







    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



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 04 February 1999



                    Female development in mammals is regulated by Wnt-4 signalling

                    	Seppo Vainio1,2, 
	Minna Heikkilä2, 
	Andreas Kispert1 nAff3, 
	Norman Chin1 & 
	…
	Andrew P. McMahon1 

Show authors

                    

                    
                        
    Nature

                        volume 397, pages 405–409 (1999)Cite this article
                    

                    
        
            	
                        2710 Accesses

                    
	
                        936 Citations

                    
	
                            16 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
In the mammalian embryo, both sexes are initially morphologically indistinguishable: specific hormones are required for sex-specific development. Müllerian inhibiting substance and testosterone secreted by the differentiating embryonic testes result in the loss of female (Müllerian) or promotion of male (Wolffian) reproductive duct development, respectively. The signalling molecule Wnt-4 is crucial for female sexual development. At birth, sexual development in males with a mutation in Wnt-4 appears to be normal; however, Wnt-4-mutant females are masculinized—the Müllerian duct is absent while the Wolffian duct continues to develop. Wnt-4 is initially required in both sexes for formation of the Müllerian duct, then Wnt-4 in the developing ovary appears to suppress the development of Leydig cells; consequently, Wnt-4-mutant females ectopically activate testosterone biosynthesis. Wnt-4 may also be required for maintenance of the female germ line. Thus, the establishment of sexual dimorphism is under the control of both local and systemic signals.
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                    Figure 1: Expression of the Wnt-4 gene during gonad development.[image: ]


Figure 2: Sex reversal in the reproductive system of Wnt-4-mutant females.[image: ]


Figure 3: Sex-independent regulation of Müllerian duct formation by Wnt-4.[image: ]


Figure 4: Ectopic expression of Leydig cell markers, 3β-HSD and 17α-hydroxylase genes, in the gonad of Wnt-4-mutant females.[image: ]


Figure 5: Oocyte development is dependent on Wnt-4.[image: ]
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