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Abstract

Sarcoma represents a highly heterogeneous group of tumours. We report here the first unbiased and systematic
search for gene fusions combined with unsupervised expression analysis of a series of 184 small round cell
sarcomas. Fusion genes were detected in 59% of samples, with half of them being observed recurrently. We
identified biologically homogeneous groups of tumours such as the CIC-fused (to DUX4, FOXO4 or NUTM1)
and BCOR-rearranged (BCOR- CCNB3, BCOR- MAMLI, ZCIH7B-BCOR, and BCOR internal duplication) tumour
groups. VBLL2-fused tumours represented 3 more hiologically and pathalogically heterogeneous group. This study
also refined the characteristics of some entities such as EWSR1-PATZ1 spindle cell sarcoma or FUS-NFATC2
bone tumours that are different from EWSR1-NFATC2 tumours and transcriptionally resemble CIC-fused
tumaur entitics. We also describe a completely novel group of epithelioid and spindle-cell rhabdomyosarcomas
characterized by EWSRI- or msaw:crz fusions. Finally, expression dats identificd some potentially new
therapeutic targets or pathws
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Small round cell sarcoma is a heterogeneaus group of
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tumours mostly affecting children and young adults
[2], synovial sarc

and characterised by an overall poor prognosis [1].
coma (ARMS) [¢

They remain challenging for pathologists hecause
described CIC-I

those tumours share overlapping morphological and

immunophenatypical features. The identification of  BCOR-CCNB3 |
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Cancer Cell

Hedgehog Pathway Drives Fusion-Negative
Rhabdomyosarcoma Initiated From Non-myogenic

Endothelial Progenitors

Graphical Abstract
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Highlights
Committed endothelial progenitors can give rise to
rhabdomyosarcoma (RMS)

Aberrant activation of muscle development programs in non-
myogenic cells drive RMS

SmoM2 transdifferentiates endothelial progenitors resulting
in RMS

Cell of origin emerges as major determinant of RMS location

Drummond et al., 2018, Cancer Cell 33, 108-124
January 8, 2018 @ 2017 Elsevier Inc.
hittps://doi.org/10.1016/.ccell.2017.12.001
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In Brief

Using genetic fate mapping, Drummond
et al. show that hedgehog pathway
activation in endothelial progenitors
results in aberrant expression of
myogenic specification factors,
myogenic transdifferentiation, and
rhabdomyosarcoma (RMS). The finding
may explain how RMS develops in sites
devoid of skeletal muscle.
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Comprehensive and Integrated Genomic
Characterization of Adult Soft Tissue Sarcomas

Graphical Abstract Authors
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Immunity

The Immune Landscape of Cancer

» Immune subtypes differ by somatic aberrations,
microenvironment, and survival
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» Multiple control modalities of molecular networks affect
tumor-immune interactions
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Chromosomal instability drives metastasis
through a cytosolic DNA response
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Nancy Y. Lee!, Marcin Imielenski?®, Gouri N:mjzngud“, Dana Pe'er”?, Don W, Cleveland®, Simon N, Powell’, Jan meerding:".
Charles Swanton®'! & Lewis C. Cantley®

doi:10.1038/nature25432

Chromosomal instability is a hallmark of cancer that results from ongoing errors in chromosome segregation during
mitosis. Although chromosomal instability is a major driver of tumour evolution, its role in metastasis has not been
established. Here we show that chromosomal instability promotes metastasis by sustaining a tumour cell-autonomous
response to cytosolic DNA. Errors in chromosome segregation create a preponderance of micronuclei whose rupture spills
genomic DNA into the cytosol. This leads to the activation of the cGAS-STING (cyclic GMP- AMP synthase-stimulator of
interferon genes) cytosolic DNA -sensing pathway and downstream noncanonical NF-«B signalling. Genetic suppression

of chromosomal instability markedly delays metastasis even in highly

aneuploid tumour models, whereas continuous

chromosome segregation errors promote cellular invasion and metastasis in a STING - dependent manner. By
lethal epithelial responses to cytosolic DNA, chromosomally unstable tumour cells co-opt chronic activation of innate

pathways to spread to distant organs.

Chromosomal instability (CIN) correlates with tumour metastasis'?,
but it remains unclear whether it is a mere bystander or a driver of
metastatic progression. Chromosomally unstable cells show evidence of
chromosome missegregation during anaphase™, offering an attractive
bottleneck in which to target CIN and probe its selective contribution
to metastasis. Destabilization of microtubule attachments to chromo-
somes at the kinetochores, through overexpression of the non-motile
microtubule-depolymerizing kinesin-13 family proteins KIF2B or
KIF2C (also known as MCAK), directly suppresses CIN in otherwise
chromosomally unstable cells®”. Cells overexpressing KIF2B or MCAK
continue 1o propagate abnormal aneuploid karyotypes, albeit in a stable
manner’, As such, this approach permits direct experimental interro-
gation of CIN, as defined by the rate of ongoing chromosome misseg-
regation, independently of aneuploidy, which is defined as a state of
abnormal chromosome numbers.

Increased CIN in human metastases

First, to determine whether CIN is associated with human metastases,
we applied the weighted-genomic integrity index (wGlI) as a proxy
for CIN* to 79 matched pairs of primary tumour and brain meta-
stasis from a published cohort”. Metastases showed higher wGl1 than
primary tumours (Fig. laand Extended Data Fig. 1a, b).

Next, karyotype analysis of primary breast tumours and metastases
archived in the Mitelman Database of chromosomal translocations
revealed a predilection for near-diploid (2n) karyotypes in primary
tumours. Conversely, metastases were enriched for cells with near-
triploid (3n) karyotypes and had twice as many structural or numerical

chromosomal aberrations per clone as primary tumours. The number
of chromosomal aberrations was highest in tumour samples with karyo-
types ranging between the diploid and tetraploid (4n) range (Fig. 1b, ¢
and Extended Data Fig, 1¢, d).

Finally, histological analysis of primary tumours from patients with
loeally advanced head and neck squamous cell carcinoma'' revealed
a significant association (P < 0.05) between anaphase chromosome
missegregation and the incidence of lymph node metastasis (Fig. 1d
and Extended Data Fig, le).

CIN is a driver of metastasis

To determine whether CIN is causally involved in metastasis, we used
transplantable metastatic tumour models of human (MDA-MB-231) or
mouse (4T1) triple-negative breast cancer and human lung adenocarci-
noma (H2030), in which 47%, 55%, and 67% of anaphase cells, respec-
tively, show evidence of chromosome missegregation. Overexpression
of KIF2B or MCAK suppressed chromosome missegregation, whereas
overexpression of a dominant-negative MCAK mutant' (dnMCAK) led
to a modest increase in chromosome missegregation in MDA-MB-231
cells, Overexpression of KIF2B or MCAK did not alter cellular prolife-
ration or the number of centrosomes per cell (Fig. 2a, b and Extended
Data Fig. 1{~i). As a control, we overexpressed KIF2A, a third mem-
ber of the kinesin-13 family that lacks kinetochore and centromere
localization domains'?; although KIF2A showed microtubule-
depolymerizing activity on interphase microtubules, it had no observ-
able effect on CIN (Fig. 2b and Extended Data Fig, li-k). We ruled out
a direct role for kinesin-13-mediated microtubule depolymerization in
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