
Citation: Castillo JJ and Garver WS. The Niemann-Pick C1 Gene Interacts with Dietary Lipids to Manifest Distinct 
Metabolic Phenotypes. Ann Nutr Disord & Ther. 2015; 2(3): 1028.

Ann Nutr Disord & Ther - Volume 2 Issue 3 - 2015
ISSN : 2381-8891 | www.austinpublishinggroup.com 
Garver et al. © All rights are reserved

Annals of Nutritional Disorders & Therapy
Open Access

regulates the transport of Low Density Lipoprotein (LDL) derived 
lipids (cholesterol and fatty acids) from the lumen of lysosomes 
into the cytoplasm, where these lipids promote feedback inhibition 
of the Sterol Regulatory Element Binding Protein (SREBP) pathway 
and feed forward activation of the Liver X Receptor (LXR) pathways, 
thereby orchestrating the expression of many genes involved in 
maintaining energy balance [9-11]. Consistent with this important 
cellular function, our mouse model studies have revealed that the 
NPC1 gene is directly regulated by dietary lipids (cholesterol and fatty 
acids) to impart distinct metabolic disease phenotypes [12] (Figure 1). 
For example, the NPC1 gene is down regulated (at the transcriptional 
level) by dietary fatty acids, but not cholesterol, through feedback 
inhibition of the SREBP pathway and is associated with an increase 
in body weight and impaired glucose tolerance. In direct contrast, the 
NPC1 gene is also up regulated (at the posttranscriptional level) by 
dietary cholesterol, but not fatty acids, purportedly through inhibited 
ubiquitination of the NPC1 protein and targeting to proteasomes 
for degradation. In this latter case, the increased amount of NPC1 
protein significantly improved glucose tolerance independent of 
body weight. Therefore, the increased consumption of specific dietary 
lipids (cholesterol or fatty acids) also known to serve as substrates for 
the NPC1 protein, has a profound effect on expression of the NPC1 
gene and predisposition to distinct metabolic phenotypes. 

In summary, the NPC1 gene represents one of at least a couple 
hundred susceptibility genes found to be associated with obesity and 
diabetes. For the vast majority of these genes neither the expression 
nor protein function has been characterized. We anticipate that 
further investigation into the expression of these genes and function 
of their encoded proteins will provide future development of targeted 
medicinal and/or nutritional therapies to more effectively treat 
obesity and diabetes, which together are known to represent major 
health care problems. As with the NPC1 gene, these studies will 
likely be performed using well defined mouse models followed by 
appropriate translational and clinical studies within ethnically diverse 
populations.

Perspective
The worldwide prevalence of obesity and diabetes has increased 

dramatically prompting the World Health Organization to declare 
these metabolic diseases a global epidemic [1]. To investigate 
the molecular etiology of obesity and diabetes, a large number of 
Genome-Wide Association Studies (GWAS) have been performed 
resulting in the hypothesis-free identification of obesity and diabetes 
susceptibility genes. It is anticipated that understanding the function 
of these susceptibility genes and encoded proteins will provide 
mechanistic insight for future development of targeted medicinal 
and/or nutritional therapies. The objective of this perspective is to 
provide insight concerning the Niemann-Pick C1 (NPC1) gene and 
encoded protein as a model for future use of nutritional therapies to 
treat common metabolic diseases.

The human NPC1 gene represents one of the first susceptibility 
genes found to be associated with common obesity and/or diabetes 
[2-4]. These studies have been confirmed using our NPC1 mouse 
models with decreased gene dosage fed a high-fat diet that promotes 
metabolic disease phenotypes closely resembling human obesity 
and diabetes [5-8]. Without a doubt, the NPC1 protein represents 
a strong candidate for an obesity and diabetes susceptibility gene as 
a result of having a central role in maintaining cellular, tissue, and 
whole body lipid homeostasis. Moreover, studies have reported that 
the NPC1 gene is expressed in all tissues and that the encoded protein 
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Figure 1: The effects of feeding wild-type C57BL/6J male mice one of three experimental diets until 30 weeks of age on the relative amounts of NPC1 protein, 
body weight (grams), and glucose tolerance (HOMA-IR). Values are represented by the means ± SE; n = 9-10 mice. Asterisks represent a statistically significant 
difference using Kruskal-Wallis 1-way ANOVA with P<0.05. White bars represent mice fed a low-fat diet with 0.00% cholesterol. Gray bars represent mice fed a low-
fat diet with 1.00% cholesterol. Black bars represent mice fed a high-fat diet (45% fat) with 0.02% cholesterol. HOMA-IR, homeostasis model assessment-insulin 
resistance. This figure was adapted from our previous publication as indicated by reference [12].
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