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Objectives and Methodology :

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

• Mechanisms of action of miRNAs and other ncRNAs and identification of 

targets

METHODOLOGY:
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miRNA Tools : 1) miRTA

43800 probes / Agilent slides

Both sense and anti-sense probes

Around 310 miRNA regions

60 probes / region

Labelling / Hybridization

Random priming on nuclear RNA

Applications

Pri-miRNA characterization

CGH analysis (amplification / deletion of miRNA loci)

Cardinaud et al, Leukemia, 2009; Robbe etal., submitted
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miRNA Tools : 2) miRs Expression

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 ncRNAs

Triboulet et al., Science 2007; Saumet et al., Blood 

2009; Pottier et al., PloS One 2009, etc…
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miRNA Tools: 3) Bioinformatics

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 

Fibrosis

Bleomycin: anti-cancer drugs, approved by 

FDA in 1973

Indications: 

• Head and Neck cancer

• Lymphomas

• Testicular cancer

Secondary Effects

• Digestive disorders

• Skin inflammation and ulceration

• Pulmonary toxicity (10% of patients), 

including Lung Fibrosis

Hamao Umezawa, PhD. 1914-1986
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miR-155 expression is associated

with lung fibrosis in a murine 

model

Bléomycin

Sensitive 

strain 

(C57BL/6)

Resistant 

strain 

(BALB/C)

miR-155 induced in the 

sensitive strain only
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miR-155 is expressed in TNFa-

treated human lung fibroblasts
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Are there fibroblast specific miR-

155 targets?

miR-155 possess 2 potential binding sites in the 3ô UTR of KGF mRNA:
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mir-155 targets the 3ó-UTR of KGF.

Pottier et al., PloS One 2009
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LNA anti-mir-155 potentiates IL1-

induced KGF Release
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Project 2: miR-210 and Hypoxia in 

Lung Cancer

Origin of miRNA dysregulation in cancer:

Ortholan et al. Curr. Med. Chem. 2009
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Function of Tumor Suppressor (A) 

and Oncogenic (B) miRNAs on Cell 

Survival and Proliferation Pathways 

in lung cancer

Downregulated in lung cancer Upregulated in lung cancer

Ortholan et al. Curr. Med. Chem. 2009
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miRNA Profiling of Human Non 

Small Cell Lung Cancer 
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Hypoxia and Cancer
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miR-210 is induced by Hypoxia in 

Lung Cancer

Puissegur et al., Cell Death Differ. 2010

? ?

In vivo: correlation between miR-210 

expression and hypoxic markers in 

lung tumors

In vitro: A549 cells in 1% O2 / 48h 

Taqman PCR
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miR-210 effect on Transcriptome

miR-210:

Cell death, 

TGFb

signalling, 

mitochondrial 

dysfunction 

miR-34a:

Cellular growth 

and proliferation, 

cell cycle, P53 

signalling

Puissegur et al., Cell Death Differ. 2010
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IPA Analysis: Mitochondrial 

Dysfunction

2005-2008:
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In House Bioinformatics Tool

Le Brigand et al. Bioinformatics 2010

http://www.microarray.fr:8080/miRonTop/index
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Bioinformatic Tools: MiRonTop:

Java interface that combines microarrays data and target predictions from the 

main algorithms: miRanda, TargetScan, PicTar and seed seach 

Fold enrichment = nb 

observed / nb by chance
P Value (cumulative probability using the 

hypergeometric law
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Enrichment in miRNA Predicted 

Targets:MicroTopTable



- 23 -

Enrichment in miRNA predicted 

targets:MicroTopTable
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The Electron Transport Chain (ETC)

TCA and Oxydative 

Phosphorylation:

o NDUFA4 : NADH dehydrogenase (ubiquinone) 1 alpha

subcomplex, 4, 9kDa. Mammalian complex I 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.

o SDHD : Complex II 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.
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SDHD / NDUFA4: Targets Validation

III- Complex II activityII-Western Blot Complex I / II

I- pSI-Check 

luciferase assay

Puissegur et al., Cell Death Differ. 2010
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miR-210 Induces a Phenotypic and 

Functional Modification of 

Mitochondria in A549 Cells

Mitochondrial 

Membrane

Potential: JC-1 Dye
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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:

Caspase 3 / 7 

assay:
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What is the effect of miR-210 in 

hypoxia?

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

but protective in hypoxia.

miR-Neg

miR-210

LNA-159s

LNA-210

Normoxia Hypoxia

*****
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Consequences of miR-210 

Expression on HIF Activity?

• 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-1α and promotes tumor progression Selak et al. Cancer Cell 

2005 ; Dahia et al., Plos Gen. 2005
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miR-210 Regulates HIF-1 Activity 

in Hypoxia

Puissegur et al., Cell Death Differ. 2010
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Conclusion: Dual Effect of mir-210
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Conclusion: Dual Effect of mir-210
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