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ABSTRACT
In a recent study published in Nature Communications, we showed that intron-encoded microRNA genes
(miRNA) are frequent partners of fusion genes in the cancer genome. Analyzed from a functional rather
than structural perspective, these rearrangements represent a new class of fusions we called “miRNA-
convergent fusions”. KEYWORDS

microRNA; gene fusions;
cancer; genome aberrations

Detailed description of chromosomal aberrations, predomi-
nantly balanced chromosomal translocations, leading to fusion
genes has been important for the understanding of the tumori-
genic process, as well as for cancer diagnosis and therapeutic
purposes. Originally, balanced translocations were studied by
light-microscopy and chromosome-banding techniques. This
was followed by use of in situ hybridization for more precise
molecular mapping of breakpoints, and in then array-based
analysis further increased the power of resolution. For the final
identification of fusions genes, polymerase chain reaction using
reverse transcribed messenger RNA and primers targeting the
candidate fusion gene partners was the most commonly used
approach.

Today, the advent of next-generation sequencing of all
expressed RNA (RNA-seq) molecules allows unbiased, ab initio
global identification of fusion genes. Because of the massive
data produced by RNA-seq the expertise has moved from
experimental biology to computer programming and statistical
analyses. To handle the massive information the complexity of
the data is usually reduced using a number of general assump-
tions, e.g., signals that are a priori considered spurious are fil-
tered out and only data that fulfill certain structural constrains
at the protein coding level are retained. From the resulting files,
the frequency and statistical significance of each gene fusion is
then calculated. Commonly used criteria to identify biologi-
cally/clinically relevant fusion genes are that the resulting gene
should retain the capacity to code for a protein and should be
recurrent. However, in parallel with the technical advances, our
understanding of the functional genome has been changing.
Consequently, our view of gene fusions has to be updated.
Algorithms for fusion gene detection still regard introns as
merely pieces of short-lived junk and focus almost exclusively
on potential chimeric proteins. This reasoning follows a suc-
cessful old tradition. However, small regulatory non-coding
RNAs are frequently encoded by introns of protein coding

genes, and are expressed together with the host gene transcript.
As a result, regulatory non-coding RNAs included in introns of
fusion genes may be fully functional even if the protein encoded
by the fusion gene is not.

More than ten years ago, Croce and co-workers showed that
microRNA genes (miRNAs) are often located in unstable can-
cer associated genomic regions.1 In our recent publication2 we
focused on miRNA genes encoded by introns. We show that
fusion genes detected by RNA-seq, including both out of frame
and non-recurrent fusions, were enriched for miRNAs in their
introns and we also showed that, as a consequence of the
fusion, exchange of the upstream regions that normally regulate
the miRNA may upregulate miRNA expression, irrespectively if
the protein coding parts will produce a functional protein or
not. To our knowledge only incidental findings have reported
rearrangements leading to deregulation of intronic miRNAs in
fusion genes. For instance, in B-cell lymphoblastic leukemia, a t
(11;14)(q24.1;q32) translocation leads to upregulation of
mir-125b-1,3 in B-cell lymphoma with t(3;7)(q27;q32) produc-
ing the B-cell lymphoma 6 protein (BCL6)-Fragile Site, Aphidi-
colin Type, Common, Fra(7)(Q32.3) (FRA7H) fusion gene
(BCL6-FRA7H) leads to down-regulation of mir-29,4 and a t
(6;7)(p25;q32) translocation anaplastic large cell lymphoma
producing the Dual Specificity Phosphatase 22 (DUSP22)-
FRA7H fusion gene (DUSP22-FRA7H) also upregulates mir-
29.5 The lack of attention on intronic miRNAs can be exempli-
fied by fusions involving the vacuole membrane protein 1
(VIMP1) gene, the host gene of oncomiR mir-21. Deletions in
chromosome 17q23 may bring together the neighboring cla-
thrin heavy chain (CLTC) and VMP1 genes. This is a recurrent,
out of frame fusion that occurs in multiple cancer types includ-
ing glioblastoma, neuroblastoma, lung cancer, breast cancer,
bladder cancer, thyroid cancer, melanoma, and leukemia.6 Also
out of frame are the fusions of VMP1 with the ribosomal pro-
tein S6 kinase beta-1 (RPS6KB1) in breast cancer (RPS6KB1–
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VMP1). Since the presence of the oncogenic mir-21 was
obviated from further analysis, the functional consequence of
these fusions was suggested to be associated with a tumor sup-
pressive function.7 However, Inaki et al8 observed that VMP1
fusions lead to upregulation of mir-21 but this observation was
however still ignored by other invetigators.9

We believe that our perception of functional relevant fusions
in the context of miRNA genes has to be revised. As mentioned,
most observed fusions upstream of miRNA-encoding introns
are out of frame and, therefore, discarded form further analysis
by most pipelines for RNA-seq data analyses. If, however, we
include all fusions, as well as data on intronic miRNAs main-
tained in the fusions genes, a new pattern emerges, the recur-
rent inclusion of specific miRNAs in fusion genes downstream
different 5’ partners. What makes these fusions special is the
fact that the only requirement is the replacement of upstream
regulatory regions that alter expression of the given miRNA.
Consequently, it is the activity of the promoter that matters not
the identity of the pair or the coding part of the gene. By focus-
ing on functional outcome rather than on predefined structural
features of the fusion, we rephrase the concept of recurrence
and suggest that these types of promiscuous associations con-
verge into a common function forming a specialized class of
gene fusion that we called as “miRNA-convergent fusions”
(Fig. 1). This structural freedom increases the number of poten-
tial oncogenic fusions considerably.
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Figure 1. miRNA-convergent fusions. Different fusion pairs classified as nonrecurrent when considered individually (A) may functionally converge to regulate the
transcriptional expression of a common miRNA forming a miRNA-convergent fusion group (B).
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