





    
      Skip to main content
    

        
      
    
  
    
  
        
            
        [image: bioRxiv]      

                

          



  
    
  
                
    
      	Home
	About
	Submit
	ALERTS / RSS

    

  



  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search  


  
  



  



    

  


  


  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
  
		
		
			
			  
  
      
  
  
    

      
        New Results    
  
        Immediate neural network impact after the loss of a semantic hub
  
       View ORCID ProfileZsuzsanna Kocsis, Rick L. Jenison, Thomas E. Cope,  View ORCID ProfilePeter N. Taylor, Ryan M. Calmus, Bob McMurray, Ariane E. Rhone, McCall E. Sarrett, Yukiko Kikuchi, Phillip E. Gander,  View ORCID ProfileJoel I. Berger, Christopher K. Kovach, Inyong Choi, Jeremy D. Greenlee, Hiroto Kawasaki,  View ORCID ProfileTimothy D. Griffiths, Matthew A. Howard III, Christopher I. Petkov

  
      doi: https://doi.org/10.1101/2022.04.15.488388 

  
  
  

Zsuzsanna Kocsis 
1Department of Neurosurgery, University of Iowa, Iowa City, IA, USA
2Biosciences Institute, Newcastle University Medical School, Newcastle upon Tyne, UK

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Zsuzsanna Kocsis
	For correspondence: 
zsuzsanna-kocsis@uiowa.edu
chris.petkov@ncl.ac.uk


Rick L. Jenison 
3Departments of Neuroscience and Psychology, University of Wisconsin, Madison, WI, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Thomas E. Cope 
4Department of Clinical Neurosciences, Cambridge University, Cambridge, UK
5MRC Cognition and Brain Sciences Unit, Cambridge University, Cambridge, UK

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Peter N. Taylor 
6CNNP Lab, Interdisciplinary Computing and Complex BioSystems Group, School of Computing, Newcastle University, Newcastle upon Tyne, UK
7UCL Institute of Neurology, Queen Square, London, UK

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Peter N. Taylor


Ryan M. Calmus 
2Biosciences Institute, Newcastle University Medical School, Newcastle upon Tyne, UK

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Bob McMurray 
8Department of Psychological and Brain Science, University of Iowa, Iowa City, IA, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Ariane E. Rhone 
1Department of Neurosurgery, University of Iowa, Iowa City, IA, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


McCall E. Sarrett 
9Department of Psychological and Brain Sciences, Villanova University, Villanova, PA, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Yukiko Kikuchi 
2Biosciences Institute, Newcastle University Medical School, Newcastle upon Tyne, UK

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Phillip E. Gander 
1Department of Neurosurgery, University of Iowa, Iowa City, IA, USA
10Department of Radiology, University of Iowa, Iowa City, IA, USA
11Iowa Neuroscience Institute, University of Iowa, Iowa City, IA, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Joel I. Berger 
1Department of Neurosurgery, University of Iowa, Iowa City, IA, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Joel I. Berger


Christopher K. Kovach 
1Department of Neurosurgery, University of Iowa, Iowa City, IA, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Inyong Choi 
12Department of Communication Sciences and Disorders, University of Iowa, Iowa City, IA, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Jeremy D. Greenlee 
1Department of Neurosurgery, University of Iowa, Iowa City, IA, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Hiroto Kawasaki 
1Department of Neurosurgery, University of Iowa, Iowa City, IA, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Timothy D. Griffiths 
2Biosciences Institute, Newcastle University Medical School, Newcastle upon Tyne, UK

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Timothy D. Griffiths


Matthew A. Howard III
1Department of Neurosurgery, University of Iowa, Iowa City, IA, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Christopher I. Petkov 
1Department of Neurosurgery, University of Iowa, Iowa City, IA, USA
2Biosciences Institute, Newcastle University Medical School, Newcastle upon Tyne, UK

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	For correspondence: 
zsuzsanna-kocsis@uiowa.edu
chris.petkov@ncl.ac.uk




  


  
  



  
      
  
  
    	Abstract
	Full Text
	Info/History
	Metrics
	 Preview PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    SUMMARY
The human brain extracts meaning from the world using an extensive neural system for semantic knowledge. Whether such broadly distributed systems1–3 crucially depend on or can compensate for the loss of one of their highly interconnected hubs4–6 is controversial4. The strongest level of causal evidence for the role of a brain hub is to evaluate its acute network-level impact following disconnection and any rapid functional compensation that ensues. We report rare neurophysiological data from two patients who underwent awake intracranial recordings during a speech prediction task immediately before and after neurosurgical treatment that required disconnection of the left anterior temporal lobe (ATL), a crucial hub for semantic knowledge4–6. Informed by a predictive coding framework, we tested three sets of hypotheses including diaschisis causing disruption in interconnected sites7 and incomplete or complete compensation by other language-critical and speech processing sites8–10. Immediately after ATL disconnection, we observed highly specific neurophysiological alterations in the recorded fronto-temporal network, including abnormally magnified high gamma responses to the speech sounds in auditory cortex. We also observed evidence for rapid compensation, seen as focal increases in effective connectivity involving language-critical sites in the inferior frontal gyrus and speech processing sites in auditory cortex. However, compensation was incomplete, in part because after ATL disconnection speech prediction signals were depleted in auditory cortex. This study provides direct causal evidence for a semantic hub in the human brain and shows striking neural impact and a rapid attempt at compensation in a neural network after the loss of one of its hubs.

Competing Interest Statement
The authors have declared no competing interest.



  


  
  



  
      
  
  
    Copyright 
The copyright holder for this preprint is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under a CC-BY-NC-ND 4.0 International license.


  


  
  



  





  


  
  



  
      
  
  
    View the discussion thread.


  


  
  



  
      
  
  
     Back to top  


  
  



			

		

		
		
			
			  
  
      
  
  
     PreviousNext 
  


  
  



  
      
  
  
    Posted April 16, 2022.  


  
  



  
      
  
  
    
	  
  
		
          
            
  
      
  
  
     Download PDF  


  
  



          

        

        
        
          
            
  
      
  
  
     Email

  
    
  
      
  
  
    
 Thank you for your interest in spreading the word about bioRxiv.
NOTE: Your email address is requested solely to identify you as the sender of this article.




  Your Email *
 



  Your Name *
 



  Send To *
 

Enter multiple addresses on separate lines or separate them with commas.




  You are going to email the following 
 Immediate neural network impact after the loss of a semantic hub



  Message Subject 
 (Your Name) has forwarded a page to you from bioRxiv



  Message Body 
 (Your Name) thought you would like to see this page from the bioRxiv website.



  Your Personal Message 
 








CAPTCHAThis question is for testing whether or not you are a human visitor and to prevent automated spam submissions.










  


  
  



  





  


  
  



  
      
  
  
     Share  


  
  



  
      
  
  
    


		  
		  
  
      
  
  
    

      
      Immediate neural network impact after the loss of a semantic hub
    

  
      Zsuzsanna Kocsis, Rick L. Jenison, Thomas E. Cope, Peter N. Taylor, Ryan M. Calmus, Bob McMurray, Ariane E. Rhone, McCall E. Sarrett, Yukiko Kikuchi, Phillip E. Gander, Joel I. Berger, Christopher K. Kovach, Inyong Choi, Jeremy D. Greenlee, Hiroto Kawasaki, Timothy D. Griffiths, Matthew A. Howard III, Christopher I. Petkov

  
      bioRxiv 2022.04.15.488388; doi: https://doi.org/10.1101/2022.04.15.488388 

  
  
  


  


  
  



	  

	
  
  	
  
      
  
  
    
  
    Share This Article:
  
  
    
  
  
    Copy
  


  


  
  



  

	
		  
	    
  
      
  
  
    [image: Reddit logo] [image: Twitter logo] [image: Facebook logo] [image: LinkedIn logo] [image: Mendeley logo]
  


  
  



	  

	


  


  
  



  
      
  
  
     Citation Tools

  
    
  
      
  
  
      
  
      

      
      Immediate neural network impact after the loss of a semantic hub
    

  
      Zsuzsanna Kocsis, Rick L. Jenison, Thomas E. Cope, Peter N. Taylor, Ryan M. Calmus, Bob McMurray, Ariane E. Rhone, McCall E. Sarrett, Yukiko Kikuchi, Phillip E. Gander, Joel I. Berger, Christopher K. Kovach, Inyong Choi, Jeremy D. Greenlee, Hiroto Kawasaki, Timothy D. Griffiths, Matthew A. Howard III, Christopher I. Petkov

  
      bioRxiv 2022.04.15.488388; doi: https://doi.org/10.1101/2022.04.15.488388 

  
  
  


  

  
  	      Citation Manager Formats

        
      	BibTeX
	Bookends
	EasyBib
	EndNote (tagged)
	EndNote 8 (xml)
	Medlars
	Mendeley
	Papers
	RefWorks Tagged
	Ref Manager
	RIS
	Zotero

    

  



  


  
  



  





  


  
  



          

        

	
 	
	
	


  


  
  



  
      
  
  
    	Tweet Widget
	Facebook Like
	Google Plus One



  


  
  



  
        Subject Area

    
  
  
    	Neuroscience




  


  
  



  
      
  
  
    


  

  
      
  
  
    
  
      
  
    Subject Areas  




  


  
  



  
      
  
  
    
  
      
  
    All Articles  




  


  
  



  
      
  
  
    	Animal Behavior and Cognition (5175)

	Biochemistry (11637)

	Bioengineering (8678)

	Bioinformatics (29011)

	Biophysics (14859)

	Cancer Biology (11996)

	Cell Biology (17261)

	Clinical Trials (138)

	Developmental Biology (9359)

	Ecology (14079)

	Epidemiology (2067)

	Evolutionary Biology (18197)

	Genetics (12183)

	Genomics (16700)

	Immunology (11788)

	Microbiology (27848)

	Molecular Biology (11469)

	Neuroscience (60459)

	Paleontology (449)

	Pathology (1860)

	Pharmacology and Toxicology (3212)

	Physiology (4913)

	Plant Biology (10342)

	Scientific Communication and Education (1678)

	Synthetic Biology (2865)

	Systems Biology (7315)

	Zoology (1634)


  


  
  

  







  


  
  



			

		

	
	
 	
	
	


    

  


      


  

    
  
  
    
  
      







  