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Programmed cell death (PCD) is normally invoked during development and immunity, but inappropriate PCD is associated with pathologies including cancer and degenerative diseases. Genes controlling one type of PCD (apoptosis) were first identified in the worm model C. elegans. Biomedical research has established related mammalian apoptotic pathways. However, other conserved PCD types exist in animal and non-animal cells. The TransDeath project focused on cellular and molecular events in these lesser known models to broadened the experimental net to catch PCD regulators by comparative research on diverse organisms.  The main approach was across the eukaryotic kingdoms, aimed at understanding these types of cell death in humans. TransDeath thus produced knowledge on genes and biochemical processes that regulate PCD in different organisms. Specific TransDeath objectives included:

- Characterize the diversity of genes & biochemicals controlling PCD of diverse types


- Functionally compare these genes & biochemicals between organisms


- Derive genetic & functional models of PCD evolution


- Test genes & biochemicals on PCD related to human normal function and disease
The Partnership joined to meet these objectives initially included 9 academic and 1 commercial partners:

	Role
	Partner #
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	Country
	Entry Date
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	Exit Date
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	CO
	1
	UKBH
	J. Mundy
	Denmark
	1
	42

	CR
	2
	KFU Graz
	K-U. Fröhlich
	Austria
	1
	42

	CR
	  3 a
	CNRS
	C. Clavé
	France
	1
	42

	CR
	  3 b
	CNRS
	P. Golstein
	France
	1
	42

	CR
	  11
	INSERM
	G. Kroemer
	France
	1
	42

	CR
	6
	FORTH
	N. Tavernarakis
	Greece
	1
	42

	CR
	7
	Weizmann
	A. Kimchi
	Israel
	1
	42

	CR
	8
	URTV
	R. Testi
	Italy
	1
	42

	CR
	9
	TSL
	J. Jones
	UK
	1
	42

	CR
	10
	Xantos
	D. Brinkmann
	Germany
	1
	16


More specifically, several mechanistically different forms of PCD exist including apoptosis, autophagy, and necrosis. The functional relationships among these types of cell death have not been fully elucidated in any species, although they can be detected in non-mammalian models including yeast. The first apoptotic regulatory genes were identified in C. elegans, work that received a 2003 Nobel Prize. Apoptosis is controlled by multiple pathways including extrinsic signaling via death receptors, and by intrinsic pathways involving the mitochondria and endoplasmatic reticulum. These inputs activate conserved proteolytic cascades, regulated by pro- and anti-apoptotic regulatory genes, and subsequent cell death.

Although clear homologs of the apoptotic proteins are not found in plants and lower eukaryotes, comparative analysis of their conserved domains conserved  indicates that they existed in the common ancestor of animals, plants, and fungi. These ancient domains were, and in some cases still are, components of ancestral signaling pathways for responses to pathogens and stresses including starvation and DNA damage. TransDeath sought to understand the mechanistic relations between extant PCD programs in different organisms. For example, plant leaves senesce at the end of growth seasons. How is this developmental form of PCD related to the more rapid PCD induced during the plant hypersensitive response to pathogens? Similarly, how may these forms of PCD be related to autophagic processes in animals or in fungi and molds that induce PCD during incompatible mating interactions, or during the development of reproductive structures? Lastly, how are apoptosis or autophagy related to PCD in unicellular yeasts in which it may have evolved as an altruistic defence of clonal populations?

The TransDeath work plan defined, phenomenologically and molecularly, distinct types of cell death using models appropriate for each type of death. It then extracted, from a comparison between models and analyses of phylogenetic conservation throughout the models, the core mechanism(s) of these types of death. A main focus was on events in the less studied cell death types that are non-apoptotic. These mechanisms were then used to understand corresponding types of cell death in mammals, in particular humans.

The general lines of inquiry followed in the WorkPackages (WP) included: 


- analyzing distinct types of cell death in their respective optimal model(s) 


- comparing cell death types within and between these models


- extending to corresponding cell death types in humans

To these ends, the project pursued the following 5 scientific WorkPackages:

-WP1 (Bioinformatics & database) identified genes of interest for experimental WP2-5, and provided a hub for data used to develop gene-silencing experiments. A final evaluation of these results provided insight into the evolution, interconnections and differences between PCD pathways. These data were used for human target confirmation in WP5, and have been provided to the public at meetings and the website.
-WP2 (Apoptosis) used phylogenetic comparison to elucidate apoptotic functions of proteins involved in human diseases. These proteins included the DAP series (death-associated proteins), frataxin, apoptosis-inducing factor (AIF), TOR (target of rapamycin) and proteins involved in plant hypersensitivity responses to pathogens (HsACD, E3 ligases). 

-WP3 (Autophagic PCD) aimed to identify and analyze phylogenetically conserved pathways, subcellular events, and molecular mechanisms involved in autophagic/vacuolar cell death, using the most amenable models. It then assessed whether some of the same mechanisms are active in other types of cell death, particularly in human models.

-WP4 (Necrosis & other PCD) analyzed necrotic/non-apoptotic cell death using methodologies in diverse model systems. This strategy permited the analysis of aspects of non-apoptotic cell death in organisms of increasing complexity. This vertical approach  revealed points of convergence for the underlying mechanisms that would otherwise go unnoticed. 
-WP5 (Human Integration) generated and integrated information on components of mammalian PCD pathways to improve the management of human diseases. We initially focused on frataxin, DAP kinase and AIF, as they were known to be relevant to human pathology (see WP2). We then expanded the list of targets to include novel gene products selected by the partners in WP1-4.
In summary, the partners met the general objectives of the project. Specific results within the workpackages are best assessed by referral to the 137 publications in internationally reviewed, scientific journals and 7 solicited book chapters authored by the partners. A partial overview of the results and their relation to the development of our understanding of programmed cell death is also presented in multiple articles by the partners in a special issue of Seminars in Cancer Biology edited by partner 3B (Semin Cancer Biol. 2007 Apr 17(2).
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