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Neuromuscular junction in Alzheimer's disease









40% risk of 
AD is 
modifiable



What is AD/ADRD?



Damage to the 
human brain

• Stroke caused severe swelling of the right 
hemisphere

• Stroke caused cell loss in left hemisphere
• Gunshot wound



Brain with Alzheimer’s diseases Normal Brain



Type of brain 
disorders

• Specific disorders (focal damage): 
The disorder depends on the area of 
the brain affected (bullet wounds, 
strokes).

• Generalized disorders (widespread 
damage): The disorder affect 
multiple cognitive abilities (closed 
head injury, dementing disorders, 
demyelinating diseases, toxic 
substances)



Dementing diseases
Loss of cognitive function, sometimes accompanied by 
personality changes, which interferes significantly with 
the individual’s daily activities work and social activities

Stages: Mild, Moderate, Severe
Mild: Person retains judgment and can sustain daily 
activities on her/his own (personal hygiene, etc) but work 
and social activities are impaired.

Moderate: Independent living becomes hazardous (e.g., 
subject forgets to turn off the stove) and requires some 
degree of supervision.

Severe: Cognitive abilities are so compromised that the 
person requires constant supervision.



Types of 
dementias

• Dementias are divided in 3 varieties: Cortical, 
subcortical and mixed variety.

• Cortical: co-occurrence of many cognitive 
deficits including aphasia, apraxia, agnosia, 
acalculia, visuospatial deficits and memory 
problems (e.g. Alzheimer’s, Frontotemporal 
dementias, Creutzfeldt-Jakob (prion diseases)

• Subcortical: more likely to manifest first as 
personality changes, attention deficits, slowness 
in cognitive processing, difficulties with tasks 
requiring strategy  (e.g. Parkinson’s, Huntington’s).

• Mixed: Both cortical and subcortical 
involvement, patterns of cognitive performance 
midway between cortical and subcortical types 
(e.g. Vascular dementia, Lewy body dementia.)



Alzheimer’s 
Disease



An irreversible and progressive neurodegenerative 
disorder characterized by gradual loss of memory and other 
cognitive functions, deficits in activities of daily living, 
behavior, personality and judgment. Accounts for the 
majority of dementia cases among people age 65 and older.

William Utermohlen
1967

1 year later of diagnose 
Alzheimer’s Disease

5 years later

What is Alzheimerʼs disease?



Alzheimer’s 
disease 

numbers

• More than 5 million Americans have 
Alzheimer’s Diseases today.

• Someone develops AD every 68 seconds

• By 2050, the number of people living 
with AD could triple.

• It is the 6th cause of death in the United 
States. Right now, 1 in 3 seniors dies 
with Alzheimer’s or another dementia.



Alzheimer’s Disease Progression
Death from
pneumonia
and/or other
comorbidities

Mild
Cognitive

Impairment

Mild
•Loss of recent memory
•Faculty judgment
•Personality changes

Moderate
•Verbal and physical aggression
•Agitation
•Wandering
•Sleep disturbances
•Delusions

Severe
•Loss of all reasoning
•Bedridden
•Communication disability

AD Progression

Preclinical AD Severe AD



Amyloid plaques
Insoluble extracellular deposits 
which accumulate in the cortex 
and hippocampus.
Composed of amyloid – beta (Aß) 
protein fragments: Aß40 and 
Aß42.

Neurofibrillary tangles
Bundles of insoluble helical fibers 
within neurons.
Composed of hyperphosphorylated 
tau proteins that are normally 
associated with microtubules.

Intensive loss of synaptic 
contacts and neurons. Cortical 
atrophy: loss of 1/3 of brain 
mass
Other effects may contribute such as 
inflammation

Alzheimer’s Disease Pathology
Amyloid plaques

Insoluble extracellular deposits 
which accumulate in the cortex 
and hippocampus.
Composed of amyloid – beta (Aß) 
protein fragments: Aß40 and 
Aß42.

Healthy
brain

Advanced
alzheimer’s



Alzheimer’s Disease Risk Factors

Aging
• Progressive increase in the amounts of oxidatively modified DNA bases, lipids and 

proteins in the brain
• Alteration in multiple neurotransmitters and neurotrophic factor signaling pathway
• Increase expression of pre-apoptotic proteins

Family history of dementia
• Susceptibility/risk genes

Cardiovascular Disease
• High blood pressure and high cholesterol levels
• Stroke, Ischemia.

Life style

Lower educational level
Gender

Scientists don’t yet fully understand what causes Alzheimer’s disease (AD), but it 
is clear that it develops as the result of a complex series of events that take place 
in the brain over a long period of time. It is likely that the causes include genetic, 
environmental, and lifestyle factors. Because people differ in their genetic make-
up and lifestyle, the importance of these factors for preventing or delaying AD 
differs from person to person. 





Jellinger, J Neural Transm 2006

Types of Alzheimer
Early-Onset AD

(Familiar)
Late-Onset AD

(Sporadic)



Neurofibrillar
y tangles and 

senile 
plaques in 

Alzheimer’s 
disease.



(Querfurth and LaFerla .The New. England J of Mediciene 2010)

Processing of Amyloid Precursor Protein



(http://www.alzforum.org/res/com/tra/app/default.asp) (Kitazawa et al.,  2012. Curr Pharm Des )

90 known 
genetic 
mutations

Amyloid Precursor Protein (APP) 
mutations

https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1002270



(Querfurth and LaFerla .The New. England J of Mediciene 2010)

Tau Structure and Function

Tau proteins stabilize 
microtubules (MT) in neurons, 
particularly in axonal processes.  
MT main functions are to provide 
structure, organize the cytoplasm 
of the cell, and serve as tracks 
for the transport of cellular 
elements form the cell body to 
the axonal terminals (synapses) -
- 



Tau protein

• In AD and other tauopathies, for unknown reasons, tau protein becomes hyperphosphorylated, 
dettaches from MTs, and form paired helical filaments (PHF) that clump inside neurons forming 
neurofibrillary tangles (NFT), which eventually occupy most of the cytoplasm of the affected neurons.
• The release of tau destabilizes the MTs leading to their disintegration.  

• The loss of MTs will affect axonal transport and neuronal morphology, which is also sustained by the 
microtubular network.



Neurons have a unique shape and depend on the cytoskeleton, particularly MTs, to 
keep axonal transport running from the cell body to synaptic terminals – the loss or 
the alteration of axonal transport caused by tau pathology can be compared to a bad 
traffic jam in neuronal processes

Tau protein



20 years 
before the 
symptoms 
appear there 
are already 
changes in 
the brain

Pham et al., 2010



Toxic effects of Ab starts before plaque formation



Toxic effects of Ab starts before plaque formation



Toxic effects of Ab starts before plaque formation

Most evidence indicate that oligomers are 
responsible for cognitive impairment.



Oligomeric species of Ab and Tau target 
synapses and disrupt their function
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While the search for more treatments 
for AD/ADRD continue, current 
therapies have strengthened the efforts 
to detect the earliest possible AD for 
therapeutical intervention and 
prevention





Brisendine et al., 2023

Male Female

Alterations in NMJ transmission on animal models of AD



Alterations in NMJ transmission on animal models of AD

Brisendine et al., 2023



Effects of exercise on hearth capacity and cognition

Brisendine et al., 2023











Owaga et al., 2018; Frontier in Neurology

Functional Alterations in AD











P301S tau gene mutation causes rapidly lethal and early-onset FTDP-17







How oligomers can lead 
to Alzheimer’s disease?







b-amyloid oligomers

Tau oligomers





b-amyloid oligomers

Tau oligomers



William Utermohlen 
1967

1 year later of diagnose 
Alzheimer’s Disease

5 years later

AD Progression



Sperling et al., 2009

Reduced deactivation of the DMN is observed in old 
individuals with no Ab burden



Paradoxical increase of the DMN is observed in old 
individuals with high Ab burden

Celone et al, 2006,
Pihlajamaki et al., 2008 

Sperling et al., 2009





Increased electrophysiological E/I in AD

Lauterborn et al, Nat Comm, 2021



61

Frontal CortexParietal Cortex
Medial 

Temporal Cortex Hippocampus

Global E/I balance in AD 

Aβ 
accumulation

Hyperactivatio
n

Reduction of 
Glu activity 

First areas affected by the 
pathology
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Singh A. … Scaduto P. 
et al. accepted - 
Journal of Alzheimer's 
Disease 2020

Lauterborn J. and Scaduto P. 
et al. Nature Communications 
2021

Scaduto P. et al. 2023, Acta 
Neuropathologica
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Global eE/I balance in Health 



eE/I imbalance in AD
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p=0.039

p=0.0296
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Singh A. … Scaduto P. 
et al. accepted - 
Journal of Alzheimer's 
Disease 2020

Lauterborn J. and Scaduto P. 
et al. Nature Communications 
2021

p=0.041

Scaduto P. et al. 2023, Acta 
Neuropathologica



TCx eE/I ratio correlates with cognitive decline 
and neuropathological hallmarks

Scadutoet al, 2023.ActaNeuropathologica



Multidimensional analysis of electrophysiology, 
synapto-proteome, and neuropathological change

SSF

ST

Scadutoet al, 2023,ActaNeuropathologica



Scadutoet al, 2023,ActaNeuropathologica

Cellular and transcriptomic E/I ratio and
cognitive performance



Multivariate correlation with Cognitive Performance 
all cohort

Scaduto et al, 2023, Acta Neuropathologica





Hyperexcitability in AD



Ion channel alterations



Enhanced excitability



Reduced inhibition





Heterogeneity of Dementia

• Alzheimer’s disease
• Amyotrophic Lateral Sclerosis (20% also show Frontotemporal dementia)
• Chronic Traumatic Encephalopathy
• Corticobasal Syndrome
• Frontotemporal Dementia (Diagnostic challenge and confused with 

psychiatric disorders)
• HIV-related cognitive Impairment
• Huntington’s Disease
• Parkinson’s Dementias
• Posterior Cortical Atrophy
• Primary Progressive Aphasia
• Non fluent Variant Primary Progressive Aphasia
• Progressive Supranuclear Palsy
• Rapidly Progressive Dementias
• Vascular Dementia

https://memory.ucsf.edu/what-dementia




