Describe the mechanisms how n-3 fatty acids influence gene expression

[bookmark: _GoBack]A great deal of evidence implicates n-3 polyunsaturated fatty acids (PUFA) in the effective management of many conditions such as hypercholesterolemia (Mathur et al, 2007, Van der Veen, 2005). However, the benefits of these fatty acids seems to be beyond the positive influences of elevated unsaturated fat intake or low energy intake and includes both direct and indirect influences on gene expression (Deckelbaum, 2006). Due to this agonistic/antagonistic relationship between PUFA and gene regulators such as Peroxisome Proliferator-Activated Receptors (PPAR’s), Sterol Regulatory Element Binding Proteins (SREBP’s) and Liver X Receptor (LXR), Deckelbaum et al (2006) refers to n-3 fatty acids as ‘master switches’. However this generic description may be somewhat simplistic as specific n-3 fatty acids have differing effects, for example Docosahexaenoic (DHA) acts as a ligand to RXR mediating transcription in the brain, whilst Eicosapentaenoic (EPA) does not (Jump, 2008). The importance of n-3 fatty acids therefore includes promoting or down regulating the activities of transcriptions factors (Khan, 2002), other proteins functions and non protein expressions. Additionally indirect influences and post transcription events must also be considered. A complete understanding of the processes by which n-3 fatty acids mediate gene expression has not been achieved but 5 direct and indirect mechanisms have be identified; 

1. as ligands for nuclear receptors (Salter, 2007), 
2. in their control of transcription factor abundance (Jump, 2008), 
3. influencing other factors that influence gene transcription (Deckelbaum, 2006),
4. through the actions of polyunsaturated fatty acid metabolites (Sampath, 2006),
5. through post transcriptional events (Pifferi, 2005).

PUFA act as ligands to nuclear receptors (Xu et al, 1999) up-regulating gene expression by allowing the attachment to the ligand binding domain on the chromatin-bound receptor domain and causing the dissociating of co-repressors. This results in a conformational shift of the PPAR and its heterodimer partners attracting co-activators and allowing the attachment of mRNA polymerase, thus initiating transcription. However it is specifically n-3 fatty acids that have this capacity rather than non esterified fatty acids (NEFA) per se. For example, N-9 fatty acids although in far great abundance within the cell do not interact with PPAR and do not stimulate this up-regulation (Pawar, 2003). Further to this, specific n-3 fatty acids have differing effects. Jump et al, 2008 demonstrated that DHA, 22:6n-3 and DPA, 22:5n-3 are weak activators of PPARα as compared to the action of EPA, 20:5,n-3. Pawar, 2003 and Xu et al, 1999 postulated that this was possibly due to the additional carbons affecting the ligand binding potential. However retroconversion of the 22:5,n-3 and DNA fatty acids (Sprecher, 2000) to 20:5, n-3 seems to suggest that n-3 fatty acids in general could be effective in mediating PPAR’s activity. 

Conversely, Mathur et al, 2007 showed that the n-3 fatty acids down-regulated intestinal NPC1L1 gene expression resulting in a reduced cholesterol uptake into the body through the action of PPARδ and enhancing reverse cholesterol transport. Van der Veen et al, 2005 showed that DHA and EPA selectively enhanced PPARδ activity resulted in a 2.5 fold increase in cholesterol excretion and reduced cholesterol absorption by 40%.


Although n-3 PUFA are preferentially able to up or down-regulate gene expression by acting as ligands to nuclear receptor they also can act to mediate the nuclear abundance of membrane bound transcription factors such as Sterol Regulatory element binding proteins (nSREBP) (Goldstein et al ,2006). In particular PUFA concentrations were negatively associated with SERBP-1 concentrations (Hannah, 2001), a gene that regulates fatty acid manufacture. The mechanisms by which n-3 PUFA influence SERBP-1 abundance are not fully understood although Hannah, 2001 postulates that the fatty acids might act as regulators of a specific transcription factor that act on promoters of SERBP-1, affect transcription elongation and or they might affect the stability of the mRNA, Xu et al, 1999.

N-3 fatty acids may also affect nuclear abundance by indirect mechanisms including those related to maintaining hormones, such as insulin, sensitivity. Fedor, 2009 has shown that high n-3 fatty acid content can improve insulin sensitivity and Azzout-Marniche, 2000 established that insulin mediates nuclear abundance of SREBP-1. Thus for people with abnormal insulin expression n-3 fatty acid concentrations may also influence the abundance of SREBP-1 transcription factor. Not only does this have implications for high-fat diet-induced hepatic insulin resistance (Neschen et al, 2007) but also for the transcription processes requiring these factors. Additionally, the insulin sensitising class of drugs glitazones may affect gene transcription as they are agonists of PPARγ (Lehman et al, 1995).

The maintenance of fatty acid concentrations within specific limits is important in maintaining health (Kliewer, 1997). Hence metabolites of PUFA such as luekotrienes, prostoglandins, eicosanoids (Sampath, 2006, Deckelbaum, 2006) and their conversion to secondary messengers such as cAMP and inositol triphosphate (Sampath, 2006) play an important role in gene expression. An example is in the role of prostoglandins and eicosanoids which have been shown to bind with PPARs (Kliewer,1997) and act as ligands.

Pifferi, 2005 has also show that n-3 fatty acids, or in fact deficiency of these fatty associate can have an effect on gene expression post transcription. Their data on the effect of n-3 fatty acids on GLUT 1 (neural glucose transporter) concluded that whilst deficiency of n-3 fatty acids did not reduce GLUT1 mRNA there was a reduction in Glut 1 protein concentration. The low concentrations of N-3 fatty acids were thought reduce the stability of the GLUT1 mRNA post transcription but pre-translation.

Khan et al, 2002 reinforced the post transcriptional importance of n-3 fatty acids in their work on Lipoprotein Lipase (LPL) and adipose tissue, suggesting that ‘whilst dietary fatty acids can influence pre-translational events, their effects on post-translational activation of LPL appear to be a more important mechanism of regulation in adipose tissue’.

The role of n-3 fatty acids in facilitating and or mediating gene expression has not been fully elucidated, but is complex and multi-faceted. They may act as agonists, ligands, co-activators and or co-repressors either directly or indirectly to manage protein expression and gene expressed non-protein production. Their eventual importance will likely be more profound that first thought. Research is already suggesting that appropriate absolute and proportional dietary (n-3) PUFA n-3 is important not only in managing body composition by in the regulation of essential proteins.
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