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OBJECTIVES:

« Dissection of the molecular mechanisms involved in the differentiation
of the airway mucociliary epithelium

 Regulation and function of miRNAs deregulated during the process of
lung fibrosis and cancer

e Mechanisms of action of miRNAs and other ncRNAs and identification of
targets

METHODOLOGY:
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miRNA tiling array
43800 probes / Agilent slides Nuclear RNA
Both sense and anti-sense probes et

Random Priming Labeling

l miRNA
A

A miRNA genomic region /|

Around 310 miRNA regions
60 probes / region

Labelling / Hybridization

Random priming on nuclear RNA o Trnscapt Transcrpt 2
Applications ‘
Pri-miRNA characterization Transcript 1 Transcript 2
CGH analysis (amplification / deletion of miRNA loci) .
Transcript determination
Northern, RACE PCR
. 4
Promoter analysis

Cardinaud et al, Leukemia, 2009; Robbe etal., submitted
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2005-2008: IPMC miR Chip: 5 versions:
Release 7-10 miRBase, 96 animal and
plant species, >50 projects, 1900
microarrays hybridized

2008-2010: commercial miRNAs chips and
Small RNA sequencing:

Applied SOLID v4:

« ~10 millions reads / sample
 Multiplexing (48)

« 10 projects, > 100 samples

« Quantitative and qualitative information
on MiRNAs and other ncRNASs

Triboulet et al., Science 2007, Saumet et al., Blood
2009; Pottier et al., PloS One 2009, etc...
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Mediante: http://www.microarray.fr:8080/merge/index

Dedicated to the storage, visualisation and analysis of microarrays
and HTS experiments

Specific additional miRNA tools:
 Microcible: seed-based miRNA target prediction

« Target Prediction: integration of targets predicted by the main
algorithms: miRBase/Microcosm, PictaR, TargetScan,
Microcible, etc..

 SnipMiR: search of miRNAs binding sites associated with SNPs

« miRonTop: mining MIRNA targets across large scale expression
studies

Le Brigand and Barbry., Bioinformatics 2007; Le
Brigand et al., Bioinformatics 2010


http://www.microarray.fr:8080/merge/index
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Project 1: miRNA and Lung Furobiomed
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a Metal-binding region Bithiazole tail
Bleomycin: anti-cancer drugs, approved by hED:
. Linker reglon
FDA in 1973 @~ “
'”') . _‘ P L LA
Indications:
- Head and Neck cancer p—. Postively charsed 1 )

* Lymphomas
» Testicular cancer

Secondary Effects
» Digestive disorders
« Skin inflammation and ulceration

 Pulmonary toxicity (10% of patients),
including Lung Fibrosis

Hamao Umezawa, PhD. 1914-1986



MIR-155 expression is associated Furcbiomed
with lung fibrosis in a murine Biocluster Méditerrande
model
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miR-155 is expressed in TNFa- Furobiomed

treated human lung fibroblasts Biocluster Méditerranée
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Are there fibroblast specific miR-  Furobiomed
155 targ etS’) Biocluster Méditerranée

MmR-155 possess 2 potential Dbinding sit

Binding site 1

kGE | Mouse Iwiw wor wwy wpw e NG oy G W R LW g
3UTR Human 3%:wey e wie weg wiy did ey GER TR 20 UL e e 3
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Binding site 2
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€19 mir-155 decreases the luciferase activity of a
- 3UTR KGF-LUC construct

(2) Only mir-155-binding site 2 is functional

A KGF 3UTR
CMV promoter * HSV-TK promoter
Wir<l33 vinding 31z
"I 3 £y [
£: 55 B0
% i ok
i i 8
i‘g 0 EE 0 §~o.o— WT MUT1 MUT2 MUT1+MUT2
& = 1 IMir-155 8 icontrol
39 ‘4 Experimental determination of the mir-155
targets
A synthetic pre-
mir-155 Inhibits L5 T 2400 X Awage Egrscon, = Lug e chge
IL1-induced KGF et
Release _
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Pottier et al., PloS One 2009



LNA anti-mir-155 potentiates IL1-
Induced KGF Release

+ Apoptosis
_Proliftfrration

t

\KGF
)

Epithelial cell

Fibroblas

Injury
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Project 2: miR-210 and Hypoxiain  Fyrobiomed
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Origin of miRNA dysregulation in cancer:

Translation inhibition,
mRNA destabilization...

miRNA
X regulated .
genes
\‘ ‘ % ‘ Recognition
- o of mRNA 444
microprocessor. targel

transcription

! Strand selection
=\ g A\Meparaﬁon
w3
P RIS Dicer
y
y processing mature %RB
* 7 \miRNA go2 #

processing
22nt TRER complex

1 Chromosomal rearrangements : miRNAs are frequently located at FRA

2 Aberrant epigenetic modifications / altered regulation by TFs

3 Altered expression of the effectors of the miR machinery (Dicer, Drosha, Pasha,...)
4 Mutations / deletions of the binding site between miRNA and target 3'-UTRs

Ortholan et al. Curr. Med. Chem. 2009



Function of Tumor Suppressor (A) _

and Oncogenic (B) miRNAs on Cell %%T\gge
Survival and Proliferation Pathways

In lung cancer

Downregulated in lung cancer Upregulated in lung cancer

M1 20D w——d EGF-R

Ortholan et al. Curr. Med. Chem. 2009



MIRNA Profiling of Human Non

Smal

Cell Lung Cancer
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Hypoxia and Cancer

Poorly oxygenated
tumolr cell
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MIR-210 is induced by Hypoxia in
Lung Cancer

In ViVvO: correlation between miR-210
expression and hypoxic markers in
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In vitro: A549 cells in 1% O2 / 48h
Tagman PCR

® Normoxia

1% Hypoxia

lung tumors
Name |mir-210AK3L1 CA9 ITGB4 PFKFB4 VEGF
mir-210f 1.00 042 063 020 065 0.72
AK3L1 100 065 056 074 0.63
CA9 1.00 072 080 0.63
ITGB4 1.00 047 0.58
PFKFBA 1.00 0.77
VEGF 1.00
=) #miR-210
2 4 ™ Hypoxia index f? I)

056 4

WV
l-.lJIth.

P105 P148 P194 P20 P25 P28 P404 PS511 P541 P55 PS51 P584 P73

bl

24h

48h 72h

Puissegur et al., Cell Death Differ. 2010



MIR-210 effect on Transcriptome
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pre-miR-34a

pre-miR-210

si-CT

si-E2F3

Groups:

1 2
DOWN-Regulated

miR-210: miR-34a:
Cell death, Cellular growth
TGFp and proliferation,
signalling, cell cycle, P53
mitochondrial signalling

dysfunction

S0 0 UP-Regulated

Puissegur et al., Cell Death Differ. 2010



| IPA Analysis: Mitochondrial Furobiomed
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Mitochondrial Dysfunction
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In House Bioinformatics Tool Eurobiomed
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http://www.microarray.fr:8080/miRonTop/index

Institut de Pharmacologie Moléculaire et Cellulaire

O MIRONTOP
s mining microRNAs targets across large scale gene expression studies

MiRonTop is an online java web tool that integrates DNA microarrays or high-throughput sequencing data to identify the potential implication of miRNAs on a specific
biological system. It allows a rapid characterization of the most pertinent mRNA targets according to several existing miRNA target prediction approaches. It also provides
useful representations of the enrichment scores according to the position of the target site along the 3’-UTR, where the contribution of the sites located in the vicinity of the
stop codon and of the polyA tail can be clearly highlighted. It provides different graphs of miRNA enrichment associated with up- or down-regulated transcripts and different
summary tables about selections of mRNA targets and their functional annotations by Gene Ontology.

provide a well formated table summarizing a large scale gene expression study (required format, examples provided)
Define the species of interest (Human, Mouse or Rat)

Select the prediction software to be used: Mirbase, miRanda, exact seed, TargetScan or PicTar (prediction tools statistics)
Define cut-offs to select gene sets of interest: expression signal, log2ratio, and statistical score (examples provided)

MiRopTop will then explore the top table and identify for each miRNA considered, an enrichment of its predicted targets according to the selected prediction tool accross the
DOWN and the UP gene sets, significance being evaluated using the hypergeometric law.

* Upload your top table of Genes I Parcourir_

* Species of interest | Homo sapiens miRs v |

If you make use of the data presented here, please cite the following article:
MiRonTop: mining microRNAs targets across large scale gene expression studies.
Le Brigand K, Robbe-Sermesant K, Mari B, Barbry P.
Bioinformatics, 2010 Oct 19.

Le Brigand et al. Bioinformatics 2010



Bioinformatic Tools: MiRonTop:
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Java interface that combines microarrays data and target predictions from the
main algorithms: miRanda, TargetScan, PicTar and seed seach

<Toptable>

1. Filter on gene expression A > AveEXxpr

@essed g@

2. Filter on gene modulation
M > logFC et B > b_cutoff

< Modulated genes i

v

Fold enrichment = nb
observed / nb by chance

k
Prob{X = l{} = Com

. MICROTOPTABLE

MicroTopTable, is dedicated to the search for potential effect of MicroRNA on the results of a micraarray study. The user |
exampie) and to search for the mcroRNAs exphcating the most part of diferentislily expressed genes, The user have to
the prediction software used (Le, Mirbase targets, McroCible, TargetScan or PicTar), and the cut-off considered for the an

a TopTable mie-210-mir-Neg A543 48h (article MP)
+0 75075 &
*AvEEXpr cut-off 8 ™
B:2 ¥ or AdjPValpe: 1s-1 ¥

WIRNAS enrichment analysis
all hsa A <
[TacgetSconss I8
' » £ A Merosble- T83UTR
At Micrazible-27-3UTR

7

MEDIANTE - RNG - UK MRC - CEA/SGF - IPMC - CNRS Valbonne Sop

P Value (cumulative probability using the
hypergeometric law




Enrichment in miRNA Predicted EUI'UbiDmEd
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Top table of genes View top table of genes
Number total of genes 22748
Number of genes with A > 8.0 11591
Number of filtered genes 249 (A > 8.0, abs(M) > 1.0, 8 > 2.0)
Number of genes UP-regulated 132
Number of genes DOWN-regulated 117
DOWN up
~1og10@vah) -log10@val)
10 g €— m i R‘z 10 10
3 s e
3 3 vh
4 Y Ly .
. -8
2 "j, 4 2 2d 2
i 5 5 & 3 &t 1T =5 3 5 & 3 ¢ 7T =
SR FRS e P E oo(:v a5 FE pval P E ugca FE pval
hsa-miR-210 272 2 7.7 8,6E-12 272 3 3 1.0 3,7€-1
hsa-miR-933 210 2 10 4.8 8,6E-6 210 2 1 0.5 6,9E-1
hsa-miR-874 1421 14 28 2.0 1,4E-4 1421 16 17 1.1 3,5€-1




Enrichment in miRNA predicted
targets:MicroTopTable
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Gene Ontologie (P-value < 0.1 and Nb > 1)

Top table of genes

Number total of genes

Number of genes with A > 8.0
Number of filtered genes

Number of genes UP-regulated
Number of genes DOWN-regulated

-log10®val)
10

N e e

moeE Mature Name

hsa-miR-210
hsa-miR-933
hsa-miR-874

e

DOWN

272
210
1421

P-val Fold Nb , S°. = Go Terme GO
3,3E-4 5.19 4 GO0O:0005739 C mitochondrion
MRPL36 64979 12.3 -1.4
6392 10.8 -1.4
ALDHS5A1 7915 9.3 -1.7
NDUFA4 4697 14.8 -2.3
3,6E-4 6.48 3 GO:0005509 F calcium ion binding
4E-4 8.64 2 GO:0042803 F protein homodimerization activity
,5E-3 6.48 2 GO:0005615 C extracellular space
3,6E-3 5.19 2 G0:0005789 C endoplasmic reticulum membrane
1,2E-2 2.99 3 GO:0005783 C endoplasmic reticulum
2,5E-2 2.88 2 GO:0043565 F sequence-specific DNA binding
3,4E-2 2.6 2 GO:0006810 P transport
3,4E-2 2.6 2 (GO:0005576 C extracellular region
4,4E-2) 2.36 2 GO:0015031 P protein transport

FE Pval
7.7 8,6E-12
4.8 8,6E-6
2.0 1,4E-4

~
’ '—J‘ i
2 3 4

< 7 B
uPE®
P £ o
272 3 3
210 2 1
1421 16 17

FE
1.0
0.5
1.1

Pval
3,7€-1
6,9E-1
3,5E-1




The Electron Transport Chain (ETC) EUFUbiDmEd

o NDUFA4 : NADH dehydrogenase (ubiquinone) 1 alpha
subcomplex, 4, 9kDa. Mammalian complex | of
mitochondrial respiratory chain is composed of 45
different subunits. This protein has NADH dehydrogenase
activity and oxidoreductase activity. It transfers electrons
from NADH to the respiratory chain. The immediate
electron acceptor for the enzyme is believed to be ubiquinone.

0 SDHD : Complex Il of the respiratory chain, which is
specifically involved in the oxidation of succinate, carries
electrons from FADH to CoQ. The complex is composed of
four nuclear-encoded subunits and is localized in the
mitochondrial inner membrane. The subunit D protein is
one of two integral membrane proteins anchoring the complex
to the matrix side of the membrane. Mutations in SDHD have
been linked to hereditary paraganglioma.

Biocluster Méditerranée
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SDHD / NDUFA4: Targets Validation Curobiomed
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Puissegur et al., Cell Death Differ. 2010



MIR-210 Induces a Phenotypic and E b d
Functional Modification of ﬁ%
Mitochondria in A549 Cells

Enlarged mitochondria
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Silencing SDHD Mimicks miR-210
Effect on Mitochondria Shape
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Effect of SDHD knock-down on

Cell Viability

Cell Viability
XTT assay:
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' What is the effect of miR-210 In EUl'CIbiDmEd
hypoxia? Biocluster Méditerranée

Clonogenic assays: miR-210 overexpression is pro-apoptotic in normoxiaé . .
but protective in hypoxia.

0.6
0.5

0.4

0.3 -
0.2
0

miR-Meg miR-210 LMA-159s LNA-Z1D

Normoxia Hypoxla

miR-Neg LNA-159s

miR-210 LNA-210




Consequences of miR-210 Furobiomed
Expression on HIF Activity? Biocluster Méditerranée

Mutations in SDH subunits (SDHB / SDHD) induces a phenotype identical to
VHL mutations in pheocromocytoma, paragangliomas and other cancers,
activating the hypoxia-response pathway.

Succinate accumulation can inhibit HIF prolyl hydroxlase which in turns can
stabilize HIF-1a and promotes tumor progression Selak et al. Cancer Cell
2005 ; Dahia et al., Plos Gen. 2005

H A 4 fumarate
SDHD (')
t

succinate

®

HIFto | ¥

/

Activation of target genes: Proteasome-mediated degradation
-Metabolic switch (glycolysis)

g

VYHL |complex

- Angiogenesis
- Invasion f migration




miR-210 Regulates HIF-1 Activity Furobiomed

In Hypoxia
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Puissegur et al., Cell Death Differ. 2010



Conclusion: Dual Effect of mir-210 EUI'UbiOl'nEd
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Other targets ? (NDUFA4, ISCU, ...)

Mitochondrial dysfunction, apoptosis

E2F3
Othertargets?

E3
VHL |complex

/

Inhibition of cell  Proteasome-mediated degradation

proliferation

Tumor suppressor ?

L Mir-210 targets E2F3, leading to inhibition of

proliferation
1 And mitochondrial proteins-coding mRNAs ‘ .v

leading to mitochondrial dysfunction and
apoptosis
Q anti- Pro-
tumoral tumoral



Conclusion: Dual Effect of mir-210 Euraobiomed
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Other targets ? (NDUFA4, ISCU, ...)

fumarate

E2F3
Othertargets?
i E3
VHL |complex
Activation of target genes:  Proteasome-mediated degradation

-Metabolic switch (glycolysis)
- Angiogenesis Oncogene?
- Invasion I migration

1 But could potentialize HIF1a stability and HIF anti- Pro-
activity through a positive regulatory loop tumoral - tumoral

Q
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