







    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: 24 June 2009



                    A reevaluation of X-irradiation-induced phocomelia and proximodistal limb patterning

                    	Jenna L. Galloway1Â na1, 
	Irene Delgado2Â na1, 
	Maria A. Ros3 & 
	â€¦
	Clifford J. Tabin1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 460,Â pages 400â€“404 (2009)Cite this article
                    

                    
        
            	
                        1393 Accesses

                    
	
                        52 Citations

                    
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Phocomelia is a devastating, rare congenital limb malformation in which the long bones are shorter than normal, with the upper portion of the limb being most severely affected. In extreme cases, the hands or fingers are attached directly to the shoulder and the most proximal elements (those closest to the shoulder) are entirely missing. This disorder, previously known in both autosomal recessive and sporadic forms, showed a marked increase in incidence in the early 1960s due to the tragic toxicological effects of the drug thalidomide, which had been prescribed as a mild sedative1,2. This human birth defect is mimicked in developing chick limb buds exposed to X-irradiation3,4,5. Both X-irradiation5 and thalidomide-induced phocomelia5,6 have been interpreted as patterning defects in the context of the progress zone model, which states that a cellâ€™s proximodistal identity is determined by the length of time spent in a distal limb region termed the â€˜progress zoneâ€™7. Indeed, studies of X-irradiation-induced phocomelia have served as one of the two major experimental lines of evidence supporting the validity of the progress zone model. Here, using a combination of molecular analysis and lineage tracing in chick, we show that X-irradiation-induced phocomelia is fundamentally not a patterning defect, but rather results from a time-dependent loss of skeletal progenitors. Because skeletal condensation proceeds from the shoulder to fingers (in a proximal to distal direction), the proximal elements are differentially affected in limb buds exposed to radiation at early stages. This conclusion changes the framework for considering the effect of thalidomide and other forms of phocomelia, suggesting the possibility that the aetiology lies not in a defect in the patterning process, but rather in progenitor cell survival and differentiation. Moreover, molecular evidence that proximodistal patterning is unaffected after X-irradiation does not support the predictions of the progress zone model.
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                    Figure 1: 
                        X-irradiation of chick limbs causes phocomelia.
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Figure 2: 
                        Expression analysis of irradiated limbs reveals defects in differentiation but not specification of the proximal segments.
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Figure 3: 
                        Changes in cell death and proliferation do not explain the loss of proximal structures.
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Figure 4: 
                        X-irradiation disrupts chondrogenesis and does not convert proximal cells to distal fates.
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        Editorial Summary
A rethink on phocomelia
The congenital disorder phocomelia is a rare limb malformation that became more familiar in the 1960s as a side effect of the use thalidomide in pregnancy. Phocomelia is mimicked in developing chick limb buds exposed to X-irradiation, and studies of the chick model provided important evidence for the long-established progress zone model of limb development, in which fibroblast growth factor produced by the apical ectoderm ridge directs cell fate. New work, involving molecular analysis and lineage tracing, shows that X-irradiation-induced phocomelia is not a patterning defect as was thought, but results from a time-dependent loss of skeletal progenitors. This finding challenges the current model of phocomelia aetiology as well as the predictions of the progress zone model.
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