Research Highlights
“Advancing Knowledge.......................Transforming Lives”

With the help of our Scientific Advisory Board, and under the expert guidance of Janet Ward-Pease, the NNPDF Research Committee is currently hard at work updating our Research Strategy. Although the pace of Niemann-Pick research often seems agonisingly slow, it does keep changing. We need to be sure that we continue to adapt to these changes when funding research projects to ensure that we are effective in enabling good progress to be made - and in making the best use of our hard-earned research dollars! 

In developing our new Research Strategy we will seek to define where we can best make a positive difference. A clear Research Strategy will help those applying for Grants to assess whether their research falls within our remit. It will also enable the Scientific Advisory Board to give appropriate advice to ensure that we make good decisions on which projects to fund and will provide a clear focus for the work of the Foundation. Watch this space!
Recently Completed NNPDF-Funded Research

“Reduction of stored lipids in Niemann-Pick Type C mice by rab protein expression” – Richard E Pagano, PhD and David L Marks, PhD
Mayo Clinic and Foundation, Rochester, Minnesota

This grant to Drs Pagano & Marks was awarded in February 2005 to continue the promising work of their lab in the area of rab protein overexpression, as a potential avenue for therapy in NPC disease.

“Previous studies in our laboratory and others showed that lipid storage of Niemann Pick C (NP-C) cells in culture could be reduced by over-expressing Rab9, a protein involved in the intracellular movement of membranes.  Here, we developed strains of transgenic mice that carry high levels of Rab9 in all tissues.  These mouse strains were crossed into the NP-C mouse model and then we compared NP-C disease animals with and without the Rab9 transgene.  We found that animals expressing the highest levels of Rab9 lived ~20% longer than control NP-C mice without the Rab9 transgene.  Stored lipids in the brain, a hallmark of NP-C, were also decreased in the Rab9-positive animals.  These improvements in lifespan and lipid levels, although modest, support our hypothesis that manipulating cellular transport systems by affecting target proteins may have therapeutic value for NP-C and other lipid storage diseases.  Future research would need to focus on maximizing the effects of such interventions and screening for small molecules that target cellular transport systems.”
“Demonstration of NPC1 as a Lipid Binding Protein in Vivo” - Nobutaka Ohgami, PhD
Chubu University, Japan

Dr Ohgami, previously awarded a Fellowship in 2004 while working in the lab of Dr TY Chang at Dartmouth, continued his research when he moved to Japan. His study aimed at testing the possibility that NPC1 may directly bind cholesterol and/or other lipids.  
“In vitro (cell free) photo-crosslinking study with the photoactivatable cholesterol analog (azocholestanol: AC) demonstrated that drosophila NPC1 can bind to cholesterol just like mouse NPC1.  In order to identify a binding site within the Sterol Sensing Domain (SSD) of NPC1 protein directly binding to AC, I tried to establish the efficient isolation system to separate the AC-labelled fragments with the biotinylated theta-toxin (BC-theta), which has been known to be the cholesterol-binding toxin.  Unfortunately, it did not work for the isolation purposes, although it did work for the detection of the intracellular cholesterol.  Finally, intact cell photo-crosslinking experiments show that the association between 3H-AC and NPC2 in cells with or without added NPC1 is approximately equal, suggesting that binding between AC and NPC2 does not require NPC1.”

“Nervous System Cell Lines from NPC1 Disease Mice for Pathogenic and Therapeutic Studies” – Kostantin Dobrenis, PhD Albert Einstein College of Medicine, New York
Most investigations into the function of the NPC1 protein have been done on non-nervous system cells. These provide a poor model for understanding what is going on in neurons. This in turn limits the ability to design rational strategies for treating the Central Nervous System (CNS). This grant to Dr Dobrenis was awarded in 2006 to establish previously unavailable, immortalized cell lines of the major, highly specialized, cell types in the CNS from NPC1 mice.
“In this project we have characterized a spontaneous multipotent neural cell line arising in brain cell cultures from the BALB/c npcnih mouse, an accepted model for NPC1 disease. This line, named NPC-ST1, is capable of generating the three major neural cells of the CNS: neurons, astrocytes and oligodendrocytes. We have optimized culture protocols for this line that individually favor the survival and differentiation of each of the specific cell types for suitable study of mature as well as developing cells. 
We have also produced “conditionally immortalized” cell lines from unique hybrid transgenic mice we generated. These carry intrinsic genes that allow one to alternatively stimulate unlimited cell division to permit the generation of large numbers of cells for study, and when desired, to block this growth and return cells to a more normal state allowing progression into a mature cell stage. 
We have established conditionally immortalized microglia and astroglial cell lines carrying the mouse mutation. In addition, in parallel we established immortalized lines of the same types that express the native NPC1 protein to serve as normal controls for experimental studies. Furthermore, initial observations suggest cholesterol accumulation substantially varies within the astrocyte population, surprisingly with lower amounts found in more differentiated cells. These findings may lead to new insights on the role and impact of NPC1 deficient astrocytes in the disease process. 
Finally, we have also initiated efforts to generate a similar set of immortalized lines of oligodendroglia, the cells responsible for myelination important to nerve cell conduction within the CNS. We expect all these unique cell lines will prove valuable to ongoing and future investigations of NPC1 pathogenesis and therapy.”

“Analysis of Dendritic Spine Alterations in Niemann-Pick Type A Neurons” – Maria Dolores Ledesma, PhD University of Turin, Italy
Dr Ledesma was awarded this grant in 2006 to help continue her studies to understand the molecular mechanisms underlying neuronal functional impairment and degeneration in Niemann Pick disease type A.
“Thanks to the support of the NNPDF we have been able to detect alterations in the number and morphology of dendritic spines of mice that lack the acid sphingomyelinase (ASMKO) and mimic the human disease. Dendritic spines are protrusions in the surface of the neurons that sustain the synapses. Changes in their number and shape upon stimuli are essential to learning and memory capacities. The results we have obtained reveal that dendritic spine alterations in NPA are due to the drastic increase of the lipid sphingomyelin at the synaptic membrane, which is caused by the lack of activity of the acid sphingomyelinase. Importantly, the addition of exogenous sphingomyelinase rescues the aberrant phenotype restoring the amount of SM and the number of dendritic spines in ASMKO mice-derived neurons to levels similar to those in normal mice-derived neurons. We believe our work identifies dendritic spine alterations as a pathological feature in NPA disease and suggests that the use of sphingomyelinase, to reduce the high levels of sphingomyelin at the synapses, could be a strategy to ameliorate the cognitive deficits in NPA patients.”
Dr Ledesma has recently moved to the University of Madrid, Spain. The results of her previously funded research have been published in Molecular Biology of the Cell http://www.molbiolcell.org/cgi/content/full/19/2/509 
Ongoing NNPDF-Funded Research
“Evaluation of anti-inflammatory intervention (NSAIDs) as an adjunctive therapy in Niemann-Pick TypeC1 disease” - Fran Platt, PhD
In the NPC1 mouse, the storage of lipids causes inflammation in the brain. Dr Platt’s study aims to test the idea that anti-inflammatory drugs may be beneficial in this mouse model.
“We verified that Non Steroidal Anti-inflammatory Drugs (NSAIDs) such as ibuprofen and aspirin are of benefit in NPC (increased survival and less severe tremor). However, when we treated NPC mice using vitamin C, that is an anti-oxidant, this was only of minimal benefit. These findings suggest NSAIDs but not antioxidants may be helpful in managing NPC disease.

The second phase of the project will address the clinical outcome in the mouse when we combine NSAIDs with the substrate lowering drug miglustat.”
“Research into Genetic Diseases and Lysosomal Storage Disorders” – Seymour Packman, MD Lysosomal Disease Center, Stanford/UCLA
The NNPDF continues to support the research, educational, outreach and clinical programs of the Lysosomal Disease Center. 
“In the area of Niemann-Pick diseases we are engaged in a number of clinical studies that have direct relevance to patients and families with these disorders. Several families with Niemann-Pick A and C diseases have participated in a bereavement study. A second, and related, study involves an investigation of the psychosocial consequences of Niemann-Pick disease B on patients and families. This study and results to date was presented at the March 2008 meeting of the Society for Inherited Metabolic Disorders. Finally, in an important therapeutic endeavour in Niemann-Pick C, we are collaborating with Dr Synthia Mellon, PhD in the systematic formulation and development of a clinical trial of the use of allopregnanolone, in the treatment of patients with Niemann-Pick C disease.” 

The Lysosomal Disease Center is continuing to provide comprehensive and specialised diagnosis, medical treatment and genetic counselling for patients and families with lysosomal storage disorders including those with Niemann-Pick disease.
New NNPDF-Funded Research
“Construction & Characterization of New Mouse Models for Types A & B Niemann-Pick Disease” – Edward H Schuchman, PhD, Mount Sinai School of Medicine, New York
Despite the considerable value of the currently available acid sphingomyelinase knockout (ASMKO) mouse model, it does have several important limitations. ASMKO mice completely lack the ASM protein so are a poor biochemical model for the human disease and cannot be used to evaluate chaperone and other enzyme enhancement therapies (which may be needed to treat brain disease in Type A NPD). Dr Schuchman believes that it is extremely important to develop new mouse models of Type A & B NPD that more closely resemble the human disease. In his proposed studies Dr Schuchman will initially focus on one specific mutation, the “Type A” R496L mutation.
“Enzyme Replacement Therapy (ERT) is unlikely to treat the severe brain disease in Type A NPD, and new therapies are desperately needed.  Among these, small molecule approaches that might enhance the residual enzyme activity in Type A patients are particularly promising. Thus, the mice we are proposing to construct are needed to evaluate these new treatment approaches. R496L is the most common “Type A” NPD mutation in Ashkenazi Jewish individuals, and as such is an appropriate choice for these studies.  
Our goal is to create three individual breeding lines, each of which we expect to express varying levels of residual R496L ASM protein and activity.  This represents another important goal of our studies.  These three lines will be used to evaluate how much residual ASM expression is needed to treat the disease in specific organs, including the liver, spleen, lung and (of course) brain.  For future therapy it will be extremely important to have this base-line data, and the in vivo analysis we are proposing should provide the most meaningful results.”
“Targeting Sphingosine storage as a new therapeutic approach for Niemann-Pick
 Type C” – Fran Platt, PhD, University of Oxford, UK
Based on previous studies, Dr Platt proposes that there is another factor, other than cholesterol, which causes the cellular abnormalities seen in NPC.
“We have discovered that NPC cells have dramatically lower lysosomal calcium, this results in an inability to recycle lipids which ultimately results in their storage (cholesterol, sphingomyelin and glycosphingolipids). The cause of this storage is sphingosine accumulation, a lipid which is known to be stored in the brain and other organs of NPC patients. Storage of sphingosine is the first measurable event after blocking/reduction of NPC1 function in normal cells, and it is this storage that causes all downstream events. We now propose to study the accumulation of sphingosine in NPC1 mice in order to develop a potential substrate reduction therapy to reduce sphingosine storage.”
Dr Platt will, as part of her proposal, carry out therapeutic studies in the NPC1 mouse model which may prove to be of significant clinical benefit. 
We are grateful to all of the researchers who work so diligently to better understand the Niemann-Pick diseases and to seek to develop potential therapies for our children.
Respectfully submitted by
Susan Green

Research Committee Chair
