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Supplementary,methods,

FANTOM5,data,

We used the cap analysis of gene expression (CAGE) data from the FANTOM5 project, 

which consisted of data from CAGE libraries sequenced to a median depth of 4 million 

mapped tags per sample using single-molecule sequencing (5). We used 564 CAGE 

profiles, 225 representing the cancer cell lines and 339 representing the primary cells. We 

split the data into 3 data sets: a) matched solid - data for 10 types of solid cancer, for 

which both cancer cell lines (total 72) and corresponding normal primary cells (total 65) 

were available (Supplementary table 1A), b) unmatched solid - data of 102 cancer cell 

lines and 200 primary cells that could not be unambiguously matched and c) matched 

blood - data for 2 types of blood cancer with cancer cell lines (total 51) matched to 

corresponding normal primary cells (total 74).  

The CAGE tags counts under 184,827 robust DPI clusters (decomposition-based peak 

identification(5) were used to represent a promoter-level genome-wide expression. For 

the enhancer activity, we used the CAGE tags counts under 43,011 enhancer regions 

identified by presence of balanced bidirectional capped transcription (11). 

FANTOM5,differential,expression,analysis,

We used edgeR to identify up and down regulated transcripts and ON/OFF analysis to 

identify genes that were switched on and off in cancer cell lines versus normal primary 

cells. The raw count data were modeled by Genewise Negative Binomial Generalized 
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Linear Models as implemented in edgeR (12). In matched solid dataset, the coefficients 

of the design matrix were set to group the samples into 20 groups according to the tissue 

origin and sample category: 10 cancer origins and 10 normal tissues.  

Genewise negative binomial generalized linear models (glm) were fitted by glmFit 

function. The cancer vs. normal comparison in matched solid comparison was performed 

using glmLRT function and assigning contrast coefficients of 1/10 to each cancer type 

and -1/10 to each normal tissue origin. This way equal weight was placed on each solid 

cancer type. 

In unmatched solid and matched blood dataset, the coefficients of the design matrixes 

grouped the samples into 2 groups: cancer and normal. The cancer vs normal comparison 

was done simply by setting the contrast's coefficients to 1 for cancer and -1 for normal. 

The p-values were adjusted for multiple testing by Benjamini-Hochberg False Discovery 

Rate (FDR) method. The features showing fold change of expression > 4 with 

significance FDR < 0.01 were selected as differentially expressed. 

ON/OFF,analysis,

For each feature, we determined the expression status across all 564 samples in binary 

fashion: ON (expressed/detected, count > 0), OFF (not detected, count = 0). In each 

dataset (matched solid, unmatched solid and matched blood), we then tested for the 

significance of the association (contingency) between ON/OFF status and cancer/normal 

classification by 2-sided Fisher's exact test. The p-values were adjusted for multiple 

testing by Benjamini-Hochberg method.  
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In the ON/OFF analysis we were interested to test for two possible scenarios: a) feature is 

expressed in cancer and not in normal cells (ON in cancer) or b) feature is expressed in 

normal cells but the expression is lost in cancer (OFF in cancer).  

To test this, we calculated the frequency of expression of given feature in cancer and 

normal samples; frequency = number of samples non-zero expression / number of 

samples in a group.  Features expressed 4 times more frequently in cancer that in normal 

samples mere selected as "ON"/expression gain in cancer (mean frequency in cancer > 

frequency in normal * 4). Features not expressed/lost 4 times more frequently in cancer 

that in normal samples mere selected as "OFF"/expression loss in cancer ( 1-frequency in 

cancer > (1-frequency in cancer) * 4 ). The procedure was applied to each dataset 

(matched solid, unmatched solid and matched blood). Besides passing the gain/loss 

threshold, the feature had to be significantly associated with cancer in the Fisher's exact 

described above (FDR < 0.01). The pipeline of differential expression described above 

was applied separately to the DPI/promoter counts and enhancer counts. The features 

found differentially expressed all 3 datasets were selected as "pan" cancer features, 

whereas features differentially expressed in matched and unmatched solid datasets only 

were selected as "solid only" cancer features. 

TCGA,RNA?seq,data,

We obtained the RNA-Seq profiling data of 4055 cancer samples and 563 normal 

tissues data from The Cancer Genome Atlas (TCGA) Data Portal (https://tcga-

data.nci.nih.gov/tcga/). The profiles represented 14 solid cancer type for which both 

tumor and normal tissue samples were available. Blood malignancies were not included 

in the analysis because no RNA-Seq data was available for the normal tissues. We 
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downloaded level3 RNASeqV2, upper quartile normalized RSEM count estimates (data 

status as of Aug 5, 2013). After merging, we obtained a matrix with expression profiles 

of 20531 genes in 4618 samples.  

TCGA,Differential,expression,analysis,

The normalized counts were log2 transformed and used as an input expression data to 

LIMMA. The offset of 2 was used to remove zero values prior to log2 transformation; 

additionally it had an effect of stabilizing the variance of lowly expressed features.  

In the design matrix the data were divided into 28 groups according to the cancer type; 14 

cancer types and 14 normal tissues and the linear model was fitted for each gene (lmFit 

function). To perform the cancer versus normal comparison, we contrasted the 14 cancer 

types to 14 corresponding normal tissues by assigning 1/14 and -1/14 coefficients to each 

cancer and normal group respectively (contrasts.fit function). This way we ensured that 

each cancer type had the same weight in the overall comparison and the selected 

differentially expressed features showed general pan cancer de-regulation rather than 

being specific to a particular cancer type. The p-values from moderated t-statistics 

implemented in limma were adjusted for multiple testing by Benjamini-Hochberg False 

Discovery Rate (FDR) method. The features showing and absolute fold change of 

expression > 4 and significance FDR < 0.01 were selected as differentially expressed. 

Enrichment,for,cancer,related,genes.,

We tested for the enrichment/over-representation by applying hyper geometric 

test, using the significance threshold of p-value < 0.05. We compiled the list of 

oncogenes as union of oncogenes listed in MSigDB (47) and UniProt (48) databases. For 
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tumor suppressors, we considered genes listed in at least two of three sources: MSigDB 

(47), UniProt (48) and TSGene (49) tumor suppressor list.  For the list of genes 

frequently mutated in cancer (also called Mut Drivers) we used the list of High 

Confidence Drivers mutated across 12 cancer types as reported by Tamborero et al. (14). 

We also tested for enrichment of cancer related genes listed in COSMIC: Cancer Gene 

census (15). 

Proteome,data,analysis,

We used the spectral count data table for 90 colorectal cancer and 30 normal 

generated by Liebler lab (7) for all 7244 genes (no low count filtering was performed). 

The provided data were produced by liquid chromatography–tandem mass spectrometry 

(LC- MS/MS) and were quantile-normalized, followed by log base 2 transformation by 

the authors. For each gene, we performed a non-parametric two-sided Wilcoxon rank-

sum test to identify differentially expressed genes in colorectal cancer (vs. normal tissue) 

at protein level. We adjust the p-valued for multiple testing with Benjamini-Hochberg 

FDR method. We used fold change >2 and FDR < 0.05 to select genes differentially 

expressed in colorectal cancers. Since the genes with low spectral counts values were 

originally filtered out by the authors due to lower reliability, we report that only <10% of 

selected differentially expressed proteins were lowly expressed.  

 

Chia?PET,Enhancer?promoter,pairs,,,

We obtained the Chromatin Interaction Analysis Paired-End Tags (ChIA-PET) data from 

ENCODE/GIS-Ruan project (GSE39495, http://genome.ucsc.edu/cgi-
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bin/hgFileUi?db=hg19&g=wgEncodeGisChiaPet , April 21, 2014). Data files from 15 

experiments were downloaded, covering 5 cell lines (Hct-116, Helas3, K562, Mcf7 and 

Nb4) and 3 transcription factors (Pol2, Ctcf, ERalpha a). The detailed list: Hct116-Pol2 , 

Helas3-Pol2, K562-Ctcf, K562-Pol2 (2 replicates), Mcf7-Ctcf (2 replicates), Mcf7-

ERalpha a (3 replicates), Mcf7-Pol2 (4 replicates), Nb4-Pol2.  

We downloaded the ChIA-PET Chromatin Interaction PET clusters in BED 

format, and merged the interaction from all experiments. The interactions linking sites on 

different chromosomes were removed. We then extracted the ChIA-PET interaction 

clusters overlapping the genomic locations of enhancers and searched if the linked 

genomic locations overlap promoters of the annotated genes. The visualization of 

associations between the enhancers and promoters was performed in ZENBU (50). 

cDNA,synthesis,for,cell,line,samples,,

Total RNA was isolated from K562, HepG2, MCF7, and HDF with miRNA Mini Kit 

(QIAGEN).  Five hundred nanograms of total RNA (or 0 g for non-template control) was 

reverse-transcribed with PrimeScriptR 1st strand cDNA Synthesis Kit (TaKaRa Japan, 

6110A) using oligo dT primer. This reaction was repeated 3 times for each total RNA 

sample. The resultants containing cDNA were diluted to 12.5 times with DNA/RNA free 

distilled water, and the 3 cDNA solutions from common sample were mixed at equal rate 

for further evaluation processes. 

 



 8 

Quantitative,PCR,(qPCR),

qPCR was carried out with ABI 7500 Fast Real-Time PCR System (Thermo Fisher 

Scientific, MA) according to the manufacturer’s instructions. Primers for real-time PCR 

were designed by Primer3 web tool (Supplementary Table 12), and synthesized by 

Eurofins Genomics, Tokyo.  The housekeeping gene ACTB was utilized as an internal 

control to normalize the expression levels (The primer was delivered by OriGene, MD). 

For cell line samples, 15 µl of Power SYBR Green PCR Master Mix (Thermo Fisher 

Scientific, MA), 1 µl of 10 µM forward primer, 1 µl of 10 µM reverse primer, and 1 µl of 

the diluted traverse-transcription resultant were used and diluted up to 30 µl with 

DNA/RNA free distilled water.  

For validation in tumor samples we used TissueScan Cancer Survey Panel 96 – I 

cDNA panel (CSRT501, OriGene, MD). For the cDNA tissue panel we used 15 µl of 

Power SYBR Green PCR Master Mix (Thermo Fisher Scientific, MA), 1 µl of 10 µM 

forward primer, 1 µl of 10 µM reverse primer, and 13 µl of DNA/RNA free distilled 

water were applied to each reaction with cDNA in each well on the tissue panel. The 

thermal cycle conditions for qPCR were 50°C for 2 min, 95°C for 10 min, followed by 45 

cycles of 95°C for 15 sec (denaturation), 55°C or 53°C for 1 min (annealing), and 72°C 

for 1 min (extension). Each reaction was run in triplicate for cell line samples, and singlet 

for human cancer/normal tissue cDNA panel. 

  


