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 【Introduction】                                                                  

  Vaccinia-related kinase 1 (VRK1) is a serine/threonine kinase whose mutations have 

been reported to cause neurodegenerative diseases, including spinal muscular atrophy 

(SMA), characterized by microcephaly, motor dysfunction, and impaired cognitive 

function in humans. However, the pathophysiological mechanisms of VRK1-related 

microcephaly and motor function deficits have not been fully investigated.             

The aim of this study is to address the precise pathophysiological phenotype and 

mechanisms of microcephaly associated to VRK1 using an in vivo zebrafish model.                

【Material and Methods】                                                           

  We established vrk1-deficient (vrk1−/−) zebrafish using CRISPR-Cas9 technology and 

evaluated the morphological phenotype by analysis of body length, head size, and 

brain size. We examined the detailed morphological features of the zebrafish brain 

using hematoxylin and eosin staining and evaluated the number of mature neurons by 

immunohistochemistry with anti-HuC/D antibody. Next, to investigate the behavioral 

phenotype of vrk1−/− zebrafish, we assessed locomotor activity and anxiety with the 

novel tank diving test (NTD). Furthermore, we measured the content of a series of 

neurotransmitters including acetylcholine, dopamine, norepinephrine, and serotonin 

through LC-MS/MS. In the end, to understand the mechanisms involved in these 

phenomena, we examined the proliferation of radial glial progenitor cells in the brain 

using immunohistochemistry and the detailed features of the neurons using scanning 

electron microscopy (SEM).                                                                   
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 【Results】                                                                      

  The vrk1−/− zebrafish clearly showed microcephaly and a significant reduction in the 

number of mature neuron cells in the brain. In the behavioral study using the NTD, 

the vrk1−/− zebrafish showed a marked decrease in locomotor activity, indicating 

impaired motor function. Additionally, the latency in the top area of the tank was 

increased for vrk1−/− zebrafish, implying resistance to anxiety due to cognitive decline. 

In the analysis of neurotransmitters, dopamine content in the brain was significantly 

lower, which might be related to the abnormal motor function in vrk1−/− zebrafish. 

Furthermore, vrk1−/− zebrafish exhibited decreased radial glial progenitor cell 

proliferation, defects in nuclear envelope formation, and heterochromatin formation in 

the brain.                                                                                                          

【Discussion】                                                                    

  The microcephaly and motor impairment in vrk1−/− zebrafish may be due to defects 

in brain development caused by reduced VRK1. The reduced number of mature 

neurons in the brain and the reduced number of radial glial progenitor cells suggest 

that VRK1 plays an essential role in brain development. Previously, Vrk1 has been 

associated with microcephaly due to the loss of neuroblasts in flies and was found to 

be required for nuclear membrane disassembly and assembly during mitosis. As 

expected, in the present study, abnormal nuclear membrane assembly and increased 

heterochromatin formation in vrk1−/− zebrafish neurons were observed, indicating that 

VRK1 contributes to zebrafish neuronal development. In addition, neurotransmitter 

kinetic analysis showed that vrk1−/− zebrafish had decreased dopamine content in the 

brain, and the behavioral study showed motor dysfunction. This suggests that VRK1 

may contribute, not only to microcephaly and motor dysfunction, but also to the 

development of neurodegenerative diseases such as Parkinson's disease.                

【Conclusion】                                                                   

  This is the first report demonstrating the important role of VRK1 in microcephaly 

and motor dysfunction in vivo using vrk1−/− zebrafish. These findings contribute to 

elucidating the pathophysiological mechanisms underlying VRK1-mediated 

neurodegenerative diseases associated with microcephaly.                  

 


