Conference Report from NCL2009, the 12th International Congress on Neuronal Ceroid Lipofuscinosis (Batten disease), Hamburg, Germany June 3-6, 2009
Dr Jonathan Cooper and Members of the Pediatric Storage Disorders Laboratory, Neuroscience, Institute of Psychiatry, King’s College London
Every two years there is a large gathering of scientists and clinicians who are working to understand Batten disease (BD). This is the one major opportunity for everyone working in this area to meet together, update each other with the latest scientific findings and what these mean. Most of the work that is presented is very new and hasn’t yet appeared in a scientific publication, so it’s a good opportunity to find out what is actually happening and what direction research is likely to go in the future. 

Although many Batten’s parents and representatives from parent organizations do attend the conference, the NCL Congress is at heart a scientific conference and unfortunately little concession is made for non-specialists. For example in Hamburg there were more than 40 talks, often given in ‘science speak’ and nearly 60 posters presented with very technical jargon. This can make it difficult to pick out the nuggets of what is important and useful from this vast amount of information. 

Focusing on essentials: With at least ten forms of BD, each being caused by mistakes in a different gene, there is plenty of scope for things to get very complicated – especially when a group of scientists get together! This report will instead concentrate on four key areas and describe what we learnt in each. These are: a) what goes wrong at a genetic level; b) understanding what goes wrong inside cells and in the brain; c) understanding the effects this has on people; d) how close are we to being able to fix these problems?

Where everything starts to go wrong: As with all genetic diseases, every form of BD is caused by a mistake (or mutation) in the genetic code that is stored in our DNA. Each of these different genes is essentially a blueprint for making something, a ‘protein’ that has a particular job to do. In BD a mistake in the code that makes up the gene means that no protein is made, or a protein that is so different that it can’t function normally. Scientists now which gene that is mutated in eight of the ten forms of BD, with two new genes discovered in the last few years. Identifying the gene is very useful as it means we can make models to investigate what goes wrong and to test ways to fix this (see below). The information of which gene is mutated and identifying exactly which mutation has occurred is also very important for diagnosing precisely what type of BD someone has. Once we thought that some forms of BD were only found in certain countries (e.g. Finnish or Turkish variant BD), but we learnt that this isn’t the case and these supposedly rare forms of BD are found almost everywhere. There are also a surprisingly large number of mutations in most of the BD genes, some of which have a big influence on when the disease starts and how fast it progresses.

What goes wrong inside cells: Simply knowing which gene is mutated, unfortunately doesn’t mean we know exactly what goes wrong in any form of BD. This is because we don’t really know what most of the proteins made these genes should normally do, never mind how this goes wrong in BD when this gene is mutated. A lot of work is being done to find out this information and we now know that things are very complicated. Some of the proteins usually made by the BD genes are surprisingly present in more than one place inside a cell (sometimes not where we first thought!), and may even have different roles when they are in these different places. Its also clear that these proteins are involved in many different processes and interact with lots of other proteins, making it difficult to figure out exactly what has gone wrong. 

Fortunately, amongst all this confusion several common themes are emerging. The way things move around inside cells is particularly important and getting things to the right place at the right time is essential for cells to function properly. This is even more crucial in the brain, where the cells have very complicated shapes and many proteins have to be transported over vast distances compared to in the more simple cells present in the rest of the body. Another related theme we heard about is that the synapse, the little gap across which brain cells talk to one another is especially vulnerable in BD. This comes as no surprise, given that all the complicated machinery that makes up a synapse has to be transported to the right place and assembled properly for brain cells to communicate with each other. This machinery appears to become disorganized early in the disease process and may cause many of the later problems that occur in the brain.  

What goes wrong in the brain: Its now becoming clear that not all brain cells are affected to the same extent in BD. It is important know this because targeting therapies to these most vulnerable places is likely to have the greatest effect. This selective degeneration within the brain doesn’t seem to have much to do with the waste material (or ‘stuff’) that builds up inside cells in BD. Instead, the relationship between brain cells and the ‘glial’ cells that support them appears to be much more important. These glia come in at least three different types (astrocytes, oligodendrocytes and microglia) and were once thought to be largely passive bystanders in the brain. However, we have recently learnt that all types of glia play a much more active role and its emerging that these glia are involved very early in BD. The latest thoughts are that it may actually be the glia that are affected first and that this contributes directly to damaging brain cells. This gives us an entirely new perspective upon the disease and it may well be that targeting therapies to glia may be valuable.

Effects of BD upon the whole person: The different forms of BD might start at very different ages, but these different types of disease have always been grouped together because of the common features that they share (blindness seizures etc). From a scientific point of view the diseases turn out to be far more different than we had suspected, and it was emphasized in Hamburg that there are also many differences that can be seen clinically. Our understanding of exactly how BD impacts people is also getting much better, as rating scales have been devised for following the effects of the disease. These will become especially important as more clinical trials are undertaken in the future and for judging if these treatments have been effective. Much of the latest work has been done in advancing our understanding of the course of juvenile BD with detailed information now available about the psychological effects and many aspects of how the disease normally progresses.

Moving towards therapy: The goal of all of us working on BD is ultimately to provide effective therapies. Now that a wide range of disease models are available for most forms of BD, intensive pre-clinical studies have been taking place to test a variety of different approaches. These have mostly been performed in mice that have BD, but larger animal species will be important for scaling up these therapies if they are ever to succeed in people. More simple species like fruit flies (Drosophila) and zebrafish will also be very useful for screening large libraries of drugs to find those that might be most effective. At present several approaches have been tested in BD mice, with varying degrees of success. Some of these have reached a clinical trial which tests how safe these methods might be in humans (phase I trial), before eventually moving to see if they can be effective against the disease (phase II trial).

Enzyme replacement (ERT): Providing the enzyme that is missing in infantile or late infantile BD is difficult because the brain is protected by a barrier which effectively keeps things like these enzymes from reaching the brain cells that need it. ERT has shown some promise in late infantile BD mice and this approach will now be tested in a dog model. We learnt that chemically modifying the missing enzyme might help it get into the brain and this is now being tested in infantile BD mice. ERT is yet to be tested in human BD and many technical challenges will need to be solved before this may become reality.

Gene transfer: Using a gene therapy virus to deliver a functional copy of the mutated gene is an attractive prospect for infantile and late infantile BD. These viruses come in many forms and a lot of attention is going towards which is the best to use and starting therapy as early as possible. In mouse models this approach has proved only partially effective for infantile BD, but results have been much more promising for late infantile BD. This has lead to a phase I safety trial of an AAV2 virus to deliver the missing enzyme in late infantile BD and the newer generation of more promising vectors are likely to be tested in a future trial. Unfortunately, gene transfer is unlikely to be of much help in juvenile BD as the defective CLN3 protein can’t move from cell to cell and its likely that making a lot of it will be toxic to cells.

Stem cell therapy: The idea of using neural stem cells (cells that haven’t decided what they will become yet) to deliver the enzyme missing in some forms of BD has received a lot of attention recently. This was based on some studies in infantile BD mice and recently led to a phase I safety trial of this approach in human infantile and late infantile BD. This is big news as it’s the first time this has been tried for any human disease and we learnt that this did not make the disease in these children worse. However, this is a long way from showing any improvement and it remains to be seen if a phase II trial will follow. It is also important that much of the media hype about being able to replace dead or dying brain cells via stem cell therapy remains a distant prospect until we understand how stem cells behave after they are grafted into a BD brain.

Other approaches: Unfortunately, none of these approaches are likely to be of any value in juvenile BD as the defective CLN3 protein is stuck inside compartments within cells. Because of this we need to know much more about what the CLN3 protein actually does and this has proved difficult. Some important lessons are being learnt from fruit fly models of the disease, but the mystery of what CLN3 actually does (and how this goes wrong in BD) remains unsolved. Instead we have had to study what goes wrong in juvenile BD mice and see if blocking these events has any effect upon their disease. We learnt that two approaches have shown promise recently. One is to try to prevent brain cells from becoming over excited by blocking the receptors for glutamate, the main excitatory chemical that brain cells communicate with. Using such ‘AMPA antagonists’ has shown some positive effects in mice, but it is not clear what other effects this might have upon their brains. Another potential approach of blocking the autoimmune response in juvenile BD is much more advanced. We have known for some time that, unique to this form of BD, the body mistakenly makes antibodies against important components of the brain. It has now been shown that taking these autoantibodies away, either genetically or using an immunosuppressant called CellCept alters the course of juvenile BD in mice. This can’t be seen as curing the disease, but the results are sufficiently exciting that the FDA has recently approved a clinical trail for CellCept in juvenile BD.

Taken together the news from the NCL2009 meeting tells that a great deal more is known about the different forms of BD. Although progress may seem frustratingly slow, we have moved forwards a long way in our understanding in recent years. Although this has finally led to clinical trails of some approaches, we must remember that we are unfortunately some way from having any reliable means to cure these devastating diseases. Nevertheless, we all hope that more progress will be made before the BD research community meets again in the UK for NCL2011.

