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Appendix 
 
 
Analysis of microarray data 

Analysis of miRNAs was performed using Affymetrix GeneChip miRNA 1.0 microarrays or 

Affymetrix GeneChip miRNA 2.0 microarrays. Version 1.0 comprises 6703 regular miRNA probe 

sets from different species and 922 non-miRNA small RNAs. Among the 6703 miRNA probe sets, 

847 are human. Version 2.0 comprises 15644 mature miRNA probe sets, 2202 probe sets unique 

to pre-miRNA hairpin sequences, 107 retrospective miRNA and small RNAs from the previous 

version of the array, and 2334 non-miRNA small RNAs. 

 

After filtering for ‘non-expressed’ probe sets in the in vitro material, only human probes present in 

both cell lines and the clinical material were included for further analysis (N=229, hereof 128 

miRNAs). As microarray analysis on cell lines was carried out on two different Affymetrix platforms 

and normalized separately, normalized miRNA expression levels from Affymetrix GeneChip miRNA 

1.0 microarrays were normalized to the mean and standard deviation of expression 

measurements from Affymetrix GeneChip miRNA 2.0 microarrays: 

 

  

 

Where xv.1.0,ig and xtrf,ig are the expression values, g, before and after normalization for patient i. 

µv.1.0,iG and σv.1.0,iG are the mean and standard deviations for all 229 genes, G, for patient i before 

normalization. µv.2.0,G and σv.2.0,G are the mean and standard deviations for all 229 genes for all 

samples run on Affymetrix GeneChip miRNA version 2.0 microarrays. 

 

This normalization allowed for comparison between in vitro samples independent of underlying 

versions of Affymetrix GeneChips. Expression levels of patient samples were not normalized as 

expression levels of patient and cell line origin were not to be directly compared.   

 



 

2 
 

Calculation of stability of reference genes  

 

Selection of reference gene candidates (from array-based expression data): In this study, the 229 

genes present in cell line samples and clinical samples were evaluated for candidacy as suitable 

reference genes. The stability of the genes was analyzed using geNorm and NormFinder (Real-

Time Statminer – Intergromics). Normalized miRNA expression values, derived from microarray 

analysis, were used as input. The geNorm algorithm calculates, for each of the control genes, an 

internal gene-stability score, M, and determine the minimum number of reference genes used for 

normalization (based on a proposed cut-off value of 0.15, below which the inclusion of an 

additional reference gene is not required (1). The NormFinder algorithm uses a model-based 

approach to estimate the variation of expression based on a stability value and selects two genes 

as preferable reference genes (2). Moreover, genes can be evaluated for variation across sample 

subgroups. geNorm and NormFinder was applied for the groups of ESCC-AC, ESCC and AC for cell 

line samples and patient samples separately. Only genes present across the groups ESCC-AC, ESCC 

and AC in cell line samples and the clinical material were chosen for qPCR validation.  

Selection of reference genes from in-vitro qPCR data: Stability of the reference gene candidates 

were evaluated using both geNorm and NormFinder. In order to identify the most stably 

expressed controls, genes were ranked based on M values and stability scores for ESCC and AC cell 

line samples together, and ESCC and AC samples as separate groups. A total rank for each gene 

across samples groups and algorithms was calculated and selection of reference genes was based 

on this ranking. 

 
Potential reference genes to be used for normalization of qPCR data 

Stability of potential reference genes was analyzed using the geNorm and NormFinder algorithms. 

As miRNAs with low or very high mean expression values might be difficult to confirm by qPCR, 

only genes with mean expression levels in the range of 50% to 95% mostly upregulated (in patient 

material) were selected for further analysis (N=104). The top 50% most stably expressed genes 

across groups of ESCC-AC, ESCC and AC in both cell line samples and clinical samples were 

evaluated for candidacy as potential reference genes and only genes present across all groups and 

algorithms were chosen as potential reference genes for qPCR analysis. These encompassed 10 

genes (HBII202, miR-361-5p, U30, U38A, U43, U43-x, U44, U44-x, U57 and U63). However, only 
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qPCR TaqMan assays for miR-361-5p, U43 and U44 were available at Life Technologies. In order to 

increase the number of potential reference genes for analysis, stability of reference gene 

candidates was evaluated for geNorm and NormFinder separately, identifying miR-191 and miR-16 

as potential reference genes. Finally, miR26a, miR423-5p, U43, U44, U48 and U54 were identified 

as potential reference genes using Pearson’s correlation coefficient to assess a correlation>=0.70 

between the 10 original genes from geNorm/NormFinder and genes available as TaqMan 

microRNA Control Assays from Life Technologies. Thus, nine reference genes were subjected to 

validation with qPCR (miR-361-5p, U43, U44, miR-191, miR-16, miR26a, miR423-5p, U48 and U54).  

 

Selection of reference genes for normalization of qPCR data 

Sufficient PCR efficiency was shown for all nine potential reference genes. Using geNorm and 

NormFinder, genes were ranked according to stability, evaluated by M values and stability scores 

(S score) for each of the three sample groups (ESCC-AC, ESCC and AC). Further, a total rank was 

established across sample groups, Suppl. Table I. geNorm proposed two reference genes as 

sufficient for normalization and the top two ranked genes, regardless of underlying algorithm, 

were RNU43 and RNU44. As these two reference genes belong to the same functional class of 

small-nucleolar RNAs (snoRNAS), an additional non-snoRNA reference gene was chosen – miR-361, 

which ranked as the fourth most stably expressed gene among the candidates.  
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Table I. Stability of candidate reference genes measured by geNorm and NormFinder (in vitro 

data). 

 

 

 

The bold values are the recommended reference genes by geNorm and NormFinder. An overall 

ranking was determined across tissue samples groups and algorithms.  

* indicates the reference genes chosen. 
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Gene

M Value Rank S score Rank M Value Rank S score Rank M Value Rank S score Rank Overall rank

miR-16 0.858 7 0.142 5 0.511 6 0.244 5 0.856 8 0.246 8 8

miR-191 0.876 8 0.150 7 0.545 7 0.254 7 0.481 5 0.157 3 6

miR-26a 1.104 9 0.232 9 0.947 9 0.447 9 1.138 9 0.355 9 9

miR-361* 0.497 4 0.083 3 0.468 5 0.203 3 0.482 6 0.155 2 4

miR-423-5p 0.558 5 0.149 6 0.796 8 0.403 8 0.384 3 0.232 7 6

RNU43* 0.333 1 0.076 1 0.195 1 0.226 4 0.244 1 0.155 1 1

RNU44* 0.435 3 0.107 4 0.222 3 0.202 2 0.244 1 0.157 4 2

RNU48 0.333 1 0.079 2 0.195 1 0.251 6 0.420 4 0.177 5 3

U54 0.719 6 0.151 8 0.465 4 0.178 1 0.650 7 0.191 6 5

ESCC-EAC ESCC EAC


