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Meta-analysis of Prefrontal Cortex from Acute Ethanol Studies in Mice: Making a myelin gene network
Introduction

The progression from casual drug use to addiction involves complex changes in the brain.  These changes initially come about through changes in gene expression and eventually lead to permanent drug-induced neural plasticity.  Drug-induced neural plasticity refers to the neuroadaptations that occur after repeated exposure to a drug.  One way to study changes in gene expression is by use of microarrays which can monitor expression of thousands of genes in an unbiased manner.  Statistical filtering and clustering of microarray data allows for the analysis of a large set of genes. The study of gene networks is especially important in the analysis of microarray data because it can give clues to underlying mechanisms of regulation of a set of genes.  Possible treatment for drugs of abuse can be formulated by targeting specific genes in a gene network.  

The mechanisms underlying the development of alcoholism remain largely unknown.  Microarrays are one tool utilized to discover more about the complex changes that occur after acute and chronic alcohol administration.  One interesting find is the contrasting changes in myelin-related genes in the prefrontal cortex from acute and chronic ethanol studies in humans and mice. Studies done on human alcoholics have discovered a subset of myelin-related genes that were downregulated (Lewohl et al, 2000) while acute ethanol studies in mice found a similar subset of myelin-related genes upregulated (Kerns et al, 2005).  The changes in myelin gene expression might accompany the development of alcoholism and may be one example of how drug-induced neural plasticity arises.  It has been proposed that the regulation of myelin gene expression may be part of a crucial signaling pathway involved in the development of alcoholism and is differentially evoked by acute and chronic alcohol administration (Kerns et al, 2005).  Further analysis is required to investigate possible mechanisms leading to the changes in myelin gene expression after ethanol.
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To formulate a more refined ethanol-regulated myelin gene network, data from the Kerns et al. study along with microarray data from other acute ethanol studies of the prefrontal cortex were complied.  This included microarray data from B6 and D2 lines (Kerns et al., 2005), Lore5 data (ILS, ISS, and Lore5 congenic strains), LxS recombinant inbred lines, and B6/D2 mice treated with Naltrexone.  

The expression data from B6/D2, Lore5, and Naltrexone arrays (>12,000 genes and a total of 60 oligonucleotide microarrays) were loaded into TMEV, a microarray analysis tool.  Statistical Analysis of Microarrays (SAM) was used to filter the data for statistically significant genes.  Using a false discovery rate (proportion of genes likely to be identified by chance as being significant) of 10%, a gene list of 664 genes was generated.  The expression data from the LxS recombinant inbred lines (42 strains, 84 oligonucleotide microarrays) was paired up with the genes generated from SAM in excel using V-Lookup.  The LxS data was not run through the SAM analysis because all the strains were unique due to the recombination of alleles.  
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Unsupervised clustering analysis was run on the data in TMEV.  This included k-means clustering and hierarchical clustering (HCL).  These methods use algorithms to groups genes based on similarity in expression profiles across the samples.  Through scanning the hierarchical clustering of the genes, a close cluster of myelin-related genes was discovered.  A myelin gene cluster (44 genes) was arbitrarily chosen based on the close similarity in expression profiles and the 

          number of genes
(trying not to include too 
many unrelated genes).  

A separate multi-class SAM analysis was 
Figure 1: Hierarchical clustering of myelin sub-cluster from B6/D2 mice. Important 
            run on the B6/D2 data
myelin related genes labeled. 









            and the Lore5 data
because the Naltrexone data didn’t give any interesting results relating to the myelin genes.  The SAM analysis found 728 significant genes (10% FDR) and hierarchical clustering and a k-means cluster found a similar myelin gene sub-cluster.  This data shows that myelin genes are upregulated in the more ethanol sensitive strains.  The D2 strain drinks less but shows a higher locomotor response to ethanol, while the ILS strain sleeps longer after an acute high-dose of ethanol (4g/kg).  Both of these strains show upregulation of myelin related genes compared to saline controls.  
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Figure 2: D2/B6 and Lore5 sub-cluster of myelin related genes from hierarchical clustering of SAM significant genes (FDR 10%)

Webgestalt, a gene analysis toolkit, was used to further organize the genes.  One of the most useful tools on this website is the Boolean operation tool which allows the intersection of two data sets.  The gene ontology enriched DAG (directed acyclic graph) was used to place the genes in the myelin gene set into over-represented gene ontology categories.   One reason for doing this is to see if any other interesting functional categories (other than myelin-related) were over-represented in the sub-cluster (such as proteins involved in some secondary messenger pathway).  The sub-cluster gene ontology categories were myelin-related (as expected).  This website linked the genes to articles from Pubmed which helped to develop a more thorough understanding of the genes involved.  

A separate SAM analysis was done on the LxS expression data.  The LxS mice were a recombinant inbred strain and so all the 42 strains had a unique combination of alleles and could not be separated into groups to run a multi-class analysis.  A one-class SAM analysis was run on the data to find genes that were significantly regulated by ethanol across all of the strains.  The genes (301 genes) found in this analysis were of special interest since they changed across all lines and so represent a very robust set of genes that are regulated by ethanol.  When this data was loaded in Webgestalt and organized into an enriched DAG, no myelin functional categories were found. Instead, the largest functional category found (with 24 genes) was intracellular signaling cascades. 

Another set of data from LxS mice was chosen to be included in the study because it represented genes that were mapped to particular QTL’s (quantitative trait loci) that were also associated with important behavioral responses to ethanol.  These genes were chosen because the probability that the gene contributed to a particular behavioral response to ethanol was above a certain threshold.

The main myelin network and the two sets of LxS data were loaded into Ingenuity Pathway Analysis.  This program maps direct and indirect relationships among genes loaded and other genes that have important connections to the genes in the data set.  The gene networks generated give a more [image: image2.png]-3.0 0.0 3.0
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coherent understanding of the relations among the genes and may help to generate hypotheses on mechanisms underlying the regulation of the genes.  A number of gene networks were made including a main network of the myelin sub-cluster (see figure 3), the LxS data from the 1-class SAM analysis, and LxS data that corresponded to QTL’s with associations with key acute ethanol behavioral responses.  The top network that was generated from the 1-class SAM LxS data was a very tight cluster with only direct 
Figure 3: Gene network from Ingenuity Pathways of myelin related sub-cluster Genes 
connections (all the genes
from list submitted to Ingenuity are in red with shade of red corresponding  

to D2 expression values. Other genes are genes found to have an association with 
were from the input
the genes from the myelin sub-cluster.










gene list).  These genes

were of special interest because they are genes that respond to ethanol across all the recombinant inbred lines, and so the different combinations of alleles did no affect the changes of gene expression with ethanol (see figure 4).  The closeness of the cluster may suggest that there is some common mechanism of regulation.  A merging of the main networks from each of the data sets came up with some genes of interest.  Genes found in this meta-analysis that were already known to be important in ethanol responses included CREB, BDNF, STAT3, and Fyn. 
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Fyn tyrosine kinase was found in the main myelin network and was an exciting find because of previous studies linking fyn kinase to ethanol sensitivity and regulation of myelin genes, but nothing has been published on the possibility of fyn playing a role in ethanol induced changes of myelin gene expression.  Fyn related ethanol studies have found that mice over-expressing fyn had a reduction in their sensitivity to the hypnotic effects of ethanol, while mice deficient of fyn showed enhanced sensitivity to the hypnotic effects of ethanol (Boehm II et al 2004, 2003).  Another study suggests that fyn is responsible for the phosphorylation of NR2B subunit of the NMDA receptor and this in turn leads to the development of acute tolerance, but this study was on the hippocampus and not prefrontal cortex (Miyakawa et al, 1997).  


A study done at the University of Tokyo found a number of genes found to be differentially expressed in the adult brain of fyn-deficient mice (Goto et al., 2003).  The accession numbers from this list of genes found in the paper were matched to the probe id’s from the oligonucleotide microarray. This probe id list was submitted to Webgestalt to intersect it with the list of genes from the metaanalysis that was run through multiclass SAM analysis (664 genes).  This allowed the finding of fyn-regulated

Figure 4: Gene network from LxS SAM 1-class analysis

ethanol responsive genes.  Eleven genes were found and most were related to myelin.  Included in the gene set was myelin-associated glycoprotein (Mag), myelin and lymphocyte protein T-cell differentiation protein (Mal), myelin-associated oligodendrocytic basic protein (Mobp), preproenkephalin 1 (Penk1), claudin 11 (Cldn11), apolipoprotein D (Apod), and N-myc downstream regulated-like (Ndrl).  Previous studies have found myelin basic protein (MBP) to be a transcriptional target of fyn and this gene was also found to be part of the myelin gene network (Umemori et al., 1999).  

To confirm the fyn-regulated ethanol responsive gene set, primers for six of the genes were chosen for real time PCR.  This included MBP, Mobp, Mal, Mag, Penk1, and Mog.  Due to time limitations, the confirmation of the genes will occur during the academic school year by semi-quantitative PCR. 
Goals for Academic Year


The main goal of the academic year is to further explore the hypothesis generated from the bioinformatic analysis. The hypothesis to be explored is that ethanol regulates the expression of a subset of myelin-related genes in a region specific manner through fyn tyrosine kinase. 
 Plan for Academic Year


The plan for the academic year includes semi-quantitative PCR of the fyn-regulated ethanol responsive genes and on particular isoforms of myelin basic protein.  A previous study found that Fyn likely places a role in the posttranscriptional regulation of myelin basic protein (Lu et al., 2004).  It was found that the absence of Fyn causes a preferential reduction of the exon-2 containing myelin basic protein isoforms.  Primers can be designed to target specific isoforms of MBP and comparisons can be made between the isoforms.  If more exon-2 containing isoforms of MBP are found through real time PCR then that is further evidence for the possibility of Fyn regulating myelin genes after ethanol administration.  

I will also be taking a few courses that will assist in my research: molecular biology and statistics.  These classes will provide a more thorough understanding of the basic lab skills needed for my research and analysis of data sets.  
Budget

-Fisher BioReagents Complete PCR Kit


$300
-Primers





$200
-FisherBiotech Midi gel electrophoresis system

$460

-Invitrogen UltraPure Agarose (100g)


$96

-Promega 100bp DNA Step Ladder


$96
-Textbooks





$200
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