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Systems approach to the pharmacological actions of HDAC inhibitors reveals EP300 activities and convergent mechanisms of regulation in diabetes
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	Supplementary Figure 1. Cell type dependent gene expression signatures following HDACi.
Pearson’s correlation and a linear model were used to determine gene expression patterns induced by different HDAC inhibitors in different cell types. (a) Changes in gene expression from colon cancer (HCT116) cells stimulated with SAHA, largazole or romidepsin (GSE22061) were plotted: SAHA vs. largazole, SAHA vs. romidepsin and romidepsin vs. largazole. (b) Changes in gene expression in lymphoma cell lines DOHH2 and TMD8 stimulated with HDACis IFTA and IFTB (GSE64821) were plotted: ITFA vs ITFB in DOHH2, ITFA vs ITFB in TMD8, TMD8 vs DOHH2 stimulated with ITFA and TMD8 vs DOHH2 stimulated with ITFB. (c) A comparison of givinostat stimulation in the erythroleukemic cell lines UKE1 and HEL (GSE27615) and panbinostat in leukemic TOM1 and MOLT4 cell lines (GSE26790). (d) Changes in gene expression from primary and transformed fibroblasts stimulated with SAHA at multiple time points (T1, T2) (GSE43010) were plotted: T1 vs. T2 in FBP (d) and T1 vs T2 in FBT. (e) HDAC inhibitor mediated expression changes (log2 of the fold change, log2FC) for HDAC and HAT are represented as barplots. Each bar represents the fold change (log2FC) derived from an independent microarray study of human cell lines or tissue stimulated with HDAC inhibitors. White bars: p value > 0.05. Blue bar: p value < 0.05. Red bar: FDR p value < 0.05. 
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Supplementary Figure 2. HDACi target genes predicted by meta-analysis are consistent with NGS gene expression and histone acetylation HDACi datasets. The top activated and suppressed HDAC inhibitor target genes (based on meta-analysis of human microarray HDACi datasets) were compared to HTS HDACi datasets from human cell types. The GSEA NES scores for (a) gene expression and (b) H3Ac HDACi datasets from human cell types compared to the top 1000 HDACi activated (red) and suppressed (green) genes are summarised in a bar plots. All results are FDR p val < 0.05, expect ^ is FDR p val > 0.05. (c) Heatmap of GSEA ENCODE-TF results associated with gene expression changes induced by HDAC inhibitors in multiple cell lines for all TFBS gene sets. (d) A heatmap showing GSEA NES scores for RNA-seq and histone acetylation ChIP-seq in HAECs stimulated with SAHA or TSA (GSE37378) at genes associated with EP300 binding at the gene promoter in different cell types (ENCODE). Blue represents gene sets associated with gene activation while red indicates gene sets associated with gene suppression. The intensity of the colour correlates with the NES scores. Gene sets with a FDR p > 0.05 are shown in white. A histogram of values and a colour key is provided for each heatmap. (e) The relationship between gene expression (RNA-seq) and histone acetylation (ChIP-seq) for EP300 target genes (from the ENCODE project) are represented as density plots for HAECs stimulated with TSA. (f) Genes clustered for both mRNA suppressed and reduced acetylation (white box) for both EP300 gene sets were merged and classified based on biological function. 
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Supplementary Figure 3. MA plots for healthy and diabetic HAECs stimulated with SAHA, C646 and EP300 siRNA.
MA plots were generated for healthy and diabetic HAECs were stimulated with SAHA, C646 or EP300 siRNA. Gene expression (log2 of the fold change) are plotted against the ‘logConcentration’, a measure of read abundance as determined by edgeR. Genes with FDR p value < 0.05 are shown in red while non-significant changes are shown in black. Venn diagrams were generated to show overlapping gene expression changes (FDR p value < 0.05) for SAHA, C646 and EP300 KD in (b) healthy and (c) diabetic HAECs. Genes were included if FDR p value < 0.05. 
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Supplementary Figure 4. Increased histone acetylation at the gene promoter of VCAN in diabetic and non-diabetic HAECs.
Histone acetylation profile of the VCAN gene promoter (showing 6kb either side of the TSS) in diabetic (red) and non-diabetic HAECs, generated from ChIP-seq data. Histone acetylation profile was derived from ChIP-seq data. The grey line indicates part of the VCAN gene.





	Supplementary Table 1. A summary of the HDAC inhibitors used in this study. 

	HDACi
	Abbreviation*
	Specificity
	Class

	CHR-3996
	-
	Class I HDACs
	Hydroxamic acid

	Givinostat
	-
	pan-HDACi
	Hydroxamic acid 

	HC-toxin
	-
	pan-HDACi
	Cyclic tetrapeptide

	ITF-A
	-
	Class I HDACs
	Hydroxamic acid 

	ITF-B
	-
	Class I HDACs
	Hydroxamic acid 

	Largazole
	-
	Class I HDACs
	Cyclic depsipeptide

	Panbinostat
	-
	pan-HDACi
	Hydroxamic acid 

	Romidepsin
	-
	Class I HDACs
	Cyclic depsipeptide

	Sodium butyrate 
	NaB 
	pan-HDACi
	Carboxylic acid

	ST7612AA1
	-
	pan-HDACi
	Thioacetate-ω derivative

	Suberanilo-hydroxamic acid
	SAHA
	pan-HDACi
	Hydroxamic acid 

	Trichostatin A
	TSA
	pan-HDACi
	Hydroxamic acid 

	Valproic acid
	VPA
	Class I HDACs
	Aliphatic acid

	* Abbreviation, if used. 




	Supplementary Table 2. Summary of human microarray experiments. 

	Cell line
	Cell description
	Cell type
	Drug
	Drug type
	Description in figures
	GSE ID

	H929
	 Myeloma
	Cancer
	CHR-3996
	class I HDACi
	Myeloma
	GSE20405

	HEL
	 Erythroleukemia
	Cancer
	Givinostat
	pan-HDACi
	Erythroleukemia
	GSE27615

	UKE1
	 Erythroleukemia
	Cancer
	Givinostat
	pan-HDACi
	Erythroleukemia
	GSE27615

	BE(2)-C
	 Neuroblastoma
	Cancer
	HC-toxin
	pan-HDACi
	Neuroblastoma
	GSE20399

	DOHH2
	 Non-Hodgkin's B-cell lymphoma
	Cancer
	ITF-A
	pan-HDACi
	Lymphoma
	GSE64821

	TMD8
	 Diffuse large B-cell lymphoma
	Cancer
	ITF-A
	pan-HDACi
	Lymphoma
	GSE64821

	DOHH2
	 Non-Hodgkin's B-cell lymphoma
	Cancer
	ITF-B
	pan-HDACi
	Lymphoma
	GSE64821

	TMD8
	 Diffuse large B-cell lymphoma
	Cancer
	ITF-B
	pan-HDACi
	Lymphoma
	GSE64821

	HCT116
	 Colorectal carcinoma
	Cancer
	Largazole
	class I HDACi
	Colon cancer
	GSE22061

	CD34+
	  Cord blood transduced with MLL-AF9 fusion gene
	Transfected
	Panbinostat
	pan-HDACi
	Stem (cord blood)
	GSE54218

	MOLT4
	 T lymphoblast; acute lymphoblastic leukemia
	Cancer
	Panbinostat
	pan-HDACi
	Leukemia
	GSE26790

	TOM1
	 Ph1-positive acute lymphocytic leukemia
	Cancer
	Panbinostat
	pan-HDACi
	Leukemia
	GSE26790

	HCT116
	 Colorectal carcinoma
	Cancer
	Romidepsin
	class I HDACi
	Colon cancer
	GSE22061

	A204
	 Muscle rhabdomyosarcoma
	Cancer
	SAHA
	pan-HDACi
	Rhabdomyosarcoma
	GSE37373

	FBP
	 Primary fibroblast
	Primary
	SAHA
	pan-HDACi
	Fibroblast T1
	GSE43010

	FBP
	 Primary fibroblast
	Primary
	SAHA
	pan-HDACi
	Fibroblast T2
	GSE43010

	FBP
	 Primary fibroblast
	Primary
	SAHA
	pan-HDACi
	Fibroblast T3
	GSE43010

	FBT
	 Transformed fibroblast
	Transformed
	SAHA
	pan-HDACi
	Fibroblast (trans.) T1
	GSE43010

	FBT
	 Transformed fibroblast
	Transformed
	SAHA
	pan-HDACi
	Fibroblast (trans.) T2
	GSE43010

	FBT
	 Transformed fibroblast
	Transformed
	SAHA
	pan-HDACi
	Fibroblast (trans.) T3
	GSE43010

	HCT116
	 Colorectal carcinoma
	Cancer
	SAHA
	pan-HDACi
	Colon cancer
	GSE22061

	MDA-MB-231
	 Breast cancer
	Cancer
	SAHA
	pan-HDACi
	Breast cancer
	GSE60124

	PBMC
	 Peripheral blood mononuclear cell
	Primary
	SAHA
	pan-HDACi
	PBMC
	GSE44621

	DOHH2
	 Non-Hodgkin's B-cell lymphoma
	Cancer
	ST7612AA1
	pan-HDACi
	Lymphoma
	GSE62460

	TMD8
	 Diffuse large B-cell lymphoma
	Cancer
	ST7612AA1
	pan-HDACi
	Lymphoma
	GSE62460

	HEPG2
	 Hepatocellular carcinoma
	Cancer
	TSA
	pan-HDACi
	Liver cancer
	GSE4465

	-
	Myometrium tissue
	Primary
	TSA
	pan-HDACi
	Myometrium
	GSE27124

	BE(2)-C
	 Neuroblastoma
	Cancer
	VPA
	class I HDACi
	Neuroblastoma
	GSE45587

	BE(2)-C
	 Neuroblastoma
	Cancer
	VPA
	class I HDACi
	Neuroblastoma
	GSE20399

	BE(2)-C
	 Neuroblastoma
	Cancer
	VPA
	class I HDACi
	Neuroblastoma
	GSE20399

	CD34+
	  Cord blood
	Primary
	VPA
	class I HDACi
	Stem (cord blood)
	GSE59803

	CLL
	 Chronic lymphocytic leukemia
	Cancer
	VPA
	class I HDACi
	Leukemia
	GSE14973

	HUVEC
	 Human umbilical vein endothelial cells
	Primary
	VPA
	class I HDACi
	Endothelial
	GSE23909

	*Exp. IDs ending with T1, T2, T3 denote different time points, i.e. T1 indicates time point one while T2 indicates time point 2. 





	Supplementary Table 3. A summary of human NGS independent experiments used in this study. 

	Drug
	Drug type
	Cell name and description
	Cell type
	Assay
	GSE ID

	TSA and NaB
	pan-HDACi
	CD4+ T-cells
	Primary
	ChIP-seq of POLII and H3K9ac
	GSE15735

	TSA
	pan-HDACi
	IMR90. Human diploid fibroblast strain
	Transformed
	RNA-seq
	GSE47488

	TSA
	pan-HDACi
	HCT116. Colorectal carcinoma
	Cancer
	RNA-seq
	GSE47488

	TSA
	pan-HDACi
	HAEC. Human aortic endothelial cells
	Primary
	RNA-seq, ChIP-seq of H3K9/14ac
	GSE37378

	SAHA
	pan-HDACi
	HAEC. Human aortic endothelial cells
	Primary
	RNA-seq, ChIP-seq of H3K9/14ac
	GSE37378

	Panbinostat
	pan-HDACi
	U266. Multiple myeloma
	Cancer
	RNA-seq
	GSE56623

	Panbinostat
	pan-HDACi
	U266. Multiple myeloma
	Cancer
	RNA-seq
	GSE56623

	Panbinostat
	pan-HDACi
	JJN3. Multiple myeloma
	Cancer
	RNA-seq
	GSE56623

	Panbinostat
	pan-HDACi
	JJN3. Multiple myeloma
	Cancer
	RNA-seq
	GSE56623

	*Exp. IDs ending with T1, T2, T3 denote different time points.







Supplemental Experimental Procedures
Computational methods
Alignment for RNA-seq, prior to alignment with BWA, reads were first trimmed using the FASTX Toolkit (0.0.13) with a quality threshold of 30 and a minimum read length of 20 bp. All reads were trimmed to a length of 40 bp to deal with paired end datasets.

Differential gene expression and histone acetylation analysis edgeR was used to determine gene expression and histone acetylation changes for datasets with replicates, while DESeq was used to analyse studies without replicates. In both tools, the non-differential contig count quantile threshold was also set to 0.3 and the P value threshold for FDR filtering for family wise error rate control was set to 0.05. In edgeR, default parameters were used and the prior.df was set to 20. In DESeq default parameters were used and the dispersion estimation fit type was set to parametric fit and the dispersion replacement was set to the maximum. 

Custom CREBBP and EP300 KO gene sets gene sets (gmt files) for use in GSEA for EP300 (GSE31873) and CREBBP (GSE50588) knock out datasets from GEO were generated using default settings on GEO2R. All genes with a FDR adjusted p value < 0.05 were included in the gene sets. Gene were separated into gene sets for activation and suppression. 

Case-by-case removal of datasets from the meta-analysis some datasets that meet the criteria for inclusion in the meta-analysis but had unusual expression profiles were removed from the analysis. These are summarised below:
· VPA_BE2C_T2 and VPA_BE2C_T3: These are from the GEO study GSE45587. They were removed due to an unusual expression profile. In VPA_BE2C_T1, 1115 genes were activated and 1150 were suppressed. However, this was reduced to 215 and 11 genes activated and suppressed respectively for VPA_BE2C_T2. In VPA_BE2C_T3, this then increased to 614 genes activated and 240 genes supressed. Due to this unusual expression shift, only VPA_BE2C_T1 was included in the meta-analysis. 
· PANB_CD34+T_T1: This was derived from the GEO study GSE54218. It was removed from the meta-analysis due to the unusual gene expression balance (720 activated and 169 suppressed), especially compared to PANB_CD34+T_T2, which was included in the study.
· HCT_BE2C_T1: This was derived from the GEO study GSE20399. It was removed from the analysis because the samples were not properly uploaded to GEO.

Data visualisation All plots were generated in R using default plotting functions unless otherwise specified. A scatterplot was produced to show the distribution of gene expression changes (FDR < 0.05 and log2FC < log2(1.2)) for all datasets. The plot was generated using the ggplot function in ggplot2. Heatmaps were produced using the heatmap.2 in R. Input values were calculated as the negative log10 of the p value multiplied by the sign of the fold change (for gene expression) or NES (for GSEA and GSEA-TF) (–logP*signFC). For heatmaps of Spearman’s correlations, the Spearman's rank correlation coefficient was used. For heatmaps of gene expression, column Z-score normalisation was applied. Histone acetylation profiles across the gene promoter region were generated from bedGraph files, and plotted using the ‘lines’ command in R.

Correlation plots to visualise the correlations of gene expression between different datasets from the same study, the log2FC for one dataset was plotted against the log2FC of the other. A linear model was plotted on each and the Pearson product-moment correlation coefficient (r) was calculated.

Bar plot categories of biological function were selected based on the results of the GSEA-REACTOME network analysis. Pathways were condensed based on clusters and enriched genes from were extracted from each cluster.

Chromatin immunoprecipitation: HAECs of diabetic origin were fixed for 10 min with 1% formaldehyde. This reaction was quenche with glycine (0.125 M) solution for another 10 min. Cell pellets were resuspended in sodium dodecyl (lauryl) sulfate (SDS) lysis buffer (1% SDS, 10 mM EDTA, 50 mM Tris-HCl, pH 8.1) (Upstate) and a protease inhibitor cocktail (Roche Diagnostics GmBH). Cells sonicated to shear chromatin to 200–600 bp. Chromatin was resuspended in ChIP dilution buffer (0.01% SDS, 1.1% Triton X-100, 1.2 mM EDTA, 16.7 mM Tris-HCl, pH 8.0, and 167 mM NaCl) (Upstate), and 20 µl of Dynabeads Protein A (Invitrogen) were added and precleared. Antibody (H3K9/14ac, 06-599, Millipore) was added to the soluble chromatin fraction and incubated overnight at 4°C. Immunoprecipitated complexes were collected with DynaMag-2 magnet (Invitrogen), washed (low-salt buffer, high-salt buffer, LiCl-containing buffer, TE buffer) and eluted with 0.1 M NaHCO3 with 1% SDS. Reverse cross-linking was performed by adding 120 μg of Proteinase K (Sigma) and incubation at 62°C for 2 h. DNA was recovered using a Qiagen MinElute column (Qiagen). Sequencing was performed on the Illumina HiSeq2500 generating 100 nt reads.
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