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I2TOPIKH ANAAPOMH

EWS-FLI1
translocation
t(11:22)(q24:q12) EWS-ERG
identified in ETV4 discovered as translocation EWS-FEV
Ewing sarcoma polyomavirus enhancer- t(21:22)q22:q12) fusion ETV6-NTRK3 FUS-ERG tusion
and primitive binding protein™™ arg_ identified |n identified fusion identified identified in
characterized as an ETS : i : i ;
neuroecs?dermal -y LA Ewing e in Ewmgm in secretory = .Ewmg =
tumours transcription factor sarcoma sarcoma breast cancer sarcoma

/—Iﬁ / : \ —— |

pLLE 1984 1088 1990 1992 1993 1994 1997 1998 2002 2006

i e ——

v-ets discovered PU.1 discovered in FUS-ERG fusion ETV6-PDGFRB Increase in TMPRSS52-ERG,

in avian acute leukaemogenic identified in fusion identified ETV1 copy TMPRSS2-ETV1 (REF. 17)
leukaemia retrovirus SFFV™a myeloid in CML™® number in and TMPRSS2-ETV4
retrovirus E26 leukaemia'” melanoma™ [REF. 20) identified in
(REF. 1) prostate cancer

D General cancer findings D Ewing sarcoma D Prostate cancer
l:] Breast cancer El Leukaemia

SIZEMORE 2017; NATURE REV.




I>TOPIKH ANAAPOMH
REVIEWS

ETS motifs

« ETV1,ETV4 and ETVS discovered in the
stabilized by COP1 (REF 47) TERT promoter'™*

= TMPRS52-ERG lacks I
COP1-mediated protein Tmprss2-Etvl;
degradation® Pten*" mice

» TMPRS52-ERG interacts develop prostate
with PARP1 and DNA-PKcs* | | adenocarcinoma®™

» ETS2-p53-COF dictates genome-wide
epigenome"’

» GABP( activates the TERT promoter™

» ETS1 and ETS2 activate the TERT
promoter through non-canonical NF-xB"

» ETS2-p53-COF maintains nucleotide
metabolism™

« ERG is oncogenic in melanoma™

* ETV1 copy
gains are
oncogenic in
melanoma”
KIT stabilizes
ETV1 protein
inGIST*

* PBSN-ERG;Pten*-
mice develop prostate
adenocarcinoma’™

* PBSN-ETV1 mice
develop PIN"

2008
—

2010 2011 2012 2013 2014 2015 2016

Fibroblast-specific TMPRSS2-ERG ETS2is ap53-GOF

ETS2 promotes

HER?2* hraaet
TN WIS SN

induces
de-differentiation

co-regulator®

SRC phosphorylation
of ETS1 blocks
COPl-mediated

p53-GOF inhibits
COP1-mediated .

cancer”

* PBSN-ETV1 mice exhibit PIN**

« TMPRSS2-ETVS identified in
prostate cancer’!

* PBSN-AN-ERG mice exhibit PIN*

through EZH2
(REF. 75)

l

Macrophage-
specific ETS2
promotes
breast cancer
metastases”

|
EWS-ERG and
EWS-FLI1 interact
with PARP1 and
DNA-PKcs®

ELF5 is an EMT suppressor
in breast cancer™

protein degradation®

protein degradation |
of ETS2 [REF. 43)

= ETV3, ELF3 and ELK4
show copy gains in breast
cancer”

» PDEF is oncogenic in ERQ*

breast cancer; tumour
suppressive in BLBCY

* ETV6-NTRKS3 fusion
identified in breast
cancer'™

= ELFS increazes mouse
mammary lung
metastases™

SIZEMORE 2017; NATURE REV.
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A | ancer Soft Tissue Sarcoma e

PRINCIPLES OF ANCILLARY TECHNIQUES USEFUL IN THE DIAGNOSIS OF SARCOMAS

TUMOR ABERRATION GENE(S) INVOLVED
Malignant Round Cell Tumors

Alveolar RMS 1(2;13)(q35;q14) PAX3:FOXO1
t(1;13)(p36;q14) PAX7:FOXO1
t(X;2)(q13:935) PAX3:AFX

Desmoplastic small round cell tumor  t(11;22)(p13;q12) EWSR1:WT1

Embryonal RMS Complex alterations  Multiple,
MYOD1, KRAS, HRAS, TP53, NF1, NRAS, PIK3CA, FBXW7, FGFR4, BCOR

Ewing sarcomalperipheral t(11;22)(q24;q12) EWSR1::FLI1

neuroectodermal tumor t(21;22)(q22;q12) EWSR1::ERG
t(2;22)(q33;q12) EWSR1::FEV
t(7;22)(p22;q12) EWSR1::ETV1
t(17;22)(q12;q12) EWSR1::E1AF
inv(22)(q12q;12) EWSR1::ZSG
t(16;21)(p11;q22) FUS::ERG

Undifferentiated round cell sarcoma t(4;19)(q35;q13) or CIC::DUX4*
t(10;19)(q26;q913) BCOR::CCNB3®
inv(X)(p11.4p11.22)

Lipomatous Tumors

ALT/WDLPS Supernumerary ring  Amplification of region 12q13-15, including MDM2, CDK4, HMGA2, SAS, GLI
chromosomes; giant
marker chromosomes

Dedifferentiated liposarcoma Same as for ALT/ Same as for ALT/WDLPS
WDLPS

Myxoid/round cell liposarcoma t(12;16)(q13;p11) FUS::DDIT3
t(12;22)(q13;q912) EWSR1::DDIT3

Pleomorphic liposarcoma Complex alterations  Unknown
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PRINCIPLES OF ANCILLARY TECHNIQUES USEFUL IN THE DIAGNOSIS OF SARCOMAS

TUMOR ABERRATION GENE(S) INVOLVED
Other Sarcomas
Alveolar soft part sarcoma der(17)t(X;17)(p11;925) ASPL::TFE3

Angiomatoid fibrous histiocytoma t(12;22)(q13;q12) EWSR1::ATF1
t(2;22)(q33;q12) EWSR1::CREB1
t(12;16)(q13;p11) FUS::ATF1

Clear cell sarcoma t(12;22)(q13;912) EWSR1::ATF1
t(2;22)(q33;q12) EWSR1::CREB1

Congenital/infantile fiborosarcoma t(12;15)(p13;925) ETV6:NTRK3®
Dermatofibrosarcoma protuberans t(17;22)(q21;q13) and derivative ring chromosomes COL1A1::PDGFB

Desmoid fibromatosis Trisomy 8 or 20; loss of 5q21 CTNNB1 or APC mutations

High-grade endometrial stromal sarcoma  t(10;17)(q22;p13) YWHAE::NUTM2
t(x;22)(p11;q13) ZC3H7B::BCOR’

Epithelioid hemangioendothelioma t(1;3)(p36;925) WWTR1::CAMTA1
t(X;11)(p11.23; q22.1) YAP1::TFE3

Epithelioid sarcoma Inactivation, deletion, or mutation of IN/1 INI1 (SMARCB-1)
(SMARCB-1)

Extrarenal rhabdoid tumor Inactivation of IN/I1 (SMARCB-1) INI1 (SMARCB-1)

Extraskeletal myxoid chondrosarcoma 1(9;22)(q22;q12) EWSR1::NR4A3
t(9;17)(q22;q11) TAF2N::NR4A3
t(9;15)(q22;921) TCF12::NR4A3
t(3;9)(q11;922) TFG::NR4A3

Sporadic and familial GIST Activating kinase mutations KIT or PDGFRA
Carney-Stratakis syndrome Krebs cycle mutation Germline SDH subunit mutations
(gastric GIST and paraganglioma)
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PRINCIPLES OF ANCILLARY TECHNIQUES USEFUL IN THE DIAGNOSIS OF SARCOMAS

TUMOR ABERRATION GENE(S) INVOLVED

Inflammatory myofibroblastic tumor (IMT) t(1;2)(q22;p23) TPM3::ALK®
t(2;19)(p23;p13) TPM4::ALK®
t(2;17)(p23;q23) CLTC::ALK®
t(2;2)(p23;q13) RANBP2::ALK®
t(2;11)(p23;p15) CARS::ALK®
inv(2)(p23;q35) ATIC::ALK®

ETV6::NTRK3%®
TFG::ROS183:10

Leiomyosarcoma (LMS) Complex alterations Unknown

Low-grade fibromyxoid sarcoma/sclerosing t 7;16)8 33;p11) FUS::CREB3L2
epithelioid fibrosarcoma t(11;16)(p11;p11) FUS::CREB3L1

Malignant peripheral nerve sheath tumor NF1, CDKN2A and EED or SUZ12
(MPNST)

Mesenchymal chondrosarcoma t(8;8)(q13;921) HEY1::NCOA2
NTRK-rearranged spindle cell neoplasm®11 Multiple NTRK1,2,3

Solitary fibrous tumor inv(12)(q13q13) NAB2::STAT6
Synovial sarcoma t(X;18)(p11;q11); t(X;18)(p11;q11); t(X;18)(p11;q11) S§518::55X1; §518::S5X2; S518::55X4

Tenosynovial giant cell tumor/pigmented CSF1 rearrangements Multiple12-14
villonodular synovitis (TGCT/PVNS)

3 Emerging entity; NGS testing is preferred.

6 Yamamoto H, Yoshida A, Taguchi K, et al. ALK, ROS1 and NTRK3 gene ! Davis JL, Al-lbraheemi A, Rudzinski ER, Surrey LF. Mesenchymal neoplasms

- : : with NTRK and other kinase gene alterations. Histopathology 2022;80:4-18.
E%%?ggg?%%‘é B et s S 12Ho J, Peters T, Dickson BC, et al. Detection of CSF1 rearrangements deleting

8 Taylor MS. Chougule A. MacLeay AR. et al. Morphologic overlap the 3' UTR in tenosynovial giant cell tumors. Genes Chromosomes Cancer.




AIAAIKAZIA AIATNQXHX KAI TYTTOMNOIHXZHX

ANO2OIZTOXHMEIA

KYTTAPOTENETIKH ANAAYZH (KAPYOTYTTOZ oxt i)
MOPIAKH KYTTAPOIENETIKH (FISH)

MOPIAKH FENETIKH: RT-PCR

SANGER SEQUENCING
NEXT GEN SEQ



2XNMATIOHNOG XIMaIPIKOU yovidiou - MevIKi
apxn:

g;;;% XPOMOZQOMA 1
‘ XPOMOZOMA 2

FONIAIO A

I = e = ==

>

] B  XIMAIPIKO rONIAIO
F l R
Fusion mRNA
NEEZXZ IAIOTHTEX METABOAH OYZIOAOINKHZ
e O o
XIMAIPIKH OrKOIONIAIO

MPQTEINH




Mot peAeTOVpE TA XIHOLPIKX Yovidla o€ emtimedo RNA kat o)t
o€ emimedo DNA otig texvikéG TnG Moplakng MEveTikng

Ta onueila Bpavong TWV XLHALPLKWY YOVIOLWVY UTIOPEL VO TIOLKIAOUV
KOlL VoL KaTavepovTal o€ JeyaAn ektaon tou DNA (xtAuadeg Baoerg),
SnuLoOVPYWVTOC TIPOPLANMATO OTNV £YKLPN AVIXVELON TOUG,.

AvTIOETWCE, TA CNUELO AUTA EPXOVTAL TIOAU KOVTA (ATTOCTAON TIOU
KupaiveTal ot 500bp) ota wplpa popLa Touv Xipoptkov MRNA peta to
UATIOHOL.

ETol, pE VTTOOTPWHO OALKO KUTTOPLKO RNA (Tteplex el TO GUVOAO TWV
METAYPAPWYV, KAVOVIKWY KOL XLHOALPIKWY) GUVTIOETOL CUUTIANPWUATLKO
(complementary DNA, cDNA). To cDNA gival amaAAayUEVO ATtO LVTPOVLE,
OTIOTE N EVIOXLON TWV XLHALPLKWVY AANAOUXLWV ELVOL EUXEPETTEPN.

OTOTE AVTL YLOX XHMALPIKA YOVIOLOX OTNV OLCLA GVIXVEVOVTOL XLHOLPLKK
HETAYPAPX



POH EPTAXZIAX TIA THN ANAAYXH ENO2Z MEZETXYMATOIENOYX2 OIKOY

ErtiAoyn) KatdAANANG pebodoAoyiog yla tnv amopovwaon oAtkou RNA.

[M1poadLoplopog TNG TIOLOTNTAG KAL TNG OCLUYKEVTPWONG TOU
OTTOOVWHEVOL VALKOV.

ErtiAoyn TNG KATAAANANG HOPLOKNG TEXVIKNG YL TNV QVIXVELGON TNG
oAAnNAouxilag evalaPEPOVTOC.



Tl EIAOYXZ YAIKO ®TANEI XTO EPTAXTHPIO MOPIAKHZ TENETIKHX

YAIKO HETA OTIO XELPOVPYLKN ETTEUPaON 1 aTto ProYia

MT1opet va eivat: NwTOG LoTOG (EAXXLOTEC TIEPLTITWOELG)

MOVIJOTIONHEVO VAIKO TIOU TIEPLOCEPE PETA
TNV TTa@OAOYOVATOMLKN €EETOON

[MOIA TA OETIKA KAI TA APNHTIKA KAGE MEPIMNTQ2HX ?



ATTOHOVWON VOUKAEIKWY 0&EWV

Amtotelel To mpwTo Pripa otig avalvoelg DNA kot RNA

ATIOpOVWON HE XPAON GMAWVY XNHIKWVY avTidpaotnpiwyv (OXL Tiia o
KAWVLIKI €Qapuoyn)

ATIOPOVWON HE EUTOPLKAE KLT TIOU TIEPLEXOUV OAC TO ATIAPALTN T
QAVTLOPOTTIPLO KOL AETITOPEPELG OONYLEG

ATIOUOVWON ME XUTOUXTOTIOLNHEVEG HEOOSOUG
(+) EKUNOEVION TOVL KIVOUVOU ETIHOAUVONG OTIO OElypa o€ Selyua

(+) oUVTONOC XPOVOC amopovwong (TuTika 30-45 Asmtta yia 6 €wg 16
delypata)

(+) EAaXLOTN EVOOXOANGT TOV XELPLOTH
(-) amtopOvVwWOoTN YEVETLKOU VALKOU OTTO TILO «OUOKOAEG TINYEG»

(-) vPnAG KOOTOG
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[MpoBAnuatiouol oyetika pe tnv PCR

Erteéepyaoia Twv OELYPNATWY KOL N
(UAIKO KOKNG TIOLOTNTOG)

AvaoToAElG: Htapivn, awgoo@atpivn, AaKTo@eppivn

2XESLOOPOC TWV EKKLVNTWV : PJE TN Xpron on line tools
(primer3plus.com)

ErtiuoAvvon

EINAI [2Q% H IO NOAYXPHXZIMOIMOIHMENH MOPIAKH TEXNIKH
KAl ATTOTEAEI OYZIAXTIKA THN KAPAIA OAQN TQN TEXNIKQN
AIXMHZ THX MOPIAKHX KAI TENETIKHZ ANAAY2ZHX XHMEPA.



ANIXNEYZH XIMAIPIKQN METATPA®QN TOY EWS/FLIT

FLI-1-EWS
#H6 —

—> #2 H2%—
—> #7

Ewing sarcoma
tumors

QY e
FE SIS

2} EWS-FLI-1 (type 1)

B - roews (v2)
FLI1-EWS (40

FLI-1-EWS (#7)
Pol Il




Avixveuon Twv Tpolovtwy evioxvong gRT-PCR
MoAAamAaoclacpog — avixvevon — moootikonoinon tpunpatoc cDNA (pAtpog) os
TIPOLYLOLTLKO XPOVO
MeyaAutepn akpiBela, amodotikotnTa, OE ULKPOTEPO XPOvo armo PCR

XpAon QUTOTIOLNEVOU LLNXOVALOTOG - AVAAUGH KOl TTOOOTLKOTIOLNGN TOU CAUOTOC
dBoplopou- avixveuong tTng UNTPOG

‘Evtaon $Boplopou avéavetal otadlakd o€ ocUVAPTNON UE TNV aAvénon Twv
avilypadwv o€ kKAaBe KUKAO TNG aviibpaong

Threshold/KatwdAL (to onpeio oto omnolo Eexwpilel Evtova to dBopilov orpa Twv
npoiovtwyv tnc Real time PCR armno to Baoiko eninedo (baseline).

[MTPOBAHMATIZMOI: H armtodoon tng ueBodov e€aptatal Kata Paaon
QIO TNV TIOLOTNTA TOL XPXLKOU VALKOU ( )



Quantitative Real Time PCR

H av&énon tov onpatog ¢pOoplopov eival avaloyn Tou cUVTIBEUEVOU
NPOLOVTOC KOl OXETI{ETOL AUECA LLE TNV TTOCOTNTO TOU APXLKOU
UTTOOTPWHOTOC.

Threshold Cyele

Threshold Cycle

Log copies

MCR-3

Threshold Cycle

Log copics




ZuvoPilovtag HEXPL Edw:

Otav gpxetal Eva VIO €££TAGN VAIKO OTO £PYQOTHPLO OTTOMOVWVOUHE
RNA Kol XPNOLUOTIOLOUHE PO OTIO TG TIPOVAPEPOELTEG TEXVIKEG Yl TNV
QVLXVELGN KATIOLOV GUYKEKPLUEVOL XLUALPLKOU YOVLOLOov.

2€ OAEG TIG TIEPLTTTWOELG YAXVOUE EVA CUYKEKPLUEVO XLHALPLKO YOVidlo

AuTto ouvnOwg kaBopiletal amo Tov [lNMabBoAoyoavatopo ToOu EXEL
QVOALVCOEL NON TO VAKO Kol PE PAON OULYKEKPLUEVOUG OELKTEC KOl GAAX
OTOLXELX TNG QVOTOMLOG, TNG LOTOAOYIOG KATT TOU OyKOU UTIODETEL OTL
TIPOKELTOL YL KATIOLO OUYKEKPLPEVO TUTIO OYKOU TIOV €ival NON yvwaoTo OTL
XOPAKTNPLIETOL OTIO TNV TIAPOVGCLO CUYKEKPLHUEVOU X LHMOLPLKOU YoVvLISLov.

AuTO opwg dev LoxLeL NMANTA.

YTI&pXOUV TIOAAEG TIEPLTITWOELG TIOV N «UTTOOECN EPYACLOC» HOG
AEN emfefaiwveTtal.



TI KANOYME OTAN

AEN 'NQPIZOYME KAN TI1A TT1O10 XIMAIPIKO FONIAIO MPEMNEI NA
WA=-OYME?

YIAPXOYN TTAPATTANQ AMNO MIA TIEPITITQXZEIX AIAGOPETIKQN
NMAPTENEP A ENA XYTKEKPIMENO ITONIAIO (61twg ZYMBAINEI ME TO
EWSRT1)??

H APXIKH YINMOG®EXH EPTAZIAX AEN EMNMAAHOEYETAI ME KAMIA TEXNIKH
(FISH , RT-PCR)??

NEXT GENERATION SEQUENCING




The impact of next generation sequencing on sarcoma diagnosis.

2020 ASCO Annual Meeting

Background: The rarity and heterogeneity of sarcoma has been complicating the diagnosis of
sarcoma for years. Even expert pathologists of sarcoma could make mistakes in the diagnosis of this
disease. The availability of Next Generation Sequencing (NGS) data enabled more accurate diagnosis
of sarcoma. In this study, we systematically described the application of NGS on the diagnosis of
sarcoma and the contribution of NGS to the diagnostic accuracy of sarcoma. Methods:

(CAP) accredited and Clinical Laboratory
Improvement Amendments (CLIA) certified laboratory, at Shanghai, China for Next Generation
Sequencing (NGS) was performed. Using next generation sequencing based YS panel consisting 450
genes, these 235 sarcoma patients’ sample were sequenced and the NGS data was analyzed. The
initial diagnosis without NGS information was reconsidered by expert pathologists. Results: Taking
into consideration both the initial diagnosis and the NGS results, the final diagnosis of these 235
sarcoma cases included 8 low grade malignant fibromyxoid tumors, 11 dermatofibrosarcoma
protuberans (DFSP), 38 myxoliposarcomas, 22 alveolar rhabdomyosarcomas, 11 alveolar soft tissue
sarcoma, 2 desmoplastic small round cell tumors, 37 NTRK rearrangement spindle cell tumors, 40
Ewing' s sarcoma and 66 synoviosarcomas
including 13% low grade malignant fibromyxoid tumors (1 FUS-CREB3L2
fusion), 27% DFSPs (3 COL7A7-PDGFB fusions), 11% myxoliposarcomas (3 FUS-DD/T3 fusions and 1
EWSRT1-DDIT3 fusion), 14% alveolar rhabdomyosarcomas (2 PAX7- FOXOT fusions and 1 FOXOT-
LINC00598 fusion), 18% alveolar soft tissue sarcomas (2 ASPSCR7-TFE3 fusions), 50% desmoplastic
small round cell tumor (1 EWSRT7- WTT fusion), 95% NTRK rearrangement spindle cell tumors, 13%
Ewing' s sarcomas (3 £EWSR7-FL/7 fusions and 2 EWSRT- ERG fusions) and 21% synoviosarcomas (9
SS78-SSXT7 fusions and 5 SS78-5SX2 fusions). Conclusions:
especially for N7TRK rearrangement spindle cell tumor, the majority of
which were confirmed according to NGS identified fusions.



Illumina workflow <«

454system-15t NGS machine I

lonTorrent workflow

3'd generation sequencing
Real-time-single molecule seq

1953:
1965:
1968:
1977:
1977
1981:

1987:
1988:

1990:
1599,
1993:
1996:
1999:
2000:
2003:
2003:
2003:

2012:

2003:
2005:
2005:
200/
2010:

2010:

2011:
2012:

Sequencing of insulin protein?

Sequencing of alanine tRNA%

Sequencing of cohesive ends of phage lambda DNA®
Maxam-Gilbert sequencing®

Sanger sequencing®

Messing’s M13 phage vector!2

1986-1987: Fluorescent detection in electrophoretic

sequencing!41517
Sequenase!®
Early example of sequencing by stepwise dNTP
incorporation®3?
Paired-end sequencing?}
Bodipy dyes™®
In vitro RNA colonies
Pyrosequencing ™
In vitro DNA colonies in gels®
Massively parallel signature sequencing by ligation*’
Emulsion PCR to generate in vitro DNA colonies on beads™
Single-molecule massively parallel sequencing—by-synthesisﬂ
Zero-mode waveguides for single-molecule anatysisE?
Sequencing by synthesis of in vitro DNA colonies in gels*®
Four-colour reversible terminators®!->3
Sequencing by ligation of in vitro DNA colonies on beads*
[arge-scale targeted sequence capture® 79
Direct detection of DNA methylation during single-molecule
sequencing®®
Single-base resolution electron tunnelling through a solid-
state detector!4!
Semiconductor sequencing by proton detection!4?
Reduction to practice of nanopore sequencing!43144
Single-stranded library preparation method for ancient DNA'#>

37

34




MEOOAOZ SANGER
AYTOMATOITOIHMENH
AANANHAOYXIZH

; ; ; ; OL TE00EQLS AVTLOQAOELS avohvovTaL Lol oty Ol

ddG ddA ddT ddC

H ovvbeon ovveyiletan péxoL va evompatmbel \ \ / /

\—A).l'nihu-uf]mu

Exzuovnig (20 vouxAeoTiOw) —/

OLAOQOUN EVOS TINATMUATOS TTOAVUALQUAOUIONG

Eva dOWEoEVVOVZAEOTIOW (G, A, T 1 C). - AAMAAOVY i TOV TEQUATLOMEVIV
Mnzog Tov o€ OLOEOEVVOULAEOTIOLN XOUUOTLDV
TUNUAETOV QTTO TOV EXALVNTI] ROL UETA

DNA 3
30 GACGCTGCGA

29 GACGCTGCG
28 GACGCTGC
27 GACGCTG
26 GACGCT

25 GACGC

24 GACG

23 Gac / \

22 GA / Avtn alinrovyia eival
21 OVUTTANOWUOTLAY TTQOG
5 NV oAoida-putoe tov DNA.




R R R R R R
MEOOAOZ SANGER AYTOMATOINOIHMENH AAAHAOYXI2ZH

Primer

5 sppp———— §

-
Template
ddNTPs
ddTTP -@
ddCTP —@
ddATP —-@

ddGTP - Copllovy gel

Privner exrension eeckvophores's

and o Tecenoon

GGTCATAGC <&— Seo&\ex\c@




CTGTGTGBAAATTGTTATCCGC TCACAATTCCACACAACATACGAGCCGG AAGCATAA
110 120 130 140 5 180

e

I'CT AAATTGTTATCCGC TCACAATTCCACACAACATACGAGCCGGAAGCATAA

»NI_CPB50202.1:4372567-4375353 Escherichia coli strain RH-245-C5 DNA polymerase I
ATGOTTCAGATCCCCCAAAATCCACTTATCCTTGTAGATGATTCATCTTATCTTTATCGCGCATATCACG
COTTTCCOCCGCTRACTAACAGCOCARGCOAGCCOACCOGTGCGATATATAGTGTCCTCAACATECTECG
CAGTCTGATCATGCAATATAAACCRACGCATGCAGCAATGATCTTTEACGCCAAGGGARARACCTTTCAT
GATGAACTGTTTGAACATTACAAATCACATCGCCCOCCAATGCCOGACGATCTOOGTGCACARATCGAAC
CTTTGCACGCOATGOT TAAMGCOATGOEACTGCCCTGCTROCAATTTCTOOCGTAGAAGCGRACGALET
TATCGATACTCTGECACOCOAAGE COAAAAAGCCOGACATCCORTACTOATCAGCACTGOCOATARAGAT
ATGOCACAGCTGATGACOCCARATATTACGCTTATCAACACTATOACGAATACCATCCTCOOACCOGAAD
AGGTGATOAATAAGTACOGCATGCCOCCAGAATTRATCATCGACTTCCTAECACTRATAEATRACTCLTC
TGATAACATTCCAGECGTACCGOOCATCOOTAAAAAACCGCACAGGCATTOCTGCAMGGTCTTOGCGEA
CTGEATACGCTATATACCGAGCCAGAAAAAATTGCCAGOTTEAGCTTCCATGACOCEAMAACAATGOCAG
COAAGCTCOAGCAAAACAAGAAGTTGCTTATCTCTCATACCAGCTGRCGACGATTAAAACCRACGTTEA
ACTOGAGCTEACCTOCGAACAACTOGAAGTACAGCAACCOOCAGCOOAAGAGTTATTORRGCTATTCARA

BLAST ® » blastn suite

= vesoe blastx tblastn tblastx

BLASTN programs search nucleotide databases using a nucle

Standard Nucleotide BLAST

Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) @ ciear Query subrange @

From [ ]
To

T s )
e | . . TAYTONOIHXIH THX AAAHAOYXIAL NOY «AIABAXAME»

Database @) standard databases (nretc.): () rRNA/ITS databases () Genomic + transcript databases

[ Nucleotide collection (nrinty ~ | @




EruPePaiwon svpnuatwv PCR evag otoxog kaBe popal!!

Type 1 FUS-DDIT3
- /
fusion gene product

FUS exon 7 DDIT3 exon 2




MOIOI MAPAITONTEZ OAHI'HZAN 2THN AY=ANOMENH
XPH2H THZ MAZIKHZ AAAHAOYXOMOIH2ZHZ 2TH
AIATNQ2H?

ANATKH Tl'A MEPIXXOTEPH NMAHPO®OPIA

PATAAIA EZEAI=H XTH BIOTEXNOAOT'IA

AY=HMENO ENAIA®EPON THX EMIXTHMONIKHX KOINOTHTAX
[A EZEIAIKEYMENOYZX BIOAEIKTEX

2TPO®H MNPOXZ THN

MEIQ2H TOY



AIATPAMMATIKH ATIEIKONIZH THXMEGOAQY PAIRED-END
ILLUMINA

A. Library preparation B. Cluster amplification

Genomic DNA S

l Fragmentation

l Flow cel|

Adapters
Bridge amplification
cycles

Sequencing
library

Clusters

C. Sequencing D. Alignment and data analysis

“MM

of L folE
TON g ONe

ATGGCATTGCAATTTGACAT
TGGCATTGCAATTTG

!\. 1 'f T |l! .3
AGATGGTATTG
Sequencing cycles GATGGCATTGCAA

GCATTGCAATTTGAC
ATGGCATTGCAATT
AGATGGCATTGCAATTTG

Remiancs AGATGGTATTGCAATTTGACAT

Digital image genome

Data ars exported to an output file l

Cluster 1 > Read 1: GAGT...
Cluster 2 > Read 2: TTGA...
Cluster 3 = Read 3: CTAG..
Cluster 4 > Read 4: ATAG..,

Text file




Clustering & Sequencing

freteieenes

freceonsces

| eenesncen

'- e

t-“t“mui

P5 Adapter

P7 Adapter
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Emulsion oil

| DNA libraries,

beads, and PCR mix

Emulsify beads and PCR regents PCR amplification inside microreactors
In water-in-oil microreactors

1l

ACTGTCATATCCGTACGCCTAGTAAGTCATC
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variants lable variant Impac ene rusions

Go

Ref Type

FUSION

[ ]

chi7:138210102 -
= i G FUSION

chri: 140484267

= G FUSION
= G FUSION
| G FUSION
B c FUSION
E| c FUSION
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Genes

SHND1(18) - BRAF(S)

TRIMZ4(5) - BRAF(8)

TRIMZ24(8) - BRAF(9)

TRIMZ4(3) - BRAF(9)

KIAA1549(18) - BRAF(S)
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EPFAZTHPIO FTENETIKHZ «O Alr'lOz ZABBAX»

« To EpyaoTtrplo oXOAELTOL PJE TN OLAPOPOSLAYVWOT TWV ZOPKWHATWV
arto 1o 1996

*Ta TeAeuTaia 8 £1n >600 eceTacBEvVTa dEiyuaTa , HE AUEAVOUEVN CUXVOTNTA
(UAIKO Biowiac)

* H ueBodOAOYLIKN TIPOCEYYLON TIOUL ETIAEYETOL EEAPTATOL ATIO TOV TUTTO
TNG YEVETIKNG aAAayNG TTou DIEPEUVATAI TT.X. N AVIXVEUCN YVWOTOU XIMAIPIKOU
yovidiou yivetal ye PCR evw n digpedvnon AyvwoTwy PETAANALEWY E Seq-
avaAuon

* [NaBoAoyoavatouika Epyaotrpia Nocokougiwv kot OyKOAOYLKEG
KAWLKEC

« H tAclovotnTa NTav 2apkwpata Ewing.

« JUvOLVOOPOG e FISH



EPTAXTHPIO FTENETIKHX

«O Al'lOX2 ZABBAX»
NMAPEAGON

Nested 4 Long PCR
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5 —p CDNA

Real-Time PCR
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FFPE

SANGER SEQ-ANALYSIS __

VA MAWGAG &
st BIOTECH &




R R R R R R
[TAPON: AAAHAOYXOTITOIHXH NEAX TENIAX

PCR avdAuon: INpoUTroBETel TN yvwaon Twv OUO TTAPTEVEP YOVIOIwV 1 AAAIWG YiveTal
MOKPOOKEANG KAl XpovoRopa

FISH avaAuon: 2uviBwcg €oTidlel o€ €va yovidlo KAl O€ OPIOHEVEG TTEPITITWOEIC UTTOPEI VA
AVIXVEUOEI TOV TTAPTEVEP, AAAG TTAAI TTPOUTTOBETOVTAG TTOIO YOVIDIO UTTOPEI Va gival.

= Ewing’s Sarcoma = Alveolar Rhabdomyosarcoma - Synovial Sarcoma - Myxoid Liposarcoma == Other subtypes

TAF1S5

\ SSX2
PA‘J’ZI \
PAX3 SSX4
CcLTC

COL71AT

ATIC

E WsR1 CF'JEEJL 1
T SEC31A
FOX04
CFJ‘EBSL._ '
NCOAT TP e CARS
ERG mes

ASPSCR? / \
RANBP2

TPM3

Round cell tumaors Spindle cell tumors

Next-generation sequencing (NGS) avaAuvon:

KaAUTTTEl HEYAAO VOUUEPO TTOU JTTOPEI va oxeTidovTal UE TO
OXNMATIOMO TOU XIMAIPIKOU Kal

MTTopei va avadeigel kal véa euTTAekOpEVaA yovidia pe pia dokiyaaoia (oTnv idia
gceraon).
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PRINCIPLES OF ANCILLARY TECHNIQUES USEFUL IN THE DIAGNOSIS OF SARCOMAS

Morphologic diagnosis based on microscopic examination of histologic sections remains the gold standard for sarcoma diagnosis. However, several
ancillary techniques are useful in support of morphologic diagnosis, including IHC, classical cytogenetics, electron microscopy, and molecular genetic
testing. Molecular genetic testing has emerged as an ancillary testing approach since many sarcoma types harbor characteristic genetic aberrations,
including single base pair substitutions, deletions and amplifications, and translocations. Molecular testing utilizes multiple techniques such as
fluorescence in situ hybridization (FISH), polymerase chain reaction (PCR)-based methods, or next-generation sequencing (NGS)-based methods (including
DNA and RNA sequencing).1 The selection of the “best” technique depends on the individual tumor and clinical needs. NGS may be beneficial; the timing
of when to perform NGS and for which patients must be evaluated individually. NGS findings can: determine patient eligibility for clinical trials, identify
actionable mutations that may not have been targeted previously, and select patients who may benefit from immunotherapy. Thus, NGS may be appropriate
for patients who may qualify for and who are interested in enrolling in a clinical trial or for patients with disease that is refractory or has progressed on
standard therapies. NGS also may be helpful in certain histologies where NGS is likely to provide clinically actionable information. NGS should not replace
expert pathology review, as NGS only rarely results in a diagnosis change following expert review. Technically successful NGS on bone biopsies requires
use of decalcification agents, such as ethylenediaminetetraacetic acid (EDTA), that do not interfere with genomic testing. Each type of molecular testing is
associated with test limitations and sources of false-negative results; if negative results are received when a molecular aberration clinically was expected,
discussion with the testing lab is highly recommended as testing by another technique may be indicated. Selected recurrent genetic aberrations in
sarcoma®® are listed on the next page.




[apadelypuata oo TNV KAWIKI EQOPUOYI TOU EPYOCTNPLOV UOG

Astyua X: NpOe wg iBavo cuvoflocapKwa.

Meta amo gAeyxo ue RT-PCR Bpebnke apvnTIKO ylor TNV TTAPOLCLX
TOU OUYKEKPLUEVOU XLHMALPLKOU YoVLISLov.

AkoAovOnoe NGS avaAuon PE TO TIAVEA TWV ZOPKWHATWY OTIOV
avixveutnke n mapovoia tov EWSRI/CREB1 (ayyslwpaTtwoEg tVo-
LOTIOKUTTWHQ)

Actyua W: npOe wg iBavo cuvoflocapKwpa Tionc.

Meta amo gAeyxo ue RT-PCR Bpednke apvnTIKO ylo TNV TTAPOLCLX
TOU OUYKEKPLHUEVOU XLMALPLKOU YoVLISLOov.

AkoAovOnoe NGS avaAuon PE TO TIAVEA TWV ZOPKWHATWY OTIOU
avixveutnke n mapovoia tov BCOR/ZC3H7B (EWING LIKE SARCOMAS)
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A prospective study

cancers

Article
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expert diagnosis

molecular result

molecular diagnosis

ALT

atypical ossifying fibromyxoid tumor

FISH MDM2 neg

ESR1-FLI1 (first time), NGS neg

ALT

no modification (false positive)

CCS ESR1-ATF1 angiomatoid fibrous histiocytoma
DDLPS or myxLPS FISH MDM2 pos DDLPS with myxoid component
dedif. CS or mesench.CS or small cell OS NGS neg probably small cell OS
ES BCOR-CCNB3

Ewing-like NGS neg USRC

Ewing-like NGS neg, BCOR neg URCS

Ewing-like ESR1-FLI1 Ewing Sa

Ewing-like or ASPS NGS neg ASPS

Ewing-like or MPNST EWSR1-FLI1 Ewing Sa

Ewing-like or MPNST or SS NGS neg MPNST

Ewing-like or myoepithelial Ca NGS neg, BCOR neg URCS

Ewing-like or spindle cell RMS NGS neg, BCOR neg RMS

high-grade Sa FISH MDM2 pos DDLPS

lipoma or ALT NGS neg, FISH MDM2 pos ALT

LMS ETV6-NTRK3 NTRK-rearranged LMS
LMS or DDLPS NGS neg LMS

LMS or GIST NGS neg, KIT/PDGFRa/BRAF/RAS neg LMS

LMS or GIST NGS neg, KITexon10 mut, PDGFRa/BRAF/RAS neg LMS

MFS G1 or intramuscular myxoma DNA seq MFS G1

MPNST or SS NGS neg MPNST
myofibroblastic tumor MYH9-USP6 nodular fasciitis
myxLPS or MFS NGS neg, FISH FUS-DDIT3 neg MEFS

myxLPS or MFS G1 NGS neg MFS G1

probaly myxLPS NGS neg, FISH MDM2 pos WDLPS

SS TAF15-NR4A3 EMC

UPS or DDLPS NGS neg, FISH MDM?2 neg UPS

ALT: atypical lipomatous tumor, ASPS: alveolar soft part sarcoma, Ca: carcinoma, CCS: clear cell sarcoma, CS: chondrosarcoma, DDLPS: dedifferentiated liposarcoma, EMC: extraskeletal myxoid
chondrosarcoma, ES: epithelioid sarcoma, FISH: fluorescence in situ hybridization, GIST: gastrointestinal stromal tumor, LMS: leiomyosarcoma, MFS: myxofibrosarcoma, MPNST: malignant
peripheral nerve sheath tumor, myxLPS: myxoid liposarcoma, NGS: next-generation sequencing, OS: osteosarcoma, RMS: rhabdomyosarcoma, Sa: sarcoma, SS: synovial sarcoma, UPS:

undifferentiated pleomorphic sarcoma, URCS: undifferentiated round-cell sarcoma, WDLPS: well-differentiated liposarcoma.



Ot oupTayeig OYKOL ( KAOPKIVWHOTO — COPKWHATA ) Ttapouatd{ouvv AOyw
TNG VPNG TOUG PLO OELPA TIEPLOPLOPOVG OTO XELPLOPO TOUG.

*H TILOTOTNTA TNG YEVETIKNG avaAuong EEXPTATAL TIOAU OO TNV
TOU

* O L.OTOAOYIKOG TUTIOC TIOAAWV OYKWV OTTOLTEL LOLXITEPOVE XELPLOPOUG YL
TNV OTIOMOVWGN YEVETIKOU VALKOU TTX OCTAX ME EKTETAMEVN VEKPWON.

* O XELPLOPOG TOV VALKOU PETA TN Prodia | TN XELPOVPYLKN ETTEUPOON
eTNPEQX(EL CNUOVTIKA TNV TIOLOTNTA TOV VALKOU. YAIKS TTOU £XEI UTTOOTEI
ETTAVEIANMMEVEG APAAATWOEIG I EKTETAMEVN EKOEOT) OE OPYAVIKOUG OIOAUTEG
XPEIAZeTal EIOIKN ETTECEPYATIA YIA TV ATTOMOVWOTN YEVETIKOU UAIKOU.

[0 TNV ATTOTEAECUATIKOTEPN AVAAUCH O gival n KaAUTepn TTNYN
YEYOVOC TTOU TTPOUTTOBETEI TOV TTPOYPANMATIONO TNG YEVETIKAG avaAuoncg ndn arrod
TNV WPA TOU XEIPOUPYEIOU.



H YEVETIKI) avAaAuan yia va ival 600 TO QUVATOV TTIO ETTITUXNG
QTTAITEl TNV OTEVI KOL guVEXH ouvepyaoia KAWVIKNG,

[TaBoAoyoavatouikoV Kol Epyaotnpiov MEveTIKNG




