MeKPaKyNbTETCKUN KYPC NEKLUN
Xumunyecknn pakynoretr MIy
numeHn M.B. JlomoHocoBa

«feHOM yenoseKa: CTPaxu U HageXAabl»



Bo3aencrsme Ha reHoM C NOMOLLbIO
ONMMIOHYKNE0TUAOB — CO3AaHUEe MEAULIMHCKUX

npenapaToB HanpaBNEeHHOro AeUCTBUS

[[oTTUX MapuHa bopucoBHa

npodgeccop kadeapbl XMMUU NPUPOAHLIX COEAUHEHUM
XuMmuyeckoro dakynoteta My



O6wasa cxema 6uocuHTe3sa 6enkos
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TepaneBTnyeckue npenaparbl Ha
OCHOBE HYKJIEMHOBbIX KWCNOT B
OCHOBHOM HaueneHbl Ha 6noknpoBaHue
(PYHKUMOHMPOBAHUA B KNeTKax "BpeaHbIX"
(N0 KpanvHeuM Mepe, Ha [AaHHbIA MOMEHT)
6enkoB NGO NMyTeM OCTAaHOBKU MX CUHTE3a,

nmbo nyTem noaaBneHus NX
DYHKLMOHANbHOM aKTUBHOCTMW. B
NpUMEHEHUN K CUHTETUYECKNM
HYK/1EMHOBbIM KWCOTaM, KaK

NOTEHUMAbHbIM NEKapPCTBEHHbIM
cpeacteaM, Takoe 6noknMpoBaHMe MOXET
bbITb ocyliecTBneHo Ha yposHe AHK, MPHK
N uenesoro 6esnka



AHTUCEHcoBble onuronykneotuasl (AO)

AHTUCEHCOBbIW (aHTUCMBICNOBOIA, antisense) ONMUIOHYKNEOTU/ -

OJIMFOHYKNEOTN, KOMM/IEMEHTAPHbIM Yy4acTKy MaTPUYHON (CMbICNIOBOU,
sense) PHK

Cxema Bo3gencTsua Ha MPHK

AO 3a cyeT KOMMIEMEHTApPHOCTU C
onpeaeneHHbIM ydactkom MPHK
CBS3bIBAETCA C HAM U NnogaBnseT
CUHTE3 COOTBETCTBYIOLWLEro benka, T.e.
AO npengaTtcTByeT npoueccy
TpaHcnaumm

RN

Antisense

OnTuManbHan ANUMHA aHTUCEHCOBOU 4acTU ONUIrOHYKNeoTUaa
20-25 Hykneotuaos. Takasa aAnuHa obecneyuMBaeT HaubonNbLLYIO
CNeUNMdUIHOCTb ONUIOHYKNEOTUAOB K reHy-MULLIEHK



M.L.Stephenson and
P.C.Zamecnik

Inhibition of Rous sarcoma viral
RNA translation by a specific
oligodeoxy-ribonucleotide,

Proc. Natl Acad Sci USA,
January 1978; v.75(1),
pp.285-288

CoBeTcKkue yyeHble H.U. lpuHesa, B.®. 3apbitoBa n .. KHoppe, B 60-e rogbl,
BnepBble B mmupe chopmMyanpoBaam NPUHLUMN HanpaB/leHHOro BO3AENCTBUA HA
HYK/IEMHOBbIE KMCAOTbl C MOMOLLBbIO O/IMFTOHYKNEOTUAO0B, CHAabKEeHHbIX
PEeaKUMOHHOCMOCOOHbIMM Tpynnamu.

Belikova A.M., Zarytova V.P., Grineva N.l. Synthesis of ribo-nucleosides and
dirihonucleoside phosphates containing 2-chlo-roethylamine and nitrogen mustard
residues. - Tetrahedron Lett.,1967, N 37, p.3557-3562.



AHTUCEHCOBbLIN (aHTUCMBICOBOIA, antisense) ONTUFOHYKNE0TU. —
ONIMrOHYKNEOTNA, KOMM/IEMEHTAPHbIM Y4acTKy MaTPUYHON (CMbICIIOBON,

sense) PHK
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cnonb3oBaHne MoANPULMPOBAHHbIX
OJIMTOHYKNEOoOTNnA0B B AHTUCMbIC/I0BOWU
bnoTexHoI0rMm
Short modified
é oligo
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OcHOBHbIe npobnemsl
NPUMEHEHUSA aHTUCMbICNIOBbIX OJIUFTOHYKNEOTUAOB

Ons acpdpekTnBHON paboTbl AO fOKEH:

1. BbITb YCTOMYMB B BMONOrMYECKNX Cpeaax
2. XOpOLLO NPOHMKATb B KNETKU, A€ HaxXOAUTCSA ero MULLIEHb

3. 3ddeKTUBHO N cneundnyHO CBS3bIBaTbCA o cBoen PHK-

MULLUEHbIO, 610KMpPYs CNIAUCOCOMY UK pubocomy unu, YTo
nyyuwe Bcero, nuayumpysa rmaponns PHK PHKazon H

HemoanduumnpoBaHHbIE ONUIOHYKNEoTUAbI
»lloaBepxeHbl 6bICTPOMY rMAPOIN3Y HYKlea3amu
»[1710X0 NPOHMNKAIOT B KJIETKU

»MoryT 0bnagatb Nob6o4YHbIMU 3P PeKTaMn 3a cUeT
Hecneunpuyeckoro cBs3biBaHMs C HELLeNEBbIMU
nocnegoeartenbHocTaMn PHK



Moaudukauma ONUroHyKI€0TUA0B AN
NOBbILLEHUA YCTOMYUBOCTU K TMAPONNU3Y
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BapuaHTbl BO3AENCTBUA ONUIOHYKNeoTUuaoB Ha PHK

SLOVPY ONA
Y

Translation Arrest RNA

m’G AAAAAAA
Exon
AUG
RNa
Intron iDegr jon
JITTRNTY

Splicing Arrest

Ecnn HeBO3MOXHO Bbi3BaTh paciienneHue PHK, Hano chopmupoBaTh
Takon NpoYHbIN KoMnneke ¢ PHK, utobbl noMellatsh ee

(PYHKLMOHUPOBAHUIO

MoauUKaLmUa aHTUCEHCOBbLIX ONUMIOHYKNEOTUI0B

‘ ANOMKHA HE TONbKO MeLlaTb UX MMAPONU3Y
HyKneasamu, HO U NOBbILLATL NPOYHOCTL 06pa3yeMbix

¢ PHK koMmnnekcoB
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BapuaHTbl MOAUMDUKALIMM aHTUCEHCOBBIX ONIUIOHYK/IE0TUAOB
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YnyJuleHue TpaHcnopTa
ONMUrOHYKNEOTUAO0B B KNETKU

Plasma Membrane Structural Components
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Figure 1
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YnydiwleHue tTpaHcnopTa
ONUIrOHYKNEeOoTUA0B B KNETKU

C NOMOLUBIO NONOXUTENBHO 3apPAXEeHHbIX NOJNTUMEPHbIX HocuTeneu

Hocutenn obpasytoT ¢ oTpuuaTenbHO 3apsKeHHbIMU
ONUIOHYKMNeTUAaMM KOMIIIEKChI, KOTOPblE B3aMOOENCTBYIOT C
KNEeTOYHbIMU MeMbpaHamu

SN 53

cationic
polymer

oligo



dnyopecueHTHbIN
OJINFOHYKNEeoTna

FL-28-mer

nonuMep

Dimethylaminoethyl-methacrylate (DMAEMA)
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NUNoc oMbl
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YnyJiwleHue TpaHcnopTa
ONUIOHYKNEOTUA0B B KINETKU

BapuaHTbl KOHCTPYKUUA, UCNONb3yeMbIX ANS yny4ylleHUs
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NoBblwWeHue cneumdprUiHOCTU AENCTBUSA
AHTUCMbICNOBbLIX ONTMTOHYKNEOTUA0B

1. Ucnonb3oBaHune “windows” ONUroHyK/1eoTUaoB

2’-modified Tnodocdar 2’-modified
BupycHasa PHK | | MPHK | |
] e
BupycHasa PHK | MPHK




2. \cnonib3oBaHMe ONIMTOHYKNEOTUAOB
TUNa WNUIKNK

cosepmer—n—mﬁ KOMILJIEKC KOMILJIEKC C

—AGTGGTCTGCGTAACCGGTGAGTACACCG- L Bldh L
............... HeCOOTBeTCTBMeM

CGCCTTGGCCACTCA

-AGTGGTCTGCGLAACCGGTGAGTACACCG-

CGCLCTTGGCCACTCA
—AGTGGTCTGCGGAACCGGTGAGTACACCG-

C

cGCCTr
T G
EA G
G CC —AGTGGTCTGCG L AACCGGTGAGTACACCG-
T A cGCCT»
GC T G
AT T G
GC
T A

—AGTGGTCTGCGGAACCGGTGAGTACACCG-
CGCCTTGGCCACTCA

- O>O-0>
>O-0>0



[Mpobnema BbibOpa onTUManbHOM
nocneaoBaTenbHOCTU-MULLEHU B PHK

[lpocTpaHcTBeHHaA cTpyKTypa PHK

TpeTnyHasa CTpyKTypa

BTopuiHaa CTpyKTypa



Bbi6bop ONTMManbHOM NOCNEeA0BaTENbHOCTH
aHTMCEHCOBOIO OJIMFOHYKNEoTM A

EWS JUNCTION POINT ELI-1

5’ AAUAUAGCCAACAGAGCAGCAGCUACGGGCAGCAGAACCCUUCUUAUGACUCAGUCAGAAGAGCAG &
CGTCTTGGGAAGAATACTGAGTCAG

GTAGCGAAGGGTTCTGCTGCCCGTAGCTGC

T

e “,
f &
CGTCGATGCCCGTCGTCTTGGGAAG - ) PR
Gar 5 ‘ [
G 10 T—?.f[
OnTuManbHaa ANMHa aHTUCEHCOBOW YacTu \
onuronykneotuaa 20-25 Hykneotuaos. Takas ANUHa

obecneunsaeT HanbonbLyld cneun@UUHOCTL
ONMUrOHYKNE0TUAOB K FreHy-MULLEHU



UHrubuposaHue akcnpeccum oHkoreHa ews/fli

dHTUCMbIC/TIOBbBIM OJTUMTOHYKNEOTUAOM

HopwmaiibHblil reH

eWsS

‘e, . o
\gene fusion /

HopwmainbHblil ren

\}

OHKOI'CH

EWS

fli

I Cunre3s MPHK

ews/fli MPHK

Te3 0eJIKa

arrest of the cancer
proliferation




Pa3BUTHUE aHTUCEHCOBOU BUMOTEXHONOTUM

[lepBbi aHTUCEHCOBLIN ONUTOHYKAeoTna, Fomivirsen

trodocdarueiii 5°-GCG TTT GCT CTT CTT CTT GCG-3’ co3nan Isis Pharmaceuticals, Inc.

paspemen FDA B 1998 1. kak nexapctso Vitravene mis neuenus npromeranoBupycHoro

PETHHHTA JUIS MMAIIUEHTOB ¢ HapyIieHHbIM nMMyHUTeTOM (CITH]T)

Ha3BaHue 3a6boneBaHune OpobpeH, roa
Fomivirsen (Vitravene) LinTomeranoBupycHbIi pETUHUT 1998
Mipomersen (Kynamro) 'MnepxonectepnHeMus 2013
Nusinersen (Spinraza)  CnnHanbHas MblllevyHas aTpodus 2016
Eteplirsen (Exondys 51) Mblwe4dHas auctpodus JoweHHa 2016
Tegsedi (Inotersen) TpaHCTUPETNHOBAs CEMENHas 2018

amMmnnonaHas NoanMHeBpoNnaTus
Milasen bone3Hb batTeHa 2019

Volanesorsen(Waylivra) CuHAPOM CEMENHOW XWMNTOMUKPOHEMUN 2019

B 2020 6onee 50 aHTUCEHCOBbLIX OSIMTOHYKITEOTUAOB NPOXOAAT

AOnvHa, H

21
20
18
30
20

22

21

(Moaundpmkaumn)

(PS)
(PS, 2-O-MOE)
(PS, 2-O-MOE)
(PMO)
(2-0-MOE)

(PS, 2'-O-MOE)

(2"-O-MOE)

KNMUHNYECKUE UCTIbITAHUSA, N3 HUX 25 HaxogaTca Ha Il unu 1l dpasax



Mipomersen (Kynamro) — npenapaT Ana CHUKEHWUA YPOBHA XONEecTepuHa y
6onbHbix Familial hypercholesterolemia

20-3BeHHbIV TMOGOCHATHLIN ONTUTOHYKITEOTNL,

G*-C*-C*-U*-C*-dA-dG-dT-dC-dT-dG-dmC-dT-dT-dmC-G*-C*-A*-C*-C*

[* = 2'-O-(2-methoxyethyl)]
Pa3pelleH K NpUMeHEeHUo
B CLLIA B 2013 r.

-

mipomersen cell plasma

(gapmer)
‘l' ApoB mRNA

reduced
— N— T N~ plasma ApoB
ApoB mRNA cleaved by RNase H l
reduced

reduced ApoB protein synthesis LDL cholesterol

-

ApoB — anonmnonpoteuH B



Nusinersen

[na neyeHms CnMHanbHOM MbILLEYHOM aTpodum

SMNZ2 gene
[ 1 ] 3 b= 2 =+ 6 |
. Transcription 1S5-N1
Pre-mRNA splicing GUAAGUCUGCCAGCAUUAUGAAAGUGAAUCUU
Translation Spinraza™ (nusinersen) |

SMNA7 [T IzAmEEm 5 [ 3 -Bﬂf/

Less stable and partially functional protein

N, e SMN 3 [+ 7570 6 [7]
Highly stable and fully functional protein

dunpma Biogen coobimna ob yCTaHOBIEHHOW PO3HUYHOW LIEHE B pa3sMepe
$125000 3a 1 nHbeKUMIO NekapcTBa Spinraza.

[MaumeHT B TE4EHUN FoAa AOMKEH NOSYYUTb LWWECTb MHBEKLNI, ODLLEN
ctonmocTblo.B $750000 3a nepBbiv rog ncnonb3oBaHus, n $375000 3a KaxabIn
nocneayrwmun roq B Te4eHU BCEN XKUSHW.



[pyrue BapuaHTbl BO3AEUCTBUSA Ha FEHHYIO KCNPECCUIO

Cxema TpaHcKpunuuu

3" Antisense sirand

ATCASGGAT=AG!
UA=UG

RINA polymerase

s:

G AA
UAGU GG - GUU R

RNA Transcript

TAGT tGGeGTT eGUe TTAA G ETCGTATT

Sense strand &
Nucleus
Cytoplasm . . .
Messenger RNA (mRNA) The Nobel Prize in PhyS|0logy or
an RNA version of the gene that leaves the c2ll nucleus and moves to the cytoplasm . . . .
UACUGCCUAGUCGEUUCGECUUAACCEEUCUAYY NE i0r.20061oIivRi
RNA Andrew Z. Fire and Craig C. Mello
for their discovery of
. "RNA interference — gene
Cxema Bo3aencTeus Ha MPHK silencing by double-stranded
RNA"”

s '
Antisense




Bo3nencrtesue apyuenoyeydHbix PHK Ha
(YHKUMOHUpPOBaHUEe MPHK
(PHK-uHTeppepeHuus)

B 1990 roay Ans noayyeHms copTa NETYHUN C
ApPKMMN 6apaoBbIMY NeNecTkaMu, reHeTUKK
BBE/IM B €€ KJIETKU MEH, OTBEYAIOLNA 3a CUHTES
KpacHoro nurMeHta. OgHako MHOrme LBeThl
BMECTO TOro, Ytobbl YCUNUTb OKpPaCKy, BOBCE
Tepsnu NUrMeHT U NoayYyanucb 6enbiMu.

Mpy panbHENLWNX NCCNeaoBaHUaX B KNETKax NoAONbITHbIX OpraHM3MoB
obHapyxunu bonblune Konnyectsa @parmeHTos PHK, CTpyKTypa KOTOpbIX
OKa3anacb PHK-konuen oTaenbHbIX Y4acTKOB Tex caMbix reHoB ([HK), koTopble
BBOAW/INCL B KIETKY AN NoAaBNEeHUSA X aKTUBHOCTW.

Kpeur Menno un 3Hapto darep B cTaTbe B XypHane Nature B 1998 roay onucanu
3(pbdeKT NoaaBAEHUS IKCNPECCUN reHoB (CalnNeHCMHra) nocsie BBEAEHUS
AByueno4vyeyHon PHK B opraHuam Kpyrnoro uepBa Caenorhabditis elegans
(LYeHopabantuc sr1eraHc , C. elegans ).



PHK-untepdepenuusa (RNA interference, RNAI) — npouecc noaaBneHuns
3KCNpeccun reHa npu nomolum manbix monekyn PHK.

MNpoueccbl PHK-uHTepdepeHumn obHapy>XeHbl B KNeTKax MHOMMX aykapuot. Cuctema
PHK-nHTepdepeHUnn NrpaeT BaXXHYIO posb B 3alMTe KJ1IETOK OT BUPYCOB, @ TaKXe B
perynsauuu passutus, andpdepeHUnpoBKN N SKCNpeccnn reHoB opraHn3ma.

Dicer

Mpouecc PHK-nHTEpdhepeHLn HAYMHAETCA C AENCTBUSA
dsRMA, depmeHTa Dicer, KOTOPbIN pa3pe3aeT ASIMHHbIE MONEKY/IbI

asyuenoyeyHor PHK (dsRNA) Ha kopoTkune dhparMeHThbl

. nopsiaka 21—25 Hykneotnaos, Ha3biBaeMble SIRNA (small
E'EE interfering RiboNucleic Acids).

C monekynomn siRNA cesasbiBatotca Tpu 6enka (Ago2, PACT
SiRMA Unwinding n TRBP) dopmupysa komnnekc RISC (RNA-induced silencing
(RISC actiation) complex). B komnnekce uenu siRNA pacnnertatorcs, ogHa u3
Lenen, aHTMCEHCOBAs WM HanpaenaoLwas, octaercd
CBAI3aHHOW C Hyknea3son Ago2 cemeicTBa Argonaute.

(et

Target recogenition v
B pe3ynbTaTte aktMBHOCTM RISC aHTMCEHCOBas Lernb Masoun

Target PHK coeaunHsieTcs C KOMMNIEMEHTapHOW NOC/eA0BaTENIbHOCTbIO

,%%%{b

Cleavage MPHK 1 Bbi3biBaeT pacuienneHme MPHK Hykneasoi Ago2.
DIPPPUIDIPY mRMA degradation P@3pe3aHHble yyacTkn MPHK noagepratotcst AencTBuio apyrux
kneTtouHblx PHKa3, koTopble ruaponuaytoT ux Ha 6onee menkme
{L KYCKW.

no Protein expression



CtpoeHue Manbix untepdepupytowmx PHK (siRNA)

19-base-pair duplex
g VY 3 SiRNA — PHK-aynnekc AnmHoi 21—25 HykneoTUaOB ¢
JewwwwdeewwowwaddedaddIda
A s Y ABYMSI HECMAPEHHBIMU BbICTYMAKOWMMU HYKIEOTUAAMU Ha
: I_'L_“—_——-gff;..:l,ﬁ;"ésfh’_l 3'-koHUax. Kaxxgaa uenb uMeet gocdaTtHyto rpynny Ha

5'-KOHUE M r’MAPOKCUIIbHYIO rpynny Ha 3'-KOHLE.

sfild e fave & defined struciure

B1onHMOOPMaLIMOHHbBIA aHaNn3 TEHOMOB MHOMMX OpraHM3MOB NMpeanosaraeT,
4yTo Takasa AnnHa siRNA yBennumeaeT ux cneunduyHOCTb K FreHy-MULLEHN U

CHMXaET BEPOATHOCTb HeCI'IeLI,l/ICIDVIl-IeCKOFO CBA3bIBaHUA


http://www.alnylam.com/rnai_primer/files/RNAi-siRNA-structure.gif
http://www.alnylam.com/rnai_primer/files/RNAi-siRNA-structure.gif

MexaHu3M PHK-uHTepdepeHuun manoiMn uHteppepupytowmmn PHK
(small interfering RNA, siRNA)

WnunesnaHan PHK OnuHHble aAuPHK siRNA
RISC akTMBMpyeTcqa B UMTOMNIasMe HHI”:) LLLLETTTTTTI _I[DI[L
g ARG | | MpoueccuHr Diser S-thacpopunuposarine
Ecnun aByuenoyeyHas PHK aBnsercs RISC Y
3K30reHHOMN, OHa OKa3blBaeTCs 5
HenoCpeACTBEHHO B LMTONIa3Me U PO, A0y — -OH
Ho-—L LT T 11 lpqg

pa3pe3aeTcs Ha KOPOTKUE pparMeHThl
(siRNA) 6enkom Dicer.

O6pa3zytowmmcs siRNA-coaepxxalmi CP
A, (AG02Y” pq
(DYHKLMOHABHBIA KOMMJIEKC
- /’_‘—
Ha3biBaeTcs SiRISC. yaHaéﬁg
SiRNA 6b111 06HapyXeHbl TOMbKO G G°2

Yy pacteHunn, 6ecrno3BOHOYHbIX
N OAHOKIETOYHbIX.

MPHK mpponua

__//

Re52y ro,
Cucrema PHK-nHTepdepeHUnn saBnseTcs qo— Ay
Ba)XHOW YaCTblO UMMYHHOIO OTBETa K

BUPYCaM N K APYroMy 4Yy>XepoaHOMY

reHeTU4ecKoMy Matepuany



PHK-uHTEepdepeHuua y MnekonutaoLwmx

Ha ocHoBe 3BONOLMOHHO AOCTAaTOYHO ApeBHero MexaHu3aMa PHK-nHTepdepeHumnm
y bonee pasBuTbIX OPraHNM3MoB MOSIBUINCL ABE Cneuuanm3npoBaHHble CUCTEMBI
yrnpaBneHus paboTon reHoB, UCMOJb3YIOLLME KaXkaas CBOO rpynny Manbix PHK —
mukpoPHK (microRNA) u rmuPHK (piRNA, Piwi-interacting RNA).

B otnuumne ot siPHK, MnkpoPHK n nuPHK (oTkpbITbl B 2001 roay) He npomn3BoasTcs
N3 YyXXepoAHbIX AByLenoyeyHbiX Monekyn PHK, a u3HadanbHO 3aKOAMPOBaHbI

B reHOMe opraHu3Ma-xo3siMHa. Bnepsble reHbl, koaupyowme MMKpoPHK, 6binin
oTKpbITbl B 1993 roay y C. elegans.

MukpoPHK ecTb y pa3sHbix TUNOB opraHKM3MoB. OnucaHbl MUKpOPHK, yyacTeytowipne

B PEryNALUN KJIETOYHOMO LIMKAA M anonTo3a Y pacTeHnin, Apo30odunbl U HEMATOAbI;

y yenoseka MMKpOPHK perynnpyioT UMMYHHYIO CUCTEMY U pa3BUTUE FrEMaTONO3TUYECKUX
CTBOJIOBbIX K/IETOK.

[MpMeHeHne TexHonornn Ha ocHoee AHK-4MnoB Nokasano, YTO Ha pas3NYHbIX 3Tanax
YXXM3HWN KNETOK BK/THOYAKOTCA U BblKOYaoTCa Lenble nynbl Manbix PHK. YpoBeHb skcnpeccnu
MUKPOPHK B onpenenéHHbIX YCNOBUAX U3MEHSETCA B ThICAYM pas.

MukpoPHK He TO/bKO NoAaBAsATb — MOIHOCTBIO MM YAaCTUYHO — paboTy reHoB. B akTUBHO
aensuenca Knetke MUMKpoPHK, CBSi3aBLUUCH C LIENIEBOM MOC/IEA0BATENbHOCTLIO B 3'-y4YacTke
MPHK, MHrMbupyet TpaHCnsILUnIo, 0AHaKO B COCTOSIHUM MOKOS UK CTPecca OHWU MOTyT
YCUNNBaTb CUHTE3 LieneBoro benka!



MexaHu3M obpa3oBaHuUa MUKPOPHK
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Monekynbl MMKPOPHK akcnpeccmpytoTca B BUAE
NEePBUYHbIX TPAHCKPUMNTOB A/IMHHbLIX FEHOB,
KOAMPYOLWNX npeawectseHHK MUKpoPHK ( pri-
miRNA, primordial miRNA).

KoMnnekc npoueccuHra pri-miRNA B pre-miRNA
COOEPXUT (PepMeHT € akTMBHOCTbIO PHKa3bl 111,
Ha3biBaeMbI Drosha, n 6enok, cBA3biBatoLL MM
asyuenoyveyHyto PHK, — Pasha. pre-miRNA —
CTPYKTYpbl BUAa cTebenék-neTns AJIMHOM OKOMO
/0 HyKNeoTuaos.

[ByuenoyeyHasa Yactb pre-miRNA cBA3bIBaeTCa U
pa3pe3aeTtcs 6enkom Dicer; npu 3ToM obpa3syeTcs
3penasd Monekyna MMKpoPHK.

3penasa MMPHK Bkntovaetca B komnnekc RISC,
oaHako MMPHK-onocpeaoBaHHasa aerpagaums
MPHK vHayuupyeTcst ToNbKo B C/ly4ae MosiHOM
komnnemeHTapHoctn MUPHK 1 PHK-mMuweHu. B
60NbLINHCTBE C/yyaeB NoAaB/ieHne SKCNPeccun
reHa nocpeactsom MMPHK nponcxogut Ha ypoBHe
TpaHcnaumm, 1.e. MPHK He pa3spyliaeTtcs



CxeMa ucnonb3osaHua MexaHusMa PHK-uHTepdepeHuuum

siPHK MuPHK
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ASTDETRITE 1 ITogaBneHue TpaHCIALUA
MUPHK cdopmupyeTt ¢ PHK-MULLIEHBIO HECOBEPLLEHHBIN AYMIEKC, COAEPXALLMIA MUCMATUM U
neTnu, BcneacrTeme yero ogHa MMPHK yacTo yyacTByeT B perynsaumm aKCrnpeccnm HECKOMbKNX
reHoB. [10 pa3HbiM oueHkaM, oT 30% Ao 60% reHoB YenoBeka perynnpyroTca Ha NocT-
TPAHCKPURALMOHHOM YpOBHE C NoMoLLblo MUPHK



[pumMeHeHue Manbix uHTepdepupyowmnx PHK ans
HanpasBneHHoro 610KMpoOBaHUA 3KCNPECCUN reHoB

UccnepoBaTenu CTankuBaloTCa C TeMU Xe NnpobnemMamu, 4To U B
cny4vyae aHTUCeHCOBbLIX ONUIOHYKNEOTUAOB

PelueHue: moandumkaums PHK 1 nonck METOAOB AOCTABKU B KIETKU

REVIEWS Drug Discovery Today * Volume 13, Numbers 19/20+ October 2008
Chemical modification of siRNA plays an essential role in moving siRNA toward the clinic.

ELSEVIER

Chemically modified siRNA:
tools and applications
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Jonathan K. Watts, Glen F. Deleavey and Masad J. Damha JONATHAN K. WATTS
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Chemical modification provides solutions to many of the challenges (NSERC) postgraduate fallowship, the McGill Tom-
facing siRNA therapeutics. This review examines the various siRNA linson Fellowship and a postdoctoral fellowship from

. . . . . FQRNT Quebec. His primary research interest is the
modifications available, including every aspect of the RNA structure and  inerface of chemistry and biology in the field of small

siRNA duplex architecture. The applications of chemically modified siRNA "™

are then examined, with a focus on specificity (elimination of immune GLEN F. DELEAVEY
e 3 s Glen F. Deleavey received his BSc in biology—
effects and hybridization-dependent off-target effects) and delivery. We chemistry from the University of New Brunswick in
3 3 il ~ Fredericton, Canada. He is currently a PhD candidate
also discuss improvement of nuclease stability and potency. e goup o M) Darabs i Mo Uk, Ho
has been awarded a postgraduate fellowship from
NSERC and a 2007 SCI Merit Award (Canadian



BapuaHTbl MoaudUKaumm cTpykTypbl SIRNA

Canonical Bluntended 25/27mer dicer-substrate sisiRNA

Antisense only Hairpin (shRNA) Dumbbell
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MaTtucupaH — NepBbIn TepanNeBTUYECKMM Npenapar Ha

OCHOBE ManbiX UHTepdepupyowmnx PHK

CbRUE DEVELOPMENT

Gene-silencing drug approved

[JS government okays first RNA -interference drug —

BY HEIDI LEDFORD

U:-‘ regulaters have approved the first
therapy based cn BHA inbecference
(RMNALY A technique Lhal can b vsed
Liz salence spocific genes linked to diseiase, The
drug. patisican, torgets a rore censdition 1hat
Lina im]*uirl:-u:l.rl amd merve funclion.

Tz approval, annenmaecd by the 175 Fead axd
Dirugg Achnindstration oo L0 Auguast, is a Lo
rinark For a Neld 1hat bas straggled for neardy
o eliecadis o prove its worth in the cinic.
Researchers first disconened RMAL 2D vearsago
(A Finesd il Motfure 301, BOG =B 1 1; 159H), spark.
ing hopes al'o revalationary new approoch 1o
mraedlicine Since Lo, liowwiever, o series ol sl
briackis has lessened those cxpectiiang

“This approval 3s kev for the RNAI leld?
savs James Cordia, head of business develop-
oeemt at K4 Phaomaccuticals in Madborough,
Massachusells, which is develaping RNAI

Lrertmicnls, ™ This is Lransiormatienal”

Patasacan works by silencing the gene thar
underlies & rare disease called hereditary
transthyretin amyloidosgis. In that illoess,
mutated forms of the protein transthyretin
accumualabe in the body, sometimes inpaidng
Fseart and perve fuction,

Tlae deugs upproval ineansthat phacmacel
ey tetboaks will peed Lo be rewrillen, savs
Bricandin Titae- de- Alaaeida, who stodies BRAG
al the Universiy of Brasilia, "Weare II'|-.Il.Ig1I.
raling u new p|:|:|.r|:||.:|.n.-:||-.l|.!_u.ﬂ| praupy lue says,

W will have many more such drogs in U
XTI FUirs.

This wos the hope when Alaylam, the
cranpany in Carmbridizge, Masacliaserts that
developed patisican., Jaancled in 2002, Four
yirars Later, the Mobel Prize in Physiclogy or
aledicine v s pvearded Lo bwe RAT ploncers:
Andresw Fire of Stantord University School of
Medicine in Califarnio and Craig Mello af the

L
i

Lo AUGUET Zole | WOL 56l

after a 20-year wait.

Lhniverzity of Meassachusetts Medical Schocl in
Winneder.

Bt to make NG ko medicine, developers
'|'|'I.'!1I..|Ij I'ir:-;l. :II\'.'A'JEJ. Lia I}."l\'.':l'l.'lilil.'ll." |1|.|I-‘|' L+ dl.'l 1¥er
dulicate malecules of RNA salely ta their Largel
ongans, They needed away o shield the KR
froum degradation in the bloodst ream., pre-
vend it from being filvered aut by the kidoeys,
and alleaw it to et Blood vessels and spread
thirough tisses. ™ That prosed o b sabstan
tially border problem than we anticipaled,”
says [onglas Fambrough, chief execurive of
Dicerna, an BAAL-Dousad company in Cam-
beadge, Massachasedls,

As resenrchers grappled with the delivery
puigile, investors bogan o lose conlidence. [n
2008, analyst Edward Tentholl of investment
bk Piper Jalmey in Moew Yook Catyadvised his
'.lunlstna1nphu:.mg.-".]ntldm>-1-mL "W maw
the prommase i the tochmol ogy, bt e ddivery
wis lacking.” he says »
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[penapat Ang ne4YeHnss TPaHCTUPETUHOBOW aMUIOMAHOW MOIMHEBPONATUN,
HanpaeneH npotMB MPHK TpaHCTUpeTMHA, npeacTaBnseTr cobon 21-3BeHHbIN
AByLenoyeyHbi dparMeHT PHK, MHKancynmpoBaHHbIA B NMNNAHBIE YacTuULbl



Patisiran (trade name Onpattro) is a medication for the
treatment of polyneuropathy in people with hereditary

transthyretin-mediated amyloidosis, which is a fatal rare

disease that is estimated to affect 50,000 people worldwide
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Patisiran, an RNAi Therapeutic, for Hereditary Transthyretin Amyloidosis.

Adams D, Gonzalez-Duarte A, O'Riordan WD, Yang CC, Ueda M, Kristen AV, Tournev I, Schmidt HH,
Coelho T, Berk JL, Lin KP, Vita G, Attarian S, Planté-Bordeneuve V, Mezei MM, Campistol JM, Buades
J, Brannagan TH 3rd, Kim BJ, Oh J, Parman Y, Sekijima Y, Hawkins PN, Solomon SD, Polydefkis M,
Dyck PJ, Gandhi PJ, Goyal S, Chen J, Strahs AL, Nochur SV, Sweetser MT, Garg PP, Vaishnaw AK,
Gollob JA, Suhr OB.

N Engl J Med. 2018 Jul 5;379(1):11-21. doi: 10.1056/NEJM0oal1716153
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Formulation of the RNAI agent patisiran in
lipid nanoparticle carriers

Stable Mucleic?ﬁﬂid Lipid Particle
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Patisiran consists of a specific
oligonucleotide molecule encapsulated in a
lipid nanoparticle (LNP) carrier (formerly
known as a SNALP — stable nucleic acid
lipid particle). The oligonucleotide is
designed to inhibit expression of the gene
for TTR via RNA interference.



naTeHToBAaJN10

- ANA neyeHus
)

<

1T URIAups 2020

YuyeHble «MHCTUTYTa
NMMYHosornm» degepasbHOro
MeaMKo-bmnonornyeckoro
areHTcTBa pa3pabotanu u
3aMnaTeHTOBANN NIEKAPCTBEHHbIN
npenapar ans eyeHus
KOPOHaBUPYCHOM MHMEKUMN TUNa
SARS-CoV-2 (naTeHT
N92733361). YTOUHSAETCS, UTO
NIEKapCTBEHHbIM Npenapar,
NpeacTaBnsoLWLmM Cobon
KOMOMHaUNIO CUHTETUYECKMX
MUKpo-PHK (MMPHK),
crneundunyeckn CBA3bIBaOLLIMXCS C
reHoMHoM PHK kKopoHaBupyca no
NPUHLMMY KOMMJIEMEHTAPHOCTH,
«BbIK/TIOYAET» €ro aKTUBHOCTb U
ybuBaeT ero, a He TONbKO BANSIET
Ha CMMNTOMbI 3aboneBaHus.
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(54) CpexcTee 101 HErEGHPOBIEHA PeODIHERADEE EEpYca  SARS-CoV-1, onocpemceamEore FPHE-
HETepdepeEOREH

(37) Pedepat:

HzobpeTeEme oOTEOCHTCE X OHOTEXHEONOTEH, EBEEPYCONOTHH, MOISKYISPEOE OHomoTEE =
EmmMyEonorEE. JnEcaEe cpeacTeo ONE COEOEGHETUECKOT? NOJABTEHES PEOIEEAIEE EOPOEABEDPYCA
SARS-CoV-2, OOoCpeIOEARECTO PHE -zsTepdepeanmen c OpEMeEeEHeM MATEIX
pETepdepepviomex PHE (mePHE). CpencTec ans EETEHOEPOBRAEHES DPeOIHEATEE IeH0E BEpYCA
SARS-CoV-2, omocpexyemors PHE-meTepdepemmmel, comep®®T 30JeETHEECS ROTHTLCTEC
MOMSKy] ManslXk EETepdepEpYRmEX EvEileEEceux EcnoT (MuPHE) 5 smoe moMonemesTapEmx
IYOISECOR, OPeJcTARIeHEEX EVETSOTEISEME T0CTeI0EATeIsEOCTIME, BEIDDAEERIME H3 TPYIOE,
cocTosmes mz SEQ ID WO 4 - SEQ ID WO 33, Pacnozzasamns xomniexcos MePHE « PHE sapyea
2 ero mPHE-TpaEcxpEOTaME OpESOIET X aETEBAOEE MexaEmima PHE-zETepdepezmeEm =
OPHEETSTEEEE EISTOTERY QEepMeHETOE, 0DECOeTHBIRMmMEX Jerpajames resom=cil PHE smpyca
SARS-CoV-2. HzobpeTeEEe pacmEpIsT apeeEal cPeIcTE OOIAENSERT PEIIHKANEE KOPOEAEADYCA

SARS-CoV-1.
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