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Ewing sarcoma:
0.1 new cases/100,000 inhabitants/year
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Sarcomas with simple 
karyotypic defects

L. Helman and P. Meltzer, Nature Cancer Review 2008
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� TET/FET-ETS chromosomal translocations
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EWSR1 gene on chromosome 22q12 is fused with a 
member of the ETS family of transcription factor genes, 
most commonly FLI1. 
� the EWS RNA binding domain is replaced by the 
sequence specific DNA-binding domain of the transcription 
factor

INDUCE or REPRESS expression of  target genes
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EWS-FLI1:
• Induces specific gene expression 

alteration
• It is the oncogenic driver of EWS
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EWS-FLI1:

• It induces a specific gene 
expression profile
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A comprehensive profile of the genetic abnormalitie s in Ewing sarcoma and associated clinical 
information. 

Franck Tirode et al. Cancer Discovery 2014;4:1342-1 353

©2014 by American Association for Cancer Research

deleterious mutations in the cohesin complex subunit STAG2 (21.5% tumors, ), 
homozygous deletion of CDKN2A (13.8% and mutations of TP53 (6.2%).

� IMPORTANCE OF EWS-FLI

� Importance of epigenetic regulation
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EWS-FLI1

Transcription

RNA 
metabolism

microRNAs
pattern

RNA splicing
Epigenetic
changes



Epigenetic alterations driven by EWS-FLI1:
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At GGAA repeat elements, EWS-FLI1 multimers induce chromatin opening and create 
de novo enhancers that physically interact with target promoters. Conversely, EWS-
FLI1 inactivates conserved enhancers containing canonical ETS motifs by displacing
wild-type ETS transcription factors.



Epigenetic alterations driven by EWS-FLI1:

• Enhancer genome-wide signature in Ewing sarcoma is highly 
unique compared to other tumor types ���� linked to EWS-FLI1 
Tomazou EM, Cell Rep, 2015

• DNA methylation heterogeneity tend to coincide with  clinical 
heterogeneity

• It defines a disease spectrum in Ewing sarcoma, whi ch might reflect 
the strength of the regulatory signature imposed by  EWS-FLI.

Tomazou EM, Nat Med 2017
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In vitro studies and engineered mice indicated that
fusion transcripts are a necessary but not
sufficient condition

The effects of EWS/FLI expression are strongly dependent on 
cellular context

� introduction of EWS-FLI1 may lead to
transformation,but also growth arrest or cell death,  
“transdifferentiation,” and exhibition of a neural phenotype

���� oncogenic transformation by EWS/FLI requires a 
permissive cellular background. 



• Window of permissive cells is relatively narrow

• Genetic alteration may be toxic or have no effects
at different stages and this may explain the rarity
of the tumors.
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• Fusion transcripts are a necessary but not
sufficient condition : 

���� importance of other imputs that allow EWS-
FLI1-mediated oncogenesis

���� need of secondary genetic events



EWS-FLI1

Permissive cellular
background (MSC, NCSC):
- CD99
- IGF system
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Ewing sarcoma
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CD99

Table1. Immunohistochemical expression of the diagnostic markers.

Immunohistochemical marker Negative (%) Positive (%) 
Diagnostic panel 

CD99 
HNK.1 
FLI1  
Caveolin1 

 
4 (1) 

292 (47) 
87 (15) 
29 (5) 

 
612 (99) 
329 (53) 
496 (85) 
516 (95) 
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EWS-FLI1 may induce IGF -I and IGF1R

� activation of IGF-IR signaling
Scotlandi K et al, 1996; 1998; 2001, 2005, 2006

(Cironi L et al PLoSONE 2008
Amaral AT, Garofalo C et al, Clinical  Cancer 
Research2015).
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• EWS-FLI1 maintains CD99 expression directly and indire ctly
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� Gain of 1q

� Loss of 16q

� Trisomy of chr 8 or 12 or both

� Mutations or deletions of the 
oncosuppressor p53 (10%pts)

� Mutations or deletions of the ink4A gene

� Loss of STAG2
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(M. Ladanyi, JCO 2005) 



� Direct EWS-FLI1 blockade

� Inhibitors of EWS-FLI1 downstream effectors

� Other approaches (epigenetic agents, PARP-1 
inhibitors...)
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YK-4-279 Erkizan et al Nat Med. 
2009
First-in-human Clinical Trial US

EWSR1-FLI1high states is characterized by highly active cell
proliferation
EWSR1-FLI1 low states is associated with a strong propensity to migrat e, 
invade and metastasize
.  
Franzetti et al Oncogene 2017
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Anti-CD99 or anti-IGFIR MAbs induces: 

• Inhibition of cell growth due to massive and     
rapid cell death in most of EWS cell line

• less migration and metastasis

• chemosensitivity of cells to conventional drugs

• neural differentiation



Clinical investigations targeting IGF-IR 
(Weroha SJ and Haluska P, 2008)
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From Olmos D et al. 2010

other pathways are being recruited to 
compensate for  IGF -IR inhibition



AT Amaral, C. Garofalo et al..Clinical Cancer Res, 20 15



Other therapeutic approaches: 
epigenetic inhibitors

Targeting chromatin regulatory enzymes
cooperating with EWS-FLI1

� Inhibitors of histone lysine specific
demethylase 1 (LSD1) (Theisen ER, et al., Oncotarget 2016)

� Inhibitors of histone deacetylase (HDAC)
(Sonnemann J et al., J Cancer Res Clin Oncol 2007)

� Inhibitors of DNA methyltransferase (Hurtubise A et al.,
Cancer Cell Int 2008)

� BET bromodomains inhibitors (Loganathan S.N., et al., Oncotarget
2016)



Other therapeutic approaches: 
PARP inhibitors

� EWS-FLI1 direclty sustains the expression of
poly(ADP -ribose) polymerase (PARP) 1 in a positive
feedback loop since PARP 1 is required for EWS -FLI1-
mediated transcription Brenner JC Cancer Res 2012; Garnett MJ Nature 2012

� Marked sensitivity (EWS -FLI1-dependent) of Ewing
sarcoma cells to PARP -1 inihibition

� PARP-1 drives transcription and accelerate base
excision repair



� Explanation of Ewing sarcoma sensitivity to genotox ic
agents 

� EWS-FLI1 increases basal levels of transcription wh ich 
results in accumulation of R -loops (3-stranded 
structures)

� Impaired BRCA1 function based on recruitment of 
BRCA1 to those sites ���� absence of homologous 
recombination
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The PARP inhibitor olaparib enhances the sensitivity  of Ewing 
sarcoma to trabectedin.
Ordóñez JL et al. Oncotarget. 2015 Aug 7;6(22):18875-90.

PARP Inhibitors Sensitize Ewing Sarcoma Cells to Te mozolomide
Engert F et al, Mol Cancer Ther. 2015 Dec;14(12):2818-30.



BIOLOGY HELPS  FOR DESIGNING NOVEL 
TRIALS
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Il Pensatore

Italian
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of Health
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