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Targeted RNA-seq of gene fusions helps in the differential
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Introduction Differential diagnosis of ES/ELS using RNA-seq

» Histologically, Ewing sarcomas (ES) are composed of small and monotonous

undifferentiated round cells expressing high levels of CD99.

» Genetically, characterized by balanced chromosomal translocations in which a member of the

FET gene family (EWSR1, FUS) is fused with an ETS transcription factor (driver mutations), with
the most common fusion being EWSR1-FLI1 (85% of cases).
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Introduction Differential diagnosis of ES/ELS using RNA-seq
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Introduction Differential diagnosis of ES/ELS using RNA-seq

FET part ETS part Fusion gene Chromosomal translocation  Frequency
= > - = By 2 =
FUS FEV FUS-FEV t(2;16)(q35;p11) <1%
ERG FUS-ERG t(16;21)(p11;q922) <1%
= > 4 = A
/ W D [ @ D @
EWSR1 FLI1 EWSR1-FLI1 t(11;22)(q24:q12) ~85%
ERG EWSR1-ERG t(21;22)(q22;q12) ~10%
ETV1 EWSR1-ETV1 t(7:22)(p22:q12) <1%
ETV4 EWSR1-ETV4 t(17;22)(q21;q12) <1%
FEV EWSR1-FEV t(2;22)(q33:q12) <1%
ETV5 (?) EWSR1-ETV5 ? ?
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Introduction Differential diagnosis of ES/ELS using RNA-seq

Ewing-like tumors resemble Ewing Sarcoma
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Introduction Differential diagnosis of ES/ELS using RNA-seq

Comparison of typical FET-ETS-driven ES with ELS

Sex 5-year
Fusion type n Age distribution (%) ratio Tumour loc (%) survival Morphology Immunohistochemistry
(m:f) (%)
e Strong and diffuse staining membrane
* Bone (88) expression of CD99 in > 95% of tumours.

e Children (35) y . . . . o
FET-ETS  >1,000 » Adolescents (40) 15:1 70-80 Monorporphlc small . * Positive s'taln!ng for NKX2-2 in 100% of cases
cells with round nuclei and caveolin 1 in 96% of cases.

e Soft tissue (10)
AtltliEes) e Visceral (2)  High BCL-11B and/or GLG1 expression has a
specificity for Ewing sarcoma of > 96%
Myxoid stromal

. * Bone (3) e ® 90% of tumours express WT1 and 100%
e Children (8) e Soft tissue (87) change, cell spindling, express ETVA
CIC fused 139 e Adolescents (16) 1.2:1 ,@: 43  multifocal nuclear « CD99 expression is strong and diffuse in 23% of

e Adults (76) atypia and clear-cell

cases and focal in 61% of cases
cytology

e Visceral (10)

BCOR

e Children (35)

* Bone (64)

Round to spindle-
shaped cells and

e Positive staining for BCoR, TLE1 and cyclin D1
e Positive staining for CCND3 (in BCOR—CCND3

49 e Adolescents (41) 5.1:1 e Soft tissue (32) . .
rearranged e Adults (24) o W) () occasional myxoid tumours)
stroma e Focal staining for CD99 (42% of tumours)
Lymphocyte
EWSRI— e Children (0) e Bone (83) infiltration, scattered
NFATC2 13 » Adolescents (33) 12:01 e Soft tissue (17) nuclear atypiaand a e Strong staining for CD99 (100% of tumours)

e Adults (77)

e Visceral (0)

nesting pattern of
growth

Griinewald TGP et al., 2018
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Differential diagnosis of ES/ELS using RNA-seq

Ewing-like tumors resemble Ewing Sarcoma but show:

different clinical behavior/prognosis

Survival Functions

—}— ES-censared

10 4 i
%
o { [y,
1o
s + LES
YOS
04 - Lp—p——H
CIC fused
02 <
= 2
- p=0.002
0 i G0 B
Months

Antonescu CR. et al., 2017

distinct transcriptome

PC3

@ Ewing sarcoma EWSR1-ETS
Ewing-like sarcoma BCOR-CCNB3

@ Ewing-like sarcoma CIC-DUX4

® EWSR1-NFATc2 sarcoma

Unsupervised PCA on gene expression of Ewing
and Ewing-like sarcomas

Baldauf MC. et al., 2018



Differential diagnosis of ES/ELS using RNA-seq

Differential diagnosis of ES and ELT upon histopathology and FISH
can be challenging
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METHODS Differential diagnosis of ES/ELS using RNA-seq

Targeted RNA-seq to

detect fusion transcripts (FFPE tissue) FISH, EWSR1 break-apart probe
ASSE]V Targets RH103903 e RH12213R?L|75124

Includes the following genes and their fusion partners: ) S’LS' | ,

ALK FUS NTRK3 TCF12 ) WSk

CAMTAL GLIT PDGFB TFE3 ~480 kb ~400 kb

CCNB3 HMGA2 PLAGL  TFG Con ¢——— 2q12.1q122 ———> ©

Q_LL JAZF1 ROS1 USPB

EPC1 MEAFG SS18 YWHAE

EWSR1 MKL2 STATG

FOX01 NCOA2 TAF15

Targeted sequencing assay to simultaneously
detect and identify fusions of 26 genes
associated with soft tissue cancers

Series, n=35 cases with morphology suggestive of ES / ELS



RESULTS Differential diagnosis of ES/ELS using RNA-seq

EWSR1 FISH"‘, n=18 X EWSR1 FLI1

EWSR1-FLI1, n=16 .

EWSR1-ERG, n=1 S meeranaraen 1|

& BED_aAnnotated -EWSR|[+INM_M‘|1E|3M.1|E!M?

EWSR1-NFATC2, n=1 EVSRICINA D01 16328 T1enors

EWSRT{+)MM_001163287.1 | exon:7

-

EWSRI{+)MM_005243_3 | exon:7

I
|
|
EWSR1(+)MM_013986.3 | exon:8 |

-
A (+1XM_005261389.1 [exon:7

_—
A(+1XM_0052613570.1 | exoncé

EWSRT S~ no0 e
EWS R1 -FLI 1 , n= 1 FLI(+JNM_O01271012.1 [ ewan:4

—
FLI(+)XM_005271484.1 | exon:5

EWSR1-ERG, n=3
CIC-DUX4, n=3

BCOR-CCNB3, n=2 R
no fusion, n=1

N -
) BED_Contigs chil2:+(19683069:29683123) |E_SCORE=1.002+00

dﬂ1:+[|2&67526|:1186?5116:|E_SCDE=1.F‘

|
|
|
FLI1(+)HM_002017.4] exonzé |

EWSR1 FISH n/a, n=7
EWSR1-FLU,p=1 -
EWSR1-ERG, n=2 —————
CIC-DUX4, n=2 _EEE
BCOR-CCNB3,n=1 —— —

FUS-ERG, n=1 =



RESULTS

EWSR1 FISH+, n=18

Differential diagnosis of ES/ELS using RNA-seq

EWSR1-FLI1, n=16
EWSR1-ERG, n=1
EWSR1-NFATC2, n=1

Targeted RNA-seq: 100% sensitivity
for detection of ES predicted by FISH

NFATC2

*© exon:3 - * exon4

= NFATC2

Unbalanced translocation associated
with gain/amplification of 20q and/or 22q
regions



RESULTS Differential diagnosis of ES/ELS using RNA-seq

EWSR1 FISH -, n=10

EWSR1-FLI1, n=1 Targeted RNA-seq is
EWSR1-ERG, n=3 more sensitive than
CIC-DUX4, n=3 FISH for detection of

BCOR-CCNB3, n=2 EWSR1 fusions

no fusion, n=1

“Failure rates for FISH and RT-PCR were 2.5% = —
and 18%, n=772" Noujaim J. et al., 2017 - K

Ewing Sarcoma With ERG Gene Rearrangements:
A Molecular Study Focusing on the Prevalence of R i
FUS-ERG and Common Pitfalls in Detecting T ———— .

EWSRI-ERG Fusions by FISH Cchen S. et al., 2016
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RESULTS Differential diagnosis of ES/ELS using RNA-seq

CIC and BCOR fusions were confirmed by FISH with in-house designed probes

EWSR1 FISH+, n=18

n
| ccccc o132y [ 19pl3 S 19913 2 pi3.11 15, 1115.18 [ 1915, 13.32013 33 15, 421545
EWSR1-FLI1, n=16 =
y chrig: | 42,750, 6ae| 42, 765, ana| 42,790, aag| 42,795, aaal 42,500, Bag| 42,505, aaal 42,510, 868|
UCEC Genes (Ref3eq, GenBank, CCDS, Rfam, tRHAS & Comparative Genomics)
o CIC) FRRE1D

EWSR1-ERG, n=1
EWSR1-NFATC2, n=1

cic ~

EWSR1 FISH -, n=10
EWSR1-FLI1, n=1
EWSR1-ERG, n=3
CIC-DUX4, n=3 o

BCOR-CCNB3, n=2 : ‘
no fusion, n=1 : o ik O

- E -
EWSR1 FISH n/a, n=7 Q
EWSR1-FLI1, n=1

EWS R1 -ERG’ n=2 Mo reardenamiento

CIC-DUX4, n=2

BCOR-CCNB3, n=1
FUS-ERG, n=1 ClCex20-DUX4ex1

® Reordenamiento




Algorithm for molecular diagnosis of ES / ELS

Small round cell tumor suggestive of ES or ELS

Typical l gtgf;ﬁillogy

morpholo

CD9p9 + 9y CD99 weak, neg

FISH EWSR1
FISH EWSR1 negative
positive
Ewing Targeted RNA-seq
Sarcoma
EWSR1-ETS
EWSR1-non-ETS [FUS'ETS \
(NFATC2,...) EWSR1-ETS - EWSR1-ERG
Non-FET:
CIC-fused

\ BCOR-rearranged )




Differential diagnosis of ES/ELS using RNA-seq

CONCLUSIONS

« Targeted RNA-seq outscores EWSR1 FISH assay in the
identification of ES pathognomonic gene fusions, overcoming
common pitfalls such us low performance of FISH in
detecting EWSR1-ERG fusions.

 RNA-seq panel simultaneously detects and identifies ELS
pathognomonic gene fusions at reduced costs, circumventing
tedious singleplex FISH probing.

» We propose a diagnostic algorithm for differential diagnosis
of ES and ELS in which negative EWSR1 FISH
determinations are followed by an RNA-seq targeted panel.
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0, 0,
Caodigo Bx Fusion detectada IHQ pre-NGS | FISH1 pre-NGS wolkdnl FISH2 pre-NGS /‘):::!"2 AR AR E:)Ss: A:c:::l?’
pre-NGS NGS pre-NGS | pre- NGS NGS
NGS
13B11387 BCOR — CCNB3 (15-5) CD99- n/d rror en patwi EWSR1- or en paty / /
16B00097 BCORex15 — CCNB3ex5 CD99+, CD56+ EWSR1- 0% SS18(SYT)- 0% / /
18B03256 BCORex15 — CCNB3ex5 cic- 0% / / / /
16B14075 CIC — DUX4 (20-1) CiC+
15B19184 CIC — DUX4 (20-1) n/d EWSR1- 0% / / / /
16810108 CIC — DUX4 (20-1) CD99+ EWSR1+ 29 % Cic+ 100 % / /
15B04912 CIC —» UNALIGNED — DUX4 (20-1) n/d n/d / / / /
17B05504 CiCex20 — DUX4ex1 CD99+ EWSR1- 0 % Cic+ 100 % / /
18B00761 EWSR1ex7 — ERGex7 CD99+ EWSR1- 8 % cic- 3% / / pedido
17B06790 EWSR1ex7 — ERGex9 CD99+ EWSR1+ 100 % / / / /
17B31925 EWSR1ex7 — ERGex9 CD99+, p53+ny cic- 4% SS18(SYT)- 3% / / pedido
14B24366 EWSR1ex7 —» ERGex9 CD99+ EWSR1- 0% FUS- 0% / /
17B18198 EWSR1ex7 —» ERGex9 CD99+ EWSR1- 4% / / / /
18B04467 EWSR1ex7 — ERGex10 n/d SS18(SYT)- 3% / / / /
17B12436 EWSR1ex10 — FLI1ex5 CD99+ EWSR1+ 100 % / / / /
17B14545 EWSR1ex10 — FLI1ex5 n/d EWSR1+ / / / / /
18800891 EWSR1ex10 — FLI1ex6 CD99+ EWSR1+ 100 % / / / /
15B17511 EWSR1ex10 — FLI1ex7 CD99+ EWSR1+ 93 % / / / /
16804284 EWSR1ex7 — FLI1ex5 CD99+ EWSR1 n/v / / / / n/d n/d
16B28425 EWSR1ex7 — FLI1ex5 CD99+ EWSR1+ 100 % / / / / n/d n/d
16B01657 EWSR1ex7 — FLI1ex6 CD99+, CD45- EWSR1+ 68 % / / / / n/d n/d
16B16798 EWSR1ex7 — FLI1ex6 CD99+ EWSR1+ 100 % / / / / n/d n/d
16B19102 EWSR1ex7 — FLI1ex6 CD99+ EWSR1+ 100 % / / / / n/d n/d
16B31394 EWSR1ex7 — FLI1ex6 n/d EWSR1+ 100 % / / / /
17B12207 EWSR1ex7 — FLI1ex6 CD99+ EWSR1+ 100 % / / / / n/d n/d
17B18776 EWSR1ex7 — FLI1ex6 CD99+ EWSR1+ 91 % / / / /
17B18853 EWSR1ex7 — FLI1ex6 n/d EWSR1+ / / / / /
17B19897 EWSR1ex7 — FLI1ex6 CD99+ EWSR1+ 100 % / / / /
18B00762 EWSR1ex7 — FLI1ex6 CD99+ EWSR1+ 80 % / / / /
18B01035 EWSR1ex7 — FLI1ex6 n/d EWSR1- 6 % CIC- 0% / /
16B00537 EWSR1ex7 — FLI1ex7 CD99+ EWSR1+ 85 % / / / /
18B01767 x::z::; - :;:::13:’/ CD99+ parched ~ EWSR1+ 95 % / / / /
17B06142 EWSR1ex8 — NFATC2ex3 CD99+ EWSR1+ 100 % SS18(SYT)- 0% / / n/d n/d
14B28546 FUS — ERG (6-intron 8) FUS n/v SS18(SYT)- 5% FOXO1- | 3%
17B33550 no fusion CD99+ CD56+, EWSR1- 0 % cic+ 82 % |[SS18-,FO|3% y(Q n/d n/d




13B11387 BCOR-CCNB3 FUSION  Ewing-like Sarcoma

@D EEIEE D FISH BCOR +

HP11-55502 RF11-58H17
1 ._I “
. LR}
F'ti 2116

115 1 4

J O BCOR: CCNB3

i H g RP11-58H17 | RP11.68502 sem— : D

CONBS 5/ exons EORES B3R E Gene fusion probe (in-house)

B Fusion BCOR — CCNB3

GSP2 Filters O Reads (#/%) O Start Sites
CCNB3 E r 005 19 R 0 GSP2 S 533/99.3 103 Q Visualize | ATranslation | @ Blast | Misc. ~
B SU——
+ =4
S G = CCNB3
= BCOR
Passed all strong-evidence filters £ Known fusion partners in Archer Quiver™ % Intronic fusion
« Likely off-target mispriming event %= Percent GSP2 reads below threshold |5 Not enough unique start sites
@ Exact breakpoint known &Jé Fusion expression imbalance O Transcriptional readthrough event
3G Cross contamination 1 Low confidence Known ensembl paralog

JK User-annotated false positive



In-frame fusion of the second base in the last codon
of BCOR and the first base of CCNB3 exon 5

23 4 6 78910 1112 153umR 8 9101112

- I|||l—*—lHﬂ—FH4I

BCOR CCNB3

Peters TL et al.,
2015. BCOR-

CCNBS3 Fusions
Are Frequent in

MTI'CMG&M WAC‘T G GCATAMCTGW

et A Tk cTe CAvsaarac
Sarcomas of Male 1cacGaac. TCAGACAACTACTG | GCATAAGCTGGAAGTCACACCA
Children CACGAMC... TCAGACAACTACTG: GCATAAGCTGGAAGTCACACCAG

ACGAAC.. TCAGACAACTACTG | GCATAAGCTGGAAGGCACACCAGT
TGAAC. .. TCAGACAACTACTG (GCATAAGCTGGAAGTCACACCAGTA
GAAC... TCAGACAACTACTG I GCATAAGCTGGAAGTCACACCAGTAG

CCNB3

13B11387

16819717_52_L001_R1_001

17811452_53_L001_R1_001

17814410_S6_L001_R1_001

17815905_S8_L001_R1_001

13B11387

-

—
chri:-(39911611:39911365) | E_SCORE=1.00e-133

2,000
101_R1_001 BAM - SNPs/Coverage

D01_R1_001 SNPs from VCF elefion 166G -= TG

001_R1_001 Contigs

- —
CCNB3_E_r_005_19_R_0_GSP2

e
chrX:+(50051505:50051533) | E_SCORE=5.00=-08

Seq
GAAATTCAGACTCTGCTGGGCTCCTCTGTAGAGTGGCTCCACCCCAGTGATCTGGCCTCAGACA
AQTACTGGCATAAGCTGGAAGTCACACCAGTAGTAG

Seq length 100

-,



Comparison of typical FET-ETS-driven ES with ELS

ES ELS
Fusion Gene EWSR1-ETS BCOR-CCNB3 CIC-DUX4 EWS-NFATc2
Translocation t(4;19) Translocation t(20;22)

Translocation t(11;22) 85% Inversion

Genetics |1 anslocation t(21:22) 10% | X(p11.4;p11.22) Translocation t(10;19)

First molecular Delattre et al Pierron et al, Nature Kav:/al_rr ura-Si/iltol e C?Z.Uh?ic:et al,
characterization ’ N al, Human Mo inical Cancer
Nature 1992 Genetics 2012 Genet 2006 Research 2009

Child Teenager Adult

Sex ratio
g 9

RN TREL [T |
ge g de

9

uERLNED 141 200 2:1 7:1
Primary tumor tllfsue - s ] ‘0 e |
- -3
. 0.12:1 0.2:1 1:0 0.14:1
Soft tissue : Bone
Frequent: lung, bone, Frequent: lung, bone, )
Metastases bone marrow bone marrow SRBgrfquent. Iggggg o - Rare G
; SRBC tumors, CD99 +/- umors, - umors,
Histology SRBC tumors, CD99+ CCNB3+ ETV4+ lymphocytes infiltrates
Prognosis | Poor if metastatic disease | Poor if metastatic disease Poor unknown
TSPANS8,NKX2-2, CCNB3,NEFL,CRYBA2, TNN,MAMDC2,MGARP,
10 Mai " FAM123A,HS3ST4, EGFEMIPGABRB1, || SR o e e TVA: | COMP, EGFL6,DLK1,
ain specllic genes || ppKCB,STEAP1,BCL11B || F12, FGF9,FZD10,ZIC2, THeD7B ETvEr || TMEMA45BANGPTL,
TOX2,TRMP4,LDB2* SLC35D3 ’ CILP2,SELP
. Chromatin remodeling . . Inflammatory
Main pathways IGF1 pathway developmental pathways Angiogenesis pathways
*. gene list filtered with cell lines experiments
Franck Tirode
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