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Impact of NDDs and their relation to aging

69 %
Over 65 years

40 %
Leave their job

53 %
Have economic 

difficulties because of 
their disease

Around 2.08 % of the Spanish population have a NDD that causes an economic 
impact in that person of around 23.354 €/year

Over 150 million people worldwide by 2050
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Hall marks of 
Neurodegenerative diseases:

Common pathological 
mechanisms

Wilson et al., Cell 186, 2023 (https://doi.org/10.1016/j.cell.2022.12.032)
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Wilson et al., Cell 186, 2023 (https://doi.org/10.1016/j.cell.2022.12.032)
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Clinical
manifestations
reflect distinct and 
overlapping
neuronal circuits
that progressively
degenerate in 
various
neurodegenerative 
diseases

Wilson et al., Cell 186, 2023 (https://doi.org/10.1016/j.cell.2022.12.032)
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The disease starts many years before
it manifest clinically

Anthony H.V. Schapira et al., Nature Reviews Neuroscience volume 18, pages435–450 (2017)

Alzheimer´s Parkinson´s
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LLeett´́ss  tthhiinnkk  ttooggeetthheerr  oonn  hhooww  wwee  ccoouulldd  ffiinndd  iinnnnoovvaattiivvee  
ttrraattmmeennttss ffoorr  AADD
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Things we need to know?

Which are the current treatments
- MoA
- Efficacy
- Security

What do we know about the physiopathology of AD?

Which is the pipeline and which would be are targets?

When would we treat the patients?

Are there therasnostic biomarkers?

Is there a need for new treatments
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Available drugs for AD: MoA, safety and efficacy

    

• Diarrhea
• Emesis
• Dizziness
• Insomnia
• Headache
• Muscle cramps

• Alucinations
• Vertigo
• Agitation
• Convulsions
• Cephalea

ARIA (Amyloid Related Imaging Abnormalities)
• Headache, 
• Confusion
• Dizziness
• vVsual disturbances
• Seizures.Sa
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IACE I-NMDA Ab-Antibodies: Ab clearance
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Rivastigamine Galantamine Memantine

1996 2000 2001 2003 2021

Donepezil *Aducanumab

2023

Lecanemab

Beta amyloid hypothesisGlut.Excitotoxicity HoCholinergic hypothesis
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- Which are the current treatments
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- Efficay
- Security

- What do we know about the physiopathology of AD?

- When would we treat the patients?

- Are there therasnostic biomarkers?

- Is there a need for new treatments

Things we need to know?

Which is the pipeline and which would be are targets?
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Which is the AD development pipeline 

Cummings et al., Alzheimer’s Dement. 2022; 8:e12295
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Which are the current treatments
§ MoA
§ Efficay
§ Security

What do we know about the physiopathology of AD?

Which would be are targets?

When would we treat the patients?

Are there therasnostic biomarkers?

Is there a need for new treatments

Things we need to know?
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The Multitarget drug strategy for AD:
Can NRF2 be a candidate?

Single-Target Multi-Target
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Rationale for the Multitarget 
Strategy (MTDs)

Compared to combination of drugs:
- Same ADME
- Same PK
- Potential less side effects
- Better compliance for the patientBetter oportunities to validate in the future 

efficacy in other NDDs
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Steps we need to address:

Selection of the Disease Model

Proof of Concept

Selection of the Target: rationelle to target Nrf2
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SSEELLEECCTTIIOONN  OOFF  TTHHEE  TTAARRGGEETT::  NNrrff22

We should have evidence that lead us to think that acting on thot target, 

which is implicated in the pathology of the disease, would be beneficial for our

disease (AD)
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Nrf2 regulates different pathways implicated in AD

20Cuadrado et al., Pharmacol Rev. 2018 Apr;70(2):348-383. doi: 10.1124/pr.117.014753.

20

anton
Stamp

anton
Stamp



05/07/2023

11

J Neuropathol Exp Neurol, Volume 66, Issue 1, January 2007, 
Pages 75–85, https://doi.org/10.1097/nen.0b013e31802d6da9

Nrf2 expression patterns are altered in hippocampal neurons of 
Alzheimer disease and Lewy body variant of Alzheimer disease and 
neurons of the substantia nigra in Parkinson disease
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SSEELLEECCTTIIOONN  OOFF  TTHHEE  DDIISSEEAASSEE  
MMOODDEELL

It should recapitulate those pathological mechanisms/symptoms implicaated

in the human disease
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Pathological markers in AD
Beta-amyloid plaques (Abb) Neurofibrillary tangles (Tau)

Neuroinflammation

Transgenic mouse

Amyloidopathy
(Abb))

+
Tauopathy

(Tau)
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üOxidative stress

üNeuroinflammation

üTauopathy

üAlt. Macroautophagy

üCognitive impairment

Model validation: We should be able to reproduce 
pathological pathways related to NDDs

OS
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PPRROOOOFF  OOFF  CCOONNCCEEPPTT  ((PPooCC))

We need to demosntrate that acting on our target we are going to obtain the

expected result
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PoC Target

AD Mouse
APP/Tau Mouse

AT-NRF2-WT AT-NRF2-KO

NNRRFF22--KKOO  lliivvee lleessss tthhaann WWTT
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Neuroinflammation and oxidative markers are exacerbated in 
the absence of NRF2.

Rojo et al., Redox Biol. 18: 173–180. 2018

27

Lack of NRF2 leads to more tauopathy

Rojo et al., Redox Biol. 13:444-451. 2017
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NRF2 deficiency impairs long term
potentiation and spatial learning and memory

Rojo et al., Redox Biol. 13:444-451. 2017
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The NRF2 inducer DMF improves memory and motor 
deficits in AT-NRF2-WT mice

Rojo et al., Redox Biol. 18: 173–180. 2018
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LLEETT´́SS  DDEEVVEELLOOPP  NNEEWW  NNrrff22  
IINNDDUUCCEERRSS  PPOORR  AADD……....

31

PPI-NRF2 inducers as innovative therapies for NNDs

Tau-NeuroDiscovery P2022/BMD-7230-CAM-22

S2017/BMD-382-CM

Optimización y validación in vivo de 
fármacos innovadores para el 
tratamiento de taupatías

Desarrollo de fármacos activadores de NRF2 
para terapias innovadoras de la enfermedad de 
Alzheimer

GT3
(Maribel Rodriguez-Franco)

IQM-CSIC

GT2
(Antonio Cuadrado)

UAM/IIB

GT1
(Manuela G. Lopez)

Coordinator
UAM/IFTH

GT4
(Rafael León)

IQM-CSIC

32

anton
Stamp

anton
Stamp



05/07/2023

17

Pharmacological modulation of Nrf2

Electrophilic compounds- covalent adducts with the sulfhydryl 
groups of cysteins in Keap-1 by oxidation or alkylation

• Curcumin• Resveratrol• Sulforaphane• CDDO-methyl- Bardoloxone• Dimethyl fumarate

Protein-protein inhibitors (PPIs)
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Computational screening platform

HIT

Autodock 4. Glide XP
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In vitro pharmacological screening of
the compounds

ORAC

NRF2/bb-TrCP
inhibitors Others

Cholinergic
compounds

Melatonin and 
resveratrol
derivatives

KEAP1/NRF2 
inhibitors

“in sillico” 
(Generics, Zinc 
15, Drug Bank…)

AREc32 cells

Validate target: NRF2

BBB pass estimation

PAMPA

Neuronal and hepatic toxcity

Viability (MTT) a 30 y 100 µµM
in SH-SY5Y y HEPG  ells

Neuroprotective and anti-neuroinflammatory effect: 

Protección frente 
hiperfosforilación de Tau- en
SH-SY5Y-(MTT)

Protección frente estrés 
oxidativo/fallo mitocondrial
SH-SY5Y (MTT)

Efecto anti-inflamatorio: 
Glia +LPS (nitritos-Griess)

Complementary actions

Lox5 nAchRs MT receptors

> 20 mill
compounds

2-5
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KEAP1-NRF2 PPI lead compound
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Drug reseach and development Process

37

Ref. B2017/BMD-3827 
(NRF24AD-CM) 

Convocatoria Biomedicina 2017

http://neurodiscovery-ndd.com/gt1 manuela.garcia@uam.es

Posdocs
Elena Tortosa (Captación de 
talento CM-modalidad 1)
Elsa Cortés (Juan de la Cierva)
Catalina Requejo (Contrato 
posdoctoral)
Laura Hautrive
Milanesi (Contrato 
posdoctoral)

Predocs
Eric del Sastre (FPU)
Lucia Viqueira (FPU)
Angela Gomez (FPU-UAM)
María de la Fuente (Contrato 
Predoctoral)

TFMs
Carlota Siguero
Marta Mirón
Iciar Luna

Erasmus Plus
Sophie Reid

Tecnico de Gestión
Alejandra Quiroja

Collaborators
- Antonio Cuadrado (UAM-CSIC)
- Rafael León (IQM-CSIC)
- MI Rodríguez-Franco (IQM-CSIC)
- Ana María Cuervo (I. Albert Einstein)
- JA Bernal (CNIC)
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TThhaannkk yyoouu ffoorr yyoouurr aatttteennttiioonn
(NeuroprotectionLab)
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