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In Brief

Shlien et al. quantify first-order

transcriptional consequences across all

classes of somatic mutation in well-

annotated breast cancers. They find that

cancer cells are more transcriptionally

active than stromal cells, especially in ER-

negative cancers. Rearrangements that

break genes or place them in opposite

orientation are an unexpectedly potent

source of fusions.
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SUMMARY

Disordered transcriptomes of cancer encompass
direct effects of somatic mutation on transcription,
coordinated secondary pathway alterations, and
increased transcriptional noise. To catalog the rules
governing how somatic mutation exerts direct tran-
scriptional effects, we developed an exhaustive
pipeline for analyzing RNA sequencing data, which
we integrated with whole genomes from 23 breast
cancers. Using X-inactivation analyses, we found
that cancer cells are more transcriptionally active
than intermixed stromal cells. This is especially true
in estrogen receptor (ER)-negative tumors. Overall,
59% of substitutions were expressed. Nonsense
mutations showed lower expression levels than ex-
pected, with patterns characteristic of nonsense-
mediated decay. 14% of 4,234 rearrangements
caused transcriptional abnormalities, including
exon skips, exon reusage, fusions, and premature
polyadenylation. We found productive, stable tran-
scription from sense-to-antisense gene fusions and
gene-to-intergenic rearrangements, suggesting that
these mutation classes drive more transcriptional
disruption than previously suspected. Systematic

integration of transcriptome with genome data re-
veals the rules by which transcriptional machinery in-
terprets somatic mutation.

INTRODUCTION

Somatic mutation underpins the development of cancer, and

most solid tumors have thousands to tens of thousands of point

mutations, coupled with tens to hundreds of genomic rearrange-

ments and copy-number changes (Garraway and Lander, 2013;

Stratton et al., 2009). Small numbers of these, known as driver

mutations, dysregulate the fundamental cellular processes

involved in normal tissue homeostasis, and they confer a selec-

tive advantage to the clone. A critical point is that Darwinian se-

lection acts on phenotype, and so, for a somatic mutation to

drive cancer, it must manifest a phenotypic effect. Transcription

is the primary conduit by which changes in the genomic code are

translated into cellular phenotype, with the corollary that it is a

necessary criterion of driver mutations that they directly induce

a change in transcript structure. Altered transcript structure

can take many forms, including the creation of fusion genes by

genomic rearrangement, interference with RNA splicing at

mutated splice sites, alteration of the codon sequence for

missense substitutions, and over- or under-expression of genes

through copy-number alterations or mutation in regulatory

regions.
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