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DESCRIPTION OF THE COST ACTION

1.

S&T EXCELLENCE

1.1.

Challenge

1.1.1. Description of the Challenge (Main Aim)
By the 19th century, R. Virchow had established that diseases were linked to disturbances at the
cellular level. In the early 1900s C. Bernard and W.B. Cannon highlighted the importance of
maintaining homeostasis as a necessary condition for a free and independent life either for a cell or
for a whole organism. The concept became central to our understanding of the connection between
cellular homeostatic disequilibrium and organ and system dysfunction. The plasticity of cellular
metabolism in the face of environmental changes (for example, differences in nutrient abundance,
energy source or growth factors) requires tightly interconnected networks of signalling and energysensing regulators. Autophagy, a lysosomal degradation pathway by which the cell self-digests its
own components, has over the past decade been recognized as an essential process of cellular
metabolism and a main contributor to homeostasis. Autophagy rids the cell of excessive or damaged
organelles, misfolded proteins, and invading microorganisms and it also provides nutrients to
maintain crucial cellular functions and serves as biomembrane manufacturer. Modulation of
autophagy is linked to physiological functions, life cycle. Its dysfunction is an important issue in many
diseases affecting a wide range of organs and systems. The omnipresence of autophagy in
eukaryotic cells makes studies of this pathway relevant to plant cells and microorganisms.
The role of autophagy is crucial in the fine balance between health and disease: a certain level of
autophagy is needed for metabolic homeostasis, immunity and longevity, yet unnecessary or
insufficient autophagy results in abnormalities and diseases. Consequently, the ability to manipulate
autophagy has tremendous therapeutic potential. On the one hand, normalising (inhibiting or
enhancing) autophagy in diseases where autophagy is deregulated such as metabolic diseases,
obesity, neurodegenerative diseases or cancer, may alleviate the symptoms of these diseases . For
instance many cancer cells need enhanced autophagy to survive. Inhibiting autophagy should
potentiate the effect of ‘conventional’ cancer treatments (drugs or radiation). Conversely, autophagic
cell death induction by anticancer agents could become a new cancer treatment modality to destroy
cancer cells. In addition and crucially, genetic and/or pharmacological activation of autophagy has
been shown to prevent the onset of specific neurodegenerative disorders and muscular dystrophies.
Autophagy is at the core of biomedical understanding of the determinants of health, health promotion
and disease prevention. Despite its great promise, application of autophagy research to disease
treatment has been rather limited. The first insights into the molecular understanding of autophagy
were only gained about ten years ago, meaning that this is a relatively new field that has only recently
sparked interest beyond the biological community. As a consequence, there is still a lack of
interaction between clinical researchers and basic scientists who study autophagy. This lack has
prevented synergy and hindered progression of medical applications of autophagy research. The
knowledge gained in basic research labs is also relevant to biotechnological applications like
sustainable agriculture and forestry and to the generation of new alternative fuels generated by
eukaryotic microorganisms; all of these applications rely on cellular homeostasis. Sufficient
fundamental knowledge has been gathered on the autophagy pathway to enable further translational
applications. Thus, TRANSAUTOPHAGY aims to foster and extend multidisciplinary knowledge in
autophagy at all biological levels and in all eukaryotic cell types, to unravel the details of the role of
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autophagy in development, health, and pathology, and to accelerate translation of this knowledge
for biomedical purposes, particularly prevention, accurate disease diagnosis and therapy
development, and biotechnological applications, such as enhanced crop production and energy
generation.
1.1.2. Relevance and timeliness
The interest in autophagy has dramatically increased during the past two decades. As illustrated in
Fig. 1, the number of publications in PubMed with the term “Autophagy” appearing in the title or
abstract has quadrupled since 2000, whereas those linked to key words “Proteasome” or
“Apoptosis”, two related fields, have plateaued since 2010, although there were about 10 times more
apoptosis-related articles as compared to autophagy-related papers in 2014.

Figure 1. Number of Publications in PubMed
for the terms Autophagy, Proteasome and
Apoptosis since 2000.

These numbers clearly show that interest in Autophagy is in its exponential phase, with 87% of the
literature on the topic published after the year 2000. Accordingly, our TRANSAUTOPHAGY Action
is timely. There have been two guidelines published since 2008 by scientists working in the
autophagy field due to the increasing demand to establish good practices in analysis and
interpretation of autophagy studies. This is a manifestation of the importance of consensus in this
field due to its complexity. Another relevant issue that highlights the timing for this COST Action is
that about 50 drugs that are known to modulate autophagy are currently being evaluated in phase I
or phase II clinical trials (https://clinicaltrials.gov). None of these drugs were specifically designed to
manipulate autophagy: all were already on the market for other purposes. Since these drugs do not
specifically modulate autophagy, other cellular processes are affected, leading to various side
effects, such as immunosuppression in the case of rapamycin for instance. The absence of
autophagy-specific drugs is the single greatest barrier preventing autophagy manipulation from
being used in the clinic for the benefit of patients. Finally, several national networks for autophagy
research such as the CFATG in France (www.cfatg.org), the Nordic Autophagy Network
(www.nordicautophagy.org) and the recently created Spanish Autophagy Group (site under
construction) have risen to celebrate annual meetings that gather most of the national laboratories
working on this topic. These three associations had their first joint meeting in 2014
(http://cfatg.org/en/international-autophagy-conferences/) demonstrating the will and necessity for
international networking.

1.2.

Specific Objectives

1.2.1. Research Coordination Objectives
In order to face the challenges of translation of basic autophagy research into clinical relevance, the
Action includes the following specific objectives to support the infrastructure and research:1) building
and unifying an international network of researchers in Autophagy from public institutions and
industry to generate synergies;2) acting as a stakeholder platform, trans-national practice community
and strategic area in biomedicine and biotechnological sectors; 3) Involving of Early Career
Investigators (ECIs) to increase their visibility and facilitate leadership development; 4) promoting
gender balance at all levels of the organization; 5) providing targeted know-how for next-generation
scientists in the field in high quality Training schools; 6) promoting exchange of knowledge and
resources sharing by the performance of Short-Term Scientific Missions (STSM) for students,
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researchers and high qualified teaching experts in the field; and 7) increasing dissemination of
research results to stakeholders, general public and patient associations.
1.2.2. Capacity-building Objectives
Specifically this COST Action has several overarching objectives: 1) increasing the amount of
scientific knowledge and technological breakthroughs in autophagy measured by high impact
publications; 2) standardizing technological procedures for autophagy analysis through
multidisciplinary joined guidelines; 3) reporting white-papers for policy makers; 4) fostering
multidisciplinary breakthroughs, bridging separate disciplines such as nanotechnology,
bioinformatics, physics, chemist, biology and medicine by increasing the number of common
research projects about healthy aging, prevention, diagnosis or treatment of diseases, crop
production, alternative energy generation, and reduction of CO2 emissions; 5) promoting and
integrating new discoveries into system-biology-based databases; 6) Increasing the number of new
autophagy modulators able for translation; 7) Boosting the number of biomedical products related to
autophagy with patent licensing for biomedical or biotechnological purposes; 8) supervising and
increasing the inclusion of female cohorts in pre-clinical and clinical studies.

1.3.

Progress beyond the state-of-the-art and Innovation Potential

1.3.1. Description of the state-of-the-art
Almost half a century ago Nobel laureate Christian de Duve coined the term “autophagy”. Autophagy
is an essential cellular quality control mechanism and is critical in all eukaryotic cells. It plays critical
roles in adaptive responses during developmental transitions and during cellular homeostasis and
by removing damaged organelles during metabolic stress and in response to high bioenergetic
demands. The hallmark of autophagy is the sequestration of the components targeted for destruction
in double-membrane vesicles called autophagosomes. The biogenesis and consumption of
autophagosomes can be divided in four discrete steps: i) induction and expansion that is marked by
the initiation of sequestration, ii) completion, during which the cargo becomes enclosed within a
completed vesicle, iii) docking and fusion, in which the outer vesicle membrane tethers to and fuses
with the lysosome/vacuole, and iv) breakdown, which involves lysis of the inner vesicle and
degradation of the cargo. Autophagy is a highly selective degradative process that functions to break
down cell structures (mitochondria, peroxysomes, ribosomes, endoplasmic reticulum, protein
aggregates) and invading microorganisms.
Figure 2. Autophagy Flux.

The process itself and the proteins involved in autophagy are evolutionarily well conserved.
Autophagy is induced when eukaryotic cells are starved or exposed to cytokines such as IFNg and
TNFα or when plants are exposed to salt or heat stress. The result of autophagy initiation is the
simultaneous nucleation and expansion of cytoplasmic cisterns termed phagophores, the precursor
structures of autophagosomes. The molecular basis of nucleation is still mysterious; however, the
expansion is probably mediated through the acquisition of lipid bilayers by direct translocation from
the endoplasmic reticulum (ER) or mitochondria, and/or by fusion with vesicles. Autophagosome
biogenesis occurs at the phagophore assembly sites (PAS), specialised locations where the
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autophagy machinery is assembled. The growing phagophore ultimately closes to become an
autophagosome. Mature autophagosomes fuse with lysosomes, allowing the release of inner
vesicles into the lumen of this organelle where it is turned over together with the enclosed cargo.
Finally, the metabolites resulting from this degradation (e.g., amino acids, lipids and sugars) are
transported back into the cytosol for re-use.
Genetic screens in the yeast Saccharomyces cerevisiae led to the identification of a number of
molecular factors essential for autophagy. Over 40 genes have been identified to date that encode
proteins involved in bulk and selective types of autophagy; these proteins are known as AuTophaGyrelated (ATG) proteins. Sixteen ATG proteins compose the core machinery required for the formation
of autophagosomes in all eukaryotes. Although the core autophagy-related genes appear to be well
conserved, in plants there has been an expansion in many of the core components of the two
conjugation systems required for autophagy activities. In addition, some of the accessory proteins
that act as structural determinants or regulatory components of defined autophagic pathways (for
example ATG14, ATG17, or selective autophagic receptors) are either missing or functionally
divergent in plants compared to mammals. In general, the ATG proteins are recruited to the PAS in
a hierarchical order and are involved in the formation and expansion of the PAS/phagophore. Their
specific roles, their exact functional interactions, and their precise localisations around the growing
phagophore are, however, largely unknown. The nuclear regulation of autophagy has begun to be
deciphered through the discovery of transcription factors (TFEB, E2F, FOXO) that regulate the
expression of ATG genes. Epigenetic regulation of autophagy by histone post-translational
modification has shed some light on the dual role of autophagy in cell survival and cell death.
The past two decades have witnessed an explosion of research on the molecular mechanisms of
autophagy and its roles in physiology and disease. Through genetic approaches in yeast, mice, and
other model organisms including plants, researchers have learned that autophagy plays crucial roles
in differentiation and development, cellular and tissue homeostasis, protein and organelle quality
control, metabolism, immunity, and protection against aging and diverse diseases (e.g., heart failure,
liver inflammation, impaired long-lived humoral immunity, Parkinson’s disease). Moreover, an
increasing number of human diseases are being linked to polymorphisms or mutations in autophagy
genes (e.g., Danon’s cardiomyopathy, Crohn’s disease, asthma, breast cancer, colon cancer) or
deficiencies in autophagy.
The molecular mechanisms and the physiology of autophagy in the plant cell are less clear than in
animals. The details of how autophagy functions in pathogen-triggered programmed cell death in
plants, seed protein accumulation, senescence, tolerance to nutrient deficiency, abiotic stresses,
and redox homeostasis are not well understood. Basic questions such as why and how
mechanistically reduced autophagy renders plant more sensitive to environmental cues are still
unanswered. It is not yet clear how many types of autophagy pathways are active in plant cells,
which types of autophagy are involved in pathogen-triggered programmed cell death, or how some
pathogens use the autophagy pathway to manipulate the plant immune system. Experimental
evidence suggests that selective autophagy is active in plants subjected to nutrient deficiency or
abiotic stress or undergoing developmental transitions. The determinants of this selectivity and the
full complement of the cargoes involved in different growth conditions are still unknown. How this
pathway intersects with the proteasomal pathway or the biosynthetic membrane trafficking pathway
in the plant awaits experimental answers. Generally, it is thought that the autophagy requirement
during unfavourable conditions is linked to a nutrient recycling role. Autophagy is a key process in
the regulation of ripening and the quality of fruit, allowing the design of new strategies to improve
nutritive properties of crops. Understanding mechanistically the importance and contribution of
autophagy to plant growth and development under unfavourable environmental conditions such as
mineral nutrient deficiency, water limitation (drought, osmotic stress), and pathogen infection are a
prerequisite to manipulating this pathway chemically or genetically with the aim of enhancing plant
productivity.
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1.3.2. Progress beyond the state-of-the-art
The first and foremost barrier for the translation of autophagy research into the clinic is the
development of specific autophagy modulating drugs that can be tested in cells and pre-clinical
models. These drugs can be models for additional autophagy modulators and will provide a proofof-concept for use of autophagy-based therapies. Another hurdle is the lack of suitable surrogate
endpoint markers for clinical trials. Early phase clinical trials of any new pharmacological agent are
generally designed to identify a range of potentially useful doses based on their ability to produce
the expected changes in a biological or physiological system. Because the magnitude of autophagy
induction or inhibition cannot be readily assessed in humans, no autophagy-specific surrogate
endpoint currently exists. Consequently, unless biomarkers capable of assessing the levels of
autophagic flux are identified, doses must be defined based on disease-specific intermediate
markers; the relationships of such effects to the manipulation of autophagy are difficult to determine.
In contrast, the food, feed, shelter and energy demands of the burgeoning global population require
development of crop and non-crop plants that are flexible and adaptable to the challenges of the
rapidly changing environment. To feed the projected world population of 9.15 billion in 2050,
agricultural productivity must increase by 60%. Environmental cues, including pathogen attacks,
nutrient deficiencies, and abiotic stresses are the main limit factors for plant productivity.
Circumstantial evidence suggests that autophagy-deficient plants are more sensitive to abiotic and
biotic stresses, suggesting that plant growth under adverse environmental conditions requires a
functional autophagic pathway. Importantly, some microalgae accumulates lipids in sufficient amount
to be considered a future alternative source of biofuel and autophagy is a key pathway in preserve
this storage.
A few clinical and biotechnological applications have already been initiated (see examples in section
2.1.1), and those that will follow as bottlenecks, such as lack of multidisciplinary collaboration, are
removed. There are several gaps that block the translation of knowledge. TRANSAUTOPHAGY will
help bridge these gaps through development of networks of experts in this type of process,
companies and transfer of technological officers. The Action will tackle several Societal Challenges
including health promotion and disease prevention and improving nutrient-use efficiency, crop yield
protection, and alternative energy production.
1.3.3. Innovation in tackling the challenge
Due to the complex and transversal nature of the autophagy field, research must be highly
collaborative, and interactive efforts among disciplines and specific areas are necessary. To achieve
this, implement several instruments will be implemented: 1) two translational “think-tank”
Committees made up of experienced experts in translational practices will be convened (see 3.2);
2) annual and periodic foresight workshops will promote synergies, collaboration in common
projects, and specific translational research actions; 3) basic researchers will be linked with
technological and pharmaceutical company scientist by implanting partnering web-based tools; 4)
younger researchers will participate in informal meetings for brainstorming during annual
conferences; 5) annual conferences will promote breakthrough visibility to non-expert audiences; 6)
training activities will foster scientific and technical exchange of knowledge; 7) a Dissemination
Committee will ensure website content that incorporates links to patient associations; 8) researchers
from Small and Medium-sized Enterprises (SMEs) in Europe and neighbour countries will be
encouraged to participate; 9) Working Groups with a multidisciplinary composition of stakeholders,
including SMEs and big companies, will be created.

1.4.

Added value of networking

1.4.1. In relation to the Challenge
The TRANSAUTOPHAGY network will facilitate easy and fast exchange of scientific discoveries,
techniques, and resources. For the new generation of researchers, the Action will favour comentoring and increase opportunities to perform high-quality science. New discoveries will enhance
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creation of high-quality job opportunities, ideas for spin-off generation, and market opportunities. In
addition, sex/gender issues in biomedical experimentation will benefit due to persistent alert within
the network. Finally, the network will help to ridge and circumvents common gaps and obstacles in
the way from knowledge to translation due to share experiences and offering links with specific
officers.
1.4.2. In relation to existing efforts at European and/or international level
Among international Autophagy researchers there is a strong and growing sense of community. This
is reflected by the existence of joint publications by large research groups and in the existence of
National Autophagy Associations in several European Countries, as mentioned in section 1.1.2.
Thus, the primordia of networking exist and COST Action will formalize and integrate these
associations and create new ones in countries where they do not yet exist. Fifty of the participants
in this Action are currently involved in European Programmes such as H2020 (1 participant), FP7
(24 participants), ERC starter (1 participant), advanced (4 participants), and consolidator (2
participants) grants. Among ECI, there are two EMBO fellowship and two senior scientists have ITN
proposals in the H2020 frame currently under evaluation. Therefore this Action will foster and
improve their respective objectives by recreating a multidisplinary environment increasing
competitiveness across Europe. Finally, partners from other different COST Actions such as
PROTEOSTASIS, MULTIGLYCONANO and HYPOXIANET helped develop the present Action,
ensuring that the Management Committee will have the experience and motivation to drive the
innovations presented herein. This will also facilitate cross-talk and STSM exchanges with other
running Actions.

2. IMPACT
2.1.

Expected Impact

2.1.1. Short-term and long-term scientific, technological, and/or socioeconomic impacts
In the short-term, the Action expect a number of important scientific and technological impacts: 1)
Increased partnering, exchange of resources, and shared infrastructure. This will enable researchers
to gain access to modern equipment and to models to perform specific or high quality experiments
not possible otherwise and will help to defragment European Research and enhance the use of
funding resources by fostering collaborative research. 2) Increased partnering among researchers
from academic institutions, biotechnological or pharma companies, and SMEs. This will facilitate
access by SME scientists to cutting-edge research and will increase the visibility of their products to
expert audiences. This partnering will boost innovation and lead to marketable products. 3) Increase
visibility of individual lab results, especially those from ECIs, generating synergies and transversal
multidisciplinary collaborations to foster innovation. 4) Generate a highly motivated and well-trained
cohort of students with an excellent understanding of Autophagy in basic and applied aspects. By
training scientist from multiple disciplines together from an early stage, appreciation for strengths
and limitations of disciplines will be fostered. These students will be positioned to continue moving
innovative science forward. 5) Ensure participation of women at all levels promoting balance among
leaders and tacking consideration of issues related to family-work conciliation. 6) Potentiate less
research intensive countries.
In the long term, the expected impacts to Economy and Society will be: 1) increased
competitiveness of European scientists in the field of Autophagy, which is in its exponential
productivity phase in terms of high impact publications; 2) technological developments that enable
monitoring of autophagy for research and medical purposes by multidisciplinary efforts including the
application of nanotechnology; 3) experimental adjustments in sex/gender analysis to settle specific
diagnosis and therapy; 4) generation of new start-ups and spin-off companies that are focused on
autophagy modulation; 5) development of crops with improved efficiency of nutrient use and higher
yields and of technologies that harness microorganisms for alternative energy production; 6)
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development of new biomedical products for diagnosis and treatment of diverse system-specific
diseases and age-related diseases in which Autophagy has a central role; 7) recommendations and
guidelines for meeting Societal Challenges of health promotion and disease prevention.
As examples of the mentioned impact, some of the potential applications in Autophagy research
are already in translation phases. Herein, three of them are summarized: 1) a Phase I clinical trial in
cancer patients will be initiated by the end of 2015 with dsRNA-based nanocomplexes designed to
promote tumor self-degradation by autophagy and apoptosis1; 2) ongoing clinical studies patients
with glioblastoma of cannabinoid-based anticancer therapies designed to stimulate autophagymediated cancer cell death2; 3) ongoing Phase III clinical trial concerning of P140 peptide/Lupuzor
that modulates chaperone-mediated autophagy (CMA) for systemic lupus erythematosus3.

2.2.

Measures to Maximise Impact

2.2.1. Plan for involving the most relevant stakeholders
The main stakeholders of this Action are excellent senior and young researchers (seven ERC PIs
and 11 ECI) who work in the Autophagy field. This excellent Community also includes 37 specialists
(from disciplines including physics, nanotechnology, engineering, mathematics, and bioinformatics)
and clinicians from diverse specialities. In addition, 10 SMEs from both the biotechnological and
pharmaceutical sectors have expressed interest in this Action. This is an excellent conformation and
attractive for stakeholders searching for networking and cooperation in the Autophagy field. The
Action intends to add value by fostering multidisciplinary cooperation and networking among
researchers, SMEs, and clinicians.
To do this the Action will implemented the following tools: 1) Website. The Action aims to generate,
maintain, and nourish a website that will be at the central core of all our activities. This site will serve
as the main portal for dissemination of results, reagents, and protocols, an important entity of the
Action. The Action will create a Dissemination Committee in charge of these tasks and of infusing
dynamism and ensuring that the website is up-to-date. The content and function of the website (see
point 2.2.2) will be designed to facilitate communication among stakeholders and will be a centre of
magnetism to attract new excellent participants including more SMEs. 2) Annual conferences.
These meetings will be organized to support the exchange of knowledge and foster visibility of
researchers, specially ECIs and small groups and to help disseminate information to non-specialist
audiences like patient associations. It is anticipated that ideas stemming from these meetings will
accelerate scientific advances and that companies will be able to pitch products, pipelines, and
objectives increasing their visibility and providing opportunities for onsite deal-making. In addition
child-care facilities are envisaged to favour the assistance of those requiring the service, especially
recent mothers; 3) Foresight workshops. These workshops will be focused to allow identification
of new opportunities. One of the first workshops will bring participants together to strategize on how
Autophagy intervention strategies can be implemented clinically; 4) Strategies for Open
Innovation. Researchers will be challenged to find creative solutions to specific problems in a
competitive manner depending on the budget available. Challenges will be carefully managed and
can be launched by companies or researchers. 5) High quality and specialized training schools.
These courses will be targeted to younger students and will cover specialized hands-on and
theoretical multidisciplinary topics. Courses will be organized by members of the Action, although
support for attendance to other specialized courses is envisaged. One of the first training schools
will likely be “High throughput screening for chemical compounds and/or genes targeting the
autophagy pathway in diseases representing a threat for global health (e.g., cancer, infectious
diseases)”. 6) Short-Term Scientific Missions. These Missions will promote the interchange of
students and teachers among participating institutions to stimulate transnational collaborations and
exchange of know-how, protocols, tools, and reagents. Intense activity is already occurring among
stakeholders’ laboratories. competitive calls are expected to be launched to select the interchanges
for financing according to a scoring algorithm to be determined by the Management Committee and
a designated STSM coordinator.
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2.2.2. Dissemination and/or Exploitation Plan
The Action will create a Dissemination Committee to generate, monitor and maintain the website
of TRANSAUTOPHAGY. Action website will be the main portal of dissemination, internally and
externally as well as promoting all activities. There will be available movies/ online training sessions
that can be used to ensure dissemination beyond the lifetime of the Action. For internal information
sharing and project coordination the Action will use an on-line password-protected project
management tool such as Basecamp. The results of the Action will be available to the scientific
community which will include peer-reviewed publications and reviews, Standard Operating
Procedures (SOPs) and guidelines. The Management Committee (MC) will develop a policy to
ensure that collaborative results are jointly analysed and published in accordance with principals of
academic integrity reflecting ownership of data and academic contribution. In summary, the website
will include: i) links to patients associations (Many national and international patient associations
with different diseases, trauma or several organ dysfunctions including Cancer, Neurodegenerative
diseases, Heart Disease, Crohn’s disease, infectious diseases (e.g. AIDS, tuberculosis), Cystic
Fibrosis and Muscular Dystrophies among others); ii) links to social networks (facebook, twitter,…);
iii) press releases and interviews to relevant Scientifics of the field; iv) scientific breakthroughs and
milestones publications; v) comprehensive reports for non-specialist audience; vi) resources and
specific methodology and models; vii) videos and comics available for school teaching; viii) job
opportunities for researchers, especially younger researchers; ix) translation-relate information:
biomarkers, clinical trials, recommendations for healthy aging.

2.3.

Potential for Innovation versus Risk Level

2.3.1. Potential for scientific, technological and/or socioeconomic innovation
breakthroughs
TRANSAUTOPHAGY have the potential to lead to several scientific, technological and
socioeconomic innovation breakthroughs. From the Scientific point of view, transform competitive
research into collaborative research is a challenge in itself. However, sharing knowledge in a network
format that allow to be informed faster, sooner and better is an advantage for researchers and SMEs
in addition to the obvious facilities for dealmaking. Collaborative research will benefit as well to
scientists from less research-intensive countries across Europe. Networking will lead to the
generation of handling databases of interest for the consortium, including all the “omic databases
integrated for data mining through a system biology approach, or a collection of new drugs capable
to modulate autophagy among others. Big data collection is the necessary starting point for solid
steps in research towards pre-clinical investigations. Therefore, TRANSAUTOPHAGY will
accelerate knowledge acquisition with improve quality pushing Europe to the forefront of Autophagy
investigation for its translation. Below, the Action exemplified several cases in which Autophagy
research has let to innovative discoveries associated to different Technological and Socioeconomic
Challenges that have been achieved by discrete groups of research. Networking through
TRANSAUTOPHAGY will boost the acquisition of solid knowledge about the role of Autophagy in
several issues related to these specific challenges and help to defragmentation of European
research. Although the objectives are searching excellence and are risky, the existence of cases
that demonstrate how well the Autophagy research can success make the Action very attractive.
TRANSAUTOPHAGY will tackle socioeconomic challenges according to related to the Council of
The European Union:
1) Understanding the determinants of health, improving health promotion and disease
prevention. There is now solid experimental evidence that some caloric restriction mimetics
(spermidine, resveratrol and other polyphenols, some of them accessible in drugstores) is a new
avenue to stimulate autophagy and to extend longevity. Since active aging, well-being and disease
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prevention are socioeconomically challenges this fact might be considered a matter of habits and
education rather than an expensive strategy of drug development.
2) Understanding and treating and managing Diseases. Neurodegeneration (e.g. Parkinson’s
disease) and cancer (e.g. melanoma) are considered societal burdens and have been identified as
priority research areas and both have been proved to be related to autophagy dysfunction. Our
consortium will accelerate the generation of quantitative and mechanistic studies that will help
identify autophagy-based biomarkers of disease progression and novel targets for pharmacological
interventions. For instance, recently, some authors pointed to ULK1 as a good candidate for
determining the prognosis of patients with nasopharygeal carcinoma. Another example is the
administration of Sativex-like, which contains ∆9-Tetrahydrocannabinol (THC) and promotes the
activation of autophagy and loss of cell viability, to mice bearing BRAF wildtype melanoma
xenografts, substantially inhibited melanoma viability, proliferation and tumour growth paralleled by
an increase in autophagy and apoptosis in cancerous cells. From these observations, induction with
Sativex warrants clinical evaluation for treatment of metastatic melanomas.
3) Sustainable agriculture and forestry. Autophagy has been suggested to be involved in seed
development and germination, photomorphogenesis, chloroplast maturation, mineral nutrition,
hormonal responses, pathogen resistance, stress protection, senescence, fruit ripening and fertile
floret development under nutrient-limiting conditions. The rice autophagy-defective mutants, Osatg7
and Osatg9, show complete sporophytic male sterility and limited anther dehiscence under normal
growth conditions, suggesting that autophagy is crucial in reproductive development in rice.
4) Develop new alternative fuels. The green microalga Auxenochlorella protothecoides can
transition from heterotrophic to autotrophic growth. When switched to heterotrophic conditions
(limited nitrogen and abundant glucose), A. protothecoides grows rapidly and accumulates large
amounts of lipid (>50% of dry cell weight). This lipid has been harnessed for the production of biofuel.
It has been recently shown the lipid droplet degradation can occur during the heterotrophic to
autotrophic transition by microautophagy-like mechanisms.

3. IMPLEMENTATION
3.1.

Description of the Work Plan

3.1.1.

Description of Working Groups

TRANSAUTOPHAGY will concentrate on coordination, cooperation, and exchange of resources
among European participants in order to enhance contributions to the worldwide effort made in this
field. Participants in this COST Action agree that reciprocal basic/fundamental knowledge transfer
within European academic, clinical, and industrial research groups represents the best means to
address current challenges. Our Action is cofounded by 172 scientists from 24 different countries
across Europe including Norway, Switzerland, Turkey and Israel. Most of us are principal
investigators with focused interest in Autophagy, although the Action approach the field from different
perspectives. The Action includes scientists that belong to diverse disciplines: molecular biology,
biochemistry, nanotechnology, engineering, physics, bioinformatics, and chemistry. This infuses a
real multidisciplinary character into the Action. Of the multidisciplinary researchers, 35% of us are
clinicians with demonstrated translation activity. Finally, the Action count with the support of 10 SMEs
with different interests in Autophagy field, ranging from those dedicated to the investigation of
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alternative energy from microorganisms to development of imaging-related tools and software, to
drug-discovery. The Action also includes 11 ECIs with high activity in the field of Autophagy. Among
leaders of the Working Groups (WGs) who have actively contributed to the elaboration of this
application, 50% are women; 37% of the total participants are women. The Action is organized into
five WGs to provide a rational footpath toward translation. WG leaders have designed their own
objectives and decision-making processes and have defined their contributions to the different
translational projects.
WG1: Basic Research on Autophagy Molecular Machinery. WG1 aims to extend basic
knowledge on Autophagy, filling the existing gaps to improve molecular understanding of the main
mechanisms that regulate autophagy pathways in yeasts and higher eukaryotic cells. This Group
will tackle basic research to yield fundamental insights into the autophagy pathways and to identify
and validate novel targets for intervention in these pathways in different model systems. Projects are
designed to characterize i) initiation and propagation machinery; ii) docking and fusion events; iii)
lysosomal degradation; iv) selective autophagy; v) genetics and epigenetics; and vi) autophagy
signalling and systems biology.
Objectives are: 1) identify molecular interactions that drive autophagosome formation and fusion and
characterized the interface between autophagosomes and endocytic vesicles; 2) define and validate
mechanisms/molecular interactions and pathways that regulate autophagic clearance of proteinaggregates, lipids, and organelles (aggrephagy, lipophagy, mitophagy, pexophagy, ER-phagy) in
model systems; 3) define and validate the role of the autophagy-lysosomal system in sensing nutrient
availability, metabolism, signalling and secretion; and 4) identify gaps in the available molecular
toolkit for autophagy research and develop novel tools and reagents (including CRISPR-Cas9
systems and viral-based expression vectors and derived cell-lines) through pooled expertise and
resources. This Group will provide constant methodological updates in the form of co-authored
papers, forum discussions, and through the establishment of a ‘COST-autophagy-virtual lab’ where
state-of-the art techniques, novel autophagy modulators, and tools developed by partners of the
consortium will be disseminated.
WG1 in particular will foster the development of novel model systems and reporter cell-lines to
monitor and analyse how disturbances in autophagy components affect cell viability, metabolism,
cell death pathways, and the aging processes, thus providing exploitation-relevant outputs for the
other WGs. In addition, WG1 will focus on development of a prototype systems models for the
analysis of autophagy signalling (with WG2), which defines and predicts relevant output –
physiological rebalance, survival in stress, switch to cell death – in the cellular systems explored
(e.g., yeasts, plants, neurons, cancer cells). This will result in development of biomarkers for
exploitation by WG4 and WG5. Since an important research gap in the field is the lack of specific
modulators, WG1 will work to develop small-molecule modulators of autophagy pathways to ‘perturb’
autophagic degradation in model systems (with WG2).
WG2: Strategies for Autophagy analyses and modulation. To enable translation of Autophagy
research from bench to bedside, WG2 will focus on development of: i) tool kits for Autophagy
analyses; ii) platforms for drug discovery; iii) nanotechnology; and iv) synthetic biology engineering
for autophagy modulation. In particular, the objectives are: 1) advance and optimize high-throughput
platforms that assess autophagy to enable therapy-relevant drug discovery; 2) improve and develop
nanodetection, nanocharacterization, and nanodevices to establish nanomaterial-autophagy
interactions; 3) utilize systems biology to predict areas of translational applications for novel drugs
and nanomaterials targeting autophagy in age-related human diseases; 4) develop foundational
understanding to design rational synthetic biology solutions for translational autophagy modulation
in both prevention and therapy of age-related human diseases; and 5) establish standardized
methods to collect and facilitate integrative analysis of Big Data from ‘omics and systems and
population biology experiments in the context of stratification of personalized medicine and wellbeing.
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WG2 will foster Autophagy assay improvement and development suitable for large-scale
quantifications in ‘omics, imaging, and systems biology (together with WG3 and WG5), and technical
improvement of automated platform performances to score for autophagy in drug/nanomaterial
discovery screening as well as diagnostic-clinical approaches (together with WG3 and WG5). In
addition, WG2 will establish two open access databases: One will collect data and experimental
procedures that monitor the process of autophagy in cells and organisms and to formulate a detailed
repertoire of evidence-based guidelines on autophagy testing, validation, and quantification in
biological assays (together with the other Working Groups). The other will be an open-access largescale data mining and prediction pipeline for autophagy-based systems biology approaches in wellbeing and diseases that will include mathematical modelling algorithms for the development of nanoenabled synthetic biology solutions against chronic, infectious, cancer, and neurological diseases
(together with WG1 and WG4).
WG3: Autophagy Applied to Crop and Energy production. WG3 aims to extend current
knowledge on autophagy in phototrophic organisms, identifying critical gaps in knowledge and
translating this knowledge into enhancing plant growth, optimizing nutrient utilization, improving food
quality, and modulating stress responses and immunity. WG3 will analyse: i) Autophagy in plant
immune responses; ii) Autophagy in abiotic stress responses; and iii) Autophagy in plant
development. Specific objectives are to: 1) collect, evaluate, and categorize (in collaboration with
WG1 and WG2) the available data on the molecular mechanisms that activate the ‘core autophagy’
machinery and programmed cell death in various stages of plant development – from seed-to-seed,
with emphasis on plant-specific role of ATG proteins in seed germination, plant growth, and
development under adverse conditions, immunity responses, and qualitative and quantitative
nutrient mobilization; 2) compare and evaluate (in collaboration with WG1 and WG2) current
methods, including pharmacological approaches, for assessing, modulating, and quantifying
autophagy in phototrophic organisms, a system posing unique challenges compared to mammalian
and yeast systems; 3) establish a framework for the development of new techniques to monitor
autophagy in photosynthetic organisms and to understand how this pathway intersects with other
degradation systems (vacuolar and non-vacuolar) and vesicular processes in photosynthetic
organisms (in collaboration with WG1 and WG2); 4) develop a forum among specialists of different
disciplines to better understand the role of autophagy and mechanisms that regulate autophagy at
the tissue, cellular, and subcellular levels (in collaboration with WG2); and 5) encourage excellent
collaborative work toward the identification of exogenous and endogenous factors that induce and
regulate selective autophagy in plants with emphasis on the signalling networks and the selective
cargo receptors involved and their cognate targets.
WG4: Biomedical Research. WG4 will integrate what is known about Autophagy in: i) physiology
and aging; ii) particular organ dysfunctions; iii) metabolic disorders; iv) cancer; v) immunity,
inflammatory diseases, and infectious diseases, and vi) drug-induced toxicity. This group will
generate ideas that have the potential to be translated into novel clinical and biotechnological
applications by using the basic knowledge obtained by the different WGs. The focus of WG4 is to
identify functions and dysfunctions of autophagy in cellular and animal models of human diseases
and use this knowledge to: i) identify (autophagy-related) biomarkers of disease and ii) design
therapeutic strategies based on the manipulation of autophagy. The ultimate objective of WG4 is to
provide – based on results obtained in preclinical models of disease – the basis for the development
of novel biomedical applications. Specific tasks are to: 1) determine the molecular mechanisms by
which autophagy regulates the pathogenesis of different diseases; 2) understand the interplay
between autophagy and cell death in different diseases; 3) investigate and elucidate the effect of
autophagy modulation (using different approaches) in preclinical models of disease; and 4)
investigate the mechanisms by which currently approved drugs modify autophagy in different cell
types and assess the clinical implications of such interference.
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WG5. Biomedical Translation & Clinical Trials. WG5 translate results into benefits to patients by
tackling: i) biomarker discovery; ii) development of strategies to foster healthy aging; and iii)
development of therapeutic strategies to treat a variety of diseases. Secondary objectives include:
1) identify needs of basic investigators for models or physiologically relevant systems to validate
candidate biomarkers, pathways, or compounds in vivo (human tissue biopsies or fluids); 2) identify
research partners for clinicians interested in defining mechanistic aspects of observations identified
in their clinical practice; 3) evaluate the genetics, biochemistry, and cell biology of autophagy in
different human diseases; 4) foster discussion, identification, and validation of novel autophagyrelated factors to provide new mechanistic insight into the role of lysosomal-mediated processes in
disease; 5) support specific translational biomedical research actions to identify new signaling
cascades that may be modulated or controlled by autophagy and to determine how these pathways
are rewired during pathological situations; and 6) investigate and develop novel strategies through
which to exploit and harness autophagy for the prevention and/or diagnosis of diseases of interest
of members of the COST Action (e.g., vaccines, immune activation, exercise, drug treatment); 7)
serve as a forum for discussion among members of the WG regarding therapeutic approaches
already available (exercise, drug treatment, nutritional care, among others) to limit or avoid muscle
wasting in different human conditions (e.g., cancer, aging, neuromuscular disorders); and 8) lead
meta-analysis regarding modulation of autophagy as therapeutic approach in human diseases. The
activities to be carried out will include the generation of a database of clinical researchers working
with human clinical samples (tissue biopsies, serum, plasma, urine or bucal swaps, among others),
who are interested in collaborative functional or validation studies using their clinical samples. This
database will be accessible to all partners in this Action. The Action expects that members of the
other Working Groups, especially basic researchers and biotechnological company scientist, will
particularly benefit as it is often difficult to find suitable clinical partners. Therefore, the Action
anticipates numerous and productive synergies in different human pathologies.
Summary
The entire organization is closely imbricated, therefore, the Action has grouped each specific
deliverable under one of six major milestones (detailed in Table 2. Although the headings are in
appearance general issues specific examples of each type are provided in section 2.1.1 and 2.3.1.
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Table 2. Aligned joined Milestones and specific WG’s deliverables. Indicated by triangles is the moment
expected to get them either the 2nd (blue), 3rd (red) or 4th (pink) year of the Action.

3.1.2. GANTT Diagram

3.1.3. PERT Chart (optional)
3.1.4. Risk and Contingency Plans
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Annual conferences and biannual reports will integrate risk assessments and contingency planning
discussions within the WGs, leading to adjustments of immediate and long-term goals as necessary.
Moreover, WG2 participants will pair to share responsibility for working plan detailing and
implementation for each deliverable. Collectively, the deliverables are achievable with certainty. The
most challenging sections include the release of open-software and the establishment of the web
platform to foster start-ups. To translate these plan sections into action, the TRANSAUTOPHAGY
website will be used for monthly workshop-style webinars to ensure maximum flow of information
and to allow input into experimental design and result interpretation by all members. In the
unexpected event of impracticable software release and communication platform establishment,
road-map guides that include achieved findings will be released. The autophagy genes and
pathways analysed in this Action may not serve as diagnostic or prognostic indicators when
considered as single agents. In that case, the Action may consider combination strategies to
generate a “biomarker kit” for the specific pathology. The Action is aware that such biomarker kits
may not be universally applicable to all the pathologies to be analysed in this Action. Instead, the
Action expects the need for “customized” disease-specific diagnostics and interventions. Our
objective will be to provide a sufficiently comprehensive platform where state-of-the-art mechanistic
studies in cells and animal models, can be integrated with the most relevant “real” clinical specimens
for each of the pathologies to be pursued in the COST Action. The completion of clinical trials and
the development of new therapeutic drugs and commercial diagnostic kits based on autophagy are
milestones that may not be fulfilled during the Action. Nevertheless, the activities of the network will
promote interactions among partners that the Action expects to translate into mid-and long-term
actionable results, providing a seed for further competitive European initiatives.

3.2.

Management structures and procedures

The Management Committee, convened by representatives of the participating countries, will
coordinate the scientific and administrative actions. The initial meeting will address the election of
Chair and Vice Chair of the network and each of the WGs as well as STSM and Dissemination
coordinators. Responsibilities of Management Committee will be to promote gender balance and
ECI involvement; distribute funds within the Action, draft scientific reports to COST office, launch of
calls for exchange visits; increase visibility by publication of activities; recruit new members;
organize, plan, and coordinate meetings, conferences, workshops, and training schools; monitor
scientific progress within WGs; establish a panel that reviews STSM applications; promote and
establish collaborations between Action members with other COST Actions and European and
international programmes; promote communication with societies; and support of interactions with
industrial partners and commercial exploitation and translation of research results.
Two other Committees will be created in other to accomplish multidimensional objectives of the
Action. Each Committee will manage a portfolio and a dynamic decision-making process to
constantly up-date and revise ongoing projects. The Steering Committee will be charged with
efficient day-to-day management and will be formed by Chair, Vice Chair of the Management
Committee, WG leaders, STSM, and website coordinators. The Steering Committee will facilitate
efficient communication and decision-making by preparing Management Committee meetings and
coordination of Action activities. The Steering Committee will meet every month through the internet.
This Committee will control the organizational structure; organize the annual meeting; accomplish
dissemination; maintain the website; invite external experts; prepare annual reports; support ECIs,
and ensure gender balance.
The Translational Committees will be formed by participants with experience in translational
activities together with leaders of WG3 (Biotechnological Committee) and WG5 (Biomedical
Committee) and will serve as think tanks. The Committees will be dedicated to the selection and
strategic support of outstanding and clinically relevant projects to ensure translation of new research
findings. These Committees will help identify projects of high potential clinical value that could be
integrated into translational projects and will participate in already initiated translational projects. The
Translational Committees will also help obtain financial support, be contacts for interested SMEs,
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serve as the nuclei for cross-interaction between biotech or pharmaceutical enterprises and
researchers, and facilitate communication with SMEs. Finally, it will link researchers to contract
research organizations (CROs) and orientation in patent licensing.

3.3.

Network as a whole

TRANSAUTOPHAGY will be a multidisciplinary European network of scientists, clinicians, and main
stakeholders from industry and SMEs that is committed to develop and integrate translational
research projects linked to diverse autophagy roles that are currently studied separately. The Action
include specialists who work with model systems and cellular models and computer-based
simulations to study the origin of membranes for autophagy initiation, molecular biologists focused
on deciphering the molecules that participate in each autophagy stage, and bioinformaticians who
strive to integrate all this information with a system biology-based computational approach. The
Action also includes plant cell biologists who worry about how to drive cell and plant behaviour for a
healthy and efficient development by manipulating autophagy, engineers and scientists who
investigate the potential that autophagy has to facilitate use of microorganisms as alternative fuel
producers, and biomedical scientists fighting to understand how autophagy can be manipulated for
health promotion or therapeutic use. Finally, the Action includes clinicians who are analysing clinical
data in search for biomarkers related to autophagy and innovative SMEs who see the potential in
this manipulation for biotechnical breakthroughs and market solutions. The network will promote
cooperativity.
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