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Abstract:
Single-stranded oligonucleotides have been explored in the field of precision medicine both as
therapeutics and diagnostic tools. Oligonucleotides that function in a sequence-dependent manner
have been used to address diseases that range from neurological to metabolic, as well as to develop
vaccines. Until now, their use has been limited by their short half-life in the biological environment.
These limiting aspects can now be overcome by resorting to chemical modifications in the drug and
using appropriate nanocarriers. Thus, synthetic analogues of oligonucleotides are exploited to
increase their application. Peptide nucleic acid (PNA) represents a promising class of synthetic DNA
analogues in which the favoured sugar backbone is replaced by N2 aminoethylglycine repeats held
together by peptide bonds. In this context, we investigated the relevance of PNAs in therapy and
diagnostics. In the first case, we synthesized an antigene anti-Bcl-2 PNA, and we have developed a
new delivery system never used before for the transport of PNA based on oncolytic adenoviruses.
This promising transport system has already demonstrated its extraordinary effectiveness, as
evidenced by the recent development of SARS-CoV vaccines. Furthermore, we have also used PNAs
to support the functionalization of the biosensor development. We covalently bound the PNA to the
surface of ZnO nanowires for mRNA CD5 detection, a diagnostic marker of Leukemia. The PNA-based
biosensor has also been developed to detect mutations responsible for pathologies such as Brugada
syndrome. The wide range of applications denotes the versatility of single-stranded oligonucleotides
as a robust therapeutic and diagnostic platform

Keywords: Biosensor; drug delivery; nanocarrier; oligonucleotide; PNA
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Table 1. Some of the most used nucleic acid-based vaccines in Western countries.

Vaccine Name Carried Nucleic Acid Developer Confirmed Efficacy
AstraZeneca + University 63.1%, based on a median
Laadoml-biacliies DRl of Oxford follow-up of 80 days
Janssen Pharmaceuticals = v
Ad26.CoV2.S DNA Tohnsen & Johraon 66.0%, 28 days post-vaccination
. ) . 95.0%, measured starting from
BNT162/Comirnaty RNA Pfizer/BioNTech + Fosun Pharma seven days after the second dose
Moderna + National Institute of v
mRNA-1273 RNA Allergy and Infectious 9413, measued starting from
; two weeks after the second dose
Diseases (NIAID)

0
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(by R=Me 1-methyl pseudouridine

Figure 3. Schematic representation of some typical modifications of synthetic mRNAs contained in
the COVID-19 vaccines: (a) 5’ capping via cap1 structure (m7GpppNm); (b) uridines are replaced
with pseudouridine or 1-methyl pseudouridine units.
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Attractive Opportunities in Oligonucleotide Synthesis Market

X §

CAGR The global oligonucleotide synthesis market is projected to reach USD 16.7
billien by 2027 from USD 7.7 billion in 2022, at a CAGR of 16.8% during the
16.8% forecast period.

Oligonucleotide Synthesis Market Forecast to 2027

Growth in the Asia Pacific market
Emerging markets in the Asia Pacific
can be attributed to government Sl i
inftiatives for cell therapy a@ﬂ synthesis market is driven by the E@ are expected 1o offer lucrative growth
Q
X

The growth of the oligonucieotide

increasing use of synthesized oligos in

opportunities for market rs.
therapeutic applications, increasing o

research and the increasing

prevalence of cancer. government funding, and the growing

focus on personalized medicine.

@ The European oligonuclectide synthesis The Asia Pacific market is projected to
A~ market is projected to reach USD XX million grow at the highest CAGR during the
ﬂﬂﬂﬂ_ by 2027, forecast period.

NORTH AMERICA

Largest Market Size in 2021 US is the Fastest-growing Country in the Region

BY PRODUCT, 2021 (USD MILLION) BY END USER, 2021 (USD MILLION)

Hospitals I

Oligonucleotide-based dru
g 4 es I Pharmaceutical & Biotechnology... Il
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Reagents | CROs & CMOs 1
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* Gene Therapy
* Biosensors



7
Conference on Medicinal Chemistry |TV|\D\Py

’ ' The 9th International Electronic
01-30 November 2023 | Online

ODNs as therapeutics

EYE
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Viltolarsen
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Figure 6. Single-Stranded Olig leotide Therap
Summary of approved drugs to date and their target tissue. Milasen is a clinical investigational treatment under an Expanded Access-Investigational New Drug application.

Scharner et al . Molecular Therapy Vol. 29 No 2 February 2021
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LIMITATIONS:

* Degradation by endo/eso nucleases
» Affinity/selectivity for the target

* Poor pharmacokinetics

* Poor cellular uptake

Backbonemodifications
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Neurotherapeutics 10, 486—497 (2013)

https://www.rcsb. org/structure/7B3Y
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Peptide Nucleic Acid (PNA)
«What DNA could do, PNA can do it better»
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* Increased affinity of hybridization
*Increased biological stability
*Increased chemical stability
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Novel PNA Delivery Platform Bioconjugate

Peptide Nucleic Acid-Functionalized Adenoviral Vectors Targeting G-
Quadruplexes in the P1 Promoter of Bcl-2 Proto-Oncogene: A New Tool
for Gene Modulation in Anticancer Therapy

Oncolytic Adenovirus (OAd)

PNA-functionalized OAd




The 9th International Electronic
Conference on Medicinal Chemistry
01-30 November 2023 | Online

m Bioconjugate
Chemistry
Peptide Nucleic Acid-Functionalized Adenoviral Vectors Targeting G-
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Circular Dichroism analysis

15
/A G-QpH 7.0

/ 10

CD [mdeg] 0

——— G-Qor duplex
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— Arith sum
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10
CD [mdeg] CD [mdeg]
0
-8 8 . l . I
<50 " 25:) - o @20 200 250 300 320
avelength [nm] Wavelength [nm]
Sample Amin (nm) A max (nm)
pH7.0 bcl2midG4-Ga 240 208-263-293
bel2midG4-G4/TF-PNA 244 220-268
pH7.0 bel2midGa-ds 240 265-290
\ triplex 245 222-268
\ pH 5.0 bel2midG4-ds 240 265-290

G Falanga et al.,Heliyon, 2023, under review

triplex

243

223-276

Species Ty/2(°C)
pH 7.0 bclmidG4-G4 72
bcl2midG4-G4/TF-PNA1K 30-72
pH7.0 bcl2midG4-ds 12
bcl2midG4-ds/TF-PNA1K 28-73
pH 5.0 bcl2midG4-ds 75
bcl2midG4-ds/TF-PNA1K 40-78
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ODNs for biosensors

Biosensors Market -
Global Forecast to 2026 23S in biosensor technology

Biosensors Market

is expected to reach INg demand
USD 36.7 billion by 2026

y Growing at a
F5ill cAGR of 7.5% (2021-2026)
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Bora et al., Biosens J 2013, 1:1
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Primary Disease Categories Under Development

Central Nervous

Cancer Infectious Disease Ocular Cardiovascular System Renal
Lung cancers Genital herpes CMYV retinitis High cholesterol Multiple sclerosis Renal cell
simplex carcinoma
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PNA SYNTHESIS

by nanomaterials

Atrticle

PNA-Based Graphene Oxide/Porous Silicon Hybrid
Biosensor: Towards a Label-Free Optical Assay for
Brugada Syndrome
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Circular Dichroism analysis
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Circular Dichroism of DNA ctrl annealed with PNA
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Conclusions

* Modified oligonucleotides represent a
promising tool as therapeutics

 The high stability and specificity of
nucleic acid based biosensors can be
promising candidates in the future for
clinical diagnostic market.

* |n the near future, the advanced level
of medical diagnosis will be essentially
dependent on the state-of-the-art
biosensors.
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