
K A R A  B A L D W I N  

The Biochemistry of 
Alzheimer’s Disease 



What is Alzheimer’s Disease? 

 A progressive brain disorder that damages and 
destroys brain cells 

 Leads to memory loss and changes in brain functionality 

 Most common form of dementia 

 Accounts for 50-80 percent of all dementia cases  

 It is not a normal progression of aging, but rather a 
disease resulting from a series of abnormal changes 

 Usually appears in people older than age 65 

 Less common forms appear earlier in adulthood  

 There is currently no cure 
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 5.4 million American’s are living with 
Alzheimer’s disease 

 1 in 8 elderly American’s are suffering 
from Alzheimer’s  

 It is the 6th leading cause of death in the 
US 

 The only cause of death among the top 
10 in the US that cannot be prevented, 
cured, or effectively slowed 

 One of the most expenses diseases to 
provide healthcare for 
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Signs & Symptoms 

 Most common early symptom: 

 Difficulty remembering newly learned information 

 Typically Alzheimer’s initially targets the region of the brain 
responsible for learning 

 In advanced stages: 

 Disorientation  

 Mood and behavior changes 

 Deepening confusion about events 

 Unfounded suspicions about family, friends, caregivers 

 Severe memory loss and behavior changes 

 Difficulty speaking, swallowing, and walking  
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The Alzheimer’s Association: Know the 10 Signs 

1. Memory loss that disrupts daily life 

2. Challenges in planning or solving problems 

3. Difficulty completing familiar tasks 

4. Confusion with time or place 

5. Trouble understanding visual images and spatial 
relationships 

6. New problems with words in speaking or writing 

7. Misplacing things and losing the ability to retrace steps 

8. Decreased or poor judgment 

9. Withdrawal from work or social activities 

10. Changes in mood and personality 

5 



Diagnosis 

 It can be determined whether a person has dementia; 
however, the exact cause is more difficult to assess 

 There are a several diagnosing processes that must be followed 
in order to determine Alzheimer’s disease:  

 A thorough medical history 

 Mental status testing 

 A physical and neurological exam 

 Blood tests & Brain imaging scans 
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Causes of Alzheimer’s Disease 

Although there is 
some controversy of 
what causes all of 
the different stages 
of Alzheimer’s 
disease, it is 
recognized that 
Alzheimer’s 
changes the entire 
brain. 
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Changes in the Brain 

 Alzheimer’s causes nerve 
cell death and tissue loss 
throughout the brain, 
which causes the brain to 
drastically shrink 

 

 

 The loss of mass affects 
nearly all of the brain’s 
functions: 

 The cortex shrinks 

 Affecting thinking, 
planning and 
remembering 

 The hippocampus shrinks 

 Affects the formation of 
new memories 

 Ventricles become larger 
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 A brain with Alzheimer’s 
has dramatically fewer 
nerve cells and synapses 
compared to a healthy 
brain 

 Plaques build up 
between the existing 
nerve cells 

 Dead and dying nerve 
cells contain tangles  

The Biochemistry in a Brain with Alzheimer’s 
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Amyloid β-Protein 

 Amyloid β-Protein is a peptide of 36-43 amino acids 
derived from the amyloid precursor protein 

 Its normal functionalities include: 

 Activation of certain kinase enzymes 

 Protection against oxidative stress 

 Regulation of cholesterol transport 

 Anti-microbial activity 
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Amyloid β-Protein’s Role in Alzheimer’s 

 The characteristic pathogenic brain lesions found in 
patients with Alzheimer’s are the fibrillar 
extracellular deposits of Aβ in parenchymal plaques, 
vascular amyloid, and intraneuronal neurofibrillary 
tangles 

 The current theory suggests that oligomeric Aβ are 
soluble and diffusible allowing them to cause a 
greater toxic effect on the neuronal plasma 
membrane 
 The small clumps of Aβ  may actually block cell-to-cell 

signaling at synapses and trigger immune cells to cause 
inflammation 

11 



Amyloid β-Protein’s Role in Alzheimer’s Continued 

 Recent studies show that the level of Aβ found in 
postmortem Alzheimer cortexes are much greater than 
those found in healthy postmortem cortexes 

 Aβ concentration correlates to the degree of cognitive 
impairment in a patient       

 Soluble Aβ oligomers found in Alzheimer patients have 
been shown to: 
 Inhibit long-term potentiation 

 Enhance long-term depression 

 Reduce dendritic spine density 

 Disrupt the memory of a learned behavior    
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Neurofibrillary Tangles Composed of Tau Proteins 

 What are neurofibrillary tangles (NFT)? 
 Aggregates of hyperphosphorylated tau proteins  

 A main indicator of Alzheimer’s Disease 

 What are tau proteins? 
 Normally, tau proteins bind to microtubules to assist them 

with formation and stabilization 

 When tau is mutated it becomes hyperphosphorylated and can 
no longer bind, which causes the microtubules to become 
unstable and disintegrate 

 Mutated tau proteins begin to group together as insoluble 
clumps making NFTs, which disrupt intracellular functions 
and eventually lead to irreversible neuron death 
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Braak Staging 

 Braak staging is a 
method used to describe 
how many tau tangles 
are in the brain and their 
location 

 There are 6 Braak stages 
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 Tau proteins begin to mutate 
and clump into tangles 

 No external symptoms 
 May even take 30-40 years 

before the dementia is 
noticeable 

 Common in most people 
between the ages of 40-90 

 Tangles have started to form 
in the “relay station” between 
the cortex and hippocampus, 
the critical region for memory  

Braak Stage 1 
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 Tau tangles have accumulated 
and caused some neurons to 
die 

 Mental testing still shows 
minimal impairment 

 Stage 2 is present in 60% of 
65+ year olds 

 Tangles in the “relay station” 
are in greater numbers have 
started killing some of the 
neurons there 

 Mutated tau proteins have 
formed in the hippocampus 
and neo0cortex but have not 
clumped yet   

 

Braak Stage 2 
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 Extensive neuronal death is 
occurring and some memory 
loss is likely to be noticeable; 
however, only 10% of people 
at this stage will be diagnosed 
with dementia 

 45% of 80 year olds are 
thought to be at this stage 

 More neuron death is 
occurring in the “relay 
station” and aggregates have 
formed in both the 
hippocampus and neo-cortex  

Braak Stage 3 
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 Although the tangles are only 
in a small portion of the 
brain, they have no caused 
significant memory and 
cognitive impairment 

 70% of these patients will be 
diagnosed with dementia 

 Tangles have killed neurons in 
both the “relay station” and 
the hippocampus  

 

 Tangles are forming in the neo-
cortex, the largest part of the 
brain and is responsible for 
sensory perception, conscious 
thought and language  

 

Braak Stage 4 
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 Tangles have caused 
extensive neuronal death 
in the “relay station,” 
hippocampus, and neo-
cortex 

 Severe memory loss and 
cognitive impairment  

 80% of patients in stage 
5 will be diagnosed with 
moderate to severe 
dementia 

Braak Stage 5 
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 Tangles have caused 
even more neuronal 
death than stage 5 

 All patients in stage 6 
will be diagnosed with 
severe dementia 

 Patients will be unable 
to care for themselves 

Braak Stage 6 
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Acetylcholine 

 How is acetylcholine related to AD? 
 Acetylcholine diffuses across the synaptic cleft and binds to 

cholinergic receptors on the muscle fibers causing them to contract 

 Along with Aβ plaques, NFTs, tau proteins, and neuronal death, 
another suspected cause of Alzheimer’s is a deficiency in 
acetylcholine, resulting in cholinergic signaling abnormalities 

 Acetylcholine receptors tend to be less frequent in AD 
patients 
 This causes a loss of presynaptic cholinergic markers in the cerebral 

cortex 

 When levels fall too low, memory and other brain functions become 
impaired  
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Cholinesterases 

 What are cholinesterases? 

 Enzymes that catalyze the hydrolysis of the neurotransmitter 
acetylcholine to choline and acetic acid 

 Present throughout the body, but it is primarily important at 
nerve fiber endings 

 Cholinesterase is needed to break acetylcholine into its 
components, thus stopping the stimulation of muscle fibers  
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Genetics of Late-Onset Alzheimer’s 

 Now that we have an overview of what can cause 
Alzheimer’s, we can examine who is at risk 

 A patients risk of developing late-onset AD are likely 
to be from a combination of genetic, environmental, 
and lifestyle factors 

 There is one genetic risk factor that has been 
identified to increase a person’s risk of developing 
AD 

 Apolipoprotein E (APOE) gene, located on chromosome 19 
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APOE Gene 

 Apolipoprotein E Gene: 

 Contains the instructions for making protein that carry 
cholesterol and other fats in the bloodstream 

 3 different forms: 

 APOE ε 2 – rare, may provide protection against AD, if AD occurs 
in person with this allele it will develop later in life than in 
someone with APOE ε 4 

 APOE ε 3 – most common allele, plays a neutral role in AD, 
neither increases or decreases risk 

 APOE ε 4 – present in about 25-30% of population and in about 
40% of all people with late-onset AD, people who develop AD are 
more like to have this allele than people who do not develop AD 

 

24 



Genetics of Early-Onset Alzheimer’s 

 Early-onset Alzheimer’s occurs in patients under the 
age of 65 

 Early-onset familial Alzheimer’s is correlated with 
mutations in at least one of three different genes: 

 Presenilin 1 (PSEN1) 

 Presenilin 2 (PSEN2) 

 Amyloid Precursor Protein (APP) 
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Presenilin  Genes 

 These genes provide 
instructions for the 
production of proteins 
called presenilin-1 & 
presenilin-2 

 Play pathogenic role 
because presenilin genes 
are associated with 
increased beta-amyloid 
protein production 

 Detected by genetic 
screening 

 Autosomal dominant 
inheritance  
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Presenilin-1 

 Located on chromosome 14 

 Multiple mutations identified 

 Typically causes AD in patient’s under 50 

 Codes for protein PS1, an integral membrane protein 
and amyloid precursor protein 

 Part of the enzymatic complex that cleaves amyloid-
beta peptide from APP 

 May be responsible for 30-70% of all early-onset 
familial AD cases 

 Mutation associated with AD Type 3 
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Presenilin-2 

 Located on chromosome 1 

 Codes for protein PS2 

 Part of the enzymatic complex that cleaves amyloid-
beta peptide from APP 

 Mutation in gene changes APP metabolism, thus 
causing an increase in protein deposits and plaque 
build up 

 May be responsible for 5-20% of all early-onset 
familial AD cases 

 Mutation associated with AD Type 4 
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Amyloid-Beta Precursor Protein 

 Located on long arm of chromosome 21 
 Normal function of APP gene is to provide the instructions for 

making the protein amyloid-beta precursor protein 
 Role of this protein is still being researched, but it is thought to help 

direct the movement of neurons 

 More than 50 different mutations in APP gene can cause 
early-onset familial AD 
 Most common mutation changes the amino acid valine in the APP 

protein to isoleucine 
 Leads to increase in Aβ production or a longer/stickier form of the 

peptide 
 Accumulates in the brain to form plaques that lead to neuron death 

 May be responsible for 10-15% of all early-onset familial AD 
cases 

 Mutation associated with AD Type 1 
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Prevention 

 FDA Approved Medications to treat the symptoms of 
AD: 

 Donepezil – All stages of AD 

 Galantamine – Mild to Moderate stages 

 Memantine – Moderate to Severe stages 

 Rivastigmine – Mild to Moderate stages 

 Tacrine – Mild to Moderate stages 
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Prevention 

 How do the medications work? 

 Cholinesterase inhibitors – improve the effectiveness of 
acetylcholine by increasing its levels in the brain or by 
strengthening the nerve cells response 

 Increases communication between nerve cells and may 
temporarily improve or stabilize AD symptom 

 Work best at early to moderate stages 

 Will not work for all patients 

 If effective, may slow memory loss, reduce anxiety, improve mood 

 Once medication is stopped, condition will deteriorate over 4-6 
weeks 

 Include: donepezil, galantamine, rivastigmine, tacrine    
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Prevention 

 How do the medications work? 

 NMDA (N-methyl-D-aspartate) Receptor Antagonist- 
regulates activity of glutamate, chemical messenger 
responsible for learning and memory 

 Protects brain cells from excess glutamate, which is released in 
large volumes via cells damaged by Alzheimer’s 

 Glutamate binds to NMDA receptor sites and calcium is allowed to 
flow freely into cells, overexposure to calcium will eventually speed 
up cell damage 

 NMDA receptor antagonists prevent calcium overexposure by 
partially blocking the receptor sites 

 Include: Memantine   
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