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AHHOTAIUA

JlaHHasi cTaThsi TOCBSIIIIEHA BCECTOPOHHEMY 0030py COBPEMEHHOI'O COCTOSIHUSI U
MEePCICKTUB TPUMEHEHUS HAHOYACTHI] B  PAa3JIMYHBIX OOJACTAX  METUITUHBI.
HaHOTeXHOIOTHN OTKPBHIBAIOT HOBBIC TOPH3OHTHI IS CO3JaHHMS WHHOBAIIMOHHBIX
MOAXOJI0OB K JUArHOCTUKE M JICUCHHUIO IIMPOKOTO CIEKTpa 3a0osieBaHui, Osaromaps
VHUKAJIBHBIM (DH3UKO-XMMHUYECKUM CBOMCTBAM MaTEpHAIOB HA HAHOYpOBHE. B pabote
paccMaTpUBAIOTCSI OCHOBHBIE THIIBI HAHOYACTHUII, UCIOJIB3YEMBIX B OHOMEIUIIMHE
(JIUTIOCOMBI, MOJTMMEPHBIE HAHOYACTHIIBI, METAJUIMUYECKHE HAHOYACTHUIIbI, KBAHTOBBIE
TOYKH), U UX KJIIOYEBbIC NMPEUMYIIECTBA, TAKUE KaK BBICOKAs yEJIbHAsI TIOBEPXHOCTb,
BO3MOKHOCTh (DYHKIIMOHAJIM3AIMK U afpecHOr nocTaBku. OOCYy)Aat0TCsd KOHKPETHBIC
MpUMeEpbl MPUMEHEHUsT HAHOYACTHUI[ B JIMATHOCTHKE (OMOCEHCOpPHI, KOHTPACTHbHIC
areHThl JIJIS BU3yaJIM3allii ) U Teparuu (aapecHas ToCTaBKa JIEKapCTB, (hoToTepMabHas
1 (poTomMHAMHUYECKas Tepamnus, TCHHAS Teparnus). AHATM3UPYIOTCS KaK 3HAYNTCIIbHBIC
YCIEXH, TaK ¥ TEKYIIHE TPOOIEMBI, CBI3aHHBIC C TOKCHYHOCTHIO, OMOCOBMECTHMOCTHIO,
MacmTaOMpOBaHUEM TPOU3BOJCTBA W  PETYIATOPHBIMU  acriekTamu.  CraThs
MOTYCPKUBACT MEKIUCITUTIIMHAPHBINA XapaKTep MCCICIOBAaHNN B HAHOMEIUIIMHE U €€
OTPOMHBIN TTOTSHITHAI JJISI PEBOJTIOIIMOHN3AINH 37]PABOOXPAHCHHUSI.

KarwueBsble ciaoBa: HaHouacTuiipl, HAHOMEIUIIMHA, HAHOTEXHOJIOTHUH, JHUArHOCTHUKA,
Tepamnusi, ajgpecHas JOCTaBKa JIEKapCTB, OMOCEHCOpHI, BU3yaju3allus, pakK, TeHHas
Teparusi.

1. BBenenue

HanortexHonoruu, onepupyomme MmaTepuaiaMy U CTpyKTypamu pazmepom ot 1 1o 100
HaHOMETPOB, OTKPBLIM HOBYIO 3Py B PA3JIMUHBIX 00JIACTSIX HAYKW U TEXHUKHU, BKITIOYAsI
MenunvHy. HaHouyacTunbl  00Jaal0T  YHUKAJIBHBIMH  (DU3UKO-XUMHUYECKUMHU
CBOMCTBaMHU, KOTOPbIE 3HAYUTEIBbHO OTJIMYAIOTCA OT CBOWCTB TE€X K€ MATEPHUAVIOB B
MakpoMacimTabe. DT CBOWCTBAa, TaKWE KaK BBICOKAS yJeiIbHAs TOBEPXHOCTD,
KBaHTOBBICE O(PPEKThI, ONTUYECKHME W MATHUTHBIE XapPaKTEPUCTUKH, JIETAI0T
HAHOYACTHIIBl HJICATBHBIMU  KaHAWAATaMH IS Pa3pabOTKH WHHOBAIMOHHBIX
OMOMEIUIIMHCKUX TPUITOKEHUH.



Hanomeaumuua — »5T0 00JacTh, KOTOpas HCMOJb3yeT HAHOTEXHOJIOTUU IS
VIIY4IICHUS AUATHOCTUKY, MPOGUIAKTUKN U JiedeHus 3a0oneBannii. OHa mpensiaraer
peLIeHUs 151 TPEOJOJIEHNSI MHOTUX OTPAHUYECHUN TPAIULIMOHHBIX METOJI0B, TAKUX KaK
HeCTenu(PUIHOCTh NEHCTBUS JIEKApCTB, HU3Kasi OMOOCTYITHOCTh, TPOOJIEMBI C paHHEH
JTUATHOCTUKOW M MOHUTOPUHTOM. llenpio maHHOW cTaThW SBISIETCS 0030p OCHOBHBIX
TUNOB HAHOYACTHUI, MX IPEUMYIIECTB W KOHKPETHBIX NPUMEPOB INPHUMEHECHUS B
COBPEMEHHOW MEIUIIMHE, a4 TAK)KE AHAIU3 TEKYIIMX BBI30BOB U MEPCIEKTUB PAa3BUTHUS
HAHOMEIUIINHEI.

2. TUNBI HAHOYACTHUIl M UX MPEMMYILIECTBA B MeTUIIHHE

B HaHOMCIUIMWHC UCIIOJIb3YIOTCA PA3JIMYHBIC THUIIBI HAHOYACTHII, Ka}KI[BIﬁ N3 KOTOPBIX
o6naz[aeT CBOMMH YHUKAJIbHBIMHA XAPAKTCPHUCTUKAMMU:

2.1. JIunmocoMbl M MOJIMMEPHBIC HAHOYACTHUIIBI

JIunmocombl: OT0 chepuueckre BE3UKYJIbI, COCTOSIINE U3 OJHOIO WM HECKOJBKHUX
JUNUAHBIX OUCIIOEB, CIIOCOOHBIE MHKAICYJIMPOBATH KaK TUAPO(UIbHBIE (B BOAHOM
saape), Tak u rujipodoOHbIe (B JUIUIHOM ciioe) BemiecTBa. VX OMOCOBMECTUMOCTS,
OmopaznaraeMocTh U CIOCOOHOCTD K pyHKIMOHanu3anuu (Hanpumep, PEGylation nms
YBEJIMYEHUS HUPKYIISIUHU B KPOBHU) AETAIOT UX UA€ATIbHBIMUA HOCUTEISIMU JIJIS1 JIEKAPCTB,
BaKIMH U T€HETUYECKOI0 MaTepuaia.

IMosmmepHble HaHo4yacTHHbI: V3roraBnuBaioTcss M3  OMOCOBMECTHUMBIX U
OunopasnaraeMbIx IMOJMMEPOB (Hampumep, noauiaaktua-ko-rimkonna, PLGA). Ounu
MOTYT OBITh KMCIOJIb30BAHBI JIJIsl MHKAICYJISIUU JIEKAPCTB, OEIKOB WJIM HYKJIEHMHOBBIX
KHCJIOT, 00ecrieunBasi KOHTPOJIUPYEMOE BBICBOOOXKIEHUE U aIPECHYIO TOCTaBKY.

IpenmymectBa: Bbicokas  OMOCOBMECTUMOCTb, HHM3Kasi  HMMYHOTI'CHHOCTD,
BO3MOXHOCTh KOHTPOJUPYEMOTO BBICBOOOXKICHUS, 3allldTa HWHKAICYJIUPOBAHHOTO
BEIIECTBA OT JICTPAIALUH.

2.2. MeTa/uiH4ecKHe HAHOYACTHIIBI (30J10TO, cepedpo)

Hanouacruubl 3o0ta (AUuNPS):  OOnamaloT yHHKaJIbHBIMH  ONTHYECKUMHU
CBOMCTBaMM (IJIa3MOHHBIM PpPE30HAHC), KOTOpbIE JENAal0T HMX HNPUTOAHBIMHU IS
OuoBu3yanuzanuu, (HoToTepMaIbHON Tepanuu (mpeoOpa3oBaHUE CBETa B TEIUIO IS
YHUUTOXKEHHUSI PAKOBBIX KJIETOK) M KakK IIargopmbl s JOCTaBKU JekapcTB. Mx
MHEPTHOCTb U JIeTKas (PyHKIHOHAIN3ALNS JENAI0T UX OYEHb MIEPCIEKTUBHBIMU.
HanouacTuubl cepedpa (AgNPs): N3BecTHBI CBOMIMH MOTITHBIMH
aHTHOAKTEepUAIbHBIMU U TPOTUBOTPUOKOBBIMU CBOMCTBAMHU, UTO J€JIAET UX MOJIE3HBIMU
11t 00pbOBI C HHPEKIUSIMU U B COCTABE AHTUMHUKPOOHBIX MMOKPBITHA.

IIpeumyuiecrBa: YHUKaIbHBIE ONTHYECKUE W DJICKTPOHHBIE CBOMCTBA, BBICOKAs
CTaOMJIBHOCTB, JIETKasi PyHKIIMOHAIU3AlMs, aHTUMUKPOOHBIE CBOMCTBA.



2.3. KBanToBbie Touku (Quantum Dots - QDs)

DTO NOJYNPOBOJAHUKOBBIE HAHOKPUCTAJUIBI, KOTOPBIE M3JIy4alOT CBET ONpPENEIIEHHON
JUIMHBl BOJIHBI B 3aBUCUMOCTH OT CBOE€ro pasmepa. Mx spkas u craOuibHas
¢diayopecueHus, a TaKkKe BO3MOXHOCTb OJHOBPEMEHHOIO  JETEKTUPOBAHUS
HECKOJIBKUX I[BETOB JI€JIAI0T UX UICAIBHBIMU JJIA:

BbIcOKOYYBCTBUTEJIBbHOI OMOBHM3yau3anmun: MeueHue KJIETOK, TKaHEW, OmyXoJien
JUISL TAATHOCTUKH.

MyabTUILIEKCHOTO aHaau3a: OJHOBPEMEHHOE JIE€TEKTUPOBAHUE HECKOJBKUX
OMOMapKepoB.

IpeumymectBa: Spkas uryopectieHnus, GoTOCTAOMIBLHOCTD, Y3KUIA CIEKTP SMHUCCHH,
BO3MOKHOCTb MYJIbTUILUIEKCUPOBAHHS.

2.4. YriaepoaHble HAHOMATePHUAJIbI (HAHOTPYOKH, rpaden)

Yraepoanbie HanoTpyOxku (YHT): OOnamaioT  BBICOKOM  MPOYHOCTHIO,
AJIIEKTPOINPOBOTHOCTHIO U OOJIBIIION yIE€TbHON TOBEPXHOCTHI0. MOTYT UCIIOIB30BATHCS
JUTSI TOCTaBKH JIEKApCTB, CO3/IaHUsI OMOCEHCOPOB U B TKAHEBOW MHKEHEPHH.

I'paden u ero npousBoanbie: MIMEIOT YHUKAIBHBIE SJIEKTPUUYECKUE U MEXAHUUYECKUE
CBOMCTBA, NEPCHEKTUBHBI JIsi OMOCEHCOPOB, CHUCTEM JOCTaBKM U B KadyeCTBE
KOMIIOHEHTOB JJIsI PET€HEPATUBHON MEIULIUHBI.

IIpenmymecrBa: Bricokas MexaHHnuecKasi IPOYHOCTh, AIEKTPOIPOBOIHOCTD, 0O0JIbIIAs
yJieJIbHAsI TOBEPXHOCTh, OMOCOBMECTUMOCTD (ISl HEKOTOPBIX MOAU(PUKALIHIA).

3. [IpumMeHeHrEe HAHOYACTHUI] B MeTUIIHHE
Hanouactuipl HaxoAST IPUMEHEHHE Ha BCEX ATarax 0opbObI ¢ 3a00ICBaHUSIMU.
3.1. JImarHocTuka

Buocencopbi: HanouacTuilbl 3HAYUTENHHO TMOBBIIMIAOT YYBCTBUTEIBHOCTH H
crenu(puIHOCTH OMOCEHCOPOB JIJIsl pAHHETO OOHAPYKEHUSI OMOMapKEepOB 3a00JICBaHUIMA
(manpumep, paka, nH(MEKIM) B KPOBH, MOYE WM APYTUX OMOJIOTMUECKUX KUJIKOCTSX.
Hanpumep, 30510TbIe HAHOYACTHULIBI UCIIOJIB3YIOTCS B DKCIIPECC-TECTAX.

KonTpacTtHble areHThl 1 Budyaausauumu: HanouacTuipl MOTYyT yiydiiaTh
KOHTPACTHOCTh M300pakeHui, noaydaemsbix ¢ nomoiibtio MPT, KT, Y3U, onTtuueckoit
u [IDT-Buzyanuzanuu. Hanpumep, HAHOYACTUIBI OKCH/IA JKeJie3a UCTIONb3YIoTCsa B MPT
JUISL  yIYYIIEHUS BU3yalu3allMyd OMYyXOJE€d WM BOCHAIUTEIbHBIX MPOLIECCOB.
KBaHTOBBIE TOUKH TPUMEHSIOTCS JIJIs1 hTyOPECIICHTHOM BU3yalIU3aIliu OITyXOJIeH.
MonexkyasipHas BHU3YyaJIM3aIUA: AJipecHblie HAHOYaCTHIIHI, MEUEHHbIE
cnenupUIeCKUMH JINTAHJaMHU, MOTYT CBSI3BIBATHCSI C OMPEICTICHHBIMU KJIECTKAMH WA
MOJIEKYJIaMU B OPTaHU3Me, M03BOJISII BU3YAJIU3UPOBAThH MATOJOTMYECKUE MPOLIECCHl HA
pPaHHUX CTaJIUSX.



3.2. Tepanusi

A/lpecHasi J0CTaBKa JeKapcTB: OTO OJHO W3 Hauboiee MNepCrneKTUBHBIX
HanpasieHuil. Hanowactuiibl MOryT OBITh MOIUGPUIIUPOBAHBI JUISI U30UPATETHHOTO
HAKOIUICHHS B OIYXOJIEBBIX KJIETKAaX WJIM IMOPAXKEHHBIX TKAHAX, JOCTABJISAS JIEKAPCTBO
HEMOCPEJICTBEHHO K LIETM U MUHUMU3ZUPYS OO0UHbIE 3PPEKThI HA 3/I0POBbIE KIECTKH.
[Ipumepbl: TUIOCOMABLHBIN TOKCOPYOUIIMH JUISl JISYEHUS paKa.

dotorepMasibHass U GOTOAMHAMUYECKAN Tepanus: MeTaluIMYecKue HaHOYaCTHULIbI
(Hanpumep, 30J0Thble HAHOCTEPKHU) MOTYT morjiomaTsk cBet ompkHero MK-nuamnasona
U TpeoOpa3oBbIBaTh €ro B TEIUIO, YHUYTOXKAas PaKOBble KIETKH ((poToTepmanbHas
tepanusi). HaHowyacTHIbl Takke MOTYT JOCTaBIsATH (HOTOCEHCHOUIU3ATOPHI MJIs
boToaMHAMHYECKOHN Tepanuu.

I'ennas Ttepanusi: HaHouacTuibl HCMIONB3YIOTCA B Ka4€CTBE HEBUPYCHBIX BEKTOPOB
tst noctaBku reHeTnaeckoro Mmarepuana (JJHK, PHK, siRNA) B kineTku, 94To mo3BoJiseT
KOPPEKTUPOBATh F'€HETUUECKUE Ne(PEKThl WM BBIKIIOYATh "Mioxue" reHbl. JInnuaHeie
HaHouactulbl (LNP) cranu ocnoBoit ais yenemnasix MPHK-Bakiiun npotus COVID-
19.

NmmyHnorepanusi: HanowyacTuiel MOTyT OBITh HCIOJIB30BaHbl JJIS  MOIYJISLIUAA
MMMYHHOT'O OTBETa, HAPUMEDP, IJIsI JOCTABKM AHTUTE€HOB WJIM UMMYHOMOIYJISITOPOB
1151 00pBOBI C paKOM WM MUHDEKITUSMU.

PerenepatuBnasi wmeamumuHa: HaHomaTepuanbl UCHOJB3YIOTCS B CO3IaHUU
ckaoanoB s pocTta TKaHEH, B KayecTBE HOCHUTEJEH JUIsl CTBOJIOBBIX KIIETOK U
(bakTOpoB pocTa, CIIOCOOCTBYS pEreHepaly MOBPEKICHHBIX OPTraHOB.

4. IIpo6aeMbl ¥ BHI30BbI B HAHOMEIMIIMHE

H€CMOTp5{ Ha OFpOMHBIﬁ MMOTCHI WA, HAHOMCANIMHA CTAJIKUBACTCA C pAAOM CCPBC3HBIX
BBI3OBOB!:

4.1. TOKCHYHOCTH U OMOCOBMECTHMOCTD

HekoTopple THITBI HAHOYACTHUIT MOTYT MPOSBISATH MIUTOTOKCUIHOCTD, T€HOTOKCHYHOCTh
WU BBI3bIBATH UMMYHHBIA OTBET. BaXXHO TIIATENIPHO M3y4YaTh MX B3aMMOJICHCTBUE C
OMOJIOTHYCCKUMHU CHUCTEMaMH, ITyTH BBIBEIICHHS M3 OpraHu3Ma M JIOJITOCPOYHBIC
s dekTrl. PazpaboTka OMOCOBMECTHMBIX M OMOpa3jiaraeMbIX HAaHOYACTHIL SBIISICTCS
MIPUOPHUTETOM.

4.2. MacuitabupoBaHue Npou3Bo/JACTBA

Ilepexox oT ma0OpPaTOPHBIX MCCIAEAOBAHUNA K MPOMBIIIJICHHOMY MPOU3BOJICTBY
HAHOYACTHIl I MEIULMHCKHAX ILEJel SBIAETCA CIOXHOM 3amaderi. HeoOxommmo
pa3paboTaTth CTAHJAAPTHU3HMPOBAHHBbIE W BOCIPOM3BOJAMMBbIE METOJAbI CHHTE3a C
BBICOKOM YHMCTOTOM U OJTHOPOJHOCTHIO.



4.3. PeryasiTopHble acCeKThl

Pa3paboTka HOBBIX JICKAPCTB M JUATHOCTUYECKUX CPEJCTB HA OCHOBE HAHOYACTHIL
TpeOyeT CTPOroro peryjiupoBaHUs W MPOBEJACHUS OOMIMPHBIX KIMHUYECKUX
ucnbliTaHuid. OTCYTCTBHE  UYETKHMX  PETYJSITOPHBIX PAMOK  JUII  HEKOTOPBIX
HAHOMEIULHMHCKUX IPOAYKTOB 3aMEJISIET UX BBIXOJ HA PHIHOK.

4.4, locTaBKa U MPOHMKHOBEHHUE

DOddexTrBHAS TOCTaBKa HAHOYACTHI] K IIEJIEBBIM TKAHIM M KJIETKaM, OCOOCHHO depes
Ouosiorndyeckre Oapbepbl (HampuMmep, TemaTodHIedanTuueckuii Oapbep), OocTaeTcs
CepPBhE3HOM MPOOIEMOii.

4.5. CtouMOCTH

Pa3paboTka W TOpPOU3BOACTBO HAHOMEAUIMHCKUX NPENaparoB MOTYT  OBbITh
JOPOTOCTOSIIIIMMHU, YTO BIMSIET HA UX JOCTYITHOCTH JUIsl HIMPOKOTO Kpyra NalueHTOB.

5. 3akiaouyenue

[IpumeHeHrne HaHOYACTHI[ B MEIUIIMHE MPEJCTaBIseT cOO0M OAHO M3 HamboJee
JTVHAMWYHO Pa3BUBAIOIIMXCS W MEPCHEKTUBHBIX HAIPABICHUNW COBPEMEHHOM HAYKHU.
VYHuKanbHbIE CBOMCTBAa HAHOMATEPHUAIOB OTKPBIBAIOT OECIIPElIC/ICHTHBIE BO3MOKHOCTH
JU1sL CO3/1aHUsA BBICOKOYYBCTBUTEJIBHBIX JAAarHOCTUYECKUX CHUCTEM 51
BBICOKOA((EKTUBHBIX ~ TEPANlEeBTUUECKUX  CTPATErWii, CIIOCOOHBIX  MPEOJ0JIETh
OTPaHUYECHHUS TPAAUIMOHHBIX NMOAX0A0B. OT aIpecHON OCTAaBKU JIEKAPCTB U T'€HHOU
TEpanuy 10 YIYYLIEHHOM BU3YAIM3AalMd W PErE€HEPAaTUBHOW MEIULMUHBI —
HAHOYACTHUIIBI YK€ CETOJIHS MEHSIOT OOJUK 3/IpaBOOXPAHEHUSI.

Hecmotpss Ha  cymlecTByoIlM€  BBI3OBBI, CBsI3aHHbIE C  0E€30MAaCHOCTHIO,
MacCIHITA0UPOBAHUEM U PETYISTOPHBIMH ACTIEKTAMH, aKTUBHBIE MEXIUCIIUTUIMHAPHBIE
WCCJICTIOBAHMS U PACTYIIHE WHBECTUIIMN B HAHOMEAHUIIMHY MO3BOJISIIOT C ONTUMU3MOM
cMOTpeTh B Oynaymiee. JlanpHeilmme npopbeiBBI B 3TOW o0nacTu  oOenaroT
PEBOJIIOLIMOHU3UPOBATh  TUArHOCTUKY M JICUEHHWE MHOXKECTBa  3a00JIeBaHMIA,
3HAYUTEJIbHO YIIy4Illas KaueCTBO U MPOJOJKUTEIbHOCTD KHU3HU JIF0JIEH BO BCEM MHUPE.
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