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Supplemental Figures 

 
 

Supplemental Fig. 1. Overlap in the regulation of gene expression by formoterol and budesonide in 

BEAS-2B cells. (A) For each treatment time, 1, 2, 6 or 18 h, respectively, the expression of genes 

showing differential expression by formoterol was plotted against the effect of budesonide alone, and the 

expression of the genes showing differential expression to budesonide was plotted against the effect of 

formoterol alone. Gene counts are shown in each corner quadrant along with expected count in brackets. 

(B) Venn diagram plus contingency tables showing the overlap between the formoterol-induced and 

budesonide-repressed genes in BEAS-2B cells. The number of genes meeting the criteria for induction 

by formoterol (≥2-fold, P ≤ 0.05) and/or repression by budesonide (≤0.5-fold, P ≤ 0.05) at any time in 

respect of each treatment were represented as Venn diagrams. Below, a contingency table assesses the 

likelihood (χ2 test) that the number of genes (induced and repressed) in common between formoterol and 

budesonide may have occurred by chance. O = observed, E = expected. **** P = 0.0001.  
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Supplemental Fig. 2. Effect of budesonide on formoterol-induced gene expression and of formoterol on 

budesonide-induced gene expression. (A) The 212 genes induced (≥2-fold, P≤0.05) by formoterol in 

BEAS-2B cells were grouped according to the time of peak expression. For each group of genes, heat 

maps were generated to show fold gene expression for each treatment and time (left panel). Red = 

induced, Blue = repressed, White = 1, where color intensity reflects fold on a symmetrical log2 scale. B 

= budesonide, F = formoterol, BF = budesonide plus formoterol. For each time point for each gene, the 

effect of formoterol (F-1) plus the effect of budesonide (B-1) was summated (B+F-2) and subtracted 

from the effect of budesonide-plus-formoterol (BF-1) to give the differential effect ( effect), which was 

plotted as a heat map where; Red = positive values, Blue = negative values, White = 0, and color intensity 

is spread on an absolute log2 scale. These  effect values were used to rank the genes within each time 

of peak expression group and the ranking applied to all panels. Differences between B+F-2 and BF-1 for 

each experimental determination were compared by t test (far right panel). P values presented as heat 

maps are shown where purple color intensity corresponds to increasing -log10(P value) and all values 

below 1.3 (i.e. P > 0.05) are white. (B) The 370 genes induced (≥2-fold, P≤0.05) by budesonide in BEAS-

2B cells were grouped according to the time of peak expression. As in panel A, heat maps were generated 

to show the fold expression for each gene (left panel), the  effect (middle panel) and P value (right 

panel). As in A, the genes are ranked on the  effect. (C) Representative formoterol and/or budesonide-

induced genes are shown to illustrate instances of both positive and negative cooperativity occurring for 

different time points of the same gene.  
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Supplemental Fig. 3. Functional annotation clustering of the genes induced by formoterol or budesonide 

showing effects of formoterol + budesonide in BEAS-2B cells. (A) Functional annotation clustering of 

the 212 genes induced by formoterol in BEAS-2B cells produced 11 GO term clusters with enrichment 

scores ≥1.3. The number of formoterol-induced genes that were either, further induced (≥2-fold, at any 

time point) or, repressed (≤0.5-fold, at any time) by formoterol + budesonide was calculated for each GO 

term within each cluster. In each case, the number of genes was expressed as a fraction of the total number 

of genes in each term and the fraction plotted for each term. Red = enhanced fractions, Blue = repressed 

fractions. Dotted lines represent the expected fractions based on the gene numbers shown in Fig 2C.  (B) 

Functional annotation clustering of the 370 genes induced by budesonide in BEAS-2B cells resulted in 

3 GO term clusters with enrichment scores ≥1.3. The number of budesonide-induced genes that were 

either, further induced (≥2-fold, at any time point) or, repressed (≤0.5-fold, at any time) by formoterol + 

budesonide was calculated for each GO term and was displayed as in A. Dotted lines represent the 

expected fractions based on the gene numbers in Fig 2F.   
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Supplemental Fig 4. Overall GO analysis of genes induced by formoterol, budesonide or budesonide 

plus formoterol in BEAS-2B cells. All the GO terms associated with the 212 formoterol-induced, 370 

budesonide-induced, and all the formoterol plus budesonide-induced genes, less; i) formoterol-induced 

genes that were repressed by budesonide, and ii) budesonide-induced genes that were repressed by 

formoterol, were extracted using DAVID (with no EASE score cut-off and no default gene count). The 

three lists were merged by GO term and filtered for PB ≤0.05 in at least one treatment. The EASE score 

(P value) and the number of genes associated with each term were presented as heat maps where the 

color intensity corresponds to increasing -log10(P value) (purple) or gene number (red), respectively.  

  



6 

 
Supplemental Fig. 5. Functional annotation clustering of the genes repressed by formoterol or 

budesonide showing the effect of formoterol + budesonide in BEAS-2B cells. (A) Functional annotation 

clustering of the 55 genes repressed by formoterol in BEAS-2B cells resulted in 4 GO term clusters with 

enrichment scores ≥1.3. The number of formoterol-repressed genes that were either, induced (≥2-fold, at 

any time point) or, further repressed (≤0.5-fold, at any time) by formoterol + budesonide was calculated 

for each GO term within each cluster. In each case, the number of genes was expressed as a fraction of 

the total number of genes in each term and the fraction plotted for each term. Red = enhanced fractions, 

Blue = repressed fractions. Dotted lines represent the expected fractions based on the gene numbers 

shown in Fig 4C. (B) Functional annotation clustering of the 413 genes repressed by budesonide in 

BEAS-2B cells resulted in 4 GO term clusters with enrichment scores ≥1.3. The number of budesonide-

repressed genes that were either, induced (≥2-fold, at any time point) or, further repressed (≤0.5-fold, at 

any time) by formoterol + budesonide was calculated for each GO term within each cluster and displayed 

as in A. Dotted lines represent the expected fractions based on the gene numbers shown in Fig 4F.  
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Supplemental Fig. 6. Overall GO analysis of genes repressed by formoterol, budesonide or budesonide-

plus-formoterol in BEAS-2B cells. All the GO terms associated with the 55 formoterol-repressed, 413 

budesonide-repressed, and all the formoterol plus budesonide-induced genes, less; i) formoterol-

repressed genes that were enhanced by budesonide, and ii) budesonide-repressed genes that were 

enhanced by formoterol, were extracted using DAVID. The three lists were merged by GO term and 

filtered for PB ≤0.05 in at least one treatment. The EASE score (P value) and the number of genes 

associated with each term were presented as heat maps where the color intensity corresponds to 

increasing -log10(P value) (purple) or gene number (red), respectively.  
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Supplemental Fig. 7. GO analysis for all genes modulated by formoterol, budesonide and budesonide-

plus-formoterol in BEAS-2B cells. (A) GO terms (biological process, molecular function, KEGG) for 

the 267, 777 and 1165 genes modulated, either up (≥2-fold, P≤0.05) or down (≤0.5-fold, P≤0.05), by 

formoterol (F), budesonide (B), or budesonide-plus-formoterol (BF) in BEAS-2B cells, were extracted 

using the DAVID. The three lists were merged by GO term and filtered for PB ≥0.01 in at least one 

treatment (Supplemental Table 4). i) The EASE score (P value) and the number of genes associated with 

each term were presented as heat maps where the color intensity corresponds to increasing -log10(P value) 

(purple) or gene number (red), respectively. (B) Heat maps were generated to show effects of Form, Bud 

and Bud + Form on all genes within the GO terms: “TNF signaling pathway” (top) and “Pathways in 

Cancer” (bottom). Red = induced, Blue = repressed, White = log2(1), color intensity reflects increasing 

change in log2 fold according to the scale shown in A. 
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Supplemental Fig. 8. Overall GO analysis of all genes modulated by formoterol, budesonide and 

budesonide-plus-formoterol in pHBE cells. (A) GO terms (biological process, molecular function, 

KEGG) for the 348, 235 and 613 genes modulated, either up (≥2-fold, P≤0.05) or down (≤0.5-fold, 

P≤0.05), by formoterol, budesonide, or formoterol plus budesonide in pHBE cells, were extracted using 

the DAVID. The three lists were merged by GO term and filtered for PB ≥0.05 in at least one treatment 

(Supplemental Table 6). i) The EASE score (P value) and the number of genes associated with each 

term were presented as heat maps where the color intensity corresponds to increasing -log10(P value) 

(purple) or gene number (red), respectively.  


