International Congress
“Neuroscience for Medicine and Psychology”
Sudak, Crimea, Russia, June 2-12, 2015

OU3NOJTIONNMYECKOE OBLLUECTBO UM. W.MN. MABJIOBA
OreYH UHCTUTYT BbICWEW HEPBHOWU AEATEJIbHOCTU U HEUPODU3NOJOIn PAH
ry HA UHCTUTYT HOPMAJIbHOU ®U3NOJTIOIr N UM. N.K. AHOXUHA PAMH
®IrbYH UHCTUTYT TEOPETUYECKOU N SKCINEPUMEHTAIIbHOU BUODPU3UKN PAH
MHCTUTYT ®U3NONOITMN U CAHOKPEATOJIOIMM AH MOJ1IAOBbI
BENOPYCCKUMN TOCYOAPCTBEHHbIN YHUBEPCUTET

OAanHHapuaTbin MeXAayHapoAHbIU MeXAUCUUNNNHAPHbIN
KOHrpecc

HEMPOHAYKA ONnsA MEOULUHBI U
NMCMXonoruum

B pamkax noarotoBku K XXIll Cre3ay Poccumnckoro
Pusmnonornyeckoro Od6wectsa um. WU.I. NaBnoBa
(CaHkTt-leTepbypr, 2017), nocBsiweHHomy 100-neTuto cozgaHus
aToro oduiecTBa
UBaHoM leTpoBuyem lNaBnoBbIiMm

Cypak, Kpbim, Poccus, 2-12 nroHa 2015 ropa



International Congress
“Neuroscience for Medicine and Psychology”
Sudak, Crimea, Russia, June 2-12, 2015

OEeKCTpaH, KapOoKcuAekCTpaH, MNONUITUIEHITINKONb, MOMUCTUPON UMW APYrMX MaTtepuanos), npuaatolias
KOHCTPYKUMM CTabuibHOCTb, pacTBOPMMOCTb, a TakkKe MPEendATCTBYKOLWAs arperauvu yactuy apyr ¢ gpyrom. Ha
NOBEPXHOCTM O6ONOYKM MOryT ObiTb 3akpenneHbl pasnuyHble @YHKUWOHAmMbHbIE rpynnbl, B TOM 4ucne
driyopecLeHTHblE MeTKM, obneryatoLme npn HeobXoaUMOCTM BbISIBIIEHNSA KNETOK Mpy NomMoLum hryopecueHTHOM
MUKpPOCKOMMU. B MHOroumMcneHHblx wuccnegoBaHnsax 6bino nokasaHo, 4To meveHne MCK  marHuTHbIMK
HaHOYacTMLaMK He BMMSET Ha MX OCHOBHblE ON3MOMOrMYeckne XxapakTepucTukm B yCrnoBmsax in vitro, a MUMeHHO: Ha
ypoBeHb nponudepaumm MCK, cteneHb ux CnoHTaHHON rmbenu B KynbType, a Takke Ha CNOCOBHOCTb 3TUX KNETOK
K HemporeHHon TpaHcanddepeHunpoBke. [nsi BbIBNEHUS MUTpauMM U XoymuHra meyeHblix MCK B ronosHom
mMo3re npu nomowm MPT yale Bcero MCnonb3ylT MMNYIbCHbIE MOCNEA0BATENbHOCTM HA OCHOBE rPagMeHTHOro
3x0. MeyeHble MCK BM3yanusmpyoTcs Kak rmnOMHTEHCUBHbBIE 30HbI HA T2- 1 T2*-B3BELUEHHbIX N306paXeHUsX, 4YTo
0obycnoBneHo cnocobHOCTBID HaHOYaCTUL, OKCuAa >Keres3a co3faBaTb NOKarnbHYH HEOAHOPOAHOCTb MarHWUTHOrO
nomnsi, TEM CambiM YCKOPSii BPEMSI CMMH-CMMHOBOM pernakcaumun. Takke Anst KOHTpons murpaumm medveHbix MCK
MOXeT ObITb MCMONBb30BaH CPaBHUTENBHO HEAABHO MOSIBMBLUMICS B NabopaToOpHOW U KITMHMYECKON npaktuke MP-
pexum SWI (n306paxeHnss B3BelleHHble N0 MarHuTHon BocnpumumumsocTn). SWI 6Gonee 4yBcTBUTENEH K
nokanbHbIM HEOOHOPOOHOCTSIM MAarHWTHOrO MOfisl, a crefoBaTenbHO, M K MEYEHHbIM HaHovacTMuamu okcua
xenesa MCK, uTo no3BonsieT ynyywmnTb X OOHapyXeHne B rofloBHOM MO3re peuunueHToB. bbino nokasaHo, 4To
npy BCEX OMNuCaHHbIX pexmnmax BbisBnsgemocts MCK 3aBucuT OT KonmyecTBa MedeHblx kneTok. Hambonee
YYBCTBUTENbHBIM ABNAeTCS pexum SWI: ¢ ero noMoLLblo MOXHO Bu3yanusmpoBaTb OT 10 MeyeHbIX kneTok. BaxHo
OTMeTUTb, 4To SWI No3BonseT OTYETNIMBO BU3yann3mpoBaTh BEHbI U MUKPOKPOBOU3IMSHUSA, KOTOPble HEOOX0ANMO
anddepeHumnpoBatb ¢ MedeHbiMu MCK. BbllweonvMcaHHble MeTodbl MapKUPOBKM KIETOK M MX BU3yanusauuu
JenalT BO3MOXHbIM in Vivo KOHTPOnb 3a murpaumen n xoymmHrom MCK nocne ux TpaHcnnaHTauuu B rofioBHON
MO3ra peLnnmMeHToB.
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Transplantation of mesenchymal stem cells (MSCs) for regenerative medicine has been shown promising
therapeutic results in animal models of neurodegenerative diseases of the central nervous system and ischemic
brain injury, and even in humans during first clinical trials. For evaluation of the therapeutic effects and
mechanisms of biological action in vivo visualization of MSCs in the brain of recipients is required. In laboratory and
clinical practice magnetic resonance imaging is commonly use for such visualization. For in vivo MRI of MSCs cells
labeling with MR-contrast agents is necessary. Usually for this purpose superparamagnetic iron oxide
nanoparticles (SPIO) are used. There are commercially available micro- and nanoparticles of iron oxide, which
consist of the core (iron oxide Il and sometimes a small amount of iron oxide Il) and the shell (consisting of
dextran, carboxydextran, polyethylene, polystyrene, or other materials); later makes the structure stable, soluble
and also prevents aggregation of particles with each other. On the surface of the shell can be attached a variety of
functional groups, including fluorescent marks, which allow the detection of MSCs by fluorescence microscopy. It
has been shown that labeling of MSC with SPIO has no effect on cells proliferation, their level of spontaneous
death in culture and the ability of MSCs to neurogenic transdifferentiation. For MRI tracking of labeled MSCs in the
brain are commonly used pulse sequence based on the gradient echo. Labeled MSCs are visualized as
hypointense area on T2 and T2*weighted images, due to the ability of iron oxide nanoparticles to create local
inhomogeneity of the magnetic field and to enhance the spin-spin relaxation. Recently available in laboratory and
clinical practice susceptibility weighted MR-imaging can also be used for MSCs tracking. SWI is more sensitive to
local inhomogeneities of the magnetic field and hence is more sensitive to iron oxide labeled cells and can improve
their traceability. It has been shown that in all pulse sequences the detection of MSCs depends on the number of
labeled cells. SWI is the most sensitive pulse sequence: it can be used to visualize up to 10 labeled cells. It is
worth noting that except iron accumulation SW1 allows good visualization of veins and cerebral microhemorrhages,
which must be differentiated from the accumulation of labeled MSCs. Described methods of cells labeling and MRI
tracking make possible in vivo visualization of MSCs migration and homing after transplantation into the brain of
recipients.
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OcTpoe noBpexaeHne Mo3ara (MHCYNbT) UK XPOHUYECKMe HelpoaereHepaTBHble 3aboneBaHnsa (Hanpuvep,
OonesHb lNapkuHCOHa) ABNSITCA NpeBanupyoLWmMMmn 3aboneeaHMaMu cTapetowero obuecrtea. NMocKonbKy MO3r He
obnagaeT CNocoBHOCTBID pereHepauuu, TpaHCMnaHTauus CTBOJIOBbIX KIETOK SABMSETCA MHOrooodeLiarollemn
obnacTteto GuomeauuMHbl. MarHWTHo-pe3oHaHcHast Tomorpauus (MPT) HesameHuMa AOnNsi  MOHMTOPUWHra
nepecaXeHHbIX KNeTOK U AN OueHKM pereHepauumn TkaHen [1]. CTBonoBble KNeTKM MOryT OblTb OOCTaBIEHbI B
napeHxnmy Mo3ra C MOMOLLbI CTepeoTakcuveckmx Metofos [2-4]. Ona MPT Busyanusaumm Knetku OOIDKHbI ObiTb
nomMmeyeHbl cyneprnapamarHMTHeiMu HaHodactuuamm (CIMH) nubo ¢ nomowbio mogndmkaumm OHK. Beina nokasaHa
BO3MOXHOCTb MPT MOHUTOpPUHra MurpaummM ayTonorMyHmx Krnetok mosra mMedeHbix CIH B 30HY TpaBMmbl Y
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nauMeHToOB C OTKPbITOW TpaBMon mo3sra [5]. bBbina nokasaHa BO3MOXHOCTb BM3yanusauuu MNOBpeXaeHWNn
napeHxumbl ¢ nomolbto MPT Ha marHuTe 3 Tecna, a Takke MUHUTOPUHT MUTPaLUM MeYeHbIX KIeToK B TedeHnn 21
[OHA nocne uMmnnaHTauuu ¢ nocrnegywowmm ncyesHoseHmem CIMH curHana yepes 7 Hegenb nocrne MMnnaHTauuu
[5]. BHyTpuBEHHOE BBeAeHUe siBNsieTca Hanbonee pacnpocTpaHeHHbIM CnocobOM AOCTaBKM KNETOK MpU OCTPOM
NOBPEXAEHUN MO3ra COMPOBOXAAMLIeecs TepaneBTUYECKUMKU pesynbTatamu [6]. B To Bpemst kak npsmoe
MeyeHuve knetok ¢ nomollbto CMNH gaet 3HaunteneHbln MPT KOHTpacT B paHHMI nepuopg nocne TpaHcnnaHTaumu,
OCHOBHbIM OrpaHMYeHEeM 3TOr0 MeToaa BrsieTC HEBO3MOXHOCTb Pa3NUYUTb XUBbIE MEYEHbIE KNETKM OT MEPTBbIX
[7]. CMH Takke He NO3BOMAKT NONy4YnTb MHopMaunMo 06 3PEHEKTUBHOCTU KINETOYHOW Tepanun U MHTerpaumm
nepecaeHHbIX KNeToK ¢ TKaHAMK xo3auHa [8]. MeToabl HENPAMOW METKM OCHOBaHbl Ha MOANMUKALIMN KINETOYHOTO
reHoma cTumynupylowiee HapaboTky cneumnduyeckux OenkoB, HanpuMmep >Xene3o-CeKkBeHTupylowero 6Gernka
depputnHa. lNpenmyliectBa M HeJOCTATKM KaXKAoOro M3 MeToaoB MeTku knetok ana MPT Busyanusauuu Oyget
npeacTaBneHbl 1 06CyXaeHbl Ha KOHepeHLNN.
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2011;2,266-271. [5] Zhu J., et al. New Eng J Medicine 2006;355,2376-2378. [6] Pawelczyk E., et al. PloS One
2009;4,e6712. [7] Terrovitis J., et al. Circulation 2008 ;117,1555-1562. [8] Gupta N., et al. Science Transl Med
2012 ;4,155ra137.
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Acute brain injury, such as a stroke, and chronic neurodegenerative disease, such as Parkinson disease, are
prevalent in our aging society. There is no regeneration per se in the brain; therefore, stem cell transplantation
holds a great promise for regeneration. Imaging plays an irreplaceable role in transplanted cell tracking in the
evaluation of tissue regeneration [1]. Using image-guided stereotactic delivery, exogenous cells can be delivered
directly into the brain parenchyma [2-4]. Cells have to be labeled with superparamagnetic nanoparticles (SPI1Os) or
be genetically modified prior transplantation to enable MRI tracking. It has been shown that by labeling autologous
brain-derived cells with SPIO nanoparticles prior to re-implantation into a patient with an open brain trauma it was
possible track implanted cells and determine the extent of migration in the damaged brain [5]. MRI at 3T was able
to delineated the damaged parenchyma, the implantation site of the labeled cells and migration of the label over a
period of 21 days with the reported disappearance of the hypointense voxels by seven weeks post implantation [5].
Intravenous cell injection is the most common route of delivery for acute brain injury with evidence of therapeutic
efficacy [6]. While particle-based (direct) labeling gives strong signals in the early period after transplantation, a key
limitation is that direct labeling typically cannot distinguish live vs. dead cells [7]. Particles also do not provide
information on treatment efficacy or how cells integrated within the host microenvironment [8]. Indirect cell labeling
methods are based on modification of cellular genome to produce specific reporter proteins, for example, iron
storage protein ferritin. Reporter genes get incorporated into DNA; therefore, the imaging signal is propagated by
daughter cells and is stoichiometrically related to live cell mass. Advantages and disadvantages of each cell
labeling method will be presented and discussed at the conference.
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CTpeccoBble BO3OeNCTBUS CTUMYNUPYIOT HEMpOMeaMaTOpPHYI0 akTMBHOCTb Mo3ra. HopagpeHeprudeckue
HEMPOHbI MHULMWPYIOT U NOAAEPXKMUBaIOT cTpecc-peakumto. CepoToHuHeprmuyeckas n FTAMK-epruyeckas cuctemsl
obecneunBaloT pasBuTME agantauuu 1 npegoTBpalaroT AUCTPecC. AKTUBHOCTb 9TUX CUCTEM, MO AaHHbIM
nuTepatypbl, NposBAsSeTCcA n3meHeHnem KoHueHTpauum FTAMK n aMuMHOKUCIOT - npedwecTBEHHUKOB MOHOAMUHOB
B KpoBu. NccnepoBaHue koHUeHTpauun deHnnanaHuHa (phe), TuposuHa (tyr), TpuntodpaHa (trp) n FAMK npwu
BO3[ENCTBMU CTpecC - haKTOpOB MPeACTaBNsAeT NPakTUYEeCKUN UHTEpec B acnekTe onpeaerneHuns aganTuBHbIX
BO3MOXHOCTEN U (PYHKUMOHANbHBLIX PE3epBOB OpraHMama MnoABEpPXEHHOro BIWSHUIO cTpecca, OCOBEeHHO, B
Hanbornee yaA3BMMbIE Mepuodbl MHOWBMAYaNbHOMO pasBuTUS. VccrnegoBaHUS MPOBOAMMMCL Ha monogbix (20-
OHEBHbIX) 1 CcTapbIX (2-rognyHbix) Kpbicax-camuax Wistar B yCnoBmusix oCTporo crpecca (Kectkas ummobunusauns
B TevyeHne 6 yacoB). KoHTponem aAnsg Kaxgow rpynnbl CrAYKWMAWM KPbICbl COOTBETCTBYIOLLENOo BO3pacTa.
KoHueHTpauunio cBOOOAHBIX aMUHOKUCIIOT B Mra3me KpOBW WM 3puTpouuTax onpegensanu MeToAoM XMAKOCTHOM
NOHOOOMEHHON  xpomaTtorpadun. Pesynbtatom BO3OEWCTBUMS  UMMOOMIM3ALMOHHOIO CTpecca  SBWUIOCH
yBenuM4eHve B Mra3Me KPOBWU KPbIC KOHUEHTPALMM aMWHOKMCIIOT- MpeALleCcTBEHHWMKOB KaTexonamuHoB, Gonee
Bblpa)XEHHOE Y CTapbIX XUBOTHbIX (phe B 2,8 pasa, tyr — B 2,5 pasa), no cpaBHeHuio ¢ monogdbimu (phe B 2,1pasa,
tyr — B 2 pasa), 1 NOBblIEHNE WX YPOBHS B 3apuTpoumTax (B 2 pasa) y XKMBOTHbIx obeunx rpynn. MiameHeHus
KOHUEHTpauun npealecTBeHHUKa CEepoTOHMHA - (trp) B NnasMe u B 3pUTpoOLUTax HOCUNKU pa3HOHanpaBfeHHbIV
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