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Abstract
Niemann-Pick disease is a rare lysosomal storage disorder that causes systemic organ damage and is eventually fatal.  Hepatosplenomegaly and multiple neuropathic symptoms have essentially been untreatable or left to supportive treatment only.  Until recently there has not been a prospect of medical therapy to slow disease progression.  Two promising medications have recently completed study.  Miglustat showed a slow in disease progression over a 12 month study in both pediatric patients as well as adults.  NAC data is not available yet, but hopes are the data will also suggest a decrease in progression.  Presentation of this data is made to help inform of signs and symptoms of this rare disease, but also to share hope of quality life for Niemann-Pick patients.  

	Niemann-Pick disease is a rare life threatening disorder, without current therapeutic treatment, that is ultimately fatal to all who are diagnosed with it.  It is a genetic disorder that results in an abnormal accumulation of lipids in parenchymal tissues.  Until recently only supportive measures have been available to patients with Niemann-Pick.  Over the last few years many advances in research have provided promising strides regarding sustaining life and delaying disease progression.  Only two phase 2 clinical trials, Miglustat and NAC, have been approved by NIH to evaluate their efficacy.  With promising information available from these studies, there is hope that with more research disease modifying agents would be available in the future to increase quality of life as well as quantity of life.  
Discussion
	Niemann-Pick disease is a rare autosomal recessive disease that affects lipid metabolism in the body.  Sphingolipids are a class of lipids that play an important role in the self recognition and cell to cell signaling.  The normal lysosomal degradation of glycosphingolipids occurs by the sequential hydrolysis of single monosaccharides from the nonproducing end of the oligosaccharide, ultimately yielding ceramide, which is hydrolyzed to produce sphingosine and a free fatty acid.1 Defects in the hydrolysis yield an abundance of ceramide substrates.  Ceramide plays an important role in apoptosis, cell differentiation, transformation, and proliferation.  These are ubiquitous lipids that make up a large proportion of the cell membranes in all tissue types throughout the body.  Because this is an enzymatic pathway, these lipids are constantly being synthesized and degraded.  The key enzyme in the degradation of sphingomyelin to ceramide in most tissues is sphingomyelinase.2 Patients with Niemann-Pick disease lack the ability to synthesize the sphingomyelinase that results in substrate product accumulation.  Subtle differences in enzyme deficiency have attributed into further classifications of this disorder; Niemann Pick Type A (NPA), Niemann Pick Type B (NPB), and Niemann Pick Type C (NPC).  
NPA and NPB are deficiencies of acid sphingomyelinase, required for the breakdown of sphingomyelin.  With the inability to break down sphingomyelin, it accumulates in tissues and eventually leads to cell death and major organ failure.  Even though NPA and NPB are deficiencies of the same metabolic pathway, there are stark differences in signs and symptoms, as well as disease prognosis and outcome.  NPA has been found to be more neuronopathic in nature and is often associated with death from complications in early childhood.  Patients with NPA often have hepatosplenomegaly and significant developmental delays.  All children with the diagnosis will develop a cherry red spot of the macula on the retina caused by a deposition of lipids in a white ring around the fovea.  Children will also develop  interstitial lung disease before death usually no later than age three.  Neurologic findings can include cerebellar signs and nystagmus, extrapyramidal involvement, mental retardation, and psychiatric disorders.3 Patients diagnosed with NPB will have up to 10% of that of the normal levels of acid sphingomyelinase.  Type B individuals usually have hepatosplenomegaly, and respiratory problems are common. The enlargement of organs and the respiratory problems can cause cardiovascular stress and can lead to heart disease later in life.  Yearly evaluation should be done to prevent the development of secondary disorders, as well as closely monitor the progression NPB symptoms.  Diagnosis of NPA and NPB are made by measuring the activity of acid sphingomyelinase in white blood cells.  However, diagnosis of trait carriers must be done by genetic evaluation.   Because of the early onset and quick progression of NPA treatment is purely symptomatic.  Management by specialists has proven so far to be the most effective means of maintaining quality of life.  Treatment for NPB is experimental.  Bone marrow transplant as well as enzyme replacement has proven promising treatments in patients with NPB.  
	Niemann Pick Type C (NPC) is an extremely rare form of sphingolipidoses with only 1 reported case in 150,000 live births worldwide.  It is different from NPA and NPB in that it is characterized by an inability to break down cholesterol and lipids properly within the cell.  Therefore an abnormal accumulation of lipids appears in the liver, spleen, and brain.  NPC is always fatal with most patients passing before the age of 20.  Age of onset is generally early to late childhood, but neonatal onset is common.  Neonates can present with ascites and severe liver disease from infiltration of the liver and/or respiratory failure from infiltration of the lungs. Other infants, without liver or pulmonary disease, have hypotonia and developmental delay.5 Initial signs in childhood onset that should lead to a clinical suspicion include vertical supranuclear gaze palsy, ataxia, or cognitive impairment.  However, because of the variability of the symptoms misdiagnosis is common; NPC children are often diagnosed with mental retardation or other developmental delays.  Neurologic symptoms, including ataxia, gelastic cataplexy, dystonia, and seizures, begin appearing between the ages of 4 and 10 years.  Gelastic cataplexy is a rare finding in patients other than NPC patients.  When episodes of extreme joy, laughter, sadness, or emotional stress occur the patient suffers a period of petit mal seizure like activity.  The onset of symptoms can indicate the coarse the disease may follow.  The later onset of symptoms can indicate a slower progression of the disease; however, this does not always prove to be true.   Eventually the patients begin to have difficulties with dysarthria, dysphagia, and poor airway management.  These complications often lead to difficulty in oral feedings and a high aspiration risk.   Hepatosplenomegaly is a common finding in patients with NPC because parenchymal tissues are more prone to deposition of cholesterol excesses. In infants hepatosplenomegaly can contribute to severe thrombocytopenia.  Diagnosis of NPC is not as easy as a simple blood test.   A skin biopsy is cultured, and the cells are evaluated for their ability to transport cholesterol into and out of the cell membranes.  Genetic testing for mutations of either the NPC1 or NPC2 has also proven effective in diagnosis of NPC.  
	Treatment for Niemann-Pick is currently comprised of supportive therapy.  To date, there is no known disease modifying treatment available.  Generally, care is best managed by involving a team of specialists that can treat specific complications.  As accumulation of cholesterol in the organs progresses, complications such as respiratory compromise, difficulty feeding, difficulty ambulating, heart problems, seizure disorders, and much more begin to occur.  Eventually assistive devices for ambulation and mobility as well as supportive nutrition become an important role in maintaining quality of life.   Tube feedings are important because the physical exertion of chewing and swallowing, including the risk of aspiration limit the ability to take oral nourishment.  Eventually, NPC patients succumb to the disease process.  
Research geared toward treatment options for NPC patients has recently been the subject of discussion. Clinical trials have taken place at the National Institute of Health to not only test experimental medicines, but to provide a natural history of NPC patients and their individual disease progression.  With enrollment into a Phase II clinical trial of a medication for an orphan drug, the expectations of safety are definite concerns.  Susan Moister mother of Tina, an NPC patient, comments in e-mail communication on her concerns regarding orphan trial participation: “I agonized over having Tina in the trial because I did not want to give her a new unknown medication.  I spoke with many of her doctors.  Her neurologist boiled it all down when he said that there was no other treatment, and the disease is fatal.  For him the decision would be to participate in the trial.  I now am grateful for the opportunity we had.” Karen Quandt mother of Ty, an NPC patient, says via e-mail, “The clinical trials are the only way we are going to figure out this disease. We can sit at home and do nothing and watch Ty slip away or we can fight back and participate in the trials.”  
	Miglustat, a small iminosugar molecule, reversibly inhibits glucosylerceramid synthase, which catalyses the first committed step of glycosphingolipids synthesis.  Its ability to cross the blood-brain barrier renders miglustat a suitable agent for treating CNS disease in NPC.  Administration of miglustat has ameliorated glycosphingolipid accumulation in neurons and prolonged survival in murine models of lysosomal storage disorders.8 In a randomized controlled study, miglustat was tested in both pediatric and adult NPC patients. While patients 12 years and older were randomized by a 2:1 ratio, all patients younger than 12 received miglustat instead of placebo.  Thirty adults were screened for the trial.  With one being excluded for severe diarrhea, 29 participants were randomly divided in a 2:1 ration, control vs standard care.  The control adult group, consisting of 20 patients, received miglustat 200mg orally and supportive care for 12 months.  The standard care group consisting of 9 patients received a placebo with special emphasis placed on quality supportive care.  Of the two groups, participants in the control group reported more severe baseline symptoms prior to the beginning of the study.  Through animal data and known mechanism of action the study coordinators postulated that the control group would show a slower rate of decline.  One of the measureable biomarkers used to judge disease progression is saccadic eye movement (HSEM).  The velocity and amplitude of eye movements are measured and plotted at the beginning of the study and then compared to results at 6 and 12 months.  Other secondary measures of efficacy were changes in swallowing, auditory acuity, ambulatory ability, and cognition.  Throughout the study three control group participants, one standard care participant, and one child withdrew from the study either because of adverse effects or to resume alternative therapy.  Comparing the baseline data of HSEM, auditory acuity, swallowing, ambulatory ability, and mini mental status exam (MMSE) with the endpoint data judgment was made on the efficacy of miglustat.  The most frequently reported adverse events were diarrhea, flatulence, abdominal pain, and weight loss; these symptoms diminished as the study progressed.  As postulated, patients taking miglustat showed a decrease in disease progression over the standard of care group. 
	Miglustat was the first clinical trial ever to evaluate therapeutic treatment to slow disease progression.  However, the results have met with more questions and need for evaluation. While the results of the miglustat trial showing promising data, it has not yet been approved for use in NPC patients.  Because there was no control group assigned to the pediatric group, this trial did not effectively evaluate the efficacy of miglustat on pediatric patients.  Many parents of NPC patients cannot afford off label miglustat at approximately $80,000 a year, and some have resorted to buying miglustat from other sources.
	N-Acetyl Cystiene (NAC) is a supplement that has been in use for many years.  It’s indications for use include as an inhaled mucolytic agent and in the management of acetaminophen overdose.  NAC is an antioxidant that increases intracellular glutathione. Glutathione issues are a known problem in Alzheimer’s, Parkinson’s, and many other neurological conditions. NAC can act as a precursor for glutathione synthesis as well as a stimulator of the cytosolic enzymes involved in glutathione regeneration.9 In a letter from the NIH to NPC families it is explained that biomarkers were discovered during the ongoing natural history study that might show benefits to treatment of supplemental NAC.  The study is complete however the data has not been compiled.  
Conclusion
	Data is promising with the Miglustat study however data is not available for the NAC trial.  Because of the defect to the NPC gene only disease modifying agents would be effective as a means to prolong quality of life.  More research is needed in the area of gene modifying therapy to find a cure for Niemann-Pick.  Participants of these trials are hopeful that while their participation might not help their current situation, it might help future patients who are born with this defect.  



References

1. Rudolph AM, Rudolph CD, eds. Rudolph’s Pediatrics – 21st Ed. NewYork, NY:  McGraw-Hill Medical Publishing Division. 2003.
2. Christie WW. The Lipid Library. http://www.lipidlibrary.co.uk/Lipids/sph/index.htm Updated July 18, 2008. Accessed May 24, 2010. 
3. McGovern MM, Schuchman EH, Acid Sphingomyelinase Deficiency.  http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=npab. Updated June 25, 2009. Accessed June 14, 2010.   
4. National Niemann-Pick Disease Foundation. http://www.nnpdf.org/npdisease_01.html Updated June 10, 2010.  Accessed June 14, 2010.
5. Patterson M. Gene Review: Niemann-Pick Disease Type C. http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=npc. Updated July 22, 2008. Accessed June 16, 2010. 
6. Patterson MC, Vecchio D, Jacklin E, et al. Long-Term Miglustat Therapy in Children with Niemann-Pick Disease Type C. Journal of Child Neurology. 2009;000. 
7. Hempel C.  NIH Announces Therapeutic Trial with Supplement N-Acetyl Cysteine (NAC) To Treat Fatal Children’s Cholesterol Disease. http://addiandcassi.com/nih-announces-therapeutic-trial-with-supplement-n-acetyl-cysteine-nac-to-treat-fatal-childrens-cholesterol-disease/ Updated July 13, 2009. Accessed June 20, 2010. 


Kathy Rupert	Page 10
