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Introduction Identification of cell-type mMiRNA's barcode Diseases {and therapeutic  onclusion
MIRNA secretion ISsues

MIiRNAs

[ ncRMNAs ]
MicroRNAs (miRNAsS) : l
e short 20-24 nt [ Housekeeping ncRNAs ] Regulatory ncRNAs ]
|
e endogenously-produced non- —— [ . ] r—
coding RNAs 50-200nt 24-32nt

Over 2,500 mature microRNAs { snRNAs ] [snnﬂwns] [ SiRNAs ] { IncRNAs

50-200nt 50-200nt 20-24nt >200nt
have been discovered
Fig 1 : suptypes of non coding RNA s [1]
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Fig 2 : Number of publications on Pubmed since 2000. 2



Identification of cell-type
MIRNA secretion

MIRNA Biogenesis

Introduction

Actors :

1.Drosha and DGCRS8
2.Exportin-5

3.Dicer, TRBP and Ago
4.RISC complex

Diseases and therapeutic
Issues

MiRNA’s barcode Conclusion

“miRNA host gene

transcri ptionJ Nucleus

Primary-miRNA
(Pri-miR) Drosha

o)

Precursor-miRNA

Exportin-5

Mature-miRNA \
(miR) "

CYtOPIasm

RISC

m
/ Active miR
3'UTR Inactive miR /
o= AL d ded) /
\ N (degrade ) _,

Translational repression

k. and /or mRNA degradation

Fig 3 : Steps of miRNA."b_i_q—ge'hes}';[Z--]: 3



Diseases and therapeutic Conclusion

Frrrmereiers Identification of cell-type miRNA’s barcode ccUes

MIRNA secretion

miRNA Biogenesis T

/" miRNA host gene N
/I > AT - N N

e .
- \‘-‘\

1.Drosha and DGCRS8

" Primary-miRNA i
|_ | (Pri-miR) Drosha

2.Exportin-5 @
3 . D | C e r, T R B P a n d A g O . DGCRS iﬁ Exportin-5 ‘--:‘.;:.\";.?:.‘.‘3;%‘.

Precursor-miRNA
(Pre-miR) ™N\{_

4.RISC complex

Mature-miRNA |
(miR)

| /OFN

RISC

- S I_.':I_lI
/ Active miR
3'UTR Inactive miR /

\ \ SO (degraded) /

Action into the cytoplasm | s SSE—"

Translational repression

{""*%\:Qh and /or mRNA degradation J

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



Introduction Identification of cell-type mMiRNA's barcode Diseases ?nd therapeutic  onclusion
MiRNA secretion ISSUES
miRNA functions :
elF4E
MiRNAs perform negative post-transcriptional gene e
regulation and modify the expression levels of
ta rget genes When they ta rget mRNAS by : B Translation inhibition mRNA degradation
e translation inhibition W (RISO
e MRNA cleavage Cas .' AAAMA ZUTR C-= s e
e translation activation
C Translation activation
5'UTR e

AAAAA 3'UTR

Quiescent cells Proliferative cells

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



Introduction Identification of cell-type mMiRNA's barcode Diseases ?nd therapeutic  onclusion
MIRNA secretion ISsues

miRNA functions : =

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

3'CAP

Translation inhibition mRNA degradation

e translation inhibition -
e MRNA cleavage o T €
e translation activation

C Translation activation
° ° ° ° uiescent cells Proliferative cells
MIiRNAs have actions within the ] feratve cel
cell... but also on neigh bori ng cells Fig 4 : Mechanisms of action of microRNAs[3].



Introduction Identification of cell-type mMiRNA's barcode Diseases ?nd therapeutic  onclusion
MIRNA secretion ISsues

Exosomal miRNAs

[ Source Cell ] Target Cell

e 40-150 nm vesicles

e Lipid bilayer membrane vesicles

e Widely distributed in various body
fluids

e Exosomes can be released from
many cell types

® exosomes can regulate the
bioactivities of recipient cells

A support for cell-cell
communication

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



Introduction Identification of cell-type mMiRNA's barcode Diseases and therapeutic 4 ¢|ysion

MIRNA secretion ISSUes

Exosomal miRNAs

Small extracellular vesicle (sEV)

Bladder cancer-derived exosomal KRT6B promotes
invasion and metastasis by inducing EMT and
regulating the immune microenvironment

CD9

Exosomal miR-21 from tubular cells contributes to
renal fibrosis by activating fibroblasts via targeting
PTEN in obstructed kidneys

Sheng Zhao 1, Wei Li 2, Weimin Yu ', Ting Rao ', Haoyong Li , Yuan Ruan 7, Run Yuan ',
Chenglong Li 7, Jinzhue Ning 1, Sigi Li 2, Wu Chen 1, Fan Cheng ', Xiangjun Zhou '

Qiang Song # 1, Hao Yu # 7, Yidong Cheng # 1, JieHan 1, Kai Li 7, Juntao Zhuang 1,
Qiang Lv 1, Xiao Yang 2, Haiwei Yang 2

Ectodysplasin-A mRNA in exosomes released from
activated hepatic stellate cells stimulates

Exosome-mediated transfer of IncRNA HCG18 macrophage response

promotes M2 macrophage polarization in gastric
cancer

Emilio Marrero 1, Neha Attal 1, Ali Nimeri 1, Rachel M McGee 2, Jennifer H Benbow 2,
Kyle J Thompson 1, Laura W Schrum 2, lain H McKillop 2

Lin Xin 7, You Wu 2, Chuan Liu 2, Fei Zeng 2, Jin-Liang Wang 2, Deng-Zhong Wu 2,
Ji-Ping Wu 2, Zhen-Qi Yue 2, Jin-Heng Gan 2, Hao Lu 2, Yi-Wu Yuan 2, Li-Qiang Zhou 2

Fig.6 : Main components of an exosome
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MIRNA secretion ISSUes

Exosomal miRNAs

HOSTED BY

Genomics Proteomics Bioinformatics # @h“
5,7

www.clsevier.com/locate gpb
www.sciencedirect.com

REVIEW
Exosomal miR-92a(
Exosome and Exosomal MicroRNA: Trafficking, () o fromK562 cells)
Sorting, and Function significantly reduced the
expression of integrin a5 in
Jian Zhang ", Sha Li """, Lu Li , Meng Li ", Chongye Guo ", Jun Yao ™, the HUVEC cells and
Shuangli Mi ™" enhanced endothelial cell
migration and tube
Exosomal miR-214, derived from the cell line formation

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



: T Diseases and therapeutic :
Introduction Identlflcatlon of cgll-type R AENA [k . P Conclusion
MiRNA secretion ISSUES
Exosomal miRNAs
AN
;ﬁvﬂuﬁuﬁuhvf Early endosome
m Transcription !
W) ]]]]]]]IO Pri-miRNA
v bochs MVB
C v
q) I[]Iﬂ_'ﬂi) Pre-miRNA $’
D'O Exportin-5 Late endosome i
4 T O A . (£ S " .
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i . .-~ How are miRNAs excreted ?

MiRNA cell function
Fig 7 : miRNA fate [5]
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MIRNA secretion ISSUes

How are miRNAs excreted ?
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Introduction Identification of cell-type mMiRNA's barcode Diseases {:\nd therapeutic  onclusion
MIRNA secretion ISsues

Questions

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 ?

10



Introduction Identification of cell-type [ESSETINYVIISEIRoMM Diseases and therapeutic 4 clusion

MiRNA secretion ISSUes

1- Is exosomal miRNA secretion cell type-specific?

The study models and method [cellularculture}
Wash PBS l ) l
Brown [al - Cells ggﬁ.ﬁﬁnan:tin . Flosrn ol
[E.'IJ'.T] + .. l ¥ oating cells
Supernatant
Myoiube O -
iEEEIIIEJ _+ .. EDU{IQJE ¥ <« Cellular debris
Whi'l'F' ':E" Supernatant |
[3T3-L1::| C 0 10000 0 min 44— Large vesicules
L Eupernatantl L
H'El:'ﬂtljﬂ'_'ﬂ:ﬂ O O 100 000 g, 70 min (X2}
(AML12) o Pellet l '
Endothelium o g size exclusion
':E"""E*:] @ : 1 ext Ul cles) chromatography column
Cells gE%w  (small extracellular vesicles
r S 4
miRNA '
profiling ' sV componentis

11



Diseases and therapeutic

Introduction Identification of cell-type Iy o= . Conclusion
miRNA secretion ISSUES
1- Is exosomal miRNA secretion cell type-specific?
The study models and method :
e Cell sample
— Small RNA sequencing All miRNAs
9 1.RNA isolation sequences from :
—a 2.cDNA library _a
e SEV sample 3.sequencing * sEVsample
= for sequencing only miRNA: o Cell sample

Qiagen miRNA workflow kit
\_/ (ref : 331502) , miRNA specific library

12



Introduction Identification of cell-type [ESSETINYVIEIRgM Diseases ?”d therapeutic  onclusion
miRNA secretion ISSUES
1- Is exosomal miRNA secretion cell type-specific?
The number of vesicles is specific to each cell type
50001 * e depending on cell type, different numbers of

— 5000- . exosomes are observed

@

L] '. . .

P 4080+ ® e White fat (3T3-L1) have a highest

E 3000-- * production / release rate per cell

>

e 3001 . . . :

.E L White adipose tissue exerts its

Z i functions (energy storage or

" dissipation...) via different methods of
communication [6].
,O\.
&
()$ O
NN

13



Diseases and therapeutic Conclusion

FrreRluEiern Identification of cell-type MiRNA’s barcode ccUes

MiRNA secretion

1- Is exosomal miRNA secretion cell type-specific?

@ Brown fat

2 Myotube 201 aCel

@ White fat stV Cells mMiRNA profile into the cell :

@ Hepatocyte ®BAT

# Endothelium ®C2C12 e brown fat and hepatocyte cells are clustered
ol @ 3T3-L1 together ( overlap).

® AML12

=2

]

% ! @ SVEC e White fat is most distinct.
O

o

miRNA profile into vesicles:

e Each cell type have a very different miRNA

/) secretion profile
S ]

30 -20 10 0 10 20
PC2 (11%)
Principal component analysis (PCA)

Specific nature of miRNA secretion

14



Introduction

SVEC

Venn Diagram

Identification of cell-type

MiRNA secretion

MiRNA’s barcode

Diseases and therapeutic
Issues

Conclusion

1- Is exosomal miRNA secretion cell type-specific?

C2C12

e 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

d

sEVY
JT3-L1

e 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

15



Introduction

SVEC

Venn Diagram

C2C12

Diseases and therapeutic Conclusion

Identification of cell-type MiRNA’s barcode
Issues

MiRNA secretion

1- Is exosomal miRNA secretion cell type-specific?

d sEV
* Ofthe 664 miRNA ara-l e Of the 660 MIRNA
analyzed in the cell analvzed i o
, yzed in the vesicle :
bodies :

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

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

CeII.t.y|.3e Cell-specific
specificity secretion

Suggesting a cell specific sorting mechanism
15



Introduction Identification of cell-type [ESSETINYVIEIRgM Diseases and therapeutic

MiRNA secretion ISSUES

Take home messages:

e The numbers of exosomes vary between cell type.

e White fat is the major contributor to circulating
exosomes.

e Specific nature of miRNA secretion

Conclusion

16



Diseases and therapeutic
Issues

Introduction Identification of cell-type miRNA’s barcode Conclusion

MIRNA secretion

2-What signal induces miRNA fate?

In silico method

Is the sequence and a preference for a localization due

o to chance?
’ . e
T . . . a\
T A Hypergeometric Optimization of Motit < "
. (_.’/ { - -’:H_”:
EnRichment (HOMER) MK
P I W
i
— N B
1’ Y Preferential cell miRNAS Searching over- represented motifs found in the
o sequence of preferential cell miRNAs/exosomal miRNAs

No preferential distribution miRNAs

with a preferential exosomal miRNAs/cell miRNAs or with
mr{ YT Preferential exosomal miRNAS

no preferential distribution -



Diseases and therapeutic
Issues

Introduction Identification of cell-type miRNA’s barcode Conclusion

MIRNA secretion

2-What signal induces miRNA fate?

Criteria
e selection of miRNAs enriched at least 3-fold compared to no preferential localization miRNAs
e motif length : 4 to 7 nucleotides
e motif that present at least 10% of miRNAs

SEV miRNA Motif Analysis (EXOmotifs) b Cell miRNA Motif Analysis (CELLmotifs)

Extended EXOmotils Core EXOmuotifs

Extended CELLmotifs Core CELLmaotifs

% % Back- Fold e % Back-  Fold
- P- p . - : % Back-  Fold % Back-  Fold
P otif FDR Exosome ground  enrich- | Rotif FOR Exosome ground  Enrich- P- % Cell P- o Call _
yas miRNAs miRNAs  ment xaue miRNAs miRNAs  ment Melt vaiue TOF mipnas 9round enrehe] o Molt o pe TR minnas  ST0wnd ennch

miRkAs  ment miRMAs  emnt

UCAUUC 1e7 0055 151 a0 50 |AUUR tesooot 185 78 24
CAUGLE; tee noea 173 26 ese |CAUG 1o 0001 214 102 24 - AGAAC tesooz 122 28 47 JAGAAC 14000t 59 08 &7

UEUGY  1e9 000t 179 26 gs |UCUC tewt coot 28 124 18

BAT

GEGAG tesoces 231 78 s AG tezooe 13 75 1a ACSU IACAC tesoooi 185 74 25
. 1e-100.001 2448 538 4.2
e A fe3 0012 167 BE 18 " CAGU 1es 0001 244 111 22
. CAGEEMG 10 000s 205 38 52 A om s 75 2s UABAGL 1es 0oss 110 14 mo UAAD tes000z 128 a7 27
MUY resooss 150 a7 as [UGUG te2omr 224 1an  1s UAY res oot 174 24 74 |GUAG res 000t 181 70 26
o

CACUACG e 140001 316 61 s2 |[CAGU teto000r 252 122 21
U U - e 2 5 _ﬁl MC le-7 0.0DZ2 174 3.3 &2 A AAG 1e-4 0.004 71 1.0 71

IUA 5 167 00K 245 0.8 25
=
:-‘: ‘ﬂ,_,_l_'ﬁg_ﬂm-mﬁ.m1 20.0 3.0 E.6 U c oo oom =4 ' ' unw SRR 2 0 IA UU 1e.3 0006 142 6.3 23

= U e o0 '8 gﬁéﬁc 16110001 184 20 8.0 A A,QCm.s 0O 69 0.8 8.5

1e-§ 00156 490 5.3 3.8 ACU 1e-3 0.006 648 1.8 38

_ ,AC 1e-100.001 254 a.r 4.5 A AAC 1e-5 0,004 | 0.8 aB
L.I.Jﬁ_ﬂsﬂ le-G 0018 166 a7 1.9 U.q.qﬁ 1e-5 D002 12.4 46 27

le-d4 D020 19.2 11.2 1.7

Uguagau le-7 D021 135 16 BB CAU

. CS A 1e9 D003 130 o0& 24 a2 D004 171 T4 2.3

A
Caﬂl fe-6 0031 236 7.0 24 |CAUG te30ma2 171 121 14
CCEC wevoom 23  se 20 |CCHC w5000 203 63 20
C

COGGAG 1es 0005 135 02 AD leb 000 148 24 63 CAGL 1e4 0001 284 117 22
= E - .
el fes 0051 190 48 38
AG ted ooz 218 76 28 CAGLMCA IUUA el 0mi BE 22 24
g Chan w=oooot 40 137 34 | 15 0001 148 24 6 AGAAC teso0o0r 207 a4 61 [AGAAC 1e4 coor  an 12 64

CAGU e 000t 270 dza 21

AGGEC teso00se 24 83 3a CC te2o0s 122 55 22 E
COLMCH 17 ooz s15 84 34 AUUA 1e101se 144 105 14

GC
%’E 1e-B D002 446 132 34 CCLI 1e-3 DOIS 189 B4 23

e EXOmotif sequence of 4-7 nt enriched with CG e CELLmotif Sequence of 4-5 nt low in CG content

18



Introduction Identification of cell-type B Diseases ?”d therapeutic  onclusion
MIRNA secretion ISsues

2-What signal induces miRNA fate?

Validation CELL and EXOmotif in vivo

Mutagenesis experiments 0 0 G A=
miRMA {H,_,.,_ i RNA-wT

Preferential exosomal miRNA CELLmotif inclusion MiRNA
Preferential cell miRNA CELLmotif removal enrichment in the
Preferential cell miRNA EXOmotif inclusion exosome

( Motifs are cloned in )

Lentiviral vector
19



Introduction Identification of cell-type B Diseases {:\nd therapeutic  onclusion
MIRNA secretion ISsues

2-What signal induces miRNA fate?

Validation CELL and EXOmotif in vivo

b = CELLmefif inclusion
CELLmotif inclusion 5 .
E N
Narme Sequence (§'-3') E E .
dl
IR-2431-5p-WT LIGLICLRL EUE.“LUEEA i 1.04
e 31.5p m. -
£
o
| o 0.5-
miR-431-5p-WT IH E
Base-pair prabability L
| - @
3.'5. h L | ﬁ 0.0
miR-431-5p-AGAAL By Diana tools <

L
OmtmudmmmmGmney w’fﬁ;ﬁ“’"
3 ¥ 1'_:.-.5":!' v

Cell type : AML12 hepatocytes

20



Introduction Identification of cell-type B Diseases find therapeutic  onclusion
MIRNA secretion ISsues

2-What signal induces miRNA fate?

Validation CELL and EXOmotif in vivo

- . b = CELLmotif inclusion
CELLmotif inclusion R .
!
Marne Sequence [5'-3) E E .
izl
g9 104 -
miFRt-431-5p-WT LIELIEULIG.ELIEAUEEA EZ
i
o E
| 0,5
miR-431-ap-WT % -E
Base-pair prohakbiliy L
. - @
3 [—— ﬁ 0.0
miR-431-5p-AGALC -z

o e
(oetmmtmmmt] Jm) o ﬁﬁ

Cell type : AML12 hepatocytes

Inclusion of a CELLmotif into the preferentially exosomal
miR-431 leads to its cell retention. 20



Introduction Identification of cell-type B Diseases {:\nd therapeutic  onclusion
MIRNA secretion ISsues

2-What signal induces miRNA fate?

Validation CELL and EXOmotif in vivo

. C CELLmotif removal
CELLmotif removal 5 *
- [
Marme Sequence [5-37) 2 0

miR-140-3p-WT UACCACAGGGLAGAADCACGE

MIR-140-3p-NO AGAAC UACCACAGGGLRACADCACGE

1.5-

sEV enrichment
Adct [sEVImMIR138WcallimiR138)]

1.01-
miR-140-3p-WT 0, 5-

> m PR 0.0-

- B u 1.1;"4‘
milR-140-3p-N0 AGAAT .,.r _ﬁ!lﬂ"

S3002L300208000000300000E 2110 o

%

Cell type : Brown adipocytes

21



Introduction Identification of cell-type B Diseases {:\nd therapeutic  onclusion
MIRNA secretion ISsues

2-What signal induces miRNA fate?

Validation CELL and EXOmotif in vivo

. cCz CELLmotif removal
CELLmotif removal R *
T 2
Marme Sequence (5°-37) = "=E- 2.0
miR-140-3p-WT MEEAQAEEEAEEG E E 1.5-
22
MIR-140-2p-NO AGAAC UACCACAGGGLAACADCACGE ET .,
= T
> E
- : L= ]
miR-140-3p-W1 oy 0.5
" Ease- padr probability é-
3 , . H  0.0-
5 B u -
miR-140-3p-NO AGAAC '!-‘?}Hi
\ 4 A ™
Ayl s
K A,

Cell type : Brown adipocytes

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



Introduction Identification of cell-type B Diseases find therapeutic  onclusion
MIRNA secretion ISsues

2-What signal induces miRNA fate?

Validation CELL and EXOmotif in vivo

CELLmotif removal

o

anrel [[EVImIRY 38)/ cellimiR138)]

CELLmaotifs removal
2 5- *

P
=
r

miR-B7T-Sp-WT UUEAGUSAUGALUAGLULICUGA
miR-877-5p-NO CELLmolils | UCGGUBAUGALUAAGRULICUGA

miR-677-5p-WT

sEV anrichment

Ease-paar probakbilily
e e e B
5
miR-877-5p-M0 CELLmolils

3

5 A

Cell type : hepatocytes

"

%,

%
f%

22



Introduction Identification of cell-type B Diseases {:\nd therapeutic  onclusion
MIRNA secretion ISsues

2-What signal induces miRNA fate?

Validation CELL and EXOmotif in vivo

d = CELLmotifs removal
. r r 1
CELLmotif removal E 25
£ [
== 20
5
miR-677-5p-WT u ULCUGA E -4
miR-877-5p-NO CELLmolils | UCGGUBAUGALUAAGRULICUGA E E
[Fe 1.0
o E
miR-677-5p-WT Bass-pair probabilily m 'E 054
AFEROQR G b 5
B = 0.0
<
miR-677-5p-NO CELLmofifs -

"

-

Modifications of several CELLmotifs on the same miRNAs
induce the enrichment of miR-677 into exosomes. 22

%,

%
N

G

w*

Cell type : hepatocytes



Introduction Identification of cell-type B Diseases e.and therapeutic  onclusion
MIRNA secretion ISsues

2-What signal induces miRNA fate?

Validation CELL and EXOmotif in vivo

EXOmotif inclusion

e EXOmotif inclusion

miR-34c-5p-WT acecacugUAGUUAGC(EALYEC Wikd-type

mR-ucspucuey | asscacudleusaecusauuce  [JCUGS

miR-34¢-5p-CAUG AGGCAGUGUAGUUAGCUCAUGSE CAUC

miR-34c-5p-COGRAGE | AGGCAGUGUAGUUAGCGGEAGEC GGGAG

miR-34c-5p-WT mil-34c-Sp-UGUGL

sEV anrichment
Asct [sEVimiR1IB{cellmiR138}]

miR-34e-5p-CAUG Ekeba pogir probeatdity miR-34e-5p-COOGAG

Cell type : Brown fat o iﬂg."’hﬁ il

23



Introduction Identification of cell-type B Diseases {:\nd therapeutic  onclusion
MIRNA secretion ISsues

2-What signal induces miRNA fate?

Validation CELL and EXOmotif in vivo

EXOmotif inclusion

e EXOmotif inclusion

miR-34c-5p-WT acecacugUAGUUAGC(EALYEC Wikd-type

mR-ucspucuey | asscacudleusaecusauuce  [JCUGS

miR-34¢-5p-CAUG AGGCAGUGUAGUUAGCUCAUGSE CAUC

miR-34c-5p-COGRAGE | AGGCAGUGUAGUUAGCGGEAGEC CGGGAG

miR-34c-5p-WT mil-34c-Sp-UGUGL

sEV anrichment
Asct [sEVimiR1IB{cellmiR138}]

e e e e o e
; : h@x“

miR-34c-5p-CAUG E'“““LF"“:"""* miR-34c-5p-COGGAG ﬁﬁl‘} IE,?LF mpﬁﬁﬁ
Type cell : Brown fat f"# iﬂg."’hg il ﬁ#_'h”‘"

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. 23



Introduction Identification of cell-type B Diseases ?nd therapeutic  onclusion
MIRNA secretion ISsues

Take home messages:

e Inclusion or removal of EXOmotif changes miRNA addressing

* Inclusion or removal of CELLmotif changes miRNA addressing

Validation in vivo of motifs found in silico

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

24



Introduction
MIRNA secretion

Identification of cell-type

Diseases and therapeutic
Issues

MiRNA's barcode

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

Conclusion

Differentiated
BAT adipocytes

1] Cell Iysate 2] Preclearance
with polyA

ARA... . polyA-22nt

& & polviCdnterachng profeins

PPty TIRMNLA-Y

spectrometry

4] Precleared 4) Incubation with 35) Extraction miRNA-
Iy sate miRNAS interacting proteins

poovEm miRMNA-EXCmatif
@ EXOmotif-interactiing proteins

2 ) Removing all proteins
that could interact non
specifically to miRNAs

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)

25




Introduction Identification of cell-type B Diseases gnd therapeutic  onclusion
MIRNA secretion ISsues

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

104

(relative to miR-34c-5p-WT)

Ennchment of protein binding to miBENA

&
— m Scrambis Who's Alyref ?
m miR-3de-9p-WT
2 it e . Molecular chaperone
i B . Nuclear export of mMRNAs
*

Alyref | Rbmx Sdpr Fus Syncrip

Inclusion of an EXOmotif to a preferentially cellular miR-34c
significantly increases its interaction with various proteins

e Has an RNA recognition motif (RRM)

26



{relative to miR-26a-5p-WT)

Enrichment of protein binding to miRNA

Introduction Identification of cell-type B Diseases {:\nd therapeutic  onclusion
MIRNA secretion ISsues

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

=1
=
i

A
* B miR-28a-5p-WT
B miR-26a-Sp-COGGAG Who's Fus ?

a0 . RNA/DNA binding protein
. Has a role on RNA transports
o Interacts with AGO2

L

Sdpr Fus Alyref Syncrnp Rbmx

Inclusion of an EXOmotif to a preferentially cellular miR-26a
significantly increases its interaction with various proteins

27



Introduction Identification of cell-type B Diseases e.and therapeutic  onclusion
MIRNA secretion ISsues

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

Validation of the preliminary observations

= conbrol siENA
m Alyrel siRMA

) B Fus siRNA
o
5
c = . .
g % e Knock down of Fus or Alyref significantly
'= . ° °
g o reduces miR-34c enrichment in exosomes
|
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Introduction Identification of cell-type B Diseases e.and therapeutic  onclusion
MIRNA secretion ISsues

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

Validation of the preliminary observations

B conbiol siBEMNA

P * m Alyref SiRNA
=1 B Fus siRMA
o 1.504
£

T = 4.35 : . [

G % e Knock down of Fus or Alyref significantly

£ & 1.00 . . .

%E reduces miR-34c enrichment in exosomes
= .75
=

E > 4 50- .
3 Alyref and Fus are at least two proteins
g required for miRNA motif recognition and
]

=
=
!

export into SEV.
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Diseases and

Introduction Identification of cell-type =rENAE B Conclusion

miRNA secretion therapeutic issues

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

The transwell experiment :

8 AML12 hepatocytes

e \“’ RNA isolation ~—2 dropletPCR (ddPCR)
F ”

Donor BAT O/E miRNAs Adva ntageso
[ Ser °
miR-34c-WT . - .
1 e e CALG it detects a very small number of molecules, making it
- MR-340-CECEAG much more sensitive than conventional gPCR.
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Introduction Identification of cell-type mMiRNA's barcode Diseases and Conclusion

MIRNA secretion

therapeutic issues

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

B Endogenous miR-34c-WT BB Induced miR-34c-CAUG ]

(=

(copies /10° copies of miR-103-3p)

B induced miR-34c-WT Bl hduced miR-34c-CGGGAG
“®1  Donor Cells * & 1507 Recipient Cells Overexpression of miR-
2000 . 34c (WT or modified)
4.8%

increases this miRNA
in donor cell and in
recipient cells.

miRNA expression
miRNA expression
(copies /10* copies of miR-103-3p)
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Introduction : miRNA process and ~ MiRNAreleasedand .o\ o0 0 de DIFEEEEE AL condusian
fUNctions retented in the cell therapeutic issues

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

-

E ) . mEm Rras
w N = Notch1
E 2 o2 0 Ea2fs
o & . B Vamp2
o g Bp . 3 : miRNAs from donor cell can
Eg, C . l . modify gene expression into
g,g 02 - recipient cells.
m T *
58 :

0.4 *

* *

Donor O/E-miR-3d4c- OQ/E-miR-34c- O/E-miR-34c-
Cells: WT CAUG CGGGAG
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Introduction : miRNA process and ~ MiRNAreleasedand .o\ 4o 0 e DIFEEES Bl Condusian
fUNctions retented in the cell therapeutic issues

Take home messages:

e 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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Introduction : miRNA process and miRNA released and . Diseases and
MiRNA bar code

functions retented in the cell therapeutic issues

Conclusion

5- Involvement of miRNAs in the disease and therapeutic perspectives

Cardiovascular diseases

Metabolic diseases i * hypartension

. type 2 diabates ¥ _} « atherosclerosis

- obasity L?_._f « acute myocardial infarction
* osleoporoses = heart failure

= gtrial fibnllation

4 ™

Hnurndagn-mratm diseases
+ Alzheimer's diseasa
+ Parkinson's diseasa

S

Autocimmune diseases

* rheumatoid arthritis
«  systemic lupus envthematosus

II"'..IZ.‘-ilrm:irrs -.""i

= lunpg cancer
Infectious diseases = breasi cancear

*  pReumonia »  hepatocaliular carcnoms
» viral hepatitis = colorecial cancer
= pgastric cancer

Ill.. =  pmskate cancer .|||I

Fig 8 : The roles of exosomal ncRNAs in human diseases. The figure showed examples of human diseases where
exosomal ncRNAs exert pivotal function [7] 33
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5- Involvement of miRNAs in the disease and therapeutic perspectives

Exosomal Mir Tumor Effect
miR-9 Glioma Angiogenesis T g &
) miR-10b Breast cancer Invasion T
miR-451a Hepatocellular carcinoma Apoptosis T, Angiogenesis |
miR-9 Nasopharyngeal carcinoma Angiogenesis | \ /

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

/@ @ .

‘ | cancer-derived |
axnsnmal nnRI\IAs

/ \ Macrnphage IJ{':

T cell HH‘: cell

Fig 9 : The roles of exosomal ncRNAs in cancer [7]. -
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5- Involvement of miRNAs in the disease and therapeutic perspectives

e Exosomal miRNAs as biomarkers...
Exosomes can reflect tissue or cell state.

Examples : miR-21, miR-223, and miR-23a, can be
used as the diagnostic biomarker of colorectal cancer

... but also as therapeutic weapons
|~ [ Wopy

The Role of Exo-miRNAs in Cancer: A Focus on
Therapeutic and Diagnostic Applications

3.+

(]
F

Francesco Ingenito 1t Giuseppina Roscigno 1.t Alessandra Affinito 1'%, Silvia Nuzzo
Iolanda Scognamiglio 2 Cristina Quintavalle ** and Gerolama Condorelli 24+

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

[ Regulation of Gene ]

[ Naturally Occurring or } Expression in Distant Cells
Artificially Introduced

. Released
EXOmotifs & CELLmotifs Exosomes/sEV

ALYREF, FUS, etc

[ Motif Readers: J

miRNAs
= ]
EXOmotif-a /M Exosome loading
E
N = L
A

CELLmMotT-a

Cell-type Specific Pattern Regulation of Gene Expression
of EXO- and CELLmotifs in Cell Producing miIRNA
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MIRNA non canonical
biogenesis :
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Sumoylated hnRNPA2B1 controls the sorting of

MiRNAs into exosomes through binding to specific
motifs

Carolina Villarroya-Beltri'2, Cristina Gutiérrez-Vazquez', Fatima Sanchez-Cabo', Daniel Pérez-Hernandez!,
lesus "u"ézque.z", Moa Martin—CnfrecesE, Dannys Jorge Martinez—Herrera3, Alberto PEEEUE|-MGH1ZEHGE,
Maria Mittelbrunn'* & Francisco Sanchez-Madrid'“%*

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



DropletPCR (ddPCR) :

®00®0

The fluorescence of each

O PCR amplification
droplet is measured at the
end of the PCR reaction

Sample Droplet
generation

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

™ L
» ".'tt't:r'":u.
E L BN BN ™ [ ] &9
Eh
Sample/well

Droplets that fail to amplify form a ‘cloud
below the cloud of positive droplets


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

Nanoparticle tracking analysis :

microscope
& camera

laser beam

scattered light

¢ particles in suspension

prism
(A)

Fig.1 A graphic representation of the nanoparticle tracking analysis (NTA) principle. (Szatanek, 2017)
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.



MIiRNA functions :

miRNA-RISC
Complex

Target mRMNA

Target mRNA

Target mRMNA

Target mRMNA

5

5.'

EI'

5

Coding sequence

5 UTR 3 UTR
_ LR
RISC
& UTR Coding sequence 3' UTR
S TRTRNLTTHRTRNTS
RI%SC
s UTR Coding sequence 3 UTR
— T
RISC
& UTR Coding sequence 3' UTR
e
Regulatory

complex

AAAAT

Translational degradation

Translational repression

Translational activation

Stimulate mRNA
translation



MIRNA 34C :

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

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



Mass spectometry:
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