Meta-analysis of breast cancer microarray data: reliable identification of up-
and down-regulated genes.
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The general goal of meta-analysis is to obtain reliable results by processing integrated data
sets derived from independent experimental studies. Different meta-analysis schemes have been
proposed to address issues raised by cancer profiling studies. Thus, a meta-signature associated
with breast cancer prognosis was derived in [1]. The significantly co-occurred genes were
identified in [2] on the basis of meta-analysis of gene expression signatures published in the
literature. The main purpose of our meta-analysis is to identify the up- and down-regulated genes
in breast cancer with respect to normal breast tissues. To our knowledge, meta-analysis of
microarray data on breast cancer has not been performed with this purpose so far.

To identify the up- and down-regulated genes we analyzed five independent data sets
published (see Figure 1) [3-7]. For this purpose, we have developed the novel method IDURO
(Identification of Down- and Up-Regulated Objects) based on optimization of parameters of
hyper-geometrical and binominal distributions. The meta-analysis is two-step. At step 1 IDURO
applied to the clone profiles consisted of the BC/NB measurements (Breast Cancer / Normal
Breast) and at step 2 it applied to the meta-profiles consisted of scores obtained previously. Thus,
at step 1 IDURO assigned a score to each analyzed clone and at step 2 IDURO assigned a meta-
score to each analyzed gene. Scores and meta-scores were defined up to the sign as the base-ten
log-transformations of the optimized p-values. If the meta-score was positive or negative, then
gene was regarded as up- or down-regulated, respectively. Decision about statistical significance
for the differentially expressed genes was made by striking a reasonable balance between the
alternative characteristics, the False Discovery Rate and the Miss Rate. The FDR controls the
relative number of genes that are not dysregulated, among those identified as significantly
dysregulated, on the one hand; the miss rate controls the relative number of genes that are truly

dysregulated, among those identified as non-significantly dysregulated, on the other hand.
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Figure 1. The general scheme of meta-analysis.

The developed method demonstrated that the differences in the breast cancer subtypes are
due to the differential expression of small number of genes, whereas the behavior of most genes
is the same for the breast cancer subtypes. Figure 2(left) demonstrates the observed gene
expression similarity between BRCAL and BRCAZ2 subtypes, and figure 2(right) — between

estrogen receptor positive (ER(+)) and estrogen receptor negative (ER(-)) breast cancer subtypes.
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Figure 2. Relationship between: left) BRCA1 and BRCA2 subtypes of breast cancer and
right) ER(+) and ER(-) breast cancers.

We also performed comparative analysis of regulatory regions ([-1000bp, +1000bp] —

relative transcription start site) of the 400 most differentially expressed genes. The potential



transcription binding sites were recognized on the base of matrix approach by using matrices
from TRANSFAC. Further discriminant analysis allowed to reveal a number of transcription
factors, for which the concentration of binding sites differed significantly in:

- up-regulated genes: NF-Y (TRANSFAQ matrices M00287, M00209 and MO00775),
YY1l (M01035, MO00793), E2F (MO00516, M00736, M00737), c-Ets-1 (MO00339), PITX2
(M00482), Crx (M00623), SREBP-1 (M00220), and STAT3 (M00497);

- down-regulated genes: SRF (M01007, M00922 and M00152), HEB (M00698), TTF1
(M00432), HSF (M00163), FOX03 (M00477), FOX04 (M00476), ATF3 (M00513).
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