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In their journal club article, Kouwenhoven and van Heesbeen (2018) discuss our recent work 

demonstrating that the BMP/SMAD pathway promotes neurogenesis of midbrain dopaminergic 

(mDA) neurons in vivo and in human induced pluripotent and neural stem cells (Jovanovic et al., 

2018). 

We read with particular interest the section on how the BMP/SMAD pathway could 

promote substantia nigra (SN) neuronal identity and improve the generation of stem cell-derived 

mDA neurons. We agree that these are key questions and thank the authors for the very insightful 

and sound discussion of these topics. 

For the specific effect of the BMP/SMAD pathway on SN neurons, Kouwenhoven and 

van Heesbeen suggest two possible mechanisms. One is that BMPs are expressed around the peak 

of neurogenesis of SN neurons at E10.5 and that their expression diminishes at later embryonic 

stages when ventral tegmental area (VTA) neurons are born. The other proposed mechanism is 

that the loss of BMP/SMAD signaling leads to a reduction of Pitx3, which was shown to 

particularly regulate the formation of SN neurons (Smidt et al., 2004). 

We agree with the authors that a more detailed expression analysis of members of the 

BMP/SMAD pathway would provide essential information. Of particular interest would be a 

quantification of Smad1 signaling at different developmental time points. However, because of 

the robust expression of Bmp5/6/7 in the mDA progenitor field at E12.5 (Fig. 1 A-C; Jovanovic 

et al., 2018), we consider it less likely that changes in BMP activity levels account for the 

differential effects of BMPs on the generation of SN versus VTA neurons. 
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In contrast, we rather favor the interpretation that the downregulation of Pitx3, caused by 

the loss of Smad1, plays a critical role in the specific effect of BMPs on SN neurons. This 

hypothesis is supported by the two-fold reduction in Smad1Nes mutants of Pitx3+TH+ neurons that 

exceeded the reduction observed in TH+ cells at E14.5 (Fig. 5 L-L’’’; Jovanovic et al., 2018). 

Future experiments will shed more light on how BMP/SMAD signaling regulates Pitx3 

expression, which could indeed be mediated by En1 (Veenvliet et al., 2013; Kouwenhoven et al., 

2017), as suggested by Kouwenhoven and van Heesbeen.  

Regarding the in vitro differentiation of stem cells Kouwenhoven and van Heesbeen 

suggested that the neurotrophic properties of BMPs might play a role in increasing the yield of 

TH+ neurons since the treatment with BMPs occurred later during the maturation phase. Though 

we cannot exclude this possibility, we would like to point out that the treatment with BMP5/7 

started at D8 of the differentiation protocol when specification of mDA progenitors is still 

occurring. Future experiments aiming at restricting the BMP treatment to early or later stages of 

the protocol will be instrumental to get clarification on how BMPs increase the number of TH+ 

neurons. 
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