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            Key Points

                	
                  Lipogenic genes are coordinately regulated at the transcriptional level during the fastingâ€“feeding cycle and by circadian rhythms.

                
	
                  Having common features at their promoter regions, lipogenic genes are coordinately regulated. Transcription factors such as upstream stimulatory factors (USFs), sterol regulatory element-binding protein 1C (SREBP1C), liver X receptors (LXRs) and carbohydrate-responsive element-binding protein (ChREBP) have crucial roles.

                
	
                  Post-translational modifications of lipogenic transcription factors and co-regulators by hormones and nutrients are tightly regulated by several signalling pathways. Various kinasesâ€“phosphatases, including DNA-dependent protein kinase (DNAâ€“PK), atypical protein kinase C (aPKC) and AKTâ€“mTOR, and acetyltransferaseâ€“deacetylases such as p300, affect their function, stability and/or localization.

                
	
                  Chromatin remodelling by histone acetylation and methylation, as well as recruitment of the lipoBAF complex, have crucial roles in lipogenic gene transcription.

                
	
                  Dysregulation of lipogenesis can contribute to hepatosteatosis, which is associated with obesity and insulin resistance. Furthermore, persistent lipogenesis during insulin resistance may occur, owing to nutrient fluxes to the liver.

                


              

Abstract
Fatty acid and fat synthesis in the liver is a highly regulated metabolic pathway that is important for very low-density lipoprotein (VLDL) production and thus energy distribution to other tissues. Having common features at their promoter regions, lipogenic genes are coordinately regulated at the transcriptional level. Transcription factors, such as upstream stimulatory factors (USFs), sterol regulatory element-binding protein 1C (SREBP1C), liver X receptors (LXRs) and carbohydrate-responsive element-binding protein (ChREBP) have crucial roles in this process. Recently, insights have been gained into the signalling pathways that regulate these transcription factors. After feeding, high blood glucose and insulin levels activate lipogenic genes through several pathways, including the DNA-dependent protein kinase (DNA-PK), atypical protein kinase C (aPKC) and AKTâ€“mTOR pathways. These pathways control the post-translational modifications of transcription factors and co-regulators, such as phosphorylation, acetylation or ubiquitylation, that affect their function, stability and/or localization. Dysregulation of lipogenesis can contribute to hepatosteatosis, which is associated with obesity and insulin resistance.
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                    Figure 1: Transcription factors, co-regulators and signalling pathways for hepatic lipogenic gene activation by insulin and glucose.[image: ]


Figure 2: Modifications of upstream stimulatory factors (USFs) during the fastingâ€“feeding cycle.[image: ]


Figure 3: Transcription factors and co-regulators involved in the regulation of lipogenesis by circadian rhythms.[image: ]
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Glossary
	Glycolysis
	
                  A series of enzyme-catalysed reactions that convert glucose into pyruvate.

                
	Hyperlipidaemia
	
                  Abnormally elevated levels of any or all lipids and/or lipoproteins in the blood.

                
	Poly (ADP-ribose) polymerase 1
	
                  (PARP1). A nuclear protein, the main role of which is to detect and signal single-strand breaks (SSBs) in DNA to the enzymatic machinery involved in SSB repair. PARP1 activation is an immediate cellular response to metabolic, chemical or radiation-induced DNA SSB damage.

                
	p300/CBP-associated factor
	
                  (PCAF; also known as lysine acetyltransferase 2B (KAT2B)). A transcriptional coactivator that has in vitro and in vivo binding activity with CREB-binding protein (CBP) and p300, and competes with E1A for binding sites in p300 and CBP. PCAF has histone acetyl transferase activity with core histones and nucleosome core particles, indicating that it plays a direct part in transcriptional regulation.

                
	ATP-binding cassette (ABC) transporters
	
                  Transmembrane proteins that utilize the energy from ATP binding and hydrolysis to carry out certain biological processes, including translocation of various substrates across membranes.

                
	Peroxisome proliferator-activated receptor c co-activator 1Î±
	
                  (PGC1Î±). A transcriptional co-activator that is a central inducer of mitochondrial biogenesis in cells. PGC1Î± both increases mitochondrial functions and minimizes the build-up of their by-products, ensuring a global positive impact on oxidative metabolism.

                
	Hypolipidaemia
	
                  Abnormally low levels of any or all lipids and/or lipoproteins in the blood.

                



Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Wang, Y., Viscarra, J., Kim, SJ. et al. Transcriptional regulation of hepatic lipogenesis.
                    Nat Rev Mol Cell Biol 16, 678â€“689 (2015). https://doi.org/10.1038/nrm4074
Download citation
	Published: 22 October 2015

	Issue Date: November 2015

	DOI: https://doi.org/10.1038/nrm4074


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        AMPKÎ±2 regulates fasting-induced hyperketonemia by suppressing SCOT ubiquitination and degradation
                                    
                                

                            
                                
                                    	Lingxue Zhang
	Yanqiao Lu
	Ming-Hui Zou


                                
                                Scientific Reports (2024)

                            
	
                            
                                
                                    
                                        LncRNA HOTAIR accelerates free fatty acid-induced inflammatory response in HepG2 cells by recruiting SRSF1 to stabilize MLXIPL mRNA
                                    
                                

                            
                                
                                    	Bo Guo
	Shengzhe Yan
	Yanzhen Cheng


                                
                                Cytotechnology (2024)

                            
	
                            
                                
                                    
                                        Integrative regulation of hLMR1 by dietary and genetic factors in nonalcoholic fatty liver disease and hyperlipidemia
                                    
                                

                            
                                
                                    	Marcos E Jaso-Vera
	Shohei Takaoka
	Xiangbo Ruan


                                
                                Human Genetics (2024)

                            
	
                            
                                
                                    
                                        Prevalence and clinical correlates of abnormal lipid metabolism in first-episode and drug-naÃ¯ve patients with major depressive disorder with abnormal glucose metabolism
                                    
                                

                            
                                
                                    	Quanfeng Zhu
	Guojun Jiang
	Xiangyang Zhang


                                
                                Scientific Reports (2023)

                            
	
                            
                                
                                    
                                        Glucose-induced and ChREBP: MLX-mediated lipogenic program promotes hepatocellular carcinoma development
                                    
                                

                            
                                
                                    	Aijuan Yu
	Pengcheng Yu
	Fa-Xing Yu


                                
                                Oncogene (2023)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Credits
                                
                            
	
                                
                                    Editorial input and checks
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    Publishing model
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Reviews Molecular Cell Biology (Nat Rev Mol Cell Biol)
                
                
    
    
        ISSN 1471-0080 (online)
    
    


                
    
    
        ISSN 1471-0072 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
