
(Fig. 5). Comparing copy number landscapes, we observed several
common features between ovarian and basal-like tumours including
widespread genomic instability and common gains of 1q, 3q, 8q and
12p, and loss of 4q, 5q and 8p (Supplementary Fig. 20A). Using a
more global copy number comparison, we examined the overall
fraction of the genome altered and the overall copy number correla-
tion of ovarian cancers versus each breast cancer mRNA subtype

(Supplementary Fig. 20A, B); in both cases, basal-like tumours were
the most similar to the serous ovarian carcinomas.

We systematically looked for other common features between
serous ovarian and basal-like tumours when each was compared to
luminal. We identified: (1) BRCA1 inactivation; (2) RB1 loss and
cyclin E1 amplification; (3) high expression of AKT3; (4) MYC
amplification and high expression; and (5) a high frequency of
TP53 mutations (Fig. 5a). An additional supervised analysis of a large,
external multitumour type transcriptomic data set (Gene Expression
Omnibus accession GSE2109) was performed where each TCGA
(The Cancer Genome Atlas) breast tumour expression profile was
compared via a correlation analysis to that of each tumour in the
multitumour set. Basal-like breast cancers clearly showed high
mRNA expression correlations with serous ovarian cancers, as well
as with lung squamous carcinomas (Fig. 5b). A PARADIGM analysis
that calculates whether a gene or pathway feature is both differentially
activated in basal-like versus luminal cancers and has higher overall
activity across the TCGA ovarian samples was performed; this iden-
tified comparably high pathway activity of the HIF1-a/ARNT, MYC
and FOXM1 regulatory hubs in both ovarian and basal-like cancers
(Supplementary Fig. 20C). The common findings of TP53, RB1 and
BRCA1 loss, with MYC amplification, strongly suggest that these are
shared driving events for basal-like and serous ovarian carcinogenesis.
This suggests that common therapeutic approaches should be con-
sidered, which is supported by the activity of platinum analogues and
taxanes in breast basal-like and serous ovarian cancers.

Given that most basal-like cancers are TNBCs, finding new drug
targets for this group is critical. Unfortunately, the somatic mutation
repertoire for basal-like breast cancers has not provided a common
target aside from BRCA1 and BRCA2. Here we note that ,20% of
basal-like tumours had a germline (n 5 12) and/or somatic (n 5 8)
BRCA1 or BRCA2 variant, which suggests that one in five basal-like
patients might benefit from PARP inhibitors and/or platinum com-
pounds53,54. The copy number landscape of basal-like cancers showed
multiple amplifications and deletions, some of which may provide
therapeutic targets (Supplementary Table 6). Potential targets include
losses of PTEN and INPP4B, both of which have been shown to
sensitize cell lines to PI(3)K pathway inhibitors55,56. Interestingly,
many of the components of the PI(3)K and RAS–RAF–MEK pathway
were amplified (but not typically mutated) in basal-like cancers
including PIK3CA (49%), KRAS (32%), BRAF (30%) and EGFR
(23%). Other RTKs that are plausible drug targets and amplified in

Table 1 | Highlights of genomic, clinical and proteomic features of subtypes
Subtype Luminal A Luminal B Basal-like HER2E

ER1/HER22 (%) 87 82 10 20
HER21 (%) 7 15 2 68
TNBCs (%) 2 1 80 9
TP53 pathway TP53 mut (12%); gain of MDM2

(14%)
TP53 mut (32%); gain of MDM2
(31%)

TP53 mut (84%); gain of MDM2
(14%)

TP53 mut (75%); gain of
MDM2 (30%)

PIK3CA/PTEN pathway PIK3CA mut (49%); PTEN
mut/loss (13%); INPP4B loss (9%)

PIK3CA mut (32%) PTEN mut/loss
(24%) INPP4B loss (16%)

PIK3CA mut (7%); PTEN mut/loss
(35%); INPP4B loss (30%)

PIK3CA mut (42%); PTEN
mut/loss (19%); INPP4B
loss (30%)

RB1 pathway Cyclin D1 amp (29%); CDK4 gain
(14%); low expression of
CDKN2C; high expression of RB1

Cyclin D1 amp (58%); CDK4 gain
(25%)

RB1 mut/loss (20%); cyclin E1
amp (9%); high expression of
CDKN2A; low expression of RB1

Cyclin D1 amp (38%);
CDK4 gain (24%)

mRNA expression High ER cluster; low proliferation Lower ER cluster; high proliferation Basal signature; high proliferation HER2 amplicon signature;
high proliferation

Copy number Most diploid; many with quiet
genomes; 1q, 8q, 8p11 gain; 8p,
16q loss; 11q13.3 amp (24%)

Most aneuploid; many with focal
amp; 1q, 8q, 8p11 gain; 8p, 16q
loss; 11q13.3 amp (51%);
8p11.23 amp (28%)

Most aneuploid; high genomic
instability; 1q, 10p gain; 8p, 5q
loss; MYC focal gain (40%)

Most aneuploid; high
genomic instability; 1q, 8q
gain; 8p loss; 17q12 focal
ERRB2 amp (71%)

DNA mutations PIK3CA (49%); TP53 (12%);
GATA3 (14%); MAP3K1 (14%)

TP53 (32%); PIK3CA (32%);
MAP3K1 (5%)

TP53 (84%); PIK3CA (7%) TP53 (75%); PIK3CA
(42%); PIK3R1 (8%)

DNA methylation – Hypermethylated phenotype for
subset

Hypomethylated –

Protein expression High oestrogen signalling; high
MYB; RPPA reactive subtypes

Less oestrogen signalling; high
FOXM1 and MYC; RPPA reactive
subtypes

High expression of DNA repair
proteins, PTEN and INPP4B loss
signature (pAKT)

High protein and phospho-
protein expression of EGFR
and HER2

Percentages are based on 466 tumour overlap list. Amp, amplification; mut, mutation.
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Figure 5 | Comparison of breast and serous ovarian carcinomas.
a, Significantly enriched genomic alterations identified by comparing basal-like
or serous ovarian tumours to luminal cancers. b, Inter-sample correlations
(yellow, positive) between gene transcription profiles of breast tumours
(columns; TCGA data, arranged by subtype) and profiles of cancers from
various tissues of origin (rows; external ‘TGEN expO’ data set, GSE2109)
including ovarian cancers.
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