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this woman for a number of years. After she died, Alzheimer exam-
ined her brain and identified two major factors that came to be seen 
as hallmarks of Alzheimer’s disorder. These are neurofibrillary tan-
gles and neuritic plaques (see Figure 15.12).

Neurofibrillary Tangles and Neuritic Plaques
The neurofibrillary tangles are found within the neuron, whereas 
the neuritic plaques are extracellular deposits. Today, we know 
that β-amyloid (beta amyloid) is the core protein involved in extra-
cellular amyloid plaques and that tau is the core protein of intra-
cellular neurofibrillary tangles (Iqbal, Liu, & Gong, 2016; Y. Wang 
& Mandelkow, 2016). Using brain imaging techniques such as 
PET, β-amyloid and tau buildup can be seen in individuals with 
Alzheimer’s disease (see Figure 15.13).

Alzheimer’s disease is also associated with widespread synap-
tic and neuronal loss (Nath et al., 2012). During the progression 
of the disorder, the development of tangles follows a fixed pattern. 
It begins in an area in the temporal lobe and serves as a hub that 

connects the hippocampus and the neocortex, the entorhinal cortex. This then progresses to 
the hippocampus, which is associated with memory, and then to other cortical areas along 
anatomical connections. The development of neuritic plaques does not follow a fixed pat-
tern. The development of tangles is better correlated with cognitive decline than is the devel-
opment of plaques. Presently, Alzheimer’s disease can only be diagnosed with certainty from 
brain studies after death, although a number of imaging studies are suggesting alternatives 
to diagnosis for those who are living. See Table 15.3 for the DSM–5 diagnostic criteria for 
Alzheimer’s disease.

Genes and Alzheimer’s Disease
Family studies of those with Alzheimer’s disease suggest that first-degree relatives (parents, sib-
lings, and children) are at a greater risk for developing Alzheimer’s. In fact, they have about 3 
times the risk of developing the disorder. The photo of the DeMoe family from North Dakota 
shows a family in which all but one of the individuals pictured have a genetic makeup associated 
with early onset Alzheimer’s.

Genetic studies also distinguish between those who show signs of the disorder before age 
65 (early onset) and those who show signs of the disorder after age 65 (Rademakers & Rovelet-
Lecrux, 2009). Individuals with early onset Alzheimer’s show a stronger familial risk than the 
others. Early onset is associated with mutations in genes involved in encoding amyloid, called 
APP and β-amyloid (beta amyloid) processing, especially the genes PSEN1 and PSEN2. That is, 
the presence of the β-amyloid protein is the primary component in the development of plaques 
(van Norden et al., 2012).

Late onset Alzheimer’s has been consistently associated with an allele of the APOE gene. 
Individuals with one APOE4 allele have an increased risk that is about 2 to 3 times more than 
individuals without it. If an individual has two APOE4 alleles, the risk increases to between 7 and 
15 times. By contrast, the APOE2 gene is associated with a longer life and not having Alzheimer’s 
disease. The gene APOE is involved with removing β-amyloid. One current theory of Alzheimer’s 
disease is that the substances involved in the development and removal of plaques are not func-
tioning correctly, allowing for their buildup. Current drug treatments for Alzheimer’s disease 
seek to lower the production of β-amyloid. It has also been shown that those who engage in cog-
nitively stimulating activities in their early and middle life show fewer problems associated with 
β-amyloid (Landau et al., 2012).

FIGURE 15.12 What Are the Brain  
Changes With Alzheimer’s Disease?
These include neurofibrillary tangles  
and neuritic plaques.
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The DeMoe family from 
North Dakota; all of the 
family (except Karla in red at 
left) have a genetic makeup 
associated with early onset 
Alzheimer’s.
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neurofibrillary tangles: buildup 
of tau protein within the neurons 
seen in a number of dementias 
including Alzheimer’s disease to a 
greater degree than normal aging

neuritic plaques: also called 
senile plaques; a buildup of 
proteins outside of the neuron 
seen more frequently in 
dementias than in normal aging




