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Exome sequencing identifies secondary mutations of
SETBPI and JAKS3in juvenile myelomonocytic leukemia

T 7 — MRATIC K DB E R EERE A IR BT D
2 WREE L Lo SETBP1 B LW JAKS Bz +EZEDOFE

AT B RFERFPEE R R BEAL SR
TEE NG E SR NRR S B
(838 . /NG BT Hi%)
W K



[(FZ]

EAEMEREEERME A ARG, IMML)EShD NSRRI FAE T~ 5 /8l 2L e e i
FEBESETEIE R B T H Y | BB BB O R A L FERIER BLER 2 v = — % R -
XD EEEZMEIC L o TR T b b, EOBBEFREEE LTI PTPNII,
NF1, NRAS, KRAS, c-CBL&s+732 £ O RAS ¥ 7' )UAG FER I B & A D AR HI I
R F 73R AIE R A JMML & 22 SN2 8B3E D T0%LL L OSER] TH A
PHAICRIH SN D, L LR, RAS ¥ 7 /UniER s B s DA R
T JMML OFRIECHERIZ 143 TH D IR SN/ > TRV, ABFZE T
JMML O IR P Rz LR bO L T2 2B E LT,

(w53 L OHIE]
BE

HAERNOEF iz T JMML &2 Sz 92 Bl axige s Lz, B 61, %«
I 31 T, RWriEAE PR E I 16 U 0 #EPHIE 1-160 W H Th o7z, 7RI —
T UREEREICLE S B BRI R (NS/MPD) T dh - 72, ARWFZEETHEIE4 i B KPR
BelE 7R 7ERk b L OLRFFERE B O & B Z B & CRR S N7z, AWFZE TORIKS
FOEIRTEROFINZHOWT, B EIRED S O+4r il o+ BMEE 2 b Eim
IR DREZGT, Sk OERE®R S 1 FEFORE LR — h&EI L7,
T 7 — MR

92 HION, BIEEN Y CE 72 13 I\ T =T Y — MENT 21T > 7, 2Hr
KD F M2 bR L2 S 2 & (BGHRS 7 &) & KiEid ko PHA blast
MR B0 AR 2 DRI L7127 ) & (E®Y ) L) X7 LLT, =7 Y —
LRI T2, B CI T (E L= 25 ) A b=y Y — AE & [R5 0
|2 Agilent Technology £ Sure Select Zffif L. f#HTIZIE Illumina #: HiSeq
2000 ZAEM L7z, RI—EGIORT MR OMEATHRE R A Feig U, JEERF RAVE 25k
Too BRNRT — & X—2ZX inchouse 7 — % N—R|Z LV IEFEBELAZERI L,
¥ o ot in A BRI OV T, EDOXT k% $58Z Sanger 15 CTRENT L 7=,
T LY a ENT

BEIOBIs T (PTPN11, NF1, NRAS, KRAS, c-CBL) & =>=7 Y — AfENTIZE D 7
FCAE SN B TG 02T V) AHET D Notl U v — 475 A ~—%
fER L. Zavza T JMMLO2 SERIZ D4 PCR EEMZAERL L. SEFIEIC T
—/L L., Notl fil[REEELEE, Ligation )&, @S EEAREOITREZRT-7 ) Ll %
WA — o o —TREMT L7z, M L72E RN, BRT U VBEEDR 0.15 Ll Lo
H DX Sanger VEIZ X DT CA R A2 MR LT,

[#ER]
T7 YV — MEYT
T 7 YV — LfEHTO Mean depth 1% 140 B TH Y, R TORERI T 7 Y — LD 80%




DL EOFEE T 20 [FILL O depth THfFT M TN Tz, ZOREHR., £ 1 TRIERIZ, 13
BilH 11 31T BEE D RAS ¥ 7 F /AR ERR I B EE (R 1 D 28 2 2 A0 AR AN R E L
oo SBT3 HITHIADOKHIRE R ZFE Lz, SETBPI p.Asp868Asn 213 3 i
Tl L TR O, JAK3p.Arg657GIn 2 # 35 L OV SH3BPI p.Ser277Leu 22 %13 1
TRD T,

TV Y I RN

=7 ¢ 10,000 [BILLE, ZEFETOTZ V2T 1,000 BLLED depth T
FRMT M TN Tz, T ORER, £ 2 BXLOX 1 TRTERIZ, RAS ¥ 7 URERE
B5E# 1T, 39 I C PTPNI11 A% 9T NFI R 15 T NRASZ ¥ 13 1 C KRAS
B 1061 T e-CBLE R 2B 106 Tl Z N S BEMOBIn AR 2RO o T2,
—F T, FRUCRIE LTz 3 DOBIETDOWN, SETBPI I 6 #IT, JAK3 % 11 #I T,
ITNENERZRBD, SHIBP1 BIZ 135t 1 FILISCIIAERZB ORI o712,
SETBPI 530 6 fl 2 TIXSKI KA A VNTOERTHY . N 4 HliX p.Asp868Asn
BECThHoT-, £7-. JAKSIEED 11 #il4Tix Pseudo-kinase N A A N TOZE
THY. N 8 fFllE Arg657GIn R Th 7=, SETBP1 £7-1% JAK3 LR ZFRDHT-
16 BlOW, 14 fillX PTPN11 £72 /X NF1 ZRAFEEH L TH LTV, X2 TRTEE
2. RAS ¥ 7 VRER I BIERIR AR & SETBP1 7213 JAK3 R A B LT
A LUIEGITIX, B OERT U IVEEE N HTE L 0 IRV ME 25880 7-, SETBP1 %1-
X JAKS 78 $41% Secondary 2R L EF LT,

ERIRAEIR & DFHES

# 2B L O 2R THEIC PTPN1I £7-13 NF1Z R % A 3R TlEE A OfiE
BIZ T, Secondary Z2# A2 HME L CHIBHENARICED -T2, £72, &AM
Bz 07 < LB AEF L TWDIERICIE Secondary £ # %A 1 Bl 58O 720 - T2,
Secondary Z % (+)#:(n=16)1% Secondary & ROt (n=76) & ki L T, 5 FE24AEFR
(FIRWVEF O~ — REE 1,90, 95% S IX ] 0.87-4.19, P fE=0.100%7/~ L., 5 F M
A RIIHEHFNCA BRI o 7N — i 2,18, 95% (51X M 1.18-4.02, P
f£=0.007),

(&%)

AW TIFR R > — 7 o — % O Tl E R 7T L - T, JMML92 i
H 82 {51 T RAS ¥ 7/ F WV niER K BB IR T OE R RN T2 LN TEL,FTH
NF1 85 FIIEFICKRE RBIE 1 TH Y . Sanger LT & 25385 T & JEH] T T
) Z L IRFEFICINEETH V@ E I TN N2 s A RIOfENTC JIMML IZ 5D
% NF1 Bia T OERMBEE 2 FE TE /- 2 LIS IET 5, —F7T 92 10 #]T
FERZHRETE R o7, =7 Y — LT TIE I AN— L ERRWVDEETOERORK
KA A F O TR TE AR WATREMEN H 0 . 2 9 LT IER] T OBB AT IS #
DRETH D,



A TILE T2, JMML OFHLOBMIZE R & LT SETBP1 & JAK3 INFRIE S
72 SETBP113 18q23.1 12— F& N5 170kD DN Z 37 Th %, SET ITHES
LRZE S, BIHIEE T CTH D PPT2AS° NM23-H1 DB #8425, ZhE
T, APEEBEME M=o T aME 2k U o SPE IR 0 — 58 Tl Y A RERE 73 &1
£V SETBPI ODWBLENH L, THRAREMEE L EOMERH D, 4, JMML
TRIE SN 7z SETBPI AR 1316, Schinzel-Giedion SEMERE & W 9 Jg KMEHKE
TR LN ARV ZE ¥ (Hoischen . 2010 4 Nature Genetic 58)<°H A D
FE & RS MR B MR O 2 BN ER O DV (KR a 2 B (Piazza . 2013 4F
Nature Genetic 5 DL & Fl—EALTH Y . SKI KA A NZEF LT, ZOH
MIZES 2 EXF L U H—BORAEMTHY , BERNADZ L T2EXFF AL
E X, SETBPL 135N 645 Z L2 b, 22X, SET O E/LIMELE
S, PPT2AX° NM23-H1 D& 280l L EOHERICFHFST 20 EE2 65 (™
3)., 7o, SEIFEE SN JAK3 Z 5T Pseudo-kinase KA A VN TOLEETHY |
% < O MBS COER L [FER, ZRICK Y ACMEnss 2 & T, STATS
DV AR AMEH N TEME L S AR OHERIZ SN 5 EEZ B DH(K 3),

[#3E
T Y — MEHTIC LY IMML 0% THREFE A L R b O &5 2 &R
T&7-, SETBPI X JAK3 & %1% JMML @ Secondary A% & L CTEIEH| T
WL THED, THRAREOHEBAZRDI,



#£1. =7V — LT CRE LB FEROY A K

RAS pathway mutations Qther somatic mutations
pﬂ':"[ Somatic Germline
Gene Changesat  Changes at VAF in Gene Changes at Cha.n_ges at VAF in Gene Changes at Cr\ar!ges at VAF in

DMA level  protein level  tumoriref™ DNA level protein level tumorinef** DNA level protein level  tumoriref™
11| NF1 cAS3ICST  pAmIS1aX  401/242 | NF1 ©5927delG pTpIO76f  440/47.1 | SETBP1 c2602G>A  p.Asp8GBAsn 326/27.0 |
83 | KRAS  c38G>A  pGlyldAsp  443/00 - - - -
72 PTPN11  cAT2A>T pAsnSBTyr  482/5.7 SETBP1  ¢.2802G>A  p.AspBBBAsn 459/25

JAK3 c.1970G>A  pArgB5TGIn  30.5/2.2
SHIBP1  cBI0C>T  pSer277Leu 478/51

i SETBP1  c.2802G>A  pAspBBBAsn  334/21
78 NRAS c.35G>C pGlyl2Ala  455/95 |
2 c-CBL ¢.1217del22 p.Thrd0Gfs 3471388
8 NFI  cASTORC pTyESTCys  500/510 | - |
&4 ¢-CBL  c.1096-110del643  p.Glu366_PhedBBdel  NATNA
85 PTPN11  c226G>A  pGluTélys 47.5/44 - |
86 KRAS c.IGA p.Glyl13Asp  389/39
& PTPN11 c1502T>G p.SerS02Ala 50.0/488 |
a9 PTPNT1 c.218C>T p.Thri3lle 45.0/480
92' |

* Noonan syndrome associated-myeloproliferative disorder.

= Variant allele frequencies in tumorireference, where reference was CD3" cells except for patient 63, in which umbilical cord was used as a reference.

1 Substantial contamination of tumor cell components in CD3+ T cell reference.
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Tolal_cohnrl Secondary mutations PValte
(N=52) (B E=16) () 0=T6)
Gender (Male / Female) 61/31 12/4 4927 NS
Median age at diagnosis (m) 19 (1-160) 38 (2-160) 13 (1-79) <0.001
Diagnosis
JMML 85 16 69
NS/MPD 7 0 7
Genetic mutations in RAS pathway
PTPN11 39 9 30 NS
NF1 9 5 4 0.001
RAS (NRAS / KRAS) 28 (15/13) 2(111) 26 (14712) 0.08
¢-CBL 14 0 14 0.06
Without RAS pathway mutation 10 1 9 NS
Secondary genetic mutations
SETBP1 7 7
JAK3 10 10
Cytogenetics
Normal karyotype 77 12 65 NS
Monosomy 7 8 1 7 NS
Trisomy 8 4 2 2 NS
Other abnormalities 3 1 2 NS
WBC at diagnosis, x10%L, median (range) 30.0(1.0-563)  29.6(5.6-563) 30.0 (1.0-131) NS
Monocyte at diagnosis, x109/L, median (range) 46(0.2-31.6)  3.1(0.515.2) 4.9(0.2-31.6) NS
HbF at diagnosis, %, median (range) 21(0-88) 26 (9-55) 16 (0-68) NS
PLT at diagnosis, x10%/L, median (range) 61.0(1.4483) 47.5(1.4-175) 65.0 (5.0-483) NS
HSCT (+1-) 56/36 16/0 40/36
Alive/Dead 62/30 79 55/21
Probabilities of 5-year OS,% (95%CI) 60 (46-71) 33 (10-59) 65 (49-77) 0.10
Probabilities of 5-year transplantation free 15 (8-27) 0(00) 18 (8-33) 0.007

survival, % (95%Cl)

Abbreviations; JMML, juvenile myelomonocytic leukemia; NS/MPD, Noonan syndrome
associated-myeloproliferative disorder; WBC, white blood cell; HbF, hemoglobin F; HSCT,
hematopoietic stem cell transplantation; OS, overall survival; Cl, confidential interval; NS, not

significant.
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