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Let’s imagine a tiny (~several micrometers long), hair-like structure on the surface of nearly every 

vertebrate cell, carefully orchestrating vital biological processes. These are cilia, evolutionarily 

conserved organelles with crucial roles in development and tissue homeostasis. Although once 

overlooked, cilia have gradually captured attention owing to their critical involvement in a wide range 

of disorders. Given this, a thorough understanding of how cilia are regulated is not just a scientific 

pursuit – it is key to unlocking new therapies for cilia-related diseases and uncovering the hidden 

mechanisms driving cilia biology and its associated pathologies. This manuscript discusses the 

regulatory mechanisms and functional consequences of primary cilia biology, along with my 

contributions to advancing this understanding, with a particular focus on events governed by proteins 

localized to the distal end of the centriole or its immediate vicinity. 

In the first part, I focus on the role of CEP164, a component of the distal appendages of the mother 

centriole, and its effector, Tau Tubulin Kinase 2 (TTBK2). Together, they form one of the key 

modules regulating ciliogenesis in vertebrates. The primary contribution of my work to this theme lies 

in the identification of CEP164-mediated recruitment of TTBK2 to the mother centriole as a trigger 

for ciliogenesis in human cells. Subsequent follow-up work provided a structural basis for the 

CEP164–TTBK2 interaction, thereby identifying the underlying mechanism by which CEP164 

mutations cause ciliopathies. Significant attention has been devoted to resolving the mechanisms 

underlying TTBK2 activity in cilia. This led to the identification of several novel substrates of the 

kinase and numerous phosphorylation sites. Importantly, in selected cases, we were also able to 

provide functional annotation of the identified phosphosites. Notably, our work linked the inhibitory 

phosphorylation of a tubulin-depolymerizing kinesin to the regulation of primary cilia length, thus 

providing a mechanistic foundation for the role of the CEP164–TTBK2 module beyond the initiation 

of ciliogenesis. In addition, our work capitalizing on the use of human pluripotent stem cells (hPSCs) 

as a model system established that cilia are not required for self-renewal, in contrast to intact 

centrosomes. However, primary cilia become critical for fine-tuning the proliferation of hPSC-derived 

neural progenitors, where ciliogenesis is also controlled by TTBK1, unlike in most other model 

systems.  

 
1 The commentary must correspond to standard expectations in the field and must include a brief characteristic of the 
investigated matter, objectives of the work, employed methodologies, obtained results and, in case of co-authored works, a 
passage characterising the applicant’s contribution in terms of both quality and content.  
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The second part of this manuscript is devoted to the regulation of intraflagellar transport (IFT) in cilia 

and the role of cilia in cell signaling. Regarding the former, the key contribution of my work lies in the 

identification of the module responsible for the binding and transport of tubulin within the cilium. In 

additional work, we identified novel ciliary kinesin required for proper cilium assembly and 

functionality, including the ability of the cilium to act as a signaling organelle. Continuing along the 

line of ciliary signaling, our work demonstrated that, while the WNT signaling pathway does not 

appear to play a major role in the regulation of ciliogenesis, TTBK2, a key regulator of ciliogenesis, is 

able to modulate the activity of Dishevelled (DVL), a key component of the WNT pathway. 

 

The papers listed below represent examples I selected to highlight my contributions to the main theme 

of my thesis. They comprise 11 original research articles, one methodological paper, and three 

reviews.  My contribution to each manuscript, as well as the journal metrics at the time of publication, 

is detailed in the tables below. The asterisk (*) indicates publications where I served as the 

corresponding author. The manuscripts are attached as correspondingly numbered appendices and are 

highlighted in blue in the main text of the manuscript for clarity. In situations when the full-text is not 

freely available from the publishers' websites, original manuscripts deposited to PubMed Central are 

provided as an open-access alternative.  
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