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Ileqb — OLIEHUTH KJIMHUYECKYIO 3HAYMMOCTh OroJiorundeckux Mmapkepos [THC npu uilrteMru4eckoM HUH-
CyJIbTE.

MarepuaJj ¥ MeToabl. MeTo10M UMMYHO(MEPMEHTHOTO aHAJIN3a IIPOBEJIN KOJINIECTBEHHYIO OI[EeHKY
conepskaHusi 6momapkepoB LIHC B CHIBOPOTKE KPOBH MAIlMEHTOB C HAPYIIEHUsIMU MO3TOBOT'0 KPOBOOO-
palleHus 10 ulleMuyeckomy Tuily. MccinegoBanu HelipoHcnennduueckylo eHos1a3y, HeHpoTpopudecKuit
¢akrop rosioBHoro Mmo3ra (BDNF), rmuanbHbIil HelpoTpoduyeckuii pakrop (GDNF), 6esmok S-100 oO1mia
(aB—Bp), cuanmupoBaHHbIl yryieBoaHbIN aHTUTeH (KL-6), BACKY/I09HA0TENIHANBHBIN (haKTOP pocTa, cylep-
OKCUJIMCMYyTasy. Bce uccienoBanus NPOBOAWIN Ha aBTOMaTHYeCKOM MUKPOIJIAHIIIETHOM UMMYyHOdep-
MeHTHOM aHanudarope Immunomat TM. YucJ/io namueHToB ¢ HapylIIeHUsIMU MO3TOBOTI0 KpoBoobOpalie-
HUs1 — 43 B Bo3pacrTe oT 50 10 80 jseT. 113 HUX skeHITUH — 24, My»kuuH — 19. Copepskanue 61oMapKepoB
ITHC B ChIBOPOTKE KPOBHU UCCJIEN0BAJIM B IIEpBbIe 3—6 4acoB, yepes 2, 3 u 4 HeJleJIn OT Havasta 3aboJieBa-
Hus1. KOHTpOJIBHYIO TPyIITy cocTaBUIIH 20 T0OPOBOJIBIIEB (IPAKTUYECKH 3J0POBBIX TOHOPOB). CTaTUCTH-
YeCKUU aHaJ/IN3 IIPOBeJIM HellapaMeTpU4YecKUM MeTooM MaHHa—-YUTHU. CTaTHCTUYEeCKU 3HAaUYUMBble pe-
3yJbTaThl yUUTHEIBAIU IpU p<0,05.

PeaynbraThl. B TOHEKpOTHYECKU IEpHO U Hayaa0 (POPMUPOBAHUS HEKPO3a OTMedasiy [T0BBIIIeHNe
coliepskaHus HelipoHcnenuduieckoi eHoJ1asbl, 0eska S-100, cyepoKCUIIMCMYTa3bl, CHUYKEHUE CoflepsKa-
HUs HEHpoTpodUUecKoro (pakTopa roJIOBHOTO MO3Ta, IJIMAJIbHOr0 HelpoTpoduyeckoro akTopa, orpa-
SKAIOIIUX IIPOIIECCHI aJIBTEPAIIUU CTPYKTYP FOJIOBHOTO MO3Tra B pe3ysIsraTe HapylleHHu KpOBOOOpaIeHuUsI.
B nocsieyromyie Cpoky HaOJII0JeHUS BO3PACTAJIO COAepIKaHus HeHpoTpodruueckoro pakTopa roJJOBHOIO
M03ra, NINaJbHOT0 HelipoTpodudeckoro ¢hakTopa, pakTopa pocTa 9HJ0TeNHs COCYA0B, CHATUPOBAaHHOIO
YIJIEBOZHOTO @HTUTEHA, YTO CBUJIETEIHLCTBOBAJIO 00 aKTUBU3AIMY IIPOIIECCOB pereHepanuy IeHTpaabHON
HEPBHOU CUCTEMBL.

3akmarouyenue. ConepskaHre OMOIOTMYeCKUX MAPKEPOB B CBIBOPOTKE KPOBU MAI[MEHTOB C UIITEMUYECKUM
WHCYJIETOM OTpaskaeT aTarbl 3a00/1eBaHUSA U I03BOJIsSIET KOHTPOJIUPOBATh Ipolecchl pereHeparuu [THC.

Knrouesvte crosa: uuiemuueckutl UHCYAbm; MOJEKYAsApHble Mapkepbl
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The purpose of the study was to evaluate the clinical significance of CNS biological markers in an ischemic
stroke.

Materials and methods. Blood serum biomarkers of CNS were assayed by ELISA in patients suffering from
cerebrovascular disorders of ischemic origin. Neuron-specific enolase, brain-derived neutrophic factor (BDNF),
glial-derived neutrophic factor (GDNF), protein S-100 total (af—3), sialyl carbohydrate antigen (KL-6), vascular
endothelial growth factor, and superoxide dismutase were analyzed. All tests were carried out using automatic
microplate immunoassay analyzer Immunomat TM. The study included 43 patients of 50 to 80 years of age,
suffering from cerebrovascular disorders; among them there were 24 women and 19 men. Blood serum bio-
markers of CNS were assayed within the first 3-6 hours, and on week 2, 3, and 4 from onset of the disease. The
control group consisted of 20 volunteers (apparently healthy donors). Statistical analysis was carried out using
non-parametrical Mann-Whitney test. Results were considered as significant at P<0.05.

Results. During the pre-necrotic and early necrotic period, higher neuron-specific enolase, protein S-100,
superoxide dismutase, and lower brain-derived neutrophic factor and glial-derived neutrophic factor were ob-
served, reflecting structural brain alterations due to disturbed circulation. At later follow-up time-points, BDNE

GDNE VEGE and KL-6 increased evidencing activated CNS regeneration processes.
Conclusion. The content of biological markers in blood serum of ischemic stroke patients reflects the dis-
ease stages, which helps managing the CNS regeneration processes.
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BBenenue

EsxeromHo B MUpe OT HMHCYJIBTa yMHUPAET
OoJtee 5 MUJIJIMOHOB Y€JIOBEK, a Y KaYKJJ0T0 IIIECTO-
'O BBI;KUBIIIETO Pa3BUBAETCA HOBTOprIfI uimeMu-
YeCKuu UHCYJIBT B T€4YE€HUE MMOCHAENYIONUX ITATU
Jaet [1]. Psag ucciieqoBaresieid Tog4YepKUBAET BasK-
HYIO POJIb MOJIEKYJISIDHBIX OMOMapKepoB B Juar-
HOCTHKE ¥ TPOTHO3€ NIIIEMUYECKOT0 WHCYJIBTA. B
YACTHOCTH, MO3TOBOI HaTpUUypeTHUeCKU 1er-
tug (BNP) u 6e10k S-100(3 ABJISIOTCS TEPCIIEKTUB-
HBIMU 6I/IOMapKepaMI/I B IMAarHOCTUKE UIlleMu4e-
CKOTO WHCYJBTa W MOTYT WCIIOJb30BaThCA B
cJydasX OUAarHOCTHYECKON HeolpenesIeHHOCTH
[2]. Bindung Protein 4 (RBP4) 1 rmuanbHbIN Hrbd-
PUASAPHBIA KUCTOTHBIN 6e10k (GFAP) ob6agator
BBICOKOUM YYBCTBUTEJBHOCTHIO M crHenuduy-
HOCTBIO 11 TU(ppepeHIInpOBKY UIIIEMUYECKOTO
U1 reMOopparun4ecKoro NHCYALTOB [3].

Buosornueckne Mapkepbl 00€eClednBaloT
BaYKHYIO MH(MOPMAIHIO 0 KII0YEBBIX OMOJIOTHYe-
CKUX ITPOIIECCaX, POUCXOISAIINX BO BpeMsi 1iepeo-
paﬂbHOﬁ uimeMui. OHU II03BOJISIOT OLI€EHUTH
PUCK Pa3BUTHUA reMOpPparudecKkoi Tpancpopma-
IINY, BBIABUTD IMAIlMEHTOB C pPUCKOM HEBPOJIOTU-
YEeCKHUX OCJIOKHEHWH W pa3BUTHSA HeOJaromnpu-
ATHBIX NCXO0O0B NIIeMmn4eCcKoro UHCYJIbTAQ,
OTJIMYUTH UIIIEMUYECKUUA UHCYJIBT OT UMUTATOPOB
HWHCYJIbTA, YTOUYHUTHb 3TUOJIOTUI0 MHCYJIbTA, Olle-
HUTh PUCK PA3BUTHUS UHCYJIBTA B TOU UJIU NHOU
TIOTTYJIATINY Jifofei [4]. OOIenpusHano, YTO KOM-
mpIOTepHasi ToMorpadus sBJsgeTca HauboJiee
Ba’KHBIM METOOOM NTHMAIrHOCTUKHN NIIIEMUNYECKOTO
nHCysnbra. OMHAKO B ITepBbIe Yachkl 3a001€BaHUsA
OHa MO3BOJIsIeT 00HAPYKUTH 30HY UIIIEMUU TOJTh-
KO B OTHOU TpeTu HaOJIIomeHuii. B aToMm ciydae
TepaneBTUYeCKOe OKHO SABJISETCS HEIPOJOJIKY-
TE€JIbHBIM II0 BpeMEHH, YTO OKa3bIBa€T BJIUAHUE
Ha TOYHOCTH AOMATrHOCTUKMU. B cBasu ¢ stum
BBISIBJIEHVIE MOJIEKY/ISIPHBIX MaPKEPOB MTOBPEsK-

Introduction

Every year, more than 5 million people die
from a stroke while every sixth survived develops a
recurrent ischemic stroke within the next five years
[1]. A number of studies underline molecular bio-
markers’ importance in the ischemic stroke diag-
nosis and prognosis. In particular, brain natriuretic
peptide (BNP) and protein S-100p are promising di-
agnostic biomarkers in cases of diagnostic uncer-
tainty [2]. Binding Protein 4 (RBP4) and glial fibril-
lary acid protein (GFAP) feature high sensitivity and
specificity useful in distinguishing between is-
chemic and hemorrhagic strokes [3].

Biological markers supply important informa-
tion about essential biological processes taking place
in cerebral ischemia. They allow assessing the risk of
hemorrhagic transformation, identifying patients at
high risk of neurological complications and adverse
outcome of an ischemic stroke, differentiating be-
tween an ischemic stroke and stroke imitators, clari-
fying stroke etiology, estimating the risk of stroke in
some population or other [4]. Computer tomography
is generally recognized as the most important tool of
ischemic stroke diagnosis. However, during the first
hours of the disease, it allows detecting the ischemic
region in one third of cases only. In this instance, the
therapeutic window is very short, which makes it dif-
ficult to make an accurate diagnosis. So, detection of
molecular markers of CNS injury might be helpful in
identifying an ischemic stroke [5-7]. Lately, close at-
tention has been paid to the investigation of DNA
and micro-RNA as biomarkers of ischemic and hem-
orrhagic strokes [8, 9]. Nevertheless, in spite of a great
number of biological markers examined in cases of
cerebral circulation disorders, their clinical assess-
ment requires large-scale studies [10, 11].

Purpose of the study: to evaluate the clinical
significance of biological markers of CNS in the is-

chemic stroke.
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meHus IIHC Mo)xeT OKasaTh CyILeCTBEHHYIO
IIOMOIIb B PACOO3HABAHUM UIIEMHUYECKOTO
HUHCYyAbTa [5-7]. B moc/iegHee BpeMA IpUCTajIbHOe
BHUMaHue ypejsderca ucciaenoanuno JIHK n
Mukpo-PHK B kauecTBe 6MOMapKepoOB HITTeMUYe-
CKOr0 M TeMOppParuvyecKoro HMHCYJLTOB [8, 9].
OpmHakKo, HECMOTPSI Ha 3HAYUTEJIFHOE YHUCJI0 OHO-
JIOTUYECKHUX MapKepoB, UCCJIeAYEeMBbIX [IPU Hapy-
IIIEHUSIX MO3TOBOT0 KPOBOOOPAIIIeHUsT, UX KJIMHU-
Yeckas oOIleHKa TpeOyeT OoJsiee MacIITaOHBIX
nccaegoBanui [10, 11].

Ilesb ucciieqoBaHUsI — OLEHUTH KJIMHUYE-
CKYI0 3HAYMMOCTh OWOJIOTUYECKUX MapKepoB
ITHC npu uieMmu4ecKoM UHCYJIETe.

MarepuaJ 1 MeToabI

MeTogoM HUMMYyHO(EpMEHTHOIO aHaAu3a IIpo-
BeJI KOJIMYECTBEHHYIO OIIEHKY COIep KaHUs OrnomMap-
kepoB IIHC B CBIBOPOTKE KpOBH ITAIIUEHTOB C HapyIIle-
HUSIMU MO3TOBOTO KpPOBOOOpAIeHNsI 1o
uieMuueckoMy Tuiy. O611ee 41cso MaueHToB B BO3-
pacte ot 50 10 80 JsieT cocTaBmIO 43. 113 HUX KeHIIINH —
24, my>kyrH — 19. [larieHTh HAXOOUJINCH HA JIEYeHUH
B OTJeJIeHUsIX peaHuMallud Hay4HO-UCCIeqoBaTesb-
CKOT0 MHCTUTYTa peabuymrosornu PenepasbHOTO Ha-
Y4YHO-KJMHHUYECKOI0 IIeHTpa peaHuMaToJIoTuu U pea-
OMJIUTOJIOTUM ¥ 3-  TOPOMACKONW KJIMHUYECKOU
6osbHUIBI UM. M. I1. KonyasioBckoro I. Mocksa. Mccite-
JloBaJId HeHpOHCIenu(pUIECKyI0 eHoJ1a3y, HeUpoTpo-
duueckuii paxrop rososuoro moara (BDNF), ruanb-
HbBIN HelipoTrpodudeckuil pakrop (GDNF), 6es10k S-100
06muii (af-BP), cnasmpoBaHHBIHN YIIEBOTHBIN aHTUT€H
(KL-6), BacKy/109HI0Te/IMAIbHBINA (haKTOP POCTA, CyIep-
okcugaucMyTaay. s onpeneseHUss KOHIIEHTPallUu
CyOCTpaTOB WCIOIB30BATN PEAKTHUBBI CJIETYIOIINX
dupwm: HelipoHcnenududeckas eHosnasa — CanAg NSE
EIA «FUJIREBIO» (Il1Benus), HeMpoTpoduueckuii pak-
Top rosioBHOro Mo3ra (BDNF) — Human Free BDNF Im-
munoassay «R&D systems» (CIIIA), muaabHbIA HEHpO-
Tpocpuueckuii pakrop (GDNF) — Human GDNF ELISA
«ABfrontier» (Kopes), 6esok S-100 obmuit (af-pfp) —
CanAg S 100 EIA «FUJIREBIO» (IlIBenns), cuajmupoBaH-
HbIl yieBoaHbid anTureH (KL-6) — KL-6 KIT «Sekisui
Medical CO» (SInnoHus), BaCKy/109HJ0TeINaIbHBIN (pak-
Top poctra — Human VEGF-A Platinum ELISA «eBio-
science» (ABCTpUs), CyIIepOKCUAANCMYTa3a — SUperox-
ide Dismutase Assay Kit «Cayman chemical» (CILIA). Bce
HCCIeJOBaHMs IIPOBOJUJIA HA aBTOMAaTUYeCKOM MUKPO-
IJIAaHIIETHOM HMMYHO(MEpMEHTHOM aHaJ/Ju3arope
ImmunomatTM. Copgep>kanue 6uomapkepoB ITHC B
CBIBOPOTKE KPOBU HCCJIEIOBAJIM B IIepBbIe 3—6 4acoB,
yepes 2, 3 1 4 HeflesTN OT HavaJsa 3aboseBanusA. KoHT-
POJIBHYIO TPyHIy cocTaBUaN 20 106POBOJIBIIEB (TTPaK-
TUYECKHU 3J0POBBIX JOHOPOB). CTaTUCTUYECKUN aHAIN3
NIpoBeJid HellapaMeTpUYeCKUM MeTOoLoM MaHHa-
YurHu. CTaTUCTUYeCKU 3HaYUMble pe3yJIbTaThbl YIYUThI-
BaJu 11pu p<0,05.

Pe3ysnbrarhl U 00Cy:K/A€HHE

B KOHTpOJIBHOU Tpy1Ile cofepsKaHue Helpo-
Hcrenuuiecko eHoJsasbl coctaBugio 6,1 (5,8;
6,4) MKr/J1, HeHpoTpoduIecKkoro hakTopa roJioB-

Materials and Methods

Blood serum biomarkers of CNS were assayed by
ELISA in patients suffering from cerebrovascular disor-
ders of ischemic origin. The study included 43 patients
of 50 to 80 years of age, suffering from cerebrovascular
disorders; among them there were 24 women and 19
men. The patients received treatment in ICUs of the Re-
habilitation Research Institute of the Federal Research
and Clinical Center of Intensive Care Medicine and Re-
habilitation and M.P. Konchalovsky 3 City Clinical Hos-
pital, Moscow. Neuron-specific enolase (NSE), brain-de-
rived neutrophic factor (BDNF), glial-derived neutrophic
factor (GDNF), protein S-100 total (af3-ff), sialyl carbo-
hydrate antigen (KL-6), vascular endothelial growth fac-
tor (VEGF), and superoxide dismutase (SOD) were ana-
lyzed using reagents from the following companies:
neuron-specific enolase — CanAg NSE EIA, FUJIREBIO
(Sweden), BDNF- Human Free BDNF Immunoassay;,
R&D Systems (USA), GDNF — Human GDNF ELISA,
ABfrontier (Korea), protein S-100 total (af-Bp) — CanAg
S 100 EIA, FUJIREBIO (Sweden), KL-6 —KL-6 KIT, Sekisui
Medical CO (Japan), VEGF — Human VEGF-A Platinum
ELISA, eBioscience (Austria), SOD — Superoxide Dismu-
tase Assay Kit, Cayman Chemical (USA). All tests were
carried out with the help of automatic microplate im-
munoassay analyzer ImmunomatTM. Blood serum bio-
markers of CNS were assayed within the first 3-6 hours,
and on week 2, 3, and 4 from onset of the disease. The
control group consisted of 20 volunteers (apparently
healthy donors). Statistical analysis was carried out using
non-parametrical Mann-Whitney test. Results were con-
sidered significant at P<0.05.

Results and Discussion

In the control group, the content of NSE was
equal to 6.1 (5.8; 6.4) ng/l, BDNF — 1853.0 (1650.3;
2108.8) pg/ml, GDNF — 30.2 (26.7; 52.8) pg/ml,
protein S-100 —41.1 (38.8; 42.9) ng/1, KL-6 — 215.0
(198.0; 298.8) U/ml, VEGF-A — 318.0 (133.0; 406.0)
pg/ml, SOD — 0.6 (0.56; 0.75) U/ml.

Within the first 3-6 hours after cerebrovascu-
lar events, vs. the control group, NSE increased to
7.5 (6.8; 9.1) pg/l; BDNF decreased to 1439.0
(1213.0; 1729.0) pg/ml; while GDNF did not change:
31.7 (28.2; 41.8) pg/ml. During the first 3-6 hours of
ischemic stroke, blood serum protein S-100 in-
creased significantly to 125.4 (48.7; 219.6) ng/l,
while KL-6 did not change in a statistically signifi-
cant manner: 231.0 (182.0; 445.0) U/ml. VEGF fell
down to 269.0 (221.0; 467.0) pg/ml vs. the control
group. Superoxide dismutase grew to 0.92 (0.69;
1.13) U/ml

One week after a stroke, blood serum NSE did
not change vs. the control group: 5.9 (5.4; 6.4) png/1.
BDNF decreased vs. the control group in a statisti-
cally significant manner to 1480.0 (1134.8; 1797.0)
pg/ml. During that period, blood serum GDNF in-
creased considerably: 67.7 (47.9; 102.8) pg/ml. Pro-
tein S-100 (total) did not change compared to the
control group: 43.4 (39.5; 49.6) ng/1. Sialyl carbohy-
drate antigen (KL-6) did not differ from control
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Horo mosra — 1853,0 (1650,3; 2108,8) rir/mJ1, T/in-
aJbHOTO HelpoTpoduyeckoro gpakropa — 30,2
(26,7; 52,8) rir/mu1, 6eska S-100 — 41,1 (38,8; 42,9)
HT'/J1, CHaJINPOBAHHOIO YIVIEBOJHOTO aHTUTeHA —
215,0 (198,0; 298,8) E/1/mJ1, BACKY/JI09HIOTEIAAIIb-
Horo ¢akTtopa pocra (VEGF-A) — 318,0 (133,0;
406,0) ir/mJ1, cynepoxcunaucmyradsl — 0,6 (0,56;
0,75) EJl/mJ1.

B nnepBbIe 3-6 yacoB 1ocJie HapylleHu Mo3-
TOBOT'0 KPOBOOOPAIIEHUS 10 CPABHEHUIO C KOHT-
POJIBHOM IPYyIIoH cofepskaHue HelipoHcienudu-
4YecKoM eHoJa3bl Bo3pacrtasio o 7,5 (6,8; 9,1)
MKT/J1. Coiepskanme Heporpoduiyeckoro akTo-
ParoJ0BHOIO MO3ra CHUKaJIoCh A0 1439,0 (1213,0;
1729,0) ir/ma. ConepskaHue rIMaJibHOTO HEHUpo-
Tpoduveckoro hakTopa 110 CpaBHEHHUIO C KOHTPO-
JeM He usMmeHsJsochb: 31,7 (28,2; 41,8) nr/mJ.
Conepskanue 6eska S-100 B CBIBOPOTKE KPOBH B
nepBble 3—6 4YaCOB HIIEMHUYECKOIO WHCYJIBTa
3Ha4YUTeJIbHO Bo3dpacrajo go 125,4 (48,7; 219,6)
HT'/J1, @ CHaJIMPOBAHHOTIO YIVIEBOJHOI'O aHTUI'eHA
CTaTHUCTHUYECKU 3HAYMMO He MeHsJoch — 231,0
(182,0; 445,0) EII/ma1. ComepsraHue BaCKYJI03HAO-
TeJuaJbHOTO (paKTopa CHUKAJIOCh 10 269,0
(221,0; 467,0) ir/MJ1 MO CpaBHEHUIO C TPyHIION
KOHTpoJsA. CopepsKaHue CyllepOKCAAAMCMYTa3bl
Bo3pacraJio 1o 0,92 (0,69; 1,13) E/l/mut.

Uepes HeneJs1o 1ocJje pa3BUTUS UHCYJbTA
cojiepskaHe B CbIBOPOTKE KPOBU HEUPOHCIIEIN-
¢duyuecko eHoJ1a3bl 0 CPABHEHUIO C KOHTPOJIb-
HOMU rpynmnoil He MeHsJ0Ck: 5,9 (5,4; 6,4) MKT/JI.
Copepskanue He#porpoduueckoro ¢akropa
roJioBHOro Mosra (BDNF) 1o oTHOILIEHUIO K IpyII-
e KOHTPOJIS CTAaTUCTUYECKU 3HAYUMO CHUKA-
Jock 1o 1480,0 (1134,8; 1797,0) ir/mut. CyiiecTBeH-
HO B 9TOT IIEPHOJ; BO3PACTAJO CONEep’KaHHEe B
ChIBOPOTKE KPOBU IVIMAJBHOTO HelpoTrpoduye-
ckoro ¢dakropa— 67,7 (47,9; 102,8) ir/mJ. Conep-
skanue Oeska S-100 (oOmIUE) HEe MEHSJIOCH IIO
CpaBHEHUIO C KOHTPOJbHOU rpynmnoii: 43,4 (39,5;
49,6) ur/a. CuanupoBaHHBIHN yIJI€eBOAHBIN aHTU-
reg (KL-6) Takske He OTIMYAJICSI OT 3HAYEHUU
KOHTPOJIBHOU rpynnsbl: 216,5 (188,5; 445,3) EJl/Mut.
3HAYNUTEJbHO U CTATUCTUYECKU TOCTOBEPHO BO3-
pacTajo conepskaHre B CbIBOPOTKE KPOBH Ially-
€HTOB BACKYJIO9HAO0TEeJINA0THOIO (paKTopa pocTa
(VEGF-A) 655,0 (309,5; 842,5) nr/ma. Cogepskanue
CyIIEPOKCUIIMCMYTa3bl CHUYKAJIOCH II0 OTHOIIIe-
HUIO K IpyIIIe KOHTPOoJIsA U cocTasiisAio 0,43 (0,35;
0,58) EJI/mJ1.

Yepes nBe HegeIu MocJie TOCIUTAIN3aliu B
CBIBOPOTKE KPOBU MAIIMEHTOB COjiepsKaHue Hell-
poHcenn@UUECcKO €eHoJ1a3bl B CBIBOPOTKE
KpOBHU II0 CPABHEHMIO C IPYHIION KOHTPOJIS He
nameHssock: 6,1 (5,6; 6,7) mkr/J. ComepsxkaHue
HelpoTpoduueckoro pakTopa roJ0BHOr0 MO3Ta
(BDNF) B CbIBOpOTKE KPOBU IAIIMEHTOB CTaTUCTHU-
YeCKH 3HAaUYMMO He OTJIMYAJIOCh OT IToKasaresjen
KOHTPOJIbHOU I'PYIIBI, HO JOCTOBEPHO BO3pacTa-

group figures either: 216.5 (188.5; 445.3) U/ml. Pa-
tients’ blood serum VEGF-A increased considerably
and statistically reliably to 655.0 (309.5; 842.5)
pg/ml. SOD decreased vs. control group down to
0.43 (0.35; 0.58) U/ml.

Two weeks after admission to hospital, the pa-
tients’ serum NSE (6.1 (5.6; 6.7) ug/l) did not differ
from the control group. There was no statistically
significant difference in patients’ BDNF compared
to the control group either, but it increased within
first 24 hrs. of stroke. GDNF significantly increased
up to 67.0 (43.1; 99.5) pg/ml vs. the control group
and the first 24 hrs. of stroke. No significant differ-
ence in the serum protein S-100 (total) (46.7 (37.7;
49.5) ng/l) between the patients and control group
was noted. Similar findings were received in SCA
assay. High content in the patients’ blood serum
(vs. the control group) of VEGF persisted: 538.5
(384.8; 827.5) pg/ml. During that period, lower
blood serum SOD in patients vs. the control group
was observed: 0.42 (0.36; 0.58) U/ml.

30 days later, NSE in patients did not differ
from the control group figures: 6.1 (5.5; 6.8) pg/l.
BDNF in the patients’ blood serum increased rela-
tive to the control figures and the first 24-hrs of the
disease: 2245.0 (1333.5; 3583.0) pg/ml. Statistically
reliable increase of GDNF vs. the control group and
the first 24-hrs of the disease persisted: 60.9 (56.5;
42.6) pg/ml. The content of protein S-100 did not
differ from the control group figures: 41.8 (38.9;
49.2) ng/l. During that period, the patients’ blood
serum sialyl carbohydrate antigen increased both
vs. the control and vs. and the first 24-hrs of the dis-
ease: 332.0 (202.3; 461.0) U/ml. High blood serum
VEGF was observed both vs. the control group and
vs. and the first 24-hrs of the disease: 791.0 (413.3;
905.8) pg/ml. Decreased SOD vs. the control group
persisted: 0.4 (0.35; 0.48) U/ml.

The findings of the study are given in the table.

Neuron-specific enolase. Enzyme enolase
(phosphopyruvate hydrase) is involved in the final
stage of glycolysis rendering influence on the trans-
formation of 2-phospho-D-glyceric acids into
phosphoenolpyruvate. In blood serum, the physi-
ologically normal content of neuron-specific eno-
lase does not exceed 13.2 ng/ml. Neuron-specific
enolase (NSE) is contained in the cytoplasm of
brain neurons and peripheral neuroendocrine
cells. It is present in erythrocytes, hence, hemolysis
makes test results overestimated. NSE is one of bio-
markers forecasting stroke outcome. Determina-
tion of correlation between NSE content on the day
of admission to hospital, infarct volume, stroke
severity and functional indices on day 30 from
onset of the disease [12] revealed a positive corre-
lation between blood serum NSE and infarct vol-
ume. A strong negative correlation was found be-
tween the Glasgow coma scale and NSE on day 1 of

the disease. A positive correlation was established
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JIO II0 CPAaBHEHUIO C IIEPBBIMU CyTKAMU Pa3BUTUA
uHcyasra. CopepskaHue INIMAJIbHOTO HEMPOTPO-
¢uyeckoro (pakTopa CTaTUCTUUYECKU JOCTOBEPHO
BO3paCTaJio KaK M0 CPaBHEHUIO C KOHTPOJIbHOHU
TPYIIIOH, TaK M 10 CPABHEHUIO C IIE€PBBIMU CyTKa-
MU pa3BUTHA HHCyabsTa: 67,0 (43,1; 99,5) nr/mir.
CTaTuCTUYECKHU IOCTOBEPHBIX OTVIMUMHU COMlepsKa-
HUsI B CBIBOPOTKE KPOBU IAIMEeHTOB Oeska S-100
(oOmmit) OT KOHTPOJIBLHOU TPYIITHI HE OTMEYaJIH:
46,7 (37,7; 49,5) Hr//a. AHaOrM4YHbIE pe3yJILTaThl
OBITN TTOJTYYEHBI TTPU UCCJIEIOBAHIY COJIEPIKAHMS
CHAJINPOBAHHOIO YIVIEBOAHOrO aHTUreHa: 220,0
(194,0; 447,8) ENl/mn. CoxpaHAJIOCHh BBICOKOE
CoJlepsKaHue B CBIBOPOTKE KPOBU MAI[UEHTOB (110
CpPaBHEHUIO C KOHTPOJIbHOM I'PYIIIOi) BACKYI09H-
norenuanbHoro akTopa pocra: 538,5 (384,8;
827,5) nr/mia. OTMedanau B 9TOT MEPUO] CHUKEH-
HBII YPOBEHb COZIep>KaHUSA B CBIBOPOTKE KPOBU
MaIMeHTOB 110 CPABHEHUIO C TPYIIION KOHTPOJISA
cynepoxcuaaucmyrassl: 0,42 (0,36; 0,58) EII/mur.

Yepes 30 CyTOK B CBIBOPOTKE KPOBU ITallueH-
TOB cOJiepsKaHue HEHPOH-CcrieludruiecKoit eHoJsia-
3bI HE OTJIMYAJIOCh OT IMOKa3aTesjiell KOHTPOJIbHOMN
rpynnst: 6,1 (5,5; 6,8) Mkr/J. Cogepskanue Helpo-
TpodrUuecKoro pakTopa roJIOBHOr0 MO3Ta B ChIBO-
POTKe KpOBM MallMeHTOB BO3PACTAJIO IO OTHOIIIe-
HMIO K II0Ka3aTeJIsAM KOHTPOJISI U IIePBbIM CyTKaM
3aboJjieBanmuda: 2245,0 (1333,5; 3583,0) 1r/mui.
CoxpaHs1JICsS CTAaTUCTAYECKHU TOCTOBEPHOE TTOBBI-
IIIeHWe YPOBHS WIMAJbHOTO HEHPOTPO(PUYECKOrO
(pakTOpa 10 CPAaBHEHUIO C TPYIIION KOHTPOJIS U Iep-
BBIMU CyTKaMu 3aboJieBanyst: 60,9 (56,5; 42,6) ir/mut.
Copnepsranue 6eska S-100 He OTTMYaJIOCh OT ITOKa-
3areJieli rpynibl cpaBHeHUs: 41,8 (38,9; 49,2) Hr/ 1.
B aToT mepuon Bo3pacTaso cofiepskaHue B CbIBO-
POTKe KPOBU NAIIMEHTOB CAAJMPOBAHHOIO yIJIe-
BOJHOTO aHTUTeHA KaK 110 CPABHEHUIO C KOHTPO-
JeM, Tak II0 OTHOIICHMIO K IEepBBIM CyTKaM
3aboJsieBanust: 332,0 (202,3; 461,0) E/I/mi1. OTMeua-
JI BBICOKOE COJIepsKaHNe B CBIBOPOTKE KPOBU BacC-
KYJI09HI0TeIUAJIBHOIO (haKTOPA pOCTa 110 CPABHE-
HUI0O C KOHTPOJIBHOW TIpynmoil U IepBbIMU
cyTramu 3aboseBanus: 791,0 (413,3; 905,8) iir/mut.
CoxpaHAJIOCh CHUYKEHHBIM COZEpyKaHue Cylep-
OKCUJAYCMYTa3bl 10 CDABHEHUIO C IPYIIION KOHT-
poJis: 0,4 (0,35; 0,48) EIl/mut.

Pesynbrarhl rcciaenoBaHusA IPENCTaBJICHbI B
TabJuIle.

Heilipoucnenuguieckasa eHosasa. dep-
MEHT eHoJia3a (pocdonupyBarryjaparasa) yda-
CTBYeT B (pMHAJBHOM 3Tale [JINKOJN3a U BJAUSET
Ha mpespaiieHue 2-docdo-D-TInuiepuHOBBIX
KUCa0T B ¢ocdoeHogIupyBaT. B criBopoTke
KpOBH YPOBeHb HEUPOHCIeIU(pruIeCKol eHoJIa-
3bI B (PU3UOJOTUYECKUX YCJIOBUSIX HE ITPEBbIIIA-
et 13,2 ar/mJa. Hetiporcnenuduyueckasi eHoJia3a
COJIEPIKUTCSA B IIUTOINJIa3Me HEUPOHOB MO3Ta U
nepudepruieckux HeHPOIHTOKPUHHBIX KJIETKAX.
OHa OpPUCYTCTBYET B IPUTPOLUTAX, IIOITOMY

between NSE and functional tests for neurological
outcome according to the modified Rankin scale on
ischemic stroke day 30 [12].

Since NSE is a marker of the scale brain injury
during an ischemic stroke, an investigation was
carried out concerning appearance of the second
peak of showing NSE increase. It has been estab-
lished that the second peak of increased NSE is re-
lated to hemorrhagic manifestations and disturbed
permeability of the blood-brain barrier [13].

An investigation for establishing a relation be-
tween blood serum NSE and severity of an acute is-
chemic stroke after intravenous thrombolysis using
recombinant-type plasminogen activator (rtPA) has
shown that after intravenous administration of
rtPA, lower serum NSE correlated with favorable
outcome of a stroke [14].

Determination of blood serum NSE allows as-
sessing the degree of brain injury during an is-
chemic stroke, improves diagnostics and evalua-
tion of treatment success in ischemic and
hemorrhagic strokes [15].

An investigation for finding subclinical mani-
festations of brain injury during hypertensive dis-
ease based on blood serum NSE showed higher
isozyme content taking into account arterial blood
pressure of 140/90, disease duration over 10 years,
and blood serum NSE equal to 13 pg/l, sensitivity
being 80% and 94.4% specificity — 94.4%. The au-
thors have come to a conclusion that NSE might be
a useful biomarker of subclinical brain injuries and
possible cerebral circulation disorders during hy-
pertensive disease [16].

Analysis of induced somatosensory potentials
and the NSE content during an acute ischemic
stroke evidences expediency of combining func-
tional and biochemical parameters for forecasting
ischemic stroke outcome [17].

Brain-derived neutrophic factor. An impor-
tant role in brain recovery after a stroke belongs to
brain-derived neutrophic factor— BDNF [18]. It has
been demonstrated that large volumes of brain in-
farction are associated with lower BDNF at the time
of patients’ admission to hospital [19]. It was found
that increased cortisol had a negative correlation
with BDNF and neurological manifestations of the
disease. In the authors’ opinion, BDNF may be a
marker of adverse effect of cortisol on the region of
ischemia and penumbra, which potentiates cell
damage in the ischemia region [20].

Depression is a common complication after a
stroke. It has been shown that BDNF can be used
as a biomarker of depression development. Patients
with blood serum BDNF determined at an early
stage of a stroke had predisposition to development
of depression [21]. The risk of ischemic stroke de-
velopment depends on polymorphism of BDNF
genes. BDNF of genotype GG is associated with a
considerably lower risk of ischemic stroke [22]. Pa-
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MouiekyasipHble MapKepbl HIIEMHUY€ECKOT0 MHCYJIbTA B fMHamMuke, Me (LQ, HQ).
Dynamics of Ischemic Stroke Molecular Markers, Me (LQ, HQ).

Parameters Value of parameters on the study stages
Control 1-3 hrs. 7 Day 14 Day 30 Day
Neuron-specific enolase (NCE), pg/1 6,1 7,5%*% 5,9% 6,1* 6,1*
5,8; 6,4 6,8; 9,1 5,4; 6,4 5,6; 6,7 5,5; 6,8
Brain-derived neutrophic factor (BDNF), pg/ml 1853,0 1439** 1480,0** 1938,5* 2245,0%**##
1650,3; 2108,8 1213;1729  1134,8;1797,0 1340,5;3371,8 1933,5; 3583,0
Glial-derived neutrophic factor, pg/ml 30,2 31,7* 67,7%%* 59,9%** 60,9%**
26,7; 52,8 28,2;41,8 47,9;102,8 43,2; 98,1 56,5; 72,6
Protein S-100, total, (¢f+6f), ng/1 41,1 125,4%* 43,4*% 46,7* 41,8*%
38,8;42,9 108,7; 189,6 39,5; 49,6 37,7; 49,5 38,9; 49,2
Syalil carbohydrate antigen (KL-6), U/ml 215,0 231,0 216,5 220,0 332,0% %4
198,0; 298,8 182,0; 445,0 188,5; 245,3 194,0; 347,8 302,3; 361
Vascular endothelial growth factor (VEGF-A), pg/ml 318,0 269,0%* 655,0%** 538,5%** 791,0% A
133,0; 406,0 221,0; 297,0 309,5; 692,5 484,8; 727,5 783,3; 905,8
Superoxide Dismutase, U/ml 0,60 0,92%* 0,43%** 0,42%** 0,40%**
0,56; 0,75 0,89; 1,13 0,35; 0,51 0,36; 0,58 0,35; 0,48

Note. P<0,05: ** —Vs. the control group; * — Vs. the first 24 hrs.; # —Vs. day 7; * — Vs. day 14.

IIpumeuanue. Parameters — mapametpsr; Value of ... on the study stages — 3Ha4eHus ... Ha CTaAUSX UccaeqoBanust; Control —
KOHTPOJIb; hrs. — yacer; Day — cyrku; Neuron-specific enolase (NCE), ng/l — nelipon-cnenududeckas eHoJ1asa, MKr/J1; Brain-
derived neutrophic factor (BDNF), pg/ml — Heliporpodudeckuii (pakTop rosioBHOro moara, nr/mJ; Glial-derived neutrophic
factor, pg/ml — riuanbHbIN HelipoTpodudeckuii hakrop, nr/mi; Protein, total, ng/1 — 6estok o6mumii, Hr/1; Syalil carbohydrate
antigen (KL-6), U/ml — cuanupoBaHHbI yriieBoaHbINM anTureH, EJl/mit; Vascular endothelial growth factor (VEGF-A), pg/ml —
BaCKYJIO9HI0TETUAJIBHBIN (pakTOpa pocta, nr/mJi; Superoxide Dismutase, U/ml — cynepokcugaucmyrasa, EJ1/mi. p<0,05: ** —
10 OTHOIIEHUIO K TPYIIIle KOHTPOJIST; * — [0 OTHOLIEHHUIO K IIEPBBIM YacaM; *# — 110 OTHOIIIEHHUIO K 7 CYyTKaM;  — 10 OTHOIIEHUIO

K 14 cyTkam.

reMOJIN3 3aBBIIIAET Pe3yJIbTaThl UCCAeIOBAHUN.
Hetipoucnenuduueckass eHoJsia3da SBJSAETCA
OMHUM #3 OWMOMapKepoOB IPOTHO3MPOBAHUS
ncxoga mHcyaera. OnpenelsieHrue KOppessanuu
MEKIYy Coep KaHreM HelpoHcIenupuiecKon
€HoJIa3bl B JleHb IIOCTYIJIEHUS B CTallMOHAap,
o0bemMoM wWHGAPKTA, TAKECTHIO HWHCYIBTa H
(PyHKIIMOHA/JBHBIMMU IOKa3aresasiMu Ha 30-U
IeHb OT HavaJa 3aboJseBanus [12] BBIABUJIO
MIOJIOSKUTEJIBHYIO KOPPEJIAINIO MesKAY COfepsKa-
HUEeM HelpoHcnenuduyieckol eHoJ1a3bl B ChIBO-
poTKe KpoBU n 06 beMoM mHpapkTa. CuabHas
oTpullaTeJIbHASI KOPPEJIAIUS BhIsIBJI€HA MEKIY
IIKAJI0U KOMBI [J1a3K0 U cojlepsKaHueM HEUPOH-
crientnpUUeCKOll eHoJ1a3bI B 1-11 TeHb 3aboJieBa-
HUs. BeIsBJ/IeHA MOJIOKUTeIbHASI KOPPeJIanus
MEKIYy Coep KaHrMeM HelpoHcIenupruiecKon
€H0J1a3bl U (PYHKIIMOHAJIbHBIMU TECTAMU HEBPO-
JIOTUYECKOT0 MCXOAa MO0 MOAUPUIIMPOBAHHOU
mkaJjie PaapknHa Ha 30-8 JeHb UIIEeMUYECKOI0
nHCyJbsTa [12].

[TockoJibKy HelipoHcIennprueckas eHosasa
AIBJISIETCSI MapKepoM CTeleHU IIOBpeKIeHUs
FOJIOBHOTO MO3ra IIPU UIIeMUUYEeCKOM UHCYJIBTE,
OBLIO TTPOBEEHO WCCJeN0BaHMeE, Kacalolleecs
MIOSIBJIEHUSI BTOPOIO ITMKa IIOBBIIIIEHUsI €€ COHep-
SKaHUsS. YCTAHOBJIEHO, YTO BTOPOM IHK ITOBBIIIIE-
HUS COfiepsKaHusA HepoHcnenupruyeCcKou eHoJla-
3bI CBSI3AH C FeMOpparndyeCKUMU MPOsIBJIEHUSIMU
Y HapylLIeHUsIMU IIPOHUIIAeMOCTH reMaToaHIeda-
Jmyeckoro 6aprepa [13].

HccnenoBanue 1O yCTAaHOBJEHUIO CBSI3U
MEKy CcojepsKaHueM HelpoHcHenupuueckon
€HO0J1a3bl B CbIBOPOTKE KPOBU U TAKECTHIO OCTPO-

tients with allele C of locus rs7124442 were found
to have a lower risk of adverse prognosis of is-
chemic stroke compared to carriers of allele T. Pa-
tients with genotype CC or TC demonstrated a
lower risk of adverse prognosis compared to carri-
ers of genotype TT, too. Genotype AA in locus
156265 is probably a factor of ischemic stroke oc-
currence [23]. According to findings of studies, G-
allele carriers should have priority in rehabilitation
measures in order to reduce cognitive deficit [24].
During the recovery period, the content of neu-
trophic factor correlates with the findings of frac-
tional anisotropy characterizing structural changes
in the brain and motor functions recovery [25].

It has been shown that high BDNF on in-pa-
tient day three correlates with more than 12-fold in-
crease of the chance of successful outcome in is-
chemic stroke [26]. Blood serum BDNF in ischemic
stroke patients also correlates with clinical param-
eters and disease prognosis at the acute phase [27].
As arule, ischemic stroke patients have a lower vs.
control BDNF at the time of admission [28].

In neurology, neuroprotective strategies re-
lated to pharmacological treatment of ischemic
stroke look promising. Amplification of neu-
rotrophic transmission of signals after ischemia is
obstructed due to suppression of high-affinity re-
ceptor of BDNF — TrkB-FL. A peptide permeable
for the blood-brain barrier has been created, which
preserves receptors on the surface of neurons and
facilitates to reduce of the brain infarction size and
improve the neurological outcome [29].

Blood serum BDNF in patients on the first day
of admission to hospital correlates with the disease
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I'0 MIIEMUYECKOr0 MHCYJIETA [10CJIe BHYTPUBEHHO-
ro TPOMOOJIM3HCA C MCII0JIb30BaHUEM aKTHUBaToOpa
IJIa3MUHOTeHa peKOMOMHAHTHOTO Tuma (rtPA),
II0KAa3aJ10, YTO II0CJIe BHYTPUBEHHOI'O BBEICHUA
rtPA 6oJsiee HU3KOE CofiepsKaHMe ChIBOPOTOYHOMN
HelpoHcnenuuIeckon eHoJ1a3bl KoppeaupoBa-
JIO ¢ 6JIarONIPUATHBIM FCXOA0M MHCY/IbTa [14].

OnpenesieHre cofepskaHUs HelpOHCIenu-
(¢udeckoil eHo/a3bl B CIBOPOTKE KPOBU I1O3BO-
JISIeT OLIEHUTH CTEIIeHb IIOBPEYKICHUA FOJI0BHOIO
MO3ra IpH HUIIEeMUYECKOM HHCYJIbIe, yJy4iraerT
JUAarHOCTUKY U OLIEHKY Pe3yJIbraToB JICYeHUs IPU
HUIIEMUYECKOM U TeEMOpPPAarn4ecKoM UHCYJIBTe [15].

HVccnenoBaHue MO BBISABJIEHUIO CYOKRITMHAYE-
CKUX MpOSIBJIEHUN IIOBPEKIEHUS TOJIOBHOTO
MO03ra IIpY TUTIEPTOHNYECKOU 60JIE3HN Ha OCHOBE
cojepskaHus HeUpoHcIenu@uIecKou eHo1a3bl B
CHIBOPOTKE KPOBHU IIOKAa3a/J0 0o0Jiee BBICOKHE
YPOBHU cofepskaHusg u3odepMeHTa C yuyeToM
aprepuasbHOTO AaBjeHus 140/90, mpomossku-
TesibHOCTH 3abosieBaHus1 6oJstee 10 JIeT U corepska-
HHEeM HelpoHcnenuduiecKkol eHoJ1a3bl B ChIBO-
POTKe KpOBH 13 MKTI'/JI C 4yBCTBUTEIBbHOCTHIO 80%
U crnenu@UuIHOCTHI0 94,4%. ABTOPBHI NPUIILIHA K
BBIBONly, UTO HeHpoHcHenuuueckas eHoJia3a
MOSKET OBITh TI0JIE3HBIM OMOMapKEPOM CYORJIFHU -
YeCKUX IMOBPEKIEeHUN rOJIOBHOIO MO3ra U BO3-
MO’KHBIX HapyIIeHW MO3TOBOTO KpoBooOparie-
HU IPU TUIIEPTOHUYECKOU O0J1e3HY [16].

HcciiegoBanne 1o aHaauady BBI3BAHHBIX
COMAaTOCEHCOPHBIX ITIOTEHIIAAJIO0B U CONEepsKaHusA
HelpoHcnenuduIecKor eHoJia3bl IPU OCTPOM
AIIEMUYECKOM WHCYJIBTE CBUIETEJIbCTBYET O
11eJ1eCO00PA3HOCTH COUeTaHUs (PYHKITMOHAIBHBIX
1 OMOXMMUYECKUX IIOKasaTesjiedl Ny OIeHKH
KCXO[a UIIEMUYECKOT0 UHCYJIBTA [17].

Mo3ropoii HelpoTrpoduueckuii (pakTop.
Ba’xkHYyI0 pOJIb B BOCCTAaHOBJIEHMHU MO3ra I10cJje
WHCYJIBTa UTPpaeT MO3roBOU HellpoTpodudeckuit
¢axrop — BDNF [18]. [TokasaHo, 4YTO GOJIbIIIE
06 beMbI MH(apKTa MO3ra CBSI3aHbI ¢ H0Jiee HU3-
KUM COJiep KaHueM MO3TOBOro HeHpoTpoduye-
cKoro ¢akTopa IpHu IOCTYIJIEHUU [TallUeHTOB B
RJITHUKY [19]. OOHApY?KEeHO, YTO MOBBIIIEHHBIH
YPOBEHb KOPTH30J1a OTPULATEJIbHO KOPPeJIUpO-
BaJs1 ¢ ypoBHeM BDNF 1 HeBpOJIOTUYEeCKUMU IIPO-
sIBJIEHUSAMU 3a00JieBaHUsA. ABTOPBI CUATAIOT, YTO
cofiepsKaHue MO3rOBOT0 HeUpOoTpoduUecKoro
¢parTOpa MOKET OBITH MAPKEPOM OTPHUIIATETHHO-
ro BO3[IEMCTBUSA KOPTHU30J1a Ha 00J1aCTh UIIIEMUN
U IIOJIyTEHH, IIOTCHIMUPYIOIIETO IIOBPEeKICHUE
KJIETOK B oOJjractu uiremuu [20].

OnHMM U3 pacnpoCTPaHEHHbBIX OCTI0KHEHUN
II0CJIe MHCYJETA ABJIsAeTCs nenpeccus. [lokasano,
4TO MO3TOBOU HEUTpOUUECKUU (haKTOp MOKET
OBITH UCITOJIH30BAH B KauecTBe OroMapKepa pas-
BUTUA Aenpeccuu. IlanyeHTsl, y KOTOPBIX B paH-
HUE CPOKH HHCYJbTa OIpenessyioCh HU3KOe

conepskanre BDNF B chIBOpOTKE KPOBU, OBLIU

prognosis as well. Low BDNF is an adverse prog-
nostic sign in terms of functional condition of pa-
tients on day 90 from onset of the disease [30]. Re-
mote ischemic treatment of extremities renders
influence on lessening of the damaging effect of
reperfusion in brain ischemia, which is related to
neuroprotective action of BDNF thanks to intensi-
fication of its expression [31].

Protein S-100. Assay of blood serum protein S-
100 in ischemic stroke has a practical value in cor-
relation with clinical data and disease prognosis
[32]. The study performed has shown that in brain
infarction patients, in the middle cerebral artery cir-
culation, the content of protein S-100 reached its
peak on post-stroke day 2-3. Protein content was
significantly higher in patients with severe neuro-
logical deficiency, extensive infarctions and pro-
found ischemic brain edema. There was no correla-
tion between protein S-100 and functional
prognosis. Increased blood serum protein S-100
after a stroke might be caused by its leakage from
glial cells undergoing necrosis and penetration
through the damaged blood-brain barrier [33]. One
of protein variants — protein S-1003 — may be used
as a biomarker for differential diagnosis of ischemic
stroke and intracerebral hemorrhage. It was discov-
ered, that in the blood serum of patients suffering
from intracerebral hemorrhage, the content of pro-
tein S-1000 is significantly higher compared to pa-
tients with a diagnosed ischemic stroke. The protein
content was considerably higher in patients with a
negative functional outcome. ROC analysis has
shown 100% sensitivity and 76.2% specificity in pa-
tients with a negative functional outcome in case of
hemorrhagic stroke [34]. Protein S-1008 levels are
reliably related to the indices of modified Rankin
scale (mRS) after 12 weeks from onset of the disease.
Protein S-100 levels at the limit value of 140.5 ng/dl
reflect acute stroke severity and forecast the func-
tional result in 12 weeks of stroke development [35].

Glial-derived neutrophic factor. Glial-de-
rived neutrophic factor (GDNF) possesses trophic
activity in respect of dopaminergic neurons. This
neuroprotective effect is mediated by specific
GDNF-alphal receptor. It was found that this re-
ceptor is activated immediately after ischemia
onset, resulting in GDNF growth at early stages of
ischemia [36].

Vascular endothelial growth factor. Vascular
endothelial growth factor (VEGF) features neuro-
protective properties and is involved in the angio-
genesis process. In patients with different variants
of ischemic stroke, its content was significantly
higher during 90 days compared to the control
group. There is a positive correlation between the
level of VEGF and neurological severity of ischemic
stroke patients. Its value varies in the functional
outcome during different variants of stroke [37].
Preliminary conditioning and increase of VEGF
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IIpeapacIioJIOKeHbl K pa3BUTHUIO Aenpeccuu [21].
Prck pasBuTHA NIIEeMUYECKOr0 MHCYJIBTA 3aBUCUT
OT moJimMop@ur3Ma reHoB HeUpoTpopUUIECKOTO
¢akTopa mosra. Tak renorunt GG MO3roBoro He-
porpodudeckoro akTopa CBI3aH CO 3HAUUTEIb-
HO 0ojlee HHU3KUM PHUCKOM MIIEMUYECKOTO
WHCYJEBTA [22]. [TareHTs], Y KOTOPBIX 0OHAPY KU-
BaJsii ansesb C Jokyca rs7124442 nmesn 6osiee
HU3KUH PUCK HEOJIarONPUATHOTO TPOTHO3A UIIle-
MMYECKOI'O MHCYJIBTa 10 CPAaBHEHUIO C HOCUTEJIS-
mu anuens T. ITanuenTsl ¢ renoturiom CC uiu TC
TaK>Ke JEMOHCTPUPOBAJIA MEHBIITNI PUCK HEOIa-
TOIIPUATHOIO IIPOrHO3a 110 CPABHEHUIO C HOCUTE-
aamu reqoruna TT. [lerorun AA B JIOKyCe 1S6265
SIBJISIETCS], BEPOSATHO, (PaKTOPOM BOSHUKHOBEHUS
HALIeMHAYeCKoro nHcysera [23]. CornacHo pesyiib-
TaraMm UCciaefoBaHuY, HocuTeau G-aJiiess JOJK-
HBI IMETh IPUOPUTET ITPU TPOBEIEHUH peaduiu-
TAIOHHBIX MEPONIPUATUIH C 1€JIbI0 YMEeHbIIIEHUS
KOTHUTUBHOTrO aedwurura [24]. B BoccTaHOBU-
TeJIbHOM IepUOJie COollepsKaHue HelipoTpoduue-
CKOro (pakTopa KoppeJsupyeT C pe3yiabTaTamu
(ppakIMOHHON aHU30TPOIINHU, XapaKTEePUIYIOIIeN
CTPYKTypHBbIE U3MEHEHHUs I'OJJOBHOI'O MO3ra, 1
BOCCTAaHOBJIEHUEM [IBUTATeIbHBIX (PYHKIUH [25].

[Tokasano, uyTo BeIcOKUI ypoBeHb BDNF Ha
TpeTUil eHb NOocJie TOCHUTANN3AIUHN, KOppeJsu-
pyet 6oJiee 4eM ¢ 12-KpaTHBIM yBeJInYeHneM OJ1a-
TOIIPUATHOIO UCXOa IIPU UIIEMUYECKOM HUHCYJIb-
Te [26]. Comepsxkanne BDNF B cbIBOPOTKe KpOBU
MMAlMEHTOB C WIIEMUYECKUM WHCYJIBTOM TaK>Ke
KOppeJIMpyeT 1 C KIMHUYEeCKUMU [IapaMeTpaMy 1
MIPOTHO30M 3a00JIeBaHMsI B OCTPoOii (pase [27]. Kak
IIPaBUJIO, Y TAIMEHTOB C HIIEMUYECKUM UHCYJIb-
TOM TIPU TIOCTYIJIEHUH PETUCTPUPYIOTCA OoJiee
HU3KOEe CoJlepyKaHre MO3roBOro Helporpoduue-
CKOro (pakTopa II0 CpaBHEHUIO C KOHTPOJIbHOU
rpymnmnoi [28].

B HeBpoJsiOrnu nepCcreKTUBHBIMU ABJIAIOT-
Cs1 HepOIIpOTEeKTUBHbIE CTpATeruu, CBsI3aHHbIe
¢ ¢papMaKoJOTMUYEeCKUM JIeUeHUeM HIlleMuye-
CKOT'0 MHCYJIbTA. YCUJeHue HelpoTpoduueckon
rnepesayy CUrHAJIOB IIOC/IE UIIEMUH 3aTPYLHEHO
13-3a NOoJaBJeHUsI BbICOKOA((PUHHOTO pelel-
topa BDNF — TrkB-FL. Co3gan npoHUIlaeMbii
IJIsI TeMaTo9HIleaanieckoro bapbepa NenTu/I,
COXpAaHAIIUNA peLenTopbl Ha IIOBEPXHOCTHU
HEWPOHOB, CIIOCOOCTBYIOIIWN YMEHBIIEHUIO
pasMepa uH(apKTa M0O3ra 1 yJIy4dllleHHuI0 HeBPO-
JIOTUYECKOTO ucxoaa [29].

Copepsxanue BDNF B CbIBOpOTKEe KpOBHU y
[IAalMEHTOB B IIepBble CYTKU IIOCTYIJIEHUS B CTa-
[IMOHAP KOPPEJIMPYET U C MPOTHO30M 3aboJjeBa-
Hus1. Huskuii ypoBeHb HepOTPO(UUECKOT0 MO3-
roBoro (pakropa sBJseTcs HeOJaronpUsTHBIM
IIPOTHOCTUYECKUM IIPU3HAKOM C TOYKU 3PEHUSA
(PYHKIIMOHAJIBHOT'O COCTOSIHUSI HAallMeHTOB Ha 90-
e CyTKH ITocJie HavyaJsia 3aboseBanus [30]. Ha cau-
sKeHMe ITOBPesKIaIolero nelicTsus penepgysnu

content after the acute phase of the disease render
a neuroprotective effect. At the same time, during
the acute phase, increased VEGF is associated with
injury of the blood-brain barrier resulting in in-
creased permeability of vessels, edema, and in-
creased intracranial pressure [38].

VEGF-A isoform, being a potent angiogenic
factor, rises the risk of brain microvasculature
destabilization. VEGF-B isoform stabilizes mi-
crovasculature in the lesion area facilitating inter-
action between endothelial cells and pericytes. The
effects of this isoform are mediated via its specific
receptor — VEGFR-1, which is expressed mostly in
brain pericytes [39]. There are data evidencing sup-
pressed expression of VEGF-A in acute ischemic
stroke patients [40].

Superoxide dismutase. Production of reactive
oxygen intermediates due to calcium dysregulation
entails damage of nervous cells. Activation of an-
tioxidant enzymes protects nervous cells abating
the damaging effect of oxygen radicals. One of such
enzymes — superoxide dismutase — degrades re-
active oxygen intermediates preventing damage of
DNA, proteins and lipids. Application of drugs in-
creasing SOD expression promotes protection of all
kind of neurons from the damaging effect of oxygen
radicals [41]. It has been recently supposed that hy-
perhomocysteinemia is a risk factor for the devel-
opment of vascular diseases of the brain. Increased
content of homocysteine leads to increased content
of superoxide and impaired vascular response to va-
sodilators in brain arteries. In arteries, the fraction
of non-striated muscles and elastin grows, leading
to vascular wall hypertrophy, which is one of mech-
anisms promoting ischemic stroke development
[42]. Manifestation of anxiety, which is a common
psycho-neurological affective disorder occurring 1
month after a stroke, is related to increase of SOD
activity, which allows surmising its involvement in
the qualm development mechanisms [43].

Sialyl carbohydrate antigen. All cells of the
body are covered with glycocalyx, which consists of
glycolipids, glycoproteins, and proteoglycans, and
protects cells from injuries of different ethology.
Many glycoproteins on the cell surface end with
sialic acids that regulate intercellular interactions
and are receptors for pathogens and toxins [44].
Sialic acid is part of lectins (siglecs), which are re-
ceptors of the cellular surface of microglia and
oligodendrocytes. Siglecs are divided into two
groups. Siglec-4-myelin-associated glycoprotein is
expressed on oligodendrocytes and Schwann’s cells
and protects neurons from acute toxicity by inter-
acting with sialic acids bound with neuronal gan-
gliosides. The second group of siglecs (CD33) is ex-
pressed on immune cells. Humans are
characterized by microglial expression of siglec-11
that prevents neurotoxicity by means of interaction

with sialic acid oligomers displayed on neuronal
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IIPY UILIEMUY MO3Trd OKa3blBaeT BJAUAHNUE JUCTAH-
[IMOHHASA UIleMuYecKast 00padoTKa KOHEYHOCTEN.
ITO CBSI3BIBAIOT C HEUPOIPOTEKTUBHBIM J1€HICTBU-
€M MO3TrOBOro Helporpoduueckoro ¢gakropa B
pesyasrare yCUJIeHUd ero akcupeccuu [31].
Beaok S-100. IIpakThyeckoe 3HadeHUe
nMeeT OLICHKA COlepyKaHuA B CbIBOPOTKE KPOBU
6enka S-100 y 60TbHBIX MIITEMUYECKUM UHCYJIETOM
B [IeJIAAX KOPPeJIALYY C KINHUYECKUMU TaHHBIMUA
¥ MPOTHO30M 3aboJieBanus [32]. Ha ocHOBe mIpo-
BEJEHHOTI'O MCCJIEeIOBAaHUA I0KAa3aHO, YTO Y [Talu-
€HTOB C MH(pAPKTOM TOJIOBHOTO M0O3Ta B bacceliHe
CpelHEN MO3TOBOM apTepHuu ColepsKaHue Oesrka
S-100 mocturasno nmuKa Ha 2-3-U CyTKH IIOCJe
nHcyabsra. Comepskanuve 6esika ObIJI0 3HAYUTETHHO
BBIIIE y MMAIIMEHTOB C TAKEJbIM HEBPOJIOrHAYe-
CKUM AedunuToM, OOIMPHBIMA WH(MAPKTAMU U
BBIDQ)KCHHBIM HIIEMHUYECKUM OTEKOM MO3ra.
3navenus Oenaka S-100 He KOppPeSTHMPOBATIO C
(pYHKLIMOHAJBHBIM IPOTrHO30M. IloBbINIEHUE
comepskanus 6eska S-100 B CBIBOPOTKE KPOBU
T0cJIe MHCYJIBTa MOKET OBITH 00YCJIOBJIEHO €ro
YTEYKOU U3 ININAJIbHBIX KJIETOK, II0/IBEPraloIIuXCs
HEKPO3Y U IPOXOsKIeHNEeM Yepes IOBPesKIeHHbIN
remaTosHIedanndeckuii 6aprep [33]. OguH u3
BapuaHTOB Oeiaka — 0Oemok S-100f Mosker
HCIOJb30BaThCs B KadecTBe OMoOMapkepa ajs
mnddepeHnaJbHON AUATrHOCTUKU HIlleMUYe-
CKOTO MHCYJETa U BHYTPUMO3TOBOIO KPOBOH3-

susiaus. O6HApY>KEHO, YTO B CHIBOPOTKE KPOBU
[IAlMEHTOB C BHYTPUMO3IrOBBIMU KPOBOU3JIUS-
HUAMU copiepskaHue 6enka S-100B sHaUYnTETHHO
BBIIIIE [10 CPAaBHEHUIO C NalJMeHTaMHU, Y KOTOPBIX
OBLJI TMAarHOCTHUPOBAH MIIEMUYECKUN WHCYJIET.
[TpuuewM, cofepskanre Oeska OBIJI0 3HAYUTETHHO
0oJslee BBICOKMM Yy TAIIMEHTOB C HETAaTUBHBIM
(PYHKLIMOHAJIBHBIM MCXOAOM. AHAIU3 KPUBOU
ROC noxkasais 100% 4yBCTBHATEJBHOCTb U 76,2%
Ccrienu(pUYHOCTh y MAallMeHTOB C HeraTWBHBIM
(PYHKLIMOHAJIBHBIM HMCXOA0M y IAIMEHTOB IIpU
reMopparu4eckoM UHCYybTe [34]. YpoBHHU Oestka
S-1003 mocToBEepHO CBsI3aHBI C IOKa3aTeJIsIMU
MonuUIIMPOBAHHON IIKadbl PankuHa (mRS)
4Jepes 12 HeqlesIb OT HavasIa 3a00J1eBaHUsA. Y POBHH
besika S-100p mpu npenesabHOM 3HaYeHWU 140,5
HI'/[IJ1 OTPayKaIOT TAMKECTh OCTPOTO WHCYJBTA U
NIPOTHO3UPYIOT (PYHKIMOHAJIBHBINA pe3yJbrar
yepes 12 HeneJIb 10CJIe pa3BUTUA UHCYJIbTA [35].

InnaapHbIIH HelipoTpoguueckuii (pakTop.
[nuanbHbIN HelipoTpoduueckuii parTop (GDNF)
ob6s1agaeT Tpo(pruecKol aKTUBHOCTHIO B OTHOIIIE-
HUM JopaMUHEPTUUYECKUX HEWPOHOB. JlaHHBIN
HEHWPOIPOTEKTUBHBIHN 3 (PeKT orocpeioBaH cre-
muduueckum GDNF-penentopom anbda,. Ob6Ha-
PY’KEHO, UTO NaHHBINA pelLenTop aKTUBUPYETCS
HEIOCPeICTBEHHO II0CJIe pa3BUTHUA UIIEMUH, B
pesyJsbrare 4ero conepskaHre INajabHOr0 Helpo-
Tpouyeckoro dpakTopa MOKeT BO3pacTarb Ha
PpaHHUX CTaguAX uileMuu [36].

glycocalyx [45]. Microglia recognizes damaged
cells, expressing a set of recognition receptors. Re-
ceptor TREM2 expressed on myeloid cells and re-
ceptor-compliment-3 initiates immunoreceptor ty-
rosine-based activation motif (ITAM) leading to
activation of microglia, migration and phagocyto-
sis. Sialic acid-binding lectins from immunoglobu-
lins superfamily (Siglecs) recognize the sialic acid
cap of healthy neurons. This starts transmission of
ITIM signals suppressing microglia immune re-
sponses and phagocytosis. On the contrary, desia-
lytation leads to microglia activation via the
adapter protein containing ITAM [46].

Conclusion

Changes in the content of biological markers
in blood serum reflect ischemic stroke stages. Dur-
ing the pre-necrotic and early necrotic period , in-
crease of NSE, protein S-100, and SOD and de-
crease of BDNF and GDNF reflect the processes of
structural alterations in the brain resulting from
disturbed cerebral circulation. At subsequent fol-
low-up time-points (days 7-30 from onset of the
disease), increased BDNE GDNE VEGE and sialyl
carbohydrate antigen evidence activation of the
processes of central nervous system regeneration.
Decreased SOD activity evidences insufficient effi-
ciency of the system related to neutralization of re-
active oxygen intermediates.

DaKTOp pOCTa IHAOTEJIUA COCYAOB. PaKTOP
pocTa 9HJIO0TEeNS COCYIOB 00J1aaeT HeHpoIpo-
TeKTUBHBIMU CBOMCTBaMU U Y4aCTBYET B ITPOIiecce
AHTHOreHe3a. Y NalMeHTOB C Pa3JINYHbIMU Bapu-
AHTAMU UIIEMHYEeCKOT0 UHCYJIbTA €ro ColepsKa-
Hue ObLJIO 3HAYUTEJILHO BhIIIE B TeueHnue 90 nHei
10 CPABHEHMIO C KOHTPOJIBHOM IPYIIIONA. Y POBEHb
(pakTOpa pocTa 3HIO0TENSA COCYJOB IOJIOKUATEb-
HO KOppeJIipyeT C HeBPOJIOTNUeCKOU TSAKECThIO Y
MallMeHTOB C WIIeMUYeCKUM WHCYJIBTOM. Ero
3HaueHWe HEOJUHAKOBO B (PYHKIIMOHAIBHOM
KCXOfe [IPU pa3/INYHBIX BApUaHTax nHCyJIbTa [37].
[IpenBapuTeibHOE KOHIUIIMOHUPOBAHUE U BO3-
pacranue copepskanusa VEGF nocsie octpoii (passl
3aboJsieBaHUSA OKA3bIBAIOT HEHPOIPOTEKTHUBHOE
JelictBue. B To jke BpeMs B 0CTpoH (pase MOBBI-
IIEHHBbI YpOBeHb (paKTOpa pocCTa 3IHIOTENUs
COCYZIOB CBSI3aH C IOBpeKJeHreM reMaroaHIeda-
JIMYECKOTOo Oapbepa, YTO IPUBOAUT K IOBBIIIIE-
HUIO IIPOHUIIAEMOCTH COCYJIOB, OTEKY U IIOBBIIIIe-
HUIO BHYTPUYEPEITHOIO JaBjeHusd [38].

N3odopma VEGF-A, #ABJIAACHE MOIIHBIM
AHTMOTeHHBIM (DAKTOPOM, yBEJUYUBAET PUCK
JIecTabMIn3anuy MUKPOIUPKYISTOPHOTO pycia
rosoBHOTO Mo3ra. Msogopma VEGF-B crabmmm-
3UPyET MUKPOIUPKYIATOPHOE PYCJIO B 067IaCTH
TTOBPESKIEHNS, CIIOCOOCTBYET B3aMMOIEHCTBUIO
MEeYKly 9HI0TeJNaJIbHbIMU KJIeTKaMU U Iepenu-
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TaMu. AP PeKThI aToM N30¢hOPMBbI ONIOCPETOBAHBI
yepes ero crnenupuieckuit perentop VEGFR-1,
KOTOPBIN NIPENMYIeCTBEHHO 3KCIIPECCUPYETCS B
nepuimuTax mosra [39]. iMmerorcs faHHbIe O I10/1aB-
Jgennn sxcnpeccun VEGF-A y manueHToB ¢ oCT-
PBIM HIIEMUYECKUM UHCYJIBTOM [40].

Cynepoxcupaucmyrasa. [Iponyknus akTus-
HbIX ()OPM KHCJIOPOAA B CBS3U C HapYyLIEeHUEM
peryjiiiui KaJblHs BeNeT K IIOBPEKICHUIO
HEpPBHBIX KJIETOK. AKTUBAIIAA aHTUOKCUTAHTHBIX
(epMeHTOB 3aIUIIAeT HEPBHBIE KJIETKU, YMEHb-
11asi MOBpEYK Aol a¢pHeKT paguKaioB KUCIO-
pozna. OauH 13 Takux (pepMeHTOB — CYIIepOKCUJ-
JUCMyTas3a pasJjiaraeT aKTUBHbIE  (OPMBI
KHUCJI0pOoAa, Ipenynpesknasa nospesxkgenne THK,
0eJIKOB U IMTTUIOB. MICIIOJTb30BaHUe ITpernaparos,
MOBBIIIAIOIINAX IKCIIPECCUIO CYIIEPOKCUAIUCMYTa-
3bI, CIIOCOOCTBYET 3aIIUTE PAa3/TUYHBIX BIIOB HEH -
POHOB OT MOBPESKIAIOIIETO JEeNUCTBUS PaIUKAIOB
Kucjaopona [41]. B mocaenHee BpeMs BbIABUHYTO
MpeJnooKeHNne, 4To (PpaKTOPOM PUCKa Pa3BUTHUS
COCYOUCTBIX 3ab0JIeBaHWUU TOJIOBHOTO MO3Ta
ABJIAETCA TUlNleproMonycrenHeMus. [loBwImeH-
HOe€ COollepyKaHue TOMOITUCTEeNHA BeJeT K MOBbI-
IIEHHOMY COIEpKaHMUIO CyIIepOKCHIA, Hapylle-
HUIO peakUHuy COCyJOB Ha Bas3onuJaTaTopbl B
aprepusax Mo3ara. B aprepusix Bo3pacTaeTr HoJs
VIAAKUX MBI W 3JaCTUHA, NPUBOIAININX K
runepTpodun COCYIUCTHIX CTEHOK, YTO SIBJISIETCS
OJTHUM M3 MEXaHN3MOB CIIOCOOCTBYIOIINX Pa3BU-
TUIO UIIEMUYECKOr0 UHCyabTa [42]. [IposaBieHne
TPEBOKHOCTH, SABJISIONIENCA pacCIpOCTPaHEHHBIM
IICUXOHEBPOJIOTUYECKUM aPPEeKTUBHBIM pac-
CTPOMCTBOM uepe3 1 MecsII I0Ccjie UHCYJIBTA, CBSI-
3bIBAIOT C BO3pacTaHWEM AaKTUBHOCTU Cylep-
OKCHIMICMYTa3bl, YTO II03BOJISAET IIPEAII0JIOKNATD
ee yJyacTue B MeXaHU3MaxX Pa3BUTUA TPEBOKHBIX
cocrosgHuu [43].

CuaMpoBaHHBIH YIVIEBOHBIH aHTHTEH. Bce
KJIEeTKH OpraHM3Ma ITOKPBITHl TVIMKOKAJIUKCOM,
KOTOPBIH COCTOUT U3 VIMKOJIUNHUIOB, NIMKOIIPO-
TEMHOB U MPOTEOIVINKAHOB 1 3aIINIIIAET KJIETKU OT
MOBPEXKJIeHUN pas3audHON aTHOJOrUuu. MHOTHE
WIMKONPOTEWHBI HA KJIETOYHOU ITOBEPXHOCTHU
3aKaH4YMBAIOTCS CUAJIOBBIMU KACJIOTAMU, PEryJIn-
PYIOIIMMH MeKKJIETOUHble B3aUMOJEUCTBUSA, U
ABJISIIOTCSI PElleNITOPaMU I TATOTE€HOB U TOKCH-
HOB [44]. CuaJioBasi KMCJIOTa BXOJIUT B COCTaB JIEK-
TUHOB (CUIVIECOB), ABJIAIOIIUXCA pelenTopaMu
KJIETOYHOI MOBEPXHOCTHU MHUKPOIVIUM U OJIUTO-
neaaporuToB. CUryiechl MOAPA3IeJIAI0T Ha JBe
rpynnbl.  Curiec-4-MHe/JUH-aCCOLMUPOBAaHHBIN
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IJIMKOIIPOTEMH — JKCIIPECCUPYETCs Ha OJIUIO-
JeHgpounuTax U kieTkax llIBanHa m 3amuiiaer
HEWPOHBI OT OCTPON TOKCUYHOCTHU OCPEICTBOM
B3aNMOJIeHICTBUSA C CUAJIOBBIMU KUCJIOTAMU, CBSI-
3aHHBIMU C HEHWPOHAJIBHBIMHU TAHIJIMO3WIAMU.
Bropas rpynmna curiecos (CD33) skcnpeccupyercs
Ha UMMYHHBIX KJIeTKax. /151 uesioBeka crierupud-
Ha MUKpPOLIMA/IbHASA 9KCIIPECCU cumieca-11, npen-
OTBpAIljaoIasi HePOTOKCUYHOCTD ITOCPEICTBOM
B3auMOZENCTBYS C OJINTOMEPAMU CUAJI0BOU KUCJIO-
TbI, 9KCIOHUPOBAHHBIMY Ha HEHPOHAIBHOM [VIUKO-
KaJIMKCe [45]. MUKpOIIMA pacio3HaeT IIOBPEyKIeH-
HbIE KJIETKH, 9KCIPECcCHUpysi HabOp pPerenTopoB
pacnosHaBanus. Perienitop TREM2, skcripeccupye-
MBI Ha MUeJOUAHBIX KJIeTKaX, U PelenTop-KOM-
IIJIEMEHT-3 3aIlyCKalOT CUTHAJ AKTUBAIIIA IMMYHO-
peuenropa Ha ocHoBe Tupo3uHa (ITAM),
TIPUBOISAIINHI K aKTUBALMN MUKPOIVINY, MUT DALl
U daroruTody. CBsA3bIBAIOIINE CUATIOBYIO KUCJIOTY
JIEKTUHBI CyIlepceMeicTBa HMMMYHOTOOYJIMHOB
(Siglecs) pacnosHaloT IIANKy CUAJI0BOU KUCJIOTBI
37I0POBBIX HEIPOHOB. JTO BKJIIOYAET ITepejady CUT-
HasnoB ITIM, nomasiAmIie UMMYHHBIE PeaKIIUU
MUKpoOIMH U (paroruros. HanpoTus, aecuanupo-
BaHWe BeleT K aKTUBAlMM MUKDOLJINU 4epes
bestok-amanTep, comepsraruii ITAM [46].

3akJrouenue

H3MmeHeHUEe CcoO/lepsKaHUSI OUOJIOTHYECKUX
MapKepoB B CHIBOPOTKE KPOBU OTPAKAET CTaAUHU
WIIIEMAYECKOTO MHCYIbTa. B MOHEKPOTHYECKUI
TepUOJ ¥ Ha4asi0 QOPMUPOBAHUS HEKPO3a IOBHI-
leHre cofepskaHus HelpoHcnenuduaeckon
eHoJ1a3bl, 6eska S-100, cynepoKCUIINCMYTa3Hhl,
CHIDKEHUE COMep)KaHusl HeWpoTpodUUecKoro
(pakTOpa rosI0OBHOTO MO3Ta, IVTMATLHOTO HEHPO-
Tpouueckoro (akTopa OTpaskaiOT IMPOIECCHI
aJIbTepaluy CTPYKTYP rOJIOBHOTO MO3Ta, pa3BU-
BaloOIIMecs B pe3y/IbTaTe HapylleHni KpoBoooOpa-
meHusi. B mocienyooiire Cpoku HaOJIOIEHUS
(7-30 mHeii oT Havyasia 3ab0JIeBaHUsI) BO3pAaCTaHUE
comepskaHusA  HeWpoTpoduyeckoro (akropa
TOJIOBHOTO M03ra, IMINajJbHOTr0 HeHpoTpoduye-
cKoro ¢akTopa, (hakTopa pocTa IHJOTEHS COCY-
JIOB, CHUAJMPOBAHHOIO YIVIEBOJHOI'O aHTUTEHA
CBU/IETEJILCTBYIOT 00 aKTHUBHU3AI[UU MPOIECCOB
pereHepanyu MeHTpaJbHO HEPBHOW CHUCTEMBL.
CHUsKEHHAsI aKTUBHOCTH CYIIEPOKCUIIUCMYTA3hI
CBUJETEJILCTBYET O HEAOCTATOYHOU 3(h(PEeKTUBHO-
CTH CHCTEMBI, CBSI3aHHOW C HeWTpam3aruen
AKTHUBHBIX (DOPM KUCJIOPOJIA.
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