
A recent paper by Robinson and colleagues [1] is the 

latest in a developing story that fusion genes are not only 

present but abundant in epithelial cancers such as 

carcinoma of the breast, ovary, and prostate [2]. Th is 

story started in 2005 with the identifi cation of the recur-

rent gene fusion TMPRSS2-ERG in around 50% of 

prostate cancers [3]. Robinson and colleagues reported a 

number of fusion gene transcripts that they found in a 

panel of breast cancer cell lines and tumors, adding 

substantially to the tally of known fusion genes in breast 

cancers.

Fusion genes are formed when a structural rearrange-

ment of the genome, such as a deletion, inversion, 

tandem duplication, or translocation, results in the join-

ing of two unrelated genes. Th e best-known example is 

BCR-ABL in chronic myeloid leukemia. Gene fusion is 

probably the most powerful way of mutating a gene as it 

can have multiple eff ects on the fused proteins. It also 

creates genes and proteins that are tumor-unique and 

that therefore serve as drug targets and markers for 

diagnosis and monitoring [4]. In BCR-ABL, ABL encodes 

a tyrosine kinase. Translocation removes a domain that 

normally inhibits the kinase by intramolecular binding 

[5] and replaces it with a fragment of Bcr that spon-

taneously oligomerizes and hence activates the tyrosine 

kinase [6]. BCR-ABL is used in diagnosis and monitoring 

and is a target for the drug Glivec/Gleevec (imatinib; 

Novartis, Basel, Switzerland) [7].

Robinson and colleagues [1] found fusion genes in 

breast cancer by sequencing cDNA from 41 breast cancer 

cell lines and 38 breast tumors. Th e main focus of the 

paper is that the MAST (microtubule-associated serine 

threonine) kinase and Notch gene families are repeatedly 

fused – in around 4% and 6% of cases, respectively – and 

one fusion was present in two cases, qualifying as the 

fi rst example of a recurrent fusion in breast cancer. 

MAST fusions increased proliferation in benign breast 

epithelial cells, whereas cell lines with Notch fusions 

were sensitive to inhibitors of Notch signaling. Strikingly, 

all cases with Notch fusions were estrogen receptor-

negative and seven out of eight were triple-negative.

Th e authors also reported many other expressed fusion 

genes, supporting the emerging view that breast cancers 

harbor multiple fusions. Furthermore, 14 of the genes 

that are listed as fused are fused more than once in these 

tumors, suggesting that the fusions are not merely 

random events (although these genes are fused to a 

diff erent partner gene in each instance, except in the case 

of the SEC16A-NOTCH1 fusion). Th e authors detected, 

on average, 5.5 fusions per cell line and 4.2 fusions per 

tumor, although any individual breast tumor expressed 

between 0 and 20 gene fusions. Fusion gene data are now 

available for approximately 42 breast cancer cell lines 

[1,8-12], and the highest total so far is 24 fusion genes in 

MCF7 cells [1,8,11].

However, these reports are all incomplete. Current 

high-throughput sequencing does not fi nd all 

rearrangements, it only randomly samples them; and the 

software generally reports only the most confi dent hits. 

Robinson and colleagues have found about one third to 

one half of the fusions expressed in lines for which there 

are data from other approaches. Th e authors listed fi ve of 

11 known MCF7 fusions [11] and 11 of 25 expressed 

fusions found by Stephens and colleagues [9] in cell lines 

and tumors, and this is consistent with our unpublished 

work. Th e fusion searches that have been based on 

analysis of genomic rearrangements [9,13], rather than 
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on sequencing of cDNA, have also been incomplete, as 

judged by comparing the junctions reported with Array 

Comparative Genomic Hybridization data.

Another lesson from emerging fusion gene data is that 

most fusion genes are not formed by chromosome 

translocations but by intrachromosomal rearrangements 

such as deletions, inversions, and tandem duplications 

(reviewed in [2]). In the paper by Robinson and colleagues 

[1], 77% of the rearrangements (296 out of 383) are 

intra chromosomal.

Why did the epithelial cancer fi eld overlook fusion 

genes as an important kind of mutation? Fusions had 

been considered to be a feature of leukemias, not epi-

thelial cancers such as breast cancer, but this merely 

refl ected our ignorance [14]. Th e cytogenetics of carcino-

mas shows large numbers of rearrangements, many of 

them unbalanced. It was argued that this genomic 

mayhem was mostly noise or irrelevant late-progression 

events, that most selected rearrangements refl ected loss 

of tumor suppressors, and that this was supported by the 

apparent lack of highly recurrent rearrangements analo-

gous to the iconic BCR-ABL gene in chronic myeloid 

leukemia. None of these was a strong argument [2]; we 

had underestimated the sheer number of gene changes in 

tumors; tumor suppressor gene loss may account for 

some rearrangements but not all of them; and the BCR-

ABL paradigm is misleading, as very few fusion genes are 

present in a high proportion of cases of a disease, the vast 

majority of fusion genes – even in leukemias – being 

rather rare [15].

Fusions may be abundant in breast cancers, but are they 

meaningful? Some may be noise. Some most likely 

inactivate genes [8]. However, many seem to involve 

cancer-relevant genes such as chromatin modifi ers and 

signaling proteins, and now Robinson and colleagues have 

described fusions of the MAST kinase and Notch gene 

families and provide evidence that they are functional.

By extrapolation from the emerging data, many breast 

cancers may have 10 to 20 fusion genes in addition to 

their point-mutated, deleted, and amplifi ed genes and 

genes silenced by methylation. Given the power of fusion 

as a type of mutation, fusion genes are likely to make a 

substantial contribution to the development of breast 

cancer.

Abbreviation

MAST, microtubule-associated serine threonine.
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