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Introduction

Lung cancer is the leading cause of cancer deaths in Western countries [START_REF] Jemal | Cancer statistics[END_REF] . Despite therapeutic improvements, prognosis of lung cancer is poor. Recent technical developments have focused on identifying specific gene expression signatures associated with tumor staging and patient prognosis to improve prognosis and therapy [START_REF] Harpole | Prognostic modeling in early stage lung cancer: an evolving process from histopathology to genomics[END_REF] . Interestingly, microRNAs (miRNAs) tumor expression appears to be more accurate in determining the classification of cancer subtypes than classical mRNA expression profiles [START_REF] Lu | MicroRNA expression profiles classify human cancers[END_REF] . Analysis of the "miRNome" from human lung tumor samples identified a miRNA signature composed of a large portion of down-regulated miRNAs, including let-7, miR-16 and miR-125 and a set of overexpressed miRNAs, such as miR-21, miR-191, miR-155 and members of the cluster miR-17-92 [START_REF] Yanaihara | Unique microRNA molecular profiles in lung cancer diagnosis and prognosis[END_REF] . These findings supported the concept of a specific miRNAs signature in solid tumors [START_REF] Volinia | A microRNA expression signature of human solid tumors defines cancer gene targets[END_REF] . Indeed, a growing number of miRNAs, such as those of the let-7 and miR-34 families or the cluster miR-17-92 have been demonstrated to target genes that play an important role in lung carcinogenesis [START_REF] Ortholan | MicroRNAs and lung cancer: new oncogenes and tumor suppressors, new prognostic factors and potential therapeutic targets[END_REF] .

Although much progress concerning our understanding of miRNA function has been made, the identification of their targets still remains a limiting and difficult step [START_REF] Brodersen | Revisiting the principles of microRNA target recognition and mode of action[END_REF][START_REF] Bartel | MicroRNAs: target recognition and regulatory functions[END_REF] . In the current molecular framework, mature miRNA, charged into a complex called miRISC, which contains proteins of the Argonaute family [START_REF] Peters | Argonaute proteins: mediators of RNA silencing[END_REF] , interact with complementary site(s), often located in the 3'-untranslated region (UTR) of a target mRNA. The current paradigm states that the interaction between the miRNA and its targets stems from a short stretch of 6-8 nucleotides located 5' of the miRNA, termed the "seed sequence" [START_REF] Lewis | Conserved seed pairing, often flanked by adenosines, indicates that thousands of human genes are microRNA targets[END_REF][START_REF] Brennecke | Principles of MicroRNA-Target Recognition[END_REF][START_REF] Doench | Specificity of microRNA target selection in translational repression[END_REF] . Consequently, one miRNA can theoretically target hundreds of mRNAs. Recent advances using high-throughput sequencing of RNAs have confirmed the wide range of miRNA action in vivo [START_REF] Chi | Argonaute HITS-CLIP decodes microRNA-mRNA interaction maps[END_REF] . miRISC complexes can relocate target mRNAs to specialized compartments, the P-bodies, where translation blockade or mRNA decay occur [START_REF] Filipowicz | Mechanisms of post-transcriptional regulation by microRNAs: are the answers in sight?[END_REF] . Destabilization of mRNA induced by miRNA is substantiated by many studies. Combined with computational predictions, measurement of expression profiles for mRNAs represents a powerful approach to identify functional miRNA-target relationships [START_REF] Lim | Microarray analysis shows that some microRNAs downregulate large numbers of target mRNAs[END_REF][START_REF] Rodriguez | Requirement of bic/microRNA-155 for normal immune function[END_REF][START_REF] Huang | Derepression of microRNA-mediated protein translation inhibition by apolipoprotein B mRNA-editing enzyme catalytic polypeptide-like 3G (APOBEC3G) and its family members[END_REF][START_REF] Baek | The impact of microRNAs on protein output[END_REF][START_REF] Pottier | Identification of keratinocyte growth factor as a target of microRNA-155 in lung fibroblasts: implication in epithelial-mesenchymal interactions[END_REF] .

We analyzed here the expression of miRNAs in a panel of biopsies of human Non-Small Cell Lung Carcinomas (NSCLC) according to their stages. This approach revealed peculiar expression of miR-210, which was preferentially detected in late-stage tumors. Recent studies have identified miR-210 among a set of hypoxia-regulated miRNAs and demonstrated the direct regulatory role of Hypoxia-Inducible Factor-1 alpha (HIF-1α) in its transcription [START_REF] Kulshreshtha | A microRNA signature of hypoxia[END_REF][START_REF] Camps | hsa-miR-210 Is induced by hypoxia and is an independent prognostic factor in breast cancer[END_REF][START_REF] Fasanaro | MicroRNA-210 modulates endothelial cell response to hypoxia and inhibits the receptor tyrosine kinase ligand Ephrin-A3[END_REF][START_REF] Giannakakis | miR-210 links hypoxia with cell cycle regulation and is deleted in human epithelial ovarian cancer[END_REF][START_REF] Pulkkinen | Hypoxia induces microRNA miR-210 in vitro and in vivo ephrin-A3 and neuronal pentraxin 1 are potentially regulated by miR-210[END_REF] . Contradictory data however exist concerning the regulation and roles of miR-210 during cancer progression. MiR-210 appears to be overexpressed in some solid tumors (breast, pancreas, gliomas, melanomas, head and neck carcinomas) [START_REF] Camps | hsa-miR-210 Is induced by hypoxia and is an independent prognostic factor in breast cancer[END_REF][START_REF] Foekens | Four miRNAs associated with aggressiveness of lymph node-negative, estrogen receptorpositive human breast cancer[END_REF][START_REF] Greither | Elevated expression of microRNAs 155, 203, 210 and 222 in pancreatic tumors is associated with poorer survival[END_REF][START_REF] Huang | Hypoxiainducible mir-210 regulates normoxic gene expression involved in tumor initiation[END_REF][START_REF] Zhang | MicroRNA miR-210 modulates cellular response to hypoxia through the MYC antagonist MNT[END_REF] but absent in ovarian carcinoma [START_REF] Giannakakis | miR-210 links hypoxia with cell cycle regulation and is deleted in human epithelial ovarian cancer[END_REF] . Furthermore, it has been shown that depending on the tissue type or cellular model, miR-210 was able to either promote entry into the cell cycle [START_REF] Zhang | MicroRNA miR-210 modulates cellular response to hypoxia through the MYC antagonist MNT[END_REF] and to inhibit apoptosis [START_REF] Kulshreshtha | A microRNA signature of hypoxia[END_REF][START_REF] Fasanaro | MicroRNA-210 modulates endothelial cell response to hypoxia and inhibits the receptor tyrosine kinase ligand Ephrin-A3[END_REF] or rather to repress tumor initiation [START_REF] Huang | Hypoxiainducible mir-210 regulates normoxic gene expression involved in tumor initiation[END_REF] .

Several miR-210 targets have been investigated more specifically in the context of cancer, including cell cycle regulator E2F3 [START_REF] Giannakakis | miR-210 links hypoxia with cell cycle regulation and is deleted in human epithelial ovarian cancer[END_REF] , DNA repair factor RAD52 [START_REF] Crosby | MicroRNA regulation of DNA repair gene expression in hypoxic stress[END_REF] , a member of the Fibroblast Growth Factor Receptor family (FGFRL1), homeobox proteins (HOXA1, HOXA9) [START_REF] Huang | Hypoxiainducible mir-210 regulates normoxic gene expression involved in tumor initiation[END_REF] , the myc antagnonist MNT [START_REF] Zhang | MicroRNA miR-210 modulates cellular response to hypoxia through the MYC antagonist MNT[END_REF] , and the Iron Sulfur Cluster Assembly Proteins ISCU1/2 [START_REF] Chan | MicroRNA-210 controls mitochondrial metabolism during hypoxia by repressing the iron-sulfur cluster assembly proteins ISCU1/2[END_REF] , which are involved in many cellular processes such as heme biosynthesis and iron metabolism. However, the function of this miRNA is still poorly characterized.

In this study, we found that miR-210 was overexpressed at late stages of Non-Small Cell Lung Cancer (NSCLC). We next analyzed its function in the adenocarcinoma cell line A549 and provided evidence that miR-210 induced mitochondrial alterations associated with HIF-1 activation.

Results

MiR-210 is highly expressed at a late stage of lung cancers.

MiRNA expression was analyzed in 20 pairs (i.e. pathological versus matched control tissues from the same patient) of human primary lung adenocarcinoma and squamous cell carcinoma, using methods described elsewhere [START_REF] Pottier | Identification of keratinocyte growth factor as a target of microRNA-155 in lung fibroblasts: implication in epithelial-mesenchymal interactions[END_REF][START_REF] Triboulet | Suppression of microRNA-silencing pathway by HIV-1 during virus replication[END_REF] . The clinical characteristics of these NSCLC specimens are listed in Table S1. We identified 33 miRNAs of interest, 13 being common with the study of Yanaihara et al. [START_REF] Yanaihara | Unique microRNA molecular profiles in lung cancer diagnosis and prognosis[END_REF] (Table S2). Fig. 1A shows a heat map where the columns represent these 20 pairs of miRNA samples (tumor versus control) split into 3 groups according to their TNM staging and where the rows correspond to the selection of these 33 miRNAs supplemented with 13 additional miRNAs previously described for this pathology, such as members of the let-7 and the miR-34 families. We also looked at individual miRNAs the expression of which would differ during disease progression. We found 3 miRNAs with such a profile: miR-31, miR-210 and miR-451. While miR-21, a well-known oncogenic miRNA present in most epithelial malignancies was already found overexpressed at an early stage, higher expression of miR-210 and miR-31, and lower expression of miR-451 was usually associated with late stages of the disease (Fig. 1A). We then focused our attention on one of these candidates, the HIF-1-regulated miR-210, based on previous reports suggesting a strong association between hypoxia and poor outcome in NSCLC 32, 33 .

MiR-210 expression correlates with a hypoxic signature in NSCLC and is up-regulated by hypoxia in vitro.

To compare miR-210 expression with a hypoxic signature, we first established the mRNA expression profiles of a subset of 13 biopsies from our initial NSCLC samples. The expression values of 15 transcripts corresponding to a highly prognostic hypoxia signature (consisting of a small number of topranked hypoxic genes, including VEGFA, SLC2A1 and PGAM1) derived from a large meta-analysis of multiple cancers including lung cancer [START_REF] Buffa | Large meta-analysis of multiple cancers reveals a common, compact and highly prognostic hypoxia metagene[END_REF] was used to set up a hypoxic index. The miR-210 levels in tumors showed positive correlation to this hypoxic index (Fig. 1B and Table S3). Finally, using TaqMan qRT-PCR, miR-210 was significantly induced in A549 cells under hypoxic condition (Fig. 1C), and this hypoxic induction was dependent on HIF1α but not HIF2α (Fig. S1) as previously reported in other models [START_REF] Huang | Hypoxiainducible mir-210 regulates normoxic gene expression involved in tumor initiation[END_REF][START_REF] Favaro | MicroRNA-210 regulates mitochondrial free radical response to hypoxia and krebs cycle in cancer cells by targeting iron sulfur cluster protein ISCU[END_REF] .

MiR-210 alters cell viability and enhances caspase 3/7 activity in A549 cells in normoxia.

Giannakakis et al, using several bioinformatic predictions of miRNA targets, reported that miR-210 can target the E2F family protein E2F3 [START_REF] Giannakakis | miR-210 links hypoxia with cell cycle regulation and is deleted in human epithelial ovarian cancer[END_REF] . Interestingly, E2F3 has also been identified as a target for the p53-regulated miR-34a [START_REF] Tazawa | Tumor-suppressive miR-34a induces senescence-like growth arrest through modulation of the E2F pathway in human colon cancer cells[END_REF] . Since miR-34a was also found slightly upregulated in some patients (Fig. 1A) and identified as a prognostic marker of relapse in NSCLC [START_REF] Gallardo | miR-34a as a prognostic marker of relapse in surgically resected non-small-cell lung cancer[END_REF] , we compared the effect of miR-210 with miR-34a and a siRNA against E2F3 (si-E2F3) on E2F3 expression. MiR-210 transfection led to a strong decrease in E2F3 protein expression (Fig. 2A).

A luciferase reporter assay with the E2F3 3'UTR fused to luciferase showed that miR-210 directly targets E2F3 (Fig. 2B). We then compared ectopic expression of miR-210, miR-34a and si-E2F3 on A549 cell viability and proliferation using the XTT cell proliferation assay. After a transfection with miR-210 and si-E2F3, the number of A549 cells decreased over 5 days compared to the control (miR-Neg and si-Neg) (Fig. 2C). Meanwhile, A549 cells transfected with miR-34a escaped inhibition after 3 days. Interestingly, cell cycle analysis indicated that, in contrast to si-E2F3 and miR-34a, transfection with a pre-miR-210 increased the fraction of cells in sub G1 after 4 days of transfection, indicative of massive cell death (data not shown). This was confirmed by the caspase 3/7 activity, which revealed significant induction of apoptosis in A549 cells by miR-210 but not by si-E2F3 or miR-34a (Fig. 2D). The inhibitory effect of miR-210 on cell proliferation is therefore caused mainly by induction of apoptosis and clearly differs from the effect mediated by miR-34a and si-E2F3.

Identification of miR-210 targets by mRNA profiling of A549 cells overexpressing miR-210.

The influence of miR-210, miR-34a and si-E2F3 on transcript levels was investigated with human pan genomic arrays [START_REF] Brigand | An openaccess long oligonucleotide microarray resource for analysis of the human and mouse transcriptomes[END_REF] . Ectopic expression of miR-210 and miR-34a induced very different patterns of modulations (Fig. 3A; see Table S4 for the complete list of miR-210 deregulated transcripts). Moreover, a large number of changes induced by si-E2F3 were shared with miR-34a but not with miR-210 (Fig. 3A group 2), suggesting that miR-210 acts probably through a distinct mechanism. A functional annotation of the different signature patterns with the Ingenuity Pathway TM software was then performed. While there was an important overlap for "Molecular functions" terms such as "Cell Death", "Cellular Growth and Proliferation" or "Cell Cycle" between miR-210, miR-34a and si-E2F3 (Table S5), we found some "canonical pathways" specific to one or the other experimental conditions (Table S6). As expected, the most significant pathway associated with miR-34 was "p53 signalling" (p= 3.7 10 -7 ). The score of several metabolic pathways altered by the presence of miR-210 (namely: "Ascorbate and Aldarate Metabolism", "Pyruvate Metabolism" and "Glutamate Metabolism"), was explained by its effects on several genes encoding aldehyde dehydrogenases, but we also noticed enrichment for a pathway related to "Mitochondria Dysfunction" (Table S6). This particularly interesting latter observation was explained by down-regulation of several members of complexes I and II of the Electron Transport Chain (ETC) (Fig. S2).

We next looked for putative miR-210 direct targets in the population of down-regulated transcripts using our web tool "MicrotopTable" (Fig. 3B-C) [START_REF] Pottier | Identification of keratinocyte growth factor as a target of microRNA-155 in lung fibroblasts: implication in epithelial-mesenchymal interactions[END_REF] . They indicate a specific over-representation of miR-210-and miR-34a-predicted targets in the transcripts downregulated after heterologous expression of both miRNAs. While Fig. 3B-C are based on a target prediction by the TargetScan algorithm, similar conclusions were made when simply taking a "seed" match in the 3'UTR. Indeed, an about five-fold enrichment for the presence of the 6-nucleotide sequence ("CGCACA") matching to the miR-210 "seed" was detected (Fig. 3D). We then focussed our analysis on 38 transcripts containing miR-210 complementary hexamers in their 3'UTR that show the largest inhibition of expression (Table 1). When this set of genes was functionally annotated, we found an enrichment for mitochondrial components (Table S7), explained in part by the presence of 2 members of ETC complexes: NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 4 (NDUFA4), a subunit of ETC complex I and succinate dehydrogenase complex, subunit D (SDHD), a subunit of the ETC complex II.

MiR-210 directly targets NDUFA4 and SDHD and induces mitochondrial dysfunctions.

To test whether NDUFA4 and SDHD were directly targeted by miR-210, we fused the 3'UTR of SDHD and NDUFA4 to a luciferase reporter. Co-transfection with a synthetic pre-miR-210 significantly decreased the luciferase activity compared with a pre-miR-Neg, strongly suggesting that both genes are miR-210 targets (Fig. 4A). In the absence of specific antibodies against these 2 proteins, we performed western blot analysis on other subunits of these 2 ETC complexes (Fig. 4B). MiR-210 decreased the level of expression of the 70 kDa ETC complex II subunit (SDHA) but it had no impact on the 39 kDa ETC complex I subunit (NDUFA9) and the 20 kDa ETC complex I (NDUFS7). Finally, the activity of ETC complex II was directly measured on cell lysates of A549 cells, 72 hours following transfection with a pre-miR-Neg or pre-miR-210. MiR-210 specifically decreased SDH complex II activity compared to the miR-Neg control (Fig. 4C).

Electron microscopy performed on miR-210-transfected A549 cells revealed mitochondrial structural alterations (Fig. 4D): while the morphology of mitochondria in pre-miR-Neg transfected A549 cells appeared as a tubular network with normal internal membrane invaginations, miR-210 expressing cells showed enlarged mitochondria with a modified organization of cristae. These changes were visualized after 72 hours of transfection and this phenotype remained stable up to 5 days following treatment with miR-210. These phenotypic modifications were indeed associated with mitochondrial dysfunctions, as evidenced by an altered mitochondrial membrane potential (ΔΨm) (Fig. S3A).

The direct effect of miR-210 on SDHD was then assessed with a si-RNA targeting SDHD (si-SDHD). Silencing of SDHD with 2 different siRNAs mimicked the enlarged mitochondrial phenotype observed with miR-210 (Fig. 5A andS3B). Both si-SDHD and miR-210 induced a significant decrease in metabolically active cells 4 and 5 days following the treatment (Fig. 5B).

Finally, the activity of caspase-3 and -7 was also increased by miR-210, and by si-SDHD, although to a lower extent (Fig. 5C).

Effects of miR-210 on cell survival and alteration in the phenotype of mitochondria in hypoxia.

Because alteration in mitochondrial function can lead to different consequences on cell death and survival in normoxia or hypoxia, we next performed clonogenic assays in which miR-210 was overexpressed or knocked down under normoxic or hypoxic conditions. As expected, transfection of a LNA inhibitor of miR-210 (LNA-210) in hypoxic A549 cells reduced miR-210 expression to the low basal normoxic level when compared to a LNA-159s control inhibitor (Fig. 6A). While transfection with a synthetic pre-miR-210 reduced clonogenic potential in normoxia (Fig. 6B, left), in agreement with our previous data on apoptosis and cell proliferation (Fig. 2 and Fig. 4), treatment with LNA-210 resulted in decreased clonogenic survival of A549 cells following 72 hours of hypoxia (Fig. 6B, right).We also quantified in the same experimental settings, alterations in the mitochondrial phenotype as visualized by electron microscopy, which showed that LNA-210 could indeed significantly increase the average number of cristae under hypoxic conditions (Fig. 6C).

miR-210 positively regulates HIF-1α activity.

Because mutations in SDH subunits have been shown to activate HIF-1 [START_REF] Gimenez-Roqueplo | The R22X mutation of the SDHD gene in hereditary paraganglioma abolishes the enzymatic activity of complex II in the mitochondrial respiratory chain and activates the hypoxia pathway[END_REF][START_REF] Dahia | A HIF1alpha regulatory loop links hypoxia and mitochondrial signals in pheochromocytomas[END_REF] , we next wondered whether miR-210 had a positive effect on HIF-1 activity. As controls, we also evaluated the effect of miR-34a as well as those of si-E2F3 and si-SDHD. We measured their impact on several luciferase reporter vectors downstream to a minimal promoter containing either E2F, p53 or a hypoxia responsive element (HRE) (Fig. S4). As expected, both miR-210 and miR-34a duplexes as well as si-E2F3 induced a decrease in E2F reporter activity (Fig. S4A), while miR-34a duplex alone could increase p53 reporter activity (Fig. S4B). Of note, prolonged overexpression of the miR-210 duplex as well as silencing of SDHD resulted into a modest but significant increase of HRE luciferase reporter activity, suggesting that miR-210-mediated SDHD targeting leads to HIF-1α stabilization under normoxic conditions (Fig. S4C). We next evaluated the level of expression and activity of HIF-1α in experiments where miR-210 was overexpressed or knocked down under normoxic or hypoxic conditions (Fig. 7). Overexpression of miR-210 in normoxic conditions only led to a slight increase in HIF-1α levels 72 hours after transfection (Fig. 7A), in agreement with the HRE luciferase reporter data (Fig. S4C). Importantly, inhibition of miR-210 in hypoxia decreased HIF-1α proteins levels after 48-72 hours of hypoxia (Fig. 7A). After 48 hours of hypoxia, HIF-1 activity, as assessed after cotransfection of a HRE luciferase reporter, was reduced by LNA-210, and returned to basal values observed during normoxia (Fig. 7B).

Finally, the LNA-210 also reduced hypoxia-mediated lactate production to a similar extent as a si-RNA against HIF-1α (Fig. 7C).
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DISCUSSION

The main objective of this study was to analyze the regulation and function of miR-210 that was found upregulated in a cohort of 20 NSCLC. We provide evidence that miR-210 targets specific mitochondrial components with consequences on the regulation of cell death and survival and the modulation of HIF-1 activity through a positive regulatory loop via destabilization of the mitochondrial complex II activity (Fig. 7D).

The global miRNA profile reported here (Fig. 1) is in good agreement with previous reports [START_REF] Yanaihara | Unique microRNA molecular profiles in lung cancer diagnosis and prognosis[END_REF][START_REF] Volinia | A microRNA expression signature of human solid tumors defines cancer gene targets[END_REF] , showing up-regulation of miR-21, miR-155, miR-146a and miR-210 and repression of miR-125a, miR-143, miR-145 and miR-218. Stratification of the samples according to their stages revealed distinct levels of expression for miR-31, miR-210 and miR-451 among these groups. The low level of expression of miR-210 during early stages (1A, T1N0) and its progressive increase with growth and invasion of tumor cells fits well with previous reports showing a correlation between the well-characterized HIF-target carbonic anhydrase IX (CAIX), hypoxia and advanced T stage [START_REF] Giatromanolaki | Expression of hypoxia-inducible carbonic anhydrase-9 relates to angiogenic pathways and independently to poor outcome in non-small cell lung cancer[END_REF] . A link between miR-210 expression and aggressiveness has been suggested elsewhere in breast [START_REF] Camps | hsa-miR-210 Is induced by hypoxia and is an independent prognostic factor in breast cancer[END_REF][START_REF] Foekens | Four miRNAs associated with aggressiveness of lymph node-negative, estrogen receptorpositive human breast cancer[END_REF] and pancreatic tumors [START_REF] Greither | Elevated expression of microRNAs 155, 203, 210 and 222 in pancreatic tumors is associated with poorer survival[END_REF] . A good correlation was also noted between miR-210 expression and hypoxic markers in our cohort of patients, confirming that miR-210 expression was likely driven by hypoxia in vivo, as previously shown in breast, head and neck tumor samples [START_REF] Camps | hsa-miR-210 Is induced by hypoxia and is an independent prognostic factor in breast cancer[END_REF][START_REF] Huang | Hypoxiainducible mir-210 regulates normoxic gene expression involved in tumor initiation[END_REF] . However, we found in few samples a detectable level of miR-210 without significant levels of hypoxic markers, suggesting that miR-210 may also be present under normoxic conditions. Several hypothesis can be proposed to explain this observation such as an induction via a HIF-independent pathway, increased copy numbers at this locus or a long-lasting upregulation following hypoxia. Further investigation need to be performed to answer to this question.

In an effort to better understand the function of miR-210 in lung tumor cells, we have first analyzed the consequences of miR-210 overexpression in A459 adenocarcinoma cells cultured under normoxic condition. Induction of apoptosis by miR-210 is consistent with very recent reports indicating that miR-210 represses the growth of tumor xenograft from both head, neck and pancreatic cancer cells [START_REF] Huang | Hypoxiainducible mir-210 regulates normoxic gene expression involved in tumor initiation[END_REF] and increases apoptosis in pulmonary arterial endothelial cells (HPAECs) in vitro [START_REF] Chan | MicroRNA-210 controls mitochondrial metabolism during hypoxia by repressing the iron-sulfur cluster assembly proteins ISCU1/2[END_REF] . While we confirmed that E2F3, a key protein in the cell cycle, is a functional target of miR-210 [START_REF] Giannakakis | miR-210 links hypoxia with cell cycle regulation and is deleted in human epithelial ovarian cancer[END_REF] , we also found that miR-210 induced cell death associated with activation of caspases, while E2F3 siRNA did not. Indeed, E2F3 silencing and miR-210 overexpressions led to very distinctive expression patterns, thus suggesting that the effect of miR-210-induced cell death was rather mediated by targeting other transcripts.

Among the set of transcripts that were down-regulated after ectopic expression of miR-210, we restricted our work to a group of 38 transcripts containing miR-210 complementary hexamers in their 3'UTR and possessing the strongest modulation factors and statistical p-values. Several transcripts of this list have already been identified in others cell types using a similar approach (SYBL1, LASP1, SDF2, LHFP, TERF2IP, TNPO3, FAM3C) [START_REF] Zhang | MicroRNA miR-210 modulates cellular response to hypoxia through the MYC antagonist MNT[END_REF] . We also found a validated miR-210 target, HOXA1, previously reported after immunoprecipitation of the Argonaute 2 (AGO2) protein coupled with DNA microarray analysis [START_REF] Huang | Hypoxiainducible mir-210 regulates normoxic gene expression involved in tumor initiation[END_REF] . Finally, 18 additional miR-210 predicted targets described elsewhere [START_REF] Huang | Hypoxiainducible mir-210 regulates normoxic gene expression involved in tumor initiation[END_REF][START_REF] Zhang | MicroRNA miR-210 modulates cellular response to hypoxia through the MYC antagonist MNT[END_REF][START_REF] Fasanaro | An integrated approach for experimental target identification of hypoxia-induced miR-210[END_REF] , including the recently validated gene ISCU [START_REF] Chan | MicroRNA-210 controls mitochondrial metabolism during hypoxia by repressing the iron-sulfur cluster assembly proteins ISCU1/2[END_REF] were also identified after relaxing the log 2 ratio cut-off to -0.5, comforting our methodological approach. Its general applicability requires that the level of expression obtained after transfection remains in a "physiological" role. Otherwise, an abnormally high level of expression of miR-210 might induce adverse effects through alteration of "low affinity" targets. This is probably not the case here, since a final concentration of 0.1 nM of miR-210 was already able to induce A549 apoptosis (data not shown). Such a low concentration of miRNA duplex is also sufficient to induce similar alterations of the transcriptome [START_REF] Pottier | Identification of keratinocyte growth factor as a target of microRNA-155 in lung fibroblasts: implication in epithelial-mesenchymal interactions[END_REF] . Overall, combining microRNA transfection with expression studies definitely provides a useful complement to pure computational predictions. It remains that the list of proposed miRNA targets always requires a direct validation by Western blot analyses and/or reporter plasmid assays.

Functional annotations of the miR-210 overexpression experiments related miR-210 to "Mitochondria Dysfunction", in line with the downregulation at mRNA level of several members of the complexes I and II of the Electron Transport Chain (ETC). Because HIF-1α, the master regulator of the hypoxic response, has been shown to repress mitochondrial respiration [START_REF] Denko | Hypoxia, HIF1 and glucose metabolism in the solid tumour[END_REF] , we then focused on two components: one subunit of ETC complex I, NDUFA4, and one of the four subunits of complex II, SDHD. Our model indicates that miR-210-mediated down-regulation of these ETC components could participate in HIF-1-induced mitochondrial dysfunction. Electron microscopy experiments support strongly this hypothesis (Fig. 4D and5A), showing enlarged mitochondria with a modified organization of cristae in miR-210 expressing cells. These phenotypic modifications were associated with a decrease in the ΔΨm, consistent with our observation of an induction of apoptosis.

While the direct validation of these two targets was handicaped by the absence of specific antibodies against NDUFA4 and SDHD, we used three complementary approaches: i) 3'UTR luciferase constructs; ii) western blotting of other subunits of these two complexes; iii) the activity of the 2 complexes. Although a NDUFA4 3'UTR luciferase construct displayed significant inhibition by miR-210, we did not detect any effect of miR-210 at the protein level on other components nor on the activity of ETC complex I. This contrasted with SDHD, the fourth subunit of mitochondrial complex II, and also succinate dehydrogenase (SDH) of the TCA cycle, for which decreased expression and activity were noticed. It has been shown that mutations in SDH subunits including SDHD were linked with cancer and in particular lead to the development of paragangliomas or phaeocromocytomas [START_REF] Baysal | Mutations in SDHD, a mitochondrial complex II gene, in hereditary paraganglioma[END_REF][START_REF] Gottlieb | Mitochondrial tumour suppressors: a genetic and biochemical update[END_REF] . A known consequence of the functional loss of any of these subunits is a great reduction of the enzymatic activity of the whole complex and a possible destabilization of the whole respiratory chain. Accordingly, miR-210 overexpression reduced the level of the SDHA subunit and of SDH activity. MiR-210 also inhibited the luciferase activity of a 3'UTR SDHD luciferase construct. SDHD inhibition mimicked several miR-210-mediated cellular effects, including alteration of mitochondrial ultrastructure (Fig. 5A), decrease of cell viability (Fig. 5B) and activation of caspases (Fig. 5C). Overall, these data are in perfect agreement with previous reports describing the consequences of SDHD mutations in paraganglioma, associated in particular with an unusual mitochondria phenotype [START_REF] Robertson | Malignant carotid body paraganglioma: light and electron microscopic study of the tumor and its metastases[END_REF][START_REF] Dekker | SDHD mutations in head and neck paragangliomas result in destabilization of complex II in the mitochondrial respiratory chain with loss of enzymatic activity and abnormal mitochondrial morphology[END_REF] .

Our findings appear particularly interesting in the light of the report published during the preparation and revision of this manuscript [START_REF] Chan | MicroRNA-210 controls mitochondrial metabolism during hypoxia by repressing the iron-sulfur cluster assembly proteins ISCU1/2[END_REF][START_REF] Favaro | MicroRNA-210 regulates mitochondrial free radical response to hypoxia and krebs cycle in cancer cells by targeting iron sulfur cluster protein ISCU[END_REF][START_REF] Chen | Hypoxia-regulated microRNA-210 modulates mitochondrial function and decreases ISCU and COX10 expression[END_REF] , showing that miR-210 also targets ISCU1/2 proteins. ISCU1/2 facilitate the assembly of iron-sulfur clusters that are incorporated into enzymes involved in energy production, including mitochondrial respiratory complexes I, II and III. Chan et al. provided evidence that the lower levels of expression of ISCU1/2 mediated by miR-210 contribute to a decrease in the activity of the TCA cycle (through aconitase targeting) and the ETC (through complex I destabilization). Further studies will be necessary to dissect the relative importance of ISCU1/2 and SDHD on miR-210 function but it is already tempting to speculate that some synergy exists between both mechanisms.

The regulation of these mitochondrial components by the miR-210 pathway appears to have contrasting consequences on the regulation of cell death and survival under normoxic or hypoxic conditions. Indeed, clonogenic assays performed in either condition revealed that while overexpression of miR-210 reduced clonogenic potential in normoxia, treatment with LNA-210 resulted in decreased clonogenic survival in hypoxia (Fig. 6B). These apparently contradictory results highlight the complex processes involved in the regulation of mitochondrial respiration and energy production in the hypoxic cell [START_REF] Semenza | Oxygen-dependent regulation of mitochondrial respiration by hypoxiainducible factor 1[END_REF] . Based on this model, miR-210 overexpression in normoxia would create a mitochondrial dysfunction including a mismatch in electron transport that could lead notably to an increase in toxic ROS as recently suggested [START_REF] Favaro | MicroRNA-210 regulates mitochondrial free radical response to hypoxia and krebs cycle in cancer cells by targeting iron sulfur cluster protein ISCU[END_REF] and increased apoptosis as corroborated by our data (Fig. 2D, Fig. 5 B-C), In contrast, during hypoxia, the miR-210-dependent repression of the ETC via SDHD, NDUFA4 or ISCU1/2 and other validated or yet unknown targets would be protective by participating in the homeostatic down-regulation of mitochondrial respiration. Notably, these effects can be recapitulated in clonogenic assays (Fig. 6B) and are in agreement with similar data published during revision of this manuscript [START_REF] Favaro | MicroRNA-210 regulates mitochondrial free radical response to hypoxia and krebs cycle in cancer cells by targeting iron sulfur cluster protein ISCU[END_REF] .

Overall, these data strongly suggest that while miR-210 exerts a maladaptive role in normoxia, its induction following hypoxia would in contrast be protective, as suggested by other studies [START_REF] Fasanaro | MicroRNA-210 modulates endothelial cell response to hypoxia and inhibits the receptor tyrosine kinase ligand Ephrin-A3[END_REF][START_REF] Chan | MicroRNA-210 controls mitochondrial metabolism during hypoxia by repressing the iron-sulfur cluster assembly proteins ISCU1/2[END_REF][START_REF] Kulshreshtha | A microRNA component of the hypoxic response[END_REF] .

Because the respiratory chain is not only involved in energy transfer but also serves as an intracellular O 2 sensor, miR-210-mediated targeting of SDHD is likely to have direct functional consequences on HIF-1α activation. This molecular mechanism may play a role in the regulation of the phenomenon of increased glycolysis in tumors, known for decades as the "Warburg effect" [START_REF] Denko | Hypoxia, HIF1 and glucose metabolism in the solid tumour[END_REF] . The link between the loss of mitochondrial tumor suppressors and pseudo-hypoxia (i.e. activation of HIF in the absence of a deficiency in oxygen) was indicated by several studies showing that SDH subunit mutations were linked with HIF-1 activation in highly vascularised tumors such as paragangliomas and phaeochromocytomas [START_REF] King | Succinate dehydrogenase and fumarate hydratase: linking mitochondrial dysfunction and cancer[END_REF] . Of note, microarray analysis of these SDH subunit-deficient tumors (including SDHD) revealed a HIF signature identical to that of a group of von Hippel-Lindau (VHL)-deficient tumors [START_REF] Dahia | A HIF1alpha regulatory loop links hypoxia and mitochondrial signals in pheochromocytomas[END_REF] . The VHL tumor suppressor is a key mediator of HIF activity, mediating ubiquitination and subsequent proteasome-mediated degradation of HIFα following its hydroxylation by HIF Prolyl Hydroxylase Domain proteins (PHD1, 2 or 3) in normoxia [START_REF] Kaelin | The von Hippel-Lindau tumor suppressor protein: roles in cancer and oxygen sensing[END_REF] . Importantly, it has been shown that feedback inhibition of PHDs by succinate, a product of PHDs, leads to HIF1-α stabilization [START_REF] Selak | Succinate links TCA cycle dysfunction to oncogenesis by inhibiting HIF-alpha prolyl hydroxylase[END_REF] . Our findings showing that both miR-210 overexpression and SDHD silencing increase HRE luciferase activity are in perfect agreement with these data. Moreover, another level of interplay has been proposed where HIF-1 is also able to downregulate components of the mitochondrial complex II [START_REF] Dahia | A HIF1alpha regulatory loop links hypoxia and mitochondrial signals in pheochromocytomas[END_REF] . Our findings suggest that miR-210 could explain this observation and be part of an autoregulatory loop, whereby HIF-1 contributes to attenuation of SDHD levels, leading to complex II inhibition, accumulation of succinate and resulting in blockade of HIF-1α degradation. In agreement with this hypothesis, miR-210 inhibition reduced both the duration of HIF activation and lactate production in hypoxia (Fig. 7).

The precise impact of the miR-210 / SDHD interaction in a hypoxic environment on HIF activity remains to be studied in detail as well as its consequences on mitochondria ultrastructure, function and cell death. A comprehensive understanding of the action of miR-210 will require integrating its multiple targets into a complex framework affecting cell cycle, cell migration, metabolic pathways, apoptotic potential and ROS production.

In conclusion, we have identified here SDHD as a direct target of miR-210 in A549 lung adenocarcinoma cells, thus revealing a positive regulatory loop associating miR-210 and HIF-1α.

Histological and functional evidences show that miR-210 exerts a major influence on mitochondrial function, cell survival and homeostasis. These data will now be further explored in light with other miR-210 targets to analyze its precise impact on hypoxia-related diseases including cancer.

Materials and methods

Clinical samples

Twenty pairs of primary NSCLC and corresponding non-cancerous lung tissues were obtained from patients in Nice (France) and collected by the Tumor Biobank of the Nice hospital (www.biobank06.com/, agreement LPB04/LPB05). All patients signed an informed consent sheet for this study. Clinical and pathological data are described in Table S1.

Cell culture

The lung adenocarcinoma A549 cell line was purchased from the American Type Culture Collection and were grown in DMEM supplemented with L-glutamine and 10 % FBS at 37°C in a humidified 5 % CO 2 air atmosphere. A Bug-Box™ anaerobic workstation (Ruskinn Technology) set at 1% oxygen, 94% nitrogen and 5% carbon dioxide was used for hypoxic conditions.

RNA isolation

Frozen tissue (~50 mg) from clinical samples was pulverized in a stainless steel mortar and pestle. Total RNA was extracted from the samples with TRIzol TM solution (Invitrogen), and the integrity of RNA was assessed by using an Agilent BioAnalyser 2100 (Agilent, RIN above 6.5).

RNA concentration was determined using the ND-1000 micro-spectrophotometer (NanoDrop Technologies). The miRvana TM miRNA isolation kit was used for isolation and enrichment of small RNA fractions (Ambion), according to the manufacturer's protocol.

Quantitative RT-PCR of mature miRNA

MiR-210 expression was evaluated using TaqMan MicroRNA Assay (Applied Biosystems) as specified in their protocol. Real-time quantitative PCR was performed using GeneAmp Fast PCR Master Mix (Applied Biosystems) and Lightcycler 480 (Roche) real-time PCR machine. All reactions were performed in duplicate. Expression levels of mature microRNAs were evaluated using comparative CT method (2-deltaCT). Transcript levels of RNU6B were used as endogenous control.

Transfection

Chemically synthesized miRNA duplexes, called pre-miR-210, pre-miR-34a and control miRNA (pre-miR-Neg # 1) were purchased from Ambion; for miR-210 knockdown experiments, anti-miR-210 LNA and negative control anti-miR-159s LNA (miRCURY LNA Knockdown probes) were ordered from Exiqon. Si-RNAs directed against E2F3, SDHD and NDUFA4 were from Applied Biosystems. A549 cells were transfected at 50% confluency with Lipofectamin RNAi MAX TM (Invitrogen) and with pre-miRNA, siRNA or the LNA inhibitor at a final concentration of 10 nM.

Molecular constructs

Molecular constructs were made in pSI-CHECK TM 

Cell proliferation assay

A549 cells were plated at 3.10 3 cells per well in 96-well plates with triplicate wells for each transfection. Cell proliferation was performed using the XTT colorimetric assay (Cell proliferation assay kit II, Roche). After two to five days of transfection with pre-miRNAs or siRNAs, 50 µl of XTT labeling mixture was added to each well, and incubation was continued for 2 hours. Cell viability was assessed by measuring the absorbance at 490 nm using a microtiter plate (ELISA) reader.

Caspase 3/7 assay

The activation of executioner caspase-3 and -7 in A549 cells was determined using the Caspase-Glo 3/7 Assay kit (Promega) according to manufacturer's instructions. A549 cells were plated in triplicate in 96-well plates and transfected as described above. Luminescence was quantified after 1 hour of incubation with the caspase substrate on a luminometer .

Western blot analysis

Cells were lysed in 1.5 x Laemmli buffer and the protein concentration determined using the BCA assay. In the case of E2F3, nuclear extracts were made using the NE-PER kit (Pierce). 40 µg of protein of whole cell extracts was resolved by SDS-PAGE and transferred onto a PVDF membrane (Millipore). Membranes were blocked in 5% non-fat milk in TN buffer (50 mM Tris-HCl pH 7.4, 150 mM NaCl) and incubated in the presence of the primary and then secondary antibodies in 5 % non-fat milk in TN buffer. After washing in TN buffer containing 1 % Triton-X100 and then in TN buffer, immunoreactive bands were visualized with the ECL system (Amersham Biosciences). Antibodies to E2F3 (N-20), total ERK2 and α-Tubulin were purchased from Santa Cruz, to NDUFA9 and SDHA from Invitrogen, to HDAC1 from Neomarker. The rabbit polyclonal anti-HIF-1α antibody (antiserum 2087) has been reported previously [START_REF] Richard | p42/p44 mitogen-activated protein kinases phosphorylate hypoxia-inducible factor 1alpha (HIF-1alpha) and enhance the transcriptional activity of HIF-1[END_REF] .

Transmission Electronic Microscopy

Cells were fixed in situ with 1.6% glutaraldehyde in 0.1 M phosphate buffer at room temperature for at least one hour and then conserved at 4 °C. Samples were rinsed in the same buffer then post-fixed with 1% osmium tetroxide and 1% potassium ferrocyanide in 0.1 M cacodylate buffer for 1 hour at RT to enhance the staining of cytoplasmic membranes. Cells were rinsed with distilled water and embedded in epoxy resin. Embedded samples were then processed for thin sectioning and observed with a JEM1400 transmission electron microscope (Jeol) equipped with a Morada CCD camera (Olympus SIS).

Microarrays

MiRNA microarrays. The oligonucleotide sequences corresponding to 2054 mature miRNAs (including 409 Homo sapiens) found in the miRNA registry (Release 8.2; 54 ) are available on http://www.microarray.fr:8080/merge/index (follow the link to "microRNA": platform referenced in GEO as GPL4717 and GPL4718). The experimental data and microarray design have been deposited in the NCBI Gene Expression Omnibus (GEO) (http://www.ncbi.nlm.nih.gov/geo/) under serie GSE18692. The experimental design used a dye-swap approach, so that each human probe, printed 8 times on the microarray was measured independently 16 times for each sample.

Target preparation and array hybridization were performed as previously described [START_REF] Pottier | Identification of keratinocyte growth factor as a target of microRNA-155 in lung fibroblasts: implication in epithelial-mesenchymal interactions[END_REF][START_REF] Triboulet | Suppression of microRNA-silencing pathway by HIV-1 during virus replication[END_REF] .

Expression microarrays. Pangenomic microarrays were printed using the human RNG/MRC oligonucleotide collection as previously described [START_REF] Brigand | An openaccess long oligonucleotide microarray resource for analysis of the human and mouse transcriptomes[END_REF] . RNA were labelled and hybridized as previously described [START_REF] Pottier | Identification of keratinocyte growth factor as a target of microRNA-155 in lung fibroblasts: implication in epithelial-mesenchymal interactions[END_REF] . Two biological replicates were performed for each comparison. The experimental data and microarray design have been deposited in the NCBI Gene Expression Omnibus (GEO) (http://www.ncbi.nlm.nih.gov/geo/) under serie GSE18694.

Statistical analysis. Normalization was performed using the Limma package available from

Bioconductor (http://www.bioconductor.org). Intra slide and inter slide normalization was performed using the Print Tip Loess and the quantile methods, respectively. Means of ratios from all comparisons were calculated and B test analysis was performed. Differentially expressed genes were selected using Benjamini-Hochberg correction of the p-value for multiple tests, based on a p-value below 0.01. Biological Theme Analysis. Data from expression microarrays were analyzed for enrichment in biological themes (Gene Ontology molecular function and biological process) and build biological networks built using Ingenuity Pathway Analysis software (http://www.ingenuity.com/) and Mediante (http://www.microarray.fr:8080/merge/index) [START_REF] Brigand | Mediante: a web-based microarray data manager[END_REF] , an information system containing diverse information about our probes and data sets.

MiR-210 targets analysis.

MicroTopTable is an online java web tool (available at http://www.microarray.fr:8080/merge/index follow the link to microRNA and Bioinformatic tools) that integrates DNA microarrays data to identify the potential implication of miRNAs on a specific biological system [START_REF] Pottier | Identification of keratinocyte growth factor as a target of microRNA-155 in lung fibroblasts: implication in epithelial-mesenchymal interactions[END_REF] . It allows a rapid characterization of the most pertinent mRNA targets according to several existing miRNA target prediction approaches: Targetscan, MicroCosm, Miranda, Pictar and an exact seed search (2-7, 1-8 or 2-8 first nucleotides of the miRNA). Briefly, MicroTopTable ranks the transcripts into 3 categories ("Upregulated", "Down regulated" and "non-modulated"), according to thresholds for expression level and for differential expression. It then calculates the number of predicted targets for each miRNA, according to the prediction software selected, in each of the three categories. Enrichment in miRNA targets in each category is then tested using the hypergeometric function.Data obtained with

MicroTopTable have been compared with the "Sylamer" approach [START_REF] Van Dongen | Detecting microRNA binding and siRNA off-target effects from expression data[END_REF] that confirmed overrepresentation of the same hexamers in our data set.

SDH assay

SDH activity was measured according to Gimenez-Roqueplo et al. [START_REF] Gimenez-Roqueplo | The R22X mutation of the SDHD gene in hereditary paraganglioma abolishes the enzymatic activity of complex II in the mitochondrial respiratory chain and activates the hypoxia pathway[END_REF] . Cellular lysates were diluted to 0.2 mg protein/ml in 50 mM potassium phosphate buffer and pH 7.5 on ice. Sodium succinate (20 mM), 2,6-dichloroindophenol (DCIP) (50 µM), ATP (100 µM) and potassium cyanide (1 mM) were added to a well of a 96-well plate. The cellular lysate (20 µl) containing 4 µg of protein was added to the well and the reaction was started by addition of 50 µl decylubiquinone (0.4 mM). The decrease in absorbance at 600 nm was measured for 20 min at 37 °C. SDH activity was expressed as mmol.min -1 .mg -1 .

Flow cytometric analysis of mitochondrial membrane potential

Changes in the ΔΨm were analyzed using the MitoProbe JC-1 assay kit (JC-1; MolecularProbes, Inc., Eugene, OR). This cyanine dye accumulates in the mitochondrial matrix under the influence of the ΔΨm and forms J aggregates indicated by a fluorescence emission shift from green (~529 nm) to red (~590 nm). A549 cells transfected as described above were collected each indicated day and stained with 2 µM of JC-1 in warm medium at 1x 10 6 cells/ml during 30 min at 37 °C. A mixture of non-inducible firefly luciferase construct and constitutively expressing Renilla luciferase construct used as negative control and a mixture of constitutive expressing firefly and Renilla luciferase constructs used as positive control were also transfected. Sixteen hours post transfection, fresh medium with antibiotics was added and three to four days later, the activities of the signaling pathway E2F, p53 or HIF was measured with the Dual-Glo luciferase assay (Promega).

Determination of the extracellular lactate concentration.

The lactate concentration in the supernatant of cells incubated either in normoxia or in hypoxia of 1% O 2 for 48 hours was determined by an enzyme-based assay using 900 µM β-NAD (BioChemika), 175 µg/ml L-lactate dehydrogenase (BioChemika) and 100 µg/ml glutamatepyruvate transaminase (Roche) diluted in a sodium carbonate (620 mM)-L-gultamate (79 mM) buffer adjusted to pH 10. Lithium lactate was used as a standard. Measurement was done with a microplate reader after incubation for 30 min at 37°C. For each condition, the protein concentration was determined to express the lactate concentration as mM/µg protein.

Colony Assays

Following transfection, A549 cells were placed in normoxia or hypoxia (1 % O 2 ) for 72 hours.

Cells were then trypsinized, counted, re-plated at a density of 100 and 500 cells/well (2.5 cm 2 ) and incubated during 11 days. Cells were then washed, fixed and stained. Images were background-subtracted and processed in ImageJ for CFU quantification. The surviving fractions were calculated based upon the plating efficiency.

Legends to Tables and Figures

Table 1. S3 for the list of the transcripts) of the common hypoxia metagene identified by Buffa et al. [START_REF] Buffa | Large meta-analysis of multiple cancers reveals a common, compact and highly prognostic hypoxia metagene[END_REF] . Similar results were obtained with the full list of this common hypoxia signature. (C) MiR-210 expression was monitored by qPCR on RNA from A549 cells with or without exposure to 1% O 2 at indicated times. Mean ± SEM is representative of 3 independent experiments carried out in triplicate. The 38 transcripts containing at least one complementary sequence to the "seed 2-7" of miR-210 in their 3'UTR and strongly repressed following miR-210 transfection are listed. Cut-offs for selection are equal to 8.0 for the log 2 (signal), to -1 for the log 2 (ratio), and to 0.001 for the adjusted p-value. Logarithm (base 2) of the ratio of miR-210 / miR-Neg is represented. ID: corresponds to RNG oligo IDs that gives access to transcripts and probes annotations through our information system Mediante (http://www.microarray.fr:8080/merge/index).

- 2 (

 2 Promega) by cloning behind the Renilla luciferase in the XhoI and NotI restrictions sites, 3'UTR sequences from E2F3, NDUFA4 and SDHD mRNA and named as pSI-E2F3-1 (containing the miR-210 binding site), pSI-E2F3-2 (containing the miR-34a binding site), pSI-NDUFA4 and pSI-SDHD respectively. A positive control for miR-210 was created by cloning a miR-210 complementary sequence in XhoI/NotI restriction sites in pSI-CHECK-2 (Promega) and named as pSI-miR-210. hsa-E2F3-1 / sense: ACTACTCGAGGTGTTGTCCCTTCCTACCTTCTT hsa-E2F3-1 / reverse: ATAAGAATGCGGCCGCGCACATTTTCTCACTTGCTGAC hsa-E2F3-2 / sense: CCGCTCGAGGCTGCTATTAAAGCTCACACACGAA hsa-E2F3-2 / reverse: ATAAGAATGCGGCCGCACGAGTTGTCATGCACACACTGAA hsa-SDHD / sense: GGTGGACAGCCTTCTTCTCTTAATC hsa-SDHD / reverse: CATAGAATACATTTTCACATTAGAGATTCCC hsa-NDUFA4 / sense: GAAATGTTTCACTATAACGCTGCTTTAG hsa-NDUFA4 / reverse: GCCAGTGTCAGATGCTGGAG miRNA targets validation by luciferase assay Co-transfection of 200 ng pSI-CHECK TM -2 with 10 nM of pre-miRNA was carried out in 96well plates with Lipofectamine 2000 (Invitrogen). Transfection of the same combinations of plasmid and RNAs were repeated three times in HEK293 (data not shown) and A549 cells. The medium was replaced 8 hours after transfection with fresh medium containing 10% FCS, Lglutamine and supplemented with penicillin and streptomycin. 48 hours after transfection, firefly and Renilla Luciferase activities were measured using the Dual-Glo TM Luciferase assay (Promega).

The cells were washed by adding 2

 2 ml of warm PBS, centrifugated and resuspended in 500 µl PBS. As a positive control for reduction of ΔΨm, A549 cells were treated with the uncoupling agent carbonyl cyanide m-chlorophenylhydrazone. Cell suspensions were prepared and flow cytometry was performed on a FACScalibur and analyzed using Cell quest (Becton-Dickinson Immunocytochemistry Systems). The ratio of green versus red fluorescence intensities was calculated.Promoter reporter assayReverse transfection into A549 cells (2.10 4 cell/well) were made in triplicate with 100 ng of a mixture of a transcription factor-responsive firefly luciferase construct "E2F, p53 or HIF Reporter" (Cignal Finder TM Pathway Reporter Assays) and constitutively expressing Renilla luciferase construct (40:1) and 10 nM of miRNA or siRNA by Lipofectamine 2000 (Invitrogen).

  List of the miR-210-predicted targets down-regulated following miR-210 overexpression in A549 cells.The 38 transcripts containing at least one complementary sequence to the "seed 2-7" of miR-210 in their 3'UTR and strongly repressed following miR-210 transfection are listed. Cut-offs for selection are equal to 8.0 for the log 2 (signal), to -1 for the log 2 (ratio), and to 0.001 for the adjusted p-value. Logarithm (base 2) of the ratio of miR-210/miR-Neg is represented. ID: corresponds to RNG oligo IDs that gives access to transcripts and probes annotations through our information system Mediante (http://www.microarray.fr:8080/merge/index).
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 1 Figure 1. Overexpression of miR-210 in NSCLC is linked to hypoxia induction in tumors.
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Table 1 . List of the miR-210-predicted targets down-regulated following miR-210 overexpression in A549 cells.
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Results are given as the mean ± S.E.M. Statistical analysis was performed using the Student's ttest as provided by Microsoft Excel™ and the null hypothesis was rejected at the 0.05 level (***p<0.0005, **p<0.005, *p< 0.05).