







    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 Medicine]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature medicine

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 04 June 2018



                    Inactivating hepatic follistatin alleviates hyperglycemia

                    	Rongya Tao1, 
	Caixia Wang1, 
	Oliver Stöhr1, 
	Wei Qiu1, 
	Yue Hu1, 
	Ji Miao1, 
	X. Charlie Dong 
            ORCID: orcid.org/0000-0001-5452-68822, 
	Sining Leng1, 
	Margaret Stefater1, 
	Nicholas Stylopoulos1, 
	Lin Lin1, 
	Kyle D. Copps1 & 
	…
	Morris F. White1 

Show authors

                    

                    
                        
    Nature Medicine

                        volume 24, pages 1058–1069 (2018)Cite this article
                    

                    
        
            	
                        5418 Accesses

                    
	
                        67 Citations

                    
	
                            20 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Transforming growth factor beta
	Type 2 diabetes


    


                
    
    
        
            
                
                    
                        
                    
                
            
            
                
                    A Publisher Correction to this article was published on 15 August 2018

                
            
        

    

    
        
            
                
                    
                        
                    
                
            
            This article has been updated

        

    
    

                
            


        
            Abstract
Unsuppressed hepatic glucose production (HGP) contributes substantially to glucose intolerance and diabetes, which can be modeled by the genetic inactivation of hepatic insulin receptor substrate 1 (Irs1) and Irs2 (LDKO mice). We previously showed that glucose intolerance in LDKO mice is resolved by hepatic inactivation of the transcription factor FoxO1 (that is, LTKO mice)—even though the liver remains insensitive to insulin. Here, we report that insulin sensitivity in the white adipose tissue of LDKO mice is also impaired but is restored in LTKO mice in conjunction with normal suppression of HGP by insulin. To establish the mechanism by which white adipose tissue insulin signaling and HGP was regulated by hepatic FoxO1, we identified putative hepatokines—including excess follistatin (Fst)—that were dysregulated in LDKO mice but normalized in LTKO mice. Knockdown of hepatic Fst in the LDKO mouse liver restored glucose tolerance, white adipose tissue insulin signaling and the suppression of HGP by insulin; however, the expression of Fst in the liver of healthy LTKO mice had the opposite effect. Of potential clinical significance, knockdown of Fst also improved glucose tolerance in high-fat-fed obese mice, and the level of serum Fst was reduced in parallel with glycated hemoglobin in obese individuals with diabetes who underwent therapeutic gastric bypass surgery. We conclude that Fst is a pathological hepatokine that might be targeted for diabetes therapy during hepatic insulin resistance.
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                    Fig. 1: Hepatic FoxO1 dysregulates WAT insulin signaling.[image: ]


Fig. 2: Identification of Fst315 as a hepatic FoxO1-regulated hepatokine regulating systemic glucose homeostasis.[image: ]


Fig. 3: Fst expression and secretion are positively regulated by FoxO1 and downregulated by gastric bypass surgery in obese individuals with diabetes.[image: ]


Fig. 4: Knockdown of Fst improves WAT insulin sensitivity, reduces HGP and improves glucose tolerance in LDKO mice.[image: ]


Fig. 5: Fst315 promotes WAT insulin resistance, HGP and glucose intolerance in WT mice.[image: ]


Fig. 6: Regulation of hepatic gene expression by Fst depends partially on hepatic FoxO1.[image: ]
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