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Juvenile myelomonocytic leukemia (JMML) is an intractable pediatric myeloid
malignancy, and the development of novel molecular target therapy is strongly warranted. Here, we
analyzed 92 JMML patients with next-generation sequencing technique, and identified that patients with
newly identified SETBP1 and JAK3 mutations as secondary genetic events showed inferior survival rates
(Sakaguchi H, et al, Nature Genetics 2013).

In addition, we assessed the effects of tyrosine kinase inhibitor (Dasatinib) and MEK inhibitor (MEK162)
for bone marrow mononuclear cells from JWML patients. Dasatinib and MEK162 are significantly suppressed
the colony forming of JMML cells. Flowcytometry-based BrdU/SubGl analysis revealed that these drugs
significantly suppress cell proliferation and induce cell apoptosis. Our findings support that Dasatinib
and MEK inhibitor would be promising agents for treatment of JMML patients.



e X C—19, F—19. Z—19 (@)

1. WFEBAG LD &

EAERVE BB ERME A E (JMML) (3 3L%h
EHIZ I AE T 5 B 58 B BOE G B & B B
BN 5 BB 0D T 5 O MR % DFH RE O i 70 9 B
Th s, &M IR ME— DRIEIITEE
ETHLN, BEZLHERENEZL, 20Tk
FRETHD, 20D, ERE R LI
XD HRIBIFEIEOBRBENRRD LTV 5D,
RAS/IMAPK ~ 7 F L BRI ICH 5
NRAS/KRAS. CBL. PTPN11. NF1 &{x 1
EENEKNTHDZ ENALNTWER, K
20% DIER] TIXRKEE BN RHTH - 72,

2. MO HM

JMML OFRIEIZREH DDA D= LD
i3 X OV, JMML AR 2450 & 92 5y 142
FEIEORREEZ B & L,

3. WD ik

JMML B3 OEFRRIRZ VT, Ikt
— 7 =Y KB AT, FElE R
fBFEREPRE LT, £72. EBTHIN
HEFEIEANZHONWT, aa=—7T v Ak,
7ua—H%A A MY ZHWE BrdU, SubGl
EEHWT, av=—JFk#E - MiEE5EaEe -
THRRN—VRAICEZDIEAOZEEZ KRG L
776

4. WFFEAR

JMML D55 1B AR F 1 FEE S D 255 % ]
BT 5 HBT, 13 il JMML FEF] %
L. '‘B#6 DNA B XL O CD3 B T Al DNA
DTy Y — LENT %17 - 7= (Sakaguchi H,
et al., Nature Genetics 2013) (X 1),

X 1. JMML 13 flO & 7 Y — LK O
2

depth [l =20x M =10x [0 = 2x
100%

90%
80%
70%
60%

Mean depth
80% 137 for tumors
40% 143 for controls

30%
20%
10%
i

NTNTNTNTNTNTNTNTNTNTNTNTNT
guuuuuyuuy

PatientNo 11 63 72 77 78 82 83 84 85 86 89 91 92

AEFHAM B R P A B L ORI & Bz
WTTHBICHRH 2R T A, £ Y
— LT CRE & 7= SHIIR S B 50T JIMML
1VIEBH7-0 DT 0.8 HTHY . Z i
D x RIBBEIZBWTET Y Y — LRI T
[l E S AL 5 AR 28 B & bl LTl 5

WZhHTho7m (K2),

M 2 £x7Y—LRITICL D EHEEK
ERBEOMOBATEL OB

76 235 305 502
>50 46 47
45
40 38

35

30

25 "

20 16 16 17 18

15 1213

10

5 33 I

0 - - .
6\’0 ()\)/ 2

ooooo

Number of somatic mutations
=
s
-
-
3
2,
< —
»
@
—

13610 95 5 RAS R EEAR 128 5203 12 4] (=
TEAINRANZE S 6 ], (RHIaZE 5L 6 f]) T
WEns b, ThETICHREDRW 3
Hfs 1+ (SETBP1 (p.Asp868Asn). JAK3
(p.Arg657GIn), SH3BP1 (p.Ser277Leu)D{x
HMIfaZR B 4 B oSz (& 1),

1. IJMML13 iDL T 7 Y — L@ DOFE
7

Patient RAS pathway mutations Newly identified somatic mutations
Tumor /
No. Somatic """ Germline control Somatic c;;:gfzq//c )
%
" NF1 (p.R1513X) 4017242 NF1 (p.W1976fs) 44 g /A)7 1 SETBP1 (p_DBGSN) 32.6/27.0
63 KRAS (p.G13D)  44.3/0.0 - -
SETBP1 (p.D868N)  45.9/2.5
72 PTPNI1(pNSBY) 482157 JAK3 (p.R657Q) 305/22
SH3BP1 (p.S277L) 47.8/5.1
m - SETBP1 (p.D868N) 3341721
78 NRAS (p.G128)  455/95 = -
82 - ¢-CBL (p.T406fs) 347/389
83+ - NF1 (p.Y1657C) 50.0/51.0
84 - ¢-CBL (p.E366_F468del) NA/NA
85 PTPN11 (p E76K) 475144

8 KRAS(pG13D) 389734 -
- PTPN11 (p.S5024) 5007499
91* - PTPN11 (p.T731) 49.0/48.0

SETBP1 &/x -7 =— K3 % SETBP1 /4.

170-kDa DIEEHRTH Y . SET LA L TN
SIS S T Td 5 PP2A D X 2 fHET 5
ZENHBNTWD, £72, SETBP1 X T
FatE [ s s BV T A RERE I K B A
WA IR (NUP98-SETBP1) (125 L T
DIEBIINIFAET B 2 &, A B8t A imisIc
BT, SETBP1 23 F& Bl & 7~ 4 RE B 2SMFAE
L. THRABRTHD ZENMESN TV,
FIERICHIBRE N = LT, R 7 SR
oo R ERN A R TR AIEGERETH
% Schinzel-Giedion SEBERTE D & BURU K& A5 1
Byl LT, £o7-<[FA—» SETBP1 A%
(p.Asp868Asn) 7% #H & S 1L T W 5,
Schinzel-Giedion Ji fE#E L2 il R 18 A IE 5
EEPF LI HREIIRD a0y, #hik Bz
FRIEZO SR ENTND,

Ly ) — MMENTOFRE R HERT B0,
FHICERNRTEINT-EBIEFICR LT
t, RAS f I8 A1 & [IBEIC 92 511> JIMML
BEREIZBNT, ¥—F v v T4 —T—
7T ZAELTU BEE D PTPN11, N/KRAS.



100000

100000
10000

100000
10000

NF1.CBLIZIN % T A EI[FEE S L7z SETBP1,

JAK3 BHRD% 7 v 12> % 1,000 B
DY —J T AT —HEHE (K3),

3 JMML TR SR BEFOF 4

o s .
— P — TV ADHE
10000
1000
100
10
1
NF1 PTPN11
1000
100
10 I
1
c-CBL KRAS NRAS SETBP1 JAK3
1000
100
10 l
AR

SETBP1

a

PTPN11
NF1
NRASIKRAS
CBL
SETBP1
JAK3

SH3BP1

92 #ild> JMML JEBID 5 &, SETBP1 25 %
(n=7) BEL O JAK3ZHE (n=11) 28, 16 JiE
BICERD BTz, FIE S 7= SETBP1 AR X
WTNE SKI RA A v DOA~NTaLRThoTz
(X 4),

4 MM Shi SETBP1 - JAK3ERD
g

1,224

a
I
8
g
>
°

o L857P
@ E958K

b ORI, NRAS - KRAS - CBL % %
JMML & tbigg LT, PTPN11 -NF1 25 5 JMML
ICEDERL T (K5),

X5 JMMLO2fIIiCBIiT 2 BGFEREDE
=

"

H- I

RAS pathway M Confirmed somatic B Confirmed germ line 1 Not confirmed 4 Compound & Homozygous
mutations

Other mutations W

'V NS/MPD

2=y NT 4 =T =T U ATHLI
7=, %=7 > 1,000 B EDO—7 R
T—=EDIL, BRTVNVEEFET VNG
FNLEEEHAET DI LT, BVHETE
NENOBIGFERTLICERT U IVHE
R L7, RASRIKICET 2B AR L
B IZFE &7z SETBP1 72\ L JAKS & s
FER L ZFRFIZHET S JMML SEFNIZ I

T, FNENDOMEIGTDOERT U IVHEE 4
52 LT, BIEY o— ORI
WTHET LT, 13 & A 8 DJERIT SETBP1 %5
L VJAK3E G+ DIFE 9 73 RAS R B2
B L TIRWERT YV LVEETH -T2
(M 6),

6. RAS {7 & SETBP1 - JAK3
BEFEROT ) VEHEO LE

a o n=6 o n=10

|- R ——

= =
- - Mutated genes
§ § in RAS pathway
S S o——e PTPNII
53 s 3 o——e NF1
£ £ ©————® NRAS/KRAS
it s
S 5
S P=007 = P=0.007

o )

RAS SETBP1 RAS JAK3

pathway
genes

pathway
genes

ZDZ G, SETBP1 B XV JAKS Eis
TZEEA | RAS RSB Is 4 RIESIC K HE
Y/ o — DN DB, B Fe v R
LCHEEOERIZBEGE LTS D EHE X
oz (K7).

7. SETBP1-JAK3 & RAS R BE=T

TR OBB

Progression

Primary Events
in RAS Pathway

& =

PTPN11
N1 JMML
NRAS/KRAS
c-CBL

Secondary
Events

=

SETBP1
JAK3

EEIZ, b OB FERE AT DIEH]
(n=16)IX. A S 2WERI(n=76) & thig LT 5
FERAEFRITEVERA (Hazard ratio = 1.90,
95% confidence interval (Cl) =0.87-4.19,
p=0.10)Z ~ L7z (X 8),

X8 A F)—FEEROFELE2AR

E’{j
100 4
$ P=0.10
E 4
= No secondary mutation (n = 76)
> 50
T
o Secondary mutation (n = 16)
o
0+
T T T T
0 100 200 300

Months after diagnosis

B, (R A A & fEf T B 2 &
R EMAEEREOLNTWD 26 TN
LbOEH L Fey NERETFERIT-HHR
HHNT, 5 FEEBHAFRIL SETBPT -
JAK3 B AR AEHFTHHITHEICRRT
& o 7= (Hazard ratio = 2.18, 95% confidence



interval (Cl) =1.18-4.02), p=0.007) (X 9),

9.

v UF)—EBROFELEBEE

P =0.007

No secondary mutation
(n=76)

Transplantation-free
survival (%)
(oAl
o
1

Secondary mutation (n = 16)

1 1 1
0 50 100 150
Months after diagnosis

F7. HTENFEOEME LT, Fui iy
X —PIEIKTH 5 Dasatinib Al futE 5
TG ERE (ERK MAP ) —E#
) \CIFET D U U ER{LEESE MEK O FHLEHA
T D MEK162 122 T JMML D& &
AR REMHICOVWTHRRLEZE Z A,
Dasatinib <> MEK162 D& K172 JMML
BEEREM &M 2 v =—T O IH 2358
o, Fic7o—%A A M) EZANTE
BrdU, SubG1 #EZHWT, T4 5 DIFEHIN
AR HEGE 2 0 L7 AR b — 3 AR & HE
bﬂé*’@fé E%ﬁ%mubflo 71:1"—"]}‘/]) ]\7( }‘
U % 7= BrdU, SubG1 iEIFfifE <., &
EIZHEIL, D TIEREDOR 7 ) —=2 Tk
LLTCTHATHDLEEZLND,

%£7-. CRISPR/Cas i:% I\ T, SETBP1
78 S N fRRR 2 B L7 (X 10),

10. SETBP1 25 2 3 Al fa 5k oD 4t 32

Mutagenesis by co-transfection of ssODN

s (2 Jcen IREEon)

pSpCasd-SETBP1#2

(Op G 1= e

PCAG-EGxxFP-SETBP1

SETBP1¢2602G>A, p.D888N
oo T 0|
v

SETBP1 ¢.2598C>=G synonymous

5d after
transfection

SETBP1 7278 RAS I H 2 D8I >
WTHET LT, 25 SETBP1 %Sy & LT3
#I (PP2A activator 72 &) DOZhFIZH>WN T,
SBIDRDOIMIANPMLETHLEZEZLN
776

Single EGFP-positive clones were isolated
using the FACSAria cell sorting system

Sanger sequencing confirmed that293T cells harboring
the SETBP1 p.D868N homozygous mutation.
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