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Bases Moleculares de las Enfermedades 

Neurodegenerativas



Neurodegenerative Disorders are Conformational

or Protein Misfolding Pathologies

1. Protein Misfolding and Conformational Conversion

2. Transcellular Disease Propagation through brain networks

3. Networks disintegration

Molecular Basis of

Neurodegenerative Disorders

� Molecular Level

� Cellular Level

� Organ/Individual Level



� Enfermedades conformacionales

� Conceptos de plegamiento de proteínas

� Encefalopatías Espongiformes Transmisibles como paradigma 

� Definición

� Agente Patógeno - Prion (PrPC vs PrPSc) 

� Carácter infeccioso y transmisión

� Diagnóstico molecular

� Más allá del principio del prion

� Otras enfermedades neurodegenerativas

� Otras enfermedades conformacionales (DMT2, patología vascular)

� Bases moleculares y celulares de la neurodegeneración

� Nexopatías moleculares

� Conceptos unificadores de las enfermedades neurodegenerativas

� Correlación molecular-celular-epidemiológica



Classification of Diseases

�Inflammatory

�Degenerative

�Infectious

�Neoplastic

�Conformational or Protein Folding Disorders



Disorders of Protein Folding

• Systemic and cerebral amyloidosis

– Alzheimer’s disease (Amyloid β)

– Prion diseases (PrP)

– Parkinson’s disease (α-synuclein)

• Tauopathies (tau, PHF)

• Polyglutamine repeats disorders

– Huntington´s disease (huntingtin)

– Spinobulbar muscular atrophy

• Amyotropic Lateral Sclerosis (SOD1, α-synuclein)

• Sickle cell anemia (Hb)

• Cataracts (cristallin)

• Cystic fibrosis (CFTCR)

• Type II diabetes (Insulin, IAPP (amylin))

• Atherosclerotic Lesion (TTR, ApoAI, γ-Ig, Medin, Aβ)

The accumulation of aggregates is 

damaging to cells & tissues

� aggregates absorb critical macromolecules, 

causing cell death

� dead cells release aggregates into 

extracellular matrix, causing tissue damage

� the most vulnerable organ is the brain



8 M Urea

Anfinsen’s classic experiment

Ribonuclease A

The aminoacid sequence determines univocally the

three-dimensional structure of the proteins
The Central Dogma of Biology  (J. Monod)

Dialysis

pH 8, O2



The Levinthal´s paradox

100 amino acids protein, 2 conf. states for each amino acid

2100 = 1.3 x 1030 different conformations

10-13 sec for each conformation

seconds/minutes
1.27 x 1017 seconds = 4 x 109 years

•Major obstacle is trapping in a non-productive 
conformation

•Kinetic barriers:

–Aggregation of intermediates

–Proline isomerization

–Formation of incorrect disulfides

Thus, exploring all folding conformations is impossible

Protein must have preferential pathway



Folded Proteins emerge from the ribosome



2 CONFORMACIONES

?

• Estructuras en hojas β↑

• Solubilidad↓

• Tendencia a agregar↑

• Resistancia a proteasas ↑

Normal

IncorrectamenteIncorrectamente
plegada

Patogénica

1 SECUENCIA

Daño celular y tisular mediado 

por la acumulación de 

depósitos insolubes 

(agregados)



Conformational Disorders (Protein Folding Diseases)

Molecular and cellular basis of NDD

• Not primary aa sequence, nor function are key features of 
these diseases

• Rather, protein instability or tendency to misfold and 
susceptibility to conformational mimicry



Enfermedades Conformacionales 

Trastornos del plegamiento de las proteínas

Amilodosis

Amilodosis 
Cerebrales

EETs

Infectividad � Plegamiento de proteinas

Neuropatología � Amiloidosis

Cepas � Diversidad conformacional

Diagnostico � PrPC vs PrPSc (detección del prion)

Encefalopatías Espongiformes Transmisibles: 

Paradigma de las enfermedades conformacionales



A group of fatal neurodegenerative disorders 

with unique biological properties that affect to 

both humans and animals

• Long incubation periods 

• Neuropathology 

• Transmissibility

• Causal Agent: Prion

Transmissible Spongiform Encephalopathies 

Definition. Common Characteristics



PRIONS
Definition

Prions are proteinaceous infectious

particles devoid of nucleic acids

Prions are elements that confer and

propagate conformational variability



Protein Structure

Functions

• Synaptic transmission

• Circadian rhythms regulations and the 

sleep-wake cycles

• Neuronal copper metabolism

• Regulation of Cu2+/Zn2 Superoxide 

Dismutase activity 

• Oxidative stress and neuronal apoptosis

• Central Nervous System

• Lymphatic Tissue

• Neuromuscular connections  

Expression



PRION

Prions are proteinaceous infectious particles devoid of

nucleic acids

Transmissibility

Based on the propagation of the abnormal conformation (PrPSc) 

of a constitutively expressed protein (PrPc) 

• The presence of the abnormal isoform (PrPSc)
� Tonsils, lymphoid tissue, spleen

� Splenic nerve, spinal cord 

� Brain

• de novo synthesis of PrPc

� CNS

� Lymphoid tissue

� Neuromuscular conections

Simultaneously 

Requires: 



PrPC n  PrPSc

Synthesis

Degradation

Models for PrPc to PrPSc Conversion 
Nucleated polymerization

Time

PrPC

PrPSc

∆Ε

n PrPSc

∆Ε
PrPC PrPSc

PrPSc 4  PrPSc

Very, very slow Fast
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Lansbury PT. Mechanism of scrapie replication. Science. 1994 Sep 9;265(5178):1510.  



Molecular Transmissibility

Molecular and cellular basis of NDD

• Etiology: sporadic vs. genetic (vs. infectious)
• Diagnostic implications (Amyloid, tangles: proxies at present �

detection of actual pathogen by amplification techniques (RT-QuIC, PMCA)
• Therapeutical implications (disease modifying agents vs. symptomatic treat.)



Suzette A.Priola,Bruce Chesebro,Byron Caughey. “A View from the Top. Prion Diseases 

from 10,000 Feet”. Science 300, 2003

Cellular trafficking of PrPC and PrPSc



Model of prion neuroinvasion in mice.

Nature Reviews Molecular Cell Biology 2, 118 -126 (2001)

Intracerebral, Intraocular, 

Intravenous,  Subcutaneous, 

Intramuscular, Oral

Genetic

Sporadic

Experimental

Acquired infection



• Nivel de expresión de PrPC

•Especie de prion                          

(homología de secuencia con el inóculo)

•Predisposición genética (polimorfismos)

•Otros factores

•Dosis y número de exposiciones 
(tejidos categ de riesgo I, II, III, IV)

•Cepa de prion: ECJe, EEB, vECJ

Ruta de inoculación
(Intracerebral, Intraocular, Oral, Subcutánea, 

Intravenosa, Intramuscular)

Factores que modulan la transmisión de los priones

Fuente de infección Huésped

Vehículo

(Inóculo)



Instrumentos quirúrgicos como vector en las infecciones por priones

Weissmann C, Enari M, Klohn PC, Rossi D, Flechsig E. Transmission of prions.

Proc Natl Acad Sci U S A. 99:16378-83. 2002 

Cirugía 

Transplante de órganos

Transfusión sanguínea (vCJD)

ECJ iatrogénica (antecedentes)

Tipo de tratamiento 
Número 

de casos 
Hormona de crecimiento 163 

Injertos de duramadre 136 

Intervenciones neuroquirúrgicas 5 

Gonadotrofina hipofisiaria 4 

Implante corneal 3 

Electrodos esteroatáxicos EEG 2 

 



BEYOND THE PRION PRINCIPLE



Michel Goedert. SCIENCE sciencemag.org 7 AUGUST 2015 • VOL 349 ISSUE 6248



Sequential topographical dissemination of non-prion proteins 
in neurodegenerative diseases

From Spreading of pathology in neurodegenerative diseases: a focus on human studies. Johannes Brettschneider, 
Kelly Del Tredici, Virginia M.-Y. Lee & John Q. Trojanowski. Nature Reviews Neuroscience 16, 109–120 (2015).





Nat Cell Biol. 2009 Jul;11(7):909-13. Nat Cell Biol. 2009 Jul;11(7):909-13. 









SCIENCE 330, pg 918-9. 12 NOVEMBER 2010 (www.sciencemag.org)



• Three people with early onset CAA

received dural grafts from cadavers as

children.

• In one case, the dural material was

confined to blood vessels.

• Data provides more evidence for

transmission of Aβ seeds, even from

blood to brain.

https://www.alzforum.org/news/research-

news/first-vivo-look-amyloidosis-sparked-

dural-grafts



Chung CG, Lee H, Lee SB. Mechanisms of protein toxicity in neurodegenerative diseases. 
Cellular and Molecular Life Sciences. 2018 Sep;75(17):3159–80. 

Propagation of misfolded proteins via intercellular

transmission

Cellular susceptibility and intercellular transmission

Molecular and cellular basis of NDD

• Therapeutical implications (disease modifying agents vs. symptomatic treat.)



Molecular Nexopathies

Molecular and cellular basis of NDD

Molecular nexopathies: a new paradigm of neurodegenerative disease. Warren JD, 
Rohrer JD, Schott JM, Fox NC, Hardy J, Rossor MN. Trends Neurosci. 2013 
Oct;36(10):561-9. doi: 10.1016/j.tins.2013.06.007. 

Key Features

Specific, coherent conjunctions of pathogenic protein and 
intrinsic network characteristics that define network 
signatures of neurodegenerative pathologies. 

• differential intrinsic network vulnerability to propagating protein abnormalities, 

in part reflecting developmental structural and functional factors; 

• differential vulnerability of neural connection types (e.g., clustered versus 

distributed connections) to particular pathogenic proteins; 

• differential impact of molecular effects (e.g., toxic-gain-of-function versus loss-

of-function) on gradients of network damage. 



Concept of vulnerability patterns in neurodegenerative diseases

Molecular Pathological Classification of Neurodegenerative Diseases: Turning towards Precision Medicine. Kovacs 
GG. Int J Mol Sci. 2016 Feb 2;17(2). pii: E189. doi: 10.3390/ijms17020189.

Clinico-pathological presentation of NND

Vulnerability patterns



Networks show variable intrinsic vulnerability to proteinopathies

Molecular nexopathies: a new paradigm of neurodegenerative disease. Warren JD, 
Rohrer JD, Schott JM, Fox NC, Hardy J, Rossor MN. Trends Neurosci. 2013 
Oct;36(10):561-9. doi: 10.1016/j.tins.2013.06.007. 

Molecular Nexopathies

Molecular and cellular basis of NDD

corticobasal
degeneration 
(4R-tau pathology)

mutation in 
progranulin gene

mutation in MAPT
(tau) gene

TDP-43 type 
C pathology

Syndromes associated with the
clinical syndrome of semantic
dementia (left hemisphere)



Anatomical location of and macroscopic 

and microscopic changes characteristic of 

the neurodegenerative disorders

Bertram L, Tanzi RE. The genetic 
epidemiology of neurodegenerative disease. J 
Clin Invest. 2005 Jun;115(6):1449-57.

Clinico-pathological presentation of NND

� Brain regions affected (initial stages)

� Dementias and Motor disorders
Clinical presentation 



Temporal evolution of disease and phenotypic heterogeneity 

Molecular nexopathies: a new paradigm of neurodegenerative disease. Warren JD, 
Rohrer JD, Schott JM, Fox NC, Hardy J, Rossor MN. Trends Neurosci. 2013 
Oct;36(10):561-9. doi: 10.1016/j.tins.2013.06.007. 

Molecular Nexopathies

Molecular and cellular basis of NDD

progressive 

non-fluent 

aphasia

corticobasal

syndrome



Ahmed RM, et al. J Neurol Neurosurg Psychiatry 2016;0:1–8. doi:10.1136/jnnp-2014-308350

Clinical and pathological overlap in neurodegeneration: showing overlap at both a 

phenotypic and pathological level between multiple neurodegenerative conditions

Clinico-pathological presentation of NND

Phenotypic convergence (late stages)



Comparative Incidence of Conformational, Neurodegenerative Disorders. de Pedro-Cuesta J et al. (2015) PLoS 

ONE 10(9): e0137342. doi:10.1371/journal.pone.0137342

Epidemiology
1.- Diseases associated with aging, but …



Outstanding Questions and Future Directions 

from a common approach to Neurodegeneration

1. Most Neurodegenerative Disorders can be considered to 
be proteinopathies ?

2. Common and Differential Approaches in NDD �

� Diagnosis: Detection of the pathogenic agents

� Treatment: Conversion and propagation (aggregation
inhibitors, endocytic pathway, etc.).

3. Understanding the interaction with Comorbidities � as 
risk factors or drivers � Towars Precision Medicine

4. Seeding from out of the SNC, and Cross-seeding �

Identification of new drivers/risk factors



Curr Opin Neurol 2019, 32:000–000

DOI:10.1097/WCO.0000000000000664



Curr Opin Neurol 2019, 32:000–000

DOI:10.1097/WCO.0000000000000664



Diabetes 50 (Suppl. 1):S172–S177, 2001









Amyloid deposits in transplanted islets in a
patient with type 1 diabetes. A and B show
an islet with heavy amyloid deposits,
stained with Congo red and immunolabeled
for insulin. Two insulin-containing cells are
present after immunolabeling. The amyloid
exhibits typical green birefringence in
polarized light and is pointed out with white
arrows. C and D display islets that are
immunolabeled for glucagon (green) or C-
peptide (green), respectively, and then
labeled for amyloid with Congo red. Both
islets show widely spread amyloid deposits.
In E there is an islet with pronounced
amyloid deposits, immunolabeled for IAPP
(green). F is an electron micrograph
showing a small intracellular amyloid
deposit immunolabeled with antibodies
against IAPP and visualized with gold



Representative human aorta atherosclerotic lesions. A) An example of the advanced aortic

atherosclerotic lesions used in this study demonstrating lipid cores with areas of calcification

underlying the fibrous cap. B) Complicated atherosclerotic lesions with ulceration and

rupture of the fibrous caps showing areas of thrombosis. E = endothelium; FC = fibrous cap;

LC = lipid cores; C = areas of calcification; M = tunica media; A = adventitia; T =

thrombosis; UFC = ulcerated (crater-like) fibrous cap.



Purpose of review
Amyloid deposits are a defining feature of several age-related
and debilitating diseases. Their widespread presence in
atherosclerotic plaques suggests a potential role in lesion
development. This review discusses the proteins known to
accumulate in atheroma and examines the evidence that
amyloid-like structures activate macrophage signaling
pathways linked to inflammation and prothrombotic potential.

Recent findings
Numerous proteins that accumulate in atherosclerotic plaques
form amyloid fibrils in vivo, including apolipoproteins, b-
amyloid, and a1-antitrypsin. In addition, oxidation or
enzymatic modification of low-density lipoproteins induces a
structural reorganization of the particle, including the
acquisition of amyloid-like properties.
Similarly, glycation of serum albumin, as observed in
diabetes, is accompanied by the formation of aggregates with
all the hallmarks of amyloid. Several receptors implicated in
atherogenesis modulate the fate of amyloid fibrils by
mediating their clearance (scavenger receptors A and B-I),
activating inflammatory signaling cascades (receptor for
advanced glycation endproducts), or both (CD36). Finally,
recent studies indicate that amyloid deposition accelerates
diet-induced atherosclerosis in mice.

Summary
Given the substantial evidence that amyloid fibrils or
preamyloidogenic species are cytotoxic, the aberrant
deposition of amyloid in the intima may be pathologically
important in vascular inflammation and the promotion of
atherosclerosis.

Curr Opin Lipidol 17:541–547.



J. Lipid Res. 2015. 56: 
286–293.

Serum amyloid A (SAA) has a number of proatherogenic effects including induction of vascular
proteoglycans. Chronically elevated SAA was recently shown to increase atherosclerosis in
mice. The purpose of this study was to determine whether a brief increase in SAA similarly
increased atherosclerosis in a murine model. The recombination activating gene 1-deficient
(rag1-/-) × apolipoprotein E-deficient ( apoe -/- ) and apoe -/- male mice were injected,
multiple times or just once respectively, with an adenoviral vector encoding human SAA1 (ad-
SAA); the injected mice and controls were maintained on chow for 12–16 weeks. Mice
receiving multiple injections of ad-SAA, in which SAA elevation was sustained, had increased
atherosclerosis compared with controls. Strikingly, mice receiving only a single injection of ad-
SAA, in which SAA was only briefly elevated, also had increased atherosclerosis compared with
controls. Using in vitro studies, we demonstrate that SAA treatment leads to increased LDL
retention, and that prevention of transforming growth factor beta (TGF-b) signaling prevents
SAA-induced increases in LDL retention and SAA-induced increases in vascular biglycan
content. We propose that SAA increases atherosclerosis development via induction of TGF- b,
increased vascular biglycan content, and increased LDL retention. These data suggest that
even short-term inflammation with concomitant increase in SAA may increase the risk of
developing CVD.







Molecular and cellular basis of NDD

1. Conformational Disorders (protein misfolding disorders) �

Dual Etiology

2. Gain of function vs. Loss of function

3. Molecular Transmisibility

4. Cellular susceptibility and prion like transmission � Clinical

presentation and Disease progression

5. Aggregates vs. Diffusible toxic molecules � Partial

correlation between lesions and neurodegeneration

6. Nexopathies � phenotypic convergence

7. Drivers � Risk factors & co-existence of NDD


