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NEUROCHEMISTRY

TOPIC 11. CHRONIC AND NEURODEGENERATIVE DISEASES

- Basic mechanisms of degeneration: cell death,
oxidative stress, proteostasis, neuroinflammation.

* Alzheimer's disease: amyloid protein.

* Synucleinopathies and Taupathies.

* Prion-related diseases.




BASIC MECHANISMS OF DEGENERATION
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CELL DEATH: APOPTOSIS vs NECROSIS

Apoptosis:

Adaptative: for tissue remodeling

Programmed death after injury or insult

Affects individual cells

Factors that triggers apoptosis:

* Oxygen free radicals

* GluR activation

» Calcium influx and release form intracellular stores
« Lipid peroxidation

* Neurodegenerative disorders

Necrosis:
Always a as a results of traumatic injury
Cells die en masse

Nucleus

Apoptosis

Apoptosis

Cell shrinkage

Maintenance of organellar integrity

Maintenance of ATP levels

Maintenance of ion homeostasis

Membrane surface blebbing

Nuclear chromatin condensation/fragmentation
Requires synthesis of death effector proteins
Prevented by blocking steps in the death cascade
Does not adversely affect neighbor cells

Healthy neuron

Endoplasmic
reticulum

Necrosis

Necrosis

Cell swelling

Organellar swelling and damage
Depletion of ATP

Loss of ion homeostasis
Membrane rupture

Nuclear lysis

Cessation of protein synthesis
Irreversible

Promotes death of neighbor cells



APOPTOSIS

There is a delicate balance between intracellular and extracellular signaling mechanisms that determine neuronal survival.
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- Cell Damage and Death

Neuronal membranes have a high
content of PUFAs that provide the

necessary fluidity for the function of
receptors, transporters, ion channels,
etc.

Those PUFA are the target of oxygen
free radical peroxidation.

DHA is highly abundant and the results
of its peroxidation the F4-isoprostan is
accumulated

However, from DHA the neuroprotective
neuroprotection D1 is also produced.
Inhibits cell death induced by PMN
during inflammation.



ALZHEIMER'S DISEASE: AMYLOID PROTEIN

“Be kind to your father, even if his mind fail him.” —
Old Testament: Sirach 3:12

Dementia has been described in ancient texts over many
centuries

In 1907 Alzheimer describes de first case of this pathology

“Her memory is seriously impaired. If objects are shown to her, she
names them correctly, but almost immediately afterwards she has
forgotten everything. When reading a test, she skips from line to line or EsflySage Late Stage
reads by spelling the words individually, or by making them
meaningless through her pronunciation. In writing she repeats separate
syllables many times, omits others and quickly breaks down completely.
In speaking, she uses gap-fills and a few paraphrased expressions
(“milk-pourer” instead of cup); sometimes it is obvious she cannot go
on. Plainly, she does not understand certain questions. She does not
remember the use of some objects.”

Fiz 1.
Photwographs of Aleis Alzheimer (left) and his patdent Auguste Deter (righs).

Fig. 2.
Sketches of Auguste Deter’s histopathologic preparations of early and late stage

neurofibrillary tangle pathology as drawn by Alzheimer from his 1911 paper entitled “Uber

J Int Neuropsychol Soc. 2017 October ; 23(9-10): 818-831. eigenartige Krankheitsfille des spiteren Alfers.”



Efectos celulares y anatomicos de la Enf. Alzheimer




ALZHEIMER'S DISEASE: AMYLOID PROTEIN

Pathological hallmarks: Cerebral cortex
= Intracellular protein aggregates 19797, 20
(neurofibrillary tangles, tau) ) = A
: Y e g )
= Extracellular protein aggregates \*F 4 KN %
(AB plaques, amyloid peptide) Hesltiy acurans: } ”
Mormal brain Hippocampus 2
Shrinkage of
cerebral cortex Enlarged ventricles i .

Mutations:

* Autosomic dominant familial AD
o Amyloid protein precursor (APP)
o Presenilins 1 and 2 (PS1 and PS2)

Tau neurofibrillary tangles

« Sporadic AD S Shrinkage of
o ApoE 4 (high risk factor) Alzheimer disease hippocampus

. brain AP plaques
o ApoE2 (low risk factor)

Figure 1. The physiological structure of the brain and neurons in (a) healthy brain and (b) Alzheimer’s
disease (ALY) brain.
Molecules2020,25, 5789



ALZHEIMER'S DISEASE: AMYLOID PROTEIN
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plagues accumulation

Reactive astrocyte

Hyperphosphorilated tau forms
neurofibrillary tangles (NFTs) that twist
each other to form Paired Helical
Filaments (PHFs) that accumulates in
perikaryal cytoplasm, axons and
dendrites
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NATuRe RevlewS | Neurology, 2019, vol15, https://doi.org/10.1038/s41582-018-0116-6



ALZHEIMER'S DISEASE: AMYLOID PROTEIN
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Fig. 1. A schematic view of APP proteolytic cleavage. In the non-amyloidogenic pathway, APP is first
cleaved by a-secretase and then by y-secretase to form truncated AB17—40/42 peptides or by 3-
secretase leading to the formation of the truncated AB1-16. In the amyloidogenic pathway, APP is
cleaved consecutively by the - and y-secretases leading to the formation of fulllength AB1-40/42
peptides. According to the amyloid cascade hypothesis, the AB peptide would be further able to interact
with metal ions present in the brain and form oligomers and then fibrils, found in the senile plaques in
vivo.

Redox Biology 14 (2018) 450-464

Model of A40 fibrils grown in vitro using seeds from
the brain of an Alzheimer patient. The long axiz of the fibml is
parallel to the lme of sight. The fibnl resembles a stack of pancakes for
which each pancake consists of three AB40 molecules (cyan, green, or
magenta) stabiized mostly by hydrophobic effects due to nonpolar
amme acid side chams. The stack, m tum, is stabilized mostly by hydro-
gen bonds between backbone atoms of successmwe molecules. (From
Tycko B. Amyleid polymorphism: stmctural basis and neurobiological
relevance. Newron. 201568 1632-645)
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Figure 1. APP
FAD-linked mutations are marked in red while nonpathogenic mutations are marked in
orange.

APP: Amyloid precursor protein; CTF: C-terminal fragment; NTF: N-terminal fragment.
Diagram courtesy of Richard Crook, Mayo Clinic Jacksonville, FL, USA, and John Hardy,
Institute of Neurology, University College London, UK. Adapted to include current known
mutations.

Ryan et al. Correlating familial Alzheimer's disease gene mutations with

clinical phenotype Biomark Med. 2010 February ; 4(1): 99-112
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Figure 2. PSEN1
Familial Alzheimer's disease-linked mutations are indicated in red, while nonpathogenic

Figure 3. PSEN2 : mutations are marked in orange. Interaction domains with APP/TLN or NCT/APH-1/PEN-2
CTF: C-terminal fragment; NTF: N-terminal fragment. are marked in blue, as well as the conserved residues D257 and D385 forming the putative
Diagram courtesy of Richard Crook, Mayo Clinic Jacksonville, FL, USA, and John Hardy, catal):'tic site. I.ntcmctior!s of the C-‘Ii::rm.inal cluma.m and the hydrophilic loop domain with
Institute of Neurology, University College London, UK. Adapted to include current known proteins, such as the brain G-protein Go. calsenilin, the PSAP, - and §-catenin, p0071 and
e PLD]1, are shown in dark green. The endoproteclytic cleavage site separating PSEN1-NTF

and -CTF in the seventh hydrophobic region, the SPP cleavage site in the ninth TMD and
the caspase cleavage site in the hydrophilic loop domain are indicated by yellow arrows.
APH: Anterior pharynx-defective; APP: amyloid precursor protein; CTF: C-terminal
fragment; NTF: N-terminal fragment; PEN: Presenilin enhancer; PLD: Phospholipase D;
PSAP: Presenilin-1-associated protein; PSEN: Presenilin; NCT: Nicastrin; SPP: Signal
peptide peptidase; TLMN: Telencephalin; TMD: Transmembrane domain.

Reprinted with permission from [81]. Adapted to include current known mutations.
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HYPOTHESIS OF ALZHEIMER'S DISEASE

O Cholinergic hypothesis

Amyloid peptide impairs cholinergic neurotransmission,
reduce choline reuptake and ACh release

Presynaptic nerve terminal

Choline acetyltransferase

Vesicular acetylcholine transporter (ChAT)
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Figure 3. The pathway for the synthesis and transportation of acetylcholine between presynaptic and

postsynaptic nerve terminals,
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Drugs that inhibit AChE provoke an increase of ACh levels 13



HYPOTHESIS OF ALZHEIMER'S DISEASE

O Amyloid hypothesis

Increase of AB peptide due to
mutations in APP, PSEN1
and PSEN2

(5) Binding of AB to PrPc also
can activate Fyn to
phosphorylate the NMDARSs.

The hydrophobic nature of
the peptides, particularly
AB1-42 and AB1-43, allows
them to self-aggregate

(6) As the disease progresses, AB
can activate the Fyn phosphatase
STEP, which inactivates Fyn,
resulting in the loss of synapses
and dendritic spine collapse

AB peptides can also
undergo pyroglutamate
modification at amino acid
position three (AB3(pE)).

(3) AB can mediate the activation of
extrasynaptic NMDARSs, which also

Amyleid plague

(4) Within the dendritic spine, Fyn
phosphorylates NMDARs and thereby
mediates their interaction with PSD-
95—an interaction required for AR
toxicity.

(2) AB can mediate the internalization of
synaptic NMDARSs indirectly through the
binding of a7 nicotinic receptors. This
results in a reduction of NMDARs at the
synapse and causes synaptic spine
shrinkage and retraction.

Postsynapse

a7 nicotinic
receptor
® o
(7) Binding of AB to the plasma
membrane forms pores in the
membrane, which may be facilitated
by lipid rafts, resulting in calcium
influx into the cell and the
downstream activation of kinases
implicated in tau phosphorylation.

This increases the stability,
aggregation propensity and
neurotoxicity compared to
full-length, unmodified AR.

induces a calcium influx into the neuron
and in turn activates kinases such as
AMPK. Activated kinases can
phosphorylate dendritic tau which not only
causes tau to detach from microtubules
and aggregate into NFTs, but also
enhances its binding to Fyn and results in
the migration of tau and Fyn into the
dendritic spine.

Acta Neuropathol (2015) 129:207-220
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AB NEUROTOXICITY

AB NEUROTOXICITY DUE TO ROS FORMATION
AND OXIDATIVE STRESS

Induced oxidative stress in cell of AD
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Figure 1. Beta amyloid species in brains of Alzheimer’s patients. Cleavage of amyloid precur-
sor protein in neuronal membranes produces amyloid monomers. Misfolded beta amyloid (Ap)
monomers aggregate into soluble oligomers of various lengths (dimers to dodecamers) and soluble
protofibrils (large oligomers). Oligomers further aggregate into insoluble fibrils and plaque. Soluble
Ap oligomers, which are highly toxic to neurons and synapses, are considered upstream triggers of
Alzheimer’s disease (AD) pathology.

Key mechanisms of amyloid oligomer
mediated neurodegeneration
ege Y, 1Y
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Figure 2. Mechanisms mediating neurotoxicity of amyloid oligomers. Beta amyloid (Ap) oligomers mediate multiple
pathogenic mechanisms in Alzheimer's disease (AD) that lead to neuronal ell dysfunction and death, imcluding direct
synaptic and cell toxicity, neuronal hyperactivation, inhibition of long-term potentiation (LTP), tau hyperphosphorylation,
microglial activation, and neuroinflammation.



ALZHEIMER'S DISEASE AND MUTATIONS IN THE APOLIPOPROTEIN APOE4

Human has 3 alleles: The first allele
APOE4 APOE4/4 to emerge was E4. After the primate-
Non-carriers Heterozygotes Homozygotes human split, there were four amino
acid changes in the human lineage,
three of which had no effect on

60—65% ~88% >95% protein function (V174L, A18T,
A135V).
The fourth substitution (T61R)
35-40% show no Amyloid positive with high alters the protein's functionality.
amyloid on PET diagnostic accuracy
Figure 4. Clinical diagnosis of Alzheimer's disease (AD) in patients with the APOE4/4 genotype shows high accuracy. The The R112C Change in the
e4 allele of apolipoprotein E (APOE4) genotype can aid in diagnosis of AD and APOE4/4 subjects show particularly high the APOE4 resulted in the E3 allele

accuracy of clinical diagnosis. The figure shows rates of positive amy loid positron emission tomography (PET) scans in
AD patients by APOE4 genotype. Amyloid PET imaging in APOE4 non-carriers and APOE4 heterozygotes was positive
in 65% and 88% of subjects, respectively, increasing to =95% positivity in APOE4/ 4 homozygotes, based on data from a Another R to C substitution

solanezumab clinical trial in Mild to Moderate AD [57]. (Arg1 58Cys) in the APOE3 gene
created the E2 allele.

Apolipoprotein E (APOE) is a protein involved in the lipid transport and metabolism. It is present in several classes of lipoprotein particles,
including chylomicrons, VLDL, IDL and some HDL. APOE is involved in the cholesterol metabolism, and it binds to LDLR.
In the CNS, it is formed in astrocytes and it is required for cholesterol transportation from astrocytes to neurons.



AD HYPOTHESES FOR TERAPEUTICAL TREATMENTS

Classical hypothesis: Neurotoxicity of amyloid plaques impairs cholinergic neurotransmission.

« First strateqy. Use of cholinergic enhancers. They have been tested in the AD treatment very frequently, by
they caused modest and often transient symptomatic relief, without or preventing the disease progression.

+ Second strategy. Use of Inhibitors of the enzymes necessary for the generation of amyloid-beta peptides
(BACE inhibitors).

« Third strategy: Use of antibodies to amyloid-beta protein (against monomers, polymers or plaques)

« Unfortunately, these strategies failed to yield significant benefits or efficacy in slowing disease
progression.

« The link between extracellular beta amyloid plaque and the intracellular tau tangles is not well understood
yet.

« Attempts to reduce neurofibrillary tangles have likewise failed to produce significant positive results.

Alternative hypothesis: Focused to ameliorate the neuroinflammation: Modulation of the Microglia and immune
overdriven response to decrease neuroinflammation and cell death.



AB TREATMENT WITH ANTIBODIES
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There are 3 main hypotheses for the mechanism of
anti-A antibodies.

(1) Involves direct action against the AP plaques,
fibrils, protofibrils, or oligomers, where antibody
binding destabilizes the different aggregate

species.

(2) Involves the action of microglia, which leads to
the phagocytosis of AR mediated by Fc receptors.

(3) The peripheral sink mechanism hypothesis, in
which the antibody binds to and removes A present
in the plasma, generating a net efflux of Ap from the
brain to the plasma.
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ALZHEIMER'S DISEASE: AMYLOID PROTEIN

AGGREGATION PHASE OF BETA- AMYLOID PEPTIDES
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(individual monomers) (clusters of monomers) (deposited aggregates)
Important for brain Directly toxic, damage Mostly inert, sequester
health, protect against neurons and cause cognitive excess amyloid
injury and infection worsening
x BACE inhibitors target ALZ-801, aducanumab, x Antibodies
monomers, show toxicity lecanemab and donanemab targeting Al plaque,
and lack efficacy target oligomers, shown failed in Phase 3
positive clinical data

Figure 5. Only agents that target amyloid cligomers show efficacy in Alzheimer’s disease (AD) trials. Among dozens of
failures, only four anti-amyloid agents showed positive clinical results in late-stage clinical trials. All four of these agents
either selectively inhibit formation of amyloid oligomers or remove oligomers from the brain: the oral tablet ALZ-801 and
the intravenously (IV) infused anti-amyloid antibodies aducanumab, donanemab, and lecanemab. Agents that remove or

inhibit formation of beta amyloid (A B) monomers or clear amyloid plaques failed to show efficacy in AD trials [16,17].



Ensayo clinico de Fase |

En esta fase se comprueba si el
farmaco es seguro y la mejor forma
de administrarlo, la tolerancia. Muy
pocos pacientes.

Ensayo clinico de Fase Il

Se analiza si el farmaco funciona.
Eficacia. suelen participar de 100 a
300 personas.

Ensayo clinico de Fase Il

Se verifican aspectos de seguridad
y eficacia del farmaco, comparar
con otros tratamientos utilizados.
Dsde 300 hasta mas de 3.000
participantes Si los resultados son +,
se pide autorizacion a las Agencias.

Ensayo clinico de Fase IV o Estudios
de seguimiento

Examinan los efectos a largo plazo
una vez el farmaco ha sido
comercializado.

Sin plazo predeterminado

Proceso total: largo, de entre 10 y
15 aflos, salvo causas de
emergencia.

ALZHEIMER'S DISEASE: AMYLOID PROTEIN
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Fig. 2 | Stage of clinical development of anti-Ap drugs to treat Alzheimer disease. The figure does not include drugs
that indirectly interfere with amyloid-P (AP) or do not have fully proven anti-Ap mechanisms of action. Trials of drugs

shown in red have been discontinued or are inactive. BACE, B-secretase.

NATuRe RevlewS | Neurology, 2019, vol15, https://doi.org/10.1038/s41582-018-0116-6
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Aducanumab

« 08 June 2021 Current Alzheimer’s drugs address only disease
symptoms, for instance delaying memory loss by a few months.
Aducanumab is an intravenously infused monoclonal antibody (mab), the
latest in a long line of therapeutic candidates that aims to tackle amyloid
plaques. Aducanumab clears out clumps of amyloid-f3 protein in the
brain. The FDA approved the drug on the basis of its ability to reduce the
levels of these plagues in the brain.

 Luxembourg, 17 December 2021 — Today, the European Medicines
Agency (EMA), in a closely watched by the European dementia
community, decided not to authorise aducanumab for the treatment of
mild cognitive impairment due to Alzheimer’s disease and mild
Alzheimer’s dementia.

* Alzheimer Europe welcomes the from Biogen
confirming the launch of its post-approval trial in May 2022, aiming to
provide more definitive evidence on the clinical efficacy of aducanumab.



http://alzheimereurope.newsweaver.com/ConferenceAnnouncement/1tybmg6mqohzjc8dty0mzq/external?email=true&a=6&p=60970679&t=22457135
http://alzheimereurope.newsweaver.com/ConferenceAnnouncement/i7lv9bolsvdzjc8dty0mzq/external?email=true&a=6&p=60970679&t=22457135

Alternative hypothesis: Impaired clearance, not overproduction of toxic proteins, may
underlie Alzheimer’s disease.




Microglia: Cell That Might Trigger Alzheimer's Disease

In AD, too much amyloid accumulates outside brain cells, the vessels that supply the
brain with blood.

Microglia are a type of immune cells that clean the brain for injuries and invaders.
They scour dead or impaired brain cells and literally swallow and digest invading
microbes to drain debris to lymphatic system.

On the other hand, the delicate process of cleaning should be regulated. The
presence of amyloid plaques sends microglia and other immune mechanisms
into overdrive, resulting in the inflammatory immune response. Some experts
believe this response is the main cause of the brain vitality loss in Alzheimer.

It has been observed that numerous genes involved in various immune system
functions also contribute to Alzheimer's. Those genes control microglia. Certain
gene mutations could be culprit of impaired microglial function and toxic
accumulation of amyloid plagues and brain injury.

Not all researchers are convinced. They stills think that impaired immune activity is
involved in Alzheimer’s, but it's not the root cause. The root is the beta-amyloid itself.
Microglia just may not be able to handle the excess amyloid that accumulates in the
disease.



The Microglial Gene Scene

Nearly a dozen genes involved in immune and microglial function have been tied to Alzheimer's

* The first gene involved was CD33. CD33 is a kind of microglial on-off switch, activating
the cells as part of an inflammatory pathway.

 Microglia devour pathogens and dead tissue. Microglia might assume that any faulty brain
tissue is due to a microbe, not dementia, and that causes them to become hyperactive.
Microglia react aggresswely, clearing the area to prevent the spread of the infection. The
aggressive reaction causes neuroinflammation. The microglia become Kkillers, not just
maintenance cleaning cells "

 The second gene is called TREM2. It is only expressed in microglia. TREM2 seems to
control microglial activation and normaly it should be a brake on overactive Microglia.

Thus, Microglial activation in impending dementia might be a double-edged sword.
v" In the beginning, microglia clear unwanted amyloid to maintain brain health.

v But once accumulated amyloid and tau have done enough damage, the neuroinflammation that
comes with microglial activation does more harm than good. Neurons die en masse and
dementia sets in. Mutations in TREMS gene could be involved in that harm reaction.

Some recent approaching treatments are directed to decrease CD33 activity or to increase
TREM2



Other genes related to Alzheimer's Disease

One recent study has analyzed exome sequencing data from 32,558 individuals, including 16,036 patients
with AD and 16,522 controls.

 Variants in ATP8B4 and ABCA1, SORL1 were identified as novel risk factors,
» There is evidence that rare variants in ADAM10 may also confer risk.

« The RIN3, CLU, ZCWPW1, and ACE genes also had suggestive signals and may be driver genes in
genome-wide association studies loci.

» All of them are related to global APP processing, lipid metabolism, AR aggregation, AB drainage or
neuroinflammatory processes.

« About APP processing and final elimination, it is important that CSF-AB42 and AD diagnosis or cognitive
decline are negatively correlated.

ATP8B4, ATPase Phospholipid Transporting 8B4 (Flippase)

ABCA1, ATP-binding cassette family

SORL1, Neuronal Receptor of the apolipoprotein E, also involves in amyloid peptide processing,
ADAM10, Disintegrin and metalloproteinase domain-containing protein 10

RIN3: Ras and Rab Interactor 3

CLU: Clusterin, related to apoptosis and folding of secreted proteins (chaperone.like)
ZCWPW1: Histone methylation reader with a Zn-finger and PWWP domain

ACE: Angiotensin | Converting Enzyme



More Alzheimer's Gene Candidates in specific brain parts

« An Al-driven approach to meta-analyses of microarray data in the frontal cortex and cerebellum
have identified top gene candidates for AD for new model developments or future therapeutics.

» Four dysregulated pathways were identified with the frontal cortex:
* Mitochondrial energy and oxidative phosphorylation
 Signalling
» Metabolic processes
* Mitochondrial cellular biosynthesis

Top gene candidates in this tissue included specific subunits of mitochondrial complex V (ATP5J, ATP5L,
and ATP5H).

« Three dysregulated pathways were identified in the cerebellum:
*Sterol and steroid metabolic processes
eIntracellular transport
*Development and differentiation

Top candidate in the cerebellum included the cholesterol biosynthesis and catabolism-related gene SC5D
involved in the conversion of lathosterol into 7-dehydrocholesterol.

Pathophysiologic mechanisms in AD may be brain-region—specific, as there was no overlap in
dysregulated pathways between the frontal cortex and the cerebellum.



OTHER APPROACHES: NATURAL PRODUCTS. BRYOSTATIN & Alzheimer DISEASE

Reduction and/or prevention of the progressive degeneration of AD:

Numerous studies demonstrated a key molecular "switch" in memory
formation: The activation of the enzyme, protein-kinase-C-epsilon (PKCg).

This PK seems to be critical for the normal metabolism of the AD proteins,
amyloid-beta and the neurofibrillary precursor called "tau.”

One potent, non-toxic drug that activates PKCg, is Bryostatin-1 (extracted
from marine microorganism) prevents tau hyperphosphorylatlon

In AD animal models, bryostatin was effective in partial restoring cognitive
deficits and lost synapses, preventing neuronal death and amyloid plaques,
and reducing amyloid 3 as well as the toxic hyperphosphorylated tau.



FLUID AND IMAGING BIOMARKERS TO DETECT AD INITIATION AND PROGRESSION

hippocampus and
cortical atrophy

neurcnal cell loss

and glicsis
amyloid oligomers phosphorylated tau microglia activation astrocyte activation axon degeneration
amyloid plague aggregated taw complement activation neurainflammation synaptic dysfunction
P-tau, NfL and neurogranin mark progression of Alzheimer’s pathology
ARy 20 p-tau sTREM-2 YK L-40 and GFAP MfL and total tau
amyloid PET imaging tau PET imaging cytokine levels cytokine levels neurogranin

Figure 3. Fluid and imaging biomarkers detect and track progression of pathological processes in Alzheimer’s disease (AD).
The core pathologies of AD can now be detected in patients using validated cerebrospinal fluid (C5F) assays for Ap42,
Ap40, and several isoforms of p-tau. These CSF biomarkers of soluble amyloid and p-tau species indicate a pathological
state, while the positron emission tomography (PET) scans show the actual accumulation of insoluble amyloid and tau
over time. The toxic downstream effects of amyloid oligomers can be assessed using CSF and plasma biomarkers of
neurodegeneration (neurofilament light chain protein (NfL) and total tau) and a biomarker of synaptic injury (neurogranin}.
MNeurcinflammation can be assessed in C5F using the microglial marker (sTREM-2) and astrocytic marker (YKL-40), and in
plasma using the astrocytic marker glial fibrillary acidic protein (GFEAF) [43]. Insoluble fibrillar amyloid and aggregated tau
in NFTs can be visualized and evaluated quantitatively by amyloid and tau PET imaging [8—-10]. The use of volumetric
magnetic resonance imaging (MRI) is well established in AD, accurately detects hippocampal and cortical atrophy reflecting
neuronal cell loss and gliosis, and correlates with progression of disease.
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Figura 9.1 Esquema de los efectos funcionales comprobados y sugeridos de genes conocidos y supuestos de la enfermedad de Alzheimer. (A) Todas
la mutaciones en los genes de la enfermedad de Alzheimer de comienzo temprano APP, PSENT, PSEN2 producen un aumento de la produccion de
AB. (B) Esquema simplificado de las posibles implicaciones fisiopatoldgicas de los loci de susceptibilidad de la enfermedad de Alzheimer mas pro-
misorios en la actualidad, que comprende aquellos de los GWAS recientes. Obsérvese que ninguna de las asociaciones genéticas (excepto APOE)
puede ser considerada como establecida de manera inequivoca; lo mismo es vélido para cualquiera de las posibles implicaciones funcionales pro-
puestas. Es probable que efectos destacados sean influenciados aiin mas por las interacciones entre genes desconocidas en la actualidad y por la
contribucion de factores no genéticos asi como por reacciones inflamatorias (que con probabilidad estan genéticamente controladas por ellos mis-
mos). Con fines didacticos, no se indicaron todas las implicaciones funcionales supuestas o establecidas. Obsérvese que la funcién de algunos de
los genes supuestos de la enfermedad de Alzheimer mostrados aqui no se describen en el texto (p. ej.,, CR7, GAB2, TF). Los genes indicados en ova-
los anaranjados fueron originalmente implicados mediante el analisis de genes candidatos, mientras que los que se indican en 6valos verdes fueron

identificados por GWAS.




SYNUCLEINOPATHIES AND TAUPATHIES

TABLE 47.1 Synucleinopathies

TABLE 47.2  Tauopathies

Alzheimer’s disease

Down syndrome

Parkinson’s disease

Dementia with Lewy bodies
Pure autonomic failure

REM sleep behavior disorder
Lewy body dysphagia
Incidental Lewy body disease
Inherited Lewy body diseases
Multiple system atrophy

Progressive supranuclear palsy

Corticobasal degeneration

Pick’s disease

Argyrophilic grain disease

Tangle-only dementia

Chronic traumatic encephalopathy
ALS/parkmsonismwdementia complex of Guam
Non-Guamanian ALS with tangles
Guadeloupean parkinsonism

Frontotemporal dementia and parkinsonism linked
to chromosome 17T

Postencephalitic parkinsonism

Subacute sclerosing panencephalitis

Pantothenate kinase-associated neurodegeneration
Niemann-Pick disease type C

Familial British dementia

Familial Danish dementia
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PARKINSON'S DISEASE

Substantia nigra from patients with PD immunostained for
a-synuclein. A. Two stained cells. B. Two positive bodies in a
pigmented cell. C. Detail of an extracellular Lewy body.

Patients with Parkinson disease show a tremor at rest but
not during voluntary movements. They also have rigid
muscles, move slowly, and have little expression on their
face. Parkinson disease usually becomes clinically
apparent in the sixth to eighth decades o life.

Lewy bodies are also found in olfactory bulb, brainstem
structures and nervous system of gastrointestinal tract.
So, other symptoms precede motor symptoms like
anosmia, depression or sleep disturbances.

Lewy body containing a-svynuclein
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SYNUCLEINS

A 1 140
wsyecein | [ W D 5 embers of synuciein family:
A30P E46K A53T a (SNCA, 4Q23) and B (SNCB, 8Q35) are concentrated in nerve
' 134 terminals

B-Synuclein :I]]:lj:.:_ v (SNCC, 10Q21) is thoroughout the nerve cell

6-7 characteristic repetitions of the sequence KTKEGV

1 127
roywcen | I I Are lipid-binding proteins
B Allele 1 Allele 2 Missense mutations in SNCA cause familial PD:
Missense AS3T (first described)
mutation A30P
E46K

G
dOSSSE -|:|- —‘ H H )— Also, overexpression of wild type SNCA cause PD and DLB

(Dementia with Lewy Bodies)
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| Monomers !

Seeding

The a-synuclein cascade hypothesis. The aggregation of a-synuclein presumably starts with a
conformational shift of the monomeric protein, followed by the step-wise formation of larger multimeric
protein species. Evidence suggest that soluble oligomeric / protofibrillar aggregates are the most neurotoxic
forms of a-synuclein. Such species, as well as the ready-formed fibrils, may also potentiate pathology by
acting as seeds for the formation of additional aggregates.
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Plasma membrane

Impairment in
intracellular
degradation

Compromised
cellular

Alpha-synuclein
oligomers/protofibrils

T P s
.

@ Lysosome
Autophagosome

T Endoplasmatic reticulum
Autophagosome Protasconis
formation

Proposed intracellular targets for a-synuclein mediated toxicity. Alpha-synuclein oligomers may mediate
toxicity via several intracellular targets. Mainly, impairment of various protein degradation pathways as well as
damage of the mitochondria and endoplasmic reticulum have been suggested.
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TAUPATHIES

MAPT gene codifies 6 isoforms of tau that differ in the number of
repetitions
The repetitions are sites of microtubules interaction
Ser/Thr-Pro site flank the repetitions and are target of
phosphorylation by either:

GSK-3 (inhibited by lithium chloride)

MAPK

SAPK
Those sites are also susceptible of O-GlcNAcylation
Hyperphosphorylation may disengage tau from microtubules

leading to aggregation
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PRION-RELATED DISEASES

Prion diseases affect animals (scrapie in sheep, bovine spongiform encephalopathy(BSE)) and humans (Creutzfeld-Jacob
Disease (CJD), Gerstmann-Straussler Scheinker disease (GSS), fatal familial insomnia (FFI) and kuru).

N-linked OCE
carbohydrate T,

Disulphide
bond

o~helix 2

o~helix 3

Etiology:
85% sporadic and acquired
15 % inherited

Pathogenic mutations and polimorphisms in the human prion protein

Pathogenic mutations
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22 51
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G131V
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PrPC is a normal sialoglycoprotein GPI anchored, sensitive
to proteases and detergent soluble. Has helical structure.

PrPsSc is the pathogenic form, resistant to proteases and
detergent insoluble. Although is structure is not defined,
has a predominantly B—sheet conformation.
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Prion: proteinaceous infectious particle (defined by Prusiner and col. 1982)
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PRION-RELATED DISEASES

Strain 1
Seed Polymer
'% ] | [ [ | e | ][] ]
O CNENEE ~ ENEEEE
Monomers ‘
f J Fragmentation  Prion propagation involves conversion of PrP¢ to PrPSc
HEE EEN
EEE EEE The mechanism of conversion is poorly defined.
J Prions are self-propagating fibrillar o r amyloid forms of PrP.
% The ends of propagating fibrils constitute de infective entity.
Fragmentation of fibrils rise the prion titer.
CLEARANCE
Strain 2
Seed Polymer i
Sporadic CJD vCJD
an 9000000 __ 00000690 T\ A R S T g
Q800808 000000 e X L Ve :
Monomers % P
l Fragmentation p
0006 069
000 060
CLEARANCE

There are different types of polymers Histopathologic features:

neuronal vacuolization and
degeneration
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