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Bmldmg bridges between academy and mdustry around

NRF2-based therapeutics

February 89 2024, Athens, Greece

The European COST Action CA20121, “Bench to bedside transition for pharmacological regulation of NRF2 in
noncommunicable diseases, BenBedPhar”, is organizing an industry showcase meeting to impulse links between
experts in the field of NRF2 research and Biopharmaceutical companies that may benefit from promoting their
NRF2-based drug development pipelines and from interaction with basic researchers and clinicians. The meeting
will take place in hybrid format, i.e, online and in person. Stakeholders from different fields, from academy to
entrepreneurship, are welcome to participate.

Organizers:

loannis Trougakos: Professor, The National and Kapodistrian University of Athens, Greece
(Management Committee)

Antonio Cuadrado: Professor, Universidad Auténoma de Madrid, Spain (Action Chair)
Santiago Cuevas: Principal investigator, BioMedical Research Institute of Murcia, Spain
(Management Committee, WG4 leader)

Venue:

The National and Kapodistrian University of Athens, History Museum, Athens, Greece (Room: “Krispi”). The Athens
University History Museum is located at one of the oldest residential buildings still standing in Athens today. The
building dates long before the 18™ century and it is situated beneath the imposing heights of the Acropolis with a
panoramic view of the old city centre.

https://en.uoa.gr/about_us/museums/athens_university history museum/
Address:Tholou 5, Plaka, 10556 Athens.
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Ccost c&fBenBedphar February 8th, 2024

SESSION I. Pharmacological targeting of NRF2 (I) Chair:loannis Trougakos

Bench to bedside transition for pharmacological regulation of NRF2 in non-
9:00-9:30 communicable diseases.

Antonio Cuadrado. Chair of COST Action 20121. Autonomous University of
Madrid, Spain

9:30-10:00 Keynote lecture: NRF2 activating drugs
. ; Thomas Kensler. Fred Hutchinson Cancer Research Center, Seattle, USA

O0-10. Developing therapies to target NRF2
LRI Karen Liby. Indiana University, Indianapolis, USA

Experimental translational research and development of new therapies. The role
s [IBC1IES BELU of NASCE / UEMS: Current challenges and future perspectives.
Apostolos Papalois. NASCE / UEMS

11:00-12:00 Coffee break
SESSION Il Pharmacological targeting of NRF2 (1) Chair. Santiago Cuevas

O0-19. Pharmacology of electrophiles
LIRS Albena Dinkova-Kostova. WG2 leader. University of Dundee. United Kingdom

2012, Non electrophilic PPl inhibitors
12:30-13:00 Anders Bach. University of Copenhagen, Denmark
Development of NRF2 activators for treatment of dermatological diseases
13:00-13:30 : -,
Arie Gruzman. Bar-llan University, Ramat Gan, Israel

13:30-15:30 LUNCH break

SESSION Ill. Models and tools to study NRF2 pharmacology () Chair. Albena Dinkova-Kostova

15:30-16:00 In vivo experimental platforms to study NRF2
) ) loannis Trougakos. National and Kapodistrian University of Athens, Greece

16:00-16:30 Mouse models of neurodegenerative diseases: Alzheimer and Parkinson

) ) Ana Rojo. WG2 co-leader. Autonomous University of Madrid, Spain
20-17. Genetic models of NRF2 in Thyroid

16:30-17:00 Gerasimos Sykiotis. University of Lausanne

17:00-17-30 Coffee break
SESSION IV. Models and tools to study NRF2 pharmacology (Il) Chair: Angela Valverde

20.19. Kidney disease in preclinical models. Drug testing
17:30-18:00 Juan Antonio Moreno. University of Cordoba, Spain

NRF2 role in the regulation of NLRP3 inflammasome activation
RIS EERTTE Santiago Cuevas. BioMedical Research Institute of Murcia (IMIB-Pascual Parrilla),
Spain
.20.10. Repositioning clinical agents as senotherapies
18:30-19:00 Paul Shiels. University of Glasgow, United Kingdom
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SESSION V. Models and tools to study NRF2 pharmacology (lll) Chair: Antonio Cuadrado
European Innovation Council (EIC) in the forefront of innovation in Europe
9:00-9:30 lordanis (Danos) Arzimanoglou / loannis Amarantos. EIC Programme for
Health and Biotechnology
Effect of an intraperitoneal treatment with the antipsychotic olanzapine on the
inter-organ crosstalk requlating energy balance and liver metabolism in mice.
Angela M Valverde. Instituto de Investigaciones Biomédicas “Sols-
Moreale"CSIC-UAM, Madrid, Spain; CIBERdem ISCIII, Madrid, Spain

Thiosulfate sulfur transferase and NRF2 in the brain.
LRI Harry Van Goor. University of Groningen, The Netherlands

Therapeutic Application of Patient-Derived Liver Organoids in Metabolic
(RSN B U Dy sfunction-Associated Steatohepatitis and Liver Fibrosis
Bruno Ramos-Molina. Biomedical Research Institute of Murcia, Spain

11:00-12:00 Coffee break

SESSION VI. Progress towards the clinic (I) Chair: Harry Van Goor

Activation of the GABA-A receptor counteracts hepatic steatosis and fibrosis: A
| DAV DARTVI novel first-in-class approach for MASH therapy

Juergen Eckel. CureDiab GmbH. Disseldorf, Germany

Targeting NRF2 in NASH

Antonio Cuadrado. SERVATRIX BIOMED SL., Madrid, Spain

13:00-13:30 Hexaraphane as nutraceutical for NRF2 activation
: ) Angel J. Garcia Yague. (on behalf of) Kinjirushi Ltd Co, Nagoya, Japan

13:30-15:30 Lunch break

SESSION VI, Progress towards the clinic () Chair. Gerasimos Sykiotis

Targeting KEAP1-NRF2 for the treatment of Metabolic Associated Steatotic Liver
15:30-16:00 DR

Philippe Delerive. SERVIER, Suresnes, France

OO-1E. DanubeNeuro programs
bR Vanja Nagy. CEBINA Danube Labs, Vienna, Austria

16:30-17:00 Screening natural products for the identification of NRF2 activity modulators
: ) loannis Trougakos. GenCell-"Biotech. Athens, Greece

17:00-17:30 Coffee break

SESSION VIi. Building bridges. Chair: Paul Shiels
M102, a combined Nrf2 and HSF1 activator for the treatment of Amyotrophic
ARS8 BHI VB Lateral Sclerosis and other neurodegenerative diseases
Raymond K. Houck. Aclipse Therapeutics, USA
.00 1R. Food-Based Strategy for Nrf2-Active Plant Compounds.
18:00- 18:30 Jed W. Fahey. Koppert Cress (Cressen)
Omaveloxolone. Overview of its discovery and clinical developmentin
R RR{IER PAN VM Friedreich’s ataxia
Devorah Ferguson. Biogen/Reata Phamaceuticals
19:00-19:15 Portfolio of expertise, tools, models offered by BenBedPhar
Santiago Cuevas. Working group 4 leader of BenBedPhar

RS ECRC{OM CLOSING COMMENTS

9:30-10:00

12:30-13:00




$]2]1 SERVATRIX

Antonio Cuadrado is a full professor of Biochemistry and Molecular
Biology at the Department of Biochemistry, Medical School, Autonomous
University of Madrid. He is also co-founder of the spin-off SERVATRIX
Biomed S.L. He obtained his PhD degree in Biology in 1985 and enjoyed
several postdoctoral stays in the National Cancer Institute-NIH with the
help of Fulbright and Fogarty fellowships. He established his
independent laboratory as Professor of Biochemistry in 1997 with a main
interest on the study of molecular mechanisms involved in initiation and
progression of chronic diseases. For the past years his main lane of
research has been the validation of transcription factor NRF2, master
regulator of cellular homeostasis as a new therapeutic target in NASH. His
current interest is the development of new NRF2-modulating drugs. Dr.
Cuadrado has published over 160 primary and review articles, of which
more than 80 are related to the role of NRF2 in physiological and
pathological responses to disease.

Targeting NRF2 in NASH

Antonio Cuadrado

SERVATRIX Biomed S.L. is a Spin-off of the Autonomous University of Madrid
(UAM), Spain, (https://servatrix.eu/.) and aims to provide an innovative
strategy for the treatment of a highly prevalent disease worldwide: non-
alcoholic steatohepatitis (NASH) and its progression towards liver fibrosis
and cirrhosis. SERVATRIX business plan is to carry out the preclinical
development and the first clinical phases of the new target and small
molecule identified by Prof. Antonio Cuadrado (UAM), as a novel
mechanism for activation of the transcription factor NRF2, essential in
protection against oxidative, inflammatory and metabolic stress. These are
three fundamental pathological hallmarks of this liver disease. This
molecule is a disrupter of the interaction between the E3 ligase adapter
beta-TrCP and NRF2. Both the target and the small molecules have been
patent protected. In this communication, we will present safety and efficacy
data in preclinical models of NASH.
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Karen Liby is a Professor of Medicine and the Lois and Sid Eskenazi
Chair in Hematology/ Oncology at the Simon Comprehensive Cancer
Center. The goal of her research is to identify new compounds that
inhibit inflammation or modulate the immune system for the
prevention and treatment of cancer. Her lab has completed efficacy
and mechanistic studies with clinically relevant drugs including
synthetic oleanane triterpenoids, RXR agonists, PARP inhibitors, and
bromodomain inhibitors. Dr. Liby earned a B.S. in biology and history
from Hillsdale College and a Ph.D. in cellular and molecular biology
from the University of Cincinnati. She was the recipient of the Wilson
S. Stone Memorial Award from the M.D. Anderson Cancer Center and
an Early Promise of Research Excellence Award from Michigan State
University.

Developing therapies to target NRF2
Karen T. Liby

To test the hypothesis that modulating inflammation could be useful for
the prevention or treatment of cancer, Dr. Michael Sporn started
collaborating with two chemists, Drs. Gordon Gribble and Tadashi Honda,
at Dartmouth Medical School on a new drug discovery program with
oleanolic acid as the starting material. This program resulted in the
synthesis and biological testing of several hundred novel synthetic
oleanane triterpernoids. These compounds not only inhibited
inflammation in vitro and in vivo but also are potent activators of the
NRF2 cytoprotective pathway. Although initial clinical trials of the first
lead triterpenoid CDDO-methyl ester (bardoxolone methyl) were in
cancer, unexpected results in this first clinical trial culminated in multiple
clinical studies in diseases ranging from chronic kidney disease to
pulmonary arterial hypertension. Despite numerous setbacks during the
clinical development of the oleanane triterpenoids, omaveloxolone has
been approved for the treatment of Friedreich’'s ataxia. Challenges
addressed during the development of the oleanane triterpenoids are
relevant to new programs targeting the NR2 pathway.



Thomas W. Kensler
Affiliate Investigator, Fred Hutchinson Cancer Center
Professor Emeritus, Johns Hopkins University

Thomas Kensler obtained his doctorate at MIT and trained as a
postdoctoral fellow at the University of Wisconsin and at the National
Cancer Institute. After 30 years on the faculty of the School of Public
Health at Johns Hopkins, he moved his primary appointment to the
School of Medicine, University of Pittsburgh in 2010. He moved his lab to
the Fred Hutchinson Cancer Center in 2018 and retired in early 2024. He
is now a Professor Emeritus at Johns Hopkins. His more recent goals have
been to evaluate whether broccoli sprout beverages or broccoli-based
dietary supplements rich in sulforaphane can enhance the detoxication
of environmental (e.g., aflatoxin, air pollutants) and endogenous (e.g.,

estrogen) carcinogens to reduce the levels of associated DNA damage and offer a potentially effective and
frugal approach for the prevention of several forms of cancer. Triggering the KEAP1-NRF2 adaptive stress
response pathway serves as a key molecular target for these efforts. He has received numerous awards
including the AACR-American Cancer Society Award for Excellence in Cancer Epidemiology and

Prevention, Society of Toxicology Translational Impact Award, the National Friendship Award, Beijing,
China’s highest award for foreign civilians, and an Outstanding Investigator Award from the NCI. He has
published over 350 research articles.

Electrophilic NRF2 Activating Drugs: Biomarkers and Specificity
Thomas W. Kensler

Hundreds of compounds, mainly natural products or their congeners, have been
described as inducers of NRF2 signaling. Most, while effective, are not potent. Five
molecules with a range of inducer potencies - dimethyl fumarate; bardoxolone methyl;
omaveloxolone; oltipraz; and sulforaphane - have been utilized in clinical trials under
the guise of “NRF2 inducer”. However, all are electrophilic molecules with a potential
capacity to touch multiple cysteine sensors in the cell, leading to a potential myriad of
signaling responses. Pharmacodynamic biomarkers reflecting action on the NRF2
system have been observed in clinical trials with all these agents, but the signals are
usually variable and of small magnitude. No evidence affirms a direct role of NRF2
induction in the clinical outcomes measured. By contrast, drugs studied in wild-type
and Nrf2 knockout mice exhibit consistent, albeit incomplete, loss of efficacy with
disruption of the putative target. Contributions by other targets nonetheless remain as
confounders. Using a highly refined disruption of the molecular target, C151S KEAP1
mutant mice, the efficacy of bardoxolone methyl to induce NRF2 signaling is abolished
as is protection against T-cell mediated immune hepatitis following Concanavalin A
challenge. Thus, bardoxolone methyl appears to be an NRF2-specific inducer at modest
(but effective) doses in vivo. Target specificity is a function of dose — higher dose, off-
target actions may provide an advantage (broader efficacy) or disadvantage (toxicity).
Such a consideration is also of relevance to the ongoing development of PPIs affecting
NRF2-KEAP1 interactions, which while surmised to exhibit high target specificity may
displace multiple signaling proteins. Supported by NIH R35 CA197222.



Apostolos E. Papalois,

Secretary General NASCE / UEMS Executive Board.

Visiting Professor School of Medicine,

National and Kapodistrian University of Athens.

President Scientific Council SUBRE

School of Medicine Aristotle University Thessaloniki.

graduated from the Department of Biology University of Athens in 1991. His PhD Thesis was
elaborated in the University of Athens (Department of Biology and School of Medicine) : Isolation and
transplantation of pancreatic islets and hepatocytes and bioartificial liver. His post graduate and PhD
training contains University of Minnesota, University of Cambridge, University of Boston, University of
California Los Angeles and also special training courses (Transplantation, Laboratory Animal Science.
Courses, Leadership — Harvard). In 1996 he was appointed Director of the Experimental, Educational
and Research Center ELPEN Pharmaceuticals (24 years and 8 months — until December 2020).

Teaching duties in pre — and post - graduate level in Universities of Athens, Thessaloniki, West Attica, Alexandroupolis -Thrace and Patras,
after official academic appointment. Visiting Professor (University of loannina, Greece, Timisoara, Romania, San Antonio, Texas and Harvard
Medical School three times). Today is DeputyDirector of two Experimental Labs in the University of Athens, Secretary General of NASCE /
UEMS Executive Board, President of the Scientific Council of Special Unit for Biomedical Research and Education of the Medical School in
the Aristotle University of Thessaloniki, Member of the National Committee for Experimental Research and Member of the Scientific Council
for HR and Skills of the National Committee of Research, Technology and Innovation. Also Director of Translational Research and Education
in HEAL Academy (Hellenic Healthcare Group). Totally 348 publication in Pub Med (peer review journals) and award and distinctions from
national and international scientific societies and bodies.

Experimental translational research and development of new therapies.
The role of NASCE / UEMS: Current challenges and future perspectives
Apostolos E. Papalois

The Nobel Prizes for Medicine and Physiology, such as other relative Nobel, for example Chemistry, is an
important indicator, which shows as the importance of the use of laboratory animals, in medical research and
its applications. Over 70% of the above mentioned Nobel Prizes, have used immediately or indirectly, animal
models for the announcement of their significant discoveries. But it is not only about that. These Prizes are
furthermore the most significant prove for the importance of cooperation of the scientific specialties not only
in Medicine, which is a huge scientific family, but also in many other scientific fields. For example, the Nobel
Price for the CT scan. CT scan is a technique which composes a routine in a hospital’s everyday life in the
whole world. T he discovery was made by A. Cormack and G. Hounsfield (award in 1979), Electrical Engineers
(experiments in pigs). Additionally, the discovery of the use of radiolabel molecules in diagnostic approaches
(RIA). The experiments were performed on rabbits by Rosalyn Sussman Yalow, a physicist (award in 1977). This
technique is a widespread need in hospitals all over the world and in large diagnostic laboratories (Private
and Public). Furthermore, the Nobel Prize in Chemistry is not only given to chemists. This is also given to
scientists with a very important contribution in the scientific field. For example, Dr. Aaron Ciechanover in
2004, for his research on proteins and applications in hematological diseases. So it is not only given to
chemists but also to other scientists such as doctors. All the above give us three significant messages: - The
interdisciplinary approach and cooperation of scientists and their specialties is the key to significant results. -
Experimental research using laboratory animals touches almost all scientific fields. - Even in our time of great
technological explosion and evolution, the use of animal models remains a necessity for research and the
development of new productsand therapies

NASCE (Network of Accredited Clinical Skills Centres of Europe) is a section of the European Union of Medical
Specialists (UEMS). The largest scientific body in Europe with almost 2 million MDs. It also has strong links and
relations with European Institutions (Commission and Parliament), the other independent European Medical
Organizations and the European Medical / Scientific Societies.

NASCE : 1 -Certify highest standards of education (patient safety), 2 -Advance science of clinical education,
training and assessment 3 - Enhance standards for operation of Clinical Skills Centres through assessment and
accreditation.

Also, NASCE accredits centres with different specialties, increase collaboration network and share expertise
with other accredited NASCE centres. Furthermore, promotes joint Research Opportunities, organize Train the
Trainer and Train the Simulation Technician Courses and of course increase significantly international
recognition.



Albena Dinkova-Kostova is a Professor of Chemical Biology at the University of
Dundee School of Medicine (UK). She graduated in Biochemistry and Microbiology from
Sofia University (Bulgaria) and obtained her PhD degree in Biochemistry and Biophysics
from Washington State University (USA). She subsequently trained in Pharmacology at
Johns Hopkins University School of Medicine (USA), where she continues to hold an
Adjunct Professor position. She joined the University of Dundee in 2007 as a Research
Councils UK. Academic Fellow and a research group leader. Her group collaborates with
basic scientists and clinicians, and with the pharmaceutical industry. In her research, at the
interface of Chemical Biology and Medicine, she is committed to understanding how cells
and organisms respond to oxidative, inflammatory, and metabolic stress, and is working
towards development of strategies for protection against chronic disease. She was named
among the top influential academics in Clarivate’'s Highly Cited Researchers 2019, 2020,
2021,2022,and 2023 lists.

Pharmacology of Electrophilic NRF2 Activators

Albena T. Dinkova-Kostova

Division of Cellular and Systems Medicine, University of Dundee School of Medicine, United
Kingdom

NRF2 and its principal negative regulator, KEAP1, control the expression of genes encoding
cyleprolcaivesmpliolc NseiindidsserovidetMiadapaticih setesexidative, - clecueghillie
inflammatory,and metabolic stress. Pharmacologic NRF2 activation is protective in
numerous models of human disease, and NRF2 is an attractive therapeutic target,
particularly for chronic conditions, where oxidative stress and inflammation underlie disease
pathogenesis. Several NRF2 activators are currently in various stages of drug development,
and two electrophiles, the fumaric acid ester dimethyl fumarate and the cyanoenone
omaveloxolone, are already in clinical practice. Electrophiles modify sensor cysteines of
KEAP1, preventing NRF2 ubiquitination and free KEAP1 regeneration, thereby allowing
accumulation of de novo synthesized NRF2. KEAP1 is a flexible sensor, and although
cysteine 151 is the primary sensor for electrophiles, such as sulforaphane and the
cyanoenone NRF2 activators, at high concentrations, other cysteines (in KEAP1 and other
cellular proteins) can be modified. Unlike many other therapeutic agents, the consequences
of pharmacologic NRF2 activation are long-lasting and exceed the half-life of the drug,
allowing efficacy with intermittent administration. Human intervention studies have shown
that electrophilic NRF2 activators, such as sulforaphane, are absorbed rapidly and
metabolized via the mercapturic acid pathway, with dose-dependent excretion profiles. A
biomarker exploration study assessing the mRNA levels of a panel of classical NRF2 targets
and pro-inflammatory cytokines shows promise for monitoring pharmacodynamic
responses and guiding biomedical interventions. Many challenges remain, including target
specificity, monitoring target engagement, short/long-term safety considerations,
identifying the most appropriate disease indications, and understanding the extent and
implications of variation in NRF2 activity.



Anders Bach received his PhD in medicinal chemistry from
University of Copenhagen (UCPH) in 2009. Here, he developed
compounds against PDZ domains involved in protein-protein interactions
(PPIs) in the CNS. A main discovery was the dimeric peptidomimetic PSD-
95 inhibitors that resulted in the spinout company Avilex Pharma and
recent tests in clinical trials. After a postdoc period at UCPH, he moved to
the ltalian Institute of Technology in Genoa in 2012, where he worked on
covalent small-molecule inhibitors of enzymes involved in lipid
metabolism and signalling. In 2016, Anders started his own research group
at the Department of Drug Design and Pharmacology (UCPH) with the aim
of making biological active small-molecule inhibitors of PPIs involved in
oxidative stress and inflammation by using fragment-based drug discovery
(FBDD). This has led to several key discoveries against drug targets like
Keap1 and NOX2. While this work continues, focusing on various lead
optimization strategies, his FBDD platform is being applied to new protein
targets of relevance to therapeutic areas such as CNS diseases,
inflammation, and cancer. Anders was recently appointed professor and
head of studies of the Master of Science programme in medicinal
chemistry, and he teaches in and runs courses related to drug discovery
and development.

Non electrophilic PPl inhibitors

The production and elimination of reactive oxygen species (ROS)
are tightly regulated to prevent damaging oxidative stress and
maintain redox homeostasis. However, in many diseases, ROS
play a central role, for example by inducing inflammation or
cellular degeneration. To generate new chemical probes and
drug leads we target protein-protein interactions involved in
oxidative stress by using fragment-based drug discovery (FBDD).
Our main targets are the adaptor protein Keap1, which serves as
an oxidative stress sensor and reqgulates the endogenous
antioxidant response, and the superoxide-generating multi-
subunit enzyme complex NADPH oxidase 2 (NOX2). In this talk, |
will present the development of our FBDD platform and show
recent results related to Keap1.

Profile: https://drug.ku.dk/research-sections/medicinal-
chemistry/bach-group/
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Arie Gruzman

Associate Professor, Department of Chemistry, Bar-llan University,
Ramat-Gan, Israel.

The Field Editor (Medicinal Chemistry) of “Pharmacological Reports”.
National Representative of the Chemistry and Human Health Division
of World Chemical Organization (IUPAC).

Development of NRF2 activators for the treatment of dermatological diseases.
Nissim L., Sara¢ BE., Kahremany S., Ogen-Shtern N., Cohen G., Karaaslan C,, Gruzman A*

Psoriasis and atopic dermatitis (AD) are the two most common inflammatory skin
diseases. Although showing different etiology and clinical manifestations, patients with
either disease suffer from low health-related quality of life. Both diseases also exhibit
increased oxidative stress caused by reactive oxygen species (ROS). Nuclear factor
erythroid 2-related factor 2 (Nrf2) is a master regulator of the endogenous skin
antioxidative defense system. We used that system as a therapeutic target in both
diseases, to reduce both inflammation and oxidative stress. Based on in silico methods,
we have recently developed several activators of Nrf2 that can be used topically. Our
preliminary results showed that a polyheterocyclic molecule (SK-119) and its more
metabolically stable derivatives reduced ROS generation. Importantly, inflammation was
reduced by SK-119 in both HaCaT keratinocytes and in the human skin organ culture
after exposure to inflammatory stimuli. We plan to use the already developed prototype
molecules as the basis for generating of novel dermatological treatment. A non-direct
activator of Nrf2 (dimethyl fumarate) is in use as drug against psoriasis, however, direct
NRF2 activators were not reported yet as dermatological agents.



@© gencell

loannis Trougakos obtained his Ph.D. in Cellular-Developmental Biology
from the National and Kapodistrian University of Athens (NKUA), Greece. He has
worked as Research Scientist at EMBL, Germany, CBM “Severo Ochoa”, Spain
and at NHRF, Athens, Greece; he was also research visitor at EMBL and at the
Netherlands Cancer Institute. Dr. Trougakos was elected Research Lecturer at
NHRF and currently he serves as Professor and Director of the “Cell Biology” lab
at the Faculty of Biology, NKUA. He is the Head of the "Ageing and Age-Related
Diseases" group (http://scholar.uoa.gr/itrougakos). Dr. Trougakos has published
articles in high-ranking journals, chapters in international books; he is also co-
inventor in several patents. His group is funded by private (GR, EU, USA) and
public (GR, EU) entities; also, the group participates in contractual activities with
the Industry.

In vivo experimental platforms to study NRF2

loannis P. Trougakos

Professor, Faculty of Biology, National and Kapodistrian University of Athens, Athens, 15784, Greece. Email:
itrougakos@biol.uoa.gr

Web: http//scholar.uoa.gr/itrougakos/home

A central module of antioxidant defenses in higher metazoans refers to the ubiquitously expressed
NFE2-related transcription factor 2 (NRF2), which along with its redox-sensitive cytoplasmic inhibitor
Kelch-like ECH-associated protein 1 (KEAP1), defends tissues against unbalanced oxidative load,
providing thus protection against oxidative damage of biomolecules. The NRF2-KEAP1 system is
seemingly evolutionarily conserved in different organisms of the animal kingdom and studies in
various model organisms (e.g., mice, zebrafish, Drosophila melanogaster and Caenorhabditis
elegans), including recent advances in genome projects, have provided important information
regarding the evolvement of these anti-stress machineries during evolution. We will discuss the
NRF2-KEAP1 system in model animals, providing also input on the evolutionary history of this
ancient cell defense system.

Screening natural products for the identification of NRF2 activity modulators
loannis P. Trougakos
CEO. GenCell-TBiotech, Athens, Greece. Web: https://gencell.gr/

GenCell™-Biotech specializes in the field of systems biology with a primary focus on combating
ageing and age-related diseases. Ageing is a complex phenomenon caused by the time-dependent
loss of cellular homeodynamics and consequently of physiological organismal functions. This
process is affected by both genetic and environmental (e.g., diet) factors, as well as by their constant
interaction. We translate our research at (among others) on-demand screening assays (both cell-free
and cell-based, as well as at in vivo experimental models) aiming to (among others) reveal bioactive
molecules with anti-ageing and/or anti-age-related diseases (e.g., cancer, neurodegeneration, etc.)
activity. The antioxidant response system comprising (among others) the ubiquitously expressed
NFE2-related transcription factor 2 (NRF2) and its redox-sensitive cytoplasmic inhibitor Kelch-like
ECH-associated protein 1 (KEAP1) defends tissues against oxidative stress, thereby protecting
against pathologies that relate to DNA, protein, and/or lipid damage. Therefore, it represents a
promising target for the identification of novel biomolecules with a possible anti-ageing and/or
anti-age-related diseases activity. Our rational and experimental platforms for identifying
modulators of NRF2 activity will be presented.
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Ana | Rojo. Ana | Rojo studied Biochemistry and Molecular Biology at the
Autonomous University of Madrid (2001 and 2002), holds a PhD in
Biochemistry (graduated in 2006), and since 2017 is professor in
Biochemistry at the Autonomous University of Madrid (Faculty of
Medicine). As professor, she has participated in multiple teaching activities
for the degrees of Biochemistry, Medicine, and Nursing, with special focus
on research training. She has been holder of different competitive
fellowships and contracts. Her professional career is focused on the study
of the molecular basis of neurodegenerative diseases and in the search for
novel brain protective therapies with a special focus on redox biology and
NRF2 transcription factor. Nowadays, she is exploring the role of NRF2 in
the pathogenesis of Alzheimer's disease and lateral amyotrophic sclerosis
as principal investigator. She has published over 50 primary and review
articles and participated in more than 30 congress.

Mouse models of neurodegenerative diseases: Alzheimer and Parkinson

Ana | Rojo

Department of Biochemistry and Instituto de Investigaciones Biomédicas Alberto Sols
UAM-CSIC, Faculty of Medicine, Autonomous University of Madrid, Madrid, Spain. Centro
de Investigacion Biomédica en Red Sobre Enfermedades Neurodegenerativas
(CIBERNED), Instituto de Investigacion Sanitaria La Paz (IdiPaz). airojo@iib.uam.es

Alzheimer's and Parkinson’s diseases (AD and PD, respectively) are most commonly
characterized by loss of homeostasis during aging or result from environmental factors,
which lead to low-grade sustained generation of reactive oxygen species (ROS), chronic
inflammation, and metabolic imbalance. Nuclear factor erythroid 2 p45-related factor 2
(NRF2) is a basic leucine-zipper transcription factor that regulates the cellular redox
homeostasis. NRF2 controls the expression of a battery of more than 250 human genes
that share in their regulatory regions a cis-acting enhancer termed the antioxidant
response element (ARE). The products of these genes participate in a broadly
cytoprotective program comprising biotransformation and redox reaction, lipid and iron
metabolism, inflammation, proteostasis, and mitochondrial bioenergetics. Research on
mouse models has provided tremendous knowledge of the molecular mechanisms by
which NRF2 affects AD and PD pathogenesis. We discuss the validity and use of these
models and identify future challenges. In conclusion, NRF2 emerged as a crucial
modulator of brain homeostasis, providing a new avenue for exploring its potential as a
therapeutic target for neurodegenerative diseases characterized by progressive neuronal
loss, such as PD and AD
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| am a physician-scientist specialized in clinical and basic endocrinology
with a particular focus on thyroid physiology and thyroid diseases,
| including thyroid cancer. Since 2015, | am responsible for the thyroid clinic
at the Endocrinology Service of the CHUV (Lausanne University Hospital).
My basic research, funded primarily by the Swiss National Science
Foundation, focuses on the roles of cellular antioxidant response systems
in thyroid physiology and pathophysiology. My clinical research focuses on
the needs of patients with thyroid diseases, including quality of life among
thyroid cancer patients and survivors.

Genetic models of Nrf2 in thyroid
Gerasimos Sykiotis

My group studies the roles of Keap1/Nrf2 signaling in the thyroid for over 10 years.
We use mice (global and thyroid-specific Nrf2 knockout mice, and global Keap!
hypomorphic mice that have activated Nrf2 signaling), thyroid follicular cells lines
and organoids, and patient clinical data and samples (serum, DNA, thyroid). Our
initial motivation was that thyroid hormone synthesis requires the active generation
of hydrogen peroxide that is used to trigger a series of oxidation reactions leading to
the iodination of thyroglobulin, the main protein product of the thyroid and the
precursor of thyroid hormones. First, we confirmed that Keap1/Nrf2 signaling
protects the thyroid against oxidative stress. Then, we went on to identify numerous
additional roles of Nrf2 in thyroid physiology and pathophysiology, including the
following: (i) direct and positive regulation of the transcription of the gene encoding
thyroglobulin; (i) indirect negative regulation of the iodination of thyroglobulin
protein; (iii) protective role against thyroid autoimmunity (Hashimoto’s thyroiditis, a
very common disease); (iv) role in goiter (thyroid enlargement) that is caused in
mice and humans by excessive genetic activation of Nrf2 signaling; and (vi) pro-
oncogenic role in thyroid cancer. We can contribute to two types of translational
research studies on Nrf2: First, studies focusing on Nrf2 as a drug target to treat
thyroid diseases (on-target therapeutic effects). Second, studies targeting Nrf2 for
non-thyroidal diseases test (on-target side-effects). Regarding the latter, we have
already published papers supporting the thyroidal safety of a sulforaphane-
containing regimen for chemoprevention, and of dimethyl fumarate in multiple
sclerosis.



Juan Antonio Moreno is a Ramon y Cajal Tenure Track Researcher at the
Department of Cell Biology, Physiology and Immunology (Cordoba University, Spain).
Head of the Group GE-06 “Pathophysiology of renal and vascular damage” at
Maimonides Research Institute of Cordoba (IMIBIC). Our group is unravelling novel
pathogenic mechanisms involved in the development of renal and vascular diseases
(atherothrombosis, diabetic nephropathy, glomerular diseases, acute kidney injury, renal
fibrosis, among others). We aim to understand the basis of the alterations occurring in
both kidney and arterial wall by targeting specific pathways to decrease the progression
of these pathologies. Specifically, we are interested in certain cellular and molecular
mechanisms, such as oxidation, inflammation, apoptosis and fibrosis. In the last years,
we have evaluated the role of Nrf2 in acute kidney injury and are interested in the
validation of novel compounds targeting Nrf2 to decrease both renal and vascular
damage.

Kidney disease in preclinical models. Drug testing
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Renal disease is a common cause of death worldwide. However, therapies to
prevent progression of this pathology remains an unmet need. Renal injury is
associated to increased oxidative stress, inflammation, fibrosis and cell death.
These pathological responses may be regulated by Nrf2 (nuclear factor
erythroid 2-related factor 2). In fact, pre-clinical and clinical studies have
demonstrated the beneficial effects of Nrf2 activation against renal diseases,
in both chronic kidney disease (CKD) and acute kidney injury (AKI). In this
presentation we will review current knowledge on the protective
mechanisms mediated by Nrf2 against kidney injury and we will discuss the
effects of different compounds targeting Nrf2 in renal diseases.
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B Santiago Cuevas. Principal Investigator Miguel Servet. Molecular
Inflammation Group. BioMedical Research Institute of Murcia (IMIB-
FFIS)

22 years of experience in the academy and industry in basic,
translational and clinical research studying the pathways involved in
the regulation of oxidative stress and inflammation in the
pathogenesis of hypertension, cardiovascular and renal diseases. Ten
years of research experience in the United States on the field. At the
present, | am a Principal Investigator Miguel Servet in the Institute of
Biomedical Research in Murcia (IMIB). | am a team leader in the Unit
of Molecular Inflammation at the IMIB led by Dr. Pablo Pelegrin,
where several groups study the molecular mechanism involved in
inflammasome regulation and its role in the pathogenesis of several
diseases.

NRF2 role in the regulation of NLRP3 inflammasome activation in diabetic nefropathy
Esther Jumilla, Antonio Perez-Olmos, Celisa Arias-Sanchez, Maria José Caballero-Herrero,
Santiago Cuevas
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The inflammasome is a critical regulator of renal inflammation and a key factor in the
pathogenesis of kidney disease. The renal DJ-1 protein has antioxidant and anti-
inflammatory properties and is able to prevent Nrf2 degradation. To explore novel
pharmacological applications of the Nrf2/DJ-1 pathway, we designed ND-13, a peptide
consisting of 13 highly conserved amino acids from the DJ-1 sequence. Mouse bone marrow
macrophages (BMM) were treated with bardoxolone ( Nrf2 activator) and ND-13. Diabetes
was induced in C57Bl/6 mice by injection of streptozotocin (STZ) and treated with ND-13.
Peripheral blood mononuclear cells (PBMC) were isolated from diabetic nephropathy
patients and controls, plated, stimulated with LPS/ATP, and treated with ND-13 and
bardoxolone. IL-1 8 concentration in BMM medium increased after stimulation of NLRP3
inflammasome by LPS/ATP, ATP and decreased in macrophages pretreated with
bardoxolone but not with ND-13, but in the presence of H202 (100 nM) ND-13 significantly
decreased IL-13 release. Induction of diabetes in mice by STZ showed increased IL-103
release after cell stimulation with LPS+ATP in peritoneal macrophages, suggesting that the
inflammasome may be activated in diabetes, although, treatment with ND-13 normalized its
activity. Significant differences were found in the expression of COL-l, COL-ll, TGF-3, IL-6,
TNF-a, and P2X7, whose increase was partially prevented by ND-13 pre-treatment. PBMC
from patients with diabetic nephropathy pretreated with LPS/ATP showed a tendency to
increase IL-1 3 release compared to controls. All these data indicate that inflammasome
activation in peripheral immune cells is associated with diabetic nephropathy, suggesting a
possible role for ND-13 in diabetic nephropathy. ND-13 may be a new approach to attenuate
inflammasome activation and n :
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