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FusionSeq analysis of 33 RNA-seq samples

Module 1 (detecting fusions) 
227131 unique events

Module 2 (filtering spurious fusions) 
10 confident events (reduced from 246)

Got FusionSeq to work with GENCODE19 annotations

Issues with annotations on pseudogenes/immune proteins
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Fusion Genes Type Number of samples

ACTB - NXPE1 trans (chr7-chr11) 10

NXPE1-ACTB trans (chr7-chr11) 5

NOTCH2-PHKB trans (chr1-chr16) 4

TIMM13-LMNB2 read-through (chr19) 4

LMNB2-TIMM13 read-through (chr19) 4

OARD1-UNC5L read-through (chr6) 2

BIVM-ERCC read-through (known - chr13) 2
PID1 and RP11-60A24 trans (chr2-chr17) 1

PHKB-NOTCH2 trans (chr16-chr1) 1
ERCC-BIVM read-through (known - chr13) 1
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NOTCH2 fusions are 
found often in breast, 
and glomus cancer. 

!
NOTCH2 mutations are 
known to be associated 
with kidney cancer too.

NOTCH2 is a signaling protein and PKB is phosphokinase 
protein.

Novel MIR143-NOTCH Fusions in Benign
and Malignant Glomus Tumors

Juan-Miguel Mosquera,1 Andrea Sboner,1,2,3 Lei Zhang,4 Chun-Liang Chen,4 Yun-Shao Sung,4

Hsiao-Wei Chen,4 Narasimhan P. Agaram,4 Daniel Briskin,5 Basma M. Basha,6 Samuel Singer,7

Mark A. Rubin,1,3 Thomas Tuschl,5 and Cristina R. Antonescu4*

1Departmentof Pathology and Laboratory Medicine,Weill Medical College of Cornell University,NY
2Institute for Computational Biomedicine,Weill Medical College of Cornell University,NY
3Institute for Precision Medicine,Weill Medical College of Cornell University and NewYork Presbyterian Hospital,NY
4Departmentof Pathology,Memorial Sloan-Kettering Cancer Center,NY
5Laboratory for RNAMolecular Biology,Howard Hughes Medical Institute,The Rockefeller University,NY
6Weill Cornell Medical College in Qatar,Doha,Qatar
7Departmentof Surgery,Memorial Sloan-Kettering Cancer Center,NY

Glomus tumors (GT) have been classified among tumors of perivascular smooth muscle differentiation, together with myo-
pericytoma, myofibroma/tosis, and angioleiomyoma, based on their morphologic overlap. However, no molecular studies
have been carried out to date to investigate their genetic phenotype and to confirm their shared pathogenesis. RNA
sequencing was performed in three index cases (GT1, malignant GT; GT2, benign GT and M1, multifocal myopericytoma),
followed by FusionSeq data analysis, a modular computational tool developed to discover gene fusions from paired-end
RNA-seq data. A gene fusion involving MIR143 in band 5q32 was identified in both GTs with either NOTCH2 in 1p13 in
GT1 or NOTCH1 in 9q34 in GT2, but none in M1. After being validated by FISH and RT-PCR, these abnormalities were
screened on 33 GTs, 6 myopericytomas, 9 myofibroma/toses, 18 angioleiomyomas and in a control group of 5 sino-nasal
hemangiopericytomas. Overall NOTCH2 gene rearrangements were identified in 52% of GT, including all malignant cases
and one NF1-related GT. No additional cases showed NOTCH1 rearrangement. As NOTCH3 shares similar functions with
NOTCH2 in regulating vascular smooth muscle development, the study group was also investigated for abnormalities in
this gene by FISH. Indeed, NOTCH3 rearrangements were identified in 9% of GTs, all present in benign soft tissue GT, one
case being fused to MIR143. Only 1/18 angioleiomyomas showed NOTCH2 gene rearrangement, while all the myopericyto-
mas and myofibroma/toses were negative. In summary, we describe novel NOTCH1–3 rearrangements in benign and malig-
nant, visceral, and soft tissue GTs. VC 2013 Wiley Periodicals, Inc.

INTRODUCTION

Pericytes are specialized vascular smooth mus-
cle cell (VSMCs) that play an important role in
supporting and maintaining the capillary structure.
Pericytic tumors comprise a histologic continuum
of neoplasms with perivascular myoid differentia-
tion. Until recently their classification has been
somewhat controversial and historically were
lumped together with other tumors of similar mor-
phology, such as hemangiopericytoma, which sub-
sequently was reclassified together with solitary
fibrous tumors as showing fibroblastic rather then
true pericytic lineage. The 2013 WHO classifica-
tion of soft tissue tumors includes glomus tumors
(GT), myopericytoma, myofibroma, and angioleio-
myoma as members of the pericytic family of neo-
plasms (Fletcher et al., 2013). Despite their
histologic overlap and lesions with hybrid features
a unifying concept supported by shared genetic
abnormalities has not been yet established. In this

study, we investigated a subset of pericytic tumors
by RNA sequencing for novel gene discovery with
potential role in the pathogenesis of tumors of
perivascular myoid lineage. Our hypothesis is that
a better understanding of their genetic abnormal-
ities may clarify the relationship among the vari-
ous pericytic tumors and improve the current
classification based on morphologic features alone.
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Need to do breakpoint analysis for transcript fusion!
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PRECLINICAL STUDY

Recurrent read-through fusion transcripts in breast cancer
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Abstract Read-through fusion transcripts that result from
the splicing of two adjacent genes in the same coding

orientation are a recently discovered type of chimeric

RNA. We sought to determine if read-through fusion
transcripts exist in breast cancer. We performed paired-end

RNA-seq of 168 breast samples, including 28 breast cancer

cell lines, 42 triple negative breast cancer primary tumors,
42 estrogen receptor positive (ER?) breast cancer primary

tumors, and 56 non-malignant breast tissue samples. We

analyzed the sequencing data to identify breast cancer
associated read-through fusion transcripts. We discovered

two recurrent read-through fusion transcripts that were

identified in breast cancer cell lines, confirmed across
breast cancer primary tumors, and were not detected in

normal tissues (SCNN1A-TNFRSF1A and CTSD-

IFITM10). Both fusion transcripts use canonical splice sites
to join the last splice donor of the 50 gene to the first splice

acceptor of the 30 gene, creating an in-frame fusion tran-

script. Western blots indicated that the fusion transcripts
are translated into fusion proteins in breast cancer cells.

Custom small interfering RNAs targeting the CTSD-

IFITM10 fusion junction reduced expression of the fusion
transcript and reduced breast cancer cell proliferation.

Read-through fusion transcripts between adjacent genes

with different biochemical functions represent a new type
of recurrent molecular defect in breast cancer that warrant

further investigation as potential biomarkers and thera-

peutic targets. Both breast cancer associated fusion tran-
scripts identified in this study involve membrane proteins

(SCNN1A-TNFRSF1A and CTSD-IFITM10), which raises

the possibility that they could be breast cancer-specific cell
surface markers.

Introduction

Fusion genes with oncogenic activity were first identified

in hematologic malignancies, where chromosomal trans-

locations frequently join two genes that result in an aber-
rant protein product [1, 2]. These fused genes have been

valuable prognostic markers and therapeutic targets [3].

The therapeutic value of identifying fusion genes is
exemplified by the development of selective inhibitors

targeted to the ABL kinase involved in the BCR–ABL

fusion that is present in 95 % of patients with chronic
myelogenous leukemia [1, 2, 4]. Most recurrent fusion

Electronic supplementary material The online version of this
article (doi:10.1007/s10549-014-3019-2) contains supplementary
material, which is available to authorized users.
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Breast cancer-specific 
recurrent read-through 

transcripts in 
membrane proteins.

TIMM13-LMNB2 are membrane proteins.
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New module - Under development 
Knowledge driven fusion transcript discovery

SV from WGS 
Confident transcripts from other samples  
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