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Microarrays have set the stage for an explosion of large-scale expression data, dri-
ven by a diversity of genome sequencing projects. The technology has already
demonstrated its applications in analysis of model systems, such as the response
of mammalian fibroblasts to serum and sporulation in yeast. The comparison of
data between multiple experiments run as a time series or under different condi-
tions is not a trivial task. Although the analysis is challenging, it has the potential
to answer some of the most interesting questions regarding information mining on
gene expression patterns or function. To address these questions we have investi-
gated standardization methods over multiple expression analysis experiments
covering systems from high-density microarrays (~40,000 individual gene tran-
scripts) to membrane applications (~500 individual gene transcripts). By making
the assumption that global changes in gene activity are negligible, we show that
normalization over the entire set of gene expression values in a given profile (pro-
vided that profile is not biased for examination of a particular system) provides a
more statistically robust method than using housekeeping gene expression values.
We also show that there is no significant reason for normalizing with a reduced
subset of genes over a given range of expression. We have compared expression
data derived from two different technological systems (glass slide and filter
based); both of these systems have an intra-experimental distribution close to log-
normal. We therefore normalize by mapping logged expression values within each
experiment to a standard distribution with zero mean and unit variance. This trans-
formation can be seen to effectively reduce to a minimum intra- and extra-exper-
imental variances when analysing replicate experiment data. These methods are
currently being applied in the statistical analysis of differential expression among
patient groups and in the analysis of model organisms subject to certain condi-
tions.
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Although prostate cancer initially responds and regresses in response to androgen-
depletion therapy, most human prostate cancers will re-grow as an androgen-inde-
pendent tumour. The goal of our study was to apply functional genomics to iden-
tify gene expression changes involved in this process. Two high-throughout tech-
nologies, cDNA microarrays and tissue micorarrays, were applied to explore the
molecular mechanisms underlying hormone-refractory prostate cancer.

A cDNA microarray consisting of 6,048 transcripts was constructed (includ-
ing 4,032 known genes, and 2,016 ESTs) and applied to the identification of dif-
ferentially regulated genes between a panel of hormone-sensitive human prostate
cancer xenografts (CWR22), and their hormone-refractory derivatives
(CWR22R). A tumour tissue microarray1 with 269 clinical specimens (27 benign
prostates, as well as 50 incidental, 138 clinically localized and 54 hormone-refrac-
tory recurrent cancers) was constructed to investigate whether candidate genes
discovered by the cDNA microarray are also involved in vivo in human prostate
cancer progression. For example, upregulation of one of such gene, insulin growth
factor binding protein 2 (IGFBP2), was significantly (P<0.0001) associated with
hormone-refractory tumours using the tissue array analysis. In conclusion, the
combination of cDNA and tissue microarray analysis is a powerful strategy to
identify novel cancer associated genes, and to rapidly explore their role in clini-
cal prostate cancer.

1. Kononen, J. et al. Nature Med. 4, 844-847 (1998).
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Comparative genomic hybridization has been adapted to the microarray format
with the GenoSensorTM system, which consists of a unique chromium-coated chip
surface, multi-colour fluorescent hybridization chemistry and a wide-field, non-
scanning, CCD-based imaging system. In genomic assays differentially labelled
test (green) and reference (red) DNA are co-hybridized to the chip in the presence
of Cot-1 DNA (to suppress repeat sequences). Custom software determines the
green/red ratios for each pixel under each target spot to deduce sequence gains or
losses. The combination of these features provides for high sensitivity and a lin-
ear dose response over several orders of magnitude in model systems. For appli-
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