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Drama

“Close to it, in a way ” he says in his careful manner. At age 80, he still

works full-time as a principal investigator at the Worcester Foundation
for Experimental Biology in Shrewsbury Mass. “Why don’t I retire? Well,

I'm better at this than [ am at gardening or carpentry ” he says.
These days he is focused on the antisense strand of DNA, which is the
noncoding strand that serves as the template for RNA synthesis. He is




Tema nekuuu:

 JlekapctBa (?!) Ha OCHOBE CUHTETUYECKUX
nonnHykneotnaos. PerynupoBaHue
aKTUBHOCTW OENKOoB C MOMOLLbIO
«JIOBYLLEK», anTamMepoB

« Xummdecknun dpakynsretr MI'Y
Kadeaopa xmmum npmpoaHbiX coeauHeHun
 O.x.H. Metenes Banepun eoprnesny
metelev@belozersky.msu.ru (495)939-54-11
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Life requires the recognition and
function of simple and complex
molecules operating together.

M3Hb TpebyeT pacrno3HaBaHUA U
GYHKLUMOHMPOBAHMA NPOCTbIX U
CNOMKHbIX MOJIEKY/, AENUCTBYHOLLNX
BMecCTe.



MuPHK
Muuiens - uHauBUAyaibHass MPHK
Onuronykieorua — apycnupaibhas PHK
Mexanusm - nerpajanus neneBoid MPHK

NmmyHOCTHMY IMpYIOLIHE

OJIMTOHYKJICOTH/IbI
MuiueHb — Tosu-noaooHsli peuentop 9 (TLRY)
Ounuronykneotua — oanocnupansHas JJHK ¢
HemetnipoBanHbiMu CpG yuacTkamu
Mexanusm: aktuBauust TLRY npuBoaur
KJIETOUHOMY UMMYHHOMY OTBETY

reHomHas [HK

TPAHCKPUNUUA
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A
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“Jlopymiku" -decoys
MuiieHb — (haKTOp TPAHCKPHITIIUU
Onuronykieorus - apycnupansHas JIHK,
coJiepaKalliasl y4yacToOK y3HaBaHUsI
COOTBETCTBYIOLIETr0 (paKTOpa TPAHCKPHIIIUU
MexaHu3M - KOHKYPEHTHOE CBSI3bIBAHUE
(hakTOpa TPAHCKPUIILIUK C JIOBYLIKOM, a HE ¢
renomuoit JTHK

AHTHI€HHasl cTpaTerus
MumeHs — HHAUBH Ty anbHas reHomHas JJHK
Onuronykneorua — onHocnupanbHas JJHK,
criocobHasi K 06pa30BaHUIO TPOHHBIX CIMpasei
MexanusMm - popMHpOBaHUE TPEXCHHPAIBHBIX
CTPYKTYp OJIOKUpPYET TPAaHCKPHIILIUIO

AHTHCEHCOBBIE OJIMTOHYKJICOTH/AbI
Muiuens - unauBuayainbias MPHK
Onuronykineotus - oaHocnupanbhas JIHK
MexaHu3Mm: 00pa3oBaHue reTepoayIuieKkca
MULLEHH C OJIUTOHYKIICOTHIOM, NPUBOJSLIEE K
OJIOKHPOBAHUIO TPAHCIISALIMY 3 CUET FUAPOJIN3a
PHK PHKazoii H unu Mexanuuecku

AnTamepbl
MuteHs - 6€1KH, pelenTopbl
Onuronykieotus - ogHocnupanbasie PHK nim
JIHK
MexaHu3M - BbICOKOCTIEIIH(DHYHOE CBA3BIBAHHE
anramena ¢ MULIEHbIO




Targeting strategies for oligonucleotides

Triplex-forming ON (TFO)
DNA strand-invading ON
Synthetic guide RMNA for CRISPR/Cas

Antisense ON
Splice-switching ON
Antagomir (anti-miRNA)
miRMA mimic

siRNA
DNAzyme
Protein Aptamer
Crriietieal mr ApaymE Decoy
structural or enzyme

Innate immunity (nucleic acid sensor)

Posttranslational modifications

Carbohydrates Aptamer
Lipids %1 ﬂ "

Metabolites

Schematic of ON targeting strategies of the extended central dogma that includes the effects of downstream
enzymatic events. Strategies that have not yet reached the clinic are shown in grey. Abbreviations: CRISPR,

clustered regularly interspaced short palindromic repeats; miENA, microRNA; ON| oligonucleotide;
siRINA, short interfering RNA.




PerynupoBaHune pyHKUMOHANBbHOMN
aktuBHoctu [1HK cBsisbiBarowimnx 6enkoB C

noMoLwbio «noBywek» - DECOYS



daKkTopbl TPAHCKPUNLINK

* TPAHCKPUMLUUOHHbIE PpaKTOpbl— DESIKN,
KOHTponupytowme npouecc cuHtesa vPHK Ha
maTtpuue LHK (TpaHckpunuuo) nyTemM CBA3bIBAHUSA C
perynatopHbiMu ydyactkamm OHK.

e TpaHCKpUNUNOHHbLIE (PaKTOPbI BLIMNOMHAT CBOH
doyHKUMIO NGO CaMOCTOATENBHO, NMMOO B KOMIMIEKCE C
apyrmmmn 6enkamu.

* OHun obecneyvnBaloT CHMXEHNE (penpeccopbl) Unu
NoBbILLIEHNE (aKTUBATOPbI) KOHCTaHTbI CBSA3bIBaHUA PHK-
nosmMepassl ¢ perynatopHbiMu ydyactkamu OHK.



http://ru.wikipedia.org/wiki/%D0%91%D0%B5%D0%BB%D0%BE%D0%BA
http://ru.wikipedia.org/wiki/%D0%9C%D0%A0%D0%9D%D0%9A
http://ru.wikipedia.org/wiki/%D0%94%D0%9D%D0%9A
http://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D1%81%D0%BA%D1%80%D0%B8%D0%BF%D1%86%D0%B8%D1%8F_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
http://ru.wikipedia.org/wiki/%D0%A0%D0%9D%D0%9A-%D0%BF%D0%BE%D0%BB%D0%B8%D0%BC%D0%B5%D1%80%D0%B0%D0%B7%D0%B0

OnpegenstoLwlada YyepTta pakTopoB
TPAHCKPUNLINA -

Harnnyme B NX COCTaBe OAHOro unun dorsee
[HK- cBasbiBaOLWMX JOMEHOB, KOTOPLIE
B3aMMOOENCTBYIOT C XapaKTepHbIMU
yyactkamum [JHK, pacnonoXXeHHbIMU B
PErynAaTopHbIX 0bnacTsx reHos.



http://ru.wikipedia.org/wiki/%D0%94%D0%BE%D0%BC%D0%B5%D0%BD_%D0%B1%D0%B5%D0%BB%D0%BA%D0%B0

STATS3

* signal transducer and activator of
transcription 3

* CUrHasbHbIX 6enok (TpaHCAYKTop) U
aKTMBaTop TpaHCcKpUnumn 3



N-terminus
Cooperative

DMNA binding
1




Other Factors

Nicotine, diesel exhaust particles, HCV
core protein, LPS, ultraviolet light,
asmotic shock, hoat shock, oxidative
stress, EBV oncoprotein LMP{, HIV-1
Nef protein, leptin, CaMKlly, bile acids
and low pH, black soy peptides,
diazoxide, isoliquiritigenin, olanzapine

Cytokines
IL-6, LIF, cardiotrophin-1, CNTF.
IL-5, 1IL-9, IL-10, 1L411, IL12,
IL-21, IL-22, IL-27, IFN+y, TNF-a,
LIGHT, , MCP-1, MIP-1q,
CCL-5/RANTES, SCF, OSM




Mpun hmnsmnonornyeckux ycrioBmsix Kak amnnutyga, Tak v
NPOAOIKUTESNIbHOCTb pPeuenTop-MHayuMpyemMmon
aktuBaumn STAT3 aBnsAlTCA CTPOro
KOHTPONMNPYEeMbIMU ObLICTPLIMU MNpoLeccamMmum.

B NnpoTUBONONOXHOCTL BPpEMEHHON NpUpoAe akTUBaLUU
STAT3 B HOpManbHbIX KNeTKaxX, NOCTOAHHasA aKkTMBauus
STAT3 obHapyXeHa B KyNbTypax pakoBbIX KNE€TOK U
NnepBUYHbIX ONYXOSsIX YerioBeKa, BKIoYasi IeukeMuio,
numd¢gpomMy, MHOXXEeCTBEHHYIO MUESIOMY, FFIMOMY, paka
JNIerkux, TOfICTOM KULLKU, NOYeK, FONTIOBHOIO Mo3ra.



CeA3LIBAHKE
AKTUEMPOBAHHOIO ,
STAT3 ¢ OHK

y N




N-terminus
Cooperative

DNA binding




(G sflc O,
A;]Z]i Monomer |
T 5_a 15

4

A

)

e

N

N
Has2 [T

K330 {74 _.w <

Monomer Il




Decoy — npumaHka, nogcagHas yTka,
NIOBYLLKA, NOXHasi uernb, obmMaHka

[TpnHUMN OencTBUA NOBYLLKN.

« B cocTaB OnMroHykneoTuaHOW NOBYLUKM BXOAMUT OgHa
NI HECKOMNbKO KOHCEHCYCHbIX MOCneaoBaTeNbHOCTEN, C
KOTOPbIMU U CBA3bLIBAKOTCSA COOTBETCTBYHOLLME DAKTOPbI
TPaHCKPUMNLUW.

« (CBsasbiBaHME (pakTOpa TPaAHCKPUMLUMKU C JTOBYLLIKOW
npenoTBpallaeT B3anMogencTene akropa ¢ yuc-
anemeHtamu reHomHou JHK n oxxnpgaemyro akcnpeccuto
eHOB.



Transcription factor (TF)

Drug Discovery Today, Volume 25, Number 1 January 2020
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First-in-Human Trial of a STAT3 Decoy
Oligonucleotide in Head and Neck Tumors:
Implications for Cancer Therapy

Malabika Sen?, Sufi M. Thomas!, Seungwon Kim!, Joanne l. Yeh?3, Robert L. Ferris!, Jonas T. Johnson!,
Umamaheswar Duvvuri!, Jessica Lee!, Nivedita Sahu!, Sonali Joyce!, Maria L. Freilino!, Haibin Shi2,
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Clinical score
(EASI)

VAS score

Igawa K et al,Bri ) Dermatol, 2009

Fig. 5. Clinical scores: The effects of topical application of STAT6 Decoy ointment for refractory facial erythema in patients with atopic dermatitis were assessed using
procedures approved by the university ethics committee. Marked amelioration of the erythema and pruritus was observed after application of the ointment in patients with
atopic dermatitis. Photographs show the clinical manifestations of a patient who showed a complete response.

Journal of Dermatological Science 75 (2014) 75-81



July 12, 2016
AnGes MG, Inc.

AnGes to Start Development of Next-Generation Decoy Oligonucleotide
--Fundamental Technologies Established for
STAT 6/NF-kB Chimera Decoy as a Treatment for Inflammatory Diseases--

AnGes MG, Inc. (“AnGes") announced that, having achieved technical milestones related to

fundamental technology, it will initiate the product development of Chimera Decoy, the

next-generation nucleic-acid drug. AnGes’'s Chimera Decoy is an oligonucleotide that is

designed to suppress inflammation by binding and inhibiting both STAT6 and NF-kB, two of
the key transcription factors for inflammatory activities. This STAT6/NF-kB Chimera Decoy
is expected to act more effectively compared to AnGes'’s first-generation Decoy Oligo as an
inhibitor for a single transcription factor, NF-kB. Research and development of
STAT6/NF-kB Chimera Decoy has been conducted in collaboration with Osaka University
since 2012.




SMALL MOLECULAR DRUGS MIMICKING DNA DAMAGE
(DBAIT): ANEW STRATEGY FOR SENSITIZING TUMORS
TO RADIOTHERAPY

M. Quanz, N. Berthault, C. Roulin, M. Roy, A. Herbette, C.
Agrario, C. Alberti, V. Josserand, J_L. Coll, X. Sastre-
Garau, J-M. Cosset, L. Larue, J-S Sun and M. Dutreix

bait [bert] cywy
NPUMaHKa, HaXKNBKa, MPUKOPMKa



Dbait molecules

Sequences and chemical structures

Dbait32H
Dbait32Hb

Dbait32Hc

Dbait24H

Dbait16H

Dbait8H

Dbait32ss
Dbait32C

Dbait32Hc-
Cy3 or Cy5

5" ACGCACGGGTGTTGGGTCGTTTGTTCGGATCT 3 ")
3" TGCGTGCCCACAACCCAGCAAACAAGCCTAGAS'

5’ GCTAGGCTTGTTTGCTGGGTTGTAGGCACAGCS3 ’)
3’ CGATCCGAACARACGACCCAACATCCGTGTCGS'

5’ GCTGTGCCCACAACCCAGCAARACAAGCCTAGAS'
3" CGACACGGGTGTTGGGTCGTTTGTTCGGATCTS'

5’ ACGCACGGGTGTTGGGTCGTTTGT3 ')
3" TGCGTGCCCACARACCCAGCAAACAL'

5" ACGCACGGGTGTTGGG3 ’)
3" TGCGTGCCCACAACCCS'

57 ACGCACGGB')
3" TGCGTGCCS'

5’ ACGCACGGGTGTTGGGTCGTTTGTTCGGATCT 3

5 ACGCACGGGTGTTGGGTCGTTTGTTCGGATCT 3’ >
3’ TGCGTGCCCACAACCCAGCARACAAGCCTAGAS'

5/ GCTGTGCCCACAACCCAGCAAACAAGCCTAGAS’ @
3’ CGACACGGGTGTTGGGTCGTTTGTTCGGATCTS

List of Dbait molecules. Dbait molecules contain a hairpin loop formed by
a hexaethylene glycol linker [(CH,-CH,-0),] tethering two complementary DNA strands.




https://www.youtube.com
/watch?v=P76XpD-YIx4



https://Iwww.youtube.com/watch?v=t4-
|ICmbWOO0q

TRANSCRIPTIONAL FACTORS: Gene
regulation and the role of oestrogen
explained

https://www.youtube.com/watch?v=q
dpcQwNxQpA

Composite Transcription Factor
Decoys



https://www.youtube.com/watch?v=gdpcQwNxQpA
https://www.youtube.com/watch?v=t4-lCmbWO0g

Mexanusm - aerpasanus nesneoit MPHK

HmmyHocTUMYIHpYIOLIHE

OJIMTOHYKJICOTH/ABI
Muuiens — Tou-noa00usIH peuentop 9 (TLRI)
Osnuronykneorun — oanocnupanshas JIHK ¢
HemeruauposanubiMu CpG yuacTkamu
Mexauusm: aktuauus TLRY npusoauT Kk
KJICTOUHOMY HMMYHHOMY OTBETY

"Jlopymiku" -decoys
Muiens — (hakTop TpaHCKPHIIIHH
Ounmronykieorua - aAsycnupanbHas JIHK,
cojieprKallias y4acToK y3HaBaHus
COOTBETCTBYIONIETO (haKTOpPA TPAHCKPHITIIMH
MexaHu3M - KOHKYPEHTHOE CBA3bIBAHHE
(hakTOpa TPAHCKPHUIILIUK C JIOBYIIIKOM, a HE ¢
reHomuoi JTHK

reHomHas [HK

TPAHCKPUNUUA
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Transcription factor decoy technology: A therapeutic
update. Hecker M, Wagner AH

Biochem Pharmacol. 2017 Nov 15:144:29-34

Transcription factors: Time to deliver A.V. Ulasov,

A. A. Rosenkranz, A.S. Sobolev Journal of Controlled

Release, Volume 269, 2018, pp. 24-35


https://www.ncbi.nlm.nih.gov/pubmed/?term=Hecker M[Author]&cauthor=true&cauthor_uid=28642036
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wagner AH[Author]&cauthor=true&cauthor_uid=28642036
https://www.ncbi.nlm.nih.gov/pubmed/28642036
https://www.sciencedirect.com/science/article/pii/S0168365917309756

Specific inhibition of splicing factor activity by decoy RNA oligonucleotides

SRSF1 decoys CGCAGGA
CACAGGA
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LLInpOKO 1M3BECTHbLI Apyrne onuroHykneotTuabl U nx
Npon3BogHble, CNOCOOHbIE crieumdmnyeckn CBA3bIBaTb CBOW
MULLEHU. X Takke MOXHO paccMaTpuBaTh KakK «JTIOBYLLKNY
No Npon3BoanMomMy adoPeKkTy. T coegUHEHNS
Ha3blBalOTCA anTaMmepamMu Unm MHorga XMMmyeckumu
aHTUTENnamu.

B ocHoBHOM, 310 ogHocnupaneHble PHK nnu OHK,
KoTopble (Hanpumep, B npumeHeHnn K NF-kB) He coaoepxaTt
KOHCEHCYCHbIW Y4aCTOK y3HaBaHUA (KB-y4acTok), HO
HaCTOJSIbKO XOPOLLUO «UMUTUPYIOT» MPOCTPaHCTBEHHYIO
CTPYKTYpPY 9TOro y4yacTtka, YTo MULLEHb 3O EKTUBHO
CBA3bIBAETCA C arnTaMepom.



AIITAMEPDI

CnoBo antamep (aptamer) NnponsoLusnio oTt
NaTUHCKOro croea “aptus”, o3Ha4yatoLlero
NPUIroHKa; NpunaxmuBaHue; NpuMepkKa u
rPEYECKOro crnoBa ‘meros” — 4yactuua,

Kpynuua
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Overall structure of known aptamer-protein complexes

Aptamer—thrombin complex Aptamer-nuclear factor-xB complex

The RNA aptamer is represented by a yellow ball-and-stick model.
Blue areas: positively charged; red areas: negatively charged.
Molecules 2019, 4229




SELEX

» systematic evolution of ligands by
exponential enrichment —

e cucTemMaTuyeckasi aBosiroumna nuraHooBs
9KCMOHEeHUManbHbIM oboraiwleHuem.



AGCT AGCT

d3553888a8a038355




MuLieHn anTamepa

MoHbl metannoB (Kawakami et al., 2000),

HeOonbluMe opraHuyeckue coeamHeHus (Mann et al., 2005),

6uonorunyeckne kocpaktopbl (Lauhon and Szostak, 1995; Holland et al., 2000),
meTabonutbl (Bruno et al., 2008),

6enku (Ruckman et al., 1998; White et al., 2001; Savla et al., 2011)

Lenble opraHu3mMbl Takme Kak Bupychbl (Tang et al., 2009),

6aktepumn (Hamula et al., 2011),

apoxokm (Kolesnikova et al., 2010),

krnetkn mnekonutarowmx (Chen et al., 2009).



OawuH payHg SELEX
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Denature SSDNA * Negative

y ’% and desalt library
ik, -
L g
Sequencmgrg\ WAL \&( Negative
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Ipurnnunet ombopa anmanepoes in vivo
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BONBIIMHCTBO ONMCAHHBIX anNTaMepoB Ha OCJIKHU
MMEIOT OOIIUU MEXAHU3M JIEUCTBUS.

arrTaMep, UMEIOIIMN BBICOKOE CPOJICTBO K IIEJIEBOMY
O€JKY, MPOYHO CBS3BIBACTCS C HUM M TE€M CaMbIM
OJIOKUPYET €ro B3aMMOJCHCTBHE C  JpYrUM
OHJIOTCHHBIM O€JIKOM HWJIM HYKJIEHMHOBOM KHCJIOTOM,
T.€. pa3pyllacT IEeJEBbIe OEIO0K-OCIKOBBIC HIIN
ocnok-HK  B3amMomencTBUS KaK KOHKYPEHTHBIU
UHTUOUTOP.



YHuKanoHast ocObeHHOCTb anTaMepoB
BO3MOXXHOCTb «OTMEHbI» UHIMBUTOPHbIX

CBOMUCTB C NMOMOLLbIO KOMIMJ1IEMEHTAPHbLIX
OJIUTOHYKI1EOTNO0B

AnTaMep KaK aHTHIAOT HA JIEKAPCTBO



K HacTosilLLemMy BpeMeHu nonyyeHbl anTamepbl K
TbiCcAYamMm muwleHeUn. Hanpumep, TONbLKO KOMMNaHUA
Somalogic (http://www.somalogic.com/
Technoloqgy.aspx) cozgana TbicsaA4YMn
ogHoueno4veYHbix JHK-anTamepoB (M3BeCTHbIX
kak SOMAmers) onsa 6onee 4yem 1100 muweHen
(peuenTopbl, KMHa3bl, (paKTOpPbI pOCTa, FOPMOHbI).



http://www.somalogic.com/
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PaspeLleH K UCrnonbL3oBaHuo YrpasrieHMEM MO KOHTPOIO KadecTBa NULLIEBLIX MPOLYKTOB U
nekapctBeHHbIX npenapatoB CLUA B 2004 r. ans nogasneHnsi BO3pacTHOW MaKynogereHepaumn




[lerantTaHnb (Macugen®/MakyreH, «Pfizer») —
Outside the US pegaptanib is marketed by Pfizer.
Approval was granted by the U.S. Food and Drug

Administration (FDA) in December 2004.

28-MU 3BEHHbIVW anTamMep, B COCTaBe KOTOPOro
HaxoaaTca 2°-dpTop-2°-Ae30KCUnmMpmmnanHoBbIe U
2°-O-MeTunosble NYpUHOBbIE HYKITeo3uabl, 5'-
KOHLEBOW MOSINITUIEHTTINKONEBBLIN NUHKEP (~40
k[a) n 3°, 3-koHUeBas MeXHYKNneoTnaHas CBA3b

Formula C,g4H345F13N1g7Nay501gP,g [C,H O],

(roe n okono 900) Mol. Mass 50 kD



https://en.wikipedia.org/wiki/Pfizer
https://en.wikipedia.org/wiki/Food_and_Drug_Administration_(United_States)
http://en.wikipedia.org/wiki/Chemical_formula
http://en.wikipedia.org/wiki/Molecular_mass
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Examples of nucleic acid aptamers to targets of therapeutic interest

Aptamers Molecular targets Associated diseases

ot

Macugen Vascular endothelial growth factor Age-related macular degeneration
AS1411 Nucleolin Cancer
sgch Protein tyrosine Kinase 7 Cancer
TDO5 Immunoglobulin p Heavy Chains (IGHM) Lymphoma
A20 Prostate-specific membrane antigen Cancer
TTALl Tenascin C Cancer
51.3/82.2 Mucin 1 Cancer
IGEL1.2 Immunoglobulin E Allergy

2
i
4
5
6
7
8
9

Apt-avi3 avfi3 integrin Cancer
TBA a-thrombin Thrombosis
B28 HIV gp120 Viral infection

NF-xB Cancer
E2F transcription factor Cancer
HER3 Cancer

Plasminogen activator inhibitor 1 Tumor metastasis




[lepcnekTuBbl NCNOJSIb30BaHUA anTaMepoB

Oco0bIi HTEPEC MOTYT NPeacTaBUTb anTamepbl,
CMOCOOHbIe CBA3bIBATbLCA C OenkaMm Ha NOBEPXHOCTU
KNETKN N TEM caMbIM OITOKMPOBAaTb 3TU KNETOYHbIE
pPeLenTopbl, a TakkKe AN AOCTaBKN pasnnyHbIX
TepaneBTUYECKNX peareHToB B KNETKMU.
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| DIFFERENT TYPES OF APTAMER-IRNA CHIMERAS

m Chimera

binding

Extracellular fluid

Chimera-Receptor Endocytosis

Endocytosis
vesicle

Chimera reaches the cytoplasm
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Modules for Aptamer-Drug Conjugate
DNA synthesis

Automated Synthesis

Drug moiety

Linker

Molecular Structure of Phosphoramidite D




c2C-Dox




(dipeptide linker)

Cathepsin B-sensitive dipeptide bond-linked nucleolin aptamer-paclitaxel (PTX) conjugate.

T spacer —Dye

linker
sgc8 aptamer

Design of the Aptamer-NHC-Au' conjugate.




Linker

t-P19 aptamer

Schematic representation illustrating chemical conjugation of MMAE to tP19 through DNA strand hybridization.
W. Xuan et al. Biomaterials 182 (2018) 216-226
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G. Zhu, X. Chen / Advanced Drug Delivery Reviews 134 (2018) 65-78
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Fig. 3. ApDCs for chemotherapy. (A) Via noncovalent complexation of aptamer-tethered nanotrains and drugs, an ApDC was developed to deliver a large payload of DNA-intercalating
drugs into target tumor cells. (B) An example of ApDCs that was programmably synthesized using a phosphoramidite that carried a 5-FU prodrug via a photocleavable linker {inset:
molecular structure of a prodrug-incorporating phosphoramidite). (C) As a mimic of bispecific antibody. a bi-specific ApDC was developed by simply linking two independent
aptamers via a dsDMA linker, which was additionally harnessed for drug loading in bi-specific drug delivery. (D) A schematic representation of aptamer-functionalized nanocarriers for
targeted drug delivery.




Aptamer + decoy =

aptacoy
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? Aptamer 1 %_ Aptamer 2 ’ Target __/ Flexibel linker

Principle of avidity explained for a bivalent aptamer towards a multimeric target.
The dimericaptamer construct consists of two aptamers conjugated by a flexible linker.

Int.J.Mol. Sci 2020, 21, 4522




https://www.youtube.com/watch?v=Z2QuiMgXm2wQ

Aptamers and SELEX: The Past, The Present, and The
Future

https://www.youtube.com/watch?v=nFK Y9cvqdw

Aptamers in Drug Development: From Biomarker
Discovery to Targeted Drug Delivery.

https://www.youtube.com/watch?v=IBEkyVSqgaAw

Synthetic Antibodies - The Emerging Field of
"Aptamers" in Diagnhostics and Drug Discovery


https://www.youtube.com/watch?v=ZQujMqXm2wQ
https://www.youtube.com/watch?v=nFK_Y9cvqdw
https://www.youtube.com/watch?v=IBEkyVSqaAw

Reviews:

Aptamer Therapeutics in Cancer: Current and Future Yoshihiro
Morita, Macall Leslie, Hiroyasu Kameyama, David E. Volk, Takemi

Tanaka Cancers 2018, 10, 80:

Annual Review of Pharmacology and Toxicology Therapeutic
Oligonucleotides: State of the Art Edvard Smith and Rula Zain

Annu. Rev. Pharmacol. Toxicol. 2019. 59:25.1-25.26

Advanced Drug Delivery Reviews
Available online 27 September 2018

In Press, Corrected Proof (2

Aptamer-guided nanomedicines for anticancer drug delivery ¢

Walhan Alshaer = ®, Hervé Hillaireau = & &, Elias Fattal =




Current Perspectives on Aptamers as Diagnostic Tools and
Therapeutic Agents.

Prabir Kumar Kulabhusan, Babar Hussain and Meral Yuce.
Pharmaceutics 2020, 12, 646

G-Quadruplex-Forming Aptamers—Characteristics, Applications,
and Perspectives

Carolina Roxo, Weronika Kotkowiak and Anna Pasternak
Molecules 2019, 24, 3781;

Dimeric and Multimeric DNA Aptamers for Highly Effective Protein
Recognition Claudia Riccardi, Ettore Napolitano, Domenica Musumeci
and Daniela Montesarchio Molecules 2020, 25, 5227



Any identified gene that plays
a key role in cancer
progression or drug
resistance can be exploited
with oligonucleotides



Molecular imaging & therapy
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Figure 2. Barriers in AON delivery.

EMBO Molecular Medicine Vol 9]N05|2017
Caroline Godfrey et al Delivery of splice-switching antisense therapies EMBO Molecular Medicine




[Tocne BBeAEHUSI B KDOBEHOCHYIO CUCTEMY ONIUIOHYKNEOTUAY
Heobxoanmo

1) nsbexatb 6bICTpON Aerpagaumm Hykneasamm nnasmol u

PETUKYNO-3HA0TENNanbHOM CUCTEMBI U GbICTPOro BbiBEAEHUS
Yyepes NoYeyHy UnsTpaLuo

2) NnoJiydynTb AOCTYI K LefieBblM KINeTKamM Yepea rnpeogosieHne
KarnuimiapHOro aHAoTesrmnmAa m ,D,Md)d)y3l/”0 BO BHEKINIETOYHOM
MaTpukce

3) ObITb «3axBavyeH» LieNieBbIMU KITETKAMU rMaBHbIM O6p830M
Yyepes peuernTtop OI'IOCpe,EI,OBaHHbIIZ AHOOLINTO3

4) BHYTPU KNETKN ocBO6OANTHCSA U3 S3HOAOCOM U HE TOSbKO
AOCTUIHYTb BHYTPUKNETOYHYIO LIENEBYIO MULLIEHb, HO N YCMELLUHO
CBSI3aTbCH C HEMW.
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a Phosphorodiamidate b DNAorRNA € Peptide nucleic acid (PNA)
morpholino oligomers (PMO)
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Chemical structures of (#) phosphorodiamidate morpholino oligomers, (/) DNA or RNA, and (¢) peptide nucleic acid. Abbreviation:
B, heterocyclic nucleobase.
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DNA Nanostructures for High-Affinity
Binding to Human Serum Albumin
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Human Serum Albumin

D-DNA
RT, 1X PBS

Non covalent interaction




«lNpssmon npoxoa» 6onbwux (Tem bonee
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Fig. 3 Physial methods for siRNA delivery in the skin. In the iontophoresis (a) the positively charged chamber releases the formulation with the same
charge through electromigration and electroosmosis. In the gene gun (b) an adjustable low-pressure helium pulse impel the gene-coated gold particles into

the target. The electroporation (c) uses electric pulses to create transient pores in a cell membrane and the ultrasound (d) alters the permeability properties
of the cell membrane improving local siRNA delivery.
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Nucleic Acids Research, 2018, Vol. 46, No. 4

Extracellular
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Conjugation of GalNAc to passenger strand of dSRNAs or ASOs to enhance delivery to the liver. ASGPR: asialoglycoprotein receptor.



Single-stranded  Double-stranded Self-replicating CRISPR-Cas9
ASO SiRNA mRNA sgRNA
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Debbie Maizels/Springer Nature

The four-billion-year-old lipid bilayer protects cells from
nvading RNAs. Unlike small-molecule drugs that can slip across the
ipid bilayer, with the exception of some single-stranded phosphorothioate
SOs that can productively enter cells, the vast majority of RNA-based
herapeutics are too charged and/or too large to enter cells, and require
A delivery agent.
nature biotechnology VOLUME 35 NUMBER 3 MARCH 2017 223
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Conjugation with disulfide units enhanced the permeability of
oligonucleotides.
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approach to form ONs NPs. (b) ONs NPs for effective intracellular gene
delivery via thiol-mediated uptake, following by rapid disassembly via GSH-
assisted depolymerisation and release the ONs for antisense gene regulation.




Disulfide-unit conjugation enables
ultrafast cytosolic internalization
of antisense DNA and siRNA






The chemical universe is expansive, and only a very limited number of the
possible ON modifications have been investigated to date, with even fewer
In the clinic. In spite of this, essentially each level of the extended central
dogma has already been targeted by these medicines, and the recent
clinical successes bode well for their future development. It is evident that
the promise of ON medicines is beginning to be fulfilled, but these are still

just the early days of this era, and much more is to come.

Annual Review of Pharmacology and Toxicology Therapeutic Oligonucleotides: State of the Art
Edvard Smith and Rula Zain Annu. Rev. Pharmacol. Toxicol. 2019. 59:25.1-25.26



small molecules that enhance
oligonucleotide effectiveness

... It is becoming clear that small molecules can play a
helpful role both in understanding and in improving the
pharmacological effects of oligonucleotides. The events of
endocytosis and intracellular trafficking present a complex
drama supported by a cast of hundreds if not thousands of
proteins. Each of those proteins provides a potential target
for a small molecule that may influence the trafficking
process. Thus conceivably it may be possible to find small
molecules that enhance the actions of oligonucleotides by
affecting their endocytosis and trafficking in many different
ways...



PRECLINICAL ANTISENSE OLIGONUCLEOTIDES (AON) DEVELOPMENT

CeLcumuRes ) AwmALs/errioRoy

Disease specific

animal models Animals
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Nanocapsules in drug delivery
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