Research Update from the 2009 NNPDF Board meeting
Dr. Dan Ory, the Chair of the NNPDF Scientific Advisory Board, presented an overview and update of Niemann-Pick disease research at the February 2009 Board meeting in Milwaukee, WI. The following are highlights of current and ongoing research:

1. Chaperone therapy (see http://www.amicustherapeutics.com/technology/moa.asp for a short video demonstrating the action of chaperones): Chaperones are small molecules that interact with and help to stabilize the three-dimensional (3D) shape of a mis-folded protein in the cell. Many genetic changes or mutations interrupt or destroy the information needed by the cell to correctly fold the protein made by the gene. Because of this mis-folding, the protein does not have the correct shape to work properly in the cell. Further, the mis-folded protein is removed by the cell’s quality control system, leading to decreased enzyme or transport activity. The binding of the chaperone molecule to the mis-folded protein helps the protein fold into its correct 3D shape. This allows the protein to move properly from the ER (endoplasmic reticulum) to the lysosome in the cell, where it can work effectively enough to improve overall cell functioning and decrease lysosomal storage. In NPC, the most common mutation, I1061T, leads to mis-folding of the NPC1 protein, resulting in failure of this protein to move to the lysosome where it is needed. Further, if this mis-folded protein can be stabilized and moved to the lysosome, research has shown that it will function well enough to reduced storage in the cells. Thus, there is active investigation of potential chaperones to stabilize the NPC1 protein produced from a gene with an I1061T mutation. This is similar to the work begin done in cystic fibrosis, where the common mutation called deltaF508 also leads to a mis-folded CFTR protein, where significant studies have already been completed. It is hoped that the NPC researchers will be able to utilize information from that work to move the NPC studies forward more quickly. In addition, a screening system that will look for compounds that will interact with the NPC1 protein and stabilize it has been developed at Mt. Sinai School of Medicine in New York and at the NIH Chemical Genomics Center and the search for active compounds is underway.

2. Function of NPC1:  Work is underway in several labs, including that of Frances Sharom at the University of Guelph in Canada and the Brown/Goldstein lab at UT Southwestern. Dr. Sharom’s group is looking at cholesterol binding by NPC1 and Rodney Infante in the Brown/Goldstein lab is looking at NPC1-NPC2 interactions in cholesterol transfer. Data show that both NPC1 and NPC2 are needed to remove cholesterol from the lysosome. NPC2 passes cholesterol to NPC1, and then cholesterol is passed through the lysosomal membrane.

3. Therapeutics:  Studies done in Dr. John Dietschy’s lab at UT Southwestern Medical Center, showed clearance of cholesterol after administration of cyclodextrin to 7 day-old mice, when the blood-brain barrier is still permeable (this is equivalent to administering the compound prenatally in humans).  Further studies are needed in juvenile mice to see if later administration is as effective. It is also not yet known if ganglioside accumulation will be affected by cyclodextrin administration. Additional study is needed to understand how the cyclodextrin affects cells to move the cholesterol, to determine optimal dose and frequency of delivery of the compound, and to assess whether it will be similarly effective in larger/older animals and humans.  Other researchers are working on cyclodextrin studies including Dr Cynthia Mellon at UCSF, Dr Steve Walkley at Albert Einstein and Dr Dan Ory at Washington University.
4. Rab9 over-expression: Rab9 is a G protein involved in “shuttling cargo” in the late endosome. It has been found that, if Rab9 is increased, the amount of cholesterol in the lysosomes is decreased. With funding from the NNPDF, Dr Dick Pagano’s Lab at the Mayo Clinic developed a mouse model that over-expresses Rab9. They then bred these mice with NPC mouse model to yield offspring with both NPC disease and Rab9 over-expression to see if the increased Rab9 would help to overcome the effects of NPC. They observed a 22% increase in survival. Stored lipids in the brain were also decreased in the Rab9-positive animals. 

5. Relationship of atherosclerosis to NPC: The work of Dr Dan Ory’s lab has shown that the NPC1 protein plays an important role in reverse cholesterol transport in macrophages. (Macrophages are white blood cells that are involved in creating the progressive plaque lesions of atherosclerosis). The NPC1 protein plays a role in helping to clear cholesterol out of macrophages. There appears to be a connection between loss of functional NPC1 protein and a pre-disposition to atherosclerosis. Hopefully this work will attract the interest of pharmaceutical companies.
6. NPC-SOAR (Support Of Accelerated Research):  The goals of the program are:  1) to develop combinatorial therapy for NPC with ‘off the shelf’, previously FDA-approved compounds and start clinical trials expediently, 2) long term, to develop therapies that will take more time to develop, e.g. chaperone therapy, and 3) to develop disease biomarkers. Four NPC-SOAR labs are currently involved along with some other outside groups. Researchers include Steve Walkley, DVM, PhD, Dan Ory, MD, Fran Platt, PhD, and Yiannis Ioannou, PhD., as well as Dr Denny Porter from NIH. Currently, trials of 12 compounds in mice are being planned, including dose-response and combined therapies, with the goal of developing a “cocktail” of FDA approved compounds for NPC treatment. In order to do this, there is a need for identification of definable biochemical endpoints that the FDA will recognize. Thus, in collaboration with Dr. F. Denny Porter and the NIH Natural History study, the numerous samples collected from participants in the study are being extensively analyzed for possible biochemical markers of disease state and disease progression. Dr. Ioannou is utilizing proteomics to identify protein biomarkers, Dr. Platt is looking at measurements of circulating blood cells (easily obtainable) and is interested in lysosomal size measurements, and Dr. Ory is focusing on cholesterol and cholesterol derivatives. Another key feature of the NPC-SOAR program is to look at new ways to do clinical trials given the small population of affected individuals. They are looking at very short term trials utilizing the emerging biomarkers, some of which may be reflective of central nervous system status.

7. David Begley of the Kings College London Blood-Brain Barrier Group is doing studies of cyclodextrin and the blood-brain barrier (BBB). It is known that cyclodextrin can disrupt the BBB. Dr Begley hopes to find out if cyclodextrin is able to cross the BBB.

8. Potential for use of stem cell therapies in NPC: Some studies done in mice by Dr. Kang in Korea suggested a possible role for stem cell therapy to treat NPC. His work showed increased life-span for mice injected with cord blood stem cells. Using funding from the NPC-SOAR project, an attempt was made to meticulously repeat the studies of Dr. Kang in Dr. Ory’s lab. Despite careful attention to all of the details of the study, the results from the Kang lab could not be replicated. 

Dr. Ory concluded his report by emphasizing that this is an exciting time in the field of NPC research.
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