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Our laboratory is focused on determining the mechanisms that regulate gene expression in development and metabolism. We are characterising cells of the anatomically distinct white and brown adipose tissue depots and defining the action of hormones and dietary stimuli on adipocyte biology.
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Adipose tissue is the major site of energy storage in the form of triglycerides. It is an endocrine organ that exerts a profound influence on whole body homeostasis, playing a vital role in the regulation of energy balance. Adipose tissue is found in two forms: White Adipose Tissue (WAT) and Brown Adipose Tissue (BAT) (figure 1). White adipocytes are spherical with a single large lipid droplet surrounded by a thin layer of cytoplasm containing the nucleus and few mitochondria. Brown adipocytes are much smaller than white adipocytes and contain multiple small lipid droplets dispersed throughout the cytosol, with the nuclei being centrally located and are equipped with numerous mitochondria. The major function of BAT is to transfer energy from food into heat. BAT is characterized by the expression of a discrete set of genes which include CIDEA and PGC-1α 
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[1-3]
, which promotes mitochondrial biogenesis and induces the expression of UCP1. Expression of UCP1 is highly regulated by the Sympathetic Nervous System, and the activation of β3-Adrenergic Receptor is closely linked to induction of UCP1 [4].

The developmental relationship between BAT and WAT is not clear; the anatomical location of their depots is distinct. In rodents, BAT depots persist into adulthood whereas BAT depots are replaced partially or completely shortly after birth in larger mammals [5]. Human BAT can be detected using Positron Emission Tomography (PET). Adipose tissue is dynamic and exposure to cold instigates a reversible change in the morphology and gene expression profile of WAT to more resemble BAT.

To determine the regulators of the switch from WAT-like to BAT-like adipocytes, a microarray based gene expression analysis of interscapular BAT and WAT (mesenteric and posterior subcutaneous) depots from mice maintained for 10 days at either 28°C (thermoneutral) or 6°C was performed. Candidate genes that were regulated in a temperature dependent manner and/or differentially expressed in WAT and BAT were selected for further study.

AIMS OF THE STUDY:

(i) To characterise the expression and regulation of putative BAT and WAT genes in cell lines generated from distinct WAT and BAT depots; (ii) To treat WAT cell lines with agents to promote a BAT-like phenotype.

EXPERIMENTAL PLAN

1. We will culture preadipocyte cell lines derived from distinct WAT and BAT depots and differentiate them under standard conditions. Using Q-RT-PCR we will monitor the expression, throughout differentiation, of key adipocyte genes and candidate WAT and BAT genes identified from the microarray. Examination of the data collected will allow us to compare the pattern of gene expression in the different cell lines.

2. We will treat the WAT cells both before, during and after differentiation with agents such as PPARg ligands, b3-AR ligands, and fatty acids, which are considered to promoted a BAT-like phenotype. The switch from WAT to BAT will be determined by monitoring the levels of BAT genes such as UCP1 and CIDEA by Q-RT-PCR or Western Blotting.
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