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Pe3rome

ITo JaHHBIM AMUIEMUOJIOTUYECKUX UCCIIEIOBAHII BeAYIIei IPUYHHON 3a00/1eBaEMOCTH, MHBAJTUIHOCTH U
CMEPTHOCTH SIBJISIIOTCSI IIepeOpPOBACKYIIsIPHBIE 3a00JIEBAHNS], B YaCTHOCTH HUIIIEMIYECKI Y TeMOpparuyecKuii
WHCYJIBTHL. B mocsiemHue rogp! 60JIbIII0e BHUMAaHUE YIeIsIETCS MICCIET0BAHNIO MOJIEKY/ISIPHBIX MAPKEPOB HIIIE-
MUY€ECKOI'0 U TeMOpParuyeckoro MHCYJIBTOB. AKTYaJIbHOCTb ITO0OHBIX UCC/IeJOBAHNI 00yCJI0BJIEHA TEM, UTO CIIe-
nuduyeckye 17151 Mo3ra 0eIkoBble 0OMapKepbl HEHPOHOB, NINAIbHBIX KJIETOK MOT'YT IIPEIOCTaBUTh LIEHHYIO 1
CBOEBPEMEHHYIO TUArHOCTUYECKYI0 MH(MOPMAIHIO, HEOOXOAUMYIO JJIs IPUHATHUS KIMHUYECKUX PelleH.

Ilenb ucciief0BaHMsI — BhIsIBJIEHNE PA3JIMUUN COlePIKaHNS MOJIEKYJISIDHBIX MApPKEPOB B CHIBOPOTKE
KPOBU B OCTPOM, IIOJOCTPOM U IIEPUOJie paHHEro BOCCTAHOBJIEHUA IIPU UIIIEMUYECKOM U FeMOpparun4eckomM
WHCYJIBTaX.

MarepuaJj 1 MeTobl. B 1icciiefoBaHMe BRIIIOYWIIN 59 ManieHToB. Y 20 4eJa0BeK JUarHOCTUPOBAJIU Ie-
MOpparuyvecKkuii Uy 39 4eJI0BEeK — UIIEMUYECKUI MHCYJIET. B KOHTPOJIBHYIO IpyIITy BKIOYHIN 20 106po-
BOJIbLIeB. Moviekysisipable Mapkepbl [ITHC B cbIBOPOTKe KPOBU OIIpeeisiid B OCTPOM CTaAuy UHCYJIBTA, B
IIOIOCTPOY CTaAMMU U CTAUU PAaHHET0 BOCCTAaHOBUTEILHOIO eprosia. KosmyecTBeHHYIO OIIEHKY CoflepsKa-
HUs MOJIEKY/IApHBbIX MapkepoB [IHC B CBIBOpOTKe KpOBH NAIMEHTOB C UIIIEMUYECKUM 1 FeMOpparundecKuM
WHCYJIETOM OCYIIIECTBJISIIM METOJIOM UMMYHO(Q epMeHTHOro aHaan3a. CTaTUCTUYeCKUN aHa/IN3 IPOBOAUIN
HelapaMeTpu4eCKUM MeTogoM MaHHa—-YUTHU.

PeaynbraThl. Cofiepskanue Heliporpodudeckoro gakropa rososHoro Mmosra (BDNF) y 1o6poBoJibIieB
KOHTPOJIBHOM TPYIIIBI COCTABJISANIO 574,5 [455,5; 615] pg/ml. 3HauMMble CTaTUCTUYECKUE PA3INYNsI BbISIBUIN
JLJIsT OCTPOTO U IIOIOCTPOro MepUOJ0B reMOpPparnyeckoro NHCYILTOB: 674 [560; 749] u 664 [616; 762 pg/ml
(p=0,003 1 p=0,0001).

CopepskaHue HeHpOH-crenuguiecKoil eH0s1a3bl, 3HaUMMO YBeJIMYEeHO BO BCeX Ieprofax NCCe10BaHusT:
KOHTpOJIbHasA rpynmna 4,15 [3,53; 4,8] ng/ml, ocTpslii nepuoj uiieMudeckoro HHCysTa 5,4 [4,4; 6,4] ng/ml, pas-
HUM BOCCTaHOBUTEJIHHBIN ITepUOJ UIIIEMUYECKOr0 MHCY/IbTa 5,4 [4,4; 6,4] ng/ml, ocTpblii mepuoj reMopparu-
4ecKoro MHcysbTa 5,1 [4,6; 6,4] ng/ml, mogocTpblii Iepuoj reMopparnyecKkoro HHCyIbTa 664 [616; 762] ng/ml.
CoorsercTBenHo p<0,001, 0,001, 0,014, 0,003.

B KOHTpOJIBHOH I'pynIle cofepskanue 6eska S-100 B CbBIBOPOTKe KPOBU cocTaBuio 4,5 [3,8; 5,4] ng/ml.
B ocTpoMm Itepuoie 1 Iiepuojie paHHEro BOCCTAHOBJIEHUsI IPU UIIIEMUYeCKOM UHCYJIBTE COoJlepsKaHue Oesika
S-100 cTaTUCTHUYECKU 3HAUMMO CHIKAJIOCK: 4,1 [3,4; 4,6] 1 3,9 [3,4; 6], p<0,031 1 0,014. IImua/bHBIN HEWPOTPO-
¢uueckuii pakTop ObLI yBeJIUYEH B OCTPOM U IIOAOCTPOM IIEPUOJIAX TeMOPPArnyecKOro MHCYJIBTa: KOHTPOJIb
1,98 [1,64; 2,11, ocTpslii nepuon 2,4 2,2, 5], monocTpelii nepuon 2,4 (2,3; 2,6]. CoorBrcTBeHHO p=0,002 1 <0,001.
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Penenitop-1 paxropa pocra spgoresnus (VEGFR-1) craTucTUYeCKU 3HAYUMO CHUSKAJICS B IIOJOCTPOM I1e-
pH0Jie reMOppParuvecKoro HHCY/IbTa: KOHTPOoJIb 903,5 [626;1115], mogocTpsblil nepuop 485 [211; 945], (p=0,001),

3akJ/roueHue. BbIsABUIIM pa3/inyusi COAepyKaHus MOJIEKY/IIPHBIX MADKEePOB B CbIBOPOTKE KPOBU IAIlEH-
TOB ITPY UIIIEMUYECKOM 1 TeMOpparnyecKoM HHCYIIBTe. B 0oCTpoM Iteprosie, eprojie paHHero BOCCTaHOBJIEHUST
TIpY UIIIEMIYECKOM WHCYIIBTE, TIOOCTPOM IIEPHOJie FeMOpPParnyecKoro HHCY/IBTa OTMETHIIH BO3paCcTaHue Co-
Jlep>KaHus B CbIBOPOTKE KPOBU HEMPOH crienvi(prueckoii eHosasbl. CopepikaHrie MO3TOBOTO HEMPOTpoduye-
CKOT0 (paKTOpa 3HAYMMO BO3PaCTaJjIo B OCTPOM U IIOAOCTPOM IIepUOiax FeMOpparn4eckoro NHCyssra. B oct-
POM U IIEPHOJie PAaHHETO BOCCTAHOBJIEHNS IIPY UITIEMITYECKOM WHCY/IBTE CHIKAJIOCH cofiepskanue Hesika S-100.
Conepsranue NIMAJIbHOI0 HelipoTpodruecKoro pakropa B OCTPOM U IIOJOCTPOM I1epHOaX FeMOpParun4eckoro
MHCYJIBTa BO3pacTaJo. B moqocTpoM nepruoje reMopparu4eckoro NHCYJIbTa CTaTUCTUYECKHU 3HAYMMO CHUKA-
JIOCh collepsKkaHue pelenropa-1 dakropa pocra sHnorenus. [Tpudem, ero sHaueHue CTaTUCTUIECKHU 3HAYNMO
OTINYAJIOCh OT 3HAYeHNUH B IIEPHOJie PAHHETO BOCCTAHOBJIEHUS IIPY UIIIEMUYECKOM HHCYJIBTE.

Knroueewte cnosa: monekynsaprvie maprkepsut; THC; uncyrvm uniemuueckuil; UHCYIbM 2eMoppazueckuil

KoHQINKT HHTEpeCcoB. ABTOPHI 3asIBJISIOT 00 OTCYTCTBUU KOH(JINKTA UHTEPECOB.

Summary

According to epidemiological studies, the leading cause of morbidity, disability and mortality are cere-
brovascular diseases, in particular ischemic and hemorrhagic strokes. In recent years considerable attention
has been given to the study of molecular markers of ischemic and hemorrhagic strokes. These studies are rel-
evant because brain-specific protein biomarkers of neurons and glial cells can provide valuable and timely di-
agnostic information necessary for clinical decision-making.

The aim of the study was to reveal the differences in the serum level of molecular markers in acute, suba-
cute and early recovery periods of ischemic and hemorrhagic strokes.

Material and methods. The study included 59 patients. Twenty patients were diagnosed with hemorrhagic
stroke and 39 had ischemic stroke. The control group included 20 volunteers. Serum levels of molecular CNS
markers were determined in acute, subacute, and early recovery stages of stroke. The serum levels of CNS
molecular markers of patients with ischemic and hemorrhagic stroke was measured quantitatively by enzyme
immunoassay. Statistical analysis was performed by nonparametric Mann-Whitney method.

Results. The level of brain-derived neurotrophic factor (BDNF) in the control volunteers was 574.5 [455.5;
615] pg/ml. Significant differences were found for acute and subacute periods of hemorrhagic stroke: it was
674 [560; 749] pg/ml (P=0.003) and 664 [616; 762] pg/ml (P=0.0001).

The level of neuron-specific enolase was significantly increased in all periods of the study: it was 4.15 [3.53;
4.8] ng/ml in the control group, 5.4 [4.4; 6.4] ng/ml in acute period of ischemic stroke (P<0.001), 5.4 [4.4; 6.4]
ng/mlin early recovery period of ischemic stroke (P=0.001), 5.1 [4.6; 6.4] ng/ml in acute period of hemorrhagic
stroke (P=0.014), 664 [616; 762] ng/ml in subacute period of hemorrhagic stroke (P=0.003).

In the control group, the serum S-100 protein level was 4.5 [3.8; 5.4] ng/ml. In the acute and early recovery
periods of ischemic stroke, S-100 protein level has significantly fallen down to 4.1 [3.4; 4.6] ng/ml (P<0.031) and
3.9 [3.4; 6] ng/ml (P=0.014), respectively. Glial-cell derived neurotrophic factor level was 1.98 [1.64; 2.1] ng/ml
in the controls and increased up to 2.4 [2.2; 5] ng/ml (P=0.002) in the acute period and 2.4 [2.3; 2.6] ng/ml
(P<0.001) in the subacute period of hemorrhagic stroke.

The vascular endothelial growth factor receptor-1 (VEGFR-1) was significantly lower in the subacute period of
hemorrhagic stroke: 485 [211; 945] pg/ml in the subacute period vs 903.5 [626; 1115] pg/ml in the controls (P=0.001).

Conclusion. We found differences in the serum level of molecular markers in patients with ischemic and
hemorrhagic strokes. In the acute period, early recovery period of ischemic stroke, and subacute period of
hemorrhagic stroke, there was an increase in the serum level of neuron-specific enolase. The level of brain-
derived neurotrophic factor increased significantly in the acute and subacute periods of hemorrhagic stroke.
In the acute and early recovery periods of ischemic stroke, the level of S-100 protein decreased. The level of
glial cell-derived neurotrophic factor increased in the acute and subacute periods of hemorrhagic stroke. In
the subacute period of hemorrhagic stroke, the level of endothelial growth factor receptor-1 significantly de-
creased. Moreover, there was significant difference between values of this parameter in the subacute period
of hemorrhagic stroke and in the early recovery period of ischemic stroke.

Keywords: molecular markers; CNS; ischemic stroke; hemorrhagic stroke
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BBenenue Introduction

[TepeOpoBacKyIsApHBIE 3a060/IEBaHMS SBJISIOT- Cerebrovascular diseases are among leading
Cs1 OMHOU M3 BeAyIUX Mpu4mH 3abosieBaeMocTH, | causes of morbidity, disability and mortality. In par-
VHBAJUIHOCTH M CMEPTHOCTH. B wacTtHOCTH, 3260- | ticular, the incidence of ischemic and hemorrhagic
JIEBAEMOCTH UITIEMHUYECKUM U reMopparmdeckuM | stroke in various countries remains high, as evi-
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HWHCYJIBETOM B Pa3J/IMYHbBIX CTPaHax OCTaeTCs BBICO-
KOH, 0 4eM CBHUAETEeJIbCTBYIOT 3INIeMHOJIOrnYe-
ckue uccaenoBanusi. B CIIIA 66171 TpoBeeH aHAIN3
CMEepPTHOCTH OT UHCyJIbra 3a 2010-2016 ronel cpegu
B3POCJIbIX CpeJHEro Bo3pacra (35-64 roga) v mosku-
JIBIX JTIofed (cTapiie 65 JieT). YCTaHOBJIEHO, YTO
MTOBBIIIIEHVIE CMEPTHOCTH OT UHCYJIBTa OBII0 O0siee
BBIpAKEHO CpejJu JIIoJledl cpeaHero Bo3pacTta I10
CPaBHEHUIO C IIOYKUJIBIMU JIIOAbMU [1].

PeTpocnekTUBHBIN aHAIN3 TAHHBIX I10 Jieye-
HHuio 6osiee 520000 mareHTOB C WHCYJIBTOM B
boabmiom Manuectepe u JIOHIOHE B IIepUOL C
AuBaps 2008 r. mo MmapT 2016 I. BBIABUJI CHUKEHUE
CMEpPTHOCTH CpeAy IIalMeHTOB, IIOJy4YaBIINX
Je4YeHWe B CIEeNUATU3UPOBAHHBIX OTIEJIEeHUSIX
IJ1s JIeYeHUs OCTPOro MHCYJIbTa. B oTnesieHuAXx,
KOTOPEIe He OBIIN CITeInaJu3upPOBaHbI, CHUKE-
HUsI CMEPTHOCTH He OBIJI0 BBISIBJIEHO [2].

B IIIBenyu ncciienoBajy IOMYIANUIO, KOTO-
pas cocrosaaa uad 14125 nanyeHToB, IepeHeCcIInX
uHCYJsT B TedeHue 2010 roma. IlosyyeHHBIE
pe3yJibraThl I0Ka3aJiy, 4YTo 26% NanyeHToB yMep-
JIM B Te4YeHHe ronma nocsae uHcynapra. [loutu 5%
BBIJKUBIIIMX IIePEeHEeCIN ITOBTOPHBIA WHCYJIBT, a
40% ocTaJnuCch MHBAJIUIaMu [3].

CrarucTuyecKuil aHaIn3 C y4eTOM IPOTrHO-
3MpPyeMOro CTapeHUs HaCeJIeHUs CBUIETeJIbCTBY-
€T O TOM, YTO KOJIM4eCTBO II€PBBIX UHCYJIETOB B
CoepnaenHoMm KopoJsieBcTBe yBesimunTcsa K 2045 T.
Ha 13% [4].

[laHHBIC O ANUIEMHOJIOTUM WHCYJIBTA B
Kopee BbIABWIIN, UTO KaskIblk 40-i1 B3pOCJIBbIT
4eJI0BEK B CTPaHe ABJISAETCSA IAlMeHTOM C MHCYJIb-
TOoM M 232 4esioBeka Ha 100000 HaceJieHUS €3KEro/I-
HO cTpagjaroT or uHcyasra. Cpenu 100 nanuenTos,
TepeHecInX HHCYIET B 2014 romy, y 76 OB uIe-
MUYECKUU NHCYJIBT, ¥ 15 — BHYyTPUMO3TOBOE KPO-
BOMBJIUSTHUE, A Y AEBATH — CyOapaxHOUmaIbHOE
KpoBouanusaHne. CMepTHOCTb OT MHCYJ/IbTa 0CTa-
ercsi Ha ypoBHe 30 cmepreii Ha 100 000 uesioBek [5].

B mocieame OB OOJTBITIOE BHUMAaHUE Yiie-
JISIETCS UCCIIeJOBAHUIO MOJIEKY/IAPHBIX MAPKEPOB
AIIEeMHAYECKOI0 ¥ FeMOPparu4ecKoro NHCYJIBTOB.
AKTyaTbHOCTB TOJOOHBIX MCCTIEIOBAHMI 00YCI0B-
JIeHa TeM, UTO CrierupuIecKue IJIsT Mo3ra 6eJIKo-
Bble OOMapKephl HEPOHOB, TNTHATbHBIX KJIETOK
(HeripoH-crienuguyeckas eHosasa (NSE), S100
KaJIBITUI-CBSI3BIBAIOINH O€JIOK, NINAJbHBIN (Pub-
PUIIISIPHBIN KUCbIN 6esiok (GFAP)] u ap.) [Hampu-
Mep, yoOukBuThH C-KOHIEBas TruapoJsasa-L1
(UCH-L1), nmpomykrtel pacnapma call-cmekrpuna
SBDP120, SBDP145 u SBDP150, 0CHOBHOI O€JIOK
muenauHa (MBP), nerkas uens HelipoduiaMeHTa
(NF-L), Tay-0esiok, BUSMHUH-TIOHOOHBIN O€eT0K-1
(VLP 1), mentun NR2], KoTopble 00HAPYKUBAIOTCS
B CIIMHHOMO3TOBOW SKUJKOCTU U Tiepudepuye-
CKOU KpOBH, MOTYT IIPEOCTABUTH LIEHHYIO U CBOE-
BPEMEHHYIO JMArHOCTUYECKYI0 MH(POPMAITHIO 00

HNHCYJIBTE, HeO6XO,III/IMy}O JJIA IPUHATUAA peIlIeHPIﬁ.

denced by epidemiological studies. In the United
States, a 2010-2016 analysis of stroke mortality
among middle-aged adults (35-64 years old) and
older adults (over 65 years old) has shown more sig-
nificant increase in stroke mortality among middle-
aged people compared to the elderly [1].

A retrospective analysis of treatment data of
more than 520000 patients with stroke in Greater
Manchester and London between January 2008 and
March 2016 revealed a decrease in mortality among
patients treated in specialized acute stroke units. In
wards that were not specialized, no reduction in
mortality was found [2].

In Sweden, a population of 14,125 patients
who had a stroke during 2010 was studied. The re-
sults showed that 26% of patients died within a year
of stroke onset. Almost 5% of survivors had a sec-
ond stroke, and 40% remained disabled [3].

Statistical analysis based on projected aging of
the population suggests that the number of first
strokes in the United Kingdom will increase by 13%
by 2045 [4].

Stroke epidemiology data in Korea showed
that one in 40 adults in the country is a stroke pa-
tient and 232 persons per 100,000 population suffer
a stroke each year. Among 100 stroke patients in
2014, 76 had ischemic stroke, 15 had intracerebral
hemorrhage, and 9 had subarachnoid hemorrhage.
The mortality rate from stroke remains at 30 deaths
per 100,000 persons [5].

In recent years considerable emphasis has
been placed on the study of molecular markers of
ischemic and hemorrhagic strokes. The relevance of
such studies is due to the fact that brain-specific
protein biomarkers of neurons, glial cells (neuron-
specific enolase (NSE), S100 calcium-binding pro-
tein, glial fibrillary acidic protein (GFAP)], etc.) [e. g.,
ubiquitin C-terminal hydrolase-L1 (UCH-L1),
SBDP120, SBDP145 and SBDP150 «ll-spectrin
breakdown products, myelin basic protein (MBP),
neurofilament light chain (NF-L), tau protein,
visinin-like protein-1 (VLP 1), NR2 peptide], which
are detected in cerebrospinal fluid and peripheral
blood, can provide valuable and timely diagnostic
information about stroke for decision-making. This
information may include precise timing of stroke
onset, stroke severity, prognosis of short- and long-
term outcomes, and differential diagnosis between
ischemic and hemorrhagic stroke [6].

Distinguishing between ischemic and hemor-
rhagic stroke is important for making diagnostic
decisions and choosing treatment options. In par-
ticular, patients with ischemic stroke require intra-
venous thrombolysis, which is contraindicated in
hemorrhagic stroke. Currently, computed tomog-
raphy is used to diagnose hemorrhagic stroke. The
use of biomarkers to rapidly rule out intracerebral
hemorrhage may be useful in remote regions where
transportation to the nearest CT scanner may take
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dTa uHopMaIys MOKET BKJIOYATh YTOUHEHUeE
CPOKOB HayaJla MHCYJIbTa, €r0 TAKeCTh, [IPOTHO3
KPaTKOCPOYHBIX U [OJITOCPOYHBIX Pe3YJIBTaToB,
nuddepeHaIbHO-TUAarHOCTUYEeCKUEe TPU3HAKYU
UILIEMUYECKOI'0 ¥ TeMOPParnyecKoro NHCyJsra [6].
BrIsAB/IeHNE IPU3HAKOB, HA OCHOBAaHUU KOTO-
PBIX OTIMYAIOT UUIEMHUIO OT FeMOpPpParn4ecKoro
WHCYJIBTA, ABJISIETCS BasKHBIM (DaKTOPOM, IIOMO-
ralolyM IPUHUMATh JUAarHOCTAYECKUE PEeIIeHU
U OIIpeneJiATh TAaKTUKY JiedeHus. B dacTHOCTH,
TMareHTaM ¢ UIeMIYeCKUM HHCYIBTOM Heo0Xo-
VM BHYTPUBEHHBIN TPOMOOJIU3VC, KOTOPBIH IPO-
TUBOIIOKAa3aH [IPU reMOpparu4ecKoM UHCYJETe. B
HacTosIIee BpeMs U1 BbIABJICHUA reMopparmnde-
CKOTO HMHCYJIBTA HCIIOJb3YyeTCsA KOMIIbIOTepHAas
Tomorpadus. Micnosmb3oBanue 6oMapKepoOB 151
OBICTPOTO MCKJIOYEHUSI BHYTPUMO3TOBOT'O KPO-
BOMBJIUSTHUAS MOKET OBITH IT0JIE3HO B OT/IAJIEHHBIX
perroHax, rie TPaHCIIOPTUPOBKA 10 OJIMKANIIIETO
KOMIBIOTEPHOr0 TOMOrpada MOKeT 3aHATh
HECKOJIBKO 4aCoB. B 4acTHOCTH, BeqyIIIM KaHI!-
JaToM JJId BBISABJIEHHUA TIeMOPpParn4eckoro
WHCYJIBTA ABJISIETCS KUCJIBIA NTHATbHBIN (PUOPUII-
JIIPHBIA 0€JIOK, JIOKAJU3YIOIIUHICA B acTpo-
wmu [7]. OH 06HaApy)KUBaeTCAd B 0YeHb HU3KUX
KOHIIEHTpallUsAX B IJIa3Me 3J0pPOBBIX JIOAeH,
IIOCKOJIBKY HEe CEKPeTUPYeTCS aKTUBHO KJIeTKa-
mu [8]. OmHAKO OBICTPOE TTOBPEKIeHNE INATh-
HBIX KJIETOK IIPU IeMOpparu4ecKoOM HHCYJETe
BBI3BIBAET BHICBOOOKIEHNE DOJBIIIOTO KOJIMYE-
CTBa NIMAJBHOTO Oejlka B KPOBOTOK B TeUEHUE
HECKOJIbKUX MUAHYT. YUUTHIBAS, YTO HEKPO3 KJIe-
TOK IIPY UIIIEMUYECKOM UHCYJIBTe (DOPMUPYETCSI B
Te4YeHUe OIIpefesIeHHOI0 IPOMEsKYTKa BpEMEHH,
pasHUIA B KHHETHKE BBICBOOOKIEHUS KUCIOTO
OeJika acCTPOIIMTOB MOSKET OBITH MCIIOIH30BaHA
st nudepeHnaabHON IMAarHOCTUKY reMoppa-
TUYECKOI0 U UIIIEMUYECKOr'o MHCYJIBTA [9].
OpHOBpeMEHHOE BbIABJICHHE IVIMAJIBHBIX U
HelpoHOCTeNU(PUIECKUX OMOMapKEPOB MOSKET
OBITH TOJIE3HBIM 151 MU PEepEeHIPOBKI OCTPHIX
HapyIIeHNH MO3TOBOT0 KPOBOOOpAIIIEHHsI TI0 HIIIe-
MUYECKOMY UJIM reMopparunyeckomy tumy [10].

MarepuaJ 1 MeTObI

B ucciienosanue BrAOYUIN 59 mTaniueHTOB. Y 20
4YeJI0BEK IMAarHOCTUPOBAJIU TeMOpparndeckuii u y 39
4eJI0BEK — UIIEeMUYECKUA UHCYJIBT.

B rpymnne umeMn4ecKOro MHCYJIbTA BBIIEJIUINA
OCTPBIH (4-21 CYyTKM) U pAaHHUU BOCCTAHOBUTEIbHBIN
nepuof (22 nuss — 6 Mec.). B rpymie nanyeHToB € reMop-
paruyecKuM WHCYJIETOM HCCJeOBAaHUA IIPOBOAUIN B
Te4EeHHEe OCTPOro (2-21 CyTKM) M MOAOCTPOro NEPUOI0B
(22 cyTork — 3 mec.).

B KOHTPOJBHYIO TPyNIly BKJIYAINA 20 YCIOBHO
3JI0POBBIX TOOPOBOJILIIEB. [lepes BKJIIOUEHEM B HIC-
cJieloBaHre Y JOOPOBOJIBIIEB MTOJTYYUIN MHDOPMHUPO-
BaHHOE COIVIaCHe.

Mouiekysisipablie Mmapkepbl LIHC B CBIBOPOTKE KpOBA
OIIpeJIesIsIIA B OCTPOU CTAIX MHCYJIBTOB (4-21 CyTKH), B

several hours. In particular, glial fibrillary acidic
protein, localized in the astroglia, is a leading can-
didate for detection of hemorrhagic stroke [7]. It is
found in very low concentrations in the plasma of
healthy individuals because it is not actively se-
creted by cells [8]. However, rapid glial cell damage
in hemorrhagic stroke causes the release of large
amounts of this glial protein into the bloodstream
within a few minutes. Considering that cell necrosis
in ischemic stroke develops within a certain time
interval, the changing levels of this acidic astrocyte
protein can be used for differential diagnosis of he-
morrhagic and ischemic stroke [9].

Simultaneous detection of glial and neuron-
specific biomarkers may be useful in differentiat-
ing between acute ischemic or hemorrhagic brain
accidents [10].

Materials and Methods

Fifty-nine patients were included in the study.
Twenty patients were diagnosed with hemorrhagic stroke
and 39 with ischemic stroke.

In ischemic stroke group we distinguished acute
(4-21 days) and early recovery period (22 days to 6
months). In the group of patients with hemorrhagic
stroke, the tests were performed during the acute (2-21
days) and subacute periods (22 days to 3 months).

Twenty apparently healthy volunteers were in-
cluded in the control group. Informed consent was ob-
tained from the volunteers before enrolment.

CNS molecular markers in blood serum were meas-
ured in the acute phase of stroke (4-21 days), in the sub-
acute stage of hemorrhagic stroke and in the early recov-
ery stage of ischemic stroke (22 days to 3 months).
Quantitative assessment of the serum level of CNS mo-
lecular markers in patients with ischemic and hemor-
rhagic stroke was performed by enzyme immunoassay.
The brain-derived neurotrophic factor (BDNF), neuron-
specific enolase (NSE), total protein S-100 (a-Bp), glial
cell-derived neurotrophic factor (GDNF), vascular en-
dothelial growth factor receptor-1 (VEGFR-1) were meas-
ured. CNS molecular markers were measured using an
Immunomat TM automated microplate immunoassay.

The reagents used were CanAg NSE EIA FUJIREBIO
(Sweden); R&D systems (USA); ABfrontier (Korea); Sek-
isui Medical CO (Japan); eBioscience (Austria); and Cay-
man Chemical (USA).

Statistical analysis was performed using STATIS-
TICA 10 software (StatSoft Inc., CIIIA). Nominal data
were described with absolute values and percentages.
Quantitative data with normal distribution were com-
bined into variation series, where the mean arithmetic
values (M) and standard deviations (SD) were calculated.
If the distribution was not normal, quantitative data were
presented as median and quartiles (25-75% of the in-
terquartile range). The Kolmogorov-Smirnov test was
used to check the distribution for normality. When com-
paring the mean values in normally distributed variables
in quantitative data analysis, the Student's #-test was
used. Mann-Whitney U-test was used to compare two in-
dependent groups when the distribution of variables was
not normal. Wilcoxon W-criterion was used to assess the
significance of differences in quantitative variables for
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MIOJOCTPOM CTaJUK FeMOpParun4ecKoro MHCYJIBTa U CTaiuu
PpaHHEro BOCCTaHOBUTEJIBHOI'O IIEPUOfa UILIEMUYeCKOro
WHCYJIBTA (22 CyTOK — 3 Mec.). KoJIM4ecTBeHHYIO OLIEHKY
cozepskaHus MOJIeKyJIsIpHbIX MapkepoB [IHC B cwiBo-
POTKE KPOBU IMAIMEHTOB C NINEMHUYECKUM U reMopparu-
4eCKUM UHCYJIETOM OCYIIECTBJIS/IM METOIOM UMMyHO(dep-
MEHTHOro aHayui3a. Onpenensanu HeHpoTrpodudecKuit
¢daxrop rosioBHoro moara (BDNF), Heliponcnenuduye-
ckyto eHostagy (NCE), 6eok S-100 o6muii (o), mmass-
HbIN Heliporpoduyeckuii pakrop (GDNF), penenrrop-1
¢arropa pocra sunorenust (VEGFR-1). Mosekry/isipabie
MapkepsbI [THC BBIABIIAMN € IOMOIIBIO aBTOMAaTUYECKOTO
MUKPOILIAHIIETHOI'O UMMYHO(hEPMEHTHOI'O aHA/IN3aTopa
Immunomat TM.

HcnosnbaoBanu peakTusbl GupM: CanAg NSE EIA
«FUJIREBIO» (IlIBenms); «R&D systems» (CIIIA);
«ABfrontier» (Kopes); «Sekisui Medical CO» (Imonwus);
«eBio- science» (ABcTpusi); «Cayman chemical» (CIIIA).

CrarucTrYecKuil aHaIu3 IIPOBOJUIIU C UCIIOJIb-
3oBaHueM rmporpaMmbl STATISTICA 10 (pasapaboTumk —
StatSoft.Inc). HoMuHa/IbHBIE JaHHBIE OMHCHIBAIUA C
yKaszaHueM abCOJIIOTHBIX 3HAYeHWH ¥ ITPOIEHTHBIX
posieid. KosndecTBeHHBIe IIOKa3aTeld, HMMelOllue
HOpMaJIbHOE paclpeseseHne, 00beJUHAIN B BapHa-
IMOHHBIE PANBI, B KOTOPhIX IPOBOAUJIN PACYET Cpe-
HUX apudMeTndecKux BeJu4uH (M) U cTaHIapTHBIX
oTKJIOHeHul (SD). B cirydae OTCyTCTBUSA HOPMaJIbHO-
CTH paclpejeseHus1 KoJIM4eCTBeHHble JaHHble IIpe[-
CTaBUJIU B BUJle MeIMAHbI U KBapTuJien (25-75% rpa-
HUIIbI THTEPKBAPTUJIBHOIO OTpe3Ka). /s npoBepKku
XapakTepa paclpejeseHus UCII0JIb30BaIu TecT Kou-
MoropoBa—-CMupHOBa. [Ipy cpaBHEHNY CpEeJHUX BEJIH-
4YUH B HOPMaJIbHO paclipejle/IeHHbIX COBOKYITHOCTSX
KOJIN4eCTBEHHBIX JaHHBIX PACCYUTHIBAIY [-KPUTEPUN
CrpronenTa. [lyig cpaBHeHHA [BYX He3aBHUCHUMBIX
T'PYIII B CJIy4asx OTCYTCTBUSA IIPU3HAKOB HOPMaJlb-
HOTO pacnpejeseHns JaHHbIX UCII0J1b30Baau U-Kpu-
Tepuil ManHa-YuTHu. [[j1s1 aHaIusa CTaTUCTUYECKON
3HAYMMOCTHU pasnnqnﬁ KOJINYE€CTBEHHBIX IPU3HAKOB
JUISI IBYX 3aBUCUMBIX BBIOOPOK IpuMeHsics W-kpu-
Tepuil YUJIKOKCOHA. Pa3muyus cuuTaayu cTaTucTude-
CKY 3HaUYUMBbIMU I1pH p<0,05.

CTaTucTUYecKd 3HAYMMBIX PA3JIMYUN MEXIY
TpyIIaMu He BBIABUIIHA (Ta0J1. 1).

BDNE Copnepskanre MO3TOBOro Heliporpoguye-
CKoro (pakTopa B KPOBH JOOPOBOJIBIIEB KOHTPOJBHON
rpynnsl coctaBuiio 574,5 [455,5; 615] pg/ml. B octpom
nepuoje NilleMU4eCKOro MHCYJIBTa CoJepsKaHue MO3ro-
BOr0 HelpoTpoduueckoro ¢gaxkropa He3HAYUTEJIbHO
CHU’KAJIOCh 110 524 [430; 676] pg/ml, a remopparuue-
CKOT'0 MHCYJIBTa BO3pacTaJio 10 674 [560; 749] pg/ml, uto
CTAaTUCTUYECKU 3HAYMMO OTVINYaJIOCh OT Pe3yJIbTaToOB B
KOHTpOJIbHOU TpymIe (p=0,003). B panHeM BocCTaHOBH-
TeJIbHOM IIepHoJie UIIeMUYeCKOr0 MHCYJIBTA CoflepsKa-
aue BDNF Bospociio 1o 547 [448; 667] pg/ml, a B mogo-

two dependent samples. Differences were considered
significant at P<0.05.

No significant differences were found between the
groups in baseline characteristics (Table 1).

BDNE. The level of brain-derived neurotrophic
factor in the blood of control volunteers was
574.5 [455.5; 615] pg/ml. In the acute period of is-
chemic stroke, cerebral neurotrophic factor level
slightly decreased to 524 [430; 676] pg/ml, and in he-
morrhagic stroke increased to 674 [560; 749] pg/ml,
which was significantly different from results in the
control group (P=0.003). In the early recovery period
of ischemic stroke, BDNF level increased to 547 [448;
667] pg/ml, and in the subacute period of hemorrhagic
stroke, to 664 [616; 762] pg/ml.

NSE. The serum level of neuron-specific enolase in
volunteers of the control group was 4.15 [3.53; 4.8]
ng/ml. In the acute period of ischemic stroke, neuron-
specific enolase level increased to 5.4 [4.4; 6.4] ng/ml
(P<0.001) and in acute period of hemorrhagic stroke to
5.1 [4.4; 6.4] ng/ml. In the early recovery period of is-
chemic stroke and the subacute period of hemorrhagic
stroke, the values were 5.4 [4.4; 6.4] ng/ml (P<0.014) and
5.8 [4.5; 6.3] ng/ml (P<0.003), respectively.

S$-100 protein. The serum S-100 protein level in
volunteers was 4.5 [3.8; 5.4] ng/ml. In the acute period of
ischemic stroke, S-100 protein level was 4.1 [3.4; 4.6]
ng/ml (P=0.031) and in that of hemorrhagic stroke it was
4.9 [4.6; 5.7] ng/ml (P>0.05). In the early recovery period of
ischemic stroke, S-100 protein level was 3.9 [3.0; 4.6] ng/ml
(P<0.014), and in the subacute period of hemorrhagic
stroke, 4.7 [4.1; 6.2] ng/ml (P>0.05).

GDNE. The serum level of glial cell-derived neu-
rotrophic factor in the control volunteers was 1.98 [1.64;
2.1] ng/ml. In the acute period of ischemic stroke, this
parameter was 1.8 [1.6; 2.1] ng/ml (P>0.05), while in that
of hemorrhagic stroke it was 2.4 [2.0; 2.5] ng/ml. In the
early recovery period of ischemic stroke, the parameter
was 1.9 [1.6; 1.9] ng/ml (P>0.05), and in the subacute pe-
riod of hemorrhagic stroke, it reached 2.4 [2.3; 2.6] ng/ml
(P<0.001).

VEGFR-1. The serum level of endothelial growth
factor receptor-1 in control volunteers was 903.5 [626;
1115] pg/ml. In the acute period, these values were: for is-
chemic stroke, 1045 [505; 1440] pg/ml (P>0.05) and for he-
morrhagic stroke, 772 [418; 1130] pg/ml (P>0.05). In the
early recovery period of ischemic stroke, VEGFR-1 level was
987 [523; 1440] pg/ml, and while in the subacute stage of
hemorrhagic stroke, it was 485 [211; 945] pg/ml (P<0.006).

The results of the tests are presented in Table 2.

Results and Discussion

BDNE. The brain-derived neurotrophic factor
plays an important role in the protection of neu-

Tabsmma 1. XapakTepHCTHKA NAIEHTOB 110 BO3PACTy H IIOJTY.

Table 1. Patients’ sex and age characteristics.

Patient group Sex, n (%) Age
male female

Control, n=20 10 (50) 10 (50) 58.4+5.9

Ischemic stroke, n=39 19 (49) 20 (51) 58.9+12.9

Hemorrhagic stroke, n=20 10 (50) 10 (50) 53.4+9.7

Page

PIschemic vs control > 0.05; P hemorrhagic vs control > 0.05

IIpumeuanue. Patient group — rpynmna naiyeHToB; sex — 10J1; male — Myskckoif; female — skeHckuil; age — Bo3pacr.
s Tabar. 1, 2: Ischemic/hemorrhagic stroke — uremMudeckuii/ reMoparuyecKuil HHCYJIBT.
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CTPOM IlepHoJle TeMOPpParu4ecKoro WHCyJabTa — [0
664 [616; 762] pg/ml.

NSE. Conepskanne HelpoHCHeNUMUUECKON eHOo-
JIa3bl B CBIBOPOTKE KPOBHU T0OPOBOJIBIIEB KOHTPOJIBLHOM
rpynnsl coctaBuio 4,15 [3,53; 4,8] ng/ml. B ocrpom me-
puUoJe UIIeMUYeCKOI0 MHCYJ/IBTa CofepsKaHre HelpoHCIIe-
nuduueckon eHosasbl BO3pocyo 1o 5,4 [4,4; 6,4] ng/ml
(p<0,001, aremopparu4yeckoro nHcyisra—>5,1 [4,4;6,4]. B
paHHeM BOCCTAaHOBUTEJBHOM IIepUOfe HIIeMUYeCKOro
HMHCYJIBTa U [IOJOCTPOM Ileprojie reMOpparundeckoro uH-
CyJTBTa ITOKA3aTe I COOTBETCTBEHHO OBITTN PaBHEI 5,4 [4,4;
6,4] ng/ml (p<0,014) u 5,8 [4,5; 6,3] ng/ml (p<0<003).

Besiok S-100. Coznepskanue O6enka S-100 B ChIBO-
POTKe KpOBH I0OPOBOJIBIIEB COCTABUIIO 4,5 [3,8; 5,4] ng/ml.
B ocTpoM niepuozie UIeMruuecKOoro MHCYJIBTA CoflepyKaHue
6eska S-100 cocrasssamo 4,1 [3,4; 4,6] ng/ml (p=0,031), a
IpU reMopparuyeckom uHcynsre — 4,9 [4,6; 5,7] ng/ml
(p>0,05). B panHEeM BOCCTAHOBUATEILHOM IIEPHUOJIE UILIEMU-
YeCKOTo MHCYJIBTa cojepskanue 6esika S-100 cocTaBUIo
3,9 [3,0; 4,6] ng/ml (p<0,014), a B TOJOCTPOM NEPHUOJIE Te-
MOpparunvdecroro nucysnsra—4,7 [4,1; 6,2] ng/ml (p>0,05).

GDNE Copepsxanue inaabHOro HeiipoTpoduye-
cKoro akTopa B CBIBOPOTKE KPOBU JOOPOBOJIBIIEB
KOHTPOJIbHOU I'PyHIIbI paBHsI0CH 1,98 [1,64; 2,1] ng/ml.
B ocTpom neprojie UleMU4ecKOro MHCY/IbTa 9TOT IT0Ka-
3areJib cocrasuJ 1,8 [1,6; 2,1] ng/ml (p>0,05), a remop-
paruueckoro uacyiasra— 2,4 [2,0; 2,5] ng/ml. B panuem
BOCCTA@HOBUTEJ/JIBHOM II€pUoe HWIHIEeMUYECKOTO WH-
CyJIbTa IoKasareJib paseH 1,9 [1,6; 1,9] ng/ml (p>0,05), a
B IIOZJOCTPOM IlepHrojie FeMOpparu4eckoro NHCyJIbTa —
2,4 [2,3; 2,6] ng/ml (p<0,001).

VEGFR-1. Conep:xaHuie B CbIBOPOTKE KPOBH T0OPO-
BOJIbLIEB KOHTPOJIBHOH I'PyIIIbI penentopa-1 daxkropa
pocra aHgoTe s 66110 paBHBIM 903,5 [626; 1115] pg/ml.
B ocTpoM nepuoge 3TU IOKas3aTed COCTABJISIIN: JJIsI
UIeMru4Yeckoro uHcymasra — 1045 [505;1440] pg/ml
(p>0,05) u 1A reMOpparnyecKoro NHCyasra — 772 [418;
1130] pg/ml (p>0,05). B panHEM BOCCTaHOBUTEJILHOM I1€-
puoze UIIeMUYeCKOro MHCYJIBTa cofiepskanue akTopa
pocTa 9HJ0Te U1 COCTaB 10 987 [523; 1440] pg/ml, a B
MOJOCTPOM CTAgUU IeMOpparu4eckoro HHCYJIbTa —
485 [211; 945] pg/ml (p<0,006).

Pe3ymsrarhl HCCIeI0BaHUH IPEICTABUIIA B TAOJI. 2.

Pe3ynbTaThl ¥ 00CYK/IEHHE

BDNE Moarosoii HelipoTpodudeckuii pak-
TOp UrpaeT BAKHYIO POJIb B 3al[UTe HEHPOHOB
IIpU BO3JEUCTBHUM IOBPEKIAIOIINX (PAKTOPOB.
JlaHHBIe TuTepaTypbl CBUIETEIbCTBYIOT O BasKHO-
CTH €r0 UCCJEIOBaHUSA IIPU OCTPBIX HAPYLIEHUIX
MO3roBOro KpoBooOparnieHus. B wacTHOCTH,
HACC/eNOBaHa B3aMMOCBA3b MeEKIy YpPOBHEM
BDNF B cbIBOpOTKE KPOBH, (PPaAKIIMOHHOU aHN30-
Tponueii (PA) 1 PyHKIMOHAIBHBIM pPe3yJIbTaTOM
BO BpeMsi peabuInTaIy Mocje 0OCTPOro NHCYITb-
Ta. Pe3ysbraThl NCCaEeL0BaHUA I0KA3BIBAIOT, YTO
ypoBeHb BDNF B CBIBOPOTKE MOYKET KOPPEJIUpO-
BaThb c DA [11].

B IpocnieKTUBHOM HCC/Ief0BAHNAY, B KOTOPOE
OB1710 BRJTIOYEHO 208 TaI[eHTOB C TEPBBIM UHCYJTh-
TOM B BO3pacTe 0T 18 1o 75 JieT, udy4yau BIUsHUE
¢dakTopoB pucka Ha cojepskanue BDNE Owno
3HAYUTEJIbHO CHUYKAETCA [IPU OCTPOM HUHCYJIBTE.

rons exposed to damaging factors. Published evi-
dence demonstrates the importance of its measure-
ment in acute cerebrovascular accidents. In partic-
ular, the relationship between serum BDNF level,
fractional anisotropy (FA) and functional outcome
during rehabilitation after acute stroke was inves-
tigated. The results of the study show that serum
BDNEF level can correlate with FA [11].

A prospective study of 208 patients with a first
stroke between 18 and 75 years of age examined the
effect of risk factors on BDNF level. It decreases sig-
nificantly in acute stroke. The risk factors negatively
affect BDNF levels (diabetes mellitus, P=0.001; al-
coholism, P=0.003; hypertension, P=0.002; smok-
ing, P=0.001) [12].

A study to elucidate the role of BDNF during
early recovery after ischemic stroke using motor
training was carried out. Fifty ischemic stroke pa-
tients were included in the study. The serum BDNF
was measured in 50 healthy subjects who served
the control group. BDNF levels were found to in-
crease significantly during the motor rehabilitation
phase. Untreated patients had significantly lower
BDNF levels at the endpoint [13].

According to recent studies, BDNF is an im-
portant predictor of improved mobility after stroke.
The aim of this prospective study was to evaluate
the BDNF blood level during day 1 of the first is-
chemic stroke and to find a potential relationship
between BDNF concentration and neurological
status in the acute period, as well as between BDNF
and functional status in the subacute phase of
stroke. The prospective study involved 87 patients
aged 39-99 years (42 women, 45 men) with a first-
ever ischemic stroke. In all subjects the following
assessments were done: blood BDNF level and neu-
rological status according to NIHSS on day 1 of
stroke, comorbidities, etiological type of ischemic
stroke by ASCOD, and functional status on days 14
and 90 after onset using the modified Rankin
(mRankin) scale for neurologic disability. Neurolog-
ical status and BDNF level on day 1 of ischemic
stroke were found to be independent prognostic
factors at mid-term follow-up. Decreased BDNF
level in the acute phase of stroke is a poor prognos-
tic factor with respect to the functional status of pa-
tients on day 90 from the onset of the disease [14].

In our study we found significant differences
in the level of brain-derived neurotrophic factor in
blood serum between the control group and pa-
tients in acute and subacute periods of hemor-
rhagic stroke.

NSE and S-100 protein. A meta-analysis exam-
ining the clinical value of serum neuron-specific eno-
lase (NSE) and soluble human-100 protein (S-100(3)
in patients with acute cerebral infarction (ACI) in-
cluded 13 case-control studies involving 911 pa-
tients with ACI and 686 healthy controls. Results of

the meta-analysis showed that NSE and S-1000 lev-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2021, 17; 5



https://doi.org/10.15360/1813-9779-2021-5-23-34
KianHu4YecKkue UCCIEeN0BaHUA

Ta6Jmua 2. Coaepma}me MOJIERYJAPHBIX MAPKEPOB B CbIBOPOTKE KPOBH INAITMEHTOB C HIIIEMHUYECKHM H IréeMOop-

parn4eCKuM HHCYJIbTOM.

Table 2. The levels of molecular markers in the serum of patients with ischemic and hemorrhagic stroke.

Molecular marker

Groups

Pvalue

IControls

Ischemic stroke, n=39

Hemorrhagic stroke, n=20

n=20 2Acute period

(days 4-21)

3Early recovery
period (day 22 —
6 months)

“Acute period SSubacute period
(days 2-21) (day 22 —
3 months)

BDNE pg/ml 574.5 [455.5; 615] 524 [430; 676]

547 [448; 667]

674 [560; 749] 664 [616; 762] P, ,>0.05
P, 5>0.05
P,_=0.003

P,_5=0.0001

NSE, ng/ml 4.15[3.53; 4.8] 5.4 [4.4;6.4]

5.4 [4.4;6.4]

5.1 [4.4; 6.4] 5.8 [4.5; 6.3] P,_,<0.001
P, 5<0.001
P, =0.014

P, +=0.003

S-100 protein, ng/ml 4.5 [3.8; 5.4] 4.1 [3.4; 4.6]

3.9 [3; 4.6]

4914.6;5.7) 4714.1;6.2] P,_,=0.031
P,_5=0.014
P,_>0.05

P, 5>0.05

GDNE ng/ml 1.98 [1.64; 2.1] 1.8 [1.6; 2.1]

1.9 [1.6; 1.9]

2.42;2.5] 2.42.3; 2.6] P,,>0.05
P, ;>0.05
P, =0.002

P, 5<0.001

VEGFR-1, pg/ml 903.5 [626; 1115] 1045 [505; 1440]

987 [523; 1440]

772 [418; 1130]* 485 [211;945]* P, ,>0.05
P, 5>0.05
P, ;>0.05

P, 5<0.006

Note. * — significant intergroup difference, P<0.05.

IIpumeuanmue. Acute — oCTpBIN; early recovery — paHHeTo BOCCTaHOBJIeHHs; subacute — mogocTperil; BDNF — Mo3roBoit
Heliporpoduueckuit parrop; NSE — HellpoHcnenuduueckas enosnasa; GDNF — ruanbHbIA HelipoTpodudeckuil gpaxrop;
VEGFR-1 — penenrop-1 hakTopa pocTa 9HIOTENIH. * — IPHU MEKTPYNIIOBOM CPAaBHEHUH HMeeT MeCTO 3HaYNMOe pa3Inine

3HAYeHNH 3a aHAJTOTUYHBIN nepuof, p<0,05.

®akTopbl pUCKa OTPULIATEJIBHO BJIUAIOT HA YPO-
BeHb BDNF (mmabert, p=0,001; anrkorosuam, p=0,003;
runepronus, p=0,002; kypenue, p=0,001) [12].

IIpoBeneHo uccienoBaHue, HalpaBJIEHHOE
Ha BeIAcHeHUe poau BDNF Bo BpeMmsa paHHero
BOCCTAHOBJICHH A ITOCJI€ UIIIEMAYECKOI0 MHCYJIbTa
C IIOMOIIIBIO IBUTaTe/IbHOM TPEeHNPOBKU. B uccie-
IoBaHMe OBLIX BKJIIOYEHBI 50 ManreHToB, nepe-
HEeCIINX UIIeMUYEeCKAN UHCYBT. )1 cCpaBHEeHUA
ceiBopoTouHbli BDNF 6511 n3mepeH y 50 3mopo-
BBIX JIOfedl. BpII0 0OHApy)KeHO, YTO YPOBHH
BDNF 3HauuTeJIbHO YBEJIUYHUBAIOTCS BO BpeMs
(pasw1 nBUTATETHEHON peabunuTanuu. Y He jJede-
HBIX ITAITMEHTOB B KOHEYHOH TOUKe ypoBeHb BDNF
OBLJI 3HAUYUTEJILHO HIKe [13].

CortacHO HeJaBHUM HCCJIeJOBAaHUAM, HEH-
porpodudeckuii (akToOp TOJOBHOIO MO3ra
(BDNF) umeet O0JIbITIOE 3HAYEHUE JJIsI TPOTHO3a
VIY4YIICHHUsA TOABUKHOCTH IIOCJI€ MHCYJIBTA.
[Tespr0 9TOr0 IPOCIHEKTUBHOIO HCCJIENOBAHUA
Ob1710 O11eHNTH KoHTeHTparuio BDNF B kpoBu B
TedyeHne 1-ro JHA IIepBOr0 MIIEMHAYECKOIO
WHCY/IBTa U HAUTU IOTEHIUAJIBHYIO CBSI3b MEYKTY
koHueHTpanueil BDNF u HeBpoJioruueckum cra-
TYyCOM B OCTPOM IIepuoje, a Takske Mmexkay BDNF u
(pyHKIIMOHAIBHBIM CTAaTyCOM B IIOJOCTPOU (ase
HUHCYJIbTA. B MIPOCIIEKTUBHOM UCCJIE€JOBaHNU y4a-
CTBOBaJIY 87 IanreHToB B Bo3pacte 39-99 Jset (42

SKEHIIUHBI, 45 MYKYUH) C IePBBIM B YKU3HU HUIIIe-

els were significantly higher in patients with ACI
than in controls. Subgroup analysis based on eth-
nicity showed that serum concentrations of NSE
and S-1003 were significantly higher in patients
with ACI than in controls in the Asian population.
In the European population, the serum NSE level
in the case group was significantly higher than in
the control group, but there were no significant dif-
ferences between patients with ACI and controls.
Based on these results, the serum NSE and S-100
levels strongly correlated with ACI in the Asian pop-
ulation and could be important clinical markers for
the diagnosis and treatment of ACI [15].

The diagnostic value of total tau protein (T-tau),
calcium-binding protein S100B and neuron-spe-
cific enolase (NSE) as blood biomarkers in acute is-
chemic stroke (AIS) and transient ischemic attack
(TTA) was analyzed to identify correlation with
symptoms and signs, brain infarction size, etiology
and outcome. 102 patients with stroke and 35 with
TIA were analyzed. T-tau was found to be higher in
patients with stroke. S100B levels were also in-
creased in stroke patients compared with TIA pa-
tients. However, when the results were adjusted for
distorting factors, their significance was lost. T-tau
and S100B levels significantly correlated with cere-
bral infarct volume. The mRS scores after three
months of follow-up correlated with T-tau and
S100B levels [16].
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MHYECKUM WHCYIBTOM. Y BCEX UCIBITYEMBIX OBLIT
NIpOBeJieH CJeNyIOIUN aHaan3: KOHI[eHTpalus
BDNF B KpOBM M HEBPOJIOTHUYECKUU CTaTyC IO
NIHSS B 1-ii neHb WUHCYJIBTA, CONMYTCTBYIOIINeE
3aboJieBaHUsA, ITHOJOTUYECKUH TUI UIIEMUYeE-
ckoro nHcyasra 1o ASCOD u pyHKIIMOHAJIBHBIN
craryc Ha 14-if u 90-i1 AeHp Iocje Hayajda Io
mkaJsie mRankin. YcTanoBsieHo, UYTO HEBPOJIOTU-
4yecKuu craryc u cogepskanue BDNF B 1-i1 neHb
HUIIEMHUYECKOr0 MHCYJIbTa ABJAIOTCA HE3aBUCH-
MBIMU IPOTHOCTUYECKUMU (haKTOPaMHU IIPU CPeJ-
HecpoyHOM HaOmoneHny. CHIPKeHre KOHIIEHTpa-
nuu BDNF B ocTpoil ¢pase MHCy/IbTa ABJSIETCSA
(pakTOpPOM IJIOXOTrO NMPOTHO3a C TOYKU 3PEHUs
(pYHKIMOHAJIBHOTO CTaryca nanueHToB Ha 90-e
CYTKH OT HavaJsia 3abosieBanus [14].

B Hammx HaOTIOEHNSIX YCTAaHOBJIEHBI CTATH-
CTUYECKU 3HAYMMBbIE pa3/In4us COgepsKaHusAa MO3-
TOBOTO HeMpoTpoduyecKkoro hakTopa B CbIBOPOTKHU
KPOBU Me3K]Ty TPYIIIION KOHTPOJIA ¥ BO3pacTaHUEM
€ro CoepyKaHus B OCTPOM U IIONOCTPOM IIepUOJax
reMOpparn4ecKoro NHCYJIBTa.

NSE u besiok S-100. MeTta-aHaaua 1o UCCIe0-
BaHUIO KJIMHUYECKON IIEHHOCTU COfIep>KaHUsl B
CBIBOPOTKE HEHpOH-creriduiecko aHos1a3bI (NSE)
u pacTBOpuMoro 6esika gesoBeka-100p (S-100B) y
MMalMeHTOB C OCTPBIM HH(PAPKTOM TOJOBHOIO
moasra (ACI) Britouas 13 ucciegoBaHuil cirydan-
KOHTPOJIb, B KOTOPBIX y4acTBOBa/ X 911 manueH-
ToB ¢ OKU 1 686 310pOBBIX JTI0JIei 13 KOHTPOJIb-
HOW rpynnsl. Pe3ysisraTsl MeTaaHaIM3a IOKa3aJIy,
uyTo KoHIeHTpanus NSE u S-100p y nanueHToB ¢
OKU Ob171a 3HAYMTETHHO BHIIIIE, Y€M B KOHTPOJIh-
HOU rpynne. AHa/I13 NOATPYII, OCHOBAaHHBIN Ha
9THUYECKOU NPUHAAJIEKHOCTH, IIOKa3as, 4To
ceIBOpoTo4yHas KoHueHTpauuss NSE u S-100p y
marenToB ¢ OKV GbL/1a 3HAYNTEIHHO BBIIIIE, YEM
B KOHTPOJIBHOH I'PyIIIIe B a3UaTCKOU MOMYJIAINHN.
B eBpomneiickoil MOMyJIAIMY CHIBOPOTOUHAST KOH-
nenTpanusd NSE B rpymnme ciaydaeB Oblia 3HaAYM-
TeJIbHO BBIIIle, YeM B KOHTPOJIbHOU I'pyIIie, HO
He HabJI0aan0ch 3HAYUTEJHHBIX Pa3IMYAi
Meskay nanueHTaMu ¢ ACI 1 KOHTPOJIBHOU I'pyTI-
noii. OCHOBBIBAsICH Ha MOJIyYEeHHBIX pe3yJbra-
Tax, CIeJaHoO 3aKJIYeHNe, YTO KOHIIeHTpanuu
NSE u S-100f B CBIBOPOTKE CHJIBHO KOppeJIu-
pyiotr ¢ ACI B a3maTCKOU NOMyJIAIUNA U MOTYT
OBITh BAKHBIMHU KJIMHUYECKUMH MapKepaMHu s
nuartoctuku u gedenusi ACI [15].

[IpoBeneH aHaIM3 JUArHOCTUYECKOM IIEHHO-
ctu obero Tay-6eska (T-tau), KaabIIAI-CBA3BI-
Barorrero 6esika S100B u HelipoH-CcrerupuIecKoi
anoJsa3el (NSE) B KauecTBe 6MOMapKepOB KPOBU
IIpU OCTPOM HIIEMHUYECKOM HHCyabre (AIS) m
TpaH3UTOPHOU wuniemuueckoil arake (THA) c
[1eJIBIO BBISABJIEHUS KOPPEJALUNA C CAMIITOMAaMY,
pasMepoM HH(apKTa MO3Ta, 3TUOJIOTUEN U UCXO-
oM. [IpoananusuposaHo 102 manueHTa ¢ MHCYJIb-
ToM u 35 ¢ TUA. PeaynbraTel: T-Tay OB BBIIIE ¥

In order to predict the short-term outcome of
acute ischemic stroke, somatosensory evoked po-
tentials (SEP) and biochemical parameters [neu-
ron-specific enolase (NSE) and S100 protein] were
analyzed in a prospective study. In 31 patients with
first middle cerebral artery infarction, serum NSE
and S100 protein were measured daily between 1
and 6 days after stroke. The N20 and N70 compo-
nents of SEP (SEP20 and SEP70) were determined
on days 1 and 6. SEP and biochemical markers in
stroke patients were compared with those in con-
trols. Specificity and positive predictive value were
high at day 1 for SEP (SEP20: 100% for both; SEP70:
93 and 88%, respectively) compared with lower val-
ues for NSE (67 and 50%) and S100 (23 and 57%). In
contrast, S100 showed the highest sensitivity on day
1 with 77% versus the relatively low sensitivity of
NSE (31%) and SEP (35% for SEP20 and 47% for
SEP70). Biochemical markers showed improved
sensitivity over time with better values (>90%) be-
tween days 3 and 4. SEP analysis can distinguish a
positive outcome from an unfavorable one early in
the course of disease and reliably predict a poor
outcome. Since biochemical markers and SEP com-
plement each other in stroke prognosis, the com-
bined use of these markers is promising [17]

Our findings showed significant differences in
neuron-specific enolase level between the control
group and patients with the acute stages of is-
chemic and hemorrhagic stroke, as well as the early
recovery stage of ischemic stroke and the subacute
period of hemorrhagic stroke. The level of S-100
protein significantly decreased in the acute and
early recovery period of ischemic stroke.

GDNE The glial cell-derived neurotrophic fac-
tor (GDNF) has a strong neuroprotective effect in
various diseases of the nervous system, including
ischemic brain damage and neurodegenerative dis-
eases. The effect of GDNF on the ultrastructure and
functional activity of neuron-glial networks during
acute hypoxia was studied. Hypoxia simulation was
performed on day 14 of cultivation of primary hip-
pocampal cells derived from mouse embryos (E18).
GDNF (1 ng/ml) was added to the culture medium
20 min before oxygen deprivation. Irreversible
changes in the ultrastructure of neurons and astro-
cytes caused by acute hypoxia resulted in loss of
functional Ca2+ activity and disruption of the neu-
ronal network. Destructive changes in mitochon-
dria and their functional activity, characterized by
an increase in basal oxygen consumption rate and
complex II respiratory chain activity with a de-
crease in stimulated respiration intensity, were ob-
served 24 hours after hypoxic injury. At a concen-
tration of 1 ng/ml, GDNF maintained the
functional activity of the metabolic network in pri-
mary hippocampal cultures and preserved the
structure of the synaptic apparatus and the number

of mature chemical synapses, confirming its neu-
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IMalMeHTOB ¢ UHCYyAbTOM. KoHnenTpanuu S100B
Tak)Ke OBLIA YBEJTNYEHBI y MAITUEHTOB C WHCYJIb-
TOM II0 CpaBHeHUIO ¢ manueHTamu ¢ TTIA. OmHako,
KOT/Ia pe3yJIbTaThl ObLIM CKOPPEKTUPOBAHEI C yUe-
TOM HCKaKaIOMMX (DAKTOPOB, UX 3HAUYEHUE OBLIO0
notepsiHo. Koanentpanuu T-tau u S100B craTu-
CTUYECKU 3HAYMMO KOPPEJTUPOBAIH C 00 bEMOM
nH(papKTa rosoBHOro Mo3sra. [lokazaresn mRS
Jepes TpU MecsIIia HabJIIoeHsT KOPPEeJTHUPOBaIN
¢ T-tau 1 kounenTparueir S100B [16].

B njes1X IpOrao3upoBaHusl KPATKOCPOYHOTO
HCX0Ja OCTPOr0 UIEMHAYECKOI0 NHCYJIBTA [IPOBe-
JIeH aHAJIN3 COMAaTOCEHCOPHBIX BHI3SBAaHHBIX IOTEH-
nrasoB (SEP) 1 OMOXMMIUYeCKIX TapaMeTpoB [Hel-
poH-crienuduyueckast enosrasa (NSE) u 6e10x S100]
B IIPOCIIEKTUBHOM MCCJIefoBaHuu. Y 31 nanueHra
¢ 1-M uH(papKTOM CcpelHEW MO3TOBOU apTepuu
ceiBoporounblit NSE u 6esiok S100 usmepsiyiv esxe-
JHEBHO MeyKIy 1- u 6-M JHAMHU I10CJIe WHCYJIBTA.
Kommounenter N20 m N70 SEP (SEP20 u SEP70)
ompenesisiiiv B 7uu 1 u 6. SEP 1 6uoxumudeckue
MapKephbl Y IallMeHTOB C NHCYJIETOM CPaBHUBAJIU C
TaKOBBIMU B KOHTPOJIBHOU rpymre. Cnenudud-
HOCTbB U TTOJIOKUTEJIbHASA TPOTHOCTUYECKAs IeH-
HOCTB OBLJIM BHICOKMMU B JeHb 1 misa SEP (SEP20:
100% muist oooux; SEP70: 93 1 88% COOTBETCTBEHHO)
TI0 CpaBHEHMUIO ¢ 60JIee HUSKUMU 3HAYEHUSIMU [TJTST
NSE (67 1 50%) n S100 (23 u 57%). Hanporus, S100
IOKa3aJI HAMBBICLIYIO YyBCTBUTEJIBHOCTD B IeHb 1
€ 77% 110 CpaBHEHUIO C OTHOCUTEJIHHO HU3KOU UyB-
crButesabHOCTBIO NSE (31%) u SEP (SEP20: 35%,
SEP70: 47%). bBuoxuMmnyeckrie MapKepbl NOKA3a/I1
YJIydllleHre YyBCTBUTEJIbHOCTH C TCYCHUEM BpeMe-
HY C JIYYIIUMHU 3HaYeHusAMU (>90%) Mexay 3-M u
4-m nusamu. AHanu3 SEP MoskeT Ha paHHeM aTamne
OTIMYHUTH TO3UTUBHBIN PE3yJIBTaT OT HeOIaronpu-
SITHOTO Y1 HAJIe3KHO ITpeJICKa3aTh IIJIOX0M pe3yJIbTrarT.
[TockosbKy OWOXMMHYECKHe Mapkepbl u SEP
JOIIOJIHAIOT APYT IpyTra B IIPOTHO3€ UHCYJIETa, KOM-
OMHMpPOBAHHOE TIpUMEHEHHEe 9THUX MapKepoB
ABJIACTCA IePCIIeKTUBHBIM [17]

JlanHble HAIITUX MCCJIEJOBAHUN CBUIETEIh-
CTBYIOT O CTaTUCTUYECKU 3HAYUMBIX Pa3JINIUAX
cojlepsKaHusI HEUPOH-CcIenuuIecKoi eHoIa3bl
MEYKly TPYNIIOH KOHTPOJSI U BO3pacTaHUEM ee
COJlepsKaHUs B OCTPBIX CTAAUAX UIIIEMUUECKOTO 1
reMOpparu4yecKkoro UHCYJIBTOB, a TAaK)Ke CTaguen
paHHETrO0 BOCCTAaHOBJIEHUS MPU HIIEMUYECKOM
HWHCYJIBTE U IIOJOCTPBIM IIEPUOIOM IreMopparnye-
ckoro nHcyaeTa. Comepsxanne 6eska S-100 craTu-
CTUYEeCKM 3HAauYMMO CHH’KAJIOCh B OCTPOM WU
Mepurojie paHHEeTO0 BOCCTAHOBJIEHUS MIPU UIITEMU-
YEeCKOM MHCYJIBTE.

GDNE Heliporpoduyeckuii ¢pakrop, mosay-
YeHHbIU U3 NINaJIbHbBIX KjiIeToK (GDNF), okasbiBa-
€T BhIpa)KEHHOE HEeUPOIPOTEKTOPHOE JIeiCTBHUE
MIPY pa3JIMYHBIX 3a00JIeBAaHUAX HEPBHOU CHUCTe-
MBI, BKJIIOUAS UIITeMUYeCKoe IOBPeKIeHne MO3Ta

n HeﬁpOﬂeFEHepaTI/IBHI)Ie 3a00JIeBaHMUsI. I/ISY'-IeHO

roprotective effect and supporting the normal
structure of mitochondria. Analysis of the possible
mechanism of GDNF action revealed that the RET
kinase, a component of the receptor complex, and
the PI3K/Akt pathway are crucial for the neuropro-
tective effect of GDNE The present study also re-
vealed the role of GDNF in the regulation of HIF-1a
transcription factor expression under hypoxia [18].

Astrocytes, oligodendrocytes and microglia
play an important role in regulating processes in the
physiological state and in diseases of CNS. After dis-
covering that the addition of conditioned medium
from astrocyte cultures can support the survival of
primary neurons in vitro, a potent glial cell-derived
neurotrophic factor (GDNF) was identified. The re-
lationship between neurotrophic factor and glia is
crucial for both the developing and adult brain.
BDNF and GDNF have been found to be important
for glia-mediated synapse formation [19].

VEGFR-1. The vascular endothelial growth
factor receptor -1 plays an essential role in the reg-
ulation of VEGF function. Vascular endothelial
growth factor (VEGF) is involved in various mech-
anisms of brain damage and repair in cerebrovas-
cular accidents. Patients with acute ischemic stroke
with higher serum VEGF levels and larger brain in-
farct volume were found to be more likely to de-
velop post stroke cognitive impairment (PSCI) 3
months after the stroke. [20].

Excessive VEGF disrupts intracellular barriers,
increases vascular plexus endothelial permeability,
causes edema, and contributes to hydrocephalus
and subarachnoid hemorrhage. [21]. The inhibitory
functions of miR-145 on angiogenesis through a di-
rect effect on VEGF-A were revealed for the first
time [22]. The spatial organization of vascular en-
dothelial growth factor (VEGF) signaling is a key
factor in vascular pattern formation during tissue
development and repair. The importance of astro-
cytes in controlling VEGF functions to influence
angiogenesis processes was emphasized [23]. Al-
though plasma VEGF level increases after stroke
onset, its importance for functional outcome may
differ depending on stroke subtypes [24]. The
VEGF/VEGEFR signaling system, originally found in
the vascular system and acting specifically there, is
critical for neural development, neural homeosta-
sis, and recovery from neuronal damage [25]

In recent years, several diagnostic panels have
been proposed to diagnose stroke and predict its
outcome [26, 27].

A panel of 5 protein markers selected from
more than 50 proteins [S100B, B-type neutrophic
growth factor (BNGF), von Willebrand factor (vWF),
MMP-9, monocyte chemotactic protein-1] was
evaluated in 223 patients with acute stroke (82 is-
chemic, 103 hemorrhagic) and 214 healthy sub-
jects. Plasma samples were examined within 6
hours after stroke onset. In this study a biomarker
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BausgHue GDNF Ha yapTpacTpyKTypy U (OyHKIIHO-
HaJIbHYI0O AaKTUBHOCTh HEUPOHHO-INIMAJIbHBIX
ceTeil BO BpeMsi OCTPOTO TMIIOKCUYECKOT0 BO3-
JeiicTBus. MogesrpoBaHe TMIIOKCUU BbIIIOJIHSA -
JIM Ha 14-11 NeHb KYyJIBTUBUPOBAHUS IEPBUYHBIX
KJIETOK TUIIIOKAMIIA TIOJTYYEeHHBIX N3 9IMOPHOHOB
wmbima (E18). GDNF (1 Hr/mi) no6aBJ/isijiv B KYJTb-
TypaJIbHYIO cpeny 3a 20 MUH A0 KHUCJIOPOLHOIO
rononanusi. HeobparuMble N3MeHEHUs YIbTpa-
CTPYKTYPbI HEDOHOB U ACTPOLIUTOB, BEI3BAHHBIE
OCTPOU rMNoOKcHel, IPUBOIUIU K IoTepe PyHK-
IMOHAJBHON akTuBHOCTU Ca?* U HapyIIeHUIo
paboThI HEHPOHHOU ceTH. [leCTPyKTUBHBIE U3Me-
HEHUs MUTOXOHIPHAJbHOIO ammapara u ero
(pYHKIMOHAJIBHON aKTUBHOCTH, XapaKTepU3YI0-
Iyecss yBeJaWdeHWeM 0a3aJbHOM CKOPOCTH
MoTpedJ/IeHnsT KHUCA0po/ia M aKTUBHOCTU KOM-
miekca Il npixaTe/IbHOU Ileny IIPU CHUSKEHUU
WHTEHCUBHOCTY CTUMYJIHPOBAHHOIO [BIXaHWS,
Hab/TI0MaINCh Yepel 24 Jaca MocJie TUIIOKCHYe-
CKOTO IIOBpeXIeHusA. B KoHneHTpauuu 1 Hr/mi
GDNF nognepsxkuBas pyHKIIMOHAJIBHYIO aKTHB-
HOCTH MeTabOJIMYECKON CeTH B IEPBUYHBIX KYJTb-
Typax TANIIOKaMIIa, ¥ COXPaHslJI CTPYKTypPY CHHAII-
TUYECKOr0 amiiapara M KOJIMYEeCTBO 3PeJibIX
XUMHWYECKUX CUHAIICOB, IIOATBEPsKAasi ero Helpo-
MPOTEKTOPHBIN 9P EKT, Mo ep KUBaI HOPMaJIb-
HYIO CTPYKTYPY MUTOXOHAPUH. AHAJIN3 BO3MOK-
goro mexanuaMa GDNF nmokasast, uro kmHasa RET,
KOMIIOHEHT PelenTOPHOro KOMILJIEKCa, U IIyTh
PI3K/Akt umeroT peraoiiiee 3Ha4eHUE AJIs1 Hel-
poniporekropHoro adpderra GDNE Hactosiiee
HWcCIeqOBaHNE TakKske BbIABWJIO posib GDNF B
peryJisifuu aKCIpeccuu (pakropa TPaHCKPUIIIIUN
HIF-1la B yciioBuaX runokcuu [18].

ACTpPOIUTHI, OJUTIONEHIPOLUTHI U MUKPO-
INIMA UTPalOT Ba)KHYIO POJIb B PEryJiMpOBaHUU
IIPOIeCCOB B (PpU3NOJIOTUUYECKOM COCTOSIHUU U
pu 3aboseBanusx [[THC. TTocye Toro, Kak OBLIO
0OHapy)KeHO, YTO Mo0aBJIeHNe KOHIUIMOHUPO-
BAaHHOU cpeJbl U3 KYJBTYpP aCTPOIIUTOB MOSKET
oA gep>KUBaTh BbKUBaHNe IepBUYHBIX HeHpo-
HOB in vitro, 66171 00HapPY>KEH MOITHBI HEHPOTPO-
dudveckuii pakTop WiMaJbHBIX KJIeToK (GDNF).
OtHourenus mesxkay NTF u mineii umeror pemiaio-
Iee 3HaYeHNe Kak JJI Pa3BABAIOLIETOCs, TaK U
JIJIA1 B3POCJIOTO Mo3ra. ¥YcraHosJjieHo, uTo BDNF u
GDNF BaykHBI 17151 OTIOCPEI0BAHHOTO IKel o0pa-
30BaHHUA CUHAIICOB [19].

VEGFR-1. Penienitop-1 ¢akTopa pocra 9H]10-
TeJIM COCYIOB UTPaeT BYKHYIO POJIb B Pery/sanun
¢ynkunonuposanus VEGE ®aktop pocTa aHmo-
Tesus cocynoB (VEGF) yyacTByeT B pasJ/IMYHBIX
MeXaHM3Max IIOBPeKICHUsI U BOCCTAHOBJICHUS
MO3ra IIPY OCTPBIX HapyUIeHUAX MO3TOBOI0 KPO-
BOOOpaIeHus.. YCTaHOBJIEHO, YTO Y MTAIIIEHTOB C
OCTPBIM UIIIEMIYECKUM UHCYJIBTOM C O0JIee BBICO-
KUM ypoBHeM cbiBopoTouyHoro VEGF u 6obmmm
ob6bemMoM WH(papkTa Mo03ra ¢ O0JbIIed Bepo-

panel distinguished patients with stroke from
healthy control with a sensitivity of 92% and a
specificity of 93% [28].

Principles of personalized medicine should be
considered when studying molecular biomarkers in
stroke. Various aspects such as stage of disease, age,
lifestyle factors, and stroke subtypes could be im-
portant in the context of identifying stroke bio-
markers. With the advent of omics, neuroimaging,
big data and precision medicine, well-designed tri-
als of stroke biomarkers will greatly improve the
treatment of the disease, which affects millions of
people worldwide each year [29].

Conclusion

Our study revealed different levels of molecu-
lar markers in the acute period of ischemic and he-
morrhagic stroke, the early recovery period of is-
chemic stroke and the subacute period of
hemorrhagic stroke. In the acute period, the early
recovery period of ischemic stroke, and the suba-
cute period of hemorrhagic stroke there is an in-
crease in the serum level of specific neuron enolase.
The serum level of cerebral neurotrophic factor
rises significantly in the acute and subacute periods
of hemorrhagic stroke. In acute and early recovery
period of ischemic stroke the level of S-100 protein
decreases. The level of glial cell-derived neu-
rotrophic factor increases in the acute and suba-
cute periods of hemorrhagic stroke. The concentra-
tion of endothelial growth factor receptor-1
decreases significantly in the subacute period of
hemorrhagic stroke, and its value significantly dif-
fers from that in the early recovery period of is-
chemic stroke.

ATHOCTBIO Pa3BUBAIOTC KOTHUTUBHBIE HApYIIIe-
Hus (PSCI) uepes 3 mecAna rocje nHCyasTa. [20].

UpesmepHoe cogepsxkanue VEGF Hapymiaer
BHYTPUKJIETOUHbIe Oapbephl, YBeJIUUUBAET IIPO-
HUIIA€MOCTb 9HAOTEJIUs COCYAUCTOrO CILJIETEHUS,
BBI3BIBAET OTEK, CIIOCOOCTBYET Pa3BUTHIO TUIPO-
nedaanu U cydbapaxHOUAAJbHBIX KPOBOU3JINA-
Huii [21]. BriepBble BBISABJIEHBI MHTUOUPYIOIINE
¢yakumu miR-145 Ha aHTHOreHEe3 TOCPEACTBOM
npsamoro BiusHuA Ha VEGF-A [22]. [IpocTpaH-
CTBEHHas OpraHu3anys rnepefadyy CUTHasI0B (pak-
Topa pocra agporesaust cocynos (VEGF) asisierca
KJII0YeBBIM (haKTOpOoM (popMUpOBaHUA NTaTTepHa
COCYZ0B BO BpeMsI pa3BUTUs U BOCCTAHOBJIEHUS
TKaHel. [loquepkrBaeTcs BayKHOCTb aCTPOLIUTOB
B ynipaBJieHnu pyukiuamu VEGF 014 BiiusAHuA Ha
Ipoleccsl auruorexHesa [23]. HecMmoTps Ha T0, 4TO
cogepsxkanne VEGF B mjasMe yBeJIMYMBaeTCA
IocJie HavaJsia MHCYJIBTa, ero 3HaueHue A5 pyHK-
IIMOHAJIBHOTO pe3y/brara MOsKeT ObITh pa3Jiny-
HBIM JIJIs1 IOATUIIOB UHCYJBTA [24]. CucTema nepe-
Jaun curHajioB VEGF/VEGFR, nepBoHa4aJ/ibHO
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oOHapy)KeHHas1 B COCYIHCTON CHCTeMe U [el-
CTByIOIIIasd KOHKPETHO B COCYOUCTOH CHCTEME,
HATpaeT BaYKHYIO POJIb B HEPBHOM Pa3BUTHH, HEPB-
HOM TIOMeOoCTa3e M BOCCTAaHOBJIEHUU TIOCJE
TOBpesKAeHNsI HeMPOHOB [25].

B nmocJsieqHME rOABI NpEeqJIOsKEeH P JUArHO-
CTUYECKUX ITaHeJIeH NJIs MMarHOCTUKU U TIPOTHO-
3UpOBaHUA UCX0[a UHCYJbTA [26, 27].

[IpoBeneHa olleHKa aHEJ N U3 5 OEJTKOBBIX
MapKepoB, 0TOOPaHHBIX OoJee yeM u3 50 6eTKOB
(S100B, dakTop HeilTpoTpodHOTO pocTa B-Tuna
(BNGF), paxrop ¢on Bumtebpanma (VWEF), MMP-9,
XeMOTaKCUYeCKUNl 0eJIOK MOHONUTOB-1) y 223
MManeHTOB C OCTPBIM MHCYABIOM (82 uinemMuye-
ckux, 103 remopparuydeckuii) u 214 370pOBBIX
goneti. O6pasibl M1a3Mbl HCCJIEN0BAJIN B TeUe-
HHUe 6 4acoB IIOCJIe HadaJja MHCYJIbTa. HCYJIbT
OTJIAYAJICA OT KOHTPOJIA C YyBCTBUTEJIBHOCTBHIO
92% u cienupuuHOCTHIO 93% [28].

B ncciiemoBaHny MOJIERYISIPHBIX OMOMapKe-
POB IIpU UHCY/IBTEe HEOOXOAMMO YUYUTHIBATh IPUH-
IIUIIBI TEPCOHATM3NPOBAaHHON MeTUIIMHBL. O0CY K-
JAIOTCS YCJIOBUSI B ONpeeeHnr OMOMapKepoB
WHCYJIBTa, BRJIIOYAsi 9TAIlbl pa3BUTHUs 3a0oseBa-
HUSI, C y9eTOM BO3pacTa, (PakTOpOB 0O6pasa sKU3HU
U IIOATUNOB MHCYJIETA. C IIOABJIEHUEM «-OMHYe-
CKUX» MCCJIEIOBAHNH, HEIPOBU3YaIN3aIIHH, 00/Th-
WX JAaHHBIX ¥ TOYHOU MEIUIIMHbBI XOPOIIIO CILjIa-
HUPOBaHHBIE UCIBITaHUsI OMOMapKePOB MHCYJIBTa
3HAYNTEJIBHO YIIyUIlaT JJedeHre 60Je3HH, OT KOTO-
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poi esKerofgHo CTPajaloT MUJIJIMOHBI JIIOJEN BO
BCceM Mupe [29].

3akJrouenue

IIpoBeneHHBbIE WCCAETOBAaHUS CBUIETETb-
CTBYIOT O Pa3/JINYUsIX B COLEPKAHIU MOJIEKYJISIP-
HBIX MapKepOB IIPY UIIIEMUYeCKOM U reMOpparu-
YeCKOM WHCYJIbTe B OCTPOM Ilepuojie, Mepuoje
paHHEero BOCCTaHOBJIEHUsI IIPHU HIIEMHUYECKOM
WHCYJIBTE U MOAOCTPOM IIEepPHOfie TeMopparnde-
CKOr'0 MHCYJIBTa. B ocTpoM nepuoze, nepuoze pas-
HEr0 BOCCTAaHOBJIEHWs IIPU HIIEeMHUYECKOM
WHCYJIBTE, TI0JJOCTPOM IlepHrojie FeMOpparuiecKko-
IO MHCYJIBTa OTMeYaeTCsl BO3pacTaHue ComepiKa-
HUA B CBIBOPOTKE KPOBU OesTka HeHpoH-crenudu-
yeckoil eHosasbpl. CojepskaHue MO3TOBOIO
HelpoTpoduyeckoro ¢akTopa B CHIBOPOTKE
KPOBU JIOCTOBEPHO BO3PACTAET B OCTPOM H II0OJI0-
CTPOM IlepHofAax reMopparuieckoro MHcyabra. B
OCTPOM U IlepUojie paHHET0 BOCCTAHOBJIEHU IIPU
UIIeMUYECKOM UHCYJIBTe CHIKAETCSI COJEePIKaAHNe
Oesika S-100. Bo3pacTaeT coneprkaHue WIHAJIBHO-
ro He¥poTpoduyeckoro (arkTopa B OCTPOM U
IIOJOCTPOM II€PUOJaX FeMOPPArnieCcKOro NHCYIIb-
Ta. CTaTUCTUYECKU 3HAYUMO B MogJOCTPOM IMEPUO-
e TeMOpparnyeckoro WHCYJIBTA CHUKAETCS
cojepskaHue penenropa-1 ¢pakropa pocra aHg0-
Tesiusi. IIpuyeM, ero 3HaueHHE CTATUCTUYECKU
3HAYMMO OT/INYAETCs OT 3HaYEeHUH Ieprofa paH-
HEro BOCCTaHOBJIEHUSI HIIIEMIYECKOTO NHCYJIBTA.
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