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NICHOLAS HOBBS

IS DEMENTIA, SPECIFICALLY ALZHEIMER’S DISEASE, A UNIQUELY HUMAN DISORDER?
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Dog close up
Credit: cgdeaw / iStock / Getty Images Plus

DEME

P

EXPLORING THE RELEVANCE
OF CANINE DEMENTIA TO OUR
UNDERSTANDING OF THE DISEASE

The question of whether animals develop dementia rests on our cognitive and
neural differences and is an important one for science and human health; it
allows us greater insight into causes and cures. For Paul Bernard, ‘dogs and
cats may suffer from cognitive dysfunction syndrome, which is similar to
dementia or Alzheimer’s in humans.’ Age causes similar changes – increased
anxiety, decreased ability to perform tasks or listen to commands, changes in
sleep cycles. Captivity is significant as increasing lifespan allows ageing effects
in the brain to occur in domesticated animals.

Toxic aggregates
The main process causing dementia is the build-up of toxic aggregates or
proteins. This stops the neurons from transferring information through
synapses, pathways and sometimes affects the neuron directly. We know
toxic aggregates cause neurodegeneration, but we don’t know what
causes toxic aggregation in the first place. In addition Prion substances
– misfolded proteins – have the ability to transmit their misfolded shape
onto normal variants of the same protein. They cause several fatal diseases
that can be transmitted in humans and most importantly from animals.
The most common of these diseases is known as (CJD) Creutzfeldt-Jakob
disease. The symptoms are fairly similar but CJD has an accelerated profile
of development.
Amyloid beta and Alzheimer’s
Another key peptide is amyloid-beta. The main role of amyloid beta is the
creation of neurons. It is also involved in memory and ‘message transfer’
between neurons. When too much is made or too little cleared amyloid
beta builds up and causes plaques, disrupting neurons. As these plaques get
larger, they consume and break the dendrites of neurons, interfering with
their ability to transmit signals.

A neuron and its functions
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The creation of plaques is the key marker of dementia. They clump
together to form lump-like structures. The plaques disrupt neurotransmitters: electrical impulses cannot be carried effectively, causing slow
degeneration of brain function. The outcome of plaques is nearly always a
death of neurons, memory and function degeneration and in some cases,
swelling, bruising and haemorrhage. (Schaun. O, Ho. H, 2016)
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The protein tau is also important; it maintains the shape and structure for
the neuron’s axis. When it starts to degenerate, the ‘cytoskeleton’ or shape
becomes tangled, leading to apoptosis. We know what happens, but we
don’t know why. One theory links to the way oxygen is metabolised in the
brain. Another is that enzymes like kinase work to change the binding and
shape of neurons. (Schaun. O, Ho. H, 2016)
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The combination of proteins leads to inflammation; it catalyses the speed
and the severity of dementia. Recent research into anti-inflammatories
used for arthritis suggested a ‘lower incidence of Alzheimer’s’. Inflammation
can cause a range of severe outcomes, including stroke, vision loss and
speech impairment; ‘something may trigger a conversion from this
harmless version of tau into a toxic version – and that’s when the trouble
begins with a toxic, sticky version.’ The aggregates spread from the basal
ganglia and other areas, forming deposits in the cells and outside the cells.
TESSERA 2020

‘DOGS AND CATS MAY SUFFER FROM
COGNITIVE DYSFUNCTION SYNDROME,
WHICH IS SIMILAR TO DEMENTIA OR
ALZHEIMER’S IN HUMANS.’

Alois Alzheimer, along with Oskar Fischer, first identified the microscopic
plaques and other hallmarks of dementia. By the 1960s, CT scans and
technology allowed a greater structural understanding, particularly in regard
to the formation of proteins in the brain. As a result of scientific progress,
our understanding of dementia now allows targeted treatment. Dementia is
caused by neurodegeneration, meaning the damage and death of the
neurons within the brain. Frontal-temporal dementia contrasts to Lewy body
dementia, affecting the frontal lobe and the motor cortex. In addition, many
patients with advanced Alzheimer’s show, under a CT scan, a widespread
deterioration to the hippocampus, which is linked to memory and
neurogeneration. Plaques in the brain limit neuron regeneration.
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BRAIN CROSS
SECTIONS
SHOWING THE
PROGRESSION
OF ALZHEIMER’S
DISEASE

Healthy brain

Tau and amyloid beta proteins in
this manner atrophy the brain. As
damage to the neurons accumulates,
due to plaques, tangles and
inflammation, short-term memory
is one of the first signs of dementia,
then loss of motor skills and speech
impairment. Long-term memory is
next to go, with disorientation being
late-stage.
Dementia in dogs

Mild Alzheimer’s disease

Severe Alzheimer’s disease

There is a difference between the
neuron deterioration of canines
compared to that of humans.
However, when broken down
into the biological and chemical
formations in the brain that cause
these symptoms of dementia
(cognitive dysfunction), canines and
humans may have a lot in common.
For instance, impaired memory
function and learning ability are
common symptoms. Decline is
more rapid, according to the Canine
Dementia Scale (CADES), due
to shorter life expectancy. Certain
cells like AD Glial cells are just as
important in the role of support of
neurons within the brain in canines
as they are in humans.
How breed affects symptoms
of cognitive dysfunction
Amyloid beta plaques and senile
plaques are found in canines, and
both proteins destroy neurons, as
in humans. Older dogs commonly
develop canine cognitive dysfunction,
a disease similar to Alzheimer’s
disease in many aspects. (Mihevc,
P. S., Majdič, G. (2019) 60% of
older dogs show symptoms of
cognitive dysfunction.

36

TESSERA 2020

The differences in time for these
insoluble aggregates to build up, such
as the amyloid proteins and taus
mean that many dogs die before any
real build-up causes decline of the
brain. Larger dogs have a shorter
lifespan than smaller dogs, making
smaller dogs more apt for study in
terms of cognitive decline; they have
more time to develop these insoluble
aggregates. Therefore, breed can have
an indirect effect on the symptoms
in canines.
Role of protein aggregates
in neurodegenerative diseases
in canines
Amyloid beta plaques are found in
neurons in canines. This is unusual
for amyloid beta plaques as they are
normally extracellular hallmarks
rather than intracellular. Similarly,
amyloid beta plaques were found
in cells (intracellular) in humans.
This is an unusual similarity. ‘In
dogs, formation and maturation
of Aβ deposits was observed by
immunostaining throughout the
canine cortical grey matter layers
in a four-stage distribution, which
is also characteristic for human
AD, and this, according to some
studies, correlates with the severity
of cognitive deficit in the dog
(Bosch et al., 2012) and varies as a
function of age and size (weight)
in companion dogs’ (Mihevc, P. S.,
Majdič, G. (2019) This supports the
idea that the difference in size of dog
affects the symptoms of dementia
and how quickly the symptoms arise.
These symptoms correlate with the
development of amyloid beta plaques
in canines.

Immunostaining of canines and humans
The study of immunostaining is ‘used to detect the distribution and
localization of specific proteins within individual cells or tissues using
immunostaining, defined as the use of specific antibodies to detect a single
target protein.’ (Maity, B., Sheff, D., Fisher, R. (2013) This can be specifically
used to look at amyloid beta proteins and neurofibrillary tangles (NFTs).
This can give photo evidence of the build-up of these proteins, and their
association with the symptoms of dementia. ‘Immunostaining is used in cell
biology to study differential protein expression, localization and distribution
at the tissue, cellular, and subcellular level.’ By using this we can compare the
protein build-up in canines and humans, and so demonstrate the similarities
and differences hereby allowing us to show that AD and dementia are not
uniquely human and can be seen in other animals. (Maity, B., Sheff, D.,
Fisher, R. (2013)
‘Neprilysin (NEP) mRNA, coding for a pivotal Aβ-degrading protein, was
poorly expressed in the prefrontal cortex of aged dogs with CCD (Canudas
et al., 2014), similar to human AD brain, where areas with higher Aβ
aggregation express lower levels of NEP’ (Reilly, 2001). This means that the
mRNA (messenger Ribonucleic acid) present, which codes for the proteins
to break down the amyloid beta plaques, was not expressed well within the
brains of dogs with CCD. There was also the same picture within humans
showing another similarity.
Problems with phosphorylated tau in canines
Tau NFTs were identified in canine brains very occasionally. ‘Increased
phosphorylation of TAU was observed at some amino acid sites in canine
brain,’ (Mihevc, P. S., Majdič, G. (2019). These tangles were uncommon as
they are normally seen in human AD.
Furthermore, in canines ‘cytoplasmic deposits of phosphorylated TAU’
(pTAU) have been detected only in the prefrontal cortex. This pTAU was
observed more and more in synaptosomes of demented dogs. (Mihevc, P. S.,
Majdič, G. (2019). Synaptosomes are a part of brain tissue which contains a
synapse; it is prepared by homogenisation then followed by fractionation.
This is dependent on the size and the density of the tissue (Weiler. I, J.
2009). This study led to the conclusion that CCD might be caused by the
weakening of the synaptic function. This was different as it was not caused
by the neurofibrillary tangles, but was caused by the pTAU building up.
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Age correlation with tau build-up
In one study, the brains of 20 ‘old’ dogs were studied,
ranging from eight to 18 years. They were compared to
10 young dogs through immunostaining of the brain.
They routinely did this staining using special staining
techniques ‘and immunohistochemical techniques
to detect glial ﬁbrillary acid protein, neuroﬁlaments,
ubiquitin, and beta-amyloid’ (Borras, D., Ferrer, I.,
Pumarola, M. (1999) Scientists found clear differences
in ‘lipofuscin, polyglucosan bodies’ and amyloid beta
plaques seen in humans. Polyglucosan is large sugarbased molecules that are normally broken down, but if
there is a deficiency of ‘glycogen-branching enzyme’ then
it is not broken down fast enough, so it can build up in
tissue and sometimes in nerve tissue. This has an effect
on the canine brain. Similar studies showed this
in humans but not to the same extent.
Scientific concluding opinions
There is a dissimilarity between canine tau protein
sequence and humans. Secondly, the lifespan of dogs
might be too short to develop NFTs, as Aß deposition
precedes NFT’s formation. Thirdly, although the amyloid
protein sequence is highly conserved between species,
its N-terminal part is not, which might influence tau
phosphorylation and its subsequent aggregation into
NFTs. (Mihevc, P. S., Majdič, G. (2019). These points
suggest that canines do not develop full AD. However,
the similarities are significant enough for canines to be
said to develop AD and dementia. We do not know the
triggers for the build-up of insoluble aggregates in either
canines or humans.
In light of this, examining canines as a species for testing
may provide a better understanding of AD than mice
or rodents. It could be argued that canines develop a
form of AD. Dementia and AD are not uniquely human
disorders; symptoms and formation of proteins are seen
to a considerable extent and there is an overlap within
the range of difference. To put it concisely, dogs can be
used as a natural animal model for the study of normal
ageing and human neurodegenerative diseases. T
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HEALTHY BODY
AND MIND
AN INTEGRATED APPROACH
TO WELLBEING
EVA GOULD
A 2016 article from the
British Journal of General
Practice states: ‘Mental
illness and physical ill
health are inextricably
linked. Separating the two
has led to significant health
inequalities and barriers
to health care for some
of our most vulnerable
patients.’ It advocates a
symbiosis – healthy body
and mind. The NHS in
recent years has had an
enormous push towards
improving treatment
and care for people
suffering from mental
illness, moving towards a
treatment of the ‘wholeperson’. Since 2016 it has
begun testing new services
which integrate mental
and physical treatments,
as part of its ‘Improving
Access to Talking Therapies’
programme.
However, attitudes towards
people’s mental health
and how it links to their
physical health has not
always been so advanced.
Since the 1940s there have
been medical advancements

in physical health. From
the researchers Thomas
Francis Jr and Jonas Salk
from the University of
Michigan developing
the first influenza
vaccine in 1945, to the
revolutionary scientific
development by scientists
at Oregon Health and
Science University and
the Oregon National
Primate Research Centre,
in 2013, successfully
reprogramming human
skin cells to become
embryonic stem cells
capable of developing into
any other type of body
cell. Although attitudes
and advancements in
physical medicine have
always been progressive, it
is only within the last fifty
years that the stigmas and
prejudices surrounding
mental health have
begun to be alleviated.
Developments in
treatments and approaches
to tackling mental
disorders have advanced,
and although historically
mental and physical health
were separated based

on stigma, today this is
thankfully becoming a
philosophy of the past.
We are at a time now where
our health service is under
significant and growing cost
pressures. To make some
necessary improvements
to our NHS and to keep
the NHS providing an
appropriate level of service,
spending is likely to have
to rise by 2–3% of national
income over the next
15 years. To fund these
projected increases the tax
system would require taxes
to rise by between 1.6%
and 2.6% of GDP – or
£34 billion to £56 billion.
As our health service
becomes more expensive,
it is imperative we save
money where we can. The
Kings Fund has warned
that ‘treating mental and
physical health problems
separately costs the NHS
£11 billion a year and is
no longer affordable’. The
NHS is a fundamental
part of our society, dealing
with over 1 million patients
every 36 hours.
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It is inconceivable to
imagine losing such an
integral part of our society
and so we must protect it
at all costs.
It is not just the British
healthcare system that
needs effective integration
of physical and mental
healthcare. In 2014
Millman Actuaries
prepared a report
about the economics of
integrating medical and
behavioural healthcare for
the American Psychiatric
Association. According
to Millman, integrating
behavioural health into
‘normal’ health would save
up to $47 billion. This
suggests it is important in
economic terms that we
move towards integrated
treatment.
The fact that physical
illnesses can result in
problems with mental health
is commonly understood.
People suffering from
long-term illnesses such as
diabetes or arthritis cannot
be cured, only managed.
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