
“USFMUV”
PEOPLE 

MARIE CURIE ACTIONS

Marie Curie European Reintegration Grants (ERG)
End Term Report
1
Project Progresses
Chemical, physical and biological hazards, including solar ultraviolet radiations, are major environmental skin risks triggering oncogenesis. Protection against UV-mediated DNA-damage is afforded by different ways including the tanning response, DNA repair, inflammation, cell proliferation… All these mechanisms are largely regulated by the control of gene expression in response to environmental stress. During the past, we involved the p38-stress activated USF-1 transcription factor in the regulation of the expression of several pigmentation genes in response to UV after binding of consensus E-box regulatory elements onto respective promoter 


[1-2] ADDIN EN.CITE . Furthermore, the USF factors are key regulators of a wide number of gene regulation networks, including the stress and immune response, cell cycle and proliferation, lipid and glucid metabolism 


[3] ADDIN EN.CITE . The main goal of the proposed project was to address a general function of USF-1 transcription factor in the regulation of skin integrity in response to UV. Our project focused on gene expression-regulation in skin, in accordance to specific cellular processes, such as pigmentation, DNA repair and inflammation. We also tried to elucidate the function of bHLH-LZ transcription factors by focusing on the different mechanisms that occur at both transcriptional and post-translational levels regulating USF transcription factors’ function (activation of transcription, post-translational modifications, and chromatin remodelling…).

To summarize the specific aims were:

1. To determine the global role of USF-1 at skin level, after UV induction, by the use of the physiological USF-1 KO mouse model.

2. To identify bHLH-LZ transcription factors (USF and Mitf) target genes in cancer cells, using a high throughput technology.

3. To correlate USF activity with stress mediated transcriptional regulation, protein modifications and epigenetic re-programming.

During the project, we obtained promising results about the crucial role of the USF-1 transcription factor for the regulation of transcription in response to UV, notably by the establishment and the use of the knock-out mouse model (KO USF-1) in the laboratory. Additionally to enlarge the general concept of the importance of transcription regulation for the control of skin integrity and genomic stability by USF-1, we also obtained accurate results about its role in the regulation of NER DNA repair pathway (Nucleotide Exchange Repair) [4], as described below. While the first two years of the project was mainly devoted to the establishment and the characterization of the mouse model in the team, the second part of the project was focused on the characterization of molecular mechanisms that are involved in response to UV. So, we obtained thanks to this mouse model, important results about the role of USF-1 transcription factor on the UV-regulation of gene expression at skin level. We also showed an important correlation between USF-1 and p53 transcription factors for this answer. This project gave also me the opportunity to initiate efficiently this project but also to establish in long term this research field in the Regulation of transcription and Oncogenesis team after integrating the team as a permanent position (2012). Finally, the general importance of the project goes further than the understanding of molecular processes. Indeed, in the future we expect to open new fields of experiments to increase clinical research knowledge, through a high level of collaboration with hospitals and scientific teams, working on different aspects of the project.

1.1
Implication of USF-1 in the regulation of UV-induced expression at skin level. 

USF transcription factors have been involved in the regulation of a wide number of gene-networks. In order to go further insight with USF-1 function in melanocytes and more generally in skin, we setup and used the USF-1 KO mice model in the laboratory. This mouse model kindly provided by Dr. Sophie Vaulont from the Cochin Institute in Paris [5-6] has been firstly established and spread in the laboratory so to have enough animals for our study. We firstly characterized the molecular and cellular basal aspects (histology) of USF-1 KO mice in comparison with wild type mice. No significant difference has been observed between the two mice at basal conditions, but after UV induction of the skin with physiological doses of UV (UVB) we observed, by analysing by histology different markers of cell proliferation (ki67) and DNA damages, that DNA repair and cell proliferation are significantly disturbed in the lack of USF-1 transcription factor. We then managed to characterize what are the molecular processes that are responsible for these differences. By the use of different in vivo, ex vivo and in vitro models, we showed that in the absence of USF-1 transcription factor, we couldn’t observe any increase of the p53 transcription factor level which is observed normally in response to UV. This induction of p53 is essential in cells and skin to control cell cycle proliferation, DNA repair or apoptosis. We developed a large number of tools (skin punch biopsies, primary fibroblastes culture, specific depletion of transcription factors in cell line by shRNA…) in order to decipher how USF-1 controls p53 protein level in response to UV.  The obtained results would be submitted soon for publication. We also performed whole genome expression analysis to identify what are the genes regulated by USF-1 in response to UV. Basically, the mouse skin has been induced by UV and recovering skin punch biopsies to maintain in culture and induce afterward by UV, and then to analyse genes expression with transcriptomic arrays (Agilent technologies). After statistical analysis and functional annotation, the results showed significant differences between the two genotypes with a specific regulation of the expression of genes involved in cell cycle and proliferation (CDKN1a, SFN, PMAIP1, SERTAD1…), DNA repair (CSA, PCNA, H2AX...) and inflammation in the presence of USF-1 in early response to UV but not in knock-out mice (n=10). The lack or the delay in gene expression control could be correlated with physiological consequences to maintain genomic stability. The results have been also compared with what we observed in human after UV irradiation and match significantly with this response 


[7] ADDIN EN.CITE . Interestingly, the results showed a tight correlation between USF-1 induced genes and p53 targeted genes during UV response. We performed all the experiments in order to confirm the induction of genes expression at both RNA (RT-qPCR) and protein level (Western blot). The mouse reveals so to be a good model to identify new inducible pathways at skin level in response to UV irradiation. The obtained results highlight news clues about not only tanning response, but also inflammation and maintain of genomic stability in skin, linked to the USF-1 transcription factor.
The obtained results for genes expression regulation by UV in correlation with cell proliferation control, led us to focus on the specific regulation of CDKN1a (p21) by USF-1 transcription factor. We used different cellular models of the skin so to decipher the mechanisms involved in the regulation of CDKN1a expression. We showed USF-1 but probably also USF-2 are regulators of UV-induced CDKN1a gene expression after binding of consensus E boxes (CANNTG) elements of respective promoters (ChIP, Luciferase assays). We used different cell lines after specific depletion of USF transcription factors but also p53 by shRNA to analyze the impact of transcription factors depletion for cell cycle progression in response to UV. The obtained results should be published in the next months.

1.2 To identify bHLH-LZ transcription factors (USF and Mitf) target genes in cancer cells, using a high throughput technology.

In order to correlate the results of expression analysis in response to UV that are dependent on the USF-1 transcription factor, we’d like to identify target genes of the bHLH-LZ transcription factor. The proposal first suggested to use ChIP-Chip experiment using specific Agilent® technology provided in the host laboratory with the “Biogenouest Platform”. However, recent results obtained by Dr Irwin Davidson at IGBMC, Strasbourg, about the Mitf transcription factor with ChIPseq technology [8], made us to adopt this strategy to identify USF-1 target genes. The advantage of this technique is its sensitivity that allows identifying a highest number of target genes for the same experiment. In collaboration with Dr Irwin Davidson, we’ll performed soon the experiment after recovering protein-DNA complexes from mouse skin explants of wild type and USF-1 KO mice before and after UV induction. The aim is to observe the dynamic of promoter occupancy of USF-1 onto target genes upon UV kinetic. Members of SPARC team (Gilles Salbert) at the institute  (IGDR) provide high-level assistance for statistical analysis and functional annotation. Currently, we’re performing assays to validate the purification of USF-1-DNA complexes from mouse skin explants. As USF and Mitf factors are involved in the regulation process of several common genes being crucial for a wide number of cellular processes (proliferation, cell cycle, DNA-repair…), we’ll then compare the obtained data for the different bHLH-LZ transcription factors and check by quantitative ChIP the dynamic of promoter occupancy of both factors in response to UV. As previously described for the regulation of the pigmentation gene TYR, for which the different factors bind sequentially to the same consensus element of the promoter and cooperate for the activation of expression by UV [9], we could expect that comparable mechanisms occur for the regulation of a wide number of genes.
Studying chromatin-remodelling regulation in combination with USF and Mitf should allow a better and further understanding of skin metabolism, melanoma formation and proliferation, in addition to cellular and physiological mechanisms.

We also planned to identify methylation profil of USF-1 target promoters in response to UV. We know that UV could be responsible for methylation of specific CpG islets on promoter, which could lead to expression inhibition by preventing transcription factor binding. Because USF consensus binding site is CACGTG motif, methylation status has been shown previously to be important for transcription [10]. Even if this aspect of the project has been just initiated, it should lead soon to important results with the comparison of patterns for USF-1 promoters binding occupancy in response to UV with genes expression profiles at skin level during UV- response. We could identify genes that are directly regulated by USF-1 transcription factor after UV induction. We could also understand why some of these genes aren’t properly regulated because of mutations or methylation of their promoter.

1.3 To correlate USF activity with stress mediated transcriptional regulation, protein modifications and epigenetic re-programming.

It has been shown previously that USF transcriptional activity is dramatically regulated, at both transcriptional and protein levels and is widely influenced by the environment. Following physiological cell-inductions with various chemical, physical or biological agents, USF-1 factor is phosphorylated by the stress-responsive p38 kinase 


[2] ADDIN EN.CITE  leading to transcriptional activation of the USF-1 protein and subsequent increase of target gene expression. When the stimuli level is dramatically increased, compromising cell live, USF-1 becomes acetylated on lysine 199 preventing transcriptional activation 


[11] ADDIN EN.CITE . Comparable results but with opposite effects have been also described for the post-translational regulation of USF-1 upon starvation, with an acetylation at an other position [12]. It seems to be really relevant to identify what are the modifications of USF transcription factors and also what are the partners of the factors under stress conditions.

We’re going on with this kind of experiments, so to study globally the function of USF in gene expression regulation.

Finally, I will carry on studying the importance of bHLH-LZ transcription factors (USF, Mitf) for mammalian chromatin remodelling activities, which are crucial for transcription induction and also for the comprehension of cellular process (proliferation, differentiation) (see further). I will then investigate the role of USF-1 and USF-2 in melanocyte stem cell differentiation by monitoring their function at the expression and protein levels (respectively RT qPCR and Western Blot analysis), and at the cellular level (microscopy, immunofluorescence, time lapse provided in the host laboratory).

The research methodologies proposed are the most appropriate to achieve the research objectives. All techniques and technologies are currently being employed successfully by the host laboratory and should therefore work well in the model system proposed.

1.4 Implication of USF-1 transcription factor in NER genes regulation in response to UV

In parallel to the study of the global role of USF-1 transcription factor in the regulation of gene expression in response to UV, we focused more precisely on the regulation of key players of DNA damage recognition steps during Nucleotide Excision Repair (NER) which is the major DNA-repair process involved in the recognition and removal of UV-mediated DNA-damage. Since maintaining the integrity of the genome is critical to ensure that genetic information remains intact, NER is expected to be highly regulated in response to UV-irradiation. Very little is however known about the regulation of the expression of genes that play critical roles in this pathway. During the last months, we used an intermittent UV-irradiation protocol to investigate the regulation of key players in the DNA-damage recognition step. Using a combination of in vivo and in vitro assays we showed that mRNA and protein levels of HR23A and CSA are upregulated in response to this UV-irradiation treatment by a common mechanism that involves the stress responsive transcription factor USF-1. Also, because loss of USF-1 compromises DNA-repair, abnormal regulation of this new pathway is proposed to promote genomic instability. These experiments were preformed in parallel to the proposed project but remain one integrated part of the global role of USF-1 transcription factor in the regulation of skin genes expression in response to UV. The data have been recently published in Plos Genetic [4].

1.5 Implication of USF-1 transcription factor in skin cancer development

The obtained results during the project showed that USF-1 transcription factor is particularly important for gene expression regulation at skin level during physiological UV response. Indeed, USF-1 controls the expression of specific genes after UV, which are involved in DNA repair, cell proliferation, tanning response, inflammation (mechanisms of skin protection against UV). At the opposite, loss of USF-1 in mouse model or in cell culture model led to the absence of effective control by UV of DNA repair or cell proliferation that support the accumulation of DNA damage and genomic instability. The hypothesis is that the loss of USF-1 transcription factor could be crucial for skin cancer development and proliferation. We decided again to use mice model to illustrate the function of USF-1 for skin cancer protection in response to UV. By the use of several strategies (multiple UV irriadtion of both wild type or USF-1 KO mice, injection of B16 melanoma cell lines in both mice or after specific depletion of the transcription factor (shRNA), we planed to analyse the consequences of the absence of USF-1 for skin cancers appearance and progression. In a second time, if we could demonstrate USF-1 is essential to protect skin from UV-induced cancers, direct loss of USF-1 after mutations of the factor or by preventing its binding to target genes (methylation, SNP…) could be correlated with specific UV-susceptible diseases. The long term objective is to check mutations in coding sequence of USF-1 transcription factor in several diseases linked to solar irradiation.
2. Respect of timeliness of the project

The project is constituted with different aspects in order to have a sharp view on the function of bHLH-LZ transcription factors at the skin level, and to correlate with the influence of the environment for gene expression regulation. Even if the project is just started, all the different parts of the project have been already and largely initiated during the last three years and constitute a work basis to establish my future project in the genetic institute and development of Rennes (UMR6290). Because now I’m definitively set up as a permanent academic researcher position (obtained in 2012) in IGDR, I will go on with this project in collaboration with the different PhD or Master degree students, during the three last years and for the future. I planned to obtain before the end of this year one new pHD student or post-doctoral position.

Concerning the analysis of USF target genes by the use of ChIPseq technology (Illumina) in collaboration with IGBMC, Strasbourg, the Dr Irwin Davidson’s laboratory has one appropriate platform with different members to assist us from the experiment design up to the statistical analysis of the results. This platform has largely proved its efficiency with several publications these last years. The ChIPseq experiment would be performed before the end of this year.

In order to manage the objectives of the project, by taking in account the scientific relevance of the results, I’ll now focussing more precisely on the different pathways that have been shown to be induced at skin level in response to UV and that are regulated by USF-1. The main goal is now to validate the preliminary data by the use of several experiments and models to establish the real function of the bHLH-LZ transcription factor in the regulation of stress response.

I also considered the last few months other aspects of the role of USF-1 transcription in skin cancer appearance and proliferation. Because USF-1 seems to be particularly important to maintain genomic stability at skin level in response to UV (regulation of DNA repair and cell proliferation), lack of USF-1 could be dramatic for skin cancer development upon UV irradiation.

3 Statement of the use of the financial
During three years, the Reintegration Grant from Europe had helped me to only focus on my scientific project and to enhance my scientific excellence and my reintegration in France as a new researcher, thanks to its technical financial support. The reintegration grant also helped me to apply for a permanent academic position as researcher in France in national institutions (CNRS, Inserm), by funding travel costs to meet laboratories and attend interviews (2010-2012). I obtained in 2012 this permanent academic position (Inserm) to go on with this project in “Gene Expression and Oncogenesis” sponsored by MD Galibert’s group at the University of Rennes.  I will be now the group leader responsible to establish my own independent research career and to develop scientific research for the comprehension of molecular mechanisms that occurs at physiological and malignant levels in skin in response to UV. The ERG also helped me to publish my results and present them at international level by participating to congress (Melanoma meeting, Nice June 2010, ESPCR meeting, Cambridge, Sept 2010, ESDR Barcelona 2011, ISPCR Bordeaux 2011).

Importantly, the project proposed will foster close collaboration and technology transfer between the host French laboratory and current informal and synergistic networks of European laboratories working in this field.
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