
Aging is the primary risk factor for the majority of neurodegenerative diseases, including 
Alzheimer’s disease (AD) and Parkinson’s disease (PD). There are almost 40 million 
people aged 65+ in the United States. Statistics predict that if you reach age 65 you can 
expect to live almost 20 more years. The average age of onset of PD is 60 years. If you 
are 85 years of age, you have an almost 50% risk of developing AD.  The population of 
persons 85+ is projected to increase from 4.2 million in the year 2000 to 6.6 million in 
the year 2020.  This suggests that these neurodegenerative diseases will reach a 
prevalence of epidemic proportions. 
 
The current dogma holds that cellular mechanisms that are associated with aging and 
those that are related to neuron degeneration in PD and AD are unrelated. However, 
more recent evidence suggests that normal aging and the degeneration of specific 
neuron populations in AD or PD may be linked by the same cellular mechanisms.  This 
remains a topic of debate. For your comprehensive exam, choose either AD or PD and 
use this disease to address the following questions: 
 
1) Discuss what is known about one primary molecular mechanism that creates the 
pathology that occurs in one of these age-related neurodegenerative conditions. 
Discuss age-related changes in brain physiology that may promote, enhance, and/or 
allow the appearance of the disease specific pathology to be exaggerated in middle age 
and beyond. 
2) For this section, assume that neurodegenerative disease exists along a continuum 
with natural aging.  The implication of this is that if individuals survive long enough, it is 
inevitable that they will eventually develop AD or PD.  Keep in mind that AD and PD are 
each viewed as genetically heterogeneous and complex disorders caused or influenced 
by multiple factors (e.g., specific genes, susceptibility alleles, environmental exposures, 
gene-environment interactions). Thus the development of “cause-directed therapies” is 
a goal of future research in these fields. Indeed, one model suggests that elements of 
lifestyle and genetics that promote healthy aging will decrease the incidence of these 
diseases in the general population.  In this regard, discuss the following issues: 

A.) how elements of lifestyle, genetics, or an intervention might impact the 
incidence of AD or PD.   
B.) whether current data suggests a single target to cure AD or PD or if a multi-
pronged approach is necessary.   
C.) In the realm of “personalized medicine,” how one could tailor a specific 
therapy or lifestyle for two patients with different “forms”*

 
of AD or PD . 
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 Alzheimer’s disease (AD) affects approximately 5.4 million Americans and by 2050 it is 

projected that 11-16 million Americans will be living with AD [1].  Thus, understanding the 

molecular mechanisms of AD and how environmental and/or lifestyle choices may increase the 

incidence of AD is essential to reduce the number of individuals subject to this growing 

epidemic.  In this paper, I will review research on 1) the molecular mechanism of AD, 

highlighting β-amyloid plaque formation, 2) age-related changes that may promote AD, 3) 

factors that contribute to the incidence of AD, specifically genetics, 4) whether a single target or 

multipronged approach is need to cure AD, and 5) the use of personalized medicine for treating 

different forms of AD. 

 

Molecular mechanisms of AD: β-amyloid 

 Alzheimer’s disease is characterized two major structural 

changes in the brain, the formation of neurofibrillary tangles via the 

tau protein and the formation of senile, or β-amyloid, plaques [1].  

Much attention has been given to the accumulation of β-amyloid 

plaques with one popular hypothesis in the field being the “amyloid 

cascade hypothesis” (see Fig 1) [2-4].  This hypothesis states that 

the production and accumulation of the β-amyloid protein (Aβ) in 

brain contributes to a cascade of pathological events, such as 

vascular damage, oxidative stress, the production of neurofibrillary 

tangles, reduced synaptic transmission, and ultimately neuronal 

death, all of which contribute to dementia in AD patients [2, 3].  

However, some researchers have questioned the amyloid hypothesis 

Fig 1. Proposed amyloid cascade 
hypothesis of AD [2, 4, 10]. 
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as placing too much emphasis on Aβ, since many 

other factors, such as inflammation or vascular 

damage, may contribute to early AD pathology [5].  

Although, Aβ may not be the sole causative factor 

in the development of AD, the molecular 

mechanisms contributing to β-amyloid plaques will 

be highlighted here  

 β-amyloid plaques are formed from the Aβ 

protein, a 4-kDa protein derived from protelyic 

cleavage of the amyloid precursor protein (APP)[6-8] (see Fig 2).  APP is a receptor-like protein 

spanning the cell membrane [9].  Two cell membrane proteases known as β-secretase and γ-

secretase remove Aβ from APP [4, 8, 10, 11];  β-secretase first removes the extracellular portion 

of APP, while the intracellular portion of APP is removed via the presenilin (PS1 or PS2) 

component of the γ-secretase molecule.  This leads to the release of Aβ.  Aβ can be carried 

across the blood brain barrier (BBB) into the blood supply via low-density lipoprotein receptor-

related protein (LRP) and receptor for advanced glycation end products, (RAGE) carries Aβ back 

into the brain; Aβ can also be degraded within the brain by neprilysin or insulin-degrading 

enzyme (IDE) [12].  Abnormal clearance or production of Aβ in the brain is a  major contributor 

to β-amyloid plaque formation in AD patients [8]. 

 The formation of β-amyloid plaques occurs via the accumulation of Aβ in the brain.  

Originally, Aβ production was viewed as an abnormal event, but it was then discovered that Aβ 

is metabolized by cells normally [13, 14] and can be present within the brain, cerebrospinal fluid 

(CSF), and blood under normal conditions [15].  Additionally, AD and healthy age-matched 

Fig 2. APP metabolism [8, 10, 30, 47].  
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controls both show levels of Aβ in the CSF with individual variation [14], further suggesting that 

Aβ itself is not leading the pathological production of β-amyloid plaques, but a certain form of 

Aβ is considered to be involved in this process.  Aβ consists of two forms, a short form (such as 

Aβ40, 40 amino acids in length) and a long form (such as Aβ42, 42 amino acids in length)[10, 11, 

16].  The Aβ42 form is considered to be the culprit of the β-amyloid plaque pathology, since Aβ42 

aggregates quickly compared to Aβ40 [17] and the majority of plaques in AD patients consist of 

Aβ42 [18].  Overproduction or an increased Aβ42/ Aβ40 production ratio contributes to β-amyloid 

plaque formation [10].  Additionally, it is believed that the formation of Aβ42 oligomers 

contribute to the cytotoxic and synaptic dysfunctions in AD, since Aβ42 oligomers induce high 

oxidative stress and apoptotic events [19] and Aβ oligomers block long-term potentiation (LTP) 

in rats in vivo [20].  Thus, the molecular mechanism of β-amyloid plaque pathology in AD 

patients is via Aβ42 formation and accumulation. 

 

AD and age-related changes in the brain 

 Alzheimer’s disease is not considered a normal part of aging, but many age-related 

changes that occur in the brain may enhance the detrimental effects of AD, such as mitochondrial 

dysfunction and oxidative stress.  Within the cell, mitochondria serve to store intracellular 

calcium and produce energy in the form of adenosine triphosphate (ATP); production of ATP 

occurs via the electron transport chain [21].  During ATP production, electrons may escape from 

the electron transport chain and reduce oxygen within the cell causing the formation of reactive 

oxygen species (ROS) [21].  ROS can then damage cellular structures, a process known as 

oxidative stress.  Oxidative stress can affect many cellular components and cause structural 

changes in nucleic acids, proteins (leading to protein aggregations), and lipid membranes [22].   
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 Both mitochondrial damage and oxidative stress have been associated with aging.  

Mutations in mitochondrial DNA (mtDNA) increase with age [23, 24], such that higher levels of 

mtDNA deletions are found with advanced age [25].  Interestingly, the whole brain is not subject 

to high levels of mtDNA deletions in the aging process, as very few occur in the cerebellum, 

while more mutations occur in the putamen and cortical areas [25].  Increased damage to 

mitochondria can lead to mitochondrial dysfunction, increased ROS production causing 

oxidative stress, reduced ATP levels, and further damage mitochondria and other cellular 

components [26]. Additionally, oxidative stress can induced programmed cell death pathways 

[23] .  Thus, it is likely that these damaging effects of mitochondrial damage and oxidative stress 

are enhancing the deleterious effects of protein aggregation and neurodegeneration in AD.  

 Oxidative stress is believed to be enhanced during AD.  In fact, neurons in the frontal 

cortex of AD patients have an increased expression of 8-OHG (a marker of oxidative damage) 

compared to age-matched controls [27].  However, individuals without AD still express 8-OHG 

in some neurons, further suggesting that oxidative damage is a normal part of aging [27].  

Furthermore, cellular ROS levels are increased in AD versus normal human fibroblast cells and 

levels of a protein important in mitochondrial division (dynamin-related protein, DLP1) are also 

decreased in AD cells [28].  Based on these data, it is tempting to speculate that increased 

oxidative stress during aging is playing a role in the pathology of AD and it may be doing so by 

damaging cellular structures and potentially increasing aggregations of proteins.  This is not to 

say that normal changes in oxidative stress during aging cause AD, but rather that such 

conditions enhance the pathology associated with AD.  In fact, Aβ does interact with 

mitochondria in human AD tissue and this interaction is believed to induce mitochondrial 
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dysfunction and oxidative stress [29, 30], so it is likely oxidative stress as a result of normal 

aging is enhancing the oxidative stress induced by Aβ during AD. 

 

Incidence of AD: Genetics 

 Alzheimer’s disease a multidimensional disorder with many factors contributing to its 

development.  One factor that increases the incident of AD in some individuals is genetics.  

Familial AD, is a very rare, < 5% of all AD cases, and genetically-linked form of AD [16, 31].  

Individuals with FAD have “early-onset” AD (< 65 years of age) and some individuals develop 

AD as early as 30 years of age [16, 31].  FAD is an autosomal dominant disease, so there is a 

50% chance that an individual will develop AD if one of his/her parent’s has the gene [11].  The 

genetic basis for this form of AD is gene mutations on a particular chromosomes encoding 

proteins involved in the production of Aβ (refer to “Molecular mechanisms of AD: β-amyloid).  

Well-known Gene mutations that cause FAD may occur on chromosome 21, 14, or 1 [16].   

 The first discovered gene mutation associated with FAD was a point mutation on 

chromosome 21 encoding the APP gene [32].  Mutations on the APP gene are associated with 

increased Aβ production or an increased ratio of Aβ42/Aβ40 [31, 33].  Another mutation 

discovered to contribute to the development of FAD was on chromosome 14, which encodes the 

presenilin 1 (PS1; gene: PSEN1) protein.  PS1 is part of the γ-secretase molecule associated with 

cleavage of the APP protein in Aβ production (refer to Fig 2).  Mutations of PSEN1 have been 

found throughout this gene [34], are associated with an increased ratio of Aβ42/Aβ40, and are the 

most common mutation associated with FAD [31, 34].  The least common gene mutation 

associated with FAD is on chromosome 1; this gene encodes the presenilin 2 protein (PS2; gene: 

PSEN1), a homolog of PS1.  PS2 is also part of the γ-secretase molecule (either PS1 or PS2 is 
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present).  The PSEN2 mutation creates an increased ratio of Aβ42/Aβ40, similar to PSEN1 [31].  

Overall, the three common known gene mutations associated with the development of FAD 

encode proteins involved in Aβ production and enhance the production of Aβ42, a major 

component of β-amyliod plaques [18].  While mutations in APP, PSEN1, and PSEN2 are the 

three known genetic mutations causing FAD, some individuals with FAD do not have any of 

these mutations; this has lead to further investigation of potential gene mutations responsible for 

FAD [31].   

 Although many genetically-linked mutations are associated with FAD, the more common 

form of AD, known as sporadic AD (SAD), is not considered to be hereditable, but SAD can be 

under a genetic influence.  SAD accounts for the majority of AD cases and has a “late-onset” 

(>65 years of age) [16, 31].  The major genetic risk contributing to late-onset AD is associated 

with the apolipoprotein E gene (ApoE) on chromosome 19.  ApoE is involved in lipid and 

cholesterol metabolism [31].  There are 3 different alleles for the ApoE gene: ε2, ε3, and ε4.  

Interestingly, ε4 allele frequency in AD patients is high [35, 36] and is associated with an earlier 

AD diagnosis [35] suggesting that the ε4 allele poses a higher risk for AD.  The ε4 allele of 

ApoE binds readily to Aβ [37] and is associated with increased amyloid plaque density in SAD 

brain tissue [38].  Thus, the ε4 allele may aid in the progressive development of  β-amyloid 

plaques in AD pathology.  In contrast to the ε4 allele, the ε2 allele is believed to be protective, 

since the ε2 allele frequency is lower in AD patients [36].  However, there is stronger evidence 

supporting the increased risk of AD with the ε4 allele versus the decreased risk with the ε2 allele 

(note, increased risk does not infer causation like is the case for the genetically-linked genes of 

FAD) [31].  In recent years, many other genes have been discovered that may increase the risk of 

developing SAD and each one has been linked to Aβ production, aggregation or clearance; these 
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genes include BIN1, CD33 (involved in immune system response), CLU, CR1, and PICALM 

[31].  While these genes may increase an individual’s risk of developing SAD, many other 

environmental factors come into play to impact the increase the incidence of AD. 

 

Curing AD: Single target or multipronged approach? 

 Current data suggest that a multipronged approach is necessary for finding a cure for AD. 

As discussed in the previous section, AD has a genetic basis for some individuals, but for many 

individuals the cause of AD is unknown. Many other factors such as vascular dysfunction, 

inflammation, and oxidative damage are associated with AD [30, 39, 40] and many researchers 

are suggesting that potential cures/treatments for AD be targeted from multiple angles to take 

into account these multiple factors [5, 39-42].  Thus, a potential cure for AD would need to be 

multi-dimensional and potentially personalized for each individual due to the many factors 

contributing to the diseased state.  Since there is currently no cure for AD, most of the efforts are 

based on methods for early diagnosis and earlier treatment options to slow the progression of the 

disease.  

 Earlier diagnosis of AD using multiple techniques will play a key role in the effectiveness 

of potential treatment options.  Pathological changes in the brain are believed to occur well 

before the onset of cognitive decline in AD patients [16, 43].  Thus, detecting these pathologies 

early is a priority.  One method for early diagnosis of AD is through the use of biomarkers.  A 

biomarker is a term used to describe any structural, functional, or biochemical change that can be 

detected for early diagnosis of AD or to determine if a therapeutic trial is working [16].  A 

biomarker can be used to both detect a healthy aging state and a diseased state [11, 16, 30, 43].  

Currently, there are five well-studied biomarkers divided into two categories: those detecting 
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amyloid accumulation and those detecting neurodegeneration.  Two biomarkers are used to 

detect changes in amyloid accumulation: one measures CSF Aβ42 levels and the other uses 

positron emission tomography (PET) amyloid plaque imaging [16].  Individuals with AD have 

lower levels of Aβ42 in the CSF compared to controls and these lower Aβ42 are associated with 

increased β-amyloid plaque formation [11].  Another technique to measure plaque formation in 

the brain is via PET amyloid plaque imaging.  This specialized PET scan uses Pittsburg 

Compound-B (PIB) to image β-amyloid plaques in living humans [44].  In addition to measuring 

β-amyloid plaques, three biomarkers are used to detect neurodegeneration: CSF 

tau/phosporylated-tau (p-tau), structural magnetic resonance imaging (sMRI), and 

fludeoxyglucose (FDG) PET.  Measuring CSF tau/p-tau levels is an indicator of the amount of 

neurofibrillary tangles, since p-tau levels in the CSF positively correlate with neurofibrillary 

tangles in the cerebral cortical areas [45].  sMRI is a valuable technique to identify changes 

hippocampal size and cortical thinning [43], while FDG PET measures changes in brain 

metabolism, such as reduced metabolism in the temporal lobe [16, 43].  Overall, biomarkers are 

useful for detecting structural and functional changes in the brain associated with AD early in the 

disease process and to help determine the best treatment options. 

 In addition to using biomarkers for early diagnosis of AD, the use of earlier treatment 

options with potential disease modifying drugs is essential.  Many disease modifying drugs are 

undergoing/have undergone clinical trials.  The majority of these drugs focus on the formation 

and production of β-amyloid plaques, while some target p-tau production [46, 47].  The drugs 

targeted at reducing β-amyloid plaque formation do so by reducing the production of Aβ via 

inhibiting β- and γ-secretase activity, by preventing the aggregation of Aβ via clearance 

mechanisms, or by selectively degrading Aβ oligomers [10, 46].  Drugs targeted at p-tau 
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production do so by inhibiting the phosphorylation of tau [46].  However, many of these drugs 

have not shown significant improvements thus far, but earlier diagnosis and treatment may 

increase the likelihood of success [46].  Additionally, other targets such as the reducing 

inflammatory responses, blood brain barrier breakdown, and oxidative stress may provide useful 

treatments to the diverse population of AD patients [42].  

 

Personalized medicine and AD 

 As mentioned continuously throughout this paper, many factors contribute to AD.  

Therefore, personalized medicine is a key component for treating individuals with different 

forms of AD.  One scenario a practitioner could encounter is a patient with a genetically-linked 

form of AD and another patient with no genetic basis to their AD.  In this case, the practitioner 

should consider different treatment options for each patient specifically. 

 In the case of the AD patient with genetic-linkage to AD, the first step would be to 

confirm with genetic testing the exact genetic mutation that the patient may have.  As mentioned 

in “Incidence of AD: Genetics”, FAD can be associated with mutations in genes controlling the 

production of Aβ; notably, increased production of the toxic form of Aβ (Aβ42) [31, 33, 34]. One 

such mutation is the gene encoding the γ-secretase molecule that cleaves Aβ from APP [19, 31, 

33].  Thus, if the hypothetical patient had this mutation, potential drugs that modify the cleavage 

actions of γ-secretase to increase the production of short forms of Aβ versus the long forms could 

be a potential treatment option.  For example, γ-secretase modifying drugs can reduce Aβ42 

production and increase Aβ38 production [48].  These drugs could benefit some individuals by 

preventing accumulation of further β-amyloid plaques or toxic oligomers [10, 19].  However, this 
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diseased modifying drug targeting reduced Aβ42 production would need to be administered 

earlier in the disease process to have maximal effects, so early diagnosis would be key. 

 In the case of an AD patient with no genetic-linkage, the first step would be to determine 

factors that may have increased that individual’s risk of developing AD.  Screenings should be 

done to help narrow down possible factors.  For example, many lifestyle/environmental factors 

may have contributed to an increased incidence of AD, such as a traumatic head injury, vascular 

disease, and type 2 diabetes [39].  Another aspect to consider is whether the individual has an 

ApoE allele increasing their risk for AD.  Interestingly, some studies suggest that the ApoE ε4 

allele may interact with other risk factors such as diabetes or dietary factors to further increase 

the risk of AD [39, 49].  This situation should be taken into account when monitoring each case, 

especially since the ApoE ε4 allele can decrease the effectiveness of some drugs used for 

treatments [46, 48].  However, consider that the hypothetical AD patient has neurovascular 

disintegrations leading to the blood brain barrier (BBB) breakdown (note that vascular dementia 

is not the same as AD, but AD patients may have vascular dysfunction associated with the 

disease) [16, 42].  Treatment options to consider would be those that help stabilize the BBB and 

enhance clearance of Aβ molecules from the brain [42].  One such therapy is using a multi-target 

approach such as using a molecule similar to activated protein C (APC); APC inhibits further 

BBB breakdown and can reduce inflammation in the spinal cord of amyotrophic lateral sclerosis 

models [42], so using a similar drug for the brain would be ideal in this patient’s case.  

Furthermore, drugs target to enhance Aβ clearance from the brain, such as intravenous 

immunoglobulins could also be used in this patient to reduce β-amyloid plaque formation [48]. 

 Overall personalized medicine should be used for treating AD, since many factors could 

cause (such as genetics) or influence the likelihood of developing AD.  It is important to consider 
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these factors when prescribing treatment options or lifestyle changes to individuals, since the 

root cause of the disease may be different in different cases.  Additionally, a multi-target strategy 

for treating AD is ideal, since many factors contribute to the disease process (oxidative stress, 

inflammation, vascular damage, etc.). 

 

Conclusion 

 Age is the major contributor to the development of AD and since people are now living 

longer lives, more individuals are at risk for developing AD.  It is essential to keep in mind that  

AD is a multi-dimensional disease and that many risk factors promote the incidence of it.  New 

therapies aimed at the different dimensions of this disease and personalizing treatment toward 

each patient is an ideal goal for the future to ensure that patients get the best treatment to 

promote a higher quality of life. 
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Student 7: 
 
Overall Analysis: Pass 
 
Clear, lucid writing, very nicely stated, e.g.: “Alzheimer’s disease is not considered a normal part 
of aging, but many age-related changes that occur in the brain may enhance the detrimental 
effects of AD, such as mitochondrial dysfunction and oxidative stress.” Good use of a figure 
(i.e., Fig 1) to illustrate your concept.  However, there could have been a better use of primary 
references. Far more than half of the citations are review articles.  While digesting literature 
through reviews can be a useful preliminary step in synthesizing your general ideas about a fied, 
only citing other people’s opinions through review articles results in a less scholarly document.  
Be wary of imprecise use of terms such as “genetics”. This refers to a discipline within biology, 
it is not “a factor” that affects disease incidence.  Perhaps a term “genetic makeup” or “genetic 
predisposition” are more apt terms.  Generally well supported points.   
 
Overall evaluation: Strong in writing style and narrative, less strong in the use of primary 
references.  
 




