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	INSTITUTION AND LOCATION
	DEGREE
(if applicable)
	MM/YY
	FIELD OF STUDY

	Ecole Normale Supérieure/Université Paris Diderot-Paris 7, Paris, France
	B.Sc.
	06/05
	Cell biology

	Ecole Normale Supérieure/Université Paris Diderot-Paris 7, Paris, France
	M.Sc.
	07/07
	Genetics and aging biology

	Institut Jacques Monod, Université Paris Diderot-Paris 7, Paris, France
	Ph.D.
	02/11
	Cell biology and genetics

	Stanford University School of Medicine, Stanford, CA, USA
	Postdoctoral
	04/11-07/17
	Molecular mechanisms of aging and longevity 



A.	Personal Statement
My overarching goal is to understand how aging and age-related diseases influence the epigenome, and in return, how modulation of the epigenome can influence the aging process. I am excited to understand how this interaction is modulated in response to environmental stimuli and in the context of specific endogenous factors (e.g. sex) in vertebrates. Aging is accompanied by striking changes in chromatin and gene expression across cell types and species, and manipulation of chromatin-modifying enzymes can increase the lifespan of model organisms. Yet, how chromatin landscapes change with age and regulate transcription, and how epigenomic changes in turn influence aging in response to external or internal cues, is largely unknown. Such knowledge will be critical to counteract the functional decline associated with physiological aging, and its exacerbation in age-related disease. Ultimately, my goal is to discover novel target genes and pathways playing a fundamental role in healthy and pathological aging by leveraging the power of big data. 
[bookmark: _GoBack]My interest in aging biology first bloomed during my internship as an undergraduate student in the laboratory of Dr. Richard Morimoto at Northwestern University, in which I studied the genetic regulation of lifespan and of the heat shock response in C. elegans. This interest in aging biology led me to pursue a major in aging biology in the Genetics master program at Université Paris Diderot-Paris 7. As a graduate student, I joined Pr. Reiner Veitia’s laboratory at the Institut Jacques Monod to study the genetics and molecular biology of mammalian ovarian aging. More specifically, I studied the ovarian-specific transcription factor FOXL2, whose mutations in humans are associated to premature ovarian aging/menopause or subtypes of ovarian cancer. Using cellular biology and functional genomics approaches, I identified genome-wide target genes of FOXL2 factor in human ovarian granulosa cells, and was able to dissect how disease-causing mutations or oxidative stress signals modified FOXL2’s behavior towards its target gene network. In my postdoctoral work, I wanted to investigate more general determinants of aging and longevity linked to gene regulation mechanisms. During my post-doctoral fellowship, I have been explored the molecular and cellular role of H3K4me3 breadth in young cells, and started the characterization of its remodeling during aging. My work has led to several peer-reviewed publications with high scientific impact. 
My graduate work on ovarian aging made me aware that sex-dimorphic or sex-specific processes can have a major influence on the aging process. Yet this exciting question is dramatically understudied. Thus, I am uniquely positioned to carry out the proposed research project investigating novel epigenomic and transcriptomic mechanisms underlying sex-dimorphism in the regulation of aging. My background in molecular and cellular biology and genetics, combined with the genomics and computational biology skills acquired through self-directed study have prepared me to pursue all aspects of the proposed project. 
1. Benayoun BA, Batista F, Auer J, Dipietromaria A, L'hôte D, De Baere E and Veitia RA. Positive and negative feedback regulates the transcription factor FOXL2 in response to cell stress: evidence for a regulatory imbalance induced by disease-causing mutations (2009). Human Molecular Genetics, 18, 632-644. 
2. Benayoun BA, Georges AB, L’Hôte D, Andersson N, Dipietromaria A, Todeschini AL, Caburet S, Bazin C, Anttonen M and Veitia RA. Transcription factor FOXL2 protects granulosa cells from stress and delays cell cycle: role of its regulation by the SIRT1 deacetylase (2011). Human Molecular Genetics, 20, 1673-1686.
3. Benayoun BA*, Pollina EA*, Uçar D*, Wong ED, Mancini E, Mahmoudi S, Hitz BC, Devarajan K, Gupta R, Rando TA, Baker JC, Snyder MP, Cherry JM, and Brunet A. H3K4me3 breadth is linked to cell identity and transcriptional consistency (2014). Cell, 158, 673-688. Correction in: Cell, 2015, 163, 1281-1286. *equal contribution.
4. Valenzano D*, Benayoun BA*, Singh PP*, Zhang E, Etter PD, Hu CK, Clément-Ziza M, Willemsen D, Cui R, Harel I, Machado B, Lee MC, Sharp SC, Bustamente C, Beyer A, Johnson EA, and Brunet A. The African Turquoise Killifish Genome Provides Insights into Evolution and Genetic Architecture of Lifespan (2015). Cell, 163, 1539-1554. *equal contribution

B.	Positions and Honors
Positions and employment
2005	Visiting student, Northwestern University, Evanston/Chicago, IL, USA (Laboratory of Richard I. Morimoto)
2006	Visiting student, University of California at Berkeley, CA, USA (Laboratory of Robert Tjian)
2007	Visiting student, Department of Genetics and Development, Institut Cochin, INSERM U567, CNRS UMR8104, Paris, France (Laboratory of Daniel Vaiman)
2007-11	Graduate student, Department of Molecular and Cellular pathology, Institut Jacques Monod, CNRS UMR7592, Paris, France (Laboratory of Reiner Veitia)
2008-11 	Teaching assistant, Department of Cell Biology and Department of Genetics, Paris Diderot-Paris7 University, Paris, France.
2011-17	Post-doctoral Fellow, Department of Genetics, Stanford University, CA, USA (Laboratory of Anne Brunet)
2017-present	Assistant Professor, Davis School of Gerontology, University of Southern California, CA, USA

Honors
2004-08 	Student fellowship from the École Normale Supérieure of Paris
2005		Research fellowship from the Rice Institute of Biomedical Research
2005		Magna cum laude, Ecole Normale Supérieure/Paris Diderot-Paris7 University
2007		M.Sc. Summa cum laude, Ecole Normale Supérieure/Paris Diderot-Paris7 University
2008-11	Ph.D. fellowship from the Research and National Education Institute/Paris 7 University
2009		Selected as Ph.D. student speaker for Inauguration Conference of the new Jacques Monod Institute
2009		Best presentation award in the Genetics Department of the Cochin Institute
2011		Ph.D. summa cum laude with unanimous Jury congratulations, Paris Diderot-Paris7 University
2013		Dean’s postdoctoral fellowship (Stanford University School of Medicine)
2015		Regeneron Prize for Creative Innovation for a post-doctoral fellow, honorable mention

C.	Contributions to Science

1. FOXL2 is a forkhead transcription factor essential for ovarian function and maintenance, and the germline mutations of which are responsible for the Blepharophimosis Ptosis Epicanthus-inversus Syndrome (BPES), often associated with premature ovarian failure (POF). During my Ph.D., I developed important tools to study FOXL2’s molecular function, which is key to understand how mutations in this gene can lead to human disease. First, I showed that FOXL2 is highly modified post-translationally, with multiple sites that can receive acetylations, phosphorylations and sumoylation, which impact its transactivation abilities on target genes. Next, I also identified the sequence of the FOXL2 Response Element (FLRE). This discovery was instrumental in understanding the pathology of mutant FOXL2 alleles, and in establishing an in vitro ‘diagnostic’ system to predict whether germline mutations would be associated to POF or not, which is an important consideration in the treatment of patients.
1. [bookmark: id.1ff37bd76bc6]Benayoun BA, Auer J, Caburet S and Veitia RA. The post-translational modification profile of the forkhead transcription factor FOXL2 suggests the existence of parallel processive modification pathways (2008). Proteomics, 8, 3118-3123.
2. Georges AB, Benayoun BA, Marongiu M, Dipietromaria A, L'hôte D, Todeschini AL, Auer J, Crisponi L and Veitia RA. SUMOylation of the Forkhead transcription factor FOXL2 promotes its stabilization/activation through transient recruitment to PML bodies (2011). PLoS ONE, 6, e25463.
3. Benayoun BA*, Caburet S*, Dipietromaria A*, Bailly-Bechet M, Batista F, Fellous M, Vaiman D and Veitia RA. The identification and characterization of a FOXL2 response element provides insights into the pathogenesis of mutant alleles (2008). Human Molecular Genetics, 17, 3118-3127. *equal contribution
4. Dipietromaria A, Benayoun BA, Todeschini AL, Rivals I, Bazin C and Veitia RA. Towards a functional classification of pathogenic FOXL2 mutations using transactivation reporter systems (2009). Human Molecular Genetics, 18, 3324-3333.

2. After establishing important tools for the study of FOXL2’s function, I became interested in understanding its molecular target network, and I investigated the role of FOXL2 in the cellular stress response of ovarian granulosa cells. In a first study, I found that that FOXL2’s post-translational modification profile was deeply remodeled in response to oxidative stress, and that it led to a dose-dependent increase in its ability to regulate the transcription of important detoxification enzymes encoding genes, such as SOD2. To better understand the target gene network of FOXL2, I performed the first genome-wide binding assay by ChIP-on-ChIP, which revealed a strong enrichment for target genes regulating cell cycle progression. While I was investigating FOXL2’s role as a brake to cell proliferation, another laboratory identified a recurrent somatic mutation in the FOXL2 gene (p.Cys134Trp) occurring in >95% of an understudied rare subtype of ovarian cancer (adult ovarian granulosa cell tumors or OGCT). Through my work with reporter gene-assay and analyses of the transcriptomes of tumors, I was able to start elucidating the impact of this mutation on FOXL2’s function and its potential relevance in OCGT tumorigenesis. By analogy with FOXO3a, I was also able to identify SIRT1 as a FOXL2 deacetylase, which could impact FOXL2’s transactivation ability. This regulatory relationship was crucial as a potential druggable target in FOXL2-related pathologies. Indeed, I found that targeting SIRT1 inhibition of FOXL2 using nicotinamide was sufficient to drastically slow down cell proliferation in human OGCT cell lines and primary cultures. These findings could be crucial in devising effective therapeutic strategies for OGCT patients.
1. Benayoun BA, Batista F, Auer J, Dipietromaria A, L'hôte D, De Baere E and Veitia RA. Positive and negative feedback regulates the transcription factor FOXL2 in response to cell stress: evidence for a regulatory imbalance induced by disease-causing mutations (2009). Human Molecular Genetics, 18, 632-644. 
2. Benayoun BA, Georges AB, L’Hôte D, Andersson N, Dipietromaria A, Todeschini AL, Caburet S, Bazin C, Anttonen M and Veitia RA. Transcription factor FOXL2 protects granulosa cells from stress and delays cell cycle: role of its regulation by the SIRT1 deacetylase (2011). Human Molecular Genetics, 20, 1673-1686.
3. Benayoun BA*, Caburet S*, Dipietromaria A, Georges AB, D’Haene B, Pandaranayaka PJE, L’Hôte D, Todeschini AL, Krishnaswamy S, Fellous M, De Baere E and Veitia RA. Functional exploration of the adult ovarian granulosa cell tumor-associated somatic FOXL2 mutation p.Cys134Trp (c.402C>G) (2010). PLoS ONE, 5, e8789. *equal contribution
4. Benayoun BA*, Anttonen M*, L’hôte D, Bailly-Bechet M, Andersson N, Heikinheimo M and Veitia RA. Adult ovarian granulosa cell tumor transcriptomics: prevalence of FOXL2 target genes misregulation gives insights into the pathogenic mechanism of the p.Cys134Trp somatic mutation (2013). Oncogene, 32, 2739-2746. *equal contribution

3. In my postdoctoral work, I wanted to investigate more general determinants of aging and longevity linked to gene regulation mechanisms. For this project, I became interested in the trimethylation of lysine 4 at Histone 3 (H3K4me3) chromatin mark, which is associated with the promoters of actively transcribed genes. Perturbations in H3K4me3-modifying complexes lead to cancer in mammals, and lifespan changes in invertebrates, and the mark is thought to serve as a transcriptional on/off switch. However, H3K4me3 can also mark poised genes, and transcription can occur in the absence of H3K4me3. Thus, how H3K4me3 affects specific transcriptional outputs to influence diverse cellular functions is still largely unclear. In this study, I performed a meta-analysis of the H3K4me3 mark, which revealed that extremely broad H3K4me3 domains in one cell type mark cell identity/function genes in that cell type across species. Remarkably, genes marked by the broadest H3K4me3 domains showed increased transcriptional consistency. Thiss study identified a new chromatin signature linked to transcriptional consistency and cell identity, and highlighted that breadth, a parameter that is often overlooked, is a key component of chromatin states. As an important application to this important signature, I was able to identify H3K4me3 breadth changes in Rb mutant fibroblast that could explain increased reprogramming efficiency to iPSCs compared to wild-type cells.
1. Benayoun BA*, Pollina EA*, Uçar D*, Wong ED, Mancini E, Mahmoudi S, Hitz BC, Devarajan K, Gupta R, Rando TA, Baker JC, Snyder MP, Cherry JM, and Brunet A. H3K4me3 breadth is linked to cell identity and transcriptional consistency (2014). Cell, 158, 673-688. Correction in: Cell, 2015, 163, 1281-1286. *equal contribution.
2. Kareta MS, Gorges LL, Hafeez S, Benayoun BA, Zmoos AF, Cecchini MJ, Spacek D, Batista LFZ, O’Brien M, Ng YH, Ang CE, Vaka D, Artandi SE, Dick FA, Brunet A, Sage J, and Wernig M. Inhibition of Pluripotency Networks by the Rb Tumor Suppressor Restricts Reprogramming and Tumorigenesis (2014). Cell Stem Cell, 16, 39-50.

4. Vertebrate aging research has been hindered by the relatively long lifespan of classical model organisms, such as the mouse (~3 years) or zebrafish (~5 years). Because of its short lifespan (~0.5 years), the African turquoise killifish (Nothobranchius furzeri) is a promising model for aging research. However, when I started my post-doctoral fellowship, genomic resources for this organism were extremely limited. I spearheaded the de novo sequencing, assembly and annotation of the African turquoise killifish genome, taking advantage of advances in massively parallel sequencing technologies. This effort also allowed the development of a rapid genome-editing platform. These studies have transformed the use of the African killifish as a model organism, and already allowed the generation of the first epigenomic dataset in the African killifish, a map of H3K4me3 in the adult brain.
1. Harel I, Benayoun BA, Machado B, Singh PP, Hu CK, Pech MF, Zhang E, Fullhart SC, Artandi SE, and Brunet A. Rapid exploration of aging and disease-related genes in a naturally short-lived vertebrate (2015). Cell, 160, 1013-1026.
2. Valenzano D*, Benayoun BA*, Singh PP*, Zhang E, Etter PD, Hu CK, Clément-Ziza M, Willemsen D, Cui R, Harel I, Machado B, Lee MC, Sharp SC, Bustamente C, Beyer A, Johnson EA, and Brunet A. The African Turquoise Killifish Genome Provides Insights into Evolution and Genetic Architecture of Lifespan (2015). Cell, 163, 1539-1554. *equal contribution

5. Aging is accompanied by striking changes in chromatin and gene expression across cell types and species, and manipulation of chromatin-modifying enzymes can increase the lifespan of model organisms. Yet, how chromatin landscapes change with age and regulate transcription, and how epigenomic changes in turn influence aging in response to external or internal cues, is largely unknown. I have helped characterize a poorly characterized mammalian histone variant, H2A.J. Through a combination of mass spectrometry andigh-throughput sequencing, this study showed that H2A.J accumulates in senescent cells and in tissues during aging, and that it is partially required for the secretion of inflammatory cytokines in senescent cells. More generally, to understand the impact of aging on chromatin signature of cell identity (e.g. broad H3K4me3 domains) and other epigenomic features, I have generated transcriptomic and epigenomic (H3K4me3, H3K27ac, and total H3) maps from a variety of tissues and cells (heart, liver, cerebellum, olfactory bulb and cultured primary neural stem and progenitor cells [NSPCs]) throughout mouse lifespan. My analyses have identified age-associated changes in the epigenome, including in H3K4me3 breadth. My machine-learning analyses indicate that these changes are predictive of age-dependent transcriptional changes. These results will be described in a manuscript currently in preparation, and raise the exciting possibility that chromatin ensures precise gene expression despite environmental fluctuations, which could be leveraged to restore a youthful transcriptional profile in aged cells. 
1. Benayoun BA*, Pollina EA*, and Brunet A. Epigenetic regulation of ageing: linking environmental inputs to genomic stability (2015). Nature Reviews Molecular and Cellular Biology, 16, 593-610. *equal contribution 
2. Contrepois K*, Coudereau C*, Benayoun BA, Schuler N, Roux PF, Bischof O, Courbeyrette R, Carvalho C, Thuret JY, Ma Z, Derbois C, Nevers MC, Volland H, Redon C, Bonner W, Deleuze JF, Wiel C, Bernard D, Snyder MP, Rübe C, Olaso R, Fenaille F and Mann C. Histone variant H2A.J accumulates in senescent cells and promotes inflammatory gene expression (2017). Nature Communications, 14995, 10.1038/ncomms14995.​ *equal contribution

A full list of publications is available at: 
https://www.ncbi.nlm.nih.gov/sites/myncbi/1bWL9W3B0rJ5T/bibliography/44059895/public


D.	Additional Information: Research Support and/or Scholastic Performance 
Active/Pending Research Support:
08/2017-07/2020 R00 Career Development award (National Institutes of Health) R00AG049934 (Role: PI) 
The major goal of the project is to understand the regulation of H3K4me3 breadth and its link to transcription, in young cells and over the course of aging.

Completed Research Support
04/2015-07/2017 K99 Career Development award (National Institutes of Health) K99AG049934 (Role: PI) 
The major goal of the project is to understand the regulation of H3K4me3 breadth and its link to transcription, in young cells and over the course of aging.

01/2013-12/2013 Dean's Postdoctoral Fellowship (Stanford University School of Medicine).
The aim of the project was to study H3K4me3 breadth in mouse neural stem cells.

09/2008-08/2011 Graduate training fellowship (French Research and National Education Institute).
The aim of the project was to study the role of the transcription factor FOXL2 in mammalian ovarian function.
 	
06/2005-08/2005 Visiting scholar fellowship (Rice Institute of Biomedical Research).
The aim of the project was to study modulators of the heat-shock response in the C. elegans model.

09/2004-08/2008 Pre-doctoral training fellowship (École Normale Supérieure of Paris, France).
This fellowship is awarded upon a competitive exam to support the training of outstanding students in science and research at the pre-doctoral level. 
