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Abstract



            
Background Primary microcephaly and profound global developmental delay have been considered the core clinical phenotype in patients with bi-allelic PRUNE1 mutations.



            
Methods Linkage analysis and whole-exome sequencing (WES) in a multiplex family and extraction of further cases from a WES repository containing 571 children with severe developmental disabilities and neurologic symptoms.



            
Results We identified bi-allelic PRUNE1 mutations in twelve children from six unrelated families. All patients who survived beyond the first 6 months of life had early-onset global developmental delay, bilateral spastic paresis, dysphagia and difficult-to-treat seizures, while congenital or later-evolving microcephaly was not a consistent finding. Brain MRI showed variable anomalies with progressive cerebral and cerebellar atrophies and T2-hyperintense brain stem lesions. Peripheral neuropathy was documented in five cases. Disease course was progressive in all patients and eight children died in the first or early second decade of life. In addition to the previously reported missense mutation p.(Asp106Asn), we observed a novel homozygous missense variant p.(Leu172Pro) and a homozygous contiguous gene deletion encompassing most of the PRUNE1 gene and part of the neighboring BNIPL gene.



            
Conclusions PRUNE1 deficiency causes severe early-onset disease affecting the central and peripheral nervous systems. Microcephaly is probably not a universal feature.






        
[bookmark: N11175]
Keywords


          
PRUNE1 deficiency - 
microcephaly - 
refractory epilepsy - 
spasticity - 
developmental delay
      

[bookmark: N11EA1]
Patient Consent

[bookmark: FN171827oa-3]
        
All clinical data and samples for WES were obtained with written informed parental consent (see Methods section).

      


[bookmark: N11EAE]
Web Resources

[bookmark: FN171827oa-4]
        
• The URLs for data presented herein are as follows:

      


[bookmark: FN171827oa-5]
        
 – Online Mendelian Inheritance in Man (OMIM, http://www.omim.org).

      


[bookmark: FN171827oa-6]
        
 – Exome Aggregation Consortium (ExAC), Cambridge, MA (URL: http://exac.broadinstitute.org).

      


[bookmark: FN171827oa-7]
        
• The Genome Aggregation Database (gnomAD), Cambridge, MA (URL: http://gnomad.broadinstitute.org).

      


[bookmark: FN171827oa-8]
        

          
www.who.int/childgrowth/en.

      


[bookmark: N11EE7]
Contributorship

[bookmark: FN171827oa-9]
        
• Bader Alhaddad: Molecular genetic studies, study conception and design, manuscript drafting, responsible for the overall content.

      


[bookmark: FN171827oa-10]
        
• Anna Schossig: Molecular genetic studies, study conception and design, manuscript drafting, responsible for the overall content.

      


[bookmark: FN171827oa-11]
        
• Tobias B. Haack: Molecular genetic studies, study conception and design, manuscript drafting.

      


[bookmark: FN171827oa-12]
        
• Reka Kovács-Nagy: Molecular genetic studies, exome data analysis.

      


[bookmark: FN171827oa-13]
        
• Matthias C. Braunisch: Molecular genetic studies, exome data analysis.

      


[bookmark: FN171827oa-14]
        
• Christine Makowski: Patient recruitment (F5), data collection, analysis of clinical data, manuscript drafting.

      


[bookmark: FN171827oa-15]
        
• Jan Senderek: Patient recruitment (F3), data collection, analysis of clinical data, manuscript drafting.

      


[bookmark: FN171827oa-16]
        
• Katharina Vill Patient recruitment (F5), data collection, analysis of clinical data, manuscript drafting.

      


[bookmark: FN171827oa-17]
        
• Wolfgang Müller-Felber: Patient recruitment (F5), data collection, analysis of clinical data, manuscript drafting.

      


[bookmark: FN171827oa-18]
        
• Tim M. Strom: Molecular genetic studies, supervision of the exome databank.

      


[bookmark: FN171827oa-19]
        
• Birgit Krabichler: Linkage analysis (F1), revision of manuscript.

      


[bookmark: FN171827oa-20]
        
• Peter Freisinger: Patient recruitment (F5), data collection, analysis of clinical data, manuscript drafting.

      


[bookmark: FN171827oa-21]
        
• Charu Deshpande: Biochemical and molecular genetic studies (F3).

      


[bookmark: FN171827oa-22]
        
• Tilman Polster: Patient recruitment (F2), data collection, analysis of clinical, manuscript drafting.

      


[bookmark: FN171827oa-23]
        
• Nicole I. Wolf: Patient recruitment (F1), Analysis of clinical and imaging data, manuscript drafting.

      


[bookmark: FN171827oa-24]
        
• Isabelle Desguerre: Patient recruitment (F6), data collection, analysis of clinical data, manuscript drafting.

      


[bookmark: FN171827oa-25]
        
• Wörmann Friedrich: Analysis of imaging data (F2).

      


[bookmark: FN171827oa-26]
        
• Agnès Rötig: Molecular genetic studies, linkage analysis (F6), manuscript drafting.

      


[bookmark: FN171827oa-27]
        
• Uwe Ahting: Biochemical and molecular genetic studies.

      


[bookmark: FN171827oa-28]
        
• Robert Kopajtich: Biochemical and molecular genetic studies.

      


[bookmark: FN171827oa-29]
        
• Holger Prokisch: Molecular genetic studies.

      


[bookmark: FN171827oa-30]
        
• Thomas Meitinger: Molecular genetic studies, manuscript drafting, supervision of the overall content.

      


[bookmark: FN171827oa-31]
        
• René G. Feichtinger: Biochemical and molecular genetic studies.

      


[bookmark: FN171827oa-32]
        
• Johannes A. Mayr: Biochemical and molecular genetic studies, manuscript drafting.

      


[bookmark: FN171827oa-33]
        
• Heinz Jungbluth: Patient recruitment (F3), data collection, analysis of clinical data, manuscript drafting.

      


[bookmark: FN171827oa-34]
        
• Michael Hubmann: Patient recruitment (F5), data collection, analysis of clinical data, manuscript drafting.

      


[bookmark: FN171827oa-35]
        
• Johannes Zschocke: Patient recruitment (F1), Molecular genetic studies, manuscript drafting.

      


[bookmark: FN171827oa-36]
        
• Felix Distelmaier: Patient recruitment (F2), data collection, analysis of clinical and imaging data, study conception and design, manuscript drafting, responsible for the overall content.

      


[bookmark: FN171827oa-37]
        
• Johannes Koch: Patient recruitment (F4), data collection, analysis of clinical and imaging data, study conception and design, manuscript drafting, responsible for the overall content.

      


[bookmark: FN171827oa-38]
        

* 
          These authors contributed equally to this work.
        


      





 

[bookmark: ]

[bookmark: N11FC6]
	
References


	
[bookmark: JR171827oa-1]1 

Aravind L, 


Koonin EV. 

A novel family of predicted phosphoesterases includes Drosophila prune protein and bacterial RecJ exonuclease. Trends Biochem Sci 1998; 23 (01) 17-19 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR171827oa-2]2 

Reymond A, 


Volorio S, 


Merla G. 

, et al.  Evidence for interaction between human PRUNE and nm23-H1 NDPKinase. Oncogene 1999; 18 (51) 7244-7252 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR171827oa-3]3 

Kobayashi T, 


Hino S, 


Oue N. 

, et al.  Glycogen synthase kinase 3 and h-prune regulate cell migration by modulating focal adhesions. Mol Cell Biol 2006; 26 (03) 898-911 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR171827oa-4]4 

Karaca E, 


Harel T, 


Pehlivan D. 

, et al.  Genes that affect brain structure and function identified by rare variant analyses of mendelian neurologic disease. Neuron 2015; 88 (03) 499-513 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR171827oa-5]5 

D'Angelo A, 


Garzia L, 


André A. 

, et al.  Prune cAMP phosphodiesterase binds nm23-H1 and promotes cancer metastasis. Cancer Cell 2004; 5 (02) 137-149 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR171827oa-6]6 

Zollo M, 


Ahmed M, 


Ferrucci V. 

, et al.  PRUNE is crucial for normal brain development and mutated in microcephaly with neurodevelopmental impairment. Brain 2017; 140 (04) 940-952 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR171827oa-7]7 

Gudbjartsson DF, 


Thorvaldsson T, 


Kong A, 


Gunnarsson G, 


Ingolfsdottir A. 

Allegro version 2. Nat Genet 2005; 37 (10) 1015-1016 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR171827oa-8]8 

Rüschendorf F, 


Nürnberg P. 

ALOHOMORA: a tool for linkage analysis using 10K SNP array data. Bioinformatics 2005; 21 (09) 2123-2125 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR171827oa-9]9 

Abecasis GR, 


Cherny SS, 


Cookson WO, 


Cardon LR. 

GRR: graphical representation of relationship errors. Bioinformatics 2001; 17 (08) 742-743 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR171827oa-10]10 

O'Connell JR, 


Weeks DE. 

PedCheck: a program for identification of genotype incompatibilities in linkage analysis. Am J Hum Genet 1998; 63 (01) 259-266 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR171827oa-11]11 

Abecasis GR, 


Cherny SS, 


Cookson WO, 


Cardon LR. 

Merlin–rapid analysis of dense genetic maps using sparse gene flow trees. Nat Genet 2002; 30 (01) 97-101 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR171827oa-12]12 

Haack TB, 


Hogarth P, 


Kruer MC. 

, et al.  Exome sequencing reveals de novo WDR45 mutations causing a phenotypically distinct, X-linked dominant form of NBIA. Am J Hum Genet 2012; 91 (06) 1144-1149 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR171827oa-13]13 

Galmiche L, 


Serre V, 


Beinat M. 

, et al.  Exome sequencing identifies MRPL3 mutation in mitochondrial cardiomyopathy. Hum Mutat 2011; 32 (11) 1225-1231 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR171827oa-14]14 

Costain G, 


Shugar A, 


Krishnan P, 


Mahmutoglu S, 


Laughlin S, 


Kannu P. 

Homozygous mutation in PRUNE1 in an Oji-Cree male with a complex neurological phenotype. Am J Med Genet A 2017; 173 (03) 740-743 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR171827oa-15]15 

Alfadhel M, 


Nashabat M, 


Hundallah K, 


Al Hashem A, 


Alrumayyan A, 


Tabarki B. 

PRUNE syndrome is a new neurodevelopmental disorder: report and review. Child Neurol Open 2018;  (e-pub ahead of print) DOI: 10.1177/2329048 × 17752237. 





PubMedGoogle Scholar





	
[bookmark: JR171827oa-16]16 

Zhou YT, 


Soh UJ, 


Shang X, 


Guy GR, 


Low BC. 

The BNIP-2 and Cdc42GAP homology/Sec14p-like domain of BNIP-Salpha is a novel apoptosis-inducing sequence. J Biol Chem 2002; 277 (09) 7483-7492 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR171827oa-17]17 

Qin W, 


Hu J, 


Guo M. 

, et al.  BNIPL-2, a novel homologue of BNIP-2, interacts with Bcl-2 and Cdc42GAP in apoptosis. Biochem Biophys Res Commun 2003; 308 (02) 379-385 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR171827oa-18]18 

Posey JE, 


Rosenfeld JA, 


James RA. 

, et al.  Molecular diagnostic experience of whole-exome sequencing in adult patients. Genet Med 2016; 18 (07) 678-685 



Google Scholar





	
[bookmark: JR171827oa-19]19 

Posey JE, 


Harel T, 


Liu P. 

, et al.  Resolution of disease phenotypes resulting from multilocus genomic variation. N Engl J Med 2017; 376 (01) 21-31 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        

      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 3.82.145.95
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  