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PE3IOME. Dmuiencus siBjsieTcsl cepbe3Hoii mpo6ieMoii 111 31paBooXpaHeHust BO BceM Mupe. Y Gojee yem 30 %
NauMeHTOoB 3a00J1eBaHue Mporpeccupyet A0 (GoOpMUPOBAHMSA JIeKAPCTBEHHO-YCTOHYUBOM INMMIENICUU U HYK/1AeTCSl B XUPYP-
THYecKOM JedeHnH. Bobinoe kojanyecTBo pagoT NOCBANIEHO Pa3padoTKe MATOreHETHYECKOTO JeYeHHsI C Y1eTOM MOJIeKY-
JISIPHO-T€HeTHYECKOr0 CTATyca, B YACTHOCTH IKCIPECCHH PA3JIMYHBIX HEHPONPOTEKTHBHBIX 6€/IKOB, B TOM YHcJIe 00IbIIOH
HHTEpec BbI3BIBAET pacrpeiesieHne B TKAHAX MO3ra BUMEHTHHA, KOTOPbIH OTHOCHTCS K 0eJIKaM NPOMEKYTOYHBIX (puira-
MEHTOB TKaHeil Me301epMaJIbHOIO IIPOUCXOK/ACHH .

HOEJb UCCIEJOBAHUS. U3y4ynTh NMMYHOPEAKTHBHOCTh BUMEHTHHA B CTPYKTYPaxX IMNIOKAMIA y NAIUEHTOB
¢ papMaKOpe3UCTEHTHOM dNHIencHei.

MATEPUAJI U METO/IbI. UccaenoBan 6uoncuiinbiii MaTepuas (pparMeHToB runmnokamna 15 nanueHToB (6 xkeH-
IIHH, 9 Myk4uH) ¢ GapMaKOpPe3HCTEHTHOM 3Mujencueii, cpenHuii Bozpacrt 32,6 Jer. B kayecTBe rpynnbl cpaBHEHUs HC-
NO0JIL30BAJICSl AYTONCUHITHBIN MaTepHaJl OT 7 NAMEHTOB, CPeJHUIl Bo3pacT KOTOPbIX 51 roa. U3yyanuch rucronoruyeckue
cpe3bl, OKpaleHHbIe TeMaTOKCHIMHOM H 03MHOM, 2 TAK/Ke Pe3yJbTaThl HMMYHOTHCTOXHMIYECKHX PeaKIuii ¢ aHTHTeJIa-
MH K BUMeHTHHY. OueHKa pe3yJbTaTa peakiuy NPOBOINIACH MyTeM MOACYeTa JeHCHTOMETPHYECKOil MJIOTHOCTH OKpa-
IIECHHBIX KJIETOK B 5 M0JIAX 3peHus 30H 3y04uarToil n3BujMHbI, noJjeid CAl n CA4. CraTucTuYyecKUuil aHAJIM3 OCYIIeCTBJICH
¢ HoMoIIbI0 NporpamMmel Statistica v.10.

PE3YJIBTATBI. Ilpu u3y4yeHUH rHCTOJIOTHYECKOI0 MaTepuaia THIIOKaMIa ObLIM BbISIBJIEHbI aTpoduyecKkue u3Mme-
HEHHSI ero CTPYKTYP BILIOTH /10 Pa3BUTHS CKJIepo3a pa3HbIX THNOB. IIpn mpoBereHNN MMMYHOTHCTOXHUMHYECKHX PeaKmuii
¢ BUMEHTHHOM BBISIBJIEHA sIpKasi HMMYHONO3UTHBHOCTh B HUTOILIa3Me MIIEMHYeCKH H3MEeHEHHBIX Hel{pOHOB, HeifpoHax
TPAHYJISIPHOIO CJIOSI 3y04aTol M3BMJIMHBI, aCTPOLUTAX, a4 Tak:ke MUKporjauu. Ilpu uccaeqoBanuu JeHCHTOMETPHYeCKO
IUIOTHOCTH BUMEHTHH-OKPAllleHHBIX KJIeTOK BbIsiBJIeHo: B siape CA10,12-0,56 (p = 0,028+0,008); B siape CA40,014-0,044
(n=0,029+0,008); B 3youartoii nspuaune 0,01-0,045 (n = 0,027+0,009). IIpu craTucTHYecKOi 00padoTKe JAHHBIX MOJY4€HO
3HAYNMOe pa3jndne no KpuTepusim Manna-Yutan, Koavoroposa-CvupHosa (p<0,05) Bo Bcex nccieI0BAaHHBIX 001aCTAX.

3AKJ/JIIOYEHHUE. Takum o6pa3oM, B CTPYKTYpPax runmnokaMna y nanueHTos ¢ ®PJ nocropepHo ormeuyaercsi ycuie-
HHe MMMYHOPEAaKTHBHOCTH BUMEHTHHA B Hei{pOHaX sijiep U AMCIEPCHBIX HellpOHAaX 3y0uaToil M3BHJIMHBI, CBS3aHHOE C aK-
THBanueii Heliporene3a. C 1pyroii cTOpoHbI, BAMEHTHH-aCCOIIMMPOBAHHOE PeMO/IeTHPOBAaHNE ACTPOLMTOB ¢ 00pa3oBaHHeM
IMAJILHOTO py01a, MPeNnsTCTBYeT penapanui HePBHOH TKAHM B 30He MMJICNTHYECKOI0 049ara M siBJisieTcsl HaToreHeTHyYe-
CKHM 3BeHOM (DOPMHPOBAHHUS CKJIepo3a rHMIOKaMIa.

KJIOUYEBBIE CJIOBA: dnuiencusi, TAINOKAMII, BAMEHTHH.

s wumuposanusn: Cumosckas /. A., Epemuna A. O., Coxonosa T. B., 3abpoockas IO. M. H3menenusi ummyHopeakmugrHocmu
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IN THE STRUCTURES OF THE HIPPOCAMPUS IN PATIENTS WITH DRUG-RESISTANT EPILEPSY
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SUMMARY. Epilepsy is a major public health problem worldwide. In more than 30 % of patients, the disease
progresses to drug-resistant epilepsy (DRE) and requires surgical treatment. A large number of works are devoted to the
development of pathogenetic treatment taking into account the molecular genetic status, in particular, the expression of
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various neuroprotective proteins, including the distribution of vimentin in brain tissues, which belongs to the proteins of
intermediate filaments of tissues of mesodermal origin, is of great interest.

PURPOSE OF THE STUDY. To study the immunoreactivity of vimentin in the structures of the hippocampus in
patients with DRE.

MATERIAL AND METHODS. The biopsy material of hippocampal fragments of 15 patients (6 women, 9 men)
with DRE, mean age 32.6 years, was studied. Autopsy material from 7 patients with an average age of 51 years was used
as a comparison group. Histological sections stained with hematoxylin and eosin were studied, as well as the results of
immunohistochemical reactions with antibodies to vimentin. The result of the reaction was evaluated by calculating the
densitometric density of stained cells in 5 fields of view of the dentate gyrus zones, fields CA1 and CA4. Statistical analysis
was carried out using the program Statistica v.10.

RESULTS. When studying the histological material of the hippocampus, atrophic changes in its structures were
revealed up to the development of sclerosis of various types. When conducting immunohistochemical reactions with
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vimentin, bright immunopositivity was revealed in the cytoplasm of ischemic neurons, neurons of the granular layer of
the dentate gyrus, astrocytes, and microglia. The study of the densitometric density of vimentin-stained cells revealed:
in the CA1 nucleus 0,12-0,56 (n = 0,028+0,008); in the CA4 nucleus 0,014-0,044 (n = 0,029+0,008); in the dentate gyrus
0,01-0,045 (1 =0,027+0,009). Statistical data processing resulted in a significant difference according to the Mann-Whitney,
Kolmogorov-Smirnov criteria (p<0,05) in all the studied areas.

CONCLUSION. Thus, in the structures of the hippocampus in patients with DRE, there is a significant increase in the
immunoreactivity of vimentin in the neurons of the nuclei and dispersed neurons of the dentate gyrus, associated with the
activation of neurogenesis. On the other hand, vimentin-associated remodeling of astrocytes with the formation of a glial
scar prevents the repair of nervous tissue in the area of the epileptic focus and is a pathogenetic link in the formation of

hippocampal sclerosis.
KEY WORDS: Epilepsy, hippocampus, vimentin.
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AKTyaJbHOCTD.

Onuencust SBISETCS CEPbe3HOM MpoOiaeMoit s
30paBOOXpaHeHs] BO BceM Mupe. J{ois manueHToB
¢ snwtencuedd cocrasisier 1 % oT obuiero ymcna Bcex
3aboneBanuii [1]. HecmoTpst Ha ycnexu dapmarieBTu-
4eCKOW MPOMEBIIIICHHOCTH, Y Oonee uem 30 % maru-
eHTOB 3a00JIeBaHUE NpOrpeccupyer 10 HOpMHUPOBAHUS
JIEKapCTBEHHO-YCTOMUMBON JMUJIETICUM U HYXKJaeTcs
B XHpyprudyeckoMm jedenuu [2]. bonbmioe komndecTBO
paboT MOCBSIEHO pa3pabOTKe MaTOTeHETHYECKOTO Je-
YEHUS C YIETOM MOJIEKYISIPHO-TEHETHUECKOTO CTaTyca,
B YaCTHOCTH HKCIIPECCHHU PA3THIHBIX HEHPOIPOTEKTHB-
HBIX OCJIKOB, B TOM YHCIIE€ OOJIBIION HHTEPEC BHI3BIBACT
pacmupezeneHue B TKaHSIX MO3ra BUMEHTHHA [3].

BuMeHTHH oTHOCHTCSA K OenKaM HMpPOMEKYTOYHBIX
¢mIaMeHTOB TKaHEH Me30JepMaIbHOTO IPOUCXOXK-
nmenus (puc. 1). B HOpManmbHOH TKaHW HEHTPAIBHON
HEPBHOI CHCTEMBI B3POCIIOrO 4YellOBeKa BHMEHTHH
MPOSIBIIIET YMEPEHHYIO MJIHM CHJIBHYIO PEaKTHBHOCTD
B SIECHIUMAJIBHBIX, SHIOTEINAIBHBIX U MEHHHTEAIIb-
HBIX KJIETKaX, YMEPEHHO WM CHIBHO — B HEKOTOPBIX
CyOnManbHBIX acTpouuTax, c1abo — B IHIOTEIHAIb-
HBIX KJIETKaX M HECKOJBKUX acTpOIMTax Oeioro Bele-
cTBa. B maronoruueckoil TKaHU yCUIIMBAETCS IKCIIpEC-
cUsl B HEKOTOPBIX THNEPTPO(UPOBAHHBIX acCTPOLUTAX
U HEKOTOPBIX PEaKTHUBHBIX KJIETKaX MHKpOTIIMH, Ha-
CBIIIEHHBIX Junuaamu [5]. beuto 3amedeHo, 4To mpu
Oone3Hn AunplreiiMepa akTUBHOCTh BHUMEHTHHA Ha-
OmonaeTcs B HelipOHax MOKEUKa, TUIIIIOKaMIIa U KOpe
6onpimux monymapuii [6]. CymiecTByer 5 ceMeicTs
IIPOMEKYTOYHBIX (bI/IJ'IaMeHTOB, npui4eM BUMCHTUH

SIBJISIETCS MIPOAYKTOM I'eHa 3 Tumha Hapsijay C I[IHalb-
HBIMH (QHOPUILIAPHBIM KHCIIBIM OenkoMm (glial fibrillar
acid protein, GFAP), HelipoHpHIaMEHTOM, 1ECMUHOM
u kepatuHoM. [Ipu stom Bumentud u GFAP wacrto co-
CYLIECTBYIOT B aCTPOILUTAX U B INIHAJIBHBIX KIETOYHBIX
JTUHUSAX U 00mamaroT Mop(odyHKIIMOHAIEHON CXOXKe-
CTBIO, UTO TO3BOJISIET UM KOMIIEHCHPOBATh JIPYT IpY-
ra. Okcnpeccus BuMeHTHHa U1 GFAP actponmramu u3-
MEHsIeTCsS B X0[¢ pa3BUTHA. B Oosee paHHME ITepHOIBI
pa3BUTHS, BO BpPEMs KOPTHKAJIBHOW MHEIMHM3ALNH,
KOTJIa JeJsecs IroomacTel B 0eJ1oM BemecTse Tud-
(hepeHIUPYIOTCS B OJMTOACHIPOTIHOIMUTEl U aCTPOLH-
TBI, aCTPOLUTHI 00JIaAIOT BHICOKOH SKCHpeccueil Bu-
MEHTHHA, B TO BpeMsI Kak BO B3POCJIOM BO3pacTe OHa
CHIKaeTcsi U yBenuuuBaeTcs skcupeccus GFAP [7].
[Torepst BUMEHTHH-MMMYHOPEAKTHMBHOCTH M Hayallo
skcrpeccu GFAP actpouuraMu cuurtaercs Mapképom
ux 3penoctd [8]. OgHako TOBOPUTCSA O TOM, YTO ypO-
BeHb dKcnpeccun BuMeHTHHa U GFAP actpounrtamu
MOXET paccMaTpUBaThCs TAKXKe Kak MoKa3areib QpyHK-
LUOHAIBHOTO COCTOSIHUS. OTMEUYEHO, YTO IPU OOLIHP-
HOM pPEMOJICIMPOBAaHMH CHUHAIICOB HAOIIONAETCSl CHU-
xenune skcrnpeccun GFAP u yBennueHne BUMEHTHHa
[9]. VuutsiBas 3HaUeHNE BUMEHTHHA B IOCTHATAIHLHOM
HelfporeHese, HeIb3sl UCKIIOUNTh, YTO JAaHHBIA Oelok
MOXET UTpaTh poiib B (POPMUPOBAHUH U CTAHOBIICHUH
SMHUJIECHTHYECKON CHCTEMBI.

Heab uccaenoBaHus.

N3yunTh NMMyHOpPEAaKTUBHOCTh BUMEHTHHA B CTPYK-
Typax THIIOKaMIla y HalMeHTOB ¢ (papMaKope3NCTEHT-
Ho¥ srmnencueii (OPD).
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Pucysok 1.
MoJieKy/IsipHbIe CTPYKTYPBI IUMepa U TeTpaMepa BHMEHTHHA
(cxemMa U pe3yJbTaThl MOJIEKYJISIPHOTO MoAe/IMpoBaHus) [4].

IManesas A: CxemaTuuyeckoe H300pakeHUue JUMePHO reoMeTpUH,
BKJII0YAsl METKH, HACHTHQHIUPYIOLUIHE PA3IMYHbIe CerMeHThI

M JuHKepHbIe (L) 1oMeHbI.

Maneas B: CHUMOK aTOMHCTHYECKOI MOJIEKYJISIPHOI

MOJIeJIH JUMepa BHMEHTHHA 1eMOHCTPHPYeT XapaKTepHyIo
CerMeHTHPOBAHHYIO FeOMEeTPHIO ¢ 00,1aCTAMH CIHPAJIbHOI
KATYIIKH, COeJHHEHHBIMH Yepe3 00,1aCTH KOMIOHOBINHKA,
NPeCTaBIISIIONIEro co00ii MrkHe IapHUPHbIE CTPYKTYPbI,
KOTOpBIE COCMHSIIOT Iropa3/io GoJee KecTKHe CerMeHThbI
cnupaibHoii katymku. Takum 00pa3om, 10MeHbI KOMIIOHOBIIMKA
HelCTBYIOT KAaK MeTIH, BOKPYT KOTOPBIX MOJIEKY/IsSIpHAst
CTPYKTYpPa MOKeT I0BOJILHO JIETKO H3THOATHLCSI M BPAINAThHCS.
CuHsist 4acThb 0003Ha4YaeT 001acTh «stutter» («3aMKaHus»),
(aMmuHOKHCI0THI 345-351), B KOTOPOIi ABE aJIb(a-cIMpaIbHbIE
LeNH PAaCKPYYHBAIOTCS U JaI0T HA4YaJ10 ropas3ao oJiee

JIMHHOMY IIATY CNIHPAJbHOI KAaTyIIKH, HAOMHHAIOIEMY

JABe NnapaJliejbHble ajlb(a-cMpajn B 3Toii odnacTu (001acTh,
OTMeYeHHAsi CHHHM I[BETOM).

MManeab C: CHUMOK aTOMHCTHYECKOIH MOJIEKYJISAPHOIH MOIeIH
BHMEHTHHA TeTpaMepa, COCTOSIN e U3 IBYX aHTHNAPAIETbHBIX
aumepoB. ITo cpaBHeHHIO €O CTPYKTYPOii AUMepa CTPYKTypa
TeTpaMepa 3aMeTHO 0oJiee KecTKasl H3-32 YBeTHUEHHOI0 MOMEHTAa
HHePUHUH ILUIOINA/H, YTO NPHBOIUT K 3 (PeKTHBHOMY yBeTHUYCHUIO
JAJIHHBI CTOHKOCTH.

Figure 1. Molecular structures of vimentin dimer and tetramer
(scheme and results of molecular modeling) [4].

Panel A: Schematic representation of the dimeric geometry, including
labels identifying different segments and linker (L) domains.

Panel B: A snapshot of an atomistic molecular model of a vimentin
dimer showing a characteristic segmented geometry, with helical
coil regions connected via linker regions, which are soft hinge
structures that connect the much more rigid segments of the
helical coil. In this way, the linker domains act as loops around
which the molecular structure can bend and rotate quite easily.
The blue portion represents the “stutter” region (amino acids
345-351) in which the two alpha helix strands unwind and give
rise to a much longer helical coil pitch resembling two parallel
alpha helices in this region (area marked in blue).

Panel C: Snapshot of an atomistic molecular model of a vimentin
tetramer composed of two antiparallel dimers. Compared to the
dimer structure, the tetramer structure is noticeably stiffer due
to the increased area moment of inertia, resulting in an effective
increase in the tool life.

Marepuan u MeToabl. PeTpoCneKTHBHO UCCIIeI0BaH
OuoricuitHbIiA MaTepuan ¢pparmMmeHToB rummokammna [TAO
PHXU um. npod. A.JI. TToneHosa, noiy4eHHbIN HHTpA-
OTIepanioHHO OT 15 marmuenToB (W3 HUX 6 KEHIIHH, 9
MYXXYHH) C JIOKaJpHO oOycioBneHHONT PPD B Bo3pac-
Te oT 19 mo 61 roma, cpenamii Bo3pact 32,6 ner. 3oHa
SMUIENTHYECKOTO Odara OIpeNensuiack C HCIOIb30-
BaaneM MPT mo mporpamme «onummencus», [19T-KT,
93T ¢ WHBa3UBHBIM MOHHUTOPWHTOM. B kadecTBe rpym-
IIBI CPaBHEHUS MCIIOJB30BAJICS ayTONCHIHBIA MaTepHai
0T 7 MaIMeHTOB, YMEPIINX OT COMAaTHUECKUX 3a00JeBa-
HUI 1 HEe WMEBIINX B aHAMHE3€ HEBPOJOTHYCCKUX pac-
ctpoiictB. U3 HUX 3 >keHIIUHBI, 4 MYXXUYHHBI, CPEIHUI
Bo3pacT — 51 roa. Marepuan ¢uxcuposanu B 10 % 3a-
OoydeperHOM (hopmanHe, 00C3BOKHUBAIH CTAHIAPTHBIM
crocoOoM | 3anuBaiy B napaduH. M3ydanuce rucromno-
THYECKHE CPEe3bl, OKPAIIeHHbIE TeMaTOKCHINHOM U 30-
3MHOM, a TaKXe pe3yJbTaTbl UMMYHOTUCTOXUMHYECKHX
(UI'X) peakmmii ¢ aHTUTEeIaMH K BUMEHTHHY (aHTH-
tena ¢upmbl Dako (/laHus), cucTtemMa BU3yalIH3alud
EnVision). T'mcronorumueckuii aHaan3 ¥ MHKPOQOTO-
rpadupoBaHUe TPOBOJMIOCH C IMOMOIIBIO MHUKPOCKOIIA
Leica DM2500 M, o6opymnoBaHHOTO I POBOIT KaMepoit
DFC320 u ¢ ncionp30BaHNEM MEHeKepa N300 parkeHUH
IM50 (Leica Microsystems, Wetzlar, Germany). Oren-
Ka pe3yibTara peaklUuH MPOBOIIIACH ITyTeM IofcUeTa
JICHCUTOMETPUYECKOH IIOTHOCTH OKPAIICHHBIX KIIETOK
B 5 momsAX 3peHus 30H 3y0uaroil m3BMINHEI, moied CAl
u CA4 B xaxxgom cimyyae (mporpamma PhotoM, Poccus).
IIporpamma paccuuTHIBaeT IEHCHTOMETPUIECKYIO TUIOT-
HOCTH OTHOCHTENHHO (hOHOBHIX oOmacteir. [lomcuuToi-
BaJach JEHCUTOMETPHYECKAasl IUIOTHOCTh BCEX KIIETOK,
MIOTIABIINX B KaXKJO€ TOJIE 3PEHHUS, TP HAIWYIHUA B TIOJIC
3peHHS CTEHKH COCYIa, SKCIPECCHPYIONIeH BUMEHTHH,
JaHHAs 00JacTh HMCKITIOYANTach W3 MccienoBaHus. JlaH-
HBIC MIPEICTABICHEI B (hopMare CPEeIHEro U ero OTKIO-
HeHnsl. CTaTUCTUYECKUI aHaJIN3 OCYIIECTBIEH C MOMO-
IIpE0 TIporpamMmel Statistica v.10. J{nst ctarucTryeckoro
aHaJM3a HMCCIEIOBAMCh METOAbl HEmapaMeTpHUUEeCcKOH
craructiky. MccnenoBanue omobpeno stmyeckuM Ko-
MHUTETOM POCCHICKOTO  Hay4HO-HCCIIEI0BaTEIbCKOTO
HeWpoXUpypruyeckoro UHCTUTYTa M. ipod. A.JI. Ilo-
neroBa — ¢mwmana HMUILL um. B. A. Anmasosa CaHKT-
[etepOypra (mpotokon Ne 0305-2016 ot 16.05.2016 1)
1 IpOBOANJIOCH B COOTBETCTBHU C XebCUHKCKOH JCKJ1a-
paumeii o mpaBax 4enoBeka. [Ipenonepanuontoe odce-
JOBAHUE U XUPYPIUICCKOC JICUCHUC MAIIMECHTOB IIPOBO-
AUJI0Ch B COOTBETCTBUU C Knuanueckumu PEKOMEH A~
uu Accoruanuu Helipoxupypros Poccun 2015 1

Pe3yabrarsl. [Ipu n3ydeHun rucToioriueckoro Ma-
Tepuasia TUIMOKaMna ObLIM BBIIBICHBI aTpoduyueckue
W3MEHEHHUS ero CTPYKTYp BIUIOTH JI0 Pa3BUTHSA CKIIepo3a
pasHBIX THIIOB. B 3y0uaroif W3BWIMHE OTMEYEHA IHC-
MepCcus TPAHYISPHOTO CIIOS Pa3HON CTENEHH BBIPaKeH-
HOCTH — pacCeWBaHHWE TPaHYISAPHOTO CIIOS, PAacIpo-
CTpaHEHHE TPaHYSIPHBIX HEHPOHOB B BBILIENIEKAIINAN
MOJICKYJISIPHBIA CITOW, KaK OZMHOYHBIMH KJIacTepaMH,
TaK U B BUJIC PACCIIOCHNS, a TAK)KE 04aroBasi HeHpOHaIIb-
Has yTpara. B u3ydennsix ¢gparmenrax suep CAl u CA4
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00HapyXEHO BBINAJCHHE HEHPOHOB, BIUIOThH A0 OILyCTO-
IICHUS SLep, UX UIIEMUYECKUe U3MEHEHUS 110 TEMHOMY
THUITy, SABICHUS caTTenuTo3a M HeifpoHodaruu. Kpome
TOro, OOHAPY)KMBAJIACh ACTPOLUTAPHAS MPOIUdepaus
¢ opMupOBaHHEM KIETOYHOTO IVINO3a KaK B AAPaX, TaK
U B 3yOuaroit m3BmwimHe (puc. 2, A-B).

IIpu nposenenun UI'X peakuuii ¢ BUAMEHTUHOM BbI-
SBJICHA SIpKasi IMMYHOIIO3HTHBHOCTD B CTPYKTypax THII-
nokaMnaiabHOW (hopmarin y mamuentoB ¢ OPO (puc. 3,
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A-B). BumeHTHH OOHapy»XMBaJICsl B LIUTOILIA3ME HIIIe-
MMUYECKH U3MEHEHHBIX HEUPOHOB, HEMPOHAX TPaHyJsIp-
HOTO CJI0s1 3yOuaTroil W3BUIIMHBI, aCTPOLIUTOB, POPMHPY-
IOIIMX IayKoOOpas3HbIe pa3pacTaHWs U3 YTOJNILICHHBIX,
neOPMUPOBAHHBIX OTPOCTKOB, & TaKXKe MHUKPOIJIHH.
B 10 Bpems Kak B TpymIie CpaBHEHHS SKCIIpeccusi 0OHa-
PpyXMBaJIach TOJIBKO B IIUTOILIA3ME SHAOTENHUS COCYIOB
(BHYTpEHHUH KOHTPOJb) M B €AWHHYHBIX ACTPOIMTAX
(puc. 3, I'-E).

PucyHok 2. MopgoJiornuyeckne H3MeHeHUs! B pe3ellMPOBAHHBIX rHNnokamnax. Okpacka reMaToOKCHJIMHOM M 303HHOM, X200

Hapyme}me HUTOAPXUTEKTOHUKH, a'rpo(]m'leclme HU3MEHECHHUA B BU/IC 0YAaroB BbINAJACHUS HeﬁpOHOB B si/ipax runnoxkamma,

BILIOTh /10 OMYCTOIIEHHSI CTPYKTYP, KJICTOYHBII TIHO3.

A — SInpo runnokamna CAl. b — Slapo runmokamna CA4. B — Jlucniepcusi rpanyJisipHOTO ¢J10s1 3y04aToii H3BHJIHHBI.

Figure 2. Morphological changes in the resected hippocampus. Staining H&E, x200. Violation of cytoarchitectonics, atrophic changes
in the form of foci of loss of neurons in the nuclei of the hippocampus, up to the devastation of structures, cellular gliosis.

A — Nucleus of the hippocampus CA1. B— Nucleus of the hippocampus CA4. C — Dispersion of the granular layer of the dentate gyrus.

Pucynok 3. Dxcnipeccsi BHMEHTHHA B THINOKaMIie nanueHToB ¢ ®PD u B rpynmne cpaBHeHus! (ONHCaHHe B TEKCTe).

HmmyHorucroxumudeckasi peakuus, X400

A — Sinpo CAl nauuenra ¢ snuiencueii. PeakTHBHbIE aCTPOLUTHI
YKAa3aHbI CTPEJIKOI.

b — sinpo CA4 nauuenTa ¢ snujencueidi. BUMeHTHH-NO3UTHBHBIE
HeHPOHBbI YKa3aHbI CTPEJIKOIA.

B — 3y0uarasi H3BH/IMHA NAIHEHTA C YMMJIeNcueil. BumenTnu-
MO3HTHBHBIE HeHPOHBI TPAHY/ISIPHOIO CJIOS YKA3aHbI CTPEJIKOIi.
I' — sinpo CA1l nmanueHTa rpynnbl cpaBHeHHsI.

JI — SInpo CA4 nanmeHTa rpyninbl cpaBHeHMsl.

E — 3y0uaras n3BMJIMHA NAIMEHTA IPYNIbLI CPABHEHHS.

Figure 3. Vimentin expression in the hippocampus of patients with DRE and in the comparison group (description in the text).

Immunohistochemical reaction, X400

A — Nucleus CA1 of a patient with epilepsy. Reactive astrocytes
are indicated by an arrow.

B — CA4 nucleus of a patient with epilepsy. Vimentin-positive
neurons are indicated by an arrow.

C — Dentate gyrus of a patient with epilepsy. Vimentin-positive
neurons of the granular layer are indicated by an arrow.

D — Nucleus CA1 of the patient of the comparison group.
E — CA4 nucleus of the patient of the comparison group.
F — Dentate gyrus of the patient of the comparison group.
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Pucynoxk 4. /lnarpamMma pa3mMaxa JaHHBIX B CTPYKTYpax

runnokammna: B siipax CAl (A) u CA4 (B), 3y6uaroii n3Buianne (B)

(00BbAICHEHHE B TEKCTE).

Figure 4. Range diagram of data in hippocampal structures:

in nuclei CA1 (A) and CA4 (B), dentate gyrus (C) (explanation

in text).

[Ipn umccnenoBaHUM JE€HCUTOMETPUUECKOW IIJIOTHO-
CTU BUMEHTHH-OKPAIIEHHBIX KJIETOK B TMMINOKamIajb-
HOM opmaruu y nanmenToB ¢ ®PD BbIsBIEHO: B siape
CA10,12-0,56 (n = 0,028+0,008); B ssape CA40,014—

0,044 (n = 0,029+0,008); B 3y6uaroit m3BuiauHe 0,01—
0,045 (n=0,027+0,009). Y naunreHTOB TpyIIBI CpaBHE-
HUS JIGHCUTOMETPHUYECKas IJIOTHOCTh BUMEHTHHA B aHa-
JIOTWYHBIX MCCIEAOBAHHBIX 00IACTAX COCTaBMIA B SIAPE
CA10,001-0,03 (pn = 0,009+0,007); B ssape CA40,001—
0,04 (1 = 0,007+0,006); B 3ybuaroit n3mmmae 0,001—
0,06 (L= 0,012+0,006). ITpu cTarncTrydeckoit 006paboTKe
JAHHBIX BBIBIICHO, YTO BBIPAXKEHHOCTH HKCIIPECCHN BHU-
MeHTHHa y 001bpHBIX ¢ ®PD 1 B rpymnmne cpaBHEHHS MTOITY-
YEeHO 3HaYMMOE Pa3Inine 1o KpuTepusiM MaHHa- YUTHH,
Kommoroposa-Cmuprosa (p<0,05) Bo Bcex mccienoBaH-
HBIX oOnactsx (puc. 4, A-B).

O0cyxnenmne. OKkclpeccuss BUMEHTHHA HeEHpOHa-
MH B IIOCTHATaJbHOM IIE€PUOAE SIBISIETCS SBOIFOLMOH-
HOM TNpOTrpaMMOM, HarpaBlIeHHOH Ha (opMHpOBaHHUE
JICHJPUTOB W YCTAHOBJEHHE CHHANTHYECKUX CBSI3EH,
U B JaJbHEHIIEM UCIONb3yeTCs KaK MEXaHH3M pearupo-
BaHUs Ha MOBpexJeHue [6]. B xone pa3BUTHSI LIEHTpaJIb-
Hoit HepBHOU cuctembl (LIHC) HabmromaeTcst BBICOKHIA
YpOBEHb BHUMEHTHHIIPOTEa3bl M yBEIWYEHHE CHHTE3a
BUMEHTHHA B THUIIIOKAMIIE, YTO CBS3aHO C OBICTPHIM
POCTOM M OOIIMPHBIM PEMOJICTMPOBAHUEM IUTOCKEIIe-
Ta BHUMEHTUH-UMMYHOPEAKTUBHBIX IJIHAJBbHBIX KJIETOK
[10]. HaHHBIE TpOIIECCHI ABISIOTCS KIIOUEBBIMU B HOP-
ManbHOM co3peBaHnd [{THC u yka3pIBaroT Ha BaXKHOCTb
BUMEHTHHA B Helporenese [11] (puc. 5). Ho npu stom
JpYroe HCCIECIOBaHME IIOKa3bIBAET, YTO MBIIIH C Jie-
¢ummrom GFAP m BUMEHTHHa JIEMOHCTPHUPYIOT MOBHI-
[IEHHYIO IOCTTPaBMAaTHYECKYI0 CHHANTHYECKYIO IUIa-
CTHYHOCTB, a TAK)KEe ITOBBIIICHHBIH 0a3albHBIA W MOCT-
TpaBMaTHUYeCKUil HelporeHes rummokamma [12]. He-
CMOTpSI Ha TO, YTO C BO3PACTOM IKCIIPECCHs BUMEHTHHA
B HEPBHOH CHCTEME CHIKAETCs, 3TOT OEJIOK HE0OX0IuM
JUISL BBIXO/Ia B3POCIBIX HEWPOHAJIBHBIX CTBOJIOBBIX KIIe-
tok (HCK) 3 cocrosiaust moxkost [13]. B xome crapenus
B HCK napymaercs ciocoOHOCTB 1o 1epKUBaTh IpoTe-
0cTa3, 4YTO MPUBOIUT K HAKOIUICHUIO B HUX HETIPaBUIIb-
HO CBEPHYTHIX, IOBPEXICHHBIX WM arpernpoBaHHBIX
0enKoB M K UX mocinenyromed nucdyHkiun. Bumentun
MPOCTPAHCTBEHHO JIOKAIN3YET IPOTEACOMBI B arpeCOMEI
B OTBET Ha KJIETOYHBIA CTPECC U COBMECTHO CErperupy-
eTcs ¢ yOMKBUTHPOBaHHBIMH O€lTKaM{ BO BPEMsi MHTO3a
HCK. Otu nponecchl obecnieunsator B HCK knupeHc
Oenka 1 peryisuuio OanaHca MeX/1y ero CHHTE30M U Jie-
rpananueit [13].

OnHako, B TOCJeAHEe BpeMs OOJble craiu oOpa-
IIaTh BHUMaHHE Ha pOJb BUMEHTHHA B IIPOLECCE BOC-
MaJeHUs] B HEPBHOW TKaHW. BUMEHTHH cmocoOcTByeT
BOCTIAJIUTEIHHBIM PEAKIUAM B TOJIOBHOM MO3Te IMyTEM
HETIOCPECTBEHHOTO y4YacTHs B aKTHUBALMHM aCTPOLUTOB
¥ MHUKPODJIMM M ONIOCPEJOBaHHO, Yepe3 remMarosHueda-
nmuecknii Oapeep. B remarosHiedanmmueckom 6aprepe
BUMEHTHH 3H/IOTEJIMAIBHBIX KJIETOK COCYIOB I'OJOBHO-
TO MO3ra ¥ JUM(OINTOB CHIBHO PEOpraHu3yercs, 00-
jerdasi TeM CaMbIM TPAaHCIHAOTEIHATBHYIO MHUTPAIHIO
TUMQOIUTOB Yepe3 AaHHBIN Oapbep [14]. 3BecTHO, 9TO
MOMHMMO HHUTEBHIHOTO BUMEHTHHA B SHIOTEINH MHUKPO-
COCYZIOB TOJIOBHOTO MO3Ta CYIIECTBYET Tarke Hedma-
MEHTHBI BUMEHTHH, PACIOJIAralolluiics Ha IMOBEPXHO-
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ctH kietok. OH crocoOCTByeT IPOHMKHOBEHUIO HH(EK-
IIHUOHHOTO areHTa B YHIOTEIHOIUTHI COCYJJOB TOJIOBHOTO
mosra u B [IHC [15—17]. Bumentun coBmectHO ¢ GFAP
PETYIHMPYIOT peakIiuio aCTPOIIMK Ha BOCHAJICHHE ITyTEM
PETyJSIIAN BE3UKYISIPHOTO TPAHCIIOPTa M THIIEPTPO(hUn
actpouutoB [18-19, 20]. IIpu 3TOM BIMEHTHH HEOOXO-
M s Bkmrouerns B GFAP-conepikamntie cet HeCTH-
HAa U CHHEMHHa — OEIJIKOB, CHHTE3HUPYIOIINUXCS acTpo-
IUTAMHA B OTBET HAa HEHPOTPaBMY, U HEOOXOAMMBIX IS
nx aktuBanuu [21]. JlaHHbIA (akT yKa3pIBaeT Ha TO, YTO
HaJIM4Yre BUMCHTHHA SIBJSIETCS O0Jiee HeOOXOMUMBIM ISt
aKTHUBaLMU acTpouuToB, Hexkenu Hanmmuue GFAP. Crour
YIOMSHYTh, YTO PEAKTUBHBIC aCTPOIMTHI, OKPAIIHBAIO-
Iecs aHTHTENAMHU K CHHEMUHY, OOHAPYKHUBAIOTCS BO-
KpPYTI' MIIEMHYCCKUX TOPKCHUN WIIH SMMICTITHYCCKAX
ouaroB [22]. Takxe U3BECTHO, YTO TUCHYHKIUSI acTPO-
LUTOB UIPAeT poiib B 3MuientoreHese [23-24], a yua-
CTHE BUMEHTHHA B PETYJIALUUA aKTUBHOCTH acTpPOIUTOB
MOXET BJIUATH Ha IaHHBIH npolecc. bbuto ycTaHOBIIEHO,
YTO B TEUEHHE DIWJICNICUU COJEp)KAaHHUE BHUMEHTHUH-IIO-
JIOKUTENBHOW IIMM B BEHTPO-JIATEPAIbHOM IPOJOJTO-
BaTOM MO3re W JIaTepalibHOM MEIYJUIIPHOM CyOmuaib-
HOM CJIO€ MOXKET YBEIMYMBATHCS M MMETh OTHOIICHUE

A B

K HapyIICHUIO BEreTaTHBHBIX IBIXaTENbHBIX (DyHKIMH
mocie mpucTynos [25]. M3BecTHO, YTO BUMEHTHH yYa-
CTBYET B aKTHBAI[MH MHKDOIIIMH B OTBET Ha HIIEMHIO
Mo3ra [26]. Y BHMEHTHH-MIMMYHOPEaKTUBHBIX MBIIICH
B MOJZIEJIM MIIEMHH MO3ra HH(ApPKT TKaHH W HEBPOJIOTH-
yeckuil aedumur ObuTH Goree BBIPaKEHHBIMH, HEXKEITH
Y MBIIIEH, y KOTOPBIX aKTHBalXsl BAMEHTHHA OTCYTCTBO-
Basia. B pe3ynbrare Bo3neicTBHS JaHHOTO OeKa MUKpPO-
IJIMS aKTUBUPYETCSl M HAYMHAET BEIpa0aThIBaTh (PaKTOPHI
BOCTAJICHHS, TIOBPEXKAAOIIHIE yUYaCTOK IOJIOBHOTO MO3ra
W MIPUBOASIIME K aKTHBALIMU aCTPOIVIMU. AKTHBAIMS MHU-
KPOIJIMH ¥ aCTPOLIUTOB ITPUBOAUT K PEaKTUBHOMY acTpo-
o3y (puc. 6). Ilpuuem acTpornnos, oOyCIIOBICHHbIH
akTuBanueil BUMEeHTUH- U GFAP-MMMyHOpeaKTUBHBIX
aCTPOLIUTOB, HA OCTPBIX CTaAUSAX OTBETAa Ha HEHPOTpaB-
MY MIpaeT TOJIOKUTEIbHYIO POJib, HO B OoJiee MO3HUX
CTausAX OH OTPAHUYMBACT PETCHEPATUBHBIHN IMOTEHIHAI,
YXyALIaeT HEMPOTreHe3 B IIOBPEXKAEHHOM Y4acTKe U CIIO-
cobcTByeT 00pasoBanuio pyorna [27-28]. B To Bpems kak
mpu actpornuose npu aedurure BuMeHTHHa U GFAP
B PEaKTHUBHBIX acTpOIMTax HabiromaeTcsi oOpaTHas CH-
Tyallusi ¢ JyYIIMM BOCCTaHOBIICHHEM IIOBPEXIEHHOTO
ydacTKa TKaHU TOJIOBHOTO Mo3ra [27-28].

cxemaTuyeckas AvarpaMmma HOBbIX NPOEKLMI HEiPOHOB

CTaiun HeiiporeHesa y B3pocnbIX

MOMEkYApH It Cro

COT TPaHYADHBIX
aeTok

cyBrpanynApHan
30Ha

panManeHan __ SMIIDNU oo Hespensii ‘apensi
fruansan > pyouecn rpaHynApHLii rpaHynApHLIi
craonosan ek Hefipon i

wnerka npepuecTaeH-

3yGuatan
waBHMHa

CA1

Pucynok 5. O030p HeliporeHne3a B rUNMoKaMIie y B3pOCJIbIX, CXeMbl BKJIIOUeHHsI HOBBIX KJieTok [11].

A — PaziiMuHbIe CTaiuM Heliporenesa y B3pocibIX B 3y0uaToii H3BUIMHe THNNokamna. HoBble rpaHy/isipHbIe HelipOHBI MPOUCXOAAT

U3 paauaJbHBIX INTHAJBHBIX CTBOJIOBBIX KJIETOK cyﬁrpaHmepHoifl 30HBbI, TAIOIINX HAYAJIO0 aMl'[.]'ll/l('l)M].ll/lpleH.[PlMCﬂ KJIeTKaM-

npeamecTBeHHUKaM, KOTOPbI€, B CBOIO o4Yepelb, MIPOU3BOAAT Heﬁpoﬁ.]'lacTLl. HeﬁpoﬁnaCTu MUIPpUPYHOT B cJI0i 3€PHHUCTBIX KJIETOK

U pa3BUBaAKOTCsl B HE3peJible IPaHyJIsIpHbIE HeﬁpOHb] C OTHUM JI€HAPUTHBIM 1€PE€BOM, NIPOCTHPAIOIIMMCHA K MOJIEKYJISIDHOMY CJ1010,

H AKCOHOM (MILIMCTOE BOJIOKHO), TPOXOASIMM Yepe3 Xuayc k noanoiasam CA3 u CA2.

B — Cxemarnueckasi AHarpamMma HOBBIX l'lpOeKlIP[i;l HeﬁpOHOB, NMOoKa3bIBaOLIasi pa3/IM4YHbIC MOAMOJIS I'HNIIOKaMIIa (3y6!|aTaﬂ H3BUJINHA,

CA3, CA2 u CAl), koTopble CJIy:KAT HOBBIMH MULIEHSIMH JUISI MUTPALUU HelipoHOB. MIIMCThIe BOJIOKHA U3 HOBBIX I'PAHYJISIPHBIX

HelPOHOB 00Pa3yIOT CBSI3M ¢ MIIMCTBHIMH KJIETKAMM XHJIyca, MUPaMUAHBIMHU Kj1eTkamu B CA3 u CA2, a TakikKe ¢ TOPMO3HBIMHU

HHTepHelipoHaMu B 3y0uaToii m3BMiIMHe, XHaayce n CA3.

Figure S. Overview of neurogenesis in the adult hippocampus, schemes for incorporating new cells [11].

A — Various stages of neurogenesis in adults in the dentate gyrus of the hippocampus. New granular neurons are derived from

subgranular zone radial glial stem cells, which give rise to amplifying progenitor cells, which in turn produce neuroblasts. Neuroblasts

migrate into the granular cell layer and develop into immature granular neurons with a single dendritic tree extending to the molecular

layer and an axon (mossy fiber) passing through the chyle to the CA3 and CA2 subfields.

B — Schematic diagram of new neuronal projections showing the different subfields of the hippocampus (dentate gyrus, CA3, CA2 and

CADl) that serve as new targets for neuronal migration. Mossy fibers from new granular neurons form connections with mossy chyle cells,

pyramidal cells in CA3 and CA2, and with inhibitory interneurons in the dentate gyrus, hilus, and CA3.
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PHCyHOK 6. Biusinne BUMEHTHHA HA pasiM4Hble KOMIIOHEHTBI IVIMH.

Figure 6. Effect of vimentin on various components of glia.

3akirouenne. TakuM o0pa3oM, B CTPYKTypax THI-
nokammna y nanuentoB ¢ ®PD nocroBepHO oTMedaeTcs
ycuiIeHHe MMMYHOPEaKTHBHOCTH BHMEHTHHA B HEHWpo-
Hax siJiep M AUCIIEPCHBIX HEWpOHAaX 3y0UaToil N3BUIINHEI,
CBSI3aHHOE C aKTUBalued HelporeHesza. C apyroil cto-
POHBI, BUMEHTHH-aCCOLIMMPOBAHHOE PEMOJEINPOBAHUE
acTpPOLMTOB ¢ 00pa3oBaHMEM IIMANBHOTO pyOua, mpe-
MSTCTBYET penapaniy HEPBHOW TKAaHM B 30HE SIIMJIET-
THUYECKOTO OYara u sIBJIsIeTCs NaToreHeTHUYECKUM 3BEHOM
(hopMupOBaHUs CKIIEpO3a FUITIIOKAMIIA.
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