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Ewing sarcoma:
0.1 new cases/100,000 inhabitants/year




Sarcomas with simple
defects

karyotypic

L. Helman and P. Meltzer, Nature Cancer Review 2008

Table 1| Translocations associated with sarcomas

Translocation Genes Type of tusion gene

Ewing’s sarcoma

EWSR1-ETV1
EWSR1-ETV.

EWSR14

l
Ve

Clear-cell sarcoma

112:22){q13:912) EWSR1-ATF1
Desmoplastic small round-cell tumour

t11:22)p
Myxoid chondrosarcoma

EWSR1-WT1

13:912)

lg22-31:q11-12)
Myxoid iposarcoma

t12:18)(q13:p11)

Transcription factol

Transcnption factol

Transcription factol
Transcrption factol
Transcription factol

Transcrption factol

Transcription factol

Transcription factol

Transcription factor

b=

w12:22)(q13:912) Transcription factor
Alveolar rhabdomyosarcoma
1(2:13)(q35:q14) PAX3-FOX Transcription factor

t1:13)(p36:q14) PAX7FOXO1

Synovial sarcoma

Wi 18)p11:q11) SYT-55X Transcription factor
Dermatotibrosarcoma protuberans

t17:22)(q22:913) COL1A1-PDGFB Growth tactor

Congenital fibrosarcoma

H12:15)p13:925) ETVE-NTRK3 Transcrption-factor recepton
Inflammatory myofibroblastic tumour

2p23 rearrangements TMP3-ALK; TMP4-ALK Growth-factor receptor

Alveolar soft-part sarcoma
tX17)p11.2

q25) ASPL-TFE3

Transcription factol

Transcnption facto

"

Nate that for some turmours, notably Ewing
observed invaling related genes

sarcoma, multiple variant translocations have been




a) Fusion genes involving TET genes: EWSR1-FLI1
EWSR1
NH2 [EESYEQTT] [ERRWME] ] cooH

NH2

EWSR1-FLI1

INDUCE or REPRESS expression of target genes




EWS-FLI1:

* Induces specific gene expression

alteration

 Itis the oncogenic driver of EWS

Target genes

Study

Transcription regulation
NKX2.2
NROB1 (DAXI)
GLII
Tumor cell immortalization
hTERT
Angiogenesis
VEGF
CCND1
TSP1/2
Cancer stemness (polycomb repressor complexes)
BMI1
EZH?2
Tumor growth
BCLIIB
FOXO1
PARPI
PTPLI
PRKCB
REST
Cell-cell contact signaling
E-cadherin, ERBB4
Chemotherapy resistance
GSTM4
MGSTI
SLFN11
IGF pathway
IGFBP3
IGF1
PI3K-AKT pathway
CAVI
RB/P53 pathway

E2F

[73,76]
[74,77,80]
[75,78,79]

[81-83]
[84]
[85]

[86]

[87]
[88,89]

[90]
[91,94]

[97)
[98]
[99}

[101]
[102,103]

[72,104]

[105-107]

HS # % &'# ($ %) M



* |tinduces a specific gene

EWS-FLI1:

expression profile
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EWS-FLI1

)

Target genes

Study

Transcription regulation
NKX2.2
NROB1 (DAXT)
GLII
Tumor cell immortalization
hTERT
Angiogenesis
VEGF
CCND1
ISP1/2
Cancer stemness (polycomb repressor complexes)
BMII
EZH2
Tumor growth
BCLI1IB
FOX0!
PARPI
PTPLI
PRKCB
REST
Cell-cell contact signaling
E-cadherin, ERBB4
Chemotherapy resistance
GSTM4
MGST1
SLFNI11
IGF pathway
IGFBP3
IGF1
PI3K-AKT pathway
CAVI
RB/P53 pathway
E2F

[73,76]
[74,77,80]
[75.78.79]

[81-83]

(84]
(85]
(36]

[87]
[88,89]

[90]
[91,94]
[95]
[92]
[93]
[96]

(100]
[97]
(98]
[99]

[101]
[102,103]

[72,104]

[105-107]

HS # % &'# ($ %) M
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A comprehensive profile of the genetic abnormalitie

s in Ewing sarcoma and associated clinical
information.
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Epigenetic alterations driven by EWS-FLI1:

/) $8 $ )$

/ MSCs /~

Oncogenes OFF

(Riggi N et al Cancer Cell 2014 )

': Ewing =
Sarcoma,”

Oncogenes ON

—
—
|

_,"'I'.Ciosed chromatin /  Active enhancer
| e GGAA repeats %@% .

Active enhancer

5 %@@Q%

_ Differentiation
\\ genes, tumor
\\ _suppressors ON

Differentiation
genes, tumor

Inactive enhancer

“\. suppressors OFF

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

Riggi et al.

GGAA repeats: Activation e g
‘wons /A;

DNA

Closed chromatin state Active enhancer

 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

iIntroduction 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.

Toxic?
Ge etic alter rations may es.racldffercruato w

No effects? Ewing sarcoma
/ ((_.} ) No sffects? z':o“d sarcoma

DeMed oenelk: alterations
Pluripotent Mesodermal Tissue
siem call stem cell siem call merr;etlaloate dFef n‘;ated,oell
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e 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

Ewing sarcoma
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CD99

Tablel. Immunchistochemical expression of the diagnosti&ers

Immunohistochemical marker
Diagnostic panel

Negative (% Positive (%)
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EWS-FLI1 may induce IGF -l and IGF1R

(Cironi L et al PLOSONE 2008
Amaral AT, Garofalo C et al, Clinical Cancer
Research2015).

activation of IGF-IR signaling

Scotlandi K et al, 1996; 1998; 2001, 2005, 2006









% *

Gain of 1qg
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)




EWSRI1-FLI1Mg" states is characterized by highly active cell =

proliferation
EWSRI1-FLI1'% states is associated with a strong propensity to migrat e,

Invade and metastasize

Franzetti et al Oncogene 2017

Other approaches (epigenetic agents, PARP-1
Inhibitors...)









Anti-CD99 or anti-IGFIR MAbs Induces:

e 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)

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






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 Aetal.
Cancer Cell Int 2008)

BET bromodomains innivitors (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
agents

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

Impaired BRCAL function based on recruitment of
BRCAL to those sites absence of homologous
recombination

Ich
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The PARP inhibitor olaparib enhances the sensitivity of Ewing
sarcoma to trabectedin.

Ordonez JL et al. Oncotarget. 2015 Aug 7;6(22):18875-90.

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















