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Supplementary Material and Methods 

 

Sample RNA extraction 

Total RNA from tumor samples (10 to 50 mg) was isolated using standard RNA extraction protocols 

(Trizol, Invitrogen, Cergy Pontoise, France) and afterwards repurified by using the miRNeasy kit 

(Qiagen, Courtaboeuf, France). RNA samples were quality-checked via the Agilent 2100 Bioanalyzer 

platform (Agilent Technologies). In addition to the visual control and the electrophoregram, the 

software allows the generation of a RNA Integrity Number (RIN) to check integrity and overall 

quality of total RNA samples. The RIN value is calculated by a proprietary algorithm that takes 

several Quality Control parameters into account, for example, 28S RNA/18S RNA peak area ratios. A 

RIN number of 10 indicates high RNA quality, and a RIN number of 1 indicates low RNA quality. All 

RNA samples used for miRNA profiling had a RIN number >6. 

 

MicroRNA profiling using Microarrays 

Hybridization of miRXplore™ Microarrays 

 MiRXploreTM Microarrays were manufactured by Miltenyi Biotec (Bergisch Gladbach, Germany). 

Each microarray contained 1291 quadruplicate spots of DNA oligonucleotides reverse-complementary 

to miRNA from human, mouse, rat, and viruses, and in addition 97 control oligonucleotides. Because 

some miRNA are perfectly conserved between species, the 1291 oligonucleotides covered altogether 

1860 miRNA, including 728 human, 584 mouse, 426 rat, and 122 viral miRNA as deposited in the 

miRBase sequence database, version 12.0. The 97 positive and negative control probes were chosen as 

follows: miRControl 1 (four sequences) and miRControl 2 (a single sequence) were used to assess 

efficiency and sensitivity of labeling, while miRControl 3 (18 sequences) was used to normalize signal 

intensities across different samples and arrays. All miRControls were artificial sequences that were 

chosen by bioinformatics means to have no homology with any of the human, mouse, rat, or viral 

genomes and validated experimentally for cross-hybridization with any of the probes represented on 

the microarray. A fourth set of positive controls (36 sequences) was composed of probes for other 

small noncoding RNAs including rRNAs, tRNAs, and U2 and U6 snRNAs. A fifth set of 
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oligonucleotides (13 sequences) were single and double mismatch probes at different positions, 

antisense and scrambled miRNA sequences, all resembling negative controls for hybridization.  

Sample labeling and hybridization were performed as described previously (Bissels, et al. 2009). Each 

Hy5-labeled sample was hybridized versus a Hy3-labeled miRXplore Universal Reference (UR) using 

the a-HybTM Hybridization Station (Miltenyi Biotech). UR represents a defined pool of more than 

1000 synthetic microRNAs of known concentration that allows direct comparison of miRNA 

expression across multiple experiments (Miltenyi Biotec).  

 

Image and data analysis 

Mean signal and mean local background intensities were obtained for each spot of the microarray 

images using the ImaGene software (Biodiscovery). Low-quality spots were flagged and excluded 

from data analysis. Unflagged spots were analysed with the PIQORTM Analyzer software. The PIQOR 

Analyzer allows automated data processing of the raw data text files derived from the ImaGene 

software. This includes background subtraction to obtain the net signal intensity, data normalization, 

and calculation of the Hy5/Hy3 ratios for the species of interest. As an additional quality filtering step, 

only spots/genes are taken into account for the calculation of the Hy5/Hy3 ratio that have a signal that 

is equal or higher than the 50% percentile of the background signal intensities. 

For the identification of differentially regulated miRNA, the original dataset using the Universal 

Reference as hybridization control was used.  All ratio data were transformed to logarithms to the base 

2 (log2 ratio). For the discriminatory gene analysis (DGA) of the two different carcinoma subtypes, 

only miRNA were used which have valid expression values in at least four of the six samples provided 

for each subtype. 501 miRNA were retained after this filtering step. Regarding the DGA of adenoma 

and the combined carcinoma samples, at least six carcinoma samples out of twelve had to show valid 

expression values, while there had to be four out of six adenoma samples with valid expression values. 

511 miRNA were retained after this filtering step. Heat maps showing filtered miRNA and their 

expression in the different cell samples relative to the Universal Reference were clustered using 

Euclidean distance and average linkage clustering. The log2 ratios were translated into a color code: 

red depicts a stronger expression of the miRNA in the sample relative to the control, green indicates a 
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weaker expression, black stands for no differential regulation between sample and control and grey 

marks missing values. 

 

Identification of differentially regulated miRNA 

The comparison between the carcinoma types A and B as well as the comparison between the 

carcinoma and adenoma samples was done using a statistical algorithm. Two-class SAM (Significance 

Analysis of Microarrays) analyses were carried out in order to identify differentially regulated miRNA 

for the different comparisons. In all comparisons, the false discovery rate (FDR) was set to the 

detection of “zero” false positives. All discriminatory miRNA were hierarchically clustered using 

Euclidean distance and average linkage. 

 

NCI H295R cell culture  

NCI H295R cells were a gift from Dr William E. Rainey (Department of Molecular and Integrative 

Biology, University of Michigan). They were cultured as previously described (Wang, et al. 2000) and 

plated into 10 cm-diameter dishes (5 x 106 cells/dish). After 2 days of culture, total RNA was extracted 

and analyzed by RT-qPCR as described above for tumor samples. 
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