
RNA interference (RNAi)

Key breakthrough
dsRNA is the actual trigger of specific mRNA degradation, with the 
sequence of dsRNA determining which mRNA is degraded



The unc-22 gene encodes a myofilament protein. 
Decrease in unc-22 activity is known to produce 
severe twitching movements. 

Injected double-stranded RNA, but not single-
stranded RNA, induced the twitching phenotype in the 
progeny.

1) silencing was triggered by injected 

dsRNA, but weakly or not at all by 

sense or antisense single-stranded 

RNAs.

2) silencing was specific for an mRNA 

homologous to the dsRNA; other 

mRNAs were unaffected

3) the dsRNA had to correspond to the 

mature mRNA sequence; neither 

intron nor promoter sequences 

triggered a response. This indicated 

a post-transcriptional, cytoplasmic

mechanism

4) the targeted mRNA was degraded

5) the dsRNA effect could spread 

between tissues and even to the 

progeny, suggesting a transmission

of the effect between cells



RNA interference 
(RNAi)









o L'amiloidosi ereditaria da transtiretina (ATTRv) è una malattia genetica rara a 
trasmissione autosomica dominante. 

o Le varianti amiloidogeniche del gene TTR riducono la stabilità della proteina 
circolante innescando una sequenza di eventi molecolari che ne determinano 
la progressiva deposizione, a livello extracellulare, in forma di fibre di amiloide.

o I depositi di amiloide da transtiretina sono sistemici e causano un danno 
d'organo ingravescente e inesorabilmente fatale se la malattia non viene 
riconosciuta e trattata tempestivamente. 

L'amiloidosi da transtiretina causa 
neuropatia periferica 
sensitivomotoria e neuropatia 
autonomica, malattia renale cronica 
e cardiomiopatia. 

L'amiloidosi da transtiretina wild type 
(ATTRwt) è sempre più riconosciuta 
come causa di cardiomiopatia 
infiltrativa negli anziani. 

https://www.msdmanuals.com/it/professionale/malattie-neurologiche/sistema-nervoso-autonomo/neuropatie-autonomiche
https://www.msdmanuals.com/it/professionale/malattie-neurologiche/sistema-nervoso-autonomo/neuropatie-autonomiche
https://www.msdmanuals.com/it/professionale/disturbi-genitourinari/malattia-renale-cronica/malattia-renale-cronica
https://www.msdmanuals.com/it/professionale/disturbi-dell-apparato-cardiovascolare/cardiomiopatie/panoramica-sulle-cardiomiopatie
https://www.msdmanuals.com/it/professionale/disturbi-dell-apparato-cardiovascolare/cardiomiopatie/cardiomiopatia-restrittiva
https://www.msdmanuals.com/it/professionale/disturbi-dell-apparato-cardiovascolare/cardiomiopatie/cardiomiopatia-restrittiva


Patisiran è una molecola di acido 
ribonucleico interferente a doppio 
filamento (RNAi) che si lega al 
messaggero RNA (mRNA) di TTR per 
bloccarne la produzione nel fegato. 
Usato per l’amiloidosi sia causata da 
TTR mutata che da TTR normale. 

Questo processo elimina i depositi di 
amiloide negli organi ripristinandone 
la funzione. 



Vutrisiran, a successor to patisiran, came on the market in 2022. 
It uses the same RNAi mechanism but it is coupled to N-acetylgalactosamine, which 
increases its uptake in liver cells and allows the administration of lower dose. 
While patisiran required intravenous injection every 3 weeks, treatment with vutrisiran 
involves only one subcutaneous injection every 3 months. 



M. Giacca & A.M. Shah, 2022, Eur. Heart  J.

FDA/EMA 
approved 
ncRNAs
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ASOs

Rapidly degraded



ASOs

Rapidly degraded

The goals of oligonucleotide medicinal chemistry 
are:

- to increase resistance to nucleases, 
- to enhance affinity to the target, 
- to improve pharmacokinetics
- to reduce pro-inflammatory responses.



Molecular Mechanisms of ASOs

(A) RNase H1-mediated RNA cleavage induced by gapmers, which have a central core of 
deoxyribonucleotides (pink) flanked by 20 modified nucleotides at both the 5’ and 3 ends  (B) 

modulation of polyadenylation, (C) modulation of splicing (D) inhibition of translation by blocking 
ribosome scanning, interfering with translation initiation factors or causing the cleavage of the 5’ cap 

structure (m7G).





Fomivirsen
Vitravene (Fomivirsen) sodium is a phosphorothioate oligonucleotide, twenty-one 

nucleotides in length, indicated for the local treatment of cytomegalovirus (CMV) infections, 
and in particular of CMV retinitis in patients with acquired immunodeficiency syndrome 
(AIDS), who are intolerant of or have a contraindication to other treatment(s) for CMV 

retinitis or who were insufficiently responsive to previous treatment(s) for CMV retinitis.

Target sequence: IE2 gene of the CMV genome

Normal

retina

CMV retinitis

http://www.rxlist.com/script/main/art.asp?articlekey=4631
http://www.rxlist.com/script/main/art.asp?articlekey=4187
http://www.rxlist.com/script/main/art.asp?articlekey=14092
http://www.rxlist.com/script/main/art.asp?articlekey=14087
http://www.rxlist.com/script/main/art.asp?articlekey=2120
http://www.rxlist.com/script/main/art.asp?articlekey=17824


Clinically approved ASOs that regulate
pre-mRNA splicing

Product (Commercial name; 

Developer/Manufacturer)

Length Modifications Vehicle Route of 

administration

Indication Target 

organ

Target gene and mechanism Year of approval

Antisense oligonucleotides (ASOs)

Nusinersen (Spinraza; Ionis 

Pharmaceuticals, Biogen)

18-mer PS, 2’-MOE None Intrathecal Spinal muscular atrophy 

(SMA)

SMN2 pre-mRNA splicing 

(exon 7 inclusion)

2017 (EMA), 2016 

(FDA)

Eteplirsen (Exondys 51, 

Sarepta Therapeutics)

30-mer PMO None Intravenous Duchenne muscular dystrophy 

(DMD)

Skeletal 

muscle

Dystrophin pre-mRNA 

splicing (exon 51 skipping)

2016 (FDA)

Golodirsen (Vyondys 53; 

Sarepta Therapeutics)

25-mer PMO None Intravenous Duchenne muscular dystrophy 

(DMD)

Muscle Dystrophin pre-mRNA 

splicing (exon 53 skipping)

2019 (FDA)

Viltolarsen (Viltepso, NS 

Pharma)

21-mer PMO None Intravenous Duchenne muscular dystrophy 

(DMD)

Muscle Dystrophin pre-mRNA 

splicing (exon 53 skipping)

2020 (FDA)

2020 (EMA)

Casimersen (Amondys 45; 

Sarepta Therapeutics)

22-mer PMO None Intravenous Duchenne muscular dystrophy 

(DMD)

Muscle Dystrophin pre-mRNA 

splicing (exon 45 skipping)

2021 (FDA)



Nusinersen for antisense pre-mRNA splicing modulation for 
spinal muscular atrophy



SMA
SMA is an autosomal recessive neuromuscular disease 

caused by deletions or loss-of-function mutations in the gene 
survival motor neuron1 (SMN1)

Without functional SMN, the motor neurons in the spinal 
cord and brain stem degenerate, resulting in muscle 

weakness and atrophy. Of the infants born with the most 
severe form of SMA, 60% show symptoms before 6 months 
of age and the median life expectancy is less than 2 years.



Binding of the ASO nusinersen to 
the SMN2 pre-mRNA displaces the 
splice repressor hnRNP, resulting in 
the production of a mature mRNA 

that includes exon 7 and 
translation of the full-length SMN 

protein.

Humans have a second gene, SMN2, that encodes an 
identical SMN protein. SMN2 contains a synonymous C-
to-T substitution within exon 7 that weakens the binding

of splice activators to the SMN2 pre-mRNA leading to 
aberrant splicing, with 90% of mature SMN2 transcripts 

lacking exon 7 and producing a truncated, unstable 
polypeptide. 

The drug was approved for use in the US in 2016. 
It has since become available in over 40 

countries.



The plasma membrane is an unsurmountable 
barrier for nucleic acids





Size of nucleic 
acid delivery 

vehicles



Development of a nanocarrier that:

Encapsulates ncRNAs

Enters into cardiomyocytes efficiently

Releases the ncRNAs in the cytosol after endo-lysosomal 

escape

Is biocompatible

Is simple, cheap and made of approved chemical components



Moderna

Pfizer/BioNTech

CureVac

Nature 580, 576-577 (2020)



Product Patisiran BNT162b2 (Pfizer-

BioNTech  COVID-19 
vaccine)

mRNA-1273 (Moderna  

COVID-19 vaccine)

LNP technology SNALP SNALP SNALP

Therapeutic RNA Anti-TTR siRNA SARS-CoV-2 Spike 

modified mRNA

SARS-CoV-2 Spike 

modified mRNA

Ionizable lipids DLin‐MC3‐DMA ALC-0315 SM-102

Neutral lipids DSPC DSPC DSPC

Cholesterol Cholesterol Cholesterol

PEG lipids PEG2000-C-DMG PEG2000 PEG2000-C-DMG

Reference [46] [35] [34]

Stable Nucleic Acid-Lipid nanoParticles (SNALPs)



Effect transient - no chronic therapy with long-term 
side effects

Can be easily stored and distributed

If coronary administration effective, can be 
administered by any interventional cardiologist. 
Alternatively, through endo-ventricular catheterisation or 
during bypass surgery or minithoracotomy

Drug development can recapitulate that of siRNAs  or 
mRNA SNALPs

LNP-miRNA therapy for cardiac regeneration
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