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B1E F

T 111125 FE 955 C U3 e B P S K B 0V T ) 7 i
FRTBT D, BT EYIAN IR R D EA L,
R HE BRI R L I B WD TR L I B &+
O il & @& T OBERERENT DV R T MR TEFERE D
EEMRALDDH 5. KR 2EATE BEERE s
(APL) T, LF /A VA AEn T REICHED <
FIEEE DN THEYZNCIHS h 7D, EfiE A
HBICRKRELVTF /A VEBERENEA TN TN 5H90%
DEWVERRMEEND Xk Tz FlEtE
BEVEFTMYE (CML) Tld Phijttiafk & 0EIZ N 5t (9;22)
(q34;q11) FEEENIT % ICFESD 5 N, 22q11IC H B berid
G & 993412 B 5 abl 3BTRS U ber-abl Bl &8 1z
TOHRETEZEMNAISENTWA. CMLTIE, 2D
ber-abl @l &8 AE F 1 210 kd DB S B IICHEE & LAl
FIEANICRIEL, MAEAICBYSABLFOY V3
F—BIEEOEE R L LD FRK e EZ 5N T
W5, YA, IEN#HTE CMLIC % U T ABLE: 211 7
02— LiEHEAES T H 5 STISTI A W Al
MIEFNRZE 25T Y LM RS T &
51T STI571 D PhGEZEY 2 SPEE s (ALL) 12X
9% in vitrol 3B 2 HEFEINHIRN H & Kawaguchi 5 &
OILFEFZE? IC X DB M EN, FEDBEIE TR
AAE) & U T AR ORI S ARl O T % R
TFAT A IICNEI B EEZIONS. E5T, &
MAREEC B 5 0 FEVI AR SRS 2T S i
T 5T EIFHROD TR 2T % L THEE
TH5.

19944F, Golub5 I X ©t(5;12) (g33;p13) ZH T
2181 e B ERE T afn s (CMML) I 30T 12p13
iin FE Y Wr 2SI £ 16 9 % TELE {5 ¥ (translocation
Ets leukemia) & 5q33 I O PDGF 5 R3& 1z ¥ M Rl &
L, FATEETZRELTWVWAZ EHMRETN
=Y. TEL& 12 T lZets DNAKE & fE 1% % 5 Lets
family® — & & U TETV6 (ets translocation variant
6) LEMMEINTWS (LU NETV6EES ). ETVE
AR T DIFE T 5 127 F o 0 5 i i 801 B 4 7%
AR S CRE, ENREDENS. SHICE
5 E CETV6R G i8Iz TR LTS T &
B L T2 Yt fkiiz Bk, /NiEpreBaMEY >3k
s (ALL) D25 % 7 &5 8 5t (12;21) (p13;q22)
fiE B 12 35 1) B ETV6-AMLIY™, t(9;12) (g34;p13) %
9 % pre B ALLIC¥1) % ETV6-ABLY, t(6:12)
(q23;p13) #1495 pre B ALLIC 3513 % ETV6-STL”,
t(9;12) (p24;p13) %49 %pre BE7/21ZT ALLIC B
% ETV6JAK2 Y, t(12;22) (p13;q11) %#H T % AMLIC

b

BB ETV6-MNI”, t(12;15) (p13;q25) ZH 9 % 2
EEEMEES (AML) 12 351 3 ETV6-TRKC™, t (1;12)
(q25;p13) 7249 % AMLIC 33 % ETV6-ABL2"™, CML
SMEAERRICERD 5N 5t (3;12) (q26;p13) IS
ETV6-EVIT™?, t (12;13) (p13;q12) 249 % AMLIC 351
% ETV6-CDX2", t (412) (q11-q12;p13) %#HF % AML
ICBF 3 ETV6-BTLY, t(912) (q22;p13) 243 % (&
B BRORE () MDSIC B3 % ETV6-Syk™, t (1;12)
(@21;p13) % & § 5 AMLIC 3 \F % ETV6-ARNT® »
HB. TNSDETVE DI EMHTFELE IV NG
M4, Hifas b3 X O HgsEIc B A% E 2> T
ORI TH 5.

Hcx, BUEE CEMmaREGICHRS 5N 2 HD
ETV6 S AR EL BRI 351) % ETV6 &8 (s 7 D [A) &
BRUBGIEEY OB 217> CEz. AT,
CNETOWRBRTY LBEOHEMND, il g
JHC BT % ETV6IE G T K 2 FEIE RS D Z Ak
HHERT 5.

B2

BHERERES KUAEANKICEIT St (5;12)
(q31;p13) FEB{REREELIRT S DfET & ETV6-ACS2FE S
EEEEMDERS LU F ACS22E cDNADBEE

E1E # B

SV IR IS 380 2 s JRE A e AR B R T,
HEPEYIWT SIS AIE S 2 BEUTEE TR EORE R, F X
S IR &8 s 7R R U ORI S L TV B 48
ME. COBICH T OBMEEE T DH L M AN
Rapid amplification cDNA end method (RACE%) I
K DEEHTEEFBXOF ARG E G T OH
X LEIRINAR S TH %, — 7 TMDSIC I % G fafk
50, 7q-, 20q-, 11q-, 12p-FDRKIG kL H
NEVREAT 5. RGO KRR Tld Knudson
Dtwo hit{Fiic & O YR RN K T E S 1
DEEL, BETVILVOBEEFERNMECTVS L
HEHENTE . wEDWE TR 5q-DETEE 72
HA 5 M9 % 7z 81 Fluorescence in situ hybridization
(FISH) {£1C & D 5q- (B HEFMAERHT IRI) 2B
B AEl < DIER D GLAAAFEA T mapping 217V, Had /)
KA 2D BB ENTE D, KARELT,
Z O 5931 FOFI1L.5Mb & L#i P Th b &
TEETOREIERETHS. 7 THELIEtL(512)
(q31;p13) EME A 49 5 MDS/AML 3¢, 12p13 4]k
DU S T B % ETV6E I+ NITHEE T U,
5q- DHE /R ICHEE TH % 5q31 FOBEFEE T 7 E
HEEL 5 Z0[EeER D B £ & 2, FISHIEIC XD 12p13
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YIWT 538 K U Sq31 YIS D 217> 7z, T HICA
9% TIZRACEWEIC & © ETV6RE & 8 {n+ o Bk 7
1TV, ETVeHEFEAH T8 AL D4 E cDNAD Hiff & fH
R B T 27BN T 21T o T2

B2H NREFE

1.5 ®
T SRER D B R MR )4 4 7% Table 11779,
2. JERR

BHEEBMAL%, colcemid (GIBCO-BRL, Tokyo,
Japan) 0.01 pg/ml, 10% fetal calf serum s RPMIEE
T 37°C, 24W5H, B LTz, BiE%IEEIEICE
TIRARAEE U, Gdikic kX b BN 217 - 7z,
Yo ik k% 1 2 50 15 13 International System for Human
Cytogenetic Nomenclature (ISCN 1995)% [ fif - 7.

3. Positional cloning&

METV6;&I5F 3 LU 5q31 D genome 1#iE

ETV63& {5+ genome D2 E 1357240 kb T, 12pl13
@ D1251697 h5 D12S98 D RIS i iE L T\ %
(Fig. 1). 8D MexonX D K &N % Hlexon 1AV 1
E X —HHBICIESP1 & AP2 55 R 5 &AL D D
15004 5 F 3712 CpG island D FTET %%, B tafkiis
JEIC K > TETVE | CHAET 2851 B IS ETVE
DEEM240kbE EWVWC & H 5, J@% D Southern
blotfi##f T ML NN TH D, FH A& 3 12p1345 i
YW 55 O AT IC FISH 1 1T X 5 positional cloning 7% 7%
Wiz, FISHIE IR E R, REROK EICHNOE
. ¥ % & H 3 % probe # hybridize L, probeh 5 D
HOCY 7 F )V 2 O CHAMER T R EAR LICBIERL S
VoA LTS (Fig. 2). HfE, Genome
projectic & 0, b PR AKIIWF{EE N, YAC (Yeast
artificial chromosome) (CEPH mega YAC library,
Riken, Tsukuba, Japan),*®P1~7 77—/, PAC(P1-derived
artificial chromosome), BAC (Bacterial artificial
chromosome) 7z &l 7 a—fb &N, ik Bl
FENTWS. YACTIZ1 MbLL E DYkl %

77—t d 5 EHRRET, T HICPL, BAC, PAC,
cosmid T {3 #4100 kb 7 5 %10 kb D 7 11— LAV A[
RETHOHMIISCTHIHENS. Shld, ETV6HE
LFORER G T % YACI4c10 ® X U ETV6 D%
exon= &9 % cosmid 7 11— >'® % P. Marynen {1
(Leuven University, Leuven, Belgium) & 0 fit5.% %27
FISHf##1 D probe & U THEH U 7z, 5q31 % & U W st
DfFEATICIE 5931 RIS F#Ed % YAC854g6, YAC886al2,
YACS880g9 (CEPH mega YAC library, Riken, Tsukuba, Japan)
¥ KU Edward M. Rubinf#1: (Human Genome Center,
Lawrence Berkeley National Laboratory (LBNL) |,
California) 1< & > T [A] & A7 I Bl 41 & 11 72 P1/PAC
contig * DG #5ZF, YknSEaHT 50— 7%
Mgt Ulz, i Uiz 7 a— v oYk EOfEEskih 7z
Fig. 11</R”9.
@FISH %
YAC DNAO#itH & AluPCRE

YAC single colony % AHC K% # g T30 °C, 3H [#,
IR ELUKL WARZEILL DB, Yeast Lytic
Enzyme % H W [ REE 72 74 f# LU Phenol/Chloroform %
TDNAZHZMEH L 7z, 155 N7z~ DNAM) 53
IRIICYAC Hisk DNA % 15 % 72 8 Ledbetter 5 0 /535>
IZfiéWvinter ALU 35 X OF inter L1-ALU polymerase chain
reaction(PCR) 7% v, b ki @{kHikDNAZ 1
WL, 97%bbHB, b kgenomelllF300HEHED 5 %
% Alu ITYIMiE N2 Ed5 269 % family WFTE L,
a2 Y ARSI T8 % DFIEMEND 5. Alufid 5
IZt hgenomelc 100 I ¥ —EFHE L T WD 28
(45 kb DNAH 7z 0 1[EIHHT 2), alufid¥ickt$ %
O+ Y X primeric & O ERFDNA100ng X O A
It kH13E DNA % Expand Long Template PCR System
(Boehringer Mannheim, Mannheim, Germany) % f\»
THAIE L7z, W7z primer &2 LL ISR .

CL1: 5“TCCCAAAGTGCTGGGATTACAG-3
CL2: 5-CTGCACTCCAGCCTGGG-3

153Alu5”: 5-GTGGCTCACGCCTGTAATCCC-3’
154Alu3’: 5-TGCACTCCAGCCTGGGCAACA-3
450Alu5’: 5-AAAGTGCTGGGATTACAGG-3’
451Alu5: 5-GTGAGCCGAGATCGCGCCACTG-3

Table 1. Hematologic characterristic of the patients with t(5;12) (q31;p12)translocation

PB**
No Sex/Age Diagnosis wBC* (10°1 ) Eo/Ba (%) BM*** blast (%) splenomegaly Katyotype
1. F/68 RAEB 8.8 3/52 15 +  46,XX, t(5:12)(q31:p13)[10]/46,XX[10]
2. M21 AML M2 relapse 41.1 42/0 60 - 46,XY,t(5:12)(q31:p13), t(12:19)(p13;q9?)
[10] /46,XY[1]
3. M/53 Eosinophilic leukemia 59.5 69/3 3.2 - 46,XY,t(5:12)(q31:p13)[18])/46,XY[2]

*: Eo/Ba represents eosinophil and basophil respectively .**;PB represents peripheral blood;**:BM represents bone marrow
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Fig. 1. FISH mapping of the 12p13 and 5q31 breakpoints in the three patients with t(5;12) (q31;p13).

(A) The upper line

represents a genomic map of the ETV6 gene described previously?). The locations of the exons are indicated by vertical
bars.The thick horizontal lines indicate the different cosmids and BAC probes used in this study. The breakpoint of the second
ETV6 allele by a t(12;19) (p13;q1?) of case 2 is also presented.(B) Schematic map of part of the long arm of chromosome 5
illustrating the chromosomal localization and order of the IL4, IL5, IRF1, IL3, GM-CSF, IL9, and EGR1 genes.The thick
horizontal lines indicate the different YAC, P1, and BAC probes used for FISH analysis. These clones were ordered from the
LBNL. The P1 clone H20 was previously reported to map telomeric to an IL3 gene®; however, FISH analysis revealed that H20
is located between BAC127M13 and BAC257H16. The lower line represents the distribution of exons (indicated by vertical bars)
in the ACS2 gene in H20 and BAC127M13, and the location of the breakpoint in each case.

These figures and tables were reproduced from the article : Fusion of TEL/ETV6 to a novel ACS2 in myelodysplastic syndrome
and acute myelogenous leukemia with t(5;12) (q31;p13). Yagasaki F,et al. Genes Chromosomes Cencer. 1999 Nov;26(3):192-202.
Translated by permission of John Wiley & Sons,Inc.All rights reserved.

nl5  der(s) nl5  der(s) nli2  der(12)
Fig. 2. Schematic diagram for FISH signal pattern for the
t(5;12) (q31;p13) chromosomal translocation. When a probe
which involves a 12p13 breakpoint, is used for FISH analysis,
split signals are detected on both der(5) and der(12) (A).
When two flanking probes which locate either centromeric
or telomeric to the 12p13 breakpoint, are used, the signal of
telomeric probe is detected on der(5), whereas the signal of
centromeric probe remains on der(12) (B).When two probes
which involves both 5q31 and 12p13 breakpoints, are used
for FISH analysis, two fusion signals(detected as yellow

signal)are found on both der(5) and der(12) (C).

nli2 - der(12)

s der(s)

nii2  der(12)

PCROZA:1395°C T2 IZ %, 95°CT157, 50°C
T30%), 68°CT77%&30Y A 7 )VITW, MERISIE
68°C, 1057 & U7z, SEXUKEI CHOIERHREI N E
D7 fifgsR USRS S Fl W .

(®BAC, P1, cosmid 7 O—>h*5 D DNA#H

Single colony 7 #E R I FLAEFI A MLBE L < I3 TB
RS C37°C, 18IRfH, #RENTE L, WO
M Ag = 13-151C 7 o Tz iU CHEE L7z, DNAHI
QIAGEN plasmid kit (QIAGEN,Tokyo, Japan) 7% FH\ 7z,
(@ Probe labeling

FREOFFEIC XD TN DNA 1pg %2 Nick
Translation Kit(Boehringer Mannheim, Mannheim,
Germany) 7% F\ T biotin-11-deoxyuridine triphosphate
& L <& digoxigenin-dUTP T LU 7z. ethanolyi %
LI C carrier DNA(salmon sperm DNA 2 pug, tRNA
4pg) LHITHR LU KRIVLT I FT200-250 ng/5 p i
LTz, 5B XU 12 REKICHT % CEP12
Spectrum Green Alpha Satellite DNA probe (Vysis, IL,
USA) , D5S23 probe (Oncor, Gaithersburg, MD) %}
L7z,
(3 Hybridization

AT A F RICZAKEE E NI R EOREAZT70°C,
3053 /n— R = > %7 L 2xSSC/0.1 % tween 20 T37 °C,
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300 WLERTS, 70% ,80% ,100% (£%277) D7 )La—)b
FRRVITHKUE U2, HEWVWTT0%KRIVLT 2
R /4xSSC (pH 7.0) T75°C, 50 Z MW L4 C
D70% ,80% ,100% D 77 ) I —)U | FHZRH5] T ikl
B 7. SVLT7IRTTSH2pug/plic #iiL -z
Cotl DNA (GIBCO-BRL, Tokyo, Japan) 7 probeDNA®
SfEEZMA, T5CTHRAMUEL, ThICHERD
hybridization buffer (4xSSC, 20% W7+ A~ >,
20% BSA) ZhiA 7z, 37°C300 7 L7 =—)V L1154,
A4 R ET37TCTIEEINA TV XA AT gV
Uiz, Bl&EHE37°C, 50% HIVLT 2 R /4xSSCT
54738, 4xSSCT10473E], Wil 7-.
(®Two color detection
2% BSA/4xSSCT7 vy F 7 LkDb, —X
I ik T37 °C, 307> WL FEE L 37 °C, 0.05 % Tween
20/4xSSCC3al Y . — X o i T37 °C T30%7
WEEL, [FRRICTESTE, =R T37°C, 307740
H U 7 ¥4+ 1% DAPI antifade solution 10 u1 THf A L 7z.
SOSHR DR 72 DL R ISR T
— ISR 2% BSA Imlic %t L C avidin-FITC 10 p 1%
MAIVRT T 4 )V Z— Tl
TR 1% BSA, 2% rabbit serumiEifk 1 mI< i L
Canti-avidin- FITC 10p1ZMZx 2V R7
T 1 )V Z—"TEiH
ZRIISHE: 1% BSA, 2% rabbit serum 71 mlic % L
TCavidin-FITC 10p 1 & anti-dig rhodamine
MAIVRT T 4 )V Z—Tifi
DAPI antifade solution: 110 DAPUs#E 1 p 1(1p g/mD)
(Vysis, IL, USA) IZ7 pu 1 @ antifade solution (Vysis, IL,
USA) & 20xSSC 2pl1%hnz %.
2T F IV OB HOLHMEE T T (E-800, Nikon,

A

Wild type ETV6 transcript (first strand cDNA)

5'UTR ETV6exon1 ETV6 exon2-8

<
<

pnd PCR
B €

B >

ETV6 fusion transcript (first strand cDNA)

5'UTR ETV6exoni fuison partner gene

Q0

end PCR
B G

—

Oligo dT hybrid primer
1st PCR ‘
»
' >

Oligo dT hybrid primer
1 AAJ
1st PCR
»
' »

Japan) Z 17\, HlEICE DV E L EE10L ED
metaphase 72 fit U 7z.

4 . RNAODOH#H & 3’RACE &

BEOREZH TR LEEHEZMIK D
guanidium thiocyanate % 12 it - T, total RNAZ
i U7z, ETV6REL G 55 PEY) % Frohman 5 ¢ 3RACE
%2 2 W T{T > . RACE®D 5 # % Fig. 3119
b BEFHIDES 724G % oligo dT hybrid primer 7
FHW T first strand cDNAZ {ERK L ETV6 D 5’ FERI AR B
HI1REE A primer (E10F1) 35 X U oligo dT hybrid primer
O BEAIRE I IC 39 % QO primer T PCRi%: % WV ETV6
B G PEY) 2 — XIEIE 9 . HICRERAMEZ D 57
S ETV6+% exon RiE ¥ primer (E93F1%%) & Q1 primer
IZ X D nested PCRZTTWESVKE TPCREYI DY A X
EHEE LTz, WM ETV6 intron (n) THAELTWS &
3 5L, exon (n) X9 % primer £ TH 541 % band
Texon (n~+1) IZH9 % primer W 2 Ao d
5EDM, ROBHETV6EI GG TH 5. HND
PCREY)ZKEN TIVXOYID LT T /n—=2 7
UERECH RIS AE U7z, 3 RACEEIC IV 2 primer
cDNA 7" — )V DIEKLH K U PCRIS D2 L FIC
RY.

Primers
QT:5-CCAGTGAGCAGAGTGACGAGGACTCG-
AGCTCAAGCTTTTTTTTTTTTTTTITTT-3
QO0: 5-CCAGTGAGCAGAGTGACG-3’
Q1: 5-GAGGACTCGAGCTCAAGC-3’

E10F1: 5-GAGAGATGCTGGAAGAAA-3’

E93F1: 5-GGAAAAACCTGAGAACTT-3’

Total RNA 5u g% QT hybrid primer 50 ngZ%

Maker HL60 Ptl Pt2 NBM HL60 Ptl Pt2 NBM
i
e "
CREE
L1 ey
ot Gl
—-— - s
it
2 —
- ¢
Bl w—
- Slie-
- . e

i

ETV6 exon 2
specific primer

ETV6 exon 1
specific primer

Fig. 3. Schematic diagram of 3’RACE method (A,B). Representative gel electropheresis of 3’RACE products(C). Black arrow
indicates a ETV6 fusion transcript derived from the patient 1’s BM cells with ETV6 exon 1 specific primer and Q1 primer
(B,C). This fuison transcript was not detected by RACE with ETV6 exon 2 specific primer and Q1 primer (B,C). HL60: acute
myelogenous leukemia cell line; NBM: normal bone marrow;Pt : patient.
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VT, HiEICHEW MuMLV-reverse transcriptase
200 u (GIBCO-BRL, Tokyo, Japan) i< K& 0 i¥fifiz5 L TE
T 1 mlUIFHEE L, cDNAJ—)L& L7z. Extend Long
Template PCR System (Boehringer Mannheim) %
WT Q0BXUTEL0F] primer T First PCRZJifT L 7z.
PCRD Z&M1392°C T 20 M2 M %, 94°CT208,
57°C T30, 68CT77Z230T 1 7 )LiTV, HEKR
)5 68°C, 1043 & U7z, PCRiIGH % TE T1 mlIC
TRLU T 1RXPCREEY) & L7z, Second PCRIZQ1FB X T
E93F1 primer 2\ 1 p1D 12X PCREEY) X D First PCR
& [ARED ST Second PCRZ iif 1 L 7z.

5. 5’RACE:%

ETV6RL & #i il (5 7+ O cDNAS Wi i 215 % 72 &
5 RACE 7z fiift U7z, T8 5K BERTES S S )
ML T&% % Marathon-Ready cDNA for human bone
marrow (Clontech, Palo Alto, CA) ZF\\ T, HijbD3
RACEVEIC & D Hit U 7z ETV6 Rl & ¥ & % 7 DA
W69 % B primer UP3R (5-CAAAACCAGCTGTC
TCTGAAGATGGAGTA-3") XU AP1 and AP2 primer
ZeHWT, PCRiEZME T LTz,

6 . IEEFEIENT & AREEAR

RACE %)% X U'RT-PCRFEY) 1 TA cloning i%: % H
T pCRIINZ Z— (TA Cloning System Version 1.3,
Invitrogen, Tokyo, Japan) I cloning L, dye terminator
HIc kb, ZnFn# o o— > ABI 310 DNA sequencer
(Applied Biosystems, Urayasu, Japan) Tfi#EtT L7=.
556 N7z E 4113 BLAST server at NIH (http://w
ww.ncbi.nlm.nih.gov) F T GenBank (blastn) 7 — %
N—RTEFEN T B BPN OB & F RO fifgh 72
1otz

7. Northern Analysis |< & % ACS2 D#BiEFIR

SRACETEIC & D B X M7= 2R ACS2 cDNA (p3ACS2)
% EcoR1 WML U TIER L7z 2.5-kb D ACS2 cDNA
Wi 7z X 575 A LDNAKZ L > X 7 L (Amersham
International Plc.) ZH W T [ a - 32P]dCTP (New
England Nuclear) TS ##EEEE L, multiple-tissue
RNA filters (Human MTN; Clontech, Palo Alto, CA) I
18K, hybridize U7z, HIEICHEW 7 T 2 IR TC
Pe¥% Kodak XAR-5 film 12 —80°C, 48HERIEOE L7z,

8. Reverse Transcription (RT)-PCRIC &K %

ETV6-ACS2 ExEEY) & ACS2-ETV6E B DR
fBH total RNA 1 p gh SHIEICHE > TRT-PCRIEIC K

DR U7z, @ UZzprimerl3L RO E D TH 3.

ETV6-ACS2 & #r S YA g % primer:

(case 1) :E93F1 35X U UP3R

(cases 2 33K T 3) : TEL-E1 (5-GAGACTCCTGCTCA
GTGTAGCA-TTAAG-3) & U ACS2R2 (5-CTCGGCT
TGCTTACGCTTTG-3")

ACS2-ETV6 @l &S5 5 FEYNIC N9 5 primer:

ACS2F2 (5-CTATCCGCTACATCATCAAT-3) 5 Xk U
EAS536 (5 TTCAATGGTGGGAGGGTTAT-3")

PCRD Z& 1394 °C T2 [ Z& 1 %, 94 °C T20%),
58°C 20/, 72°CTIORZ35Y A 7 ILITL, HEKR
& 72°C, 1093 Lz,

B3 BREEE

1. t(5;12) (q31;p13) R EFEEDMBEFIFH &
LB R DR

SEF A< HWET U 27z t (5;12) (q31;p13) #xElE, JE
BB LU3T, Wikl on, IrEEERES
ZE S MDSSRUFEE BRI F1 L & W 5 i 22 R &
AL TW JEFI2ICBWT S AMLE 2 BRI b g
BRIEZ 2> Tt (5,12) (¢31;p13) MBI L, HDE—
Pk Tt (12;19) (p13;q2) Mo 6niz. LLEXD
t (5;12) (q31;p13) #2495 MDS/AMLIZHFHERLER D
FEERIEZ &\ o TRMIER RIS 26 U, Frta e it
IR L TWABAEEEDNH B LEZ 5N LEILD
ETV6 B Hi g T HFIEERIE Z 2 E 5 T L i E N
T3 /3, Matsushima 512 & > THEERIIZ 7
3 3 MDS & 5q- & DEE Y A, Rioux 51T & > TEE
PEIFEE BRI 2 IS 351 2 5q31 8 {5 T HE D B 550 Mg
HINTWB. TNHICEBT S ETEE T IFEEERS
K U HHERER DO Hamai B L)L T EDRRICEI S L
TV BDNSHDMHDRETH 5.

12p1335 X U'5q31Y] By 5l OFISHE A7 I & 2 &S
7% Table 21 /1 9. 12p13Y) Wi s 1d & T DIEHI T
YAC964c10 D57 E[> 7 F )V der (12) 35K U der (5) I
ROHNDB T L SHRPEYIW I ETV6NICIFIETS %
TEWRBE N, EHICETV6D K exonZ5HT %
cosmid Z F W /2 @4 Tld, exon 1 Z & H T 5 179A6
D7 F)Vhvder (5) IC, exon 2% &HT % 50F4D
7 F)uhider (12) IS IEFL TR 5N, FEM1B KT
3TIXETVE Dintron 1ANICHREYIMr N D % T &N
HIBH U7z, & BITHEM2TIZ179A6 35 K U50F4 D &
7 F )& der (5) t(512) BX U der (19) t(12;19) kic
& (Fig. 4A), exon 3% & H 9 5 2G8 T ld der (12)
t (5;12) BX U der (19) t (12;19) FICERHENTZ. KW
TETV6 exon 4-5% G459 % 184C4 7% FH\ % & der (12)
t (5;12), der (12) t (12;19) 5K T der (19) t(12;19) I
TNTNT TINS5 N (Fig. 4B), ERI2ICE




AR IS F51F 2 ETV6 (TEL) a5 HED SRR O 2RI B9 5 %% 7

F % 12p13 DHR Y)W I t (5;12) §i5ETIXETV6 intron & 0, T4 OHREEYIK OMETH S 13 H20 13 YAC854g6
2T, t(12;19) ¥ TIZETV6 intron 45D THAEL  DOEE Y Fa X 7{#l0OBAC127M13 & BAC257H16 D
TW3 ELEZ LN MICIFET B LEZ BNz, F£72H20 £ BAC127M13

5q31 Y] W7 5513 2 TYAC854g6 NI F(EL, &5 13200kbLLAICIEH L THIEL T VWA T 2P b,
ICIEBI2 £ 3TIEH20M1C, JEHI1Tld BACI27TM13  5q31 YW i3 2 TRl —& s FWICIEE L TW B A]
WICTF(E L Tz (Fig. 4C,D). Fig. 1 T/R9 &I, REMNH S LEZ 517, MDS/AMLIC 439 % 5q-
YACS854g6131.33Mb CIL4, IL5, IRF1, IL3*° GM-CSF O L@ /R LFEIBICII3DDBRMMN BT 5N TV 5.
LD A SHA VT TAR—2EHET 70— T Nagarajan ?” Zhao * 51, Z0D—>2& L TILID

Table 2. Results of FISH Analysis and Cytogenetic Data

case 1 case 2 case 3
k: 46,XX,1(5;12)(q31;p13) :g:g Eﬂ ::: ::: ::::: :lellaag;::s)lf) ) 46,XY,1(5;12)(q31;p13) [18] /
aryotype | (ig]/ 46X [10] 48XY, U512)(a3Lp13), 112:19)(p13:q17) (O 46XY12]
46,XY [1] (revised karyotype by FISH)

probe localization der (5) der (12) | der (5'25;92? (12) der (11 (212;95" 19) der (5) der (12)

886a12 5g23-31 (+) () (+) ) ) ) (+) )
pH28 541 ® O @0 O 0 @6

5406 ... ... .. ). ) ) ) (O NN © TR A ). )

b127M13 (+) (+) (+) () ) ) (+) ()

20 ) (+) (+) (+) ) ) (+) (+)
b257H16 ) (+) ) (+) ) ) ) (+)
pH14 ) (+) ) (+) ) ) ) (+)
cIRF1 ) (+) ) (+) ) ) ) (+)

y880g9 5q31 ) +) ) +) ) ) ) +)
yogde1o 2p13 BT B A L A ® 0
c179A6 ETV6  exon1 (+) ) (+) ) ) (+) (+) ()
c50F4 exon 2 ) (+) (+) () ) (+) ) (+)
c2G8 exon 3-4 ) (+) ) (+) () (+) ) (+)
pBM12T35 exon 3-5 () (+) ) (+) (+) (+) ) (+)
c184c4 exon 4-5 ) (+) ) (+) (+) (+) ) (+)
c148B6 ETV6 exon8 ) (+) ) (+) (+) ) ) (+)

ND: not done; *: FISH analysis could detect no abnormality
These figures and tables were reproduced from the article : Fusion of TEL/ETV6 to a novel ACS2 in myelodysplastic syndrome
and acute myelogenous leukemia with t(5;12) (q31;p13). Yagasaki F,et al. Genes Chromosomes Cencer. 1999 Nov;26(3):192-
202.Translated by permission of John Wiley & Sons,Inc.All rights reserved.

; B
der(5) 1(5;12) derz) 919N 12:19) (o]

der(19) 1(12;19)\ (5;12) der(12) t(12;19)

\“ der(Sk; '

)

4 chr.5
‘orﬂ 2)
der(12)

c179A6 / c50F4 c2G8/c184C4
BAC127M13/H20 BAC257H16/H20

Fig. 4. Results of FISH analysis of the metaphase chromosomes of Patient 2. (A) FISH with c179A6 [detected with fluorescein
isothiocyanate (FITC)] and c50F4 (detected with rhodamine). Hybridization signals were detected on both der(5) and
der(19). (B) Hybridization with c2G8 (FITC) and c184C4 (rhodamine) shows that both c2G8 and c184C4 signals remained
on der(12)t(5;12), while a split signal of c184C4 was detected on der(19)t(12;19), and the split signal of ¢184C4 and the signal
of c2G8 were detected on der(12)t(12;19). These data show that biallelic translocation of ETV6 occurred during the same
metaphase in this patient. (C) Hybridization with H20 (detected with FITC) and BAC127M13 (rhodamine) shows that a part of
H20 was translocated to der(12), while BAC127M13 remained on der(5). (D) Hybridization with H20 (FITC) and BAC257H16
(rhodamine) shows that BAC257H16 was translocated to der (12), while split signals of H20 were detected on both der(5) and
der(12). With these FISH results, it was confirmed that H20 is located between BAC127M13 and 257H16.

These figures and tables were reproduced from the article : Fusion of TEL/ETV6 to a novel ACS2 in myelodysplastic syndrome
and acute myelogenous leukemia with t(5;12) (q31;p13). Yagasaki F,et al. Genes Chromosomes Cencer. 1999 Nov;26(3):192-
202.Translated by permission of John Wiley & Sons,Inc.All rights reserved.
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5 EGRIMICAFAE T % D5S479 7 5 D5S500 O FE 5 72
MDSH 5 AML\ D Ji BER 171 B 59 % Hd R LT
HThsdeHEHLTWa, HALDFISHENTICHWZ
YAC880g9 (& T DIEHHCAFAE L TV B DY, ARHRPEIC I51F
% 5q31@]|iiﬁ,m6i YAC880g9 & bt > b X 7l HifE
LTHH, TOHBRIFEHIEFELENEEZD
nrz.
2. ETV6 RS EnF &R ETVO S ERFECFDNE
R cDNAD B

38 U 7= FISHfE#TIC X D SEFILTIEETV6N D Y]
Wriildintron IANICH B EEZ SN DT, HLWEZ
FRACEEIC & © ETV6 exon 147 % primer THEIE X
exon 2'Rf FL1Y primer CHYE LISF/R WRIWIE G EY) 2 H
wEL, HEEEERiTo 2 T A, ETV6 exonl IRl
B9 % alulidh| = & AT R OBAE RS 215 . 2B
IZlE, T a—idoligo dT hybrid primer /Y immature
7% ETV6 Rl & mRNANICTEAE T % alufid5| N D poly A 7=
L CHEE LIz D EEZ 5N (Fig. 30). TDR
HIOEH| D PN alu 57 7% BRU T ML BC S 1 69 % primer

ZRELSBRUIRACEEIC K DIGZHO/ a—
DT T TR MENEITY, SEEHTERE FO5ESE
K cDNAD3150bp D G H Bl Y 215 7z, £ /zhtra R
VERIEI RV EGUREEDNAZEGHT S 70—
V7 p3ACS2L UCHUEE U Tz, AEAG I A R AT

DFER, Fuinob I X > THEETNTWVWE Ty D
Acyl CoA Synthetase 258157 (ACS2)™ & cDNALANLT
98%, 7I/BLNILB%DOMAENMAERT NS,
b FRER S E# Z human ACS2 & 441 L Genbank [
% #% L 7z (accession no. AF099740). 1 %L i 51| fi 47
fER2 (Fig. 5) 1Rd. I HICHKALZDOFISH#T & > C
5q31UIWZEH 9 % 2 EAVHIBH L7z P17 10— H20
I Frazer 51C K 0 HEIEACH] W IRE (Genbank accession
no. AC005217) ENTHH*, H20MICIZ 74kbich =5
TACS2D191fl Dexon & FIERFRHIK 2 21— F 9 %
5D exon M FE(ET S EMHBH LT (Fig. 1). &5
IZ & b @Omultiple tissue blot% f \ 7z Northern f# #1 T
WXACS2D7BIZ 4, BRAERF, 88T S LNUCERD,
MTIZ7.0£27kbD, HHETI33.4kb @Hﬁiﬁ?ﬂi 34
& 82 kb DU E FEY 3B 1=, ERT IR
THETHD, FliEHDET, ACS2i3iE ﬁnu%u\
FEHEEREZHS> TS EEZBNS (Fig. 6). Fujino
5Xin vitroll B % T v b ACS2 DTG Wit L,
ACS2Z DD ACS family It LT ROy AFH 1 Vg
(DHA) 1ZX9 % 7 2 JALIEEDRERNIC S0 T & 28
HLTWAY, ICDHADEEICEETh TS L%
EET % L, ACS213 DHADICHN NN/ 1% E )2 4H >
TWVW3EEEZO6N%S.

Hia

-54 GCCTTATCTGACTCTTGTTTTCAACAGAGTTTGTCCTCTCACTTCTGGAGAAG -1
*
ATGCAGACACAGGAGATCCTGAGGATACTGCGACTGCCTGAGCTAGGTGACTTGGGACAG 60
1 M Q T Q E I LRTIULU RLUPETLGT DTLGDQ
TTTTTCCGCAGCCTCTCGGCCACCACCCTCGTGAGTATGGGTGCCCTGGCTGCCATCCTT 120
21 F FR SL SATTTULV S MGATLA AA ATITL
GCCTACTGGTTCACTCACCGGCCAAAGGCCTTGCAGCCGCCATGCAACCTCCTGATGCAG 180
41 A Y WP FTH RUPI KA ALUG QZPZPUCNTILTLMDZQ
TCAGAAGAAGTAGAGGACAGTGGCGGGGCACGGCGATCTGTGATTGGGTCTGGCCCTCAG 240
61 S EEV ED S GGARUZ RSV IGSGUPQ
CTACTTACCCACTACTATGATGATGCCCGGACCATGTACCAGGTGTTCCGCCGTGGGCTT 300
81 L L THYYDUDARTMYQQVFRI RGTL
AGCATCTCAGGGAATGGGCCCTGTCTTGGTTTCAGGAAGCCTAAGCAGCCTTACCAGTGG 360
101 §$ I S G N GPOCULGT FRIKZPIEKUGQTPYQW
CTGTCCTACCAGGAGGTGGCCGACAGGGCTGAATTTCTGGGGTCCGGACTTCTCCAGCAC 420
121 L S Y QE VADR RAETFTIULGSGULUL QH
AATTGTAAAGCATGCACTGATCAGTTTATTGGTGTTTTTGCACAAAATCGGCCAGAGTGG 480
141 N C KA CTDOQTFTIGVF F AQNR RUZPEW
ATCATTGTGGAGCTGGCCTGCTACACATATTCCATGGTGGTGGTCCCGCTCTATGACACC 540
161 I IV ELACYTYSMUVVVPILTYDT
CTGGGCCCTGGGGCTATCCGCTACATCATCAATACAGCGGACATCAGCACCGTGATTGTG 600
181 L GP GAIRYTITINTA ADTISTUVTIUV
GACAAACCTCAGAAGGCTGTGCTTCTGCTAGAGCATGTGGAGAGGAAGGAGACTCCAGGC 660
201 D K P Q KAV LILTULEUHUVETRIEKTETTPG
CTCAAGCTGATCATCCTCATGGACCCATTCGAAGAAGCCCTGAA AGAAG 720
221 L KL I I L MDUPTFETEA ATLI KTETRGDQK
TGCGGGGTGGTCATTAAGTCCATGCAGGCCGTGGAGGACTGTGGCCAAGAGAATCACCAG 780
241 C GV VI K S MQAVEDTCGU QENHDQ
GCTCCTGTGCCCCCGCAGCC 'CTCTCCATTGTGTGTTTCACAAGCGGCACGACA 840
261 A PV PPQPDDTULSIVCFTSGTT
GGGAACCCAAAAGGTGCGATGCTCACCCATGGGAA TGATTTCTCAGGCTTT 900

281 G NP KGAMULTHGNVVADTF S GF
CTGAAAGTGAC: TCCCACTTGTGC! ACATTTCCTATTTG 960

301 L K VTES QWA AZPTUCADVHTISZYTL
CCTTTAGCACACATGTTTGAGCGAATGGTGCAGTCTGTCGTCTATTGCCACGGAGGGCGT 1020

321 P L AHMTFERMVQSUVVYCHGGR
GTTGGCTTCTTCC 'CGCCTTCTCTC. ATGAAGGCTCTATGCCCC 1080
341 VGGFF QGDIRULILSDUDMMI KA ATLTCP
ACCATCTTCCCTGTGGTCCCACGACTGCTGAACCGGATGTACGACAAGATCTTCAGCCAG 1140
361 T I F PV VPRILTLNRMYUDI KTITF S Q
GCAAACACACCATTAAAGCGCTGGCTCCTGGAGTTTGCAGCAAAGCGTAAGCAAGCCGAG 1200
381 A NTPL KRWULULETFAATZ KT RIEKIDOQAE
GTCC ATCATCAGGA, 'CTGGGATGAACTCTTCTTTAATAAGATT 1260
401 VRS GITIRNDSTIWDETLTFTFNTZIKTI
CAGGCCAGTCT TGTTACTGGAGCAGCCCCAGCATCACCA 1320
421 Q A S L GG CVRMTIUVTGA AA AMTPA ASP
ACAGTTCTGGGATTTCTCCGGGCAGCTC Ci 'TTA' 'TATGGCCAA 1380
441 T VL GF LR AALTGT CU QUVYESGTY G Q
ACTGAGTGCACAGCTGGGTGTACCTTCACCACTCCTGGCGACTGGACCTCAGGGCACGTA 1440
461 T ECTAGOCTT FTTU®PGDWTS G HV
GGGGCGCCACTTCCCTGCAATCATATCAAGCTCGTTGATGTTGAGGAACTGAACTACTGG 1500
481 G A PLUPCNUBHTIIKTLVDVETETLNTYW
GCCTGCAA 'GTGT! 'CAAATGTGTTCAAAGGCTACTTG 1560
501 A C K GEGEICVRGPNVTFIEKSGTYTL
AAAGATCCAGACAGGACGAAGGAGGCCCTGGACAGCGATGGCTGGCTTCACACTGGAGAC 1620
521 K DPDRTI KEA ATLUDSDGWULHTG D
ATCGGAAAATGGCTGCCGGCAGGAACTCTTAAAATTATTGATCGGAAAAAGCATATATTT 1680
541 I G K WL PAGTTU LI KTITIDT RIKIKIHTITF
AAACTTGCTC 'GTTGCACCCGAGA ACATCTACATCCGGAGC 1740
561 K L A QG E Y VAUPEZIKTITENTITYTIR S
CAACCTGTGGCGCAAATCTATGTCCATGGGGACAGCTTAAAGGCCTTTTTGGTAGGCATT 1800
581 Q P VA QI Y VHGDSULI KA ATFTULUVGTI
GTTGTGCCTGACCCTGAAGTTATGCCCTCCTGGGCCCAGAAGAGAGGAATTGAAGGAACA 1860
601 vV vV?ePDPEVMPSWAQZ KT RGTITETGT
TATGCAGATCTCTGCACAAATAAGGATCTGAAGAAAGCCATTTTGGAAGATATGGTGAGG 1920
621 Y A DL CTNUZ KU DTLIKI KA ATITULTET DMVR
TTAGGAAAAGAAAGTGGACTCCATTCTTTTGAGCAGGACCTACCACAGTGCTTAATACAG 1980
641 L G K E S GLHSTV FEU QDTULZPAGQCTULTIQ
ATTAAGGTGTTCAGTAAATATTGATTCAATGACTCAAAACCCGAGGTAAAACCAGGTTCG 2040
661 I KV F S K Y *
MGAGAAMGGCAAAGTGCACGGCTTGTCGAAGATTGCAGAGAMGCAGAGCGGAGCAGG 2100
GGCTCTGGGCCGTTCAGCCCTCGCT A AAAGC 2160

CTGCAAGMAATAGGTCTAGTGAAGACACCCAGGATGAGMGATTGCATCGTTGCGTGAA 2220
TCAGTTACTGATGACCTCCAGGTT! TCATCAA ACTAGTATCAGGA 2280
TTAAGTTTGCACCATGGTATGGCCAGTTCTCTTCTGAGCTATTCAGTCACAGACTCTTAT 2340
GCAGAATACAAGAGTTTTGAAGAGAGCTTTCCATCACCTGAACTGTTCAGAAAATCAGAT 2400
TATTTAGACTGGGAGTGTCCCAACTTGGAAGAACACATGCAGTGGAAGAATTCTACTCTT 2460
CTGGATACCAGTAAAGCAGTAGCGATAGAGAAGGCACCACAGTTTTCAAATGTCTCAGCA 2520
ATTTTCAGTACCTCTTCAGAAGACTATCAGAAATGCCATAGAAAAACAGTGATGACAGTA 2580
GCAGATCAAAATGTTTCTCCAAAAGCAAAGTGTGCTTCAAATTCAGAATCAGAAAACAAA 2640
TTCCAGTACTCCTGGTAAGAAAAACAGAGGCCTTTTAACAAGTACTCCATCTTCAGAGAC 2700
AGCTGGTTTTGTGATTGATTTGTCCTCAGTGCAAAAAGCATCTTTTGAAGAACTATTTCC 2760
AAATGTCAGCAATTATGTTAATTCAAATGAAATTGTTCCTGTGTCAAGTTTGCAGGAARA 2820
TTCTTCAAATGAGTTTCCTGCAAATGCATCAGAAATATGTTGTATTATTAGAACATCACC 2880
AGGAACTAGACAAGTGAAAAATAAAGGTGTTATTGTAAAGAAGAAGAAATATTCTCTTCC 2940
TAAGGATACCCCTCAAGATATCATAATAAAAATGGCATGAAAAAACAGCTGTGGCTGAAT 3000
TTTCACCACTTTGAAGACAGGAGTGTGAAGTCAAAGTCTATAAAGCAGAATGTCTGCCTG 3060
AAATTATATGAAATTAAAAATTAAAAATTCTCCAAA 3096

Fig. 5. Structure of human ACS2 cDNA. Nucleotide and
deduced amino acid sequence of human ACS2 cDNA.
Nucleotide residues are numbered on the right; amino acids
are numbered on the left. Nucleotide 1 is the A of the initiator
ATG codon. The predicted initiator methionine is underlined,
and there is an in-frame stop codon upstream. Negative
numbers refer to the 5’-untranslated region. Potential
polyadenylation signals are underlined. The asterisk indicates
a stop codon.

These figures and tables were reproduced from the article :
Fusion of TEL/ETV6 to a novel ACS2 in myelodysplastic
syndrome and acute myelogenous leukemia with
t(5;12) (q31;p13). Yagasaki F,et al. Genes Chromosomes
Cencer.1999 Nov;26(3):192-202.Translated by permission of
John Wiley & Sons,Inc.All rights reserved.
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3. MDS/AMLICEIF B ETV6-ACS2 RS BT FNES

FISHf# ¥t 35 & CETV6R@h &8 {5 + T » % ACS2
cDNAD BB DRGNS, il &< DIERNC BT % Bl
primer Z 7% E L, RT-PCRILTETV6-ACS2 fiéidin v
DORBZMT LIz T 5, 2TORERITETV6-ACS2
e EE T ORBE 2R Uz (Fig. 7). 1§51z
& FE ) DI EC A AT (Fig. 8) 5 JERI1 TIXETVE
Dexon 1ICACS2D 3 IEFHER I A RS LTI D 127
HOENT 2/ BBEYZ 32— F L TW5D, Swiss
prot database{Z BV THIEED H 2 BHIIFEL %
Motz SERI2 TIEETV6 D exon 2VACS2 D exon 11
ICRE L, JEBI3 TIZETVE D exon 1/HACS2 D exon 1
ICREG L TWiEh, EE5DEEENE 7L —LY 7
M & BN IET R oA R UBSRER R N\ EY
ARIEIARITHEE & Z BTz, JERI3 TIE BV ETV6-ACS2
SREPEYI G RO 5N, THULXGTAG rule IZE-
TACS2NDexon 1 & exon 2D TEIN AT 51 >
VIR ESTHELTEEDEEZ BN,

—J5, ACS2-ETVe6HzH Y fEHI1d & UF21 £
KRS BN THEM2 T2 O EFACS2-ETV6
BB FEYIDMEE LTz, B EY) TIZACS2D exon 9 HY
ETV6 exon 3ICRE G LTV, EVEMZIA T 54
A ENBETO ETV6Dintron 2 1C 3 1z 5 il 72 &4
LTWi., TS ORN5t(512) (q31;p13) Hin
I & D 4T % ETV6-ACS2¥5 5 EY) S BSREM & (1 7%
I—RLEWEEZ SN EEMNITED LN
ACS2-ETV6 B FEY) & 3 IERN AN a2 RE L TV 5B
b, @A ACS2 mRNADHININ & mic 5
ABENDDHEDLHEEINS.

PLEX D t(512) (q31;p13) $5FEICIBVTLE, HRMEIC
KBETV6H X TG ACS2En T DO IE, FEREAX T AVFE
B X OIRREICEI G L TWAEDEHEERE N, HiC
JEFI2 T EI7 VLD ETVE D LEEIC S L THE D
ETV6 DBERET I E U T3 & Z 5 NBLBEZE .
D&k © ETV6-AML17%E3 %t (12;21) (p13;q22) Tl
FILEE O HETTIC LV EHRICTRIZETVE 7 L)L DR H
T 2% T LD ETV6 DREBRER JHVRHED LTI
B4 3 ulReMED RSN T E /. £ ETV6E
LT DBHER RTEAN OZ LA LICBI 5T 5 & E 2
SNBHEFHINRETIN TN S.

CML, AML, MDST#& 55t (12;22) (p13;q11) #i5
i TIXETV61322q11OMNI & G & L, ETV6-MNI ,
MNLETV6 RGBT HREB L TWAMETV6-MNI I
FEREM R A A 72 20— K89, MNI-ETVehyE{kic
532 LHmENBY. ZD#%, Poirel 513t (12;22)
A9 5 A IMERIaE MUTZ-3 Tld ETV6-MNI1 35 X O

MNI-ETV6 Rl &8s 7 DB 2 RBDH T, ETV6D5 IE
BRI HR B YW i D O, FRIFETV6 7 LIV E R
DRIELTWAST &b, ETVEDEIIELICES
TBEHEZEL TWVB?. Suto 5 1Et (6;12) (q23:p13)
749 % cALLH R M aRR T, ETV6-STL FICHRE:
ENDHBEBEN R XA VBT AEETVE 7 LIV L
HORELTVB T EEZME” LTHH, ETV6DO

Q“

Fig. 6. Tissue distribution of ACS2 gene expression.Two
different MTN blots purchased from Clontech Laboratories
were hybridized with probe p3ACS2.

These figures and tables were reproduced from the article :
Fusion of TEL/ETV6 to a novel ACS2 in myelodysplastic
syndrome and acute myelogenous leukemia with
t(5;12) (q31;p13). Yagasaki F,et al. Genes Chromosomes
Cencer. 1999 Nov;26(3):192-202.Translated by permission of
John Wiley & Sons,Inc.All rights reserved.

1,360bp 4,870bp
1,107bp [
926bp

658bp

2,016bp
1,360bp
1,107bp

926bp

489bp 658bp

ETVve/ACS2 A ACS2ETVE B

Fig. 7. Gel analysis of(A)amplified ETV6/ACS2 chimeric
transcripts and (B)amplified ACS2/ETV6 chimeric transcripts
by RT-PCR.(A)Lane M,size marker;lane 1,Patient 1;lane
2,Patient 2;lane 3,Patient 3.(B)ACS2 /ETV6 reciprocal
transcripts are present in Patient 1(lane 1)and Patient 2(lane
2).The different PCR products in lane 3(A)and lane 2(B)are
indicated with arrows. These are the result of alternative
splicing events as shown in Fig. 8.

These figures and tables were reproduced from the article :
Fusion of TEL/ETV6 to a novel ACS2 in myelodysplastic
syndrome and acute myelogenous leukemia with
t(5;12) (q31;p13). Yagasaki F,et al. Genes Chromosomes
Cencer. 1999 Nov;26(3):192-202.Translated by permission of
John Wiley & Sons,Inc.All rights reserved.
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CASE 1
ETV6/ACS2 fusion transcript
ETV6 ACS23-UTR

5 /3'
,,,,,,,,,

Ky e

Hia

ETV6/ACS2 fusion transcript

ARARACCTGAGAACTTCCTGATCTCTCTCGCTGT
K NLRT S S L S L *
ETV6 ACS2
exont 3'UTR
TGTAGCATT@AA_AACMATTCCAGTACTCCTGGTAAGAAAAACAG}\GGCCTTTTAACA

ATGTCTGAGACTCCTGCTCAG
M S E T P A Q

N S s T K
AGTACTCCATC'I'I'CAGAGACAGCTGGTTTTGTGATTG}\TTTGTCCTCAGTGCAAAAAGCA

S v Q

TCTTTTGMGMCTATTTCCAAATGTCAGCAATTATGTTAATTCAMTGMAHGTTCCT
EELFPNVSNYV“SN

GTGTCM\’LA,\L‘(. GG

1\.1 H.AI\ TTCCTGC. AATGCI\TCAGMATATGT
N E F P A N I

Q
TGTATTATT}\GMCATCACCAGGAACTAGACAAGTGAAAAATAAAGGTGTTA’I'!‘GTMAG
[

AAGAAGGAATATTCTC'I‘TCCTAAGGATACCCCTCAAG}\TATCATMTAAAAATGGCATGA
Y s Q

ENE T

ETV6/ACS2 fusion transcript

’E%%ml%%mMmWMW/.

A A
TG TGA
TEL-E1 3PP AcsoR2
ACS2/ETV6 fuswn transcrlpt

I = = -
685b9 Aa
% / // exon 3-8 w
Ara > 656bpmA <
CASE 3 ...............................
ELT;\rIgt:/ACSZ fusion transcript

5

ata 'rch "

Small
ETV6 /12480p ACS2

s "V 7
/%

ATG TGA
»  1143pbp <
TEL-E1 ACS2R2

ETV6/ACS2 fusion transcript

TCCTGATCTCTCTCGCTGTGAGACATGTCTGAGACTCCTGCTCAGTGTAGCATTMGCAG
L S L D Q

GMCGAATTTFA‘T \TACACCTCC: (*rnrwrrt‘n("r"rAchTTCCTCGACGCCA

s YTPPESTZPUVP s P
nxanz ETVS ACS 2 exon11
GACTCGAALU:&,LAUL\.A\: T
R

CTTCATGTTCCAl: TGCCTCGAGCGCTC.
R A L R M E E
CTGTCGTCTATTGCCACGGAWM. u T A \:u TT L TT

CGCCT‘I‘C TCT

S
CAGI\TGI\CATGAAGGCTCTATGCCCCACCATCTTCCCTGTGGTCCCACGACTGCTGMCC
Q

ACS2/ETV6 fusion transcript

Large product
exon9 ACS2 ETV6 ntron2
CCTGATGACCTCTCCATTGTGTGTT’I‘CACAASCGGCACGACAGETAGACAGCTGCCACAT
P DDUL S I VCFTSGTT TSGR RQUL P H

ETV6 exon3
CAAGAACGTCTTRCTTGCAGCCAATTTACTGGAGE GTAGCCCAGTGGCTCA
Q E R L c Q FTGAGMT *

Small product

CAGGCTCCTGTGCCCCCGCAGCT CTCTCCATTGTGTGTTT ACAAGCGGCACG
Q APVPPQEPDDTLSTIVCETSGT
exon9 ACS2 _ETV6 exon3
ACAGECTTGCAGCCAATTTACTGGAGCAGGGATGACGTAGCCCAGTGACTCAAGTGGGCT
Q P I YWSRDTODUVAQ *

ETV6/ACS2 fusion transcript
Large product iy exon1
TCCTGATCTCTCTCGC l'!‘f""f‘TGAGACTCCTGCTCAGTGTAGCATTM%AGT

S * S L S L * DM S E Q

TTGTCCTCTCACTTC' AAGATGCAGACAC. C

L S S HF WRIRTUCRUHRR R S

T TTTTCCbt.AGCCTCTCGGCCACCACCCTCGTGAGTA

ETV6 ACS2

TGCGACTGC

CTGAGC'

TGGGTGCCCTGGCTGCCATCCTTGCCTACTGGTTCACTCACCGGCCAAAGGCCTTGCAGC

CGCCATGCAACCchTGATGCAGTCAGAAGAAGTAGA%EACAGTGGCGGGGCACGGCGAT
<« exoni exon2—

ETV6 ACS2

n1 exont
s unGACTCCTGCTCAGTGTAGCATI‘AA%AGT
E

M
'I‘TGTCCTCTCACTTCTGGAGMGATGCAGACACAGGAGATCCTGAGGI\TACTGCGACTGC
S S H F

Small product

u,ubnlux.u.u.u.

CTGAGC TT \,ULAL;L,LALALM.‘L&.ACCA\.LLAL ACAGTG

~exon1 exon2—

Fig. 8. Schematic diagram of the ETV6/ACS2 and ACS2/ETV6 fusion transcripts, and the partial nucleotide and deduced
amino acid sequences near the breakpoint of the ETV6/ACS2 and ACS2/ETV6 fusion transcripts are shown. In Patients 2 and
3, an out-frame fusion of ETV6/ACS2 occurred, and the resulting stop codon after the initiator methionine of ETV6 is indicated
by the asterisk. In Patient 3, two ETV6/ACS2 splice variants are observed. Both PCR products show the fusion of exon 1
of ETV6 to exon 1 of ACS2. The underlined nucleotide sequence in the larger fusion product represents the region which
was spliced out according to the GT-AG rule in the smaller fusion product. In Patient 2, two ACS2/ETV6 splice variants are
obseved. Both PCR products show the fusion of exon 9 of ACS2 to exon 3 of ETV6. However, larger product contains unspliced
intron 2 of ETV6. Position of primers used in each RT-PCR experiment (Fig.7) are indicated by the black arrows. Size of

resulting PCR products are shown between the arrows.

These figures and tables were reproduced from the article : Fusion of TEL/ETV6 to a noverl ACS2 in myelodysplastic syndrome
and acute myelogenous leukemia with t(5;12) (q31;p13). Yagasaki F,et al. Genes Chromosomes Cencer. 1999 Nov;26(3):192-
202.Translated by permission of John Wiley & Sons,Inc.All rights reserved.

BEDEMLICEEG LTV AN H % L & %
5N%. £ Cools HIC&> T, t(412) (q11-q12;p13)
A9 5 AMLTIZ 2H CETV6 DKERER K X A > 7%
R¥F9 % BTL-ETV6 M fi i & 7z 7%, BTL (BRX like
Translocated in Leukemia) (& N ARGHTHKMET X /5
DA Ry FiERET S0, MEEAIZHREIC
JRITEL, #55 & U TETVE DR FAVE U THImIC
BG4 % EHEZLL TV B ™. LLEDOREIC ETVE DRERE
KRB XK CEIINREE NS WEDDEN S TIEET

B, ETVe D3 MHIEE & L TOREZEEAT %
ICIEE S TWVARL.

K2 ETV6 O EHHIA 1 & U TORREICEI T % )
HHEE, MADODHS. FPYHIMKZEZT Y
IR > A )V AE267% ./ L& 8 5 1 v-ets & v-myb
SRR E N, vetsOb A RET T L U TetsI DV HEEX
N7z, Ets1DCKRIERICIZ8 T 2 / EEM 5 7% % winged
helix-turn-helix motif (ets DBD) DMFEEL, ﬂ”ﬁbﬁ%ﬁ
L CGGAA/TZ Z LB ETSH G O 2 8 ARHINITHE
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Chromosome 12 A
ETVe A 2 1B 3 4 5 67 8
! f g A
< 12pter . I JLIL JLEE S
179A6 50F4 2G8 148B6
PBM12T35
184C:
40kb
Chromosome 4 B
FGFR3
<« cen — apter >
<+«——40kb——>
pC385.12

Fig. 9. FISH mapping of the 12p13 and 4p16 breakpoints
in the patient with t(4;16) (p16;p13).(A) The upper line
represents a genomic map of the ETV6 gene described
previously (Beans et al., 1996). The locations of the exons are
indicated by vertical bars. The thick horizontal lines indicate
the different cosmids and BAC probes used in this study.
(B) Schematic map of part of the short arm of chromosome 4
illustrating the chromosomal localization of the FGFR3 gene.
The thick horizontal lines indicate the cosmid probe used for
FISH analysis.

LIEBR & LT 2 EMENTWS. BIEXT
FIB0FEEE DB LT Nets DBDZH T % C & MG &
Nets family ZTEK L TV 5. BIKEREL 2 FILEIC 35
V% ets family 8215 FREIZBEASNTH O, es
family ICJ& L, < A Friend HIfiLJ/% D proto-oncogne T
H B Fli-11%, EwingRAEDI0% Tk 5N 5t (11;22)
HR RIS & O EWS-Fli-1R &8 n & UCHBIL, Flid
RAZETEDEBIEEDSTHE L TV B, ETV6R
Drosophila yan/pok & FHIGIMED & < SEEHNHIIA - £ & %
5N, ETSKEE a2 ABNICHES U TGz
fil L7z, HLHZ/ U7cEEHEAERIC K O s5A40H]
HNCHERET % T L MER S h T & 7.

Kwiatokowski & (& two-hybridi# % H W\ TETV6 &
Fli-l EDEELTWAB T &R, in vitro TETVEH Fli-1
WEED o —2 =GR HEL, TeAHEICE
ETV6 OHLH DA TIE A 177 TdH D DBD il & 42T
BB EEWMEL TS, SSICETVENFIl1 7 HE—
2 —ITAFAES % ETSK S BSINCHS & LR S 2 #1092
TER, ZTOBICIZETV6OHLHDNETH % T &M
RENTVAET,

COXDICETVERGHEHRE, IEHETVEICHE
THREK T ZREC LD, fidets family DEzEIEME
ICHB R 52 A0 ReEND 5. HLHZ 9 5 E A
HAEH & U TIZGABP o R ETV6 7 [\ T ets family [
OA ) AX—ERIEA 5N, ETV6DHLHKEDRE
BRI K BB D LHEZREI NS, %7z Drosophila yan
MAPK /1 A7 — I BWT Y V{2 20 s G T
MBI ERBEIND, 5%, V7 FIVIGERIC
B BETVeOHREGLIAHE NS b s, Dk
ETV6 DHEANHIA 1 & U TOMERSDIRLZICHS I

ENTETWVSD, EITHENRAN TETVEONEIHIIC
BEEL TV 2 DS KROMETH 5.

—77, ACSIZHIAE AN THEGEE DA & N 5 BRI s
HTHDH7 Iz B8ET, S FayRFY 7
BB EHEED B EEti X CHITENAEE & I 2478
DEETHD. EHICACSIC K BERYTH % Acyl
CoA X fll PN 2R (1 DS A, 8 P i 126 1 3R 28 7 18 1
ZH->THE DY, F7=Protein kinase CiF M2 H IR
RIVE VZAEERORTIH T THB T LEHMBNT
W5, B TIZACS20EIMIC 3813 2 R ENF R T
HHD, BLARBBEE ClihAYRRan=—B XU
PR HERR OO = —, 2UPEAIEICIBI) % ACS family
(ACS1-4) DFRBURNTZITOVHE LT &Y, JRIERR
a0 = — KL TIRACS2D A0, TR HERR O
0 = — K RHI I TLZACS2LL9 D ACS1,3,4 D 3 Bl 7%
BTz, T HICAMAIE Tld PML-RARAF X Z3#8x
F2RBE LU TWAAPLERNC ACS2DRBIZ 788 1= T
& 5 APLAIakE T 5 NBADFEH S % — > & kgt
L7z, ZO4E, NB4 Tld ATRAJERINFRC 1T ACS2-4
BRI LTWBH, ATRAIC X %70 LAE 8%
HACS2DRBDFHIMEF L, ACSSDFRBIMNTTHET
% MV U7 (BRavElER). DLEX D ACS2135k
LERD FH 7% 5 HIEBEER L)V Tob, HhfIC EE
BEZRIZLT0BEEZLNSD, JREEMIITIZ,
514, Wix 2 ACS2DREREMII NI L ZZ 5N 5.

E3E

KHEMETHREEMSEY YINEICH T 5t(4;12)
(p16;p13) FE{REREIRT S DR & ETV6-FGFR3
RSB OB

B1ET # B

ARRYPETHARMEENE Y > 28 (PTCL) I35 % %t
REE O 13075 < 1p36, 14qll, +8qFHEDELHE A
BERIICHRE SN TV 5 DA TPTCLOFEFEHEIC D
WTIEARHIDO RN Z . S, FFEEEICHE SN
TVt (4512) (pl6;pl3) Ytk H %A 9 % PTCL
SEGIZ2 8258 U, 12p13 YT sl NS 25 P 55 1 V) 2 B
BB T ETVE DMEES % T L h 6 BHiEEn B &
UHHB S ERTOHBZIT> 2. ETV6eD ) 8%
PR B E50%, /NEpreB-ALLICEED 51
% ETV6-AML1 ** %t (12;14) (p11;q32) 249 % BHilf
PEEEE ) > SHEY 38 X OT-ALLIC 3513 3 ETV6JAK2 ®
LGS NTWED, PTCLICHBT M3 7% <,
A2 1E PTCLOFE a3 X O asfiis Ic B %
ETV6 DR 5% EZ % L TEHEHETH . £z4pl6 Uk
IR ZRMEEHIETED b N5t (4;14) (p16.3;g32)
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D EEIEAE T T H % fibroblast growth factor receptor 3
(FGFR3) ™ WFIELTW5A T &h 5, FGFR3D B
2B, AREBNC I % ¥z B Y)W s O fig A 2 FISH
:C, & 5ICRT-PCRE TETV6-FGFRIGE B L D
REDOAZRHET L.

B2H NREFE

1. SREEH

JEBNE63F, k. Fekid 2R 25 MEDOREY
>SEIDORER 2 FARICKRBE LTz, B > HiD A4
TIEFIRHAL 2N YY) VS E & B E N Tz, skl
R E ORI TIZY >/ EMEIECD3 5 X T CD4A
P, CD20, CD79a, CD56 M &M T &% v, HTLV-14i
{RBEMCTPTCL stage 1 V & &2 E Nz, 2K,
B ERTEBEANDD VO SEMIROR A 2.8% ICHE
HHN, F OO B R AT 46, XXt (4;12)
(p16;p13) [31/49.XX, +i (1) (q10) ,t (4;12) (p16;p13) ,
+10,+19[10]/49,XX, +1i (1) (q10) ,t (4;12) (p16;p13),
+ 11, + 19[3]/46,XX[4]. O F &M 7% e 7. CHOP
WIENIT %, RFORED VSEHOERKIZHEL
7ehS, BRI Tld 46,XX, t (4;12) (p16;p13) [2],
46, XX[18] &£ i 7 a— U RIEL TV .

2. FISHEIC K 5t(4;12) (p16;p13) EnEtIRTm DEEMT

ETV6 D +%5exon’z 749 % cosmid 7 11— >/ :179A6
(exon 1), 50F4 (exon 2), 2G8 (exon3), 184C4 (exon4-5),
XU 148B6 (exon8) (& P. Marynen f#i1: (Leuven
University, Leuven, Belgium) X 0 {it5.% 3213 FISHf#AT
Dprobe & U T Uiz, 4pl6#izn Y s ORI X
FGFR3% %453 % cosmid pC385.12 *° % M.R. Altherr
&1 (Los Alamos National Laboratory, USA) & it 5.
FRZFEH L. &7 a— 2 ORRak FOFEEEN %
Fig. 91T/ d. minh U7esis (2w, #2fi WRess
LOHEHZB) ZHWT, HKprobeZ{ER L, A
fagetaRic st U C FISH g 7z hiif 1 U 7z.

3. RT-PCR’EIT & B ETV6-FGFR3 RS E-EEIDEH

BHOFEZ1G T Hffitotal RNA 1 p g 5 ETV6-
FGFR3 S mRNA XU FGFR3-ETV6 iy mRNA
DOFH %, TAKARA LA-PCR kit (TAKARA, Tokyo,
Japan) Z W TCRT-PCREE TR L 7z, fEH L 72
primer & DL FIC/RT .

ETV6-FGFR3 fl& mRNAIC %13 primer :
E93F1: (5-GGAAAAACCTGAGAACTT-3)
FGF-RI: (5-GACCAGTGGCCCTTCACG-3)
ACS2-ETV6 Fis mRNAIC %} 3 % primer :
FGFF2: (5-ACGAAGACGGGGAGGACGAG-3)

TEL-AS1: (5-GCTGAGGTGGACTGTTGGTT-3) .
PCROZAM1F95°C T1n &M%, 94°CT15, 58CT
2080, 72°CT1/930M %409 1 7 )VITV, HEKIG
3 72°C, 1057 & LTz,

4. SEEECHIRRT & AREEARART

RT-PCREEYIE KB 7V X 0 YIO LT, PCRICH
7z primer % AU dye terminator £ 1 X O [E 2D
AT 2217 o T2 19 5 NIz FEEC YIS BLAST server
at NIH (http://www.ncbinlm.nih.gov) I TGenBank
(blastn) 7 — X \— R IR E N TV 2 BIHIORS &
FHEMEDfETICAtE Nz,

5. REBBRE

BEY VUSHBXUCIEFEY VR#HOINT T 0>
[ LA 7 77 FHIFGFR3 C AR Ui R B 7 (sc-123;
Santa Cruz Biotechnology, Santa Cruz, CA) 7 i\ T
YEHR A E 21T > 72, B3 Biotinylated secondary
antibody 33X U horseradish peroxidase-conjugated
avidin-biotin system (Vector Laboratories, Burlingame,
CA W/, ¥tk E & L Cdiaminobenzidine
tetrahydrochloride (DAB) (Vector Laboratories,
Burlingame, CA) % W /=,

B3 BREEE

1. t(4;12) (q31;p13) ZEB{AEREEICH|T S EREEYIHT R

FISHfi#thric & 0 12p13 Yl sild, 179A6 (exon 1) ,
50F4 (exon 2) , 2G8 (exon3) O 7 F)Lider (4) I,
148B6 (exon8) D 7 )Lhvder (12) ICHfE L Tl
50N, E51C184C4 (exond-b) VD &, HE|IL 7
JUhider (4) BXUder (12) OlHZFICERSH BN, 12p13
YW s lX ETV6 intron 4-5NICTFET % E EZ BT,
4p16 Y)W 15 1% cosmid pC385.12 D 73 #| <> 7 F )L hider
4) BXTder (12) ODMHFICED 5N, pC385.124
WKHEET B & EZZ 5Tz, 184C4 (rhodamine) 5 &
U cosmid pC385.12 (FITC) % cohybridizationd % &,
TNTNORET T F)Vider (4) BLTUder (12) D
MAICERDON, @E 7V i) & UTHIE
% (Fig. 10A). A% F 7z FISHEUR T SICIAE
I M2 BT % L 90 % DL R IE T 13 @t
BT FIVEEDENT, SR RERIIEEER
Y > E AL O ML R E O T THEZ KT E D L&
Zbnik.

2. ETV6-FGFR3GIEE(LF D Bt & IS EEH AR

RT-PCR{: CETV6-FGFR3 il & 8 15+ D ¥ Bl %
fRfT Lz T h, EE2EEOILEEY OB % E
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Fig. 10. (A) Two color FISH analysis of the t(4;12) (p16;p13) translocation.
: FISH with pC385.12 containing the entire FGFR3 (detected with fluorescein
dorttzi 2 e 7 isothiocyanate, FITC) and 184C4 (detected with rhodamine). Yellow fusion
signals were detected on both der(4) and der(12). Split signals were also
detected on der(4) and der(12). These data suggests that the 12p13 breakpoint
had occurred in ETV6 and the 4p16 breakpoint had occurred in FGFR3. Further
FISH analyses with ETV6 exon specific cosmids confirmed that the 12p13
breakpoint was between exons 3 (2G8) and exon 8 of ETV6 (148B6) (data not
shown). (B) Expression of FGFR3 protein in PTCL cells. Immunohistochemical
staining shows inappropriate strong FGFR3 expression (brown cytoplasmic
staining) in numerous lymphoma cells except for residual follicular lymphocytes,
endothelial cells (Original magnification, X400). (C) The lack of FGFR3 staining
of normal lymphoid tissue is shown as negative contorl (Original magnification,
X400).
These figures were reproduced from the article: Fusion of ETV6 to fibroblast
growth factor receptor 3 in PTCL with a t(4;12) (p16;P13)chromosomal
translocation. Yagasaki F,et al.Cancer Research.2001 Dec;61:8371-4 Translated by
permission of American Association for Cancer Research.All rights reserved.

B A .
@ &
ETV6 & 1 & 2 3
bp S bp &
suTR 57Nt 187nt 487 nt 1033nt 1277nt  1383nt 1107
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e2 ed e5 e8 1360 658 . .
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40 nt 1310 2460
{ ™
5'UTR /\ ﬂ J'UTR
S-S S-S TGA

ATG S-S
ETV6/FGFR3 fusion transcripts

LARGE FORM (1767bp)

tfusion point
sutR 57 187 a7V -
| | |
- - ofeeeefli HLHE Py frico—- - - - - - - -
ATG e e10 TGA
E93'F’1 1303 ?C-iF-RI 1452 TS
54301270 Yo v ——
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W w m w e|v m x T s mor ? L K R gle vV s -z L s rR oaAd L T L o x P
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SMALL FORM (1618bp)

5'UTR 57 187 487

\

ATG ey | et0 TGA
54311270
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Fig. 11. (A) Gel analysis of RT-PCR amplified ETV6-FGFR3 fusion transcripts (left) and amplified FGFR3-ETV6 fusion
transcripts (right). Marker sizes are indicated to the left of the gels. Two specific bands of 1767bp and 1618bp (indicated by
arrowheads, lane 1) were detected by RT-PCR using primers E93F1 and FGF-RI. The two ETV6-FGFR3 products are the result
of an alternative splicing event in the FGFR3 gene, as shown in (Fig 11B). FGFR3-ETV6 fusion transcript (predicted PCR
product size :983bp) was not detected from this patient’s BM RNA (lane 3), although a band of beta actin was detected as a
positive control (lane 2). (B) Part of the nucleotide and deduced amino-acid sequence and a schematic diagram of ETV6 and
FGFR3 cDNAs and the chimeric fusion transcripts. The positions of the primers used and the size of resulting PCR products are
shown. Nucleotide numbers are derived from the sequences of TEL cDNA and FGFR3 cDNA (GenBank accession numbers:
HSU11732 and 182568, respectively). An out-of-frame fusion occurred in the 1618bp splicing variant and the resulting stop
codon is indicated by an asterisk, the alternatively spliced FGFR3 exon 11 is indicated also. The vertical lines indicate the exon
boundaries. HLH, helix-loop-helix; DBD, ETS-family DNA binding domain; TK, protein-tyrosine kinase domain; V, position of
tri-nucleotide insertion.

These figures were reproduced from the article : Fusion of ETV6 to fibroblast growth factor receptor 3 in PTCL with a t(4;12) (p
16;P13)chromosomal translocation. Yagasaki F,et al. Cancer Research.2001 Dec;61:8371-4 Translated by permission of American
Association for Cancer Research.All rights reserved.
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®7z (Fig. 11A). ZNZF D PCRFEY) DY ELAA fFAT
DFER, W& ETV6 D exon 5 WD nt 543 £ TR
IZ FGFR3®exon 10 N D nt 1270 5 O ELH| AN Rl & 7%
L L TWe. ETV6I X U FGFR3D Fh & Y)W 5l
& GT-AG rulell it - 7z IBTEMN A TS A4 ZEALIE RV
EREh o> 7=h, PCRIEIC X B DNA L)L D] i
DM CRERMIC B D EE 2z LSk ho 7z
En, BIRWATSA4 v TIcEk>THhELTzED L
EZBN%. EWV1767 bp DIEEFEY) TIRHEEIC X %
TL—LY 7 MIECTEBETETV6OHLH K XA
EFGFR3ODF O Y v FF—H RAA VU EEHT %64 kD
DFATEACHREINS LHtEaniz. Fi@Eo
#1512 720 CAG tri-nucleotide DOFf A A FGFR3 exon 11
DIRE D OERMICERD SNTH, TR MEDZR
ERITEOMEHRZRIAHTHS. ZOM, it
JECUFRd 5 A RIIEDENEN o T HWiEE
FEWNEI FGFR3Mexon 11 A TS5 A AT hENiE D
THBRTEMHALEDS, kb TIL—LTYT
FOECTHIEa R DAHBIT S 7OHILH FAA Y
DIHEHFITHEAZET S EEZ 5N % (Fig. 11B).
& 5 FGFR3-ETV6 RSB FEYI O R BULFED 5 iz
Moz,

A, BnFRRETIC HOW IR VSN E FEED
5DEDTHD, BHY VIEICBWVWTEE(412)
(pl6;pl3) MIFEEL TWVWA T LB T 7=,
FGFR3 D CAIfIC K4~ 2 R IMIE 2 VT U > ik
FRAEAIC N % SRtz fro 7. ZORSE, &
FHEATIEFig. 10BT/RT K51, 5EEY VN ERE
bk & FGFR3DFEBI RS 5Nz, —)TTIEHR ) >8
i Cld FGFR3DFEANFRH 513 (Fig. 10C), Chesi
5O Mg RIS 3B51F 32 FGFR3DFEBUFIEH I L
NIVTHRERBDEDEVS RED LA LUTATRT
HoTz. DLEXDt(4;12) (p16;pl3) HrpETld Y >/ i
MRS BWTETV-FGFR3F X SRUEH Z R L TV
HEEZBNT.

3. PTCLICHIF 3 ETV6-FGFR3GE S BIEFNEE

IT4E, Chesi b i3t (4;14) (p16;,q32) Z2H 9 % 25
BB iE I 35T 14932 | D IgH enhanceriE M & O
TR T U7z FGFR3IDMGREIFIME Z T W\WBH T &,
& SITIHEW DO HETTIC > TFGFR3 D j5 2SR 2 N
CTHlEMIEDNEE T WS T D5, receptor tyrosine
kinase (RTK) T % FGFR3DFHEIL T & LT DRH|
EHLTVBY,

F7=ETV6 B 3 #5 i T IZRTK T & % PDGF 3 R,
TRKC-® protein TK T % ABL2, ABL, JAK2, 33 X U Syk
NG ZEC L, WINDETV6REIZEEYE ETVE

DHLH F A AV ETK R XAV DWMENLIRDF AT
EHZEI—RLTW3. TN 5DETVERN ST E FEY)
TWRETV6 K DHLH R A A VRN LA ) I —F
RICK DEFEMICTFaY Y FF—ENEE TN S
T &Xin vitro CIEEIERAEZR AT % T &V IS
NTW3. 2E0OETV6-FGFR3FI G BIZFICHNTE
HLH 7/t U 72 [ G L &0 5 s TR R D 5
e FEET A LEZBNS. TOICETV6DHLH
R XA VEkE & 7 RTKRPTKICREA LT, TNH %
HHAL LS % EIZETV6 O HLH O Ak E %% % %
FCHIREN S TH S DN S,

X 5l Peeters 5 1t (3;12) #7459 % & Faa b 5%
B CETV6-MDSI-EVI1, ETV6-EVII D 2f&E% 0D il &5 38
GFPIREBELTWEY C e ZRAL, BB EY
WICETVE DFEREN R A A NN D 5, ETV6
THaE—X—IC KB EVIIORERE L 2 C
FTEHRL TS, T HICChase HIc K-> Tt (12;13)
(p13;q12) Z A9 % AML3IH 164 T ETV6-CDX2 /) 5
HLTW3C MG E Nz, CDX213 RHEATE IR
K5 T %R A4 Ry 7 T CRIETREE B
WKHRHELTWSPEHTIEREEL TWARY. KE
Tl CDX2DFBMHERT ST EHHSNT VSN,
F1 9% Tl& CDX2-ETV6 D38 72 57283 ETV6 exonl-2
IZCDX2 exon2 A >~ 7 L—L TG LHEHELTHED
CDX2D BB 2l T EZ2 5N 3™,
ZmEl, ST > ETV6-FGFRIICHENTE, @
TS MM R U WFGFR3DETVE 7' 11 & —
Z—IC K EAMEICHET 3 2 EhBbicT 5T 5 L
EZH5N5.

DLEXOSmEDt (4;12) (p16;pl13) finpEic &> THT
% X ZEAIZ FGFR3 D ligand fi & 5 7 tir e Y i
KORILTWVBA, NAGHTIZETV6HRHLH R X
A VIMFET BT, HLH R X A V2T LTI 28k
fLiIc K DAY VEBb L, FATEICHE L7z FGFR3
DF Ty VFF—E RAAL UHMEEMCIEE (LT 3 C
ENELDRINTH % LRI NS, 514lE, TOR
A FERNCRRGE S 20 EBHH % LEZBNS.
FAE
e E

SRl DOFZE T3 2FESEO HT L ETV6 B iz 1 381
%85 T RE IOV CHMIGEE AT 217 o Tz,
t (5;12) (g31;p13), t(4;12) (pl6:p13) EH 5 DHLPEIC
BWTEETVER GBI T ORENED SN, FE
JEICBIBHEE50H 0 HIZERELZEEZONS. Tk
HHt(5;12) (q31;p13) FEE TIXETV6° ACS2 D 1
BEHEIC X 2 BERERIIK RV FREREICEE S LT b &%
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Z 5N, t (4;12) (p16:pl13) #EEETIFETVE 7O E— R —
KX 0BT ORAEORENFEIN, T5I
HLHZN L7222 8Kkbic ks Fay o+ —EDiE
AT EHE G LT3 EEZ BN, T4, TEC
TaE—2—%H\=CMLET IV 7 ADHZE T,
BCRABLF A T & Z @& M ife LNV TREE S
52 LICED, HIHTCMLAHBTE S &% AR
N, EiMgREEOREIIEER RS R0 5 %
KO EERIERHIIE L)V CEE 7 ENMEC S T e
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