
This model is an end in itself – as it provides a strong experimental model for 
studying iron and PD. However, it can also be extended to a number of other 
questions:
1. If we induce iron accumulation (via light delivery) in different brain regions, does it 

cause Parkinsonian cell death?
2. Can we block these effects of iron on cell death? If so, this may allow us to 

develop treatments for Parkinson’s?
3. In a more detailed biochemical sense, how does iron cause cell death? What 

chemical reactions are involved?
4. There are also a whole bunch of other factors that have been implicated in the 

disease – does iron interact with them? 
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We plan to create a genetic model for iron accumulation: altering a mouse’s DNA so 
that the same changes seen in Parkinson’s (more iron import and less export) occur 
in the model. The strategy for this involves changes to three genes: adding extra 
copies of genes for two iron importers (called DMT1 and TfR1) and removing a gene 
for an important iron exporter (FPN1).

A key challenge with this strategy is targeting the right region. If we made these 
genetic changes globally – so that all of the mouse’s tissues would have excess iron 
– it would make for a pretty inaccurate model. Therefore, we plan to generate an 
photo-inducible model, where changes are induced in a targeted tissue by the 
delivery of strong blue light (typically via optic fibers). 

This can be accomplished through the use of an experimental system called 
photo-activatable Cre (PA-Cre)4: this enzyme, which becomes functional after 
exposure to light, cuts out targeted segments of DNA. The overall strategy for this 
mouse model is outlined in the figure to the left. Essentially, it should cause these 
engineered changes in gene expression upon light delivery, resulting in iron 
accumulation.

We don’t currently have a good mouse model for the role of iron accumulation in 
Parkinson’s disease, which makes it hard to study experimentally3. Therefore, a key 
objective of this proposed research is the creation of a model that mimics iron 
accumulation in PD.

Iron levels in cells are normally tightly controlled by a complex set of regulatory 
machinery. In Parkinson’s patients, this machinery goes haywire – these cells have 
higher levels of iron importers and lower levels of iron exporters than normal2. 
Given these changes, it makes sense that iron accumulates in these cells over 
time, generating oxidative stress and ultimately cell death.

Another key objective is actually using this model to test iron’s effects. We 
hypothesized that if we caused iron to accumulate in these brain regions, it would 
cause cell death here, as seen in Parkinson’s.
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In Parkinson’s Disease (PD), the part of the brain which controls movement dies1. 
Parkinson’s affects 10 million people worldwide, most of whom are elderly1. 
Although we can treat some of its symptoms, we cannot cure or even slow the 
underlying disease – largely because its causes remain elusive. 

A key factor that causes this brain region to die is oxidative stress2: an excess of 
oxygen-containing compounds that can react with nearly everything, potentially 
killing cells. 

However, it remains unclear why the specific brain region affected in Parkinson’s is 
targeted. The most likely reason is iron, which in a ‘redox-active’ state can 
generate oxidative stress through reactions resembling rust2; in PD patients, iron in 
the affected brain region is elevated. A better understanding of iron’s role in 
Parkinson’s could pave the way for future treatments to slow or even prevent the 
disease.
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