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…prospettive future



Terapie a RNA (terapie su RNA)

www.osservatorioterapieavanzate.it



Spice switching:
• Exon inclusion
• Exon skipping

mRNA degradation:
• Gapmers
• siRNAs



Oligonucleotidi regolatori



Gli acidi nucleici: RNA

Tre differenze tra DNA ed RNA:

1. Uracile invece di timina. L’uracile 

ha una struttura simile alla 

timina ma non ha un gruppo 

metile in posizione 5

2. E’ normalmente presente come 

singolo filamento

3. Ribosio invece che deossiribosio. 

Il ribosio ha un ossidrile in 

posizione 2’. 
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La complementarietà delle basi azotate

Picture 6

http://bp1.blogger.com/_DZH2cmCoois/RqjZm0V8RmI/AAAAAAAACso/smQ38KOW3po/s1600-h/tmp.gif


La complementarietà del legame tra basi azotate è alla base della 
specificità del legame di DNA ed RNA

Appaiamento perfetto (match)

Appaiamento scarso (mismatch)



Delivery of oligonucleotide‐based therapeutics: challenges and opportunities

EMBO Mol Med, Volume: 13, Issue: 4, First published: 06 April 2021, DOI: (10.15252/emmm.202013243) 

Terapie a RNA
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RNAi = RNA interference (interferenza dell’RNA)

siRNA= short interfering RNAs

Knock-down (inattivazione della funzione genica)



Le Terapie su RNA: usare gli acidi nucleici per eliminare, rimpiazzare o correggere 
l’RNA messaggero dei geni.

Short interfering 
RNA = siRNA



RNA interference



25 anni di RNAi dalla scoperta alla clinica

Tang and Khvorova. (2024)  Nat Rev Drug Discovery



I siRNA (interferenza ad RNA): 
Patisiran e altri siRNA per malattie genetiche.

20192018

2020

2021

2022

2023
Rivfloza                Primary hyperoxaluria
(nedosiran)



hATTR: Amiloidosi ereditaria mediata da Transtiretina con polineuropatia 

Malattia genetica rara (4-10 casi su un milione di abitanti)
Sola possibilità terapeutica: trapianto di fegato



hATTR: Amiloidosi ereditaria mediata da Transtiretina con polineuropatia 

Setten et al., 
Nat Rev Drug Discov 2019

In Italia patisiran e’ 
approvato dal 2020
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Gapmer

RNAsiH



Le Terapie su RNA: usare gli acidi nucleici per eliminare, 
rimpiazzare o correggere l’RNA messaggero dei geni.

Oligonucleotidi 
antisenso = ASO

Gapmers (RNasiH)



Spice switching:
• Exon inclusion
• Exon skipping

mRNA degradation:
• Gapmers
• siRNAs



Corea di Huntington: TOMINERSEN









https://www.osservatoriomalattierare.it/malattie-rare/malattia-di-huntington/17226-
malattia-di-huntington-interrotta-la-sperimentazione-clinica-del-farmaco-tominersen

https://www.osservatoriomalattierare.it/malattie-rare/malattia-di-huntington/18202-
malattia-di-huntington-nuova-speranza-dalla-sperimentazione-di-tominersen
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Sclerosi Laterale Amiotrofica SOD1: TOFERSEN





https://www.osservatoriomalattierare.it/malattie-
rare/sla/19754-sclerosi-laterale-amiotrofica-il-farmaco-
tofersen-approvato-negli-stati-uniti

Sclerosi Laterale Amiotrofica: Tofersen

FDA 25 Aprile 2023
EMA 30 Maggio 2024

https://www.osservatoriomalattierare.it/malattie-rare/sla/19754-sclerosi-laterale-amiotrofica-il-farmaco-tofersen-approvato-negli-stati-uniti
https://www.osservatoriomalattierare.it/malattie-rare/sla/19754-sclerosi-laterale-amiotrofica-il-farmaco-tofersen-approvato-negli-stati-uniti
https://www.osservatoriomalattierare.it/malattie-rare/sla/19754-sclerosi-laterale-amiotrofica-il-farmaco-tofersen-approvato-negli-stati-uniti


From August 2017 through February 2020 



Four ascending dose cohorts were enrolled sequentially and randomized 3:1 to 
intrathecal bolus administrations of MAPTRx or placebo every 4 or 12 weeks during the 
13-week treatment period, followed by a 23 week post-treatment period. 
The primary endpoint was safety. 
The secondary endpoint was MAPTRx pharmacokinetics in cerebrospinal fluid (CSF). 
The prespecified key exploratory outcome was CSF total-tau protein concentration.

10 mg
30 mg

60 mg

115 mg





Tau totale
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Oligonucleotidi 
antisenso = ASO

SSO= 
Splice-Switching 
Oligonucleotides



Le Terapie su RNA: usare gli acidi nucleici per eliminare, 
rimpiazzare o correggere l’RNA messaggero dei geni.

Oligonucleotidi 
antisenso = ASO

SSO= 
Splice-Switching Oligonucleotides



Spice switching:
• Exon inclusion
• Exon skipping

mRNA degradation:
• Gapmers
• siRNAs





ESONE 2 ESONE 3INTRONE 2INTRONE 1ESONE 1

ESONE 2 ESONE 3ESONE 1

REPRESSORI

ATTIVATORI



ESONE ESONE 3INTRONE 2INTRONE 1ESONE 1

ESONE 3ESONE 1

ESONE ESONE 3INTRONE 2INTRONE 1ESONE 1

ESONE 3ESONE 1



ESONE 2 ESONE 3INTRONE 2INTRONE 1ESONE 1

ESONE 2 ESONE 3ESONE 1

ESONE 2 ESONE 3INTRONE 2INTRONE 1ESONE 1

ESONE 2 ESONE 3ESONE 1



ESONE 2 ESONE 3INTRONE 2INTRONE 1ESONE 1

ESONE 2 ESONE 3ESONE 1



4

E1 E2 E3

branch 

point

3’ splice 

site
Exonic Splicing 

Enhancer (ESE)

5’ splice 

site
Intronic Splicing 

Enhancer (ISE)

Intronic Splicing 

Silencer (ISS)

Exonic Splicing 

Silencer (ESS)

Cis-acting splicing-regulating elements
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Masking splicing cis-elements to the binding of trans-factors 

E1 E2 E3

branch 

point

3’ splice 

site
Exonic Splicing 

Enhancer (ESE)

5’ splice 

site
Intronic Splicing 

Enhancer (ISE)

Intronic Splicing 

Silencer (ISS)

Exonic Splicing 

Silencer (ESS)

EXON SKIPPING

Antisense-based modulation of splicing



Masking splicing cis-elements to the binding of trans-factors 

E1 E2 E3

branch 

point

3’ splice 

site
Exonic Splicing 

Enhancer (ESE)

5’ splice 

site
Intronic Splicing 

Enhancer (ISE)

Intronic Splicing 

Silencer (ISS)

Exonic Splicing 

Silencer (ESS)

EXON INCLUSION

Antisense-based modulation of splicing



E1 E2 E3

branch 

point

3’ splice 

site
Exonic Splicing 

Enhancer (ESE)

5’ splice 

site
Intronic Splicing 

Enhancer (ISE)

EXON SKIPPING

5’3’

High sequence-specificity, obtained with molecules of low complexity

Antisense oligonucleotides for the modulation of splicing



Individuo sano

Individuo malato di SMA

Exon inclusion: Nusinersen apre nuove strade



Individuo malato di SMA

Individuo sano

<10%

<10%

>90%

>90%



Individuo sano

<10%

>90%

Cosa causa la differenza nello 

splicing dell’esone 7 tra SMN1 e 

SMN2?
Adrian Krainer



Cosa causa la differenza nello splicing dell’esone 7 

tra SMN1 e SMN2?

7 86

SMN1



7 86

SMN2

C>T

<10%

>90%

Cosa causa la differenza nello splicing dell’esone 7 

tra SMN1 e SMN2?



Possiamo usare l’RNA come medicina? 

Possiamo regolare lo splicing di SMN2 in modo da 

fargli fare una proteina Smn funzionale?



7 86

SMN2

C>T

Possiamo regolare lo splicing di SMN2 in modo da fargli fare 
una proteina Smn funzionale?

ASO

Adrian Krainer



Individuo malato di SMA

Individuo sano







SPINRAZA

14000 persone trattate 
negli ultimi 8 anni

2016



Spinraza.com



Milasen: n-of-one clinical studies

the development of milasen was achieved in record time, but it 

took a high risk/high reward gamble, relying on the safety of IT 

administration of a chemistry already approved for nusinersen. 

www.Milasmiracle.org

Tim Yu, Mila Makovec. Julia Vitariello



Milasen: n-of-one clinical studies

www.Milasmiracle.org

Mila Makovec passed away on February 11, 2021.

Patient-customized ASO

Batten disease

Ceroidolipofuscinosi 

neuronale giovanile 

(JNCL)













www.Milasmiracle.org

Mila Makovec passed away on February 11, 2021.



Ultrarare diseases: N-of-1 studies

https://www.n1collaborative.org https://www.nof1sced.org

https://www.rnatherapy.nl

https://www.nlorem.org

https://www.oligotherapeutics.org/will-n-of-1-drugs-play-a-role-in-the-future-of-medicine/

https://www.oligotherapeutics.org/will-n-of-1-drugs-play-a-role-in-the-future-of-medicine/

https://www.oligotherapeutics.org/will-n-of-1-drugs-play-a-role-in-the-future-of-medicine/
https://www.oligotherapeutics.org/will-n-of-1-drugs-play-a-role-in-the-future-of-medicine/
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