





    
      Skip to main content
    

        
      
    
  
    
  
        
            
        [image: bioRxiv]      

                

          



  
    
  
                
    
      	Home
	About
	Submit
	ALERTS / RSS

    

  



  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search  


  
  



  



    

  


  


  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
  
		
		
			
			  
  
      
  
  
    

      
        New Results    
  
        Inference of Cell Type Composition from Human Brain Transcriptomic Datasets Illuminates the Effects of Age, Manner of Death, Dissection, and Psychiatric Diagnosis
  
       View ORCID ProfileMegan Hastings Hagenauer,  View ORCID ProfileJun Z. Li, David M. Walsh,  View ORCID ProfileMarquis P. Vawter,  View ORCID ProfileRobert C. Thompson,  View ORCID ProfileCortney A. Turner,  View ORCID ProfileWilliam E. Bunney,  View ORCID ProfileRichard M. Myers,  View ORCID ProfileJack D. Barchas,  View ORCID ProfileAlan F. Schatzberg,  View ORCID ProfileStanley J. Watson,  View ORCID ProfileHuda Akil

  
      doi: https://doi.org/10.1101/089391 

  
  
  

Megan Hastings Hagenauer 
1Mol. Behavioral Neurosci. Inst., Univ. of Michigan, Ann Arbor, MI, USA;
Ph.D.
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Megan Hastings Hagenauer
	For correspondence: 
hagenaue@umich.edu


Jun Z. Li 
2Genet., Univ. of Michigan, Ann Arbor, MI, USA;
Ph.D.
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Jun Z. Li


David M. Walsh 
3Univ. of California, Irvine, CA;
Psy.D.
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Marquis P. Vawter 
3Univ. of California, Irvine, CA;
Ph.D.
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Marquis P. Vawter


Robert C. Thompson 
1Mol. Behavioral Neurosci. Inst., Univ. of Michigan, Ann Arbor, MI, USA;
Ph.D.
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Robert C. Thompson


Cortney A. Turner 
1Mol. Behavioral Neurosci. Inst., Univ. of Michigan, Ann Arbor, MI, USA;
Ph.D.
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Cortney A. Turner


William E. Bunney 
3Univ. of California, Irvine, CA;
M.D.
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for William E. Bunney


Richard M. Myers 
4HudsonAlpha Inst. for Biotech., Huntsville, AL, USA;
Ph.D.
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Richard M. Myers


Jack D. Barchas 
5Stanford, Palo Alto, CA,
M.D.
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Jack D. Barchas


Alan F. Schatzberg 
6Cornell, New York, NY, USA
M.D.
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Alan F. Schatzberg


Stanley J. Watson 
1Mol. Behavioral Neurosci. Inst., Univ. of Michigan, Ann Arbor, MI, USA;
M.D., Ph.D.
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Stanley J. Watson


Huda Akil 
1Mol. Behavioral Neurosci. Inst., Univ. of Michigan, Ann Arbor, MI, USA;
Ph.D.
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Huda Akil




  


  
  



  
      
  
  
    	Abstract
	Full Text
	Info/History
	Metrics
	Supplementary material
	 Preview PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    Abstract
Most neuroscientists would agree that psychiatric illness is unlikely to arise from pathological changes that occur uniformly across all cells in a given brain region. Despite this fact, the majority of transcriptomic analyses of the human brain to date are conducted using macro-dissected tissue due to the difficulty of conducting single-cell level analyses on donated post-mortem brains. To address this issue statistically, we compiled a database of several thousand transcripts that were specifically-enriched in one of 10 primary brain cell types identified in published single cell type transcriptomic experiments. Using this database, we predicted the relative cell type composition for 157 human dorsolateral prefrontal cortex samples using Affymetrix microarray data collected by the Pritzker Neuropsychiatric Consortium, as well as for 841 samples spanning 160 brain regions included in an Agilent microarray dataset collected by the Allen Brain Atlas. These predictions were generated by averaging normalized expression levels across the transcripts specific to each primary cell type to create a “cell type index”. Using this method, we determined that the expression of cell type specific transcripts identified by different experiments, methodologies, and species clustered into three main cell type groups: neurons, oligodendrocytes, and astrocytes/support cells. Overall, the principal components of variation in the data were largely explained by the neuron to glia ratio of the samples. When comparing across brain regions, we were able to statistically identify canonical cell type signatures – increased endothelial cells and vasculature in the choroid plexus, oligodendrocytes in the corpus callosum, astrocytes in the central glial substance, neurons and immature cells in the dentate gyrus, and oligodendrocytes and interneurons in the globus pallidus. The relative balance of these cell types was influenced by a variety of demographic, pre‐ and post-mortem variables. Age and prolonged hypoxia around the time of death were associated with decreased neuronal content and increased astrocytic and endothelial content in the tissue, replicating the known higher vulnerability of neurons to adverse conditions and illustrating the proliferation of vasculature in a hypoxic environment. We also found that the red blood cell content was reduced in individuals who died in a manner that involved systemic blood loss. Finally, statistically accounting for cell type improved both the sensitivity and interpretability of diagnosis effects within the data. We were able to observe a decrease in astrocytic content in subjects with Major Depressive Disorder, mirroring what had been previously observed morphometrically. By including a set of “cell type indices” in a larger model examining the relationship between gene expression and neuropsychiatric illness, we were able to successfully detect almost twice as many genes with previously-identified relationships to bipolar disorder and schizophrenia than using more traditional analysis methods.
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