢ VEGF-penentopamMyu Ha NOBEPXHOCTHU
9HJIOTeJINs, aKTUBUPYIOT TUPO3UHKUHA3Y, 3aIlyC-
kas a"Hruorenes. Copepsxkanue VEGF B CbIBODOTKe
KpPOBH y IIAIJUEHTOB C FeMOpParn4eCKuM NHCYJIb-
TOM BO3pacTaeT U KOppeJupyeT € IIoKa3are/siMu
HEBPOJIOTUYECKOT0 nedunuta [33].
Cynepokcunnucmyrasa (SOD) orHOCHTCA K
rpyIIe aHTUOKCUAHTHBIX (DePMEHTOB U SIBJISETCS
OJTHOH M3 OCHOBHBIX CUCTEM Y/IaIeHUsI CBOOOTHBIX
paIuKaIoB B MecTe MX 00pa30BaHUSA U aKTHUBUPY-
€TCsI IPU OCTPBIX M XPOHUYECKUX 3a001€BAHUSIX
ITHC [34, 35]. Ero ak3oreHHoe IOCTYIJICHUE MOYKET
CJIY>KUTh 3(P(PEeKTUBHBIM METOOM ITPOPUIAKTU-
KU U JIEYEeHUS PSAla HEBPOJIOTHYECKUX 3a00JIeBa-
HUU [36]. B akcnepyuMeHTaIbHOU MOJIeJI TeMOoP-

sponding to the phases of disease. After appropriate
validation, future employment of these candidate
molecular biomarkers in comprehensive diagnosis,
monitoring of treatment and rehabilitation in hem-
orrhagic stroke patients seems promising.

paru4eckoro MHCYJIbTa (pJ1aBOHOUI U30IUKYPUTH -
FeHVH aKTUBHAPOBaJI aHTUOKCUIAHTHYIO CUCTEMY
(B 4acTHOCTH, CYIIEPOKCUAAUCMYTA3Y), OIIOCPEIO-
BaHHYI0 Nrf2, yMeHbI11a/1 HEBpOJIOrHYecKuil gedu-
[IUT, OTEK MO3Ta, MUHUMU3UPOBAJI MIOBPEKIEHUS
HEHpPOHOB M TreMaTo3HIleaTnIecKoro Oapb-
epa [37]. OCHOBHYIO pOJIb B aHTUOKCHJAAHTHON
3aliUTe UrpaeT MapraHell-3aBUCHMas Cyllep-
OKCHUJIIMCMYyTasa B CBSI3U C ee JIoKaJau3anuei B
MUTOXOHAPHUSAX, TOe OCYyLIEeCTBJIACTCA OCHOBHAas
IIPOAYKIUA cyllepokcuia [38].

CuanpoBaHHbIN yieBogHbIN aHTUreH (KL-6)
BXOJINIT B COCTAaB IVTNKaHOB, 00PA3YIOIINX IIOBEPX-
HOCTHBIN CJIOH KJIETOK, IOJYYUBIINI Ha3BaHUe
«[JIMKOKAJMKC». B cocTaB IMTMKOKaJJAMKCa BXOISAT
CUaJIMPOBaHHbIe IPOTeOIMKaHBI. [Ipm arepo-
CKJIepO3e, MHCYJIBTE, TUIIEPTOHIMYECKOH O0JIe3HH,
TpaBMe, HIIeMUYECKUX U penepdy3noHHbIX
TIOBPEKIEHUSX, BIUSHUN CBOOOTHBIX PATKAJIOB,
9HJIOTOKCWHA, THUMNEPIIMKEMUU OTMeYaeTcs
MOBpEsKIeHNe WIMKOKAJIUKCa. JTO MPUBOOUT K
TTOBBIIIEHUIO TPOHUIIAEMOCTH COCYIOB U yCyTy0-
JIsieT HapyieHne Metabosmama [39, 40]. TToBpesk-
JleHre [MINKOKAJIMKCa 9HA0TeJ A BAUSET Ha IPOo-
HUIIA€MOCTH COCYIOB, UX TOHYC, KOATrYJIALNIO U AP.
[loBbpIIIEHUE CONEpIKaHUA B KPOBU IIPONYKTOB
pacrmajga TUKOKAJIMKCA MOYKET OBITh TT0JIe3HBIM
JIVUarHOCTUYECKUM U MPOTHOCTUYECKUM TECTOM
IIPU KPUTUYECKUX COCTOAHUAX [41].

MexaHu3Mbl, BeOyllue K UH3MEHEHUAM
ConepyKaHUsI MOJIEKYJISIPHBIX OMOMapKepoOB B
CBIBOPOTKE KPOBHU IIPU T'eMOpPparndeCKOM UHCYJIb-
Te, OCTAalOTCA HENOCTAaTOYHO H3y4eHHBIMU. B
rocJjenHee BpeMsl CYUTAIOT, YTO BasKHAsI POJIb B
3THX MPOIleccax MpuHaaIeskuT MUKpo-PHK, koro-
pble TPeCTaBJISAIOT CO00M T'MOKYIO CEeTh peryJs-
TOPOB aKcIpeccuu reHoB. Oco60oe BHUMaHUeE ye-
JsIETCA HECKOJIbKAM KJjactepam MHKpo-PHEK,
y4acTBYIOIIUM B Heliporiporekiunu (miR-124, miR-
181, miR-21, miR-29, miR-210 u let7). Mukpo-PHK
paccmarpuBaeTcs KaK MHOroob0emnamoIas
MUIIIEHb OYAyIen Tepanuy WHCYIIBTA [42].

BBenenue in vivo uarndburopa miR-130a nau
nmuraropa Mukpo-PHK (miR-367, miR-223) Ha
MOJeJI1 BHYTPUMO3IOBOIO KPOBOU3JIUAHUS Ha
SKUBOTHBIX YJIY4IllajJI0 HEBPOJIOTUYECKHUE HCXO-
IbI [43]. KpoMe aTOrO0, pea3y/israrsl UCCJIeq0BaHusA
IIOKa3aJIx, YTO U3MEPEeHNE COLepIKaHNA TUPKYIU-
pytoiux miR-181b, miR-223, miR-155 1 miR-145 B
006pasIiax MmIasmMbl MOKET CIIYKUTH TTOTEHITNAJTh-
HBIM HEMHBAa3WBHBIM HHCTPYMEHTOM [1JIs1 00HAPY-
SKEHUS FeMOpPpParndecKoro nHeyJsra [44].

GENERAL REANIMATOLOGY, 2020, 16; 3

www.reanimatology.com



44

DO

1: 10.15360/1813-9779-2020-3-34-45

Clinical Studies and Practice

3akJaouenue

JlmHaMuKa coflepskaHusT KaHIUIATHBIX MOJIe-

KYJISIPHBIX MapKepPOB B CHIBOPOTKE KPOBU Tal[UeH-
TOB C TeMOpPParuyeCKUM WHCYJIBTOM, BEPOSITHO,
OTpaskaeT MPOIIECCHI aJBTepalliy U PereHepaIuy,
COOTBETCTBYIOIIIME CTaIMsIM 3a00J1eBaHus. VIciob-
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