


In the late 1980s, Victor Ambros and
Gary Ruvkun were postdoctoral fellows in
the laboratory of Robert Horvitz
(awarded the Nobel Prize in 2002, for
apoptosis discovery).

In Horvitz's laboratory, they studied a 1
mm long roundworm, C. elegans: despite
its small size, C. elegans possesses many
specialized cell types such as nerve and
muscle cells, making it a useful model for
investigating how tissues develop and
mature in multicellular organisms.

A Nobel laureates’ tale

C. elegans is a precious tool in 
developmental biology:

- it is tiny and grow rapidly
- females are composed of 956 cells
- males are composed of 1031 cells
- the fate of every cell is characterized

Ambros and Ruvkun were interested 
in genes that control the timing of 
activation of different genetic 
programs, ensuring that various cell 
types develop at the right time. 



They studied two mutant strains of worms, lin-4 and lin-14, that displayed defects in the 
timing of activation of genetic programs during development: they wanted to identify the 
mutated genes and understand their function. 

LIN-14 is a transcription factor that plays a key role in 
development. 
The expression of LIN-14 forms a steep temporal gradient 
during early development, with protein levels decreasing 
rapidly after the first larval stage, driving development of 
several cell lineages, including directing cell-fate decisions 
in precursors of the mechanosensory neurons. 

Lin-14

Ambros showed that lin-4 appeared to 
be a negative regulator of lin-14. 
However, how the lin-14 activity was 
blocked by lin-4 was unknown. 

Lin-4

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cell-lineage


The lin-4 microRNA turns off lin-14 by binding to the complementary sequences in its 
mRNA, blocking the production of lin-14 protein

Ambros discovered that the lin-4 gene encoded a tiny RNA, microRNA, that did not code for a 
protein. 
Ruvkun cloned the lin-14 gene, and the two scientists realized that it is not the production of mRNA from 
lin-14 that is inhibited by lin-4, but the shutdown of protein production. Moreover, the short lin-4 
sequence matched complementary sequences in the critical segment of the lin-14 mRNA.



Although the results were interesting, the unusual mechanism of gene regulation was 
considered a peculiarity of C. elegans, irrelevant to humans and other more complex animals. 

That perception changed in 2000 when Ruvkun's
group published their discovery of another 
microRNA, highly conserved throughout the 
animal kingdom. 

Today, we know that 

gene regulation by microRNA is universal among multicellular 
organisms.



Gene regulation by microRNA is universal among 
multicellular organisms.
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miRNA: microRNAs

adapted from Ghildiyal & Zamore. 2009. Nat Rev Genet. 10:94

Small RNAs and Gene Silencing



ü miRNA genes are encoded in our genome
ü miRNAs are small dsRNA molecules of 21-22 nt
ü Their derive from precursors of 70-100 nt, transcribed by RNA PolII
ü miRNAs interact with the 3ʹ untranslated region (3ʹ UTR) of target mRNAs to

induce mRNA degradation and translational repression
ü interaction of miRNAs with other regions, including the 5ʹ UTR, coding sequence,

have also been reported
ü Each miRNA is predicted to regulate hundreds of targets
ü miRNAs can be secreted into extracellular fluids and transported to target cells via 

vesicles, such as exosomes. 
ü Extracellular miRNAs function as chemical messengers to mediate cell-cell 

communication. 

What are miRNAs?



Genomic Organization of miRNA
Genes

Zhao Y, Srivastava D, TIBS 32:189,2007

•Intronic miRNAs often in antisense direction, made from own promoter

•Exonic miRNAs - non-coding (or in alternatively spliced exons)

http://www.ncbi.nlm.nih.gov/pubmed/17350266?dopt=Citation




Homology 
Between
C. elegans and 
Homo sapiens 
miRNAs

Lim (2003) Genes & Dev. 17: 
991-1008

http://www.ncbi.nlm.nih.gov/pubmed/12672692?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/12672692?dopt=Citation


miRNAs target multiple genes and genes are 
targeted by multiple miRNAs

(a) miRNAs have multiple targets. (b) Many genes have seed matches for multiple miRNAs in their 3′UTRs. 
(c) A complex network of mutual interactions between miRNAs and mRNAs.

thereby coordinating and fine-tuning entire networks of genes.
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• miRNAs are encoded by the genome.
• RNA polymeraseII transcribes precursors, called pri-miRNAs (primary 

miRNAs).
• Primary miRNAs are approx 70 nt long, with 3’overhangs 1-4 nt long, stems 

25-30 bp long and small hairpins. 
• They bear a 5’ CAP and a poli A tail.
• The dsRNA-specific ribonuclease DROSHA digests the pri-miRNA in the 

nucleus into single Hairpins, the pre-miRNAs.

Biogenesis of 
miRNAs



NUCLEAR EXPORT- EXPORTIN-5 (Exp5) translocates the pre-
miRNAs from the nucleus to the cytoplasm. 
Exp5 directly binds the pri-miRNA correctly processed.

Biogenesis of miRNAs



Once the pre-miRNA is in the cytoplasm, the RNAseIII DICER cuts it into:
22 nt RNA duplexes with 3’ symmentrical overhangs, containing 5’ phosphate groups. 
RNA duplexes are then incorporated into RISC

Dicer cleavage

RNA duplex



Nomenclature for small RNA strands

Guide and passenger strands
In the RNA duplex, the guide strand is the miRNA 
sequence responsible for silencing, that will be targeted 
to its mRNA, whereas the passenger strand is discarded 
(by the RISC complex).





RISC ASSEMBLY

The RNA duplex is recognized by a large (~500 kDa) RNA multiprotein
complex, which is the actual molecular machinery responsible for RNAi

The RISC complex has two main functions:

1- degrades the passenger strands

2- leads the guide strands to its target mRNA

The main effector of RISC is the protein ARGONAUTE



Argonaute



The PAZ Domain has 3’ RNA 
binding activity 

• The PIWI Domain binds 
the 5’-P RNA end

• It has Rnase H activity

Le proteine AGO:
due domini caratteristici:
1. dominio PAZ lega il 3ʹ-OH del piccolo RNA
2. dominio Piwi riconosce il terminale 5ʹ-P del piccolo RNA e ha 
attività endonucleasica



The PIWI domain exerts its RNaseH
activity, cleaves the passenger strand 
leading to its ejection from the complex



The guide strand, protected by the RISC complex from degradation by 
exonucleases, is targeted onto its mRNA



Come funzionano i miRNA?
La funzione primaria dei miRNA e’ quella di abbassare il livello proteico degli mRNA 
target

I miRNAs svolgono la propria funzione attraverso due meccanismi:
- PERFETTA COMPLEMENTARIETA’à DEGRADAZIONE DEL mRNA (piante)
- IMPERFETTA COMPLEMENTARIETA’à REPRESSIONE TRADUZIONALE (animali)





miRNA-Mediated mRNA Decay in Plants

Plant miRNAs bind to nearly fully complementary target sites mainly 
located in the open reading frame (ORF) and induce endonucleolytic
cleavage of the target mRNA.



miRNA-Mediated mRNA Decay in Plants

The 5’ cleavage fragment is degraded by XRN4 in the 5’-to-3’ direction in plants. 
The 3’ cleaved fragments are degraded by XRN4 in the 5’-to-3’ direction. 



Translation-repressed mRNA
and miRISC are concentrated in 
P-bodies for storage or mRNA 
decay. Under certain 
conditions or stimuli, stored 
mRNAs can be released and
re-enter translation pathways. 

Translational repression in animals

Imperfect base-pairing during target 
recognition by miRNA results in a bulge 
structure. 



miRNA is incorporated into miRISC, recognizes its target mRNA at the 3’UTR, and triggers 
gene silencing by at least three possible mechanisms:

1- In a post-initiation repression mechanism, miRNA blocks translation after it is started 
and inhibits completion of protein synthesis. After ribosomes are removed or lost, miRISC-
containing transcripts locate to P-bodies for storage or RNA destruction. 

Mechanisms of Translational repression in animals



2- In an initiation-repression mechanism, miRISC inhibits translation initiation. 
Binding of Ago2 to m7G-cap prevents the recruitment of eIF4E, an essential 
translation initiation factor in eukaryotic cells. 
miRISC could also block the assembly of 80S ribosomes by recruiting elF6, which 
binds to 60Sribosomal subunits and prevents their association with 40S subunits, 
thus preventing translation initiation. 



3- In a mechanism that destabilizes the target mRNA. 
Recognition by miRNA destabilizes the target by inducing its deadenylation and 
decay. 

In all three possible pathways, miRISC-
targeted mRNAs are sequestered in P-
bodies for storage or decay. 
Although the mRNA degradation 
machinery is predominantly 
concentrated in P-bodies, mRNA decay 
might also occur outside P-bodies.



miRNA-Mediated mRNA Destabilization in Animals. 
There are 3 main steps in miRNA-mediated mRNA decay in animals.

1- Deadenylation. 
miRNAs induce poly(A) 
shortening by recruiting 
deadenylase complexes to the 
target mRNAs. Dissociation of 
poly(A)-binding protein (PABP) 
is promoted, raising the 
efficiency of deadenylation.
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decapping enzyme DCP2.



miRNA-Mediated mRNA Destabilization in Animals. 
There are 3 main steps in miRNA-mediated mRNA decay in animals.

1- Deadenylation. 
miRNAs induce poly(A) 
shortening by recruiting 
deadenylase complexes to the 
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2- Decapping. Decapping
activators are recruited onto 
the deadenilase complex, 
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of the m7G-cap structure via 
decapping enzyme DCP2.

3- the 5’-to-3’ 
exonucleolytic mRNA 
decay by XRN1.



microRNA Biogenesis
In the nucleus:
• Rna Pol-II transcribes pri-miRNAs (cap-poliA)
• The dsRNA-specific ribonuclease DROSHA digests 

the pri-miRNA in the nucleus into single Hairpins, 
the pre-miRNAs.

• EXPORTIN-5 (Exp5) translocates the pre-miRNAs 
from the nucleus to the cytoplasm.



In the cytoplasm:

RNA duplex



THE RISC COMPLEX

ARGONAUTE has two main functions:

1- degrades the passenger strands

2- leads the guide strand to its target mRNA



The PAZ Domain has 3’ RNA 
binding activity 

• The PIWI Domain binds 
the 5’-P RNA end

• It has Rnase H activity

Le proteine AGO:
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attività endonucleasica



The PIWI domain exerts its RNaseH
activity, cleaves the passenger strand 
leading to its ejection from the complex



The guide strand, protected by the RISC 
complex from degradation by 
exonucleases, is targeted onto its mRNA
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miRNA-Mediated mRNA Destabilization in Animals. 
There are 3 main steps in miRNA-mediated mRNA decay in animals.

1- Deadenylation. 
miRNAs induce poly(A) 
shortening by recruiting 
deadenylase complexes to the 
target mRNAs. Dissociation of 
poly(A)-binding protein (PABP) 
is promoted, raising the 
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of the m7G-cap structure via 
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3- the 5’-to-3’ 
exonucleolytic mRNA 
decay by XRN1.



miRNAs are involved in all aspects of 
cardiovascular function



Non solo miRNA cellulari…. 
ma anche circolanti 
I miRNA possono essere trasportati al di fuori 
delle cellule e possono essere usati come 
indici per diagnosi e terapia di alcune 
patologie. 
I miRNA circolanti rappresentano una nuova forma di comunicazione 
intercellulare attraverso il trasferimento di informazioni genetiche.

I miRNA si trovano:
• Nel siero
• Nel plasma
• Nel latte materno
• Nella saliva
• Nelle lacrime
• Nell’urina



Per essere protetti dalla degradazione delle esonucleasi presenti 
abbondantemente nei fluidi biologici, sono “impacchettati” secondo 5 
meccanismi:

1. Esosomi
2. Microvescicole
3. Corpi apoptotici
4. Proteine che legano l’RNA
5. HDL



Carriers dei miRNA circolanti 











miRNA therapeutics
Many, but not too many! 1917 miRNA 
precursors, 2654 mature miRNAs in 
humans (miRBase 22, March 2018)
Pleiotropic. Each miRNA targets tens or 
hundreds of transcripts. Ideal to target 
complex functions
Can be screened for function 
Small. Can be delivered as synthetic 
molecules. Can be dosed. HTS Facility @ School of Cardiovascular 

Medicine & Sciences, King’s College London



All genes in the UPS
 (586 siRNAs)
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FDA/EMA approved drugs 
(1200 drugs)

Screenings for cardiomyocyte proliferation
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Target cell 
identification

Mechanism of action

Formulation (miRNA 
delivery as naked 
RNAs)

Chemical modification 
to increase stability

Delivery in larger 
animals

Efficacy in larger 
animals

Safety

Effect in human cells

Patent RM2011A000685
Priority date” 23.11.2011

Where do we go from here?


