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Bone morphogenetic protein 9 (BMP9)/BMP10-ALK1 receptor signaling is essential 
for endothelial differentiation and vascular morphogenesis and is implicated in hered-
itary hemorrhagic telangiectasia and pulmonary arterial hypertension [1]. The ALK1 
signal induces SMAD1/5/9-dependent transcription of its own signaling components, 
transcription factors and membrane ligands/receptors. In addition, we recently identi-
fied Serum/glucocorticoid-regulated kinase 1 (SGK1) to be transcriptionally regu-
lated by ALK1 signaling in vascular endothelial cells [2] (Fig.  45.1a). The ALK1 
signal is known to evoke post-translational activation of protein kinases such as TAK1 
and ERK as a non-canonical pathway, but SGK1 is the first example of protein kinases 
whose expression is controlled by the SMAD-dependent pathway (Fig. 45.1b).
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SGK1 belongs to the AGC (named after PKA, PKG and PKC) superfamily of 
protein kinases often involved in cardiovascular development and disease [3]. The 
microarray screen using BMP9-stimulated endothelial cells demonstrates that only 
SGK1 shows significant increase in mRNA expression among the AGC kinases 
(Fig. 45.1a). SGK1 plays pivotal roles in renal sodium reabsorption and T cell dif-
ferentiation as well as cardiovascular diseases such as hypertension and cardiac 
arrhythmia [3]. Furthermore, Sgk1 null mice with a particular genetic background 
exhibit severe abnormalities of vascular development and embryonic lethality [4], 
suggesting its role in the mechanisms of angiogenesis defects due to ALK1 
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Fig. 45.1  (a) Specific induction of SGK1 mRNA expression by ALK1 signaling. Microarray 
results of the AGC family kinases using human umbilical artery endothelial cells at 2 hours after 
BMP9 stimulation (10 ng/mL) are shown. (b) A schematic of the SMAD-dependent and -indepen-
dent pathways of ALK1 signaling and representative downstream targets. (c) Endothelial expres-
sion of Sgk1 mRNA during embryonic development. The in situ hybridization result of a mouse 
embryo (embryonic day 9.0) is shown
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signaling deficiency. While Sgk1 mRNA is clearly enriched in vascular endothelial 
cells of mouse embryos (Fig.  45.1c), nothing was known as to how its specific 
expression was achieved in  vivo. It is important to identify an Sgk1 endothelial 
enhancer and examine whether SMAD cooperates with endothelial transcription 
factors to control the Sgk1 expression. Moreover, the expression and kinase activity 
of SGK1 are regulated not only by its transcription but also by mRNA turnover, 
protein degradation and phosphorylation. It will be of significance to clarify how 
SGK1 function is optimized in developing vasculature.
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