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Summary 

 The present evidence in this work highlights the role of EPAC in neuronal 

polarity through its effector Rap1B. These results re-open an old discussion that 

was never resolved; how can Rap1B, localized in the tip of the axon, lead to 

recruitment of the polarity complex and induction of axon formation? Using 

various tools, we show that EPAC1, but not EPAC2, is the main isoform of EPAC 

involved in this process. EPAC2 on the other hand is only lowly expressed and 

shows a much more diffuse distribution profile. 

 We were able to show that either genetic activation or pharmacological 

inhibition of EPAC could induce morphological changes in the neuron, resulting in 

multiple axons and a reduced axon length as well as total number of polarized 

neurons respectively. This phenomenon is shared by several other regulators of 

neuronal polarity. Noteworthy, the multiple axons induced by EPAC present 

mature neuronal markers such as VGLUT1, synapthophisin and AnkG in the 

axonal initial segment. Furthermore, upon pharmacological modulation we found 

that EPAC acts upstream of aPKC, a protein that interacts with the Par3/Par6 

polarity complex. In addition, EPAC was found to be upstream of PI3K, a protein 

that is involved in polarization and is connected to the signalling of Rap1B. The 

robustness of this pathway translates to other models as well. We determined 

that pharmacological activation and inhibition of EPAC affects neuronal 

differentiation in a neuroblastoma cell line in a way that is reminiscent of PKA 

signalling, another cyclic AMP driven pathway that regulates polarity. 
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 Additionally, we showed that morphological changes of the neuron are not 

affected by PKA inhibition and that this inhibition does not induce loss of 

polarization in the neurons. In addition, inhibition of PKA and EPAC combined 

does not induce a different phenotype comPared to EPAC inhibition alone. These 

findings suggest that in embryonic neurons the EPAC signalling pathway 

probably acts complementary to PKA signalling in the cyclic AMP cascade. 

Future work should be aimed at elucidating the role of PKA inhibition in the 

neuron. 

 Finally, it remains unclear how the changes in EPAC-Rap1B can be linked 

to activation of Cdc42, a connection that was established years ago. We were not 

able to corroborate these findings; activation of EPAC leads to global activation 

of (GTP-bound) Rap1B, but not of Cdc42. We propose that future work may 

involve the use of FRET probes that might help to elucidate locally whether 

Cdc42 is activated in the axon. Another potential explanation may be that EPAC-

Rap1B does not signal via Cdc42, but via RalA and the ‘exocyst complex’, 

another signalling pathway that regulates neuronal polarity and is possibly 

associated with Rap1B. 


