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Functions of CHD7, the disease-causing gene for CHARGE syndrome, during mammalian 
heart development

CHD7 encodes an ATP-dependent nucleosome remodeling factor and haploinsufficiency for CHD7 is
the leading cause of charge syndrome. Congenital heart defects are major clinical features of CHARGE 

syndrome; however, the underlying molecular mechanisms of CHDs in CHARGE patients remain largely 
unknown. Our complementary yeast two-hybrid and biochemical assays reveal that CHD7 is a novel embryonic-
heart-interaction partner of BMP R-SMADs, which are nuclear mediators of BMP signaling pathways. CHD7 is 
associated in a BMP dependent manner with the enhancers of Nkx2.5 that contains functional SMAD1 binding 
elements. CHD7 is required for sustaining the active epigenetic signature of Nkx2.5 regulatory elements and its 
proper cardiac expression. Furthermore, inactivation of CHD7 in mice impairs multiple BMP signaling-regulated 
cardiogenic processes at molecular, cellular, and morphological levels. Our results support the model that CHD7 
is recruited by BMP R-SMADs to the enhancers of BMP-targeted cardiogenic genes to epigenetically regulate 
their expression. Impaired BMP activities in embryonic hearts may have a major contribution to the heart defects 
in CHARGE syndrome. 
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