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Our DNA codes for proteins that are essential for the normal

structure and function of our cells, tissues and organs. These

proteins are folded in specific ways to facilitate these functions, but

in disease states, this folding can go wrong. Dr. David Westaway

from the University of Alberta in Canada investigates how and why

protein misfolding occurs and how strains of misfolded proteins

result in neurodegenerative diseases like dementia. His research is

paving the way for novel therapies for these currently incurable and

devasting conditions.

The Structure and Function of
Proteins in Our Cells

Proteins are large and complex
molecules that are found in every

cell of the human body. They have an
extensive number of different roles,
ranging from making up structures
within cells to carrying out specific
functional roles or regulating other
processes for normal body tissue

and organ function. One example of

a structural protein is called actin;

the actin protein gives structure and
support to cells and allows proper
body movement. Antibodies that
protect our bodies from infection are
functional proteins, whereas enzymes
are regulatory proteins that that help to
carry out vital chemical reactions such
as turning food into energy.

Each different protein is coded for by
specific sequences of DNA, known

as genes. Once cell machinery has
deciphered these genes and determined
which proteins are required, it joins
together the relevant amino acids in the
correct order to make these proteins.
There are 20 different amino acids that

can be stitched together in different
orders and amounts to create a vast
number of protein possibilities. This
order of amino acids is known as a
protein’s primary structure.

For proteins to function correctly, the
secondary and tertiary structures, as
well as the primary structure of the
protein must be exact. The secondary
structure is the local interactions
between smaller sections of the
protein whilst the tertiary structure is
the overall, three-dimensional folding
and structure of the protein. These
three-dimensional shapes and their
associated rigidity - or sometimes,
aspects of their flexibility — are what
allow a protein to perform its duties and
keep cells healthy.

What Happens When Protein Folding
Goes Wrong in the Brain?

Unfortunately, protein folding does
not always go according to plan. In
neurodegenerative brain diseases,
a small group of proteins can be
incorrectly folded and then cluster
together. These clusters of proteins
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become sufficiently large that they can
easily be seen with a simple microscope,
and are observed to lie inside or next to
brain cells.

To make matters worse, once these
clusters have started to form, they
can catalyse their own formation by
taking new, normally folded proteins
and disrupting their structure to be
misfolded. In this process, the normal
proteins are known as substrates and
the misfolded proteins are collectively
known as products.

Often, the result of a catalytic misfolding
process is a neurodegenerative disease
whereby brain function continues to
decline over time. This loss of brain
function can be associated with

several different symptoms including




memory loss, difficulty of movement,
trouble speaking and unpredictable
moods. Profound loss of reasoning and
memory function is synonymous with
the umbrella term dementia. One of
the most common types of dementia

is Alzheimer’s disease, which is well-
known to affect a brain structure called
the hippocampus while frontotemporal
dementia produces degeneration nearer
to the front of the brain. Apart from

rare cases where substrate proteins are
predisposed to misfold by a mutation,
dementias are associated with older
age and there is evidence that different
lifestyle factors can either advance or
stave off their development.

Unfortunately, around one-sixth
of people over the age of 80 have

dementia and the World Health
Organization estimates 50 million
people live with it worldwide. Whilst
there are some medications available
to ease the symptoms of dementia,

the first generation of curatives is

proving controversial and so, where
possible, alternative treatments may be
suggested. This might include cognitive
stimulation therapy to improve brain
function or cognitive rehabilitation to
facilitate everyday tasks. Nevertheless,
due to erosion of memory, intellect and
normal behaviours, neurodegenerative
diseases remain a difficult issue for
many people and their families.
Understanding the underlying events
through research is an important

step towards progressing different
mechanism-based therapeutics.
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Studying the Molecular Origins of
Neurodegenerative Diseases

Unravelling the reasons for,
mechanisms behind and solutions to
neurodegenerative disease processes
is Dr. David Westaway from the Centre
for Prions and Protein Folding Diseases
at the University of Alberta in Canada.
He describes how the series of steps
leading to the assembly of misfolded
proteins is complex and the outcomes
for any given misfolded protein are
diverse. As a result, different types of
protein clusters can form in the brain
called ‘strains’ - and superficially
similar to viral strains we are now

all familiar with because they have
certain predictable properties. Different
misfolded protein strains can react
differently to medications too; whereas
one strain may diminish and respond
well to a certain treatment in petri-
dish experiments, another strain may
partially or completely evade treatment.

According to Dr. Westaway, ‘My
laboratory focuses on these issues and
events for two proteins of interest - the
cellular prion protein and the protein
tau’. The cellular prion protein is found
on the surface of cells in many different
tissues and organs but especially in the
central and peripheral nervous systems.
As the brain is a part of the central
nervous system, when the cellular
surface protein becomes misfolded and
builds up it causes neurodegenerative
diseases. These are collectively referred
to as prion diseases. Tau proteins

are also found in abundance in the
central nervous system and neurons,
and abnormal accumulations of

tau are associated with Alzheimer’s
and Pick’s disease, which are also
neurodegenerative syndromes. The
collective name for tau diseases is
tauopathies.

Misfolding of the Cellular Prion
Protein

Before scientists were aware of different
strains of neurodegenerative disease
proteins, it was generally believed that
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one type of amino acid chain could only result in one type of
three-dimensional folding and one type of misfolding. This
perspective has now been superseded and Dr. Westaway
explains that there is ‘another layer of complexity - the
misfolding outcomes for a protein can be diverse and can
change depending on which part of the molecule is being
considered’

This has previously been studied and documented in a protein
called amyloid precursor protein in relation to Alzheimer’s
disease. Following on from this, Dr. Westaway and his team
have looked into cellular prion protein and how it is involved in
disease development. They have studied mutant types of the
cellular prion protein that are predisposed to misfolding and
inevitably cause disease.

A mutant protein has single or multiple amino acids replacing

those that are standard, resulting in an abnormal protein.
This is due to genes that are themselves coded abnormally or
alternatively, it is due to a mistake in protein quality control
somewhere along the production line in cells. Dr. Westaway
isinterested in finding and developing chemicals and drugs

that could control misfolding events due to mutant proteins.
This could lead to exciting developments in therapeutics for
multiple neurodegenerative diseases.

Strains of the Tau Protein Lead to Different types of
Dementias

Dr. Westaway has also moved forward our understanding

of changes in tau in relation to different types of tauopathy.
Describing his work, Dr. Westaway notes, ‘for the protein tau,
using susceptible mice made by genetic engineering and a
chemical test of misfolding, we have shown that one type

of substrate molecule can create a collection of different

misfolded variants; this work was carried out with our
collaborator Jiri G. Safar, MD. As elapsed time increased beyond
two-thirds of the natural lifespan of these mice, this mixture of
variants evolved into two or three clearly recognisable strains of
misfolded tau protein’

This means that he was able to demonstrate one protein
misfolding into multiple strains in a real-world example. In
animal models of disease (e.g., mice), disease progression

is sometimes deliberately accelerated to make experiments
quicker, not to mention less expensive. However, this can mean
that the processes that result in different tau strains are difficult
to detect. Therefore, Dr. Westaway utilised a ‘slow” model of
neurodegenerative disease and this allowed him to study the
evolution of events that lead up to strain formation.

The team found that, in a human context that shares the same
type of tau protein as the mouse disease model, the different
tau protein strains were associated with different types of
dementia that affect the frontal lobes of the brain (collectively
known as frontotemporal dementias). Here, the suspicion was -
and has now been verified by chemical analyses of human and
animal model samples - that the differences that could be seen
in patients behaviours originated from slightly different forms
of abnormal tau.

‘My laboratory is tracking down the chemical processes and
cells which participate in the evolution of toxic misfolded forms
of the tau protein’, says Dr. Westaway. If these processes can be
thoroughly defined, they can be targeted by novel therapies for
the disease. Blocking the formation and diversification of these
unwanted strains through drugs could be a promising method
of preventing and blocking neurodegenerative diseases.

Continuing the Vital Work: New Funding

Recently, Dr. Westaway and his colleagues in the Centre for
Prions and Protein Folding Diseases, in the Neuroscience and
Mental Health Institute and in the Department of Physics at

the University of Alberta, have secured novel federal, provincial
and for-profit funding of an incredible $9.5 million. This backing
came thanks to an investment initiative of over half a billion
dollars led by Canada’s Prime Minister, Justin Trudeau. The goal
of distributing this funding is to sustain innovative, scientific
research and discovery within the country. This exciting
financial support will help Dr. Westaway and his colleagues
carry on advanced research into neurodegenerative diseases.

Already, Dr. Westaway and his team have made impressive
strides into deepening our understanding of protein folding
and misfolding and how they impact health and disease. By
elucidating the processes that result in protein strains and
consequent neurodegenerative disease, he is beginning to
point towards possible new therapies for the future. This
provides important hope for the millions of people suffering
from dementia worldwide.
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Dr. David Westaway completed his BSc in Biochemistry at the
University of Sussex in the UK, and went on to achieve a PhD

in the Biochemistry Department of Imperial College at the
University of London. Having received multiple awards in his
field and filled numerous academic positions, Dr. Westaway is
now a Professor in the Department of Medicine (Neurology) at
the University of Alberta in Canada. He is also the Director of the
Centre for Prions and Protein Folding Disease at the University
of Alberta, which is where he carries out his research into what
happens when protein folding goes wrong in our cells.
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