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Alzheimer’s disease (AD) is a devastating illness of the brain that is characterised by 
cognitive decline, for example memory loss. Although cognitive decline is a normal 
feature of ageing in some people, its severity is increased with AD. Most people who 
have AD are over the age of 70 years old, with age being the strongest risk 
factor for the disease.

AD is characterised by the presence of certain disease-related components, 
known as pathologies, with the most important ones in the brain being:

• the presence of clumps of the amyloid protein, known as amyloid  
 beta plaques (see Figure 1);

• the presence of phosphorylated tau protein which takes up a misfolded  
 form, known as neurofibrillary tangles (see Figure 1); and

• the loss of brain cells (neurones) (see Figure 2) and the connections  
 (known as synapses) between brain cells (see Figure 1).

With more than 520,000 people in the UK with AD currently, and no treatments 
available, it is an important disease to research and understand.

These results suggest that the 
co-expression of amyloid beta 
pathology and human tau protein 
in our mouse model of AD leads 
to a worsening of amyloid beta 
plaque pathology, although it did 
not seem to significantly increase 
neurite damage around the plaques 
in the model system. With the 
worsening of some pathology with 
co-expression of both amyloid 
beta plaques and tau protein, it 
may suggest the importance of 
targeting both pathological proteins 
in possible treatments of AD. 
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1) In the first part of our experiment, we found that the 
size of the dense fibrillary plaque cores was significantly 
larger (*) in the mice that expressed both amyloid beta 
pathology and human tau protein when compared to 
those that just expressed amyloid beta pathology (see 
Figure 5).

2) In the second part of our experiment, we found that 
there was no significant difference in the curvature ratio 
of neurites or the number of neuritic dystrophies in the 
mice brains that expressed both amyloid beta pathology 
and human tau protein when compared to those that 
just expressed amyloid beta pathology (see Figure 6).

One of the key questions 
on the path to understanding 
AD and developing 
effective therapeutics 
is determining how the 
amyloid beta plaque and 
tau pathologies contribute 
to brain degeneration. By 
using a novel mouse model 
that develops the amyloid 
beta plaque pathology and 
expresses the normal human 
tau protein, we aimed to 
study the synergistic effect of 
the two key proteins in AD.

We had mice that expressed just the amyloid beta pathology, and ones 
that expressed both the amyloid beta pathology and the normal human tau 
protein. We removed the brains from euthanised mice from these two groups 
of animals and cut very thin slices (known as sections) from the brains. Using 
antibodies that recognised particular proteins, we stained the sections with 
the antibodies to visualise the different proteins under a microscope, looking 
at features such as the amount, number or shape of the stains.

We investigated:

1) Whether having human tau protein 
makes amyloid beta plaque pathology 
worse. To do this, we stained for the 
fibrillar plaque cores (green) and 
amyloid beta protein (red) (see Figure 
3). We then measured the area of the 
fibrillar plaque cores, the area of the 
amyloid beta protein staining, and 
the difference in area and diameter 
between the two.

2) Whether the expression of human 
tau protein makes plaque-associated 
damage to the brain worse. To do this, 
we stained for (see Figure 4):

a) the axonal neurofilaments, which 
are proteins that provide structural 
support and regulate axon diameter in 
the neurone;

b) neuritic dystrophies (which is the term used for misfolded tau protein when 
it is found in projections (e.g. axons and dendrites) from the neuronal cell 
body); highlighted with white arrows in Figure 4;

c) and the fibrillar plaque cores (green).

We then measured the number of pathological neuritic dystrophies and the 
curvature ratio of the axonal neurofilaments around the fibrillar plaque cores. 
The curvature ratio is an indicator of the efficiency of signal transduction 
between brain cells, the more curved they are the poorer their signalling.

Monica Kim
School of Biomedical Sciences, University of Edinburgh

Figure 1 is a representation of neurons in 
AD. Amyloid beta plaques can be seen 
outside the neurones and neurofibrillary 
tangles of misfolded tau protein inside 
the axons of the neurones (axons are 
the long processes (projections from the 
neural cell body) that transfer signals 
from one neurone to another neurone). 
Microtubules, which are the structures 
that allow the movement of components 
between the cell body and the synapses 
(the connections between neurones), 
can be seen disintegrating. The 
damage to these structures in AD leads 
to a failure in transport of important 
components and signals between the 
cell body and synapses.

Figure courtesy of Wikimedia (link at https://commons.
wikimedia.org/wiki/File:Characteristics_of_AD.jpg).

Figure 2 is a representation of a 
normal neurone and a neurone in 
AD. The figure on the right exhibits 
amyloid beta plaques, neurofibrillary 
tangles of misfolded tau protein, and, 
subsequently, atrophy (death) of the 
neurones.

Figure courtesy of Wikimedia (link 
at: https://commons.wikimedia.
org/wiki/File:Blausen_0017_
AlzheimersDisease.png), Author: 
BruceBlaus.

Figure 3 These images were obtained by visualising, 
under a microscope, sections of mouse brain (from mice 
that expressed amyloid beta pathology alone or amyloid 
beta pathology and human tau protein) that had been 
stained with antibodies to show the size of the dense 
fibrillar plaque cores (central green staining) and the 
amyloid beta plaques (red staining round the outside). 
The yellow is when there is an overlap of both stains.

Figure 4 Like Figure 3, these images were obtained by visualising the 
stains from the antibodies using a microscope. From left to right: the axonal 
neurofilament stains are the long stains; the neuritic dystrophies are the bright 
spots; the axonal neurofilament and neuritic dystrophies are shown with 
respect to the plaque cores (green); and how we measured the neurofilaments 
to obtain their curvature (full length of neurofilament divided by shortest 
distance between the ends of the neurofilaments.).

Figure 5 The bar chart shows the 
comparison of the dense fibrillary plaque 
core areas between mice brains that 
expressed both the amyloid beta and tau 
pathologies, and those that just expressed 
amyloid beta pathology. The results showed 
a significant difference (represented with a 
*) between the two groups.

Figure 6 The bar chart on the left shows the comparison of the number of neuritic 
dystrophies within a plaque between the two mice groups, and the one of the right 
shows the comparison of the neurite curvature between the two mice groups, and 
between different distances of the neurite from the plaque (above or below 10μm, 
1μm = a thousandths of a millimetre).


