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“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




6 &30 azy $yqd:

Al j S Otemlsa ® (?!) dzO fMd
fcdzddzzS iz sbgeBazdtctso Od
OCIsdodetsplsd B jdZS 880 M
Ccdzso h QIO d3] tc 50

Amd B Ui MSd2 %OSkd lsjls [ v
SOWjH©EO Sddidd ftediesHdy 7 M) HJd

AwW. Rf jfdsj dbjOedzj e 2 | jBtecdjody

metelev@belozersky.msu.ru (495)939-54-11



mailto:metelev@belozersky.msu.ru

[ ATS NBIljdzA NBa GKS
Fdzy OGA2Y 2F &AYLIM ¢
Y2f SOdzf Sa 2LISNI 0A\y

e t h Y t h * m c
N E < <
X e C 0O e h O e Y C
m ~ 0 °’ : a o X *
o) e 9 o >
a m t D



MuPHK
Muuiens - uHauBUAyaibHass MPHK
Onuronykieorua — apycnupaibhas PHK
Mexanusm - nerpajanus neneBoid MPHK
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MuiueHb — Tosu-noaooHsli peuentop 9 (TLRY)
Ounuronykneotua — oanocnupansHas JJHK ¢
HemetnipoBanHbiMu CpG yuacTkamu
Mexanusm: aktuBauust TLRY npuBoaur
KJIETOUHOMY UMMYHHOMY OTBETY

reHomHas [HK

TPAHCKPUNUUA

GG QC\’
OO,
A
TPAHCNALMA

“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
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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.
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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
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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) 751 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
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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.
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TRANSCRIPTIONAL FACTORS: Gene
regulation and the role of oestrogen
explained

https://www. vyvoutube. com/
dpc OWNX Qp A

Composite Transcription
Decoys



https://www.youtube.com/watch?v=gdpcQwNxQpA
https://www.youtube.com/watch?v=t4-lCmbWO0g
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Transcription factor decoy technology: A therapeutic
update. Hecker M, Wagner AH

BiochemPharmacol. 2017Nov 15:;144:2934

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

A.A. Rosenkranz A.S. SobolevJournal of Controlled

ReleaseVolume 269, 2018pp. 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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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
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Denature SSDNA * Negative

y ’% and desalt library
ik, -
L g
Sequencmgrg\ WAL \&( Negative
selection

Cell-SELEX \‘ i {s Discard

bounc ssDNA

i \" Retain

" 4oy L &anound ssDNA
Retain W
bound ssDNA/ \
Positive
: @ g Targel

w‘;‘\' selection .. cells
Discard 1 @
unbound ssDNA
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Outside the US pegaptanib is marketed by Pfizer.
Approval was granted by the U.S. Food and Drug

Administration (FDA) in December 2004.
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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




1 Jtemyf J SIsdeo" dMf sdz! L B9

[fisBr 2 dddsjtjf Bs@kbOGicEHMsO:
Ny sftsede’ | MowL' 90ls! W ) B j dz§ ¢
CdzjlsSd d lsjds MOK o5 BdsC diose Ol
cjiyjflster, O OCH] HAW HBMIsO:
sjtcOf jolsdyuimMSdn ©jOc] dlstsa o ¢



Secondary reagent
Aptamer

l Aptamer binding

Aptamer-mediated
internalization

l

Release of the
secondary reagent

Therapeutic effect

Target cells

* No aptamer binding

Aptamer is not
internalized

|

The secondary reagent
is not released

No effect

Non-target cells




| DIFFERENT TYPES OF APTAMER-IRNA CHIMERAS
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Cathepsin B-sensitive dipeptide bond-linked nucleolin aptamer-paclitaxel (PTX) conjugate.
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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.
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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
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Reviews:

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

Tanaka Cancers2018, 10, 80;

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

Annu. Rev.Pharmacol. Toxicol. 2019. 59:25.125.26

Advanced Drug Delivery Reviews
Available online 27 September 2018

In Press, Corrected Proof (2

Aptamer-guided nanomedicines for anticancer drug delivery ¢
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Current Perspectives on Aptamer s as:¢
Therapeuti c Agent s.

PralKiumakrul abh,usBabar HuBem¥dihcand
Phar mac ut2iD@& 4 6
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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 Iin cancer
progression or drug
resistance can be exploited
with oligonucleotides
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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
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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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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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