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Perspective

CINSARC: a new look into an old concept gives hope for new 
treatments for synovial sarcomas
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Genomic instability is a characteristic of all human cancers 
with its frequency, causes and consequences having been 
extensively studied and reviewed (1-8). Genomic Instability 
can be manifested as: whole chromosome aneuploidy 
that later gives rise to chromosome instability (CIN), 
gene copy number alterations, structural chromosomal 
abnormalities like translocations, telomere dysfunction, 
and gene mutations (9). Genomic instability not only 
can be a factor for tumor initiation but also favours the 
evolution of cancer cells with capabilities of proliferation, 
survival and dissemination, therefore genomic instability 
is considered as an enabling hallmark of cancer (10). The 
frequency of cytogenetic abnormalities in cancer has been 
systematically documented in the Mitelman database 
which contains karyotype data from nearly 66,000 cancer 
types. Most recently, with the development of genome-
wide molecular techniques, the genomic landscape of many 
tumor types have been mapped and gene signatures of 
chromosomal instability that predict clinical outcomes in 
cancer have been defined (11). In a cancer cell, an average 
of 17% of the genome is amplified and 16% deleted either 
affecting almost the length of a chromosome arm or whole 
chromosomes and the gain or loss of specific chromosomes 
is cancer lineage specific, implying a selective process (12).

Soft tissue sarcoma (STS) is a heterogeneous tumor 
group consisting of more than 50 entities with distinct 
morphology and cytogenetic features. While the majority 
of STS have complex genotypes, about 30% carry specific 
chromosomal translocations and consequently express 
fusion genes that not only are diagnostic markers but also 
have a strong impact on the phenotype and biology of the 
specific sarcoma subtype. 

Several groups have performed genomic and gene 

expression profiling of soft tissue sarcomas and have 
identified diagnostic and prognostic signatures that 
characterize specific sarcoma subgroups [for review see (13)].  
A general observation derived from these studies is that 
there is a correlation between cell pleomorphism and 
genomic complexity. For example the most common 
adult sarcomas have complex karyotypes and pleomorphic 
histology, while sarcomas with chromosomal translocations 
often display a non-pleomorphic histology.

Frédéric Chibon and colleagues identified and validated 
a 67 gene signature of chromosome instability that predicts 
metastasis in individuals with no-translocation related 
soft-tissue sarcomas including undifferentiated sarcomas, 
leiomyosarcomas and dedifferentiated liposarcomas (14). 
This signature named CINSARC (for genome Complexity 
INdex in SARComas) showed to be a “best in test” 
predictor of metastasis free survival (MFS) in these tumors. 
Many of the genes identified encode for proteins involved 
in mitosis, cytokinesis, mitotic check point, the cell cycle, 
and DNA repair.

In a recently published paper (15), the same group, 
further explored whether the CINSARC signature could 
predict a clinical outcome in synovial sarcomas. Two series 
of a total of 100 untreated synovial sarcomas were analyzed 
by CGH and/or gene expression profiling and the results 
were correlated with metastasis free survival (MFS) of 
affected patients. 

The CINSARC signature divided synovial sarcomas into 
two groups with different metastasis outcomes. The tumors 
that develop metastasis frequently harboured chromosomes 
with segmental alterations while non metastatic tumors 
rarely had chromosome losses or gains.

Of 67 genes from the CINSARC signature, two genes,  
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CDCA2 (cell division cycle A2) and KIF14 (kinesin family 
member 14) were ranked-top as differentially expressed 
genes in metastatic synovial sarcomas. When their expression 
was correlated with patient survival, both CDCA2 or KLF14 
could independently predict the metastasis outcome in 
patients similar or nearly better than CINSARC (CDCA2 
MFS P=1.13×10-5 and KIF14 MFS P=5.93×10-6).

Genomic instability determined by the CINSARC 
signature identifies synovial sarcoma patients at high risk 
of metastasis and could impact treatment decisions. For 
example in the use of paclitaxel, there it exists a correlation 
between response to taxanes and genomic instability (16). 
The correlation between CINSARC scores and response 
to chemotherapy in STS remains to be investigated. 
Information on clinical response to chemotherapy in 
patients with synovial sarcomas could however be limited 
since patients are seldom treated with chemotherapy as the 
majority of STS, including synovial sarcoma, have a poor 
clinical response to pre or post-operative chemotherapy. 

The CINSARC genes include several regulators of 
mitosis entry, check-point and exit such as polo-like kinase 
4 (Plk4) and aurora kinases A and B, members of the kinesin 
family such as KLF4, Eg5 and CENP-E, of which several 
small molecule inhibitors have been developed and are in 
preclinical testing for sarcomas (17-20), giving new hopes 
for treatments.

The contributions of genomic instability to the 
metastatic phenotype and evolution of the synovial sarcoma 
cell is not yet defined. Interestingly chromosomal instability 
is associated with higher expression of genes implicated in 
epithelial-mesenchymal transition, cancer invasiveness, and 
metastasis (21). Synovial sarcomas have a relatively normal 
karyotype (13,22), with the translocation t(X:18) (SS18/SSX)  
as the main cytogenetic event. A role for SS18/SSX on 
genomic instability remains to be investigated.
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