







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 21 June 2009



                    The CREB coactivator CRTC2 links hepatic ER stress and fasting gluconeogenesis

                    	Yiguo Wang1, 
	Liliana Vera1, 
	Wolfgang H. Fischer1 & 
	â€¦
	Marc Montminy1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 460,Â pages 534â€“537 (2009)Cite this article
                    

                    
        
            	
                        6705 Accesses

                    
	
                        224 Citations

                    
	
                            14 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
In fasted mammals, circulating pancreatic glucagon stimulates hepatic gluconeogenesis in part through the CREB regulated transcription coactivator 2 (CRTC2, also referred to as TORC2)1,2. Hepatic glucose production is increased in obesity, reflecting chronic increases in endoplasmic reticulum (ER) stress that promote insulin resistance3. Whether ER stress also modulates the gluconeogenic program directly, however, is unclear. Here we show that CRTC2 functions as a dual sensor for ER stress and fasting signals. Acute increases in ER stress triggered the dephosphorylation and nuclear entry of CRTC2, which in turn promoted the expression of ER quality control genes through an association with activating transcription factor 6 alpha (ATF6Î±, also known as ATF6)â€”an integral branch of the unfolded protein response4,5,6,7,8,9. In addition to mediating CRTC2 recruitment to ER stress inducible promoters, ATF6Î± also reduced hepatic glucose output by disrupting the CREBâ€“CRTC2 interaction and thereby inhibiting CRTC2 occupancy over gluconeogenic genes. Conversely, hepatic glucose output was upregulated when hepatic ATF6Î± protein amounts were reduced, either by RNA interference (RNAi)-mediated knockdown or as a result of persistent stress in obesity. Because ATF6Î± overexpression in the livers of obese mice reversed CRTC2 effects on the gluconeogenic program and lowered hepatic glucose output, our results demonstrate how cross-talk between ER stress and fasting pathways at the level of a transcriptional coactivator contributes to glucose homeostasis.
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                    Figure 1: 
                        Nuclear translocation and association of CRTC2 with ATF6Î± in response to ER stress.
                      [image: ]


Figure 2: 
                        CRTC2 stimulates the expression of ER quality control genes through an association with ATF6Î±.
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Figure 3: 
                        CRTC2 mediates cross-talk between hepatic ER stress and fasting pathways.
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Figure 4: 
                        Reciprocal downregulation of ATF6Î± and upregulation of CREB in obesity.
                      [image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Fasting-mimicking diet causes hepatic and blood markers changes indicating reduced biological age and disease risk
                                        
                                    

                                    
                                        Article
                                         Open access
                                         20 February 2024
                                    

                                

                                Sebastian Brandhorst, Morgan E. Levine, â€¦ Valter D. Longo

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Glucose controls lipolysis through Golgi PtdIns4P-mediated regulation of ATGL
                                        
                                    

                                    
                                        Article
                                         Open access
                                         01 April 2024
                                    

                                

                                Lianggong Ding, Florian Huwyler, â€¦ Christian Wolfrum

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A spatiotemporal proteomic map of human adipogenesis
                                        
                                    

                                    
                                        Article
                                         Open access
                                         02 April 2024
                                    

                                

                                Felix Klingelhuber, Scott Frendo-Cumbo, â€¦ Natalie Krahmer

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Dentin, R. et al. Insulin modulates gluconeogenesis by inhibition of the coactivator TORC2. Nature 449, 366â€“369 (2007)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Koo, S. H. et al. The CREB coactivator TORC2 is a key regulator of fasting glucose metabolism. Nature 437, 1109â€“1111 (2005)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ozcan, U. et al. Endoplasmic reticulum stress links obesity, insulin action, and type 2 diabetes. Science 306, 457â€“461 (2004)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Haze, K., Yoshida, H., Yanagi, H., Yura, T. & Mori, K. Mammalian transcription factor ATF6 is synthesized as a transmembrane protein and activated by proteolysis in response to endoplasmic reticulum stress. Mol. Biol. Cell 10, 3787â€“3799 (1999)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Adachi, Y. et al. ATF6 is a transcription factor specializing in the regulation of quality control proteins in the endoplasmic reticulum. Cell Struct. Funct. 33, 75â€“89 (2008)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wu, J. et al. ATF6Î± optimizes long-term endoplasmic reticulum function to protect cells from chronic stress. Dev. Cell 13, 351â€“364 (2007)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Yoshida, H., Matsui, T., Yamamoto, A., Okada, T. & Mori, K. XBP1 mRNA is induced by ATF6 and spliced by IRE1 in response to ER stress to produce a highly active transcription factor. Cell 107, 881â€“891 (2001)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lin, J. H. et al. IRE1 signaling affects cell fate during the unfolded protein response. Science 318, 944â€“949 (2007)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Yamamoto, K. et al. Transcriptional induction of mammalian ER quality control proteins is mediated by single or combined action of ATF6Î± and XBP1. Dev. Cell 13, 365â€“376 (2007)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kahn, B. B. & Flier, J. S. Obesity and insulin resistance. J. Clin. Invest. 106, 473â€“481 (2000)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Saltiel, A. R. New perspectives into the molecular pathogenesis and treatment of type 2 diabetes. Cell 104, 517â€“529 (2001)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Screaton, R. A. et al. The CREB coactivator TORC2 functions as a calcium- and cAMP-sensitive coincidence detector. Cell 119, 61â€“74 (2004)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Bittinger, M. A. et al. Activation of cAMP response element-mediated gene expression by regulated nuclear transport of TORC proteins. Curr. Biol. 14, 2156â€“2161 (2004)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Yoshida, H. et al. ATF6 activated by proteolysis binds in the presence of NF-Y (CBF) directly to the cis-acting element responsible for the mammalian unfolded protein response. Mol. Cell. Biol. 20, 6755â€“6767 (2000)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Iourgenko, V. et al. Identification of a family of cAMP response element-binding protein coactivators by genome-scale functional analysis in mammalian cells. Proc. Natl Acad. Sci. USA 100, 12147â€“12152 (2003)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Conkright, M. D. et al. TORCs: transducers of regulated CREB activity. Mol. Cell 12, 413â€“423 (2003)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Oyadomari, S., Harding, H. P., Zhang, Y., Oyadomari, M. & Ron, D. Dephosphorylation of translation initiation factor 2Î± enhances glucose tolerance and attenuates hepatosteatosis in mice. Cell Metab. 7, 520â€“532 (2008)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Robinson, L. J., Pang, S., Harris, D. S., Heuser, J. & James, D. E. Translocation of the glucose transporter (GLUT4) to the cell surface in permeabilized 3T3-L1 adipocytes: effects of ATP insulin, and GTP gamma S and localization of GLUT4 to clathrin lattices. J. Cell Biol. 117, 1181â€“1196 (1992)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
This work was supported by grants from the National Institutes of Health, by the Clayton Foundation for Medical Research, by the Keickhefer Foundation, and by the Vincent J. Coates Foundation. We thank N. Miller, S. Hedrick, and Y. Liu for technical assistance and helpful discussions.
Author Contributions Y.W. and L.V. performed in vivo imaging studies; Y.W. performed in vitro and biochemical studies; W.H.F. carried out mass spectrometry analysis. Y.W. and M.M. designed the study, analysed the data, and wrote the paper. All authors reviewed and commented on the manuscript.


Author information
Authors and Affiliations
	 Clayton Foundation Laboratories for Peptide Biology, The Salk Institute for Biological Studies, 10010 North Torrey Pines Road, La Jolla, California 92037, USA , 
Yiguo Wang,Â Liliana Vera,Â Wolfgang H. FischerÂ &Â Marc Montminy


Authors	Yiguo WangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Liliana VeraView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Wolfgang H. FischerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Marc MontminyView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Marc Montminy.


Supplementary information

Supplementary Figures
This file contains Supplementary Figures 1-16 with Legends. (PDF 4171 kb)





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3

PowerPoint slide for Fig. 4




Rights and permissions
Reprints and permissions


About this article
Cite this article
Wang, Y., Vera, L., Fischer, W. et al. The CREB coactivator CRTC2 links hepatic ER stress and fasting gluconeogenesis.
                    Nature 460, 534â€“537 (2009). https://doi.org/10.1038/nature08111
Download citation
	Received: 17 March 2009

	Accepted: 07 May 2009

	Published: 21 June 2009

	Issue Date: 23 July 2009

	DOI: https://doi.org/10.1038/nature08111


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

                
                    	
                            
                                
                                    
                                        Activating transcription factor (ATF) 6 upregulates cystathionine Î² synthetase (CBS) expression and hydrogen sulfide (H2S) synthesis to ameliorate liver metabolic damage
                                    
                                

                            
                                
                                    	Bingzi Dong
	Ying Sun
	Xiaofang Sun


                                
                                European Journal of Medical Research (2023)

                            
	
                            
                                
                                    
                                        CRTC2 activates the epithelialâ€“mesenchymal transition of diabetic kidney disease through the CREB-Smad2/3 pathway
                                    
                                

                            
                                
                                    	Yujie Li
	Yufeng Zhang
	Xiaolin Tong


                                
                                Molecular Medicine (2023)

                            
	
                            
                                
                                    
                                        The CRTC-1 transcriptional domain is required for COMPASS complex-mediated longevity in C. elegans
                                    
                                

                            
                                
                                    	Carlos G. Silva-GarcÃa
	Laura I. LÃ¡scarez-Lagunas
	William B. Mair


                                
                                Nature Aging (2023)

                            
	
                            
                                
                                    
                                        Therapeutic potential of endoplasmic reticulum stress inhibitors in the treatment of diabetic peripheral neuropathy
                                    
                                

                            
                                
                                    	Shivangi Patel
	Arnika Pangarkar
	Anuradha Majumdar


                                
                                Metabolic Brain Disease (2023)

                            
	
                            
                                
                                    
                                        Cabin1 domain-containing gene picd-1 interacts with pry-1/Axin to regulate multiple processes in Caenorhabditis elegans
                                    
                                

                            
                                
                                    	Avijit Mallick
	Shane K. B. Taylor
	Bhagwati P. Gupta


                                
                                Scientific Reports (2022)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
Fast reaction of a CREB coactivator
In fasted mammals, circulating pancreatic glucagon stimulates gluconeogenesis in the liver in part through the CREB coactivator CRTC2/TORC2. CRTC2 is now shown to function as a dual sensor for fasting signals and endoplasmic reticulum (ER) stress in the liver. Crosstalk between fasting and ER stress pathways at the level of this transcriptional coactivator contributes to glucose homeostasis under lean conditions and to the development of hyperglycaemia in obesity.
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