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ApTepuvianbHasa rmnepToHNA — OfHO 13 Hanbonee PacnpPoCTPaHEeHHbIX
XPOHMYECKIMX 3a60NeBaHNI Y B3POC/bIX 1 MOXKWUbIX NI0AEN BO BCEM
MUpe. ITa NaToNOrMNA He TONbKO CHUXKAET KauecTBO »KU3HM OOSbHbIX,
HO 11 MOXKET COMPOBOXAATbCA BbICOKMM PUCKOM OCIOXHEHUI. He-
CMOTpPA Ha TO YTO B HacTosALLee BPeMaA Ha pbIHKe nMeeTcAa 6onbluoe
KONNYECTBO aHTUTMMNEPTEH3VBHbIX CPEACTB, B OCHOBHOM NpefCcTas-
nALLWMX cob0l pasnnyHble KOMOHaLW MHIMOUTOPOB PEHUH-AHTNO-
TEH3MHOBOW CUCTEMBI, GTIOKAaTOPOB aAPEHOPELIENTOPOB B COUETAHUN
C AnypeTrKaMu, HeT obLLenpPUHATOro «30/10TOro CTaHAapPTa» Npenapa-
TOB, KOTOpble He nmenu 6bl No6oUHbIX 3PpdeKToB. B 0630pe paccma-
TPMBAOTCA OCHOBHbIE aCMeKTbl MPUMEHEHMNA aHTUCMbIC/TOBbIX ONINTO-
HYKJIEOTU[IOB B KOHTEKCTE apTepUanbHON rmnepToHmm. MI3BecTHo, uto
BBeJleHNe aHTUCMbIC/IOBbIX ONIUTOHYKNEOTUAO0B — OfAVH U3 Croco6oB
BbIK/OUEHUNA PabOTbl TOrO UM MHOTO FeHa, MPUYEM KITHOUYEBOI 0CO-
6EeHHOCTbIO JaHHON METOAUKM, OTAINYAIOLLEN ee OT APYrKX, ABAETCA
BbICOKas CenekTnBHOCTb. OQHAKO NPV HECOMHEHHbIX MPENMYyLLeCTBaX
MeTofa CYLLEeCTBYIOT C/IOXKHOCTY €ro MPUMEHEHUA, CBA3aHHble Kak co
CBOWCTBaMIM CaMVX ONIMIOHYKNeoTMAOB (HeAOCTaTOYHAA YCTOMUYNBOCTb
1 HeahPEeKTUBHOE NPOHNKHOBEHNWE B KNETKU), TaK U C MHOroOobpasmem
MeXaHV3MOB BO3HVIKHOBEHVA TOW UV MHOW NaTONOMAK, B YaCTHOCTW
runepToHnyeckon 6onesHn. B HacToALwen paboTe npuBeAeHa KpaTkas
XapaKTepMCTUKa OCHOBHBIX FPYMNM MULIEHEN AN1A aHTUCMbIC/IOBOTO
VNHrMOMpPoBaHNA rmnepToHnYecko 6onesnn. OTaenbHO paccMaTpuBa-
I0TCA HOBENLUVE MULLEHN AJ1A Tepanuvm ONIUFOHYKIEOTUAAMU — Peryns-
TopHble MUKpPOPHK. Kpome Toro, o6cy»kaatoTca oCHOBHble MoauduKa-
LM aHTUCMbICNIOBbIX HYKNEOTUAO0B, pa3paboTaHHble ANiA yBeMYeHus
LNUTEeNbHOCTU 3GPEKTOB NX AENCTBUA 1 YNPOLLEHNA Nprema npena-
|paToB AaHHOrO TWNA, B YaCTHOCTN KOMOVHMPOBAHME aHTUCMbICSTOBbIX
OJINTOHYK/EOTVAOB C SKCMPECCUPYIOLMMI BEKTOPaMKM Ha OCHOBE
apeHoBupyca. OcobeHHOe BHUMAHME YAeNeHO aHTUCMbICIIOBbIM ONU-
rOHyK/1eoTVAaM B COCTaBe HAHOKOMMO3KTOB. B 0630pe obcy»xaatoTca
pe3ynbTaThl TPUMEHEHUS KOMMO3MTOB aHTUCMbIC/IOBbIX HYK/1€OTUAOB
K FreHy aHrMoTeH3MH-NpeBpaLlatoLiero ¢pepmeHTa 1 HaHOYaCTUL, ANOK-
cupa ttaHa (TiO,) Ha Kpbicax MnHUKM HUCAT ¢ MHayumnpoBaHHOM
CTpeccom apTepuasnbHo runepToHmeit. lokasaHo, 4To Cnonb3oBa-
HMEe aHTVCMbICIIOBbIX OJIUTOHYKNEOTUAOB NPOLOSIXKAET OCTaBaThCA
nepcrnekTVBHON METOAMNKON ANA N3YYeHNA MeXaHN3MOB BO3HUKHO-
BEHUSA Pa3NNYHbIX GOPM FrMNepTOHMYECKO 60Ne3HM, a TaKKe umeeT
BbICOKMI NOTEHUManN ANA TepaneBTUYeCcKOro MpUMeHeHus.

KnioueBble cioBa: runeptoHnyeckas 60ne3Hb; aHTVCMbICIIOBbIE
onunroHykneotuabl; Kpbicbl nHum HACAT; HaHouacTuLbl.
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Arterial hypertension is one of the most common
chronic diseases in adults all over the world. This
pathology can not only reduce patients'life quality,
but can also be accompanied by a number of com-
plications. Despite the fact that there is a large group
of antihypertensive drugs on the market, mainly re-
presenting different combinations of inhibitors of the
renin-angiotensin system, adrenoreceptor blockers in
combination with diuretics, there is no generally ac-
cepted “gold standard” for drugs that would not have
side effects. The review discusses the main aspects

of antisense oligonucleotides use in the context of
arterial hypertension. It is well known that the medical
implementation of antisense oligonucleotides aims to
block the expression of particular genes involved in
the pathology development, and a key advantage of
this technique is a high selectivity of the effect. How-
ever, with the undoubted advantages of the method,
there are difficulties in its application, related both

to the properties of the oligonucleotides themselves
(insufficient stability and poor penetration into cells),
and to the variety of mechanisms of the origin of a
particular pathology, arterial hypertension, in our case.
The review provides a brief description of the main
molecular targets for antisense treatment of hyper-
tensive disease. The newest targets for therapy with
oligonucleotides — microRNAs — are discussed. The
main modifications of antisense nucleotides, designed
to increase the duration of their effects and simplify
the delivery of this type of drugs to the targets are
discussed, in particular, combining antisense oligo-
nucleotides with adenovirus-based expression vectors.
Particular attention is given to antisense oligonucle-
otides in the complex with nanoparticles. The review
discusses the results of the use of titanium dioxide
(TiO,) containing antisense nanocomposites for the
angiotensin converting enzyme in rats with stress in-
duced arterial hypertension (ISIAH). It was shown that
the use of antisense oligonucleotides continues to be



KAK UUTUPOBATD 3TY CTATbIO:

a promising technique for studying the mechanisms of
various forms of hypertensive disease and has a high
potential for therapeutic use.

Key words: hypertension; antisense oligonucleotides;
ISIAH rat; nanoparticles.
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OJIE3HM CEPJIEUHO-COCYANCTON CHCTEMBI MO-TIPEKHEMY

SIBIISIIOTCS. OCHOBHOW NMPUYMHOW CMEPTHOCTH B MHpE,

" TUIICPTOHUA UTPACT HECHTPAJIbHYIO POJIb B Ka4Y€CTBE
TpuUrrepa Jyisi BOSHUKHOBEHNS! CEPhE3HBIX OCIIOKHEHUH, TAKHX
Kak MH(}APKT MUOKap/a, MO3TOBOH HHCYJIBT H HE(POCKIEPO3.
Hecmotpst Ha ycriexu MeIMIMHBI B CO3aHuH AP OEKTHBHBIX
AQHTUTUTIEPTEH3UBHBIX MPETIAPATOB, HEOOXOANMBII KOHTPOIIb
3a ypoBHEM aprepuasibHOro aasieHus (A/l) B HacTosmee
BpPEMs YCTAHOBJICH B CPEJHEM MEHCC UCM Y IMOJIOBUHBI AU~
€HTOB, CTPAJAIOIINX THIIEPTOHNYEeCcKoi 6one3npio (Furberg,
Alderman, 2014). Kpome Toro, O0JIbIIMHCTBO COBPEMEHHBIX
TMIIOTCH3MBHBIX MNpe€rapaToB UMEET MHOI'O MOOOYHBIX 3(1)-
(extoB. Takum 00Opa3om, HEOOXOIUM TIOMCK HOBBIX, Ooiee
Oe30macHbIX U 3(h(HEKTUBHBIX METOIOB JICUCHHS.

OjiHa U3 KITFOUEBBIX 0COOCHHOCTEH THIICPTOHNYECKOM 00-
ne3nn (I'b) — ctolikoe moBwIeHne ypoBHSI AJl — MOXeT
MIPOUCXO/IUTD BCIIEACTBUE COYETAHHS MHOTHX (DAKTOPOB, KaK
CpC€aOOBLIX, TaK U TCHCTUYCCKUX, ITPUYEM BKJIa ITOCICIHUX B
(hopMHpOBaHNE THIIEPTEH3UBHOTO (DEHOTHUITA MOXKET JTOCTH-
rats 40-60 % (Dominiczak, 2016). BoaMoxHO 3HaYHTEIEHOE
cHmxkeHue dpdexkruBHoctr JiedeHus ['b ¢ nmpumeHeHnem
KJIaCCHUYECKOro Habopa aHTUTUIEPTEH3UBHBIX CPEACTB, TaK
Kak (papMakoJIOTHYECKOMY BO3JCHCTBHIO TO/IBEPIalOTCs HE
HEIoCPeACTBEHHAs IPUYKHA 3a00JIEBaHMS, a, [10 CYTH, KOHEeU-
HBIE 3BE€HbS] MEXaHU3Ma perysauu Al, KOTOPbIM aJjpecOBaHbI
(hapmakonornueckue areHTsl. [10CKoIbKy P 5TOM HCXOHAS
NpUYMHa OOJIE3HM HE YCTPaHSETCs], MPOBOIUMAs TEPAITs
JIOJDKHA MIMETh TIEPMAaHEHTHBIH XapakTep, YTO BO MHOTOM
OTIpeEIsIeT KaK MOSBICHHE TTOOOYHBIX 3 PEKTOB, TAK U Ha-
n4re 3 eKra MPUBBIKAHMUS, CBSI3AHHOTO C ITPOIIECCOM a/1all-
TaIUy OpraHn3Ma K JUTUTeIhHOH Tepamun (Xie et al., 2016).

Taknm 00pa3om, BO3HHUKIIO MOHUMAHHE HEOOXOAMMOCTH
pa3paboTKu BbICOKOI(PEKTUBHBIX U aAPECOBAHHBIX HCXO/-
HBIM IPUYUHAM (T€HaM) IPenapaTroB, KOTOPbIE IEMOHCTpPHU-
PYIOT BBICOKYIO CIIEIM(UYHOCTD 10 OTHOIICHHIO K MH/IUBH-
JIyaJIbHBIM, CBOHCTBEHHBIM KOHKPETHOMY OOJIbHOMY, MeXa-
auszmam passutus I'b (Phillips, 1999).

HacnencrBennsie GakTopsl apTepralbHONH TMIIEPTOHUN
00yCIIOBJIEHBI M3MEHEHUSIMU (DYHKIMH KOHKPETHBIX I'€HOB.
IIpranHO 3TOr0 MOTYT OBITH KaK MyTallWd, TPHUBOISIINE
K 00pa3oBaHMIO Oellka ¢ N3MEHEHHBIMU CBOWCTBAMH, TaK M
CJIOXKHBIC MHOFOCTaﬂHﬁHbIC MpOoUECChl, BIUAONIUEC HA SKC-
MPECCHIO OTPENENICHHBIX T€HOB, ONPEACIIIIONNX (yHKINU
cucreM perymsinuu A/l. [TosToMmy KOHTpOJIb 32 YPOBHEM 3KC-
MIPECCUM T€HOB KIIFOYEBBIX CUCTEM KOHTpOJsl A/l yxke 1aBHO
SIBJISIETCSI BAYKHBIM 3BEHOM B pa3pabOTKe COBPEMEHHBIX MO/~
X0/10B K neueHuro I'b.

Ddusnonormyeckas reHeTuka

MeTonabl NPUMEHEHNS KOPOTKUX AHTHUCMBICIOBBIX I10-
CJIC/IOBATEIBHOCTEH ONMTOHYKIICOTHIOB, HAIIPABJICHHBIX Ha
IIOJaBJICHUC TpaHCKpPIHL[HOHHOfI AKTUBHOCTU ONIPEACTICHHBIX
TEHOB, JOJDKHBI CIIOCOOCTBOBATH OoJiee CrieruIIHON Tepa-
MUY, TPUOIMKEHHON K MCXOAHBIM NPUYNHAM T1aTOJIOTHH.
IlepBOHa4aIbHO CYMTAJIOCH, YTO UCIIOJIB30BAHUE ITOU TEX-
HOJIOTHH JOJKHO OBITh OTHOCHTENILHO HECJIOXKHBIM B CHILY
MIPOCTOTHI MJICH, JIeKaled B ocHOBe MeTona. Ilpenmnonara-
eTcsl, UTo omnpesenenHas nocienaoparenbHocts JIHK 3a cuer
KOMIUIEMEHTAPHOTO B3aHMOJICHCTBUSI MOXET CBSI3bIBATHCS
co crienuduueckoit MPHK, oTBeTCTBEeHHOH 3a KCIIPECCHIO
TPAHCKPHUIILIMU COOTBETCTBYIOIINX I'€HOB, H TAKUM 00pa3oM
WHTHOMPOBATH CHHTE3 OTIPEAEIeHHOTO Oenka. Vaes ncmnoms3o-
BaHUSI TPOU3BOAHBIX OJIUTOHYKJICOTH/IOB KaK MEPCIIEKTHBHBIX
TepaneBTUYECKUX Npenaparo Obuia BbickazaHa oosee 40 et
Hazazx (Belikova etal., 1967). DddexTnBHOE TPpUMEHEHHE TaK
Ha3bIBAEMOTO aHTHCEHC-TIOAXO0/a BIIEPBbIE MPOJEMOHCTPH-
POBaHO Ha NMpPUMEpe WHTMOMPOBAHMS PEIUIMKALMH BHpYycCa
capkoMbl Payca (Zamecnik, Stephenson, 1978). Orta pabdora
IpUBeJia K pOCTY UCCIIECOBaHN, HAIIPaBICHHBIX HA HCTIOJIb-
30BaHUC AaHTUCMBICJIOBBIX OJIMTOHYKJICOTHIO0B.

MpeumywecTsa n npobnembl
NcnoJjib30BaHNA ONINTOHYKNeoTnaoB

B KayecTBe TepaneBTNYeCKUX areHToB
CyIiecTBeHHBIM JOCTOMHCTBOM TEPAIMU C HCIIOIb30BAHU-
€M aHTHCMBICIOBBIX OJIMTOHYKJIEOTHJIOB MO CPAaBHEHUIO C
JOCTYIIHBIMH B HACTOAIIEE BPEMsI HU3KOMOJEKYISIPHBIMU
JIeKapCcTBaMU SIBISIETCSI X CIIOCOOHOCTH JICHCTBOBATh HA I'e-
HETHUYECKYIO [IEPBOIPUYMHY 3a00JICBaHUs 32 CYET CEJICKTHB-
HOTO PACMO3HABAHUs OMPEACICHHBIX yYacTKOB MHIICHEH.
W3BecTHO, YTO aHTHCEHC-OJIMTOHYKIICOTHIBI CBSI3BIBAIOTCS C
KOMILJIEeMEHTapHbIMH yuacTkamu TapreTubix PHK ¢ o6paso-
BanmneM /IHK/PHK nymrekcoB, 94To BefeT K OJIOKHPOBAHUIO
¢ynxnun PHK mnmm ee pacmerenuro kieroansivu PHKazamu
(PHKaza-H) (Spurgers et al., 2008; Bennett, Swayze, 2010;
Mescalchin, Restle, 2011).

Takum 00pa3zom, OJTUTOHYKIJICOTH/IBI MOTYT H30MpaTEeIbHO
0JIOKMPOBaTh CUHTE3 HEXKeJaTeIbHBIX OEJIKOB, YTO MOXET 00-
JIETYUTD TSKECTh TeUCHHUs 3a001€BaHNs 1 MUHUMH3HPOBATh
no6ounsle 3¢ pexTer. Kpome Toro, BO3MOXKHO OBICTPOE Iepe-
HaIleJIMBaHNE OJMIOHYKJICOTH/Ia Ha HOBYIO MHIICHb IyTEM
WU3MEHEHHs ero HYKJICOTHIHOH IOCIEeI0BaTEIbHOCTH, B TO
BpeMsI KaK Ha TIOMCK HOBBIX (papMaleBTHIECKUX IPENapaToB
MOT'YT OHa/IOOUTHCS roja.

K HacrosiemMy BpeMeHH JECSTKN OJUTOHYKJICOTH/IOB, all-
TamepoB, Jie30kcrprdo3nmoB, MUPHK HaxozmsTest Ha pasHbIX
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CTaJusIX KIMHUYECKUX MCIBITaHUH. BriiajpiBatoTcs 3Ha4u-
TEJIbHBIE CPEACTBA U YCWIIUS B CO3/IaHHE JIEKAPCTB HOBOTO
nokosneHust. MccneoBanus Ha CaMbIX Pa3IHIHBIX MOJICITBHBIX
cucTemMax noATBepaid 3()(HEKTHBHOCTh HUCIOIb30BaAHUS
AQHTHCEHC-OJINTOHYKJICOTH/IOB, OHAKO 3Ta CTPATETHs IOKa
He HalllIa IUPOKOTO TPUMEHEHHS B MEIMIIMHCKOH ITPAaKTHKE.
OCHOBHOE TPEMATCTBHE JUIsl YCIEITHOTO IPUMEHEHUS aHTH-
CEHC-TIOAXO0/Ia — OTCYTCTBHE 3 (PEKTUBHOTO crioco0a JOCTaB-
KU1 OJINTOHYKJICOTH/IOB U MX PA3IMYHBIX IIPOM3BOHBIX K I'eHY-
MUILIEHHU in Vitro W in vivo. Bo Bcex cilydasx Juisi JOCTaBKU
OJIMTOHYKJICOTHJIOB B KJIETKH TPEOYIOTCS OMOIHUTEIbHBIE
1 B OOJIBIIMHCTBE CIy4aeB TOKCHYHBIC TPAHC(EKINOHHBIC
peareHTb! (JIUIo(eKTaMyH, TPAHCIIOPTHBIE OSIIKH, JIUIIOCOMBI)
nn (PU3NIEeCKOe BO3ACHCTBUE HA KIETKH (AIEKTPOTIOPALIHS ).

Jns nocraBku sk3oreHHbix HK B xireTkn mcnomnb3yrores
JIBE KaTeropuy TPAHCIOPTEPOB: BUPYCHBIE U HEBHPYCHbBIE
BeKkTOpHI. [IepBbIe 00eceunBatoT BEICOKYTO Y(PPEeKTHBHOCTD
tparchekuuu (Lim, 2012), omHaKO MPEACTABISIOT ITIOTCHITH-
AJIbHYIO OITACHOCTB JIJIsl OPraHM3Ma, TaK KaK MOT'YT BbI3bIBAThH
UMMYHHBIN OTBET, BOCTIAJIUTEIbHbIEC PEAKIINH U 1aKe KaHIIe-
porenssiii a3¢dexr (Bouard et al., 2009).

Cpeny HEBUPYCHBIX BEKTOPOB IIUPOKOE PACIIPOCTPAHEHNE
TIOJTY MM KAaTHOHHBIE TIOJTMMEPBI, Pa3BETBICHHBIE JICHIPUMeE-
PBl, KATHOHHBIE JINTIOCOMBI, IPOHUKAIOIINE B KJICTKH TETITH-
Jibl. JloCTaToOuHO IIMPOKO MTPUMEHSIOT HAHOYACTHUIIBI, KOTOPBIE
[0 CBOEH CYTH SIBISIOTCS JIUIIOCOMAMM MIIM MOZOOHBIMHU
crpykrypamu (De Jong, Borm, 2008; Bonner et al., 2009;
Paranjpe, Miiller-Goymann, 2014). Paznn4nbie criocoOb
JIOCTaBKH MTPOM3BOIHBIX HYKJIEHHOBBIX KHCJIOT HHTCHCUBHO
UCCIIEYIOTCS, OTHAKO MX 3()(EKTHBHOCTB JUIS TPAHCPEKIINT
KJIETOK BCE-TaKH HUKE, YeM IIPH UCIIOJIb30BAaHUU BUPYCHBIX
BEKTOPOB. JloCTaBKe TepaneBTHYECKUX OJIMTOHYKIIEOTH/IOB B
KJIETKH TTOCBsIIIeHa cepust 0030poB (Boisguérin et al., 2015;
Juliano, Carver, 2015; Wickstrom, 2015), B KoTOpbIX paccMoT-
peH OOoMBIIOI MacCHB JIUTEPATYPHBIX JAHHBIX U C/IEJIAHO 3a-
KJTFOUEHHE O LIeJIECO00Pa3HOCTH Pa3pabdOTKH JIEKapCTBEHHBIX
IpenaparoB Ha OCHOBE ()parMEeHTOB HYKJIEHHOBBIX KHCIIOT,
YTO MOATBEPKICHO HE TOJIIBKO (PyHIAMEHTAIbHBIMHU HCCIIE-
JIOBaHUSIMM, HO TPAKTHKOW IpefcTaBuTeNeH dapMannu 1
MEULIMHBI.

B nmocnegHue roapl U1 JOCTaBKH OJNUTOHYKIEOTHAOB B
KJICTKH Havalli YCIICHIHO HCIIOJIb30BaTh HEOPraHWYECKUe
HAHOYACTHIIBL: 30JI0TO, TUOKCH]| TUTAaHa, YIIIEPOJCOIepIKa-
K€ MaTepuansl, 00IaJarone MarHUTHBIME CBOMCTBAMU
HAHOCTPYKTYPBI Ha OCHOBE OKCH/JIa kene3a u j1p. (Parveen et
al., 2012). K mpeumyiiiecTBaM HAaHOYACTHIl OTHOCST, B 4aCT-
HOCTH, BO3MOXHOCTh OJIHOBPEMEHHOTO MEpeHoca JIeKap-
CTBEHHOT'O CPE/ICTBA M CHUTHAJIBHOW MOJICKYIIBI JJISI OLIEHKH
KOHLEHTpaluu npenapara B TkaHu. [lomumo storo, nuszaiix
HAaHOKOMITO3UTa MOXET OBITh MOJ0OpaH TakuM oOpas3oM,
YTOOBI OCYIIECTBIIATH A/IPECHYIO JIOCTAaBKY (hapMaKoJIOTH-
YECKMX areHTOB W YJIy4IINTh (hapMaKOKHMHETHKY. BaxkHoe
MPEUMYIIECTBO HAHOYACTHI] 110 CPABHEHUIO C APYTHMH TPAHC-
MIOpTEpaMH OJIMTOHYKJICOTHIOB — X CITIOCOOHOCTB 3aIUIIATh
OJIMTOHYKJICOTH/IBI OT ICHCTBUSI KIIETOYHBIX HyKIeas3 (Rosi et
al., 2006; Pletnev et al., 2008).

HanouacTuisl TMOKCHIAa THTaHA TPUBJIEKAIOT 0coboe
BHUMaHHE OJ1aroyiapsi UX CriocoOHOCTH IPOHUKATH B KJIETKH,
6MOCOBMECTUMOCTH, CTAOMIBHOCTH M BO3MOKHOCTH MOJHU-
(uKanuy MOBEPXHOCTH AJISI UMMOOMIN3AINK PA3TIHIHBIX
242
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coenunenuii (Paunesku et al., 2003; Ravi Kumar et al., 2004;
Fabian et al., 2008; Park et al., 2009). Ilokaszano, uto TiO,-
HAHOYACTHIIBI B OTHOCUTEIBHO HU3KHX 103aX (110 0.2 Mr/MiT)
HE TOKCHYHBI Ui KiieTok (Jeng, Swanson, 2006), 6akrepuii
(Heinlaan et al., 2008) u »xuBoTHBEIX (Fabian et al., 2008).

HanowacTuipl 1noKkcuaa KPEMHHS HUCTIONB3YIOTCS TAKKe
B Ka4eCTBE TPAHCIOPTHOI'O CPEJICTBA ISl IOCTABKH HYKJICH-
HOBBIX KHCIOT B kKieTkn (Roy et al., 2008; Liu et al., 2011).
IToxazaHo, yTo HaHOYacTUIB! Si0, ¢ aMUHOTPYTINAaMHU Ha T10-
BEPXHOCTH MOTYT CBsI3bIBaTh IutazMuanyto JJHK, obecnieun-
BaTh €€ MPOHUKHOBEHHUE B KJICTKH U J1a)Ke B KIIETOYHBIC S/Ipa,
a Taxoke npepoxpanaTs JJHK oT gelicTBYsI BHY TPUKIETOUHBIX
pectpukras (Roy et al., 2005). B npyroii padore (Bharali et
al., 2005) mporeMOHCTPHUPOBAHO, YTO KOMIUIEKC TIa3MHTHOH
JHK ¢ NH,-monudunnposannsiMu SiO,-HaHOUACTHIIAMH
obecrieunBaeT TPaHC(EKIMIO KIETOK MO3ra MbIIEH U Kc-
MIPECCHIO B HUX JOCTaBIIsIEMBIX TeHOB. Kpome Toro, creman
BBIBOJI O HCTOKCHYHOCTH HCIOJIb30BAaHHBIX KOMITO3HTOB.
KpeMHMii — OMH U3 MUKPO3JIEMEHTOB B OpraHH3Me uelioBe-
Ka, IPOIYKT ero OMO/erpa aliii, OpTOKPEMHNEBAs KUCIOTa
Si(OH),, Haii/ieH MOYTH BO BCEX TKAHSAX YenoBeka. Bo MHOrux
IKCIIEPUMEHTAX II0Ka3aHO, YTO KPEMHHEBas KUCII0Ta, BBOJIU-
Masi B 4eJIOBeKa, 3PPEKTUBHO BHIXOANUT U3 OPTaHU3Ma depes
mouku (Park et al., 2009). MccnemoBareny mpemnonararoT,
YTO HAHOYACTHUIbI CUJIMKArejid MOTYT ACTpaaupoBaTh BHYTpHU
JM30COM, a PACTBOPEHHBIE MPOIYKTHI BRICBOOOKIAIOTCS U3
KJICTKH B KPOBSIHOE PYCIIO U B TAIEHEHIIICM BBIBOISITCS Yepe3
nouku. Takum 00pa3oM, BBISIBIICHA CIIOCOOHOCTh HAHOYACTHII
Ha OCHOBE CHUTMKAreys K OMo/erpaiarim.

JocraBka (hparMeHTOB HYKJICHHOBBIX KHCIIOT B KIICTKH —
9TO TOJIBKO YACTUYHOE PELICHNE MPOOIEMbI X HCIIOIb30BAHNUS
B )KMBBIX cucTeMax. J{pyroil BaKHbIM aclIEKT — TOCTYITHOCTh
JTIOCTABJICHHBIX OJMTOHYKJIICOTUAOB JUIS B3aHMMOJCHCTBHUS C
MHUIICHHBIMU HYKJICUHOBBIMU KHUCJIOTaMWU BHYTPU KIICTKH.
Od4eBHIHO, YTO CTEPUIECKHE MPETITCTBHUS B CITydae MPOIHO
CBSI3aHHBIX C HAHOYACTHUIAMHU OJHTOHYKJICOTHIOB MOTYT
yMeHbIIaTh 3 PEeKTUBHOCTB UX AercTBusL. [ToaToMy npe/moyu-
TUTENFHEE MCIIOIB30BaTh HAHOKOMITO3UTHI, B KOTOPBIX OJIH-
TOHYKJICOTH/IBI COCAMHEHBI C HAHOYACTHIIAMI HEKOBAJICHTHO.
le/l OTOM ITOCJIE€ IPOHUKHOBCHUSA HAHOKOMIIO3UTOB B KJIICTKHU
OJIUTOHYKJICOTHABI MOTYT BBICBOOOXIATHCS C TOBEPXHOCTH
HOCHTEJIS U YCIICIITHO BBITOMHSITE CBOU (DYHKITUH.

OCHOBHbIe MULLEHN ana @HTUCMbIC/IOBOW

Tepanuy runepToHnYecKon 6onesHn
Penun-anrunorensunonasi cucrema (PAC). 3BeHbst peHUH-
AQHTHOTCH3WHOBOW CHCTEMBI IO aHAJIOTHH C H3BECTHBIMHU (ap-
MaKOJIOTHYCCKIMH OIOKATOPAMHU CTAIHA OIHUMH H3 TIEPBBIX
mutieHei s uaruouposanus ['b. [TokazaHo, 4yTo TakuUMHU
MUIICHSMH MOTYT OBITh TeHBI aHTHOTeH3MHOTeHa U AT 1-pe-
nenrtopa aaruoreH3uHa-11. [Tociie omHOKpaTHOTO HHTpaTepeo-
POBEHTPUKYISIPHOTO BBEACHUS THIEPTEH3UBHBIM KpbICAM
e SHR xopotkux (15 1. H.) aHTHCMBICIIOBBIX OJTHTO/IE3-
oxcunykineorunos (OH), kommnementapubix MPHK atux
T€HOB, HAaOJIIOaJIH JIOCTATOYHO ITPOJOJDKUTEIBHOE (10 OTHOM
nenenu) camkerne A/l (Gyurko et al., 1993). [TomoGHbIe
SKCIICPUMCHTHI MTPOBEICHBI Ha 3PENBIX KPBICAX, Y KOTOPHIX
apTepHalbHas TUIIEPTOHMS OblIa BhI3BaHA C IIOMOLIBIO CyKe-
HUS TIOYEYHBIX apTepuii (ABe mouku — oauH 3axum, 2K1C).
OpHAaKO HAOMIOMACMBII AaHTUTHIICPTCH3UBHBIHN 3P deKkT B 3TOM
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AHTNCMbICIIOBbIE ONUFOHYKNEOTUAbI ANA NCCNefoBaHN
MeXaHN3MOB MMMNepTOHNYECKON 6onesHy 1 ee Tepanum

JKCIIEpUMEHTE ObLIT MeHee mpoaospkuTenbHbiM (Kagiyama
et al., 2001). Cneqyer OTMETHTB, UTO peUb HIIET 00 WHTHOH-
poBannu PAC mosra, 4To 1MOJuepKUBacT BAKHOCTh UMEHHO
LEHTPaJIbHBIX MEXaHU3MOB KOHTpouisi AJl. BHyTpucepaeuHblii
METO]I BBE/ICHUSI aHTUCMBICITIOBBIX IIPEMapaToB HCIIOIb30BANICS
JUIE MHTHOMPOBAHUSI aHTMOTEH3WH-TIPEBpAIaloiero gep-
MmeHTa (AIID). BenuyrHa, Ha KOTOPYFO IPU 3TOM CHUXKAJIOCh
AJl, menpme, yeM npu wHTHOMpoBaHuu AT l-penentopa
(15 MM pr.ct. 1 30-60 MM PT. CT. COOTBETCTBEHHO). OTHAKO
¢ dext cHmkeHus AJl ObUT yCTOMYUBBIM, U, KPOME TOTO,
narnouposanue AIl® mpuBoANIO K YMEHBIIEHHUIO TTaTOJIO-
THYECKHX N3MEHEHUIT MUOKap/1a 1 MoYedHbIX apTepuii (Wang
et al., 2000).

[To3xe 3HAYNTENbHBIA aHTUTUIIEPTEH3UBHBIN I PeKT
OBUT TOCTUTHYT NPU MHTHOMPOBAHUM pabOTHl CHCTEMHOM
PAC aHTHCMBICIIOBBIMU OJIMTOHYKJICOTHAMH, CBSI3aHHBIMU
C MOJIEKyJIaMH a3UaJOrTHKONPOTEHHA, UCIIOIb3yEMOTO B
KauecTBE HOCHUTESI-IocTaBmuKa (Sugano et al., 2000). Bee-
JICHUE DTOTO Ipernapara IMPHUBEIO K 3HAUUTEIbHOMY CHIIKE-
uuto AJl y xpeic SHR (180.7+4.4 MM pT.CT. 110 CpaBHEHHUIO
¢ 223.7£4.8 MM PT.CT. y *KMBOTHBIX KOHTPOJIbHOH IpyTI-
nbl). Cienyer OTMETUTh, YTO B OKCIIEPUMEHTE TPUMEHSITH
MHOTOKpAaTHOE BBEACHHUE ITOTO Iperapara Ha MPOTSHKEHUH
HECKOJIBKMX HEZIeNb. DTO CTaJIo OATBEpXkIeHneM 3 deKTrB-
HocTH MHTHOUpoBaHuss PAC ¢ OMOIIbIO aHTUCMBICITIOBBIX
O/IH B moTy4YeHNN aHTUTUIIEPTSH3UBHOTO Y(PPEKTa, OTHAKO
HE TI03BOJISITIO TOBOPHUTH O MOTEHIHAIBHON BO3MOXKHOCTH
TepareBTHYECKOT0 UCIIONb30BAHMSI TAKOH MOIU(UKALINK OJIH-
TOHYKJICOTHJIOB B CBSI3H C HEOOXOJMMOCTBIO X TOBTOPHOTO
BHYTPHUBCHHOTO BBEICHUSL.

WHTepecHbIM IPUMEHEHUEM aHTHCMBICIIOBBIX ITPEapaToB
B HiccleZIoBaHMsIX MexaHn3MoB I'b cTaio He Tonbko HHTrHOupo-
BaHUe 3BeHbEB Kackasia PAC, akTHBaIys KOTOPBIX IIPUBOAUT K
noBbleHuto AJl, HO Taroke Bo3eHCTBIE Ha (DYHKIIMIO TOTEH-
IIMAJIBHBIX Ba30MIaTaTopoB. Tak, K mpuMepy, HOKa3aHo, YTO
MHrHOMpPOBaHUE aHTMOTEH3MHOBBIX perentopoB AT2-tuma
HEMOCPEACTBEHHO B [IOYEYHOM MHTEPCTHLIMH Ha TPOTSHKEHUH
ISITH IHEH BENO K JIOCTATOYHO YCTOWYMBOMY HOBBIIIEHHIO
AJl y HOPMOTEH3MBHBIX JKMBOTHBIX. Te€M cambIM, TO CyTH,
MOATBEPKJIEHA BazoAwiararopHas poib AT2-penentopoB
(Moore et al., 2001).

AnpeHepruveckas CHCTeMa — CIIC/IyIOIIasi CHCTEMa KOHT-
ponst AJl, Ha KoTOpy!Io AeiicTBoBanu anTUcMbIcioBbIMU OJH.
HemocpencTBeHHON MHUIICHBIO OBLITH TE€HBI aIPEHOPEIETI-
TOPOB.

Briepsbie addextsl aeiictBust antucMeicioBbix O/IH Ha
MPHK anpenopenentopos npu aprepuanbHON TMIIEPTOHUU
nokazanbl Ha Kpbicax JuHUM SHR co cioHTaHHOU runepTo-
HHEH: OJHOKPaTHOE BHYTPUBEHHOE BBE/ICHHE aHTArOHNCTA K
31-axppeHoperienTopy B KOMITIEKCE C JIMIOCOMAMH ITPUBEIIO K
camxeHnio AJl Ha 38+ 5 MM pT. cT., 3 PEeKT coXpaHsUICs B Te-
yenue 20 nueii (Clare, Zhang et al., 1979; Zhang et al., 2000).

O dhexTHBHBIM 0Ka3aI0Ch TaK)Ke CHCTEMHOE OJIOKHpPOBa-
Hue B1-agpeHopenenTopa y KpbIC ¢ TIOUCYHOH TMIIEPTOHNEH
(monens 2K1C) npu BBeaeHun cootBeTcTByromux OJJH B
KOMIUTEKCe ¢ munocoMaMu. A/l cHm3minoch Ha 39 MM pT.CT.,
n 3¢ pexr coxpansuics 1o 27 nuel. [Tomumo camkenns AJl,
Obula HOpMaJIM30BaHa cepiedyHas (QyHKUUs, HAOIOIAI0Ch
CHIDKEHHE MaCChl MHOKap/1a JIEBOTO JKETy/109Ka 1 TIOHMKAJIACh
Koytarenusanus ero crenku (Liang et al., 2007).
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[Tozxe ObLIO MOKa3aHO, 4ToO OyoKkaga 02B-aapeHoperen-
TOpa ToKe BeAeT K cHuxkeHuto AJl. Tak, Ha Mojesn runepro-
HUH, UHIYIUPOBAHHON XUPYPrHUCCKUM YAAJICHUEM ITOYEK
C IOCJIELYIOIIEH MOBBIIIEHHOM COJIEBON HArPYy3KOH Y KpBIC,
MPOJEMOHCTPHPOBAHO, YTO MHTPALEPEOPOBEHTPUKYIIPHOE
BBEJ/ICHHE aHTHCMBICIIOBBIX OJIMTOHYKJICOTH/IOB K 0.2B-anpe-
HOpeLEenTopY MpenoTBpaIiano nopeiuenue AJl npu coneBoit
Harpyske, a TaKke CoCcOOCTBOBAIO 3HAUUTEILHOMY YMEHbB-
IICHUIO YaCTOTHI cepaeunbix cokpamenuit (UCC): ncxomanas
YCC cocrasisuia 388+ 12.9 yn./mun, YCC npu coseBoii Ha-
rpy3ke — 385+ 11.9, YCC B Teuenue 3—6 4acoB 1mociie BBee-
uust O/IH — 306+ 15.4 (Kintsurashvili et al., 2001). [Tepona-
YaJbHO KOJJIGKTUB HCCIIeI0BaTEIICi HE CMOT HOJIyYHTh IPO-
JOJDKUTENBHOTO d(dexra. TeM He MeHee UX MOCIeAyIomast
pa3paboTKa peKOMOMHAHTHOTO BEKTOPA TI03BOJINIIA TOOUTHCS
TOr0, 4TO 3P (PEKT AaHTUCMBICIIOBOH Teparuy ITeHOB-aAeHOpe-
LETITOPOB J]aXKe T0CIIe OMHOKPATHOTO BBEICHHS CTalI IOCTHU-
rate He MeHee 16 mueit (Shenouda et al., 2006). OqHako mo-
IIBITKK BOCIIPOU3BECTH JUTUTENILHBI aHTUIHIICPTEH3UBHBIH
3¢ PeKT ¢ TOMOIIBIO ITOH K€ METOAMKH Ha KpbICax JTMHHUU
SHR co cioHTanHO#! runepTonueii He mpuBeny K ycrexy (Ali,
20006; Triantafyllidi et al., 20006).

MukpoPHK kak noreHuuaabHast MMILIEHb 1151 Tepanum
I'b ¢ nomomib10 anTucMmbicaoBbix OAH. AxTuBHO pa3Bu-
Balollleecsl HAlpaBJICHNUE aHTUCMBICIIOBOI TepaIiy, B 4acT-
HocTH Tepanuu I'b, — HHruOupoBaHne PEryasITOPHBIX MUK-
poPHK (miR). OcobeHHO nepcrneKTHBHBIMU BBITIISISAT MO/~
XOZIbI K JIGUEHHIO JIETOUYHON (OPMBI TMIIEPTOHHYECKOU 00-
JIe3HU. BriepBble 3TO NIOKa3aHO Ha MOJENIN MH Iy TUPOBaHHON
TUIOKCUEH JIETOYHOM THIIEPTOHNUN y MBIIIEH, Y KOTOPBIX
B KauecTBe MHUICHEH Juisi MHruOupoBaHust Obut miR-17,
miR-21 m miR-92a. [IpogemMoHCTpHPOBAHO, YTO WHTUOH-
poBanue miR-17 B pe3ynbprare BHyTPUBEHHOTO BBEICHUS
COOTBETCTBYIOIIMX AHTUCMBICJIOBBIX aHTATOHHCTOB IPUBO-
JUT K YMEHBIICHHIO CHCTOJIMYECKOTO JABJICHUS B MPaBOM
JKEITyJJ0UKe, HOPMAJIN3AIMN Cep/ICIHOT0 BEIOpOCa U APYTUM
MOCJIE/ICTBUSIM, XapaKTEPHBIM JUIsl OCIA0JIeHUs JIETOYHOM
(hopMBI THTICPTOHNH, — HaTIPUMEP K CHIDKEHHIO Tieprudepude-
CKOTO COCY/IMICTOTO COIIPOTHBIICHHUS B JIETOUHBIX apTEPUsIX U
YMEHBILEHUIO CTEIIEHH PEMOJICIINHIA JISTOUHBIX KDOBEHOCHBIX
cocynoB (Pullamsetti et al., 2012).

BriocieacTBum y KpbIic ObUT OTKPBIT LSBT HAOOP U3 Oostee
yeM qrokuHbl MUKpoPHK, HampsmMyro niM KOCBEHHO ydacT-
BYIOIIMX B TCHE3€ JIETOYHON T'MIEPTEH3UHU U SIBIISFOIIUXCS
MOTEHINAIBHBIMU MHUIICHIMHU IJIs1 ee Tepanu. DPQeKTs
MHrUOMPOBaHMSI HEKOTOPBIX U3 HUX, B YACTHOCTH BBIIIEYIIO-
MsHyTasg miR-17, a taxke miR-20a, yxe mpoBepeHsI Ha
9KCTIEPUMEHTAIBHBIX MozensiX. OMHaKo 3TH MCCIEIOBaHUS
MOKa3aJIi, YTO JAEHCTBHE TAKMX aHTArOHHCTOB IPOSIBISIETCSI
TOJIBKO TTOCJIE MHOTOKPATHOTO IIPUMEHEHHS, TPUIEM 3TOT 3(h-
(bexT MoXeT ObITH OTCpodeHHBIM. Kpome Toro, Hafiex 1y Ha
TepareBTHYEeCKOe IPUMEHEHHE JAHHBIX aHTATOHUCTOB C/IEP-
JKMBAIOT OTCYTCTBUE KAKUX-JINOO aHTHOTOB, A TAKIKE TOTCH-
[IMaJIbHAST TOKCUYHOCTh W HEAOCTATOK MH(POPMAINU O BO3-
MOXKHBIX OCJIO)KHEHHSIX OJJHOBPEMEHHOT'O UX NPUMEHEHHS C
0OBIYHO MCHOJIB3YyEeMBIMH (DapMaleBTHIECKUMH TIperapara-
MH, HaIlpuMep C reTiapuHOM, KOTOPBIH, KaK H3BECTHO, BIHSCT
Ha ypoBHH 1MpKyaupytomux MukpoPHK (Bienertova-Vasku
et al., 2015). Tem He MeHee pabOTHI B JTaHHOM HAIIPABICHUN
MIPOOJIKAIOTCH.
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[ToMrMO JIerOYHOW TUIEPTOHUH, OMUCAHBI CIIy4an CH-
CTEMHOIl apTepuanbHO# rumneprensuu, korna MukpoPHK
MOT'YT HCIOJIb30BaThCs B KAYECTBE MIOTCHIIMAIBHBIX MUIICHEH
JUIS QaHTUTANIEPTEH3UBHOTO BO3/ICHCTBHSI C TIOMOIIBIO AHTH-
cmbicioBoi Tepanuu. Takumu MukpoPHK moryT 661t miR,
BIUSIONINE HA dKcnpeccuio reHoB PAC kak B Mouke, Tak U
B NpyTuX TKaHAX (Zheng et al., 2010; Batkai, Thum, 2012);
miR-320, miR-143 u miR-145, HemocpeICTBEHHO BIIHSIOLIHE
Ha peMOJICTIMPOBAHNE COCYANCTOH CTeHKU U HX ToHyC (Albins-
sonetal., 2011; Ling et al., 2013; Deng et al., 2015), a Taxxe
HEKOTOpBIE JPYyTHE.

BaplllaHTbl MeToAUK NpuMeHeHnA

AHTNCMbIC/IOBbIX HYKNeoTuaos B Tepanuu b

B nacrosiiiee BpeMsi HET COMHEHUN B MEPCHEKTUBHOCTHU
WCTIONB30BaHMS aHTHCEHC-Tepalii. TeM He MEHee CIeIyeT
OTMETHUTB HETATHBHBIC TIOCIIC/ICTBUS, BEI3BAHHBIC W30BITOYHON
JIO3MPOBKOM, 94TO OBLIO TIOKA3aHO MPU TECTUPOBAHUU COOT-
BETCTBYIOIIUX TIPEIapaToB aHTHUCMBICIOBEIX OIUTOHYKIICO-
TUJOB Ha npumatax. Tak, IPU UCCICTOBAHUH TOKCUYCCKOTO
JICHCTBUS COOTBETCTBYIOIIHX MIPENIapaToB y 00e3bsH HAOII0-
JTATACH HEKOTOPBIC HeTaTUBHBIC 3(p(eKThI mociie OOTFOCHBIX
BHYTPUBCHHBIX MHBEKIIUI, BKIIFOUAIOIINE BBIPAKCHHBIC I'e-
MOJMHAMUYECKHE N3MEHEHHNS, B TOM YHCIIE N30BITOYHYIO CH-
CTEeMHYIO THIIOTCH3HMIO M CHIDKCHHE CEpIeYHOr0 BEIOpOCa.
B HEKOTOPBIX CIyYasx UMesIa MECTO JIaXKe THOCITh )KHUBOTHBIX
(Farman, Kornbrust, 2003). [ToaTomy niepe, nccienoBaresiMu
CTOUT IOCTATOYHO CIOKHAS 33/1a9a IO Pa3paboTKe TAaKUX MO-
TU(PUKAIAN OTUTOHYKJICOTHUIO0B, KOTOPBIC OBLTH OBI, C OTHOM
CTOPOHBI, TOJTHOCTHIO OE30MaCHBI IS YeTI0BEKA, HO, C IPYTOH
CTOPOHBI, 00JIATATH JOCTATOYHO IITUTETHHBIM d(deKToM, a
METOJIMKA TpUeMa MpernaparoB ObUIa MaKCUMAJIBHO YIIPO-
meHa. J{Jist TOCTHKEeHUs IPOIOSDKUTENBHOTO A dexra npu
OTHOCHTEIHHO HEBBICOKUX JO3MPOBKAX BBOIUMOTO arcHTa
MOYKHO TPUMEHSTH J[Ba PAa3IMYHBIX MOAXOJA: Pa3paboTKy
areHTa, BBEJCHHE KOTOPOro 00ecrieunBaeT HapaOOTKy aHTH-
CMBICITOBOTO OJIUITOHYKJICOTHIa HETIOCPEICTBEHHO B OPTaHM3-
M€ PEIUITACHTA B HCOOXOTUMBIX KOJIMUYCCTBAX, U YBEIHMUCHHC
BPEMEHH «OKU3HIM» YK30TCHHBIX AHTUCMBICIIOBBIX HYKJICOTH-
JTOB 32 CYET WX CTAOWIIN3AINY Pa3IMIHBIMA METOIAMH, B TOM
YHCIIE C IOMOIIBI0 HAHOYACTHII.

AnenoBupyc. [TepBbIM MOAX0I0M, KOTOPBIH B 3HAYUTEIb-
HOW CTENEeHW CMOT OBl YIPOCTUTh METOIUKY MPUMCHCHUS
AHTHUCMBICITIOBBIX OJIATOHYKJICOTUJIOB U CIIOCOOCTBOBAThH TOMY,
9T100BI 3()PEKTHI, BEI3BIBAEMbIC UMK, COXPAHSUIHCH JONbIIE,
CTaJIO MCIIONIF30BAHNE HKCIIPECCHPYEMBIX BEKTOPOB Ha OC-
HOBE aJIcHOBUpYca. Takue BEKTOPHBIC CUCTEMBI CIIOCOOHBI
TPAHCAYLUUPOBATh PA3IUYHBIC TUIBI KICTOK: ACNAIINECT U
HEJIeNATIIeCs, a TAKKe TIPU UX UCTIONIE30BAHNH JIOCTHTAIOTCS
BBICOKHE YPOBHH DKCIIPECCHHU JTOCTABIsAEMbIX TeHOB. Hcce-
JIOBAHMS ITOCIISTHIX JICT IIOKA3aJIH, YTO aJJICHOACCOLIUIPOBAH-
HBIC BHPYCHI SBISIOTCS 3(PPEKTUBHBIMH KapAUOTPOITHBIMA
BekTopamu (Cataliotti et al., 2011; Aguero et al., 2016).

B wactHOCTH, B HCCIIEIOBAHUSX THIIEPTOHUN TAKOH ITOX0/
BITEpBBIC TpuMeHeH it Omokanbl AT 1-pementopa y Kpeic
SHR. ITpudeM y B3pOCIHBIX dKUBOTHBIX AHTUTUIIEPTEH3UBHOE
JIeficTBHE, BBI3BIBAEMOE OJHOKPATHBIM BBEICHHUEM COOTBET-
CTBYIOIIUX MOAN(DUIIMPOBAHHBIX BUPYCHBIX TUIA3MHU/I, MOTJIO
JUTUTBCS JIBA MECsIa, a Y MOJIOABIX KPBIC MIPUMCHCHHUC Ta-
KOT'O TOJX0/1a MO3BOJISIIIO HAJI0JIT0 OTCPOUUTH pa3Butue I'b
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(Phillips, 1997). [To3xe B kauyecTBE reHa-MUILIEHH JJIsl TAKOTO
MO/IX0/1a OBLT HCIIOTH30BaH T€H PEHUHA (T. €. OTHO U3 HadaJlb-
HBIX 3BeHbeB Kackana PAC). O6GHapyKeHo, YTO NpH THIIep-
TOHHH, BBI3bIBA€MOM XO0JIOJOBBIM BO3)1€I7[CTBHGM, I/IHFI/IGI/IpO—
Banne MPHK rena pernHa MoxeT OBITh 04eHb 3()(HEeKTUBHOMN
MEpOii 10 CPaBHEHHUIO C M3BECTHBIM (hapMaKOJIOTHYECKUM
uHruouposanuem 3toro pepmenta (Wang et al., 2005).

[Ipenmy1ecTBO JaHHOTO METO/IA — BO3MOXKHOCTh JOOUTh-
Cs1 JIOKJIBHOH MTPOJYKIIH TPpeOyeMOoro OJIMTOHYKIIEOTHAA 32
CYET TOTO0, UTO MOCJIC0BATEIIBHOCTH aHTUCMBICIIOBBIX PHK,
MHTETPUPOBAHHBIE B COCTAB I'€HOMA BUPYCHOM YaCTHIIbI, Ha-
XOJISITCS 110/ KOHTPOJIEM TKaHeCHenn(pUIHBIX IPOMOTOPOB.
DTO MO3BOJSAET UCCIENOBATh MEXaHU3MbI BOZHUKHOBEHUS
I'b, B 4acTHOCTH ITPOLIECCHI, IPOUCXOASAIINE B MO3TE, TIE U3-
MeHeHHas skcnpeccust MPHK rena B KoHKpeTHOH CTpyKType
MO3ra MOKET ObITh HEOOXOIMMOI [Tt (YOPMHUPOBAHHSI THITECP-
TEH3WBHOTO cTaTyca npu pasnuuHbix popmax I'b. Tax, mo-
Ka3aHo, YTO MHrHOMpoBanue cute3a AT 1-penenropa myrem
BBEJICHUSI COOTBETCTBYIOLIUX KOHCTPYKLUI B IaPaBEHTPUKY-
JSIpHOE sIIpo THIoTazaMmyca y kpsic SHR MoxeT moctaTtodHo
a¢dexTrBHO CHIKATh A /], THAKTMBUPOBATH CUMITATHYECKYIO
HEpPBHYIO CUCTEMY, a TaK)Ke CII0COOCTBOBATH ITPOLIECccaM pe-
MoJeTUpoBaHus MIOKapaa u cocynoB (Fan et al., 2012).

Cremyer OTMETUTb, YTO HCIIOIB30BAHUE BUPYCHBIX BEK-
TOPOB UMEET Psifl OTPAHUYEHUN, IIOCKOJIBKY UX IPUMEHEHUE
MOKET COTIPOBOXKJATHCS BOCTIATUTELHBIMU PEAKIIHSIMU HITH
BBI3BIBATH IMMYHHBIH OTBET. B CBSI3H C STUM EPCIIEKTUBEI TCH-
HOH Teparuu, CKopee BCero, MOryT ObITh CBSI3aHbI C HEBUPYC-
HBIMH BEKTOPAMH, KOTOPBIE TIO3BOJIST OCYIECTBUTH KOHTPO-
JMPYEeMYI0 BO BpEMEHH 1 O€30ITacCHYIO I0CTABKY MPErapaToB
Ha OCHOBC HYKJICMHOBBLIX KHCJIOT IJIA PEryJIsdlun SKCIIpEC-
CHUH TeHOB B opranm3Me perunuenTa (Turnbull et al., 2016).

HanouacTunsl. B ciyuae runepronnyeckoit 00e3Hu uc-
TOJIb30BAHNE HAHOYACTUMI] B KAYECTBC TPAHCIIOPTHOI'O ar€HTa
JUIS TIPETIapaToB Pa3INIHON IMPHPOIBI MOKET UIMETh BasKHOE
MPAaKTHYECKOE 3HAYCHUE, TaK KakK IPH HEKOTOPBIX (opmax
60.]'1631—{1/[ MPUMCHUMbI HCMHBAa3UBHBIC CHOCO6I)I BBCICHUA
HAHOYACTHII TAIUEHTaM MPU COXPAHEHHH BCEX OCTAJBbHBIX
MIPEUMYIIECTB JaHHOH METOIMKH.

B cBsi3u ¢ 3THM MOTEHIHANIbHAS Teparus JICTOYHO# dop-
MBI THIIEPTOHUYECKOH 00JIe3HM, CBA3aHHON ¢ AuC(yHKIMEH
CHHTE3a OKCH/IA a30Ta M N3MEHEHHBIM YPOBHEM KCIIPECCUH
T€HOB HEKOTOPBIX IPYTUX CHUCTEM, HCCIIeI0BaHA JOCTaTOUHO
MOAPOOHO W MpHUBENa K MHOTOOOCTIAIOMINM Pe3yabTaTaM:
BHYTpHUTpaxeaJbHOE BBEJICHNE Mperapara aHajiora mpocra-
LUKJIMHA B KOMILIEKCE C HAHOYACTUIIAMHU KPBICAM C IKCIIEPH-
MEHTAIILHOM JIETOYHOM THNEPTEH3HEN BbI3bIBAJIa CHIDKEHHE
apTepUaILHOTO JIaBJICHUS B IPABOM JKEITY/I0UKE, yMECHBIIICHUE
CTCIICHU FI/IHeprO(i)l/II/I IIpaBoro XeJIygo4Ka v Iri1aIKOMbIIICY -
HOW CTEHKH JICTOYHBIX apTepHil; HaOIIOIaI0Ch OTCYTCTBHE
OOBIYHBIX TTOOOYHBIX JICHCTBUI HCCIIEyeMOro npernapara —
BOCHAJIUTEIbHBIX MPOLIECCOB, KPOBOU3IHUIHUHN Wit prodpo3a
TKaHeH TedeHu, moukH, cene3eHkn u cepama (Nakamura et
al., 2017).

[TomuMmO 3TOTO, NPUMEHEHNE PallaMHILIHA KaK B CBOOOIHON
(hopme, Tak 1 B KOMITIEKCE C HAHOYACTUIIAMH Ha OCHOBE ITOJH-
STHJICHIIMKOJIS TAKKE 0CJIA0IISII0 pa3BUTHE JIETOYHON (hOPMBI
apTepualIbHOM TUIIEPTOHUH Y KpbIC. [ MCTONOrnueckuii anamms
BBISIBIJI MUHUMAJIbHBIE I3MEHEHUSI B TOJIIIIMHE JIETOYHOH ap-
TEPUH U OTCYTCTBHE PEMOJICIIMPOBAHHS KEITYT0UKOB CEP/ILIa.
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Ba)kHO OTMETHTB, YTO KPBICHI, TIOJIy4YaBIINE parlaMULMH B Ha-
HOYACTHIIaX, IMEJI MEHEe BRIpaKEHHBIE TOO0YHBIE AP (EKTHI
mperapara o CpaBHEHHIO C KUBOTHBIMH, MOJTYYaBIIUMHU
cBOOOHBII pamamuliuH (Segura-Ibarra et al., 2017).

Wurnburops! pochommdcrepassl 5-ro Tumna (PDE-5), B Tom
yncie cunaeHadmimrpar (CL), Taxoke sBisitorces 3QPeKTHB-
HBIMH (DapMaKOJIOTHYECKUMHU areHTaMH B JICYCHUH JIETOYHOM
runeprensun (Barnett, Machado, 2006). Tem e menee CL]
MO>KHO TIPUMEHSITB TOJIBKO ITIEPOPAITEHO MITH ITAPEHTEPATHHO
¢ OosbIIMM KoJinuecTBOM puckoB. Toueunas nocraska CII B
JIETKHE TIOCPEACTBOM HHTAIIAIMN TIpeAnouTuTenbHa. HenaBHO
TOJTyYEHBI TBEPAbIC HAHOYACTHUIIBI JIMITH/THOH MPUPOJIBI, KOTO-
pBIe MOTyT cIykuUTh iepeHocunkamu CL{. OHaxo, HecMoTps
Ha BCE IUTIOCHI IAHHOTO METO/1A, TPEOYIOTCS SKCTIEPUMEHTAIIb-
HBIC 1 KIIMHUYECKHE HCTIBITaHMsI, KOTOPbIE CMOT'YT FapaHTHPO-
BaThb 0e30macHOCTh npuMeHenus ClI marpieHTaMu ¢ JIero4HON
(hopmoii runepronndeckoir 6omesrn (Makled et al., 2017).

WHble criocoObl Tepanuy JeroyHoi TuIepTeH3uN BKIF0Ya-
10T HHI'MOMPOBAaHUE MPOCTALMKINHOBOTO IYTH C UCIIOJb30-
BaHMeM aHajoroB PGI2 (MaompocT, TPUIITOCTHHMI, TTOTIPO-
crenon); naruduposanue sunorenuna (ET-1, yuacrByrommuii
B nponudepannn riaajkux MbIIIL U Ba30KOHCTPUKIMHU) C
UCTIOIb30BAaHUEM aHTATOHUCTOB PELENTOPOB SHAOTEINHA
(manpumep, bocenTaHa, MaTneHTana 1 amOpucenrtana) (Chan,
Loscalzo, 2008). Het comHeHMiA, 4TO TPUMEHEHHE HAHOKOM-
MO3UTOB, IMEIOIINX B CBOEM COCTABE MPEaparhl, HallpaBJIeH-
HBIC Ha yIIOMSHYTBIC MUIICHH, TaKkke OyJeT UCCIEI0BAHO B
6mkaiiiee Bpems.

Cremyer OTMETUTb, UTO JAHHBIE METO/IBI HCTIONB3YIOT KOM-
TUICKCHI HAHOYACTHII C Pa3HOOOPa3HBIMHU (hapMaKOIOTHUECKHU-
MU areHTaMH C MPHUCYIIMMH MM HEJIO0CTaTKaMH, HalpuMep
OTpaHUYEHHOU CeNeKTUBHOCTEIO. [ToaTOMy pa3paboTka Kom-
TUICKCOB HAHOYACTHIl C aHTUCMBICIIOBBIMH OJIMTOHYKJICOTH-
JlaMH, OOBEAMHAIONAs CHIIbHBIE CTOPOHBI 00OMX METO/I0B
(amuTenpHBINA 3()()EKT OJHOKPATHOTO TpHEMa Ipemapara,
BBICOKAsI CEJIEKTUBHOCTB), CTajIa ObI HanOOoIIee ONTUMAIIEHBIM
pelieHreM pooIeMbl Teparuy pasHoo0pa3HbIX (GOPM rurep-
TOHHYECKOI OOJIE3HH, B TOM YHCJIE JIETOYHOM.

HaHoKoMIO3MTHI TaKoTO THIIA yKe uccienytores. Hampu-
Mep, C MOMOIIBI0 BHYTPUBEHHOTO BBEJICHHS KOMIIO3UTOB
AQHTHUCMBICTIOBBIX HYKJICOTHJOB U HAHOYACTHII TOJIUITHIICH-
TJIMKOJIS M TIOJIMATHIICHUMHUHA HHTMOMPOBAJIN CHHTE3 aHTHO-
TeH3uHoreHa y kpsic SHR co cnoHTaHHON runepreHs3uei:
mporieypa npuBoaria K cHmkeHnio A/l Ha 30+4 MM pT.CT.,
KOTOPOE COXPaHIIOCh B TeueHue Ooiee 10 mueil. Beenenue
9TUX HAHOKOMITO3UTOB ITPUBEJIO K 3HAUUTETHHOMY CHIDKEHUIO
runeprpodun Muokapnaa. Hacrosmiee mccienoBanue moka-
3aJ10, YTO TOJIABJICHNE HKCIPECCHN TeHa aHTMOTEH3UHOTeHa
OKa3bIBaeT 3HAYMUTENIbHOE UHIMOMpYIOlliee AeHCTBUE HA TH-
MIEPTOHUIO U cepAeuHylo runeprpoduio y kpeic SHR (Yuan
etal., 2015). Tem He MeHee BbICOKast CTEIICHb HHBA3UBHOCTH
JTAHHOTO METOJ[a CO3/aeT TPYAHOCTH AJIST BO3SMOXKHOTO TPH-
MEHEHHS €T0 B KIMHNYECKOH MPAKTHKE.

B pa6ore (Repkova et al., 2017) npoBeneHO cpaBHEHHE
BHYTPUOPIOIIMHHOTO ¥ HHTAJSIIIMOHHOTO METO/IOB JIOCTaBKH
AQHTHCMBICIIOBBIX TOCIIEA0BATEILHOCTEH K T€Hy aHTMOTEH-
3uH-nIpeBpamatoero gpepmenra (AIID) B skcriepuMenTe Ha
runepreH3uBHbIX kpbicax muHun HUCAI. HacnencrBennas
THIIEPTEH3UsI KPBIC 3TO JIMHUH, 00y CIOBICHHAS JUTUTEIbHON
celneKIyeii Ha oBbIeHne AJ] B yCIIOBHSAX MATKOTO 3MOIIHO-
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HaJIbHOTO CTPeCCa, CONPOBOXKIAETCS, TIOMUMO IPOYETO, N3Me-
HernsMu skcrpeccuu MPHK pasmiansix depmento PAC, B
tom uncie AII® (Fedoseeva et al., 2013). CoorBercTByromme
antrcmbicioBbie IHK-mocienoBarenbHOCTH ObLTH CBSI3aHbI C
MOJIMITM3UHOM M JMOKCHIIOM THTaHa, 00pa3ysi HAHOKOMITO3UTHI
Buja TiO, PL-DNA. ITono0HbIe HAHOKOMITO3UTHI Ha OCHOBE
JIMOKCHJIA TUTAHA OTIIMYAIOTCS HU3KOH TOKCHYHOCTHIO U
BBICOKOH CIIEIU(DUIHOCTBIO, YTO JI0KAa3aHO B PAJE IKCIIEPHU-
MEHTOB MO0 HHTMOMPOBAHMIO PEIUIMKAIMU BUpYyca Irpurnmna A
B KkierouHoit cucteme (Levina et al., 2012, 2015, 2016).

B ciiyvae nmpumeHeHHs T0J00HBIX HAHOKOMITO3UTOB, COZIEP-
JKaIMX AHTHCMBICIIOBOI! OJIMTOHYKJICOTH /I, HAITPABJICHHBIN Ha
MPHK rena ATI®, uHransiiimoHHBIA METOJ] pacCMaTpUBaJICs
KaK MPEANOYTUTENbHBIN MOAXO IS TePalui THIIEPTEH3UH
y KpbIc, Tak kKak AII®D cuHTe3npyeTcss B OCHOBHOM B 9HJIO-
TEJIUH JIETOYHBIX COCY0B. OJJHAKO CYILECTBYIOT HEKOTOPBIE
METOJMYECKHE OTPAaHMUYCHUS JaHHOTO Croco0a, TaKue Kak
OTCYTCTBHE TapaHTHH BJBIXaHUS KPhICAMH MOJIHOTO 00beMa
npenapara, TpyHOCTH B pacyeTe KOHUEHTPALUH U T. 1. (3TH
TPYIHOCTH, OIHAKO, MOTYT OBITH NPEOAOICHEI B padoTe ¢
nanuenTaMu). [Ipy ncrnoap30BaHIN HHTATSIIMOHHOTO METO/Ia
BBEJICHUS HaHOKoMNo3UTOB cHWkeHue AJl y kpeic HUCAT
65110 OOITee BEIpayKeHHBIM (MPUOMM3UTENHHO Ha 30 MM PT.CT.),
HO MEHEE NPOAOIKATEIBHBIM, YeM IIPH BHY TPHOPIOITMHHOM
BBe/leHHU. TeM He MeHee NpPU WHTANISIMOHHOM METOJe TO-
HIDKEHHBIN ypoBeHb A/l cOXpaHsICs B TEUCHNE ABYX HEJCTb
(Repkovaetal., 2017). Takum 06pa3om, mpecTaBIsieTCs rep-
CIIEKTUBHBIM JajibHEillee N3yYeHne pasIuyHbIX CIIOCOOOB
JIOCTaBKM HAHOKOMIIO3UTHOTO npenapara AII®D, B ToM uucie
YCOBEPILCHCTBOBAHNE MHTAISIIHOHHOTO METO/1a BBE/ICHHS.

B 3akiroueHue ciienyeT OTMETHUTh, YTO C Y4eTOM J0CTa-
TOYHO OOJIBIIIOr0 00ObEMa HAKOIUIEHHBIX CBEIEHMII O Mexa-
HU3MaX WHUTHOMPOBAHMS TPAHCKPHUITIMOHHOW aKTHBHOCTH
OTIpE/ICNICHHBIX I'€HOB C MOMOIIBIO aHTHCMBICJIOBBIX I10-
CJIEI0BATEIbHOCTEH, a TAKKE AKTUBHOTO MCCIIEI0BAHUS pa3-
JIMYHBIX CTTIOCOOO0B MOBHIMIECHUS 3()(PEKTUBHOCTH MPEIAPATOB
AQHTHUCMBICIIOBBIX OJIMTOHYKJICOTH/IOB, B TOM YKCJIE B COCTaBE
HaHOKOMITO3UTOB, aHTHCMBICJIOBAsI TEPAIHs T'MIIEPTOHHYE-
CKHX COCTOSTHHH MPEICTaBIsIeT cO00i MHOrOOOematomee 1
MEepPCIEKTHBHOE HANPABJICHHE JTAJIbHEUIINX MCCIIE0BAHMM.

PazpaboTka HEMHBA3UBHBIX CIIOCOOOB IPUMEHEHHS ITpeTia-
paToB, yCTaHOBJICHHE ITOJXO/ISIIUX JUIS TIOCTABJICHHBIX eTIeH
CTPYKTYP HaHOKOMIIO3UTOB, MCCJIEIOBAHUE COOTHOILICHHS
JUTUTEIBHOCTH BO3/ICHCTBHS aHTUCMBICIIOBOM TEPAITUK 1 BO3-
MO>KHOH TOKCHYHOCTH TIPETIapaTOB BaXKHBI JUIS OTIPEACTICHUS
Hanoosee 3QPEKTHBHBIX METOIUK TPUMEHEHUSI aHTUCMBICIIO-
BBIX OJIMTOHYKJICOTHJIOB B KIIMHUYIECKOH MPAKTHKE.
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