Analysis of the estrogen-responsive transcriptome from breast cancer
cells: a comparative analysis with three different microarray
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The DNA microarray technique is a powerful method that provides the opportunity to analyze
the expression patterns of tens of thousands genes in a short time [1, 2]. Presently, several
commercial and academic providers offer printed DNA microarrays, also known as chips, prepared
according to a variety of technologies. In some cases, amplified cDNAs are spotted at a high density
pattern onto a solid substrate such as a glass slide [3, 16], while, on the other hand, a commercial
supplier provides oligonucleotide arrays constructed by synthesizing approximately 20- to 25-mer
oligonucleotide probes directly onto a glass or silicon surface using photo-lithographic technology
[13, 14]. A third generation technology is however emerging, as an attempt of overcoming the
drawbacks of the other two platforms, which makes use of longer oligonucleotides (50- to 70-mer)
onto the array [4], thus representing a compromise between the other two technologies.

Due to the powerful nature of microarray analysis, the number of relevant publications is
increasing exponentially and it would be interesting to use this huge amount of data available to
directly compare newly produced data sets. Also, cross-platform utilization of data from different
technologies has the potential to reduce the need to duplicate experiments and also to make feasible
and fruitful collaborations among research groups which may use different techniques, but all this
requires corresponding measurements to be comparable [5, 6].

In order to evaluate the technical variability among different microarray platforms, we used
three different commercial chips to study the gene expression profiles of hormone-responsive breast
cancer cells following stimulation with estradiol [7-12]. The same samples were used to generate
fluorescent targets to be hybridized on the different slides. The following microarray platforms were
used:

1) the Affymetrix technology, based on 25 nucleotide-long oligonucleotides synthesized on a

GeneChip® array, representing more than 39,000 transcripts derived from approximately 33,000

unique human genes;



i1) the Agilent ‘Human 1A Oligo’ Microarray consisting of 60-mer, in situ synthesized
oligonucleotid e probes for a total of about 18000 different genes;

iii) the Incyte ‘UniGEM V 2.0’ microarrays, containing over 14,000 PCR-amplified cDNAs,
corresponding to 8286 unique genes.

The RNA derived from human breast cancer cells (ZR-75.1) stimulated for 72 hrs with 173-
estradiol (E2) after starvation in steroid- free medium for 4 days; the reference sample was derived
from synchronized cells grown in steroid- free environment. Hybridization reactions were performed
with three (for the Incyte chips) or four (for the other platforms) technical replicates, with a single
(Incyte) or double (Agilent), balanced dye swap for competitive hybridizations. A total intensity
normalization [15] was performed for the Incyte and the Agilent data, while the Affymetrix
algorithm was used for the GeneChip expression data. Selection of significantly regulated genes
was performed through the ‘Significance Analysis of Microarrays’ (SAM) software, setting the
Delta value to gain a false discovery rate (FDR) ranging from 0.02 to 5% [17].

A total combined number of 18,823 unique UniGene clusters were represented among the three
platforms used. In order to compare the sensibility and the reliability of the three microarrays, we
focused on a subset of 5,733 genes that were present in all the chips. A total number of 2,494
common genes appeared to be significantly expressed. Among these, 1,058 genes resulted

significantly regulated by E2 treatment in our experiment. The following table summarizes the

results:
Selected Induced Inhibited Inverted
genes genes genes regulation
Agilent + Incyte + Affymetrix 47 30 17 0
Agilent + Incyte only 3 2 0 1
Agilent + Affymetrix only 50 29 18 3
Incyte + Affymetrix only 206 146 59 1
Agilent only 34 22 12 -
Incyte only 58 40 18 -
Affymetrix only 660 398 262 -
Total 1058 667 386 5

Table I — Details of the results obtained in this study.

Surprisingly, a very low overlapping was observed between the gene lists generated with the
three systems: only 47 genes (4.4% of total) resulted regulated in all the three data sets, with full

agreement among the platforms concerning induced (30) and inhibited (17) genes. The regulation of



259 genes (24.5%) could be detected with two of the array systems used (206 by Affymetrix and
Incyte, 50 by Affymetrix and Agilent, 3 by Incyte and Agilent), with few cases of genes showing
opposite behaviour (up- vs down-regulation). The majority of genes (752, 71.1% of total) were
detected, however, by only one of the methods used, and in particular 660 genes were identified

only by the Affymetrix platform.
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Figure 1 - Venn diagram of the comparison of the three platforms used for this study.

One reason for the observed discrepancy could be the higher sensitivity of the Affymetrix
system, which allows the detection of some gene expression levels that are not identified with the
other platforms. This cannot account, however, for the genes identified only by the cDNA and/or
oligonucleotide systems. Another possible explanation is that the DNA sequences spotted on the
arrays show different affinity for the target, so each slide has a particular pattern of probe-target
annealing, although the same genes are represented on all the platforms.

Whatever the explanation, our results point out an important issue in microarray data analysis; the
data deriving from the three platforms were processed with the same statistical procedures and the
overlapping genes were only 4.4% of the common genes studied. Should we consider really

estrogen-responsive only those 47 genes whose differential expression was detected by all the three



systems? Or should we trust each single platform, whether confirmed or not by the others, thus
extending our list to 1,058 genes? Should we search an experimental validation with other
techniques (i.e. RT-PCR) before believing in the microarray results, thus enormously reducing the
field of our analysis?

We believe that the answer to these questions will be brought about only by a strong attempt to
standardization of the technique through all its steps, from probe selection to data minig, among

many different laboratories across all the world [18].
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