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6-12 people in every 100 000 are affected by Huntington's disease in the Western world. The 
disease has a midlife-onset, meaning that the first symptoms on average start to show at 
about 40 years of age. This late onset results in a higher risk of passing down the disease to 
the next generation because of the fact that most patients get children before they even know 
they are afflicted. There is still no cure for Huntington's disease even though the gene affected
was discovered over 20 years ago. In most cases people affected will live for 10-20 years 
before the disease takes their lives.

What is Huntington's disease?
Huntington's disease is a fatal inherited
motor disease that affects the brain, causing
a loss of nerve cells. Patients with
Huntington's disease are characterized by a
motoric overactivity, which can be
expressed by impaired motor coordination,
impaired speech and problems with
involuntary jerky movements, called
chorea. Patients also suffer from
behavioural changes and cognitive decline,
the most frequent symptoms being anxiety,
irritability and loss in ability of abstract
thinking.

Huntington's disease is a genetic disease
caused by mutations in a certain protein,
the protein huntingtin. It is however still
not fully understood exactly how mutations
in huntingtin lead to the development of the
disease: does the mutated protein lose vital
functions or does it gain toxic properties?
To be able to determine the cellular
mechanisms by which Huntington's disease
is caused it is of great importance to
illuminate the properties of the affected
protein.

The huntingtin protein is a large protein that is expressed throughout the body but mainly in 
the cerebral cortex in contact with a structure of the basal ganglia, namely the striatum, and in 
the striatum itself. The basal ganglia is a group of nuclei (i.e. clusters of nerve cells) below the
cortex in the cerebrum involved in our regulation of movements and decision-making. In spite
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The mutation of Huntington's disease
People with Huntington's disease have an 
increased amount of CAG repeats in the 
gene encoding for the huntingtin protein. 
We all have these repeats but the amount 
of repeating units can differ; healthy 
people normally have less than 35 repeats 
whereas people with Huntington's disease 
have at least 37 repeating units. The 
amount of repeats clearly affects the time 
of onset. People with more than 60 
repeating units often develop the juvenile 
form of Huntington's disease.

The triplet CAG encodes for the amino 
acid glutamine. Hence, the increased 
amount of CAG repeats in the huntingtin 
gene results in an enlarged polyglutamine 
chain in the huntingtin protein. This will 
lead to conformational changes of the 
mutated huntingtin protein, affecting it's 
functions.



of the widespread expression of the huntingtin protein, we see a specific degeneration of 
nerve cells in the striatum and the cerebral cortex in the early phase of Huntington's disease. 
This raises the questions: Why are those structures more sensitive to the mutation of the 
huntingtin gene and can we explain the selective degeneration with the cellular mechanisms 
of the huntingtin protein?

Formation of protein aggregates – An outdated theory?
A big difference between the mutant and non-mutant (hereinafter referred to as wild type) 
huntingtin protein is the tendency of the mutant huntingtin to form intracellular protein 
aggregates, shown in Figure 2. The presence of protein aggregates was for a long time the 
leading theory concerning the reason of cell death seen in Huntington's disease, as for many 
other disease such as Alzheimer's disease. This theory is however being questioned today.

The huntingtin aggregates have been shown to be unnecessary for the development of the 
disease by researchers that found mice with Huntington's disease without any visible 
aggregates. Nevertheless, these findings do not exclude a toxic effect of the huntingtin 
aggregates in a later stage of the disease but clearly indicate that the development of 
Huntington's disease is independent of the presence of huntingtin aggregates. Hence, today's 
research has shifted focus towards the toxic effects of the more soluble forms of the 
huntingtin protein as the cause of Huntington's disease.

Figure 2. Confocal microscopic images. A. Showing the lack of huntingtin aggregates in cells containing wild 
type huntingtin with 15 glutamine repeats.  B. Showing the presence of aggregates in a cell containing mutant 
huntingtin with 138 repeating units. From Weiss et al. (2012), with permission from the publisher.

Some of the theories today
Huntingtin – the survival molecule
It is unknown whether the disease is caused by the mutant huntingtin protein losing some 
functions found in the wild type protein, or if the disease is caused by the mutated huntingtin 
gaining toxic functions. One example where a loss of normal functions could explain the cell 
death is huntingtin and it's role in cell survival. Wild type huntingtin has been shown to be 
involved in the protection of nerve cells from signals that induce cell death. This property is 
not seen in mutant huntingtin, suggesting that a lack of survival signals and a loss of function 
can be an explanation for the cell death in the course of Huntington's disease.
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Increased DNA replication
One example where mutant huntingtin gain toxic functions can be seen in the embryonic 
development. The huntingtin protein is known to be vital for the embryonic development and 
the mutant protein has been shown to increase the rate of cell growth during this time. This 
may result in a higher risk of damages in the genetic material and can thereby cause cell 
death. However, it is still unknown if the role of huntingtin in the embryonic development 
affects the development of Huntington's disease.

Mutant huntingtin reduces the cellular transport and communication
The last theory that will be discussed considers huntingtin's effect on the transport within the 
cell and on the communication between nerve cells. By using immunohistochemistry, a 
technique where antibodies are being used to detect the localisation of specific proteins in a 
tissue, the huntingtin protein has been reported to be associated with the transport of 
substances within the cell. This is done by huntingtin interacting with the protein HAP1 
(huntingtin-associated protein-1).

It has been found that while wild type huntingtin has a stimulating effect on the cellular 
transport, the mutant protein inhibits the transport. This has been seen with the substance 
BDNF (bone-derived neurotrophic factor), a signal protein important for the survival of nerve 
cells in the striatum. An impaired transport of BDNF to the striatum will imply an increase of 
cell death, which could explain the degeneration of nerve cells seen in patients with 
Huntington's disease.

HAP1 is only expressed in the brain, primarily in the striatum and cerebral cortex. Because of 
this distinct expression to areas affected in Huntington's disease, research is now being done 
to try to find out whether the interaction between HAP1 and mutant huntingtin can explain the
selective nerve cell degeneration seen in Huntington's disease.

It is also known that mutant huntingtin impairs the communication between nerve cells by 
reducing the release of neurotransmitters (chemical messengers that transmit signals between 
cells). In general, nerve cells that are not being used will normally be eliminated. Since 
mutant huntingtin reduces the ability of nerve cells to communicate, the brain will act as if 
they are not being used and these cells will therefore be eliminated. This implies that mutant 
huntingtin stimulates cell death where it is expressed. However, this does not really answer 
the question why the striatum and cerebral cortex are primarily affected in Huntington's 
disease, but may explain the more general cell death seen in the later stage of Huntington's 
disease.

The key to the selective cell death?
One of the biggest difficulties for researchers today is to explain why patients with 
Huntington's disease mainly have damage in the striatum and cerebral cortex. How can a 
protein that is so widely expressed cause such selective cell death? Many different theories 
have been proposed but still we have no definitive answer. Perhaps the problem is that there is
no definitive answer. Maybe the selective cell death is a result of many different factors, 
factors that separately can not explain it but together will reveal the biggest secret of 
Huntington's disease.
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HAP1 and BDNF as possible factors are a great example of the complexity of the selective 
degeneration. HAP1 is only found in the brain and therefore rules out the effect of other parts 
of the body where mutant huntingtin is expressed but does not by itself explain the cell death. 
BDNF is necessary for the survival of striatum cells, indicating that this should be something 
to look at. The impaired transport of BDNF due to mutant huntingtin may absolutely be a 
factor for the selective cell death and is a result of mutant huntingtin interacting with HAP1. 
Hence, we now see that we can not explain the cell death by just looking at HAP1 or at 
BDNF; we have to look at the whole picture and see what interactions could be important, in 
this case that the interaction between mutant huntingtin and HAP1 results in reduced amount 
of BDNF to the striatum and thereby leads to striatal cell death.

However, the leading theory today considers the interaction between mutant huntingtin and 
the protein rhes. Rhes (Ras homolog enriched in striatum) is a protein with the ability to 
hydrolyze guanosine triphosphate (GTP). This means that rhes can transform GTP into 
guanosine diphosphate (GDP) and inorganic phosphate, and therefore affect the levels of GTP
in the cell. Rhes is known to promote the toxic effects of mutant huntingtin by preventing the 
aggregation of the mutant protein. Interestingly, rhes is very selectively localized in the 
striatum: Could rhes be the reason we see such a selective degeneration in Huntington's 
disease? The fact that rhes is an almost striatum specific protein that increases the toxicity of 
mutant huntingtin clearly stands in favour for this theory.

Huntington's disease is genetically inherited 
Huntington's disease is inherited in a dominant manner, meaning that only one copy of the 
mutated huntingtin gene is required to develop the disease. This means that if one parent has 
Huntington's disease, there is a great risk for the child to develop it as well. Together with the 
fact that the symptoms often first begin to appear in middle age, this implies a great risk of 
passing the disease on through generations. 

As of today, there is still no cure for Huntington's disease and because of the fatal nature of 
the disease the search for a cure is of great importance. It is known that the disease is caused 
by a mutation in the huntingtin gene, but the cellular mechanisms are still unknown. To be 
able to find a cure, it is of great interest to fully understand the course of the disease and to 
understand the cellular mechanisms behind it, and thereby finding a target for possible 
medicines.
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