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Additional file 2a. Supplementary methods

miRNA and mRNA differential expression in luminal A tumors of COCA cluster
1 versus COCA cluster 4

A wilcoxon rank-sum test was applied to identify miRNAs that were differentially expressed
between luminal A tumors of COCA cluster 1 vs. COCA cluster 4. The resulting p-values were
corrected for multiple comparisons using the Benjamini-Hochberg FDR [1]. Differentially
expressed miRNAs were defined as those with a corrected p-value < 0.01 and with an
absolute log, fold change >1. Fold change for each miRNAs was calculated as —log, of the
(non-transformed median of luminal A COCA 1)/(non-transformed median of luminal A
COCA 4).

The expression of the 71 miRNAs was correlated to all genes using Spearman
correlation and genes with correlation >|0.4| were retained, resulting in 1808 unique genes
(only the expression of luminal A tumors of COCA cluster 1 and COCA cluster 4 were
considered). To further test which of these 1808 genes were also differentially expressed
between luminal A tumors of COCA cluster 1 vs. COCA cluster 4, a t-test was applied. Genes
with a Benjamini-Hochberg corrected p-value <0.05 were further considered, resulting in
1323 genes of which 473 genes were upregulated in COCA cluster 1 compared to COCA
cluster 4 and 850 genes were upregulated in COCA cluster 4 compared to COCA cluster 1
(considering the sign of the fold change). These two gene lists were further taken separately
into the core analysis application of QIAGEN’s Ingenuity® Pathway Analysis (IPA®, QIAGEN
Redwood City, www.giagen.com/ingenuity) where canonical pathways enriched among the
genes in each list were identified using a Fisher’s exact test. Only pathways with a Benjamini-

Hochberg corrected p-value <0.05 were further considered.

miRNA functional assays

MCF-7 cells [2, 3] were purchased from Interlab Cell Line Collection (ICLC, Genova, Italy) and
cultured in DMEM (1 g/l glucose; Sigma-Aldrich, St Louis, MO, USA) supplemented with 10%
fetal bovine serum (FBS), 2 mM L-glutamine and 1% penicillin/streptomycin. For the
functional assays, cells were transfected with miRIDIAN miRNA mimics (Dharmacon,
Lafayette, CO, USA) at 20 nM concentration in 384-well plates using SilentFect (Bio-Rad

Laboratories, Hercules, CA, USA) as described previously [4, 5]. Four different negative



controls were considered, two from Dharmacon (replicates merged and represented as “mir
neg ctrl #1”) and two from Ambion (Thermo Fisher Scientific Inc., Waltham, MA, USA;
replicates merged and represented as “mir neg ctrl #2”). After 72 hours of incubation, cell
viability was assayed by CellTiter-GLO cell viability assay (Promega Corp., Madison, WI, USA).
The results were Loess normalized [6] and log,-transformed. Values £2 x standard deviation
(SD), were considered as significant.

For protein lysate microarray analysis, cells were lysed 72 hours after transfection
and printed on nitrocellulosecoated microarray FAST™ slides (Whatman Inc., Florham Park,
NJ, USA). Ki67, cleaved PARP (cPARP), ER and phosphorylated AKT (p-AKT) were detected by
staining the slides with Ki67 antibody (#M7240, Dako, Glostrup, Denmark), cPARP antibody
(#ab32064, Abcam, Cambridge, UK), ERalpha antibody (Ab-15; Labvision Corp, Fremont, CA)
and p-AKT(S473) antibody (#9271, Cell Signaling Technology Inc., Danvers, MA, USA),
respectively, followed by exposure to Alexa Fluor 680-tagged secondary antibodies
(Invitrogen Inc.). For total protein measurement, the arrays were stained with Sypro Ruby
Blot solution (Invitrogen Inc.). The slides were scanned with Tecan LS400 (Tecan Inc.,
Durham, NC, USA) microarray scanner and Odyssey Licor IR-scanner (LI-COR Biosciences,
Lincoln, NE, USA) to detect the Sypro, Ki67, cPARP, ER and p-AKT signals. Array-Pro Analyzer
microarray analysis software (Median Cybernetics Inc., Bethesda, MD, USA) was used for
analyzing the data. The lysate microarray data were log,-transformed and converted into z-
scores by subtracting the mean of the whole screen and dividing by the standard deviation
of the whole screen. Values +2 x SD were considered as significant, which corresponded to a

threshold of |1.96].

Associating the luminal A split to COCA input levels

To assess if the luminal A samples in the two clusters were different with respect to COCA
input levels other than miRNA clusters (i.e. CAAI subgroups, iClusters, metabolic clusters,
PARADIGM clusters and RPPA subtypes), Chi-squared association tests were used with a

significance threshold of p-value <0.05.

Associating miRNAs and proteins differentially expressed between luminal A tumors of
COCA cluster 1 versus COCA cluster 4

To test which proteins (from RPPA data) were differentially expressed between luminal A
tumors of COCA cluster 1 versus COCA cluster 4, t-tests were used. Proteins with a

Benjamini-Hochberg corrected p-value <0.05 were further considered.



To obtain predicted target genes of the miRNAs differentially expressed between
the two luminal A subgroups, the list of 71 miRNAs were taken into the microRNA Target
Filter application filter of IPA. Here, in silico predicted target genes were identified using the
TargetScan Human prediction algorithm [7]. The list of predicted target genes was then
overlaid with the list of the six proteins differentially expressed between the luminal A
subgroups. To assess the correlation in expression between miRNA and proteins, Spearman
correlation was calculated using expression data from all luminal A tumors with both miRNA

and protein expression available (n = 123).

Assessing the luminal A split in independent breast cancer cohorts

Four breast cancer cohorts with available miRNA expression and follow-up data were used
to assess if the differentially expressed miRNAs between the two luminal A groups of COCA
cluster 1 and COCA cluster 4 would split luminal A tumors in independent cohorts and if any
prognostic difference was found in the split. The luminal A subtype was scored according to
the PAMS50 classification [8]. miRNA sequencing data (lllumina, San Diego, CA, USA) from
The Cancer Genome Atlas (TCGA) [9] were downloaded from Broad GDAC Firehose
(accessed 15 January 2014) and follow-up data (overall survival) were downloaded from the
TCGA Data Portal (accessed 24 February 2016). For the METABRIC cohort, miRNA expression
data (Agilent Technologies) was available from [10], deposited in the European Genome-
Phenome Archive, www.ebi.ac.uk/ega, accession number EGAS00000000122 and follow-up
data were available from [11]. For the Danish Breast Cancer Cooperative Group (DBCG)
cohort [12, 13], miRNA expression data (Agilent Technologies) were available from [14] and
follow-up data (any recurrence) from [15]. For the Oslo Micrometastasis (Micma) cohort
[16], miRNA expression (Agilent Technologies) was available from [17] and follow-up data
(any recurrence) available from [18]. Altogether, 56 of the 71 differentially expressed
miRNAs were available in the TCGA, DBCG and Micma cohorts, and 68 miRNAs were
available from the METABRIC cohort and thus considered in the cluster analysis. Luminal A
patient clusters were derived using Pearson correlation as distance measure and complete
linkage (as was used in the original miRNA clusters found in the Oslo2 cohort), and the two
main patient clusters were further considered (three TCGA samples and 25 METABRIC
samples forming “outlier” clusters were not considered). Kaplan-Meier survival analyses and
log-rank tests were performed using the R package ‘survival’. For the METABRIC cohort the
log-rank p-value was adjusted for hospital site and for the DBCG cohort the log-rank p-value

was adjusted for radiation therapy and lymph node status.
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Additional file 2b. Clinicopathological data of the Oslo2 cohort

Number of patients % (Excluding missing)

All 425 100

ER Positive 313 80.3
Negative 77 19.7
Missing 35

PR Positive 266 68.4
Negative 123 31.6
Missing 36

HER2 Positive 47 12.3
Negative 336 87.7
Missing 42

Grade I 59 14.8
Il 167 42.0
1] 172 43.2
Missing 27

TP53 Wild type 255 67.5
Mutant 123 325
Missing 47

PIK3CA Wild type 237 69.7
Mutant 103 30.3
Missing 85

Nodal status LN met present* 158 39.6
LN met not present (NO) 241 60.4
Missing 26

Age (years) <50 107 26.9
50-70 234 58.8
>70 57 14.3
Missing 27

Tumor size | <10 29 7.3

(mm)
10-20 186 46.5
>20 185 46.3




Missing 25

Histology DCIS 10 2.5
Ductal 326 81.9
Lobular 40 10.1
Medullary 1 0.3
Metaplastic 1 0.3
Mix ductal lobular 2 0.5
Mixed 4 1.0
Mucinous 6 1.5
PapillaryCIS 1 0.3
Tubular 5 13
Tubulolobular 2 0.5
Missing 27

* Sum of N+, N1, N1(mi), N1a, N2 and N3




