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Identification and functional characterization of novel endothelial genes
downstream of BMP signaling in cardiovascular morphogenesis
Ken INADA and Genki SATO

Bone morphogenetic protein 9 (BMP9) and BMP10 play critical roles in regulating embryonic cardiovascular
development through their endothelium-specific ALK receptor. Mutations of the genes for the ALK 1 receptor and its
co-receptors cause human hereditary hemorrhagic telangiectasia (HHT) and pulmonary arterial hypertension (PAH), but
their downstream functional proteins are largely unknown.

In this study, we performed mRNA microarray analysis of cultured endothelial cells treated with BMP9, and
identified novel target genes that were highly regulated by the BMP9/BMP10-ALK1 signaling. Expression of these
genes by BMP9/BMP10 required activation of SMAD transcription factors as well as TAK1 kinase, and occurred
through the synthesis of BMP-responsive signaling protein(s). The product of one of novel target genes, TMEM100,
is a putative transmembrane protein, but nothing was known about its significance in embryonic development. We
therefore generated Tmem 100 knockout (KO) mice and examined if they showed abnormal cardiovascular development.
Tmeml100 null embryos died in utero around embryonic day 10.5 (E10.5), displaying severe abnormalities of
endothelial differentiation and vascular morphogenesis. In addition, 7mem 00 KO embryos showed obvious defects
of cardiac morphogenesis, especially a marked reduction of endothelial-mesenchymal transformation (EMT) during
atrioventricular canal development. Among various signaling pathways implicated in EMT, calcium-dependent
transcriptional regulation appeared to be impaired in Tmem 100 KO embryos.

Identification and functional characterization of novel BMP9/BMP10-regulated endothelial genes will lead to a
better understanding of molecular mechanisms of cardiovascular development and may provide insights into the
etiologies of congenital and adult cardiovascular diseases in humans.
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