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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, mRNA 

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.   
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Results 
 
133 miRNAs are expressed in normal human breast and primary human breast 

cancer 

To generate a comprehensive set of miRNA expression profiles for primary human 

breast cancer we selected 99 primary human tumours, 5 normal breast samples and 33 

breast cancer cell lines for miRNA expression profiling. Tumour samples were fresh-

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 expression 

platform, which has recently been developed and was found to have several 

advantages over glass-slide microarray profiling, including increased specificity [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 miRNAs 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 results 

were reproducible (Additional data files 5, 6). For a subset of miRNAs and a subset of 

samples we also performed qRT-PCR to independently assess miRNA expression 

(Additional data file 7). While there is generally good correlation between miRNA 
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Conclusion 
 
To date many studies of miRNA expression in human cancer have focused only on 

the deregulation of miRNA expression. Here we integrated the analysis of miRNA 

expression, mRNA expression and DNA copy number in human breast cancer. Based 

on a combined analysis of miRNA 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 regulated at the 

genomic, transcriptional and likely post-transcriptional level in breast cancer using 

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 sets might help to 

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 the City Hospital, 

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 those samples with 

available array CGH data showing no evidence for aberration at either locus (see 

Additional data file 1). 

All analyses were performed in the statistical programming environment R [107] 

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. 

 

Authors' contributions 

CB, CC and EAM conceived and designed the study. ARG and IOE provided breast 

cancer samples and clinical information. CB, IS and SC performed the experiments 

under the supervision of CC and EAM. The statistical analysis and experimental 

design were conducted by LDG and supervised by NPT. ST and AET provided 

statistical advice. MD preprocessed the Illumina gene expression data. NLBM 

provided the Illumina probe annotation. CB, LDG, NPT, ST, CC and EAM wrote the 

manuscript. 

 

Acknowledgements 
 
This work was funded by grants from Cancer Research UK to CC, ST and EAM. CB 

was supported by the UK National Translation Cancer Research Network (NTRAC) 

and LDG was supported by an EPSRC fellowship. ST is a Royal Society-Wolfson 

Research Merit Award holder. We would like to thank the Tissue Bank, City Hospital, 

Nottingham, UK for human breast samples. We thank Sarah Hyland for her work on 

the p53 mutation screen and John Marioni for useful discussions on the analysis. We 











Blenkiron Page 29 

miRNAs identify human breast cancer subtypes 
 

10. Lau NC, Lim LP, Weinstein EG, Bartel DP: An abundant class of tiny RNAs 

with probable regulatory roles in Caenorhabditis elegans. Science 2001, 

294:858-862. 

11. Lee RC, Ambros V: An extensive class of small RNAs in Caenorhabditis 

elegans. Science 2001, 294:862-864. 

12. Lim LP, Glasner ME, Yekta S, Burge CB, Bartel DP: Vertebrate microRNA 

genes. Science 2003, 299:1540. 

13. Llave C, Kasschau KD, Rector MA, Carrington JC: Endogenous and 

silencing-associated small RNAs in plants. Plant Cell 2002, 14:1605-1619. 

14. Reinhart BJ, Weinstein EG, Rhoades MW, Bartel B, Bartel DP: MicroRNAs 

in plants. Genes Dev 2002, 16:1616-1626. 

15. Watanabe T, Takeda A, Mise K, Okuno T, Suzuki T, Minami N, Imai H: 

Stage-specific expression of microRNAs during Xenopus development. 

FEBS Lett 2005, 579:318-324. 

16. Pfeffer S, Zavolan M, Grasser FA, Chien M, Russo JJ, Ju J, John B, Enright 

AJ, Marks D, Sander C, Tuschl T: Identification of virus-encoded 

microRNAs. Science 2004, 304:734-736. 

17. Griffiths-Jones S, Grocock RJ, van Dongen S, Bateman A, Enright AJ: 

miRBase: microRNA sequences, targets and gene nomenclature. Nucleic 

Acids Res 2006, 34:D140-144. 

18. Griffiths-Jones S: The microRNA Registry. Nucleic Acids Res 2004, 

32:D109-111. 

19. Denli AM, Tops BB, Plasterk RH, Ketting RF, Hannon GJ: Processing of 

primary microRNAs by the Microprocessor complex. Nature 2004, 

432:231-235. 





Blenkiron Page 31 

miRNAs identify human breast cancer subtypes 
 

29. Seggerson K, Tang L, Moss EG: Two genetic circuits repress the 

Caenorhabditis elegans heterochronic gene lin-28 after translation 

initiation.  Dev Biol 2002, 243:215-225. 

30. Yekta S, Shih IH, Bartel DP: MicroRNA-directed cleavage of HOXB8 

mRNA. Science 2004, 304:594-596. 

31. Mansfield JH, Harfe BD, Nissen R, Obenauer J, Srineel J, Chaudhuri A, 

Farzan-Kashani R, Zuker M, Pasquinelli AE, Ruvkun G, et al: MicroRNA-

responsive 'sensor' transgenes uncover Hox-like and other 

developmentally regulated patterns of vertebrate microRNA expression. 

Nat Genet 2004, 36:1079-1083. 

32. Bagga S, Bracht J, Hunter S, Massirer K, Holtz J, Eachus R, Pasquinelli AE: 

Regulation by let-7 and lin-4 miRNAs results in target mRNA 

gegradation. Cell 2005, 122:553-563. 

33. Jing Q, Huang S, Guth S, Zarubin T, Motoyama A, Chen J, Di Padova F, Lin 

SC, Gram H, Han J: Involvement of microRNA in AU-rich element-

mediated mRNA instability. Cell 2005, 120:623-634. 

34. Giraldez AJ, Mishima Y, Rihel J, Grocock RJ, Van Dongen S, Inoue K, 

Enright AJ, Schier AF: Zebrafish MiR-430 promotes deadenylation and 

clearance of maternal mRNAs. Science 2006, 312:75-79. 

35. Lim LP, Lau NC, Garrett-Engele P, Grimson A, Schelter JM, Castle J, Bartel 

DP, Linsley PS, Johnson JM: Microarray analysis shows that some 

microRNAs downregulate large numbers of target mRNAs. Nature 2005, 

433:769-773. 

36. Wu L, Fan J, Belasco JG: MicroRNAs direct rapid deadenylation of 

mRNA. Proc Natl Acad Sci U S A 2006, 103:4034-4039. 



Blenkiron Page 33 

miRNAs identify human breast cancer subtypes 
 

46. Rajewsky N, Socci ND: Computational identification of microRNA 

targets. Dev Biol 2004, 267:529-535. 

47. John B, Enright AJ, Aravin A, Tuschl T, Sander C, Marks DS: Human 

MicroRNA targets. PLoS Biol 2004, 2:e363. 

48. Lall S, Grun D, Krek A, Chen K, Wang YL, Dewey CN, Sood P, Colombo T, 

Bray N, Macmenamin P, et al: A genome-wide map of conserved 

microRNA targets in C. elegans. Curr Biol 2006, 16:460-471. 

49. Miranda KC, Huynh T, Tay Y, Ang YS, Tam WL, Thomson AM, Lim B, 

Rigoutsos I: A pattern-based method for the identification of MicroRNA 

binding sites and their corresponding heteroduplexes. Cell 2006, 

126:1203-1217. 

50. Miska EA: How microRNAs control cell division, differentiation and 

death. Curr Opin Genet Dev 2005, 15:563-568. 

51. Calin GA, Dumitru CD, Shimizu M, Bichi R, Zupo S, Noch E, Aldler H, 

Rattan S, Keating M, Rai K, et al: Frequent deletions and down-regulation 

of micro- RNA genes miR15 and miR16 at 13q14 in chronic lymphocytic 

leukemia. Proc Natl Acad Sci U S A 2002, 99:15524-15529. 

52. Michael MZ, SM OC, van Holst Pellekaan NG, Young GP, James RJ: 

Reduced accumulation of specific microRNAs in colorectal neoplasia. Mol 

Cancer Res 2003, 1:882-891. 

53. Murakami Y, Yasuda T, Saigo K, Urashima T, Toyoda H, Okanoue T, 

Shimotohno K: Comprehensive analysis of microRNA expression patterns 

in hepatocellular carcinoma and non-tumorous tissues. Oncogene 2006, 

25:2537-2545. 



Blenkiron Page 36 

miRNAs identify human breast cancer subtypes 
 

69. Sorlie T, Tibshirani R, Parker J, Hastie T, Marron JS, Nobel A, Deng S, 

Johnsen H, Pesich R, Geisler S, et al: Repeated observation of breast tumor 

subtypes in independent gene expression data sets. Proc Natl Acad Sci U S 

A 2003, 100:8418-8423. 

70. Sorlie T, Perou CM, Tibshirani R, Aas T, Geisler S, Johnsen H, Hastie T, 

Eisen MB, van de Rijn M, Jeffrey SS, et al: Gene expression patterns of 

breast carcinomas distinguish tumor subclasses with clinical implications. 

Proc Natl Acad Sci U S A 2001, 98:10869-10874. 

71. Paik S, Shak S, Tang G, Kim C, Baker J, Cronin M, Baehner FL, Walker MG, 

Watson D, Park T, et al: A multigene assay to predict recurrence of 

tamoxifen-treated, node-negative breast cancer. N Engl J Med 2004, 

351:2817-2826. 

72. Bertucci F, Finetti P, Rougemont J, Charafe-Jauffret E, Cervera N, Tarpin C, 

Nguyen C, Xerri L, Houlgatte R, Jacquemier J, et al: Gene expression 

profiling identifies molecular subtypes of inflammatory breast cancer. 

Cancer Res 2005, 65:2170-2178. 

73. Zhao H, Langerod A, Ji Y, Nowels KW, Nesland JM, Tibshirani R, Bukholm 

IK, Karesen R, Botstein D, Borresen-Dale AL, Jeffrey SS: Different gene 

expression patterns in invasive lobular and ductal carcinomas of the 

breast. Mol Biol Cell 2004, 15:2523-2536. 

74. Huang E, Cheng SH, Dressman H, Pittman J, Tsou MH, Horng CF, Bild A, 

Iversen ES, Liao M, Chen CM, et al: Gene expression predictors of breast 

cancer outcomes. Lancet 2003, 361:1590-1596. 

75. Ma XJ, Wang Z, Ryan PD, Isakoff SJ, Barmettler A, Fuller A, Muir B, 

Mohapatra G, Salunga R, Tuggle JT, et al: A two-gene expression ratio 









miR�ò150

miR�ò142�ò3p

miR�ò142�ò5p

miR�ò148a

miR�ò106a

miR�ò106b

miR�ò18a

miR�ò93

miR�ò155

miR�ò25

miR�ò187

miR�ò135b

miR�ò126*

miR�ò136

miR�ò100

miR�ò99a

miR�ò145

miR�ò10a

miR�ò199a

miR�ò199a*

miR�ò199b

miR�ò130a

miR�ò30a�ò3p

miR�ò30a�ò5p

miR�ò224

miR�ò214

letİ7a

letİ7b

letİ7c

letİ7f

miR�ò342

**

**

*

*

*

**

*

**

*

**

**

**

**

*

**

*

**

*

*

*

*

**

***

**

**

**

**

*

**

**

**

**

*

**

**

**

**

*

**

**

**

**

**

**

**

**

***

*

**

***

**

***

**

**

**

**

**

**

***

**

***

*

***

*

**

***

*

Subtype ER Grade

B H LA LB N �ò + 1 2 3

�ò1.2 0 1.2

Figure 3

Figure 3


