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Abbreviations: AD, alzheimer’s disease; APP, amyloid 
precursor protein; PSEN1, presenilin 1; PSEN2, presenilin 2; APOE, 
apolipoprotein E; PICALM, phosphatidylinositol binding clathrin 
assembly protein; TREM2, triggering receptor expressed on myeloid 
cells 2; LBD, lewy body disease

 Introduction
Alzheimer’s disease is one of the least understood brain disorders. 

The genetic association of Alzheimer’s disease (AD) is an area that 
attracts the interest of neuroscientists since it is similar to other 
neurological illnesses but quite a complex disorder. It is considered 
to be a genetically dichotomous disease exhibiting two currently 
documented forms known as early onset familial cases that usually 
characterized by Mendelian inheritance and late onset after age 65, 
with no consistent mode of transmission.1 Alzheimer’s disease is an 
autosomal dominant inheritance disorder. Most families with AD 
typically develop symptoms between the ages of 30 to 60years old. 
The greatest risk factor of Alzheimer’s is age. Genetic predisposition 
for AD has been in more current times and a topic of interest. The 
genetic mutations of Alzheimer’s are still being researched and poorly 
understood; however, early onset Alzheimer’s genetic mutations are 
better understood. 

Discussion
Amyloid precursor protein (APP), presenilin 1 (PSEN1), and 

presenilin 2 (PSEN2) have been identified as causative gene mutations 
with early onset of Alzheimer’s disease.2‒4 APP gene is located on 
chromosome 21q and encodes the protein product.5 The APP (amyloid 
precursor protein) forms into the Aβ (β-amyloid) peptide that is 
neurotoxic in the brain. It is the accumulation of Aβ in the brain along 
with cleaved forms of microtubule protein tau that lead to Alzheimer’s 
dementia. The exact mechanism to why Aβ accumulates in the brains 
of elderly is not completely understood at this time.6 More than 30 
mutations of the APP gene have been identified in the association with 
AD and account for approximately 10-15% of early onset familial 
Alzheimer’s Disease. The function of APP is still being researched but 
it is believed to be an important player in the synaptic transmission. 
Roughly half of early-onset AD pedigrees have been associated with 
mutations in PSEN1 and PSEN2, primarily in PS1. Presenilin 1 gene 
is located on chromosome 14q and encodes the protein product.7 More 

than 150 PSEN1 mutations have been identified with early onset of 
AD. Accounting for 50% of early onset familial AD, mutations fully 
penetrate and associate with earlier median age of onset compared 
to APP and PSEN2. PSEN1 has several different functions including 
regulation of intracellular calcium signaling, cell cycle and cell death, 
trafficking of membrane proteins, regulation of Beta-catenin stability, 
and Notch signalling. Small deletions and insertions have been 
described and most mutations of PSEN1 are missense mutations.8 

Presenilin 2 gene is located on chromosome 1q and encodes the 
protein product PSEN2.9 PSEN2 is the rarest form of early onset AD 
and has fewer than 20 PSEN2 mutations. The age of onset is later 
than PSEN1 and APP Alzheimer’s. PSEN2 is also thought to be 
estimated 95% penetrant whereas APP and PSEN1 are thought to be 
fully penetrant.10 PSEN2 are thought to act in the part of enhancing 
the apoptotic activity which leads to neurodegeneration.11 PSEN2 
mutations alter the cleavage activity of PSEN2 mutations alter the 
cleavage activity of y-secretase and increase the ratio of Aβ 42 to 
Aβ40 which is similar to PSEN1 mutations. Another genetic factor 
of AD is apolipoprotein E (APOE) which has been associated with 
the more common form of AD -late onset Alzheimer’s disease.12 The 
APOE gene or apolipoprotein E has 3 common alleles in humans, 
which are numbered 2,3, and 4. The APOE-4 allele is present in 20% 
to 30% of the general population but in 45% to 60% of patients with 
AD; APOE-4/4 homozygotes constitute approximately 2% to 3% of 
the general population but 12% to 15% of patients with AD. Many 
APOE-4/4 homozygotes remain cognitively healthy at advanced 
ages.12 Apolipoprotein E-4 seems to act primarily as a modifier of age 
at onset in individuals who are otherwise susceptible to AD. Almost 
twenty four years later, APOE4 remains the greatest genetic risk factor 
for Alzheimer’s disease. There are several other genes researchers 
have linked with late onset AD including: SORL1, CLU, CR1, 
Phosphatidylinositol Binding Clathr in Assembly Protein (PICALM), 
and Triggering receptor expressed on myeloid cells 2 (TREM2).13 
SORL1 is located on chromosome 11. 

The CLU gene has been linked with AD due to the responsibility 
of the CLU gene is to regulate the clearance of amyloid-beta from the 
brain. Researchers suspect the imbalance in production and clearance 
of amyloid-beta is central to the development of Alzheimer’s disease. 
Chronic inflammation in the brain has been linked to a deficiency in 
the CR 1 protein gene and inflammation is another possible factor 
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Abstract

Alzheimer’s disease is poorly understood and continuously evolving with research. There 
have been many genetic mutations linked to Alzheimer’s disease. Amyloid precursor 
protein (APP), presenilin 1 (PSEN1), and presenilin 2 (PSEN2) have been identified as 
causative gene mutations with early onset of Alzheimer’s disease. Another genetic factor of 
AD is apolipoprotein E (APOE) which has been associated with the more common form of 
AD -late onset Alzheimer’s disease. Understanding the genetic involvement of Alzheimer’s 
disease may lead us to early detection, prevention, and ultimately definitive treatment or 
even a cure. In conclusion, the genetic factors of Alzheimer’s disease.
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for the development of Alzheimer’s disease. It is important for proper 
neuron function in memory formation for smooth communication 
between neurons and the PICALM gene has been linked to the process 
of communication between neurons with brain nerve cells. TREM2 
has recently been identified as a gene involved in the regulation of the 
brain’s response to inflammation as well, and many variants within this 
gene have been associated with increased risks of Alzheimer’s disease. 
Families with individuals with AD may inquire about genetic testing 
which has become more accessible through clinical laboratories and 
direct to consumer testing. The testing varies from early onset AD vs 
late onset AD since there have been found different genetic differences. 
Genetic testing is available for early onset, autosomal dominant forms 
of Alzheimer’s disease. Prenatal testing can also be performed if there 
have been genetic testing confirmed from prior family members with 
AD. Since multiple mutations in PSEN1, PSEN2, APP, and APOE 
can cause AD, sequencing the entire coding regions of all genes is 
necessary to comprehensively assess the risk of AD and using this 
is not covered by commercial testing. Genetic counseling should be 
recommended prior to ordering tests and the genetic counselors have 
the responsibility to inform the patient and family of the options and 
implications of having a potentially inherited dominant mutation with 
almost complete penetrance.14 Some family members would rather 
not be informed of the possibility of an early onset AD diagnosis due 
to increased depression and inability to cope well with the results.15 
It is ultimately up to the individual, if they choose to complete the 
genetic testing. 

Conclusion
“The human brain contains billions of neurons that generate 

rhythmic and repetitive neural activity known as oscillations. These 
oscillations vary in time as repetitive measures about a central value, 
much like a pendulum or vibrating string, except that the wave 
generated in the human brain are electromagnetic. The difference in 
the electric potential between the two extreme oscillation points is 
defined as voltage and can be measured using electroencephalography 
(EEG). Traditionally used as an epilepsy diagnostic tool or adjunct 
test of brain death, EEGs can also be used to differentially diagnose 
between Alzheimer’s disease and similar pathologies such as Lewy 
Body Disease (LBD). Since both anomalies affect the hippocampus it 
is especially difficult to discern between the two pathologies, except 
that LBD manifests a greater EEG wave deceleration”.16 Alzheimer’s 
disease continues as one of the most challenging disorders of the 
modern era and is considered a public health crisis. Alzheimer’s 
disease effects on patients are devastating. The burden on a caregiver 
is dreadful, and the cost on the society is daunting. Understanding 
the genetic involvement of Alzheimer’s disease may lead us to early 
detection, prevention, and ultimately definitive treatment or even 
a cure. In conclusion, the genetic factors of Alzheimer’s disease 
remains poorly understood despite many advances within genetic 
testing. Further research initiatives are needed to revolutionize our 
understanding of the human mind and discover new ways to treat, 
prevent, and cure brain disorders such as Alzheimer’s disease. 
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