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miRNAs 

 short 20-24 nt
 endogenously-produced non-
coding RNAs

MicroRNAs (miRNAs) :

Fig 1 : suptypes of non coding RNA s [1]

ConclusionIntroduction  

Over 2,500 mature microRNAs
have been discovered

Growing interest  

Identification of cell-type
miRNA secretion

Fig 2 : Number of publications on Pubmed since 2000.



Fig  3 : Steps of miRNA biogenesis [2].
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miRNA Biogenesis 

Actors :
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Drosha  and DGCR8
Exportin-5
Dicer, TRBP and Ago
RISC  complex
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Fig  3 : Steps of miRNA biogenesis [2].
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miRNA Biogenesis 

Actors :
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Drosha  and DGCR8
Exportin-5
Dicer, TRBP and Ago
RISC  complex
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Action into the cytoplasm 
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miRNA functions 

Fig 4 : Mechanisms of action of microRNAs[3]. 
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translation inhibition 
mRNA cleavage
translation activation

miRNAs perform negative post-transcriptional gene
regulation and modify the expression levels of
target genes when they target mRNAs by :
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miRNA functions 

miRNAs have actions within the
cell... but also on neighboring cells 
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miRNA secretion

Fig 4 : Mechanisms of action of microRNAs[3]. 
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Introduction  

translation inhibition 
mRNA cleavage
translation activation

miRNAs perform negative post-transcriptional gene
regulation and modify the expression levels of
target genes when they target mRNAs by :



40–150 nm vesicles
 Lipid bilayer membrane vesicles
 Widely distributed in various body
fluids
Exosomes can be released from
many cell types
exosomes can regulate the
bioactivities of recipient cells

Fig 5 : Biogenesis, release, and uptake of exosomes [4].

Exosomal miRNAs   

A support for cell-cell  
communication 
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Fig.6 : Main components of an exosome
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Exosomal miRNAs   

Introduction  
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Exosomal miRNAs

Introduction  

 Exosomal miR-92a(  
fromK562 cells),

significantly reduced the
expression of integrin a5 in

the HUVEC cells and
enhanced endothelial cell

migration and tube
formationExosomal miR-214, derived from the cell line

HMEC-1 : stimulated migration and
angiogenesis in neighboring cells .



Fig 7 : miRNA fate  [5]  
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How are miRNAs excreted ?

Exosomal miRNAs   
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How are miRNAs excreted ?
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1- Is exosomal miRNA secretion cell type-specific? 

2- Is there a code that decides which miRNA will be loaded in the
exosome ?

3- Do these motifs interact with specific miRNA binding proteins ? 

4- can EXOmotif be used to modify gene expression in neighboring
cells ?

Diseases and therapeutic
issuesmiRNA’s barcode ConclusionIntroduction  Identification of cell-type

miRNA secretion

Questions 
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miRNA
profiling 
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The study models and method

ConclusionIntroduction  Identification of cell-type
miRNA secretion

1-  Is exosomal miRNA secretion cell type-specific? 
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 (small extracellular vesicles)
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Small RNA sequencing

RNA isolation
cDNA library
sequencing

1.
2.
3.

The study models and method : 
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sEV sample 

for sequencing only miRNA :
Qiagen miRNA workflow kit

 (ref : 331502) , miRNA specific library 

Cell sample

sEV sample

Cell sample

All miRNAs
sequences from :

1-  Is exosomal miRNA secretion cell type-specific? 
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  White adipose tissue exerts its
functions (energy storage or

dissipation...) via different methods of
communication [6].
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depending on cell type, different numbers of
exosomes are observed 

White fat  (3T3-L1) have a highest
production / release rate per cell  

The number of vesicles is specific to each cell type 

ConclusionIntroduction  Identification of cell-type
miRNA secretion
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1-  Is exosomal miRNA secretion cell type-specific? 
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Specific nature of miRNA secretion

ConclusionIntroduction  Identification of cell-type
miRNA secretion

Principal component analysis (PCA)

Brown fat
Myotube

White fat
Hepatocyte
Endothelium brown fat and hepatocyte cells are clustered

together ( overlap).

White fat is most distinct.

Each cell type have a very different miRNA
secretion profile

miRNA profile into the cell :

miRNA profile  into vesicles :

1-  Is exosomal miRNA secretion cell type-specific? 
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 Venn Diagram 

1-  Is exosomal miRNA secretion cell type-specific? 

Of the 664 miRNA
analyzed in the cell
bodies :

 210 were significantly
more highly expressed in
one cell-type compared to
the other four.

Cell type
specificity 

Of the 660 miRNA
analyzed in the vesicle :

 218 were enriched in the
vesicles from one  cell-type
compared to  the vesicles
from the other .

Cell-specific
secretion 
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 Venn Diagram 

1-  Is exosomal miRNA secretion cell type-specific? 

Suggesting a cell specific sorting mechanism 

 Venn Diagram 

Of the 664 miRNA
analyzed in the cell
bodies :

 210 were significantly
more highly expressed in
one cell-type compared to
the other four.

Cell type
specificity 

Of the 660 miRNA
analyzed in the vesicle :

 218 were enriched in the
vesicles from one  cell-type
compared to  the vesicles
from the other .

Cell-specific
secretion 



The numbers of exosomes vary between cell type.

White fat is the major contributor to circulating
exosomes.

Specific nature of miRNA secretion

Take home messages :
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miRNA secretion
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In silico method  

Hypergeometric Optimization of Motif
EnRichment (HOMER)

ConclusionIntroduction  Identification of cell-type
miRNA secretion

Is the sequence and a preference for a localization due
to chance? 

 Searching over- represented motifs found in the
sequence of preferential cell miRNAs/exosomal miRNAs

with a preferential exosomal miRNAs/cell miRNAs  or with
no preferential distribution 

2-What signal induces miRNA fate?
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selection of miRNAs enriched at least 3-fold compared to no preferential localization miRNAs 
motif length : 4 to 7 nucleotides 
motif that present at least 10% of miRNAs

Criteria 

18

CELLmotif  Sequence of 4-5 nt low in CG content 

ConclusionIntroduction  Identification of cell-type
miRNA secretion

EXOmotif  sequence of 4-7 nt enriched with CG

2-What signal induces miRNA fate?
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CELLmotif inclusion 

CELLmotif removal

EXOmotif inclusion 

Validation CELL and EXOmotif in vivo 

ConclusionIntroduction  Identification of cell-type
miRNA secretion

Preferential exosomal miRNA 

Preferential cell miRNA 

Preferential cell miRNA 

miRNA
enrichment in the  

exosome

Motifs are cloned in
Lentiviral vector ( (

2-What signal induces miRNA fate?
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Cell type : AML12 hepatocytes 
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CELLmotif inclusion 

Validation CELL and EXOmotif in vivo 

ConclusionIntroduction  Identification of cell-type
miRNA secretion

2-What signal induces miRNA fate?

 By Diana tools  
software
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Cell type : AML12 hepatocytes 

20

CELLmotif inclusion 

Validation CELL and EXOmotif in vivo 

ConclusionIntroduction  Identification of cell-type
miRNA secretion

Inclusion of a CELLmotif into the preferentially exosomal 
miR-431 leads to its cell retention.

2-What signal induces miRNA fate?



Cell type : Brown adipocytes 
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CELLmotif removal 

Validation CELL and EXOmotif in vivo 

2-What signal induces miRNA fate?



Cell type : Brown adipocytes 

Diseases and therapeutic
issuesmiRNA’s barcode ConclusionIntroduction  Identification of cell-type

miRNA secretion

The modification of CELLmotif induces the enrichment of
miR-140 into exosomes. 21

CELLmotif removal 

Validation CELL and EXOmotif in vivo 

2-What signal induces miRNA fate?



Cell type : hepatocytes
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CELLmotif removal

Validation CELL and EXOmotif in vivo 

2-What signal induces miRNA fate?
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Cell type : hepatocytes

ConclusionIntroduction  Identification of cell-type
miRNA secretion

CELLmotif removal

Validation CELL and EXOmotif in vivo 

Modifications of several CELLmotifs on the same miRNAs
induce the enrichment of miR-677 into exosomes.

2-What signal induces miRNA fate?



Diseases and therapeutic
issuesmiRNA’s barcode 

23

ConclusionIntroduction  Identification of cell-type
miRNA secretion

EXOmotif inclusion

Validation CELL and EXOmotif in vivo 

Cell type : Brown fat

2-What signal induces miRNA fate?
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Type cell : Brown fat

ConclusionIntroduction  Identification of cell-type
miRNA secretion

EXOmotif inclusion

Validation CELL and EXOmotif in vivo 

Inclusion of different EXOmotifs induce the enrichment of miR-34c into exosomes.
The more EXOmotif is enriched in G-C contents, the more miRNA is excreted.

2-What signal induces miRNA fate?
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Take home messages:

Inclusion or removal of EXOmotif changes miRNA addressing

Inclusion or removal of CELLmotif changes miRNA addressing 
 

ConclusionIntroduction  Identification of cell-type
miRNA secretion

There are stronger and weaker motifs depending on G-C contents 

Validation in vivo of motifs found in silico  
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2 ) Removing all proteins
that could interact non
specifically to miRNAs

mass
spectrometry

3-Do these motifs interact with specific miRNA binding proteins ?

4) Incubation with
biotinylated miR-34c OR miR-
26a WT or with an EXOmotif

67 proteins  found focus on those proteins which showed at least 
8-fold enrichment (EXOmotif compared WT)
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Who‘s Alyref ? 
Molecular chaperone  

Nuclear export of mRNAs
 Has an RNA recognition motif (RRM)

ConclusionIntroduction  Identification of cell-type
miRNA secretion

3-Do these motifs interact with specific miRNA binding proteins ?

Inclusion of an EXOmotif to a preferentially cellular miR-34c
significantly increases its interaction with various proteins
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RNA/DNA binding protein 
Has a role on RNA transports

Interacts with AGO2 

Who’s F﻿us ?

ConclusionIntroduction  Identification of cell-type
miRNA secretion

3-Do these motifs interact with specific miRNA binding proteins ?

Inclusion of an EXOmotif to a preferentially cellular miR-26a
significantly increases its interaction with various proteins
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Knock down of Fus or Alyref significantly
reduces miR-34c enrichment in exosomes

Validation of the preliminary observations  

ConclusionIntroduction  Identification of cell-type
miRNA secretion

3-Do these motifs interact with specific miRNA binding proteins ?
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Validation of the preliminary observations  

ConclusionIntroduction  Identification of cell-type
miRNA secretion

3-Do these motifs interact with specific miRNA binding proteins ?

Alyref and Fus are at least two proteins
required for miRNA motif recognition and

export into sEV.

Knock down of Fus or Alyref significantly
reduces miR-34c enrichment in exosomes
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The transwell experiment :

ConclusionIntroduction  Identification of cell-type
miRNA secretion

RNA isolation dropletPCR (ddPCR)

4- Can EXOmotif be used to modify gene expression in neighboring cells ?

29

it detects a very small number of molecules, making it
much more sensitive than conventional qPCR.

Advantages:



0.3%

4.8%

5.1%

Diseases and
therapeutic issuesmiRNA’s barcode 

30
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4- Can EXOmotif be used to modify gene expression in neighboring cells ?

Overexpression of miR-
34c (WT or modified)
increases this miRNA
in donor cell and in

recipient cells.
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miRNA released and
retented in the cell
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ConclusionIntroduction  : miRNA process and
functions 

miRNAs from donor cell can
modify gene expression  into

recipient cells.

4- Can EXOmotif be used to modify gene expression in neighboring cells ?
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ConclusionIntroduction  : miRNA process and
functions 

Take home messages:

Overexpression of a miRNA into a cell induces an increase of this
miRNA into neighboring cells .

miRNAs from donor cell can modify the expression of target genes
into neighboring cells.
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miRNA released and
retented in the cell

miRNA bar code 

5- Involvement of miRNAs in the disease and therapeutic perspectives
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Fig 8 : The roles of exosomal ncRNAs in human diseases. The figure showed examples of human diseases where
exosomal ncRNAs exert pivotal function [7]
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ConclusionIntroduction  : miRNA process and
functions 

Fig 9 : The roles of exosomal ncRNAs in cancer [7].

Tab. 1. Examples of miRNA involved in cancer [8] :

5- Involvement of miRNAs in the disease and therapeutic perspectives
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 Examples : miR-21, miR-223, and miR-23a, can be
used as the diagnostic biomarker of colorectal cancer

ConclusionIntroduction  : miRNA process and
functions 

 Exosomes can reflect  tissue or cell state. 

Exosomal miRNAs as biomarkers... 

... but also as therapeutic weapons 

“Since exosomes are natural delivery systems between cells, they can be
appropriately modified to carry therapeutic miRNAs to specific recipient cells.” 

5- Involvement of miRNAs in the disease and therapeutic perspectives
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Thank you for your
attention 

Questions ?
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miRNA non canonical
biogenesis : 



Primary T lymphoblasts 
EXOmotif seems to be present in the 3' extremity 



https://sampled.com/services/analyze/droplet-digital-pcr-ddpcr-services/

DropletPCR (ddPCR) :

https://sampled.com/services/analyze/droplet-digital-pcr-ddpcr-services/


Nanoparticle tracking analysis : 

Nanoparticle tracking analysis (NTA) is a method for visualizing and analyzing particles in liquids that relates the rate of
Brownian motion to particle size.  NTA allows the determination of a size distribution profile of small particles with a
diameter of approximately 10-1000 nanometers (nm) in liquid suspension.



miRNA functions :



miRNA 34C : 

 Overexpression of miR-34c Caused Memory Impairment (mice)

the gene coding for this mir is found on chromosome 11 in humans



Mass spectometry :


