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analysis. IPA uses computational algorithms to identify pathways that are particularly 

enriched for the input genes, with statistical significance as determined by Fisher’s exact 

test.  

We performed a human glioma analysis of gene expression microarray data from 

the NCI Rembrandt public data repository (http://rembrandt.nci.nih.gov) (388), which is 

composed of 329 tumors: 59 oligodendrogliomas, 102 astrocytomas, and 178 

glioblastomas. Single gene survival analysis of human glioma was separated by midpoint 

expression value. Gene sets for all pathways were obtained from IPA software. The NF-κB 

target gene set was compiled from http://bioinfo.lifl.fr/NF-KB/ and TRANSFAC and 

composed of validated human genes. KEGG analysis was performed with the WebGestalt 

tool (http://bioinfo.vanderbilt.edu/webgestalt/option.php). Homo sapiens genome was used 

for all reference sets.  A hypergeometric statistical method was employed with a Benjamini-

Hochberg multiple test adjustment. The minimum number of genes per pathway was set at 

2.  For GSEA, gene sets were ranked according to Pearson correlation with IGFBP2, and 

an ES was calculated on the basis of the Komogorov-Smirnov statistic. P values were 

calculated by comparing ES to 1000 random permutations. Hierarchical clustering was 

performed on genes in integrin and ILK pathways that were correlated more than 0.5 

(positive or negative). The distance metric was L1, using the unweighted mean distance as 

the linkage criterion. Groups were highlighted manually.  
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Figure 10. IGFBP2 activates integrin β1. (A) Immunofluorescence staining of 12G10, 
HUTS-21, and 4B7R in indicated cells after plating onto fibronectin-coated glass coverslips 
for 18 hr, followed by cold-�P�H�W�K�D�Q�R�O���I�L�[�D�W�L�R�Q�����6�F�D�O�H���E�D�U�������������P��������B) Flow cytometric 
analysis of 12G10 and HUTS-���������D�F�W�L�Y�H���F�R�Q�I�R�U�P�D�W�L�R�Q���R�I�����������R�U�����%���5�����W�R�W�D�O�����������L�Q���W�K�H��
indicated cells. 
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To determine the significance of the downstream pathways affected by disruption of 

IGFBP2/integrin signaling, we performed a cDNA microarray analysis comparing SNB19 

RGE-mutant and IGFBP2 wild-type cells. Differentially expressed genes were subjected to 

IPA. Disruption of integrin binding with IGFBP2 (RGE-mutant) led to many significantly 

altered pathways (Appendix Table A3). The integrin pathway was confirmed to be altered, 

and the third top altered pathway was ILK, followed by other pathways involved in migration 

and invasion. GSEA was performed to determine if genes in the selected pathways were 

significantly enriched according to IGFBP2 expression. GSEA may be measured based on 

either differential expression or absolute differential expression. When differential 

expression is used, GSEA emphasizes gene sets in which all of the genes go either up or 

down. Absolute differential expression does not take into account the direction of change, 

but determines only if there is a significant change in gene expression. We performed 

GSEA was based on both differential and absolute differential gene expression using four 

selected Ingenuity pathways, including integrin, ILK, actin cytoskeleton, and glioma 

invasiveness. The absolute differential expression GSEA revealed that each pathway was 

significantly enriched, and the differential expression GSEA showed that  most genes were 

down-regulated, indicating that disruption of IGFBP2 and integrin binding led to de-

activation of cell motility pathways (Figures 11-14).
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Figure 11. Disruption of IGFBP2-integrin interaction alters genes in the integrin pathway. (A) The integrin pathway is 
depicted from Ingenuity pathway analysis showing gene expression changes from SNB19 glioma cells comparing clones 
expressing wild-type IGFBP2 to RGE-mutant IGFBP2. Green and red represent genes represent expression fold changes >2 
or <2, respectively. (B) Integrin pathway genes are significantly enriched according to GSEA analysis. Most genes were 
negatively affected, revealing decreased activity of the integrin pathway.  



74 
 

 

Figure 12. Disruption of IGFBP2-integrin interaction alters the actin cytoskeleton 
pathway. (A) The actin cytoskeleton pathway is depicted from Ingenuity pathway analysis 
showing gene expression changes from SNB19 glioma cells comparing clones expressing 
wild-type IGFBP2 to RGE-mutant IGFBP2. Green and red represent genes represent 
expression fold changes >2 or <2, respectively. (B) Actin cytoskeleton pathway genes are 
significantly enriched according to GSEA analysis. Most genes were negatively affected, 
revealing decreased activity of the actin cytoskeleton pathway.  

 

 

 

 



75 
 

 

Figure 13. Disruption of IGFBP2-integrin interaction alters the ILK pathway. (A) The 
ILK pathway is depicted from Ingenuity pathway analysis showing gene expression 
changes from SNB19 glioma cells comparing clones expressing wild-type IGFBP2 to RGE-
mutant IGFBP2. Green and red represent genes represent expression fold changes >2 or 
<2, respectively. (B) ILK pathway genes are significantly enriched according to GSEA 
analysis. Most genes were negatively affected, revealing decreased activity of ILK 
signaling. 


