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miRNAs might be deregulated in cancer, however, it has been observed that many
human miRNAs lie within cancer associated genomic regions (CAGR), that is, areas
of loss, gain or rearrangement of the DNA in tumours [62]. However, transcriptional
or post-transcriptional regulation of miRNAs in cancer has also been proposed [63,

64].

The molecular classification of human tumours using mRNA microarray profiling is
an area of intense research. A number of classifiers have been developed for human
breast tumours including the use of expression signatures as prognostic tools [65-75].
One of these classifiers can be used as a single sample predictor (SSP) to assign
individual samples to one of five breast tumour subtypes: Luminal A, Luminal B,

Basal-like, HER2+ and Normal Breast-like [65, 69, 70, 76].

Two recent studies have shown that a number of miRNAs are deregulated in human
breast cancer [77, 78]. A third study found that a number of miRNAs were
differentially expressed in breast tumour biopsies and that miRNA expression

correlated with HER2 and ER status [79].

This study represents the first integrated analysis of miRNA expression, mMRNA
expression and genomic changes in human breast cancer and may serve as a basis for
functional studies of the role of miRNAs in the etiology of breast cancer. Furthermore
we demonstrate that bead-based flow cytometric miRNA expression profiling might
be a suitable platform to classify breast cancer into prognostic molecular subtypes.

This potential will need to be addressed in a prospective study.

MiRNAs identify human breast cancer subtypes
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Results

133 miRNAs are expressed in normal human breast and primary human breast
cancer

To generate a comprehensive set of MiIRNA expression profiles for primagnhum
breast cancer we selected 99 primary human tumours, 5 normal breast samples and 33
breast cancer cell lines for miRNA expression profiling. Tumour samplesfresh-
frozen and collected from Nottingham City Hospital Tumour Bank and are
representative with regard to tumour subtypes and clinical parameters [80-82]. For
MiRNA profiling we chose a bead-based flow-cytometric miRNA exprass

platform, which has recently been developed and was found to have several
advantages over glass-slide microarray profiling, including increaseicpge[56].

We developed this platform further to include 333 probes for 309 unique human
MiRNAs based on the miRNA repository miRBase 8.1 [17, 18]. miRNA labelling
included RNA size selection using native polyacrylamide gels, ensuring that only

mature miRNAs were assayed.

Using this miRNA expression platform we analyzed a total of 137 samples in 168
assays. Assays for 119 of these 137 samples (87%) passed our quality control,
including 93 primary tumour samples, five normal breast samples and 21 cell lines
(see Additional data file 1). We detected the expression of 137 miRNASs in this

sample set, 133 of which we detected in normal breast or breast tumours. We included
a number of replicate probes and technical replicate samples and found that result
were reproducible (Additional data files 5, 6). For a subset of miRNAs and d efibse
samples we also performed qRT-PCR to independently assess miRNA expression

(Additional data file 7). While there is generally good correlation betwa&NA
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Conclusion

To date many studies of miRNA expression in human cancer have focused only on
the deregulation of mMiRNA expression. Here we integrated the analysiRNAM
expression, MRNA expression and DNA copy number in human breast cancer. Based
on a combined analysis of mMiIRNA and mRNA expression data we have identified a
number of MIRNAs that are differentially expressed between molecular tumour
subtypes. In addition we identified candidate miRNAs that are regulatied at

genomic, transcriptional and likely post-transcriptional level in breast casirg

MiRNA, mRNA and array CGH data. Using mRNA expression data we also found
that the expression of genes in the miRNA biogenesis pathway is deregulated in
breast cancer. We suggest that further analysis of integrated data $etseiudo

unravel miRNA-dependent pathways in human breast cancer.

Materials and Methods

Sample collection

Fresh frozen tumours were collected from Nottingham City Hospital Tumour Bank
[100-102]. The patients had undergone treatment by either simple mastectomy or
wide local excision and radiotherapy by a single surgical team at théel@spital,
Nottingham between 1982 and 1983 (Nottingham/Tenovus Series). Adjuvant therapy

was not given.

RNA extraction and labelling
RNA was extracted from primary tumours and cell lines using a standard Trizol

(Invitrogen, Carlsbad, CA, USA) protocol, modified by washing the final RNA pellet
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correlation coefficients for probe pairs were calculated using only thogeesawith
available array CGH data showing no evidence for aberration at either leeus (s
Additional data file 1).

All analyses were performed in the statistical programming environmet@R |

using customized functions and functions available from Bioconductor [108, 109] and
the MCLUST package [110]. All miRNA expression data have been submitted to the

Gene Expression Omnibus (GEO) with accession number GSE7842.
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