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[(FWE] HE HLEAEAD A AN A IS (JMML) 5828 SEPR A R G IR ERIE . sk [l
PRSI AR T2 T W8 L 5¢ B IMMIL, & 0L 28 728 e RGN B9 14 B 8 LG IR ek, 2588 14 61 JMML R LA, 5
1 (79% ) , 361 (21%) o Wil A AR 2.0 2 (FE[ 0.6~6.0 2 ) o 14 il LA H PTPNTT 3R 58
A5 A (29% ) , N-RAS JEPRIZE75 3 41 (21% ) , 1 WllEIEEA PTPNTT FT K-RAS JER 725 (7% ) , 6 Wil Rk
MFENGEASER (43% ) o 4 4] PTPN11 JEFE S BILE R BdE, PO RS 2.5 %, IR 2 S W b A r)
[Fh 1.0 AN, ANE L WBC HE A% A0 26 XA I b v, PLT UMK, BEVI R4 3 Bl JLAET:, 1 15
Tk 35 N-RAS FEHFRAF LB L h il 2: 1, HF0 AR 2.0 5, WA E a2 B At 13.7 ~H
BT A 2 1 JLFET:, | R LB Bk, Z5i8  PTPNI1 & JMML S WL g8 5L 260, £ 1 WBC
FIEU AR AN A B , PLT SHERAG, it el Wi AR ; N-RAS A GBI RS, Z4
GARFE RIS R T B8R, I RARIEA i P R IE— 2% [ MEYRILRIZE, 2015, 17(1): 1-5]
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Gene mutations and clinical characteristics in children with juvenile myelomonocytic
leukemia

YANG Wen-Yu, CHEN Xiao-Juan, WANG Shu-Chun, GUO Ye, LIU Tian-Feng, CHANG Li-Xian, LIU Fang, ZHU Xiao-
Fan. Diagnostic and Therapeutic Center of Children's Blood Disease, Institute of Hematology, Blood Disease Hospital,
Chinese Academy of Medical Science, Tianjin 300020, China (Zhu X-F, Email: xfzhul981@126.com)

Abstract: Objective To study gene mutations and clinical features in children with juvenile myelomonocytic
leukemia (JMML). Methods The clinical data of 14 children who were diagnosed with JMML and were examined
for the detection of common gene mutations were retrospectively analyzed. Results  Eleven (79%) out of 14 cases
were male, and 3 (21%) were female. The median age at diagnosis was 2.0 years (age range: 0.6-6.0 years). Among 14
cases, there were 4 cases (29%) with PTPN11 mutation, 3 cases (21%) with N-RAS mutation, 1 case (7%) with PTPN11
mutation and K-RAS mutation, and 6 cases (43%) without any mutation. All four cases in the PTPN11 mutation group
were male, and their median age was 2.5 years; interval from onset to diagnosis was 1.0 month; the white blood cell (WBC)
count and absolute monocytes in peripheral blood were significantly higher, while the platelet (PLT) count was lower, as
compared with the other three groups; they were followed up, and 3 cases died and 1 case had a progressive disease. In
the N-RAS mutation group, there were two male cases and one female case, and their median age was 2.0 years; interval
from onset to diagnosis was 13.7 months; after follow-up, 2 cases died and 1 case did not have an obviously progressive
disease. Conclusions PTPNI11 mutation is the most common mutation in JMML. The cases with PTPN11 mutation
often have higher WBC count and absolute monocytes in peripheral blood, a lower PLT count, and a rapid disease
progression, and their clinical outcomes are poor. The cases with N-RAS mutation have a slow disease progression. The
clinical characteristics of the patients with compound mutations are not sure because of the small number of cases, and
further clinical observation is indispensable. [Chin J Contemp Pediatr, 2015, 17(1): 1-5]
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Ly AF RURL A% 20 S 1 U096 (juvenile myelo-
monocytic leukemia, JMML ) 2 I PR 5= WL 4 JL 2 75,
Bt P I T 200 S S, AR R WHO 43 L
MDS/MPN, FEEE K 2 5 LI FEL L, HA KR
KA 1.2/10°, 5L MR 2%~3% . BrELT
e, B Bl 1.4~2.5:1"2 JMML Iif PR 3
AR, R, BUE AR, #F5E
FW] IMML 5 ZFp 5848 B A 5 [ 2 RAS/ Al 4 i 73 24
J& (mitogen ) 1% 4k 1% 25 134G ( MAPK ) i % 5
HA O BRI H AT TG 5% IMML AR A 5
SELIG RAFAE B TS A A SE o 4R JMML
WK, BTSRRI R 5 RAFIE . TS
(] A A DG, A 5 L JB 2 43 47 3% B 2010 4F 10
H % 2013 4F 3 A WGARY 14 4] IMML H8 LI R 9k
Bk, IEXT IMML 3 R 228 JE R Kl PRAFFAE |
TG AT R

1 ARSH®

1.1 ARIRRISEIRE

PEHEX 2010 4F 10 A 2 2013 4F 3 A K EEWUARY
W12 IMML &L 14 BB &, W B LRY
Il PR BRI T BB 0B BT SR LIIAR S 1997
AEE PR IMML PMEA 2 BRI T2 W (1) I
PRFEAE: O, QOWkEgiMR, @ M

ARBARAE, @K, @EKIIFE; (2) HRIWER
FhE (RIS R LAUR 3 4 4F) « @ Ph Jefafk
o BCR/ABL @l 3L FIBAYE, @4 M i f Az 4n i it
> x 1078, QB HEEIAAIAE <20%; (3) B
IR IARE  (BR T SRS = hn e 2 /00 2
PR 24444 ) « OPilimr & - (HbF ) B4
wE R, @4NE MR FAT ULEE RAHEANL, BH
i >10 x 1071, @rpEtEsw (g 7) |
ORANE 86 22 41 X 40 — 1 W 40 i 4 7% ofl
T (GM-CSF ) = B Rk
1.2 RT-PCR #&ill IMML ZRT-EF

TS 2 Fe S 2 W A/ ) I AT 2 A A B
4~5 mL, EDTA $ipt. 3L ZH DNA $2 505
& (bt ARABRA R ) AT 73
K20 DNA 425, K42 B DNA 3#E17 PCR 473,
AHFFE T H AL R IMML 3 LR AE R N, 1
$% PTPN11. N-RAS. K-RAS. CBL #1 NF1, 3| %
AL AR A R AR (R 1) .
PCR F2 W1 2 Ky 25 uL, £33% DNA #E 5 1~2 L,
2xMix 125 pL, EFIEGIY45 1 pL, ddH0 #b 2
% 25uL. PCR Y& 94°CTHANE 5 min; 94°C
AR 30s, 55CIE K 30s, 72°CHEfH 45, 3L 354
PEER; T2°CTHLEM 8 min, ¥ H=HIT 1.5% BiliEHE
el AT Rk . B PCR PRt A e, &%
RN Mutation Surveyor v3.25 #4534 T508T o

1 JMML ERRTEESHFT
H 3L ST SIFE (5" — 3") JiBER/ (bp)
N-RAS Exon 2 F TTGCTAGAAAACTACTCCA 449
N-RAS Exon3 F GGCTTGAATAGTTAGATGC 538
CBL Exon 7 F GAGCCTATGGCATTGTTAC 506
CBL Exon 8~9 F GCAAAATTTGTATAGGAAAC 699
PTPNI11 Exon2 F ACTGAATCCCAGGTCTCTACCAAG 405
PTPNI11 Exon 3 F CGACGTGGAAGATGAGATCTGA 384
PTPNI11 Exon 4 F AGGAGAGCTGACTGTATACAGTAG 447
PTPN11 Exon7 F GAACATTTCCTAGGATGAATTCC 271
PTPN11 Exon 8 F GACATCAGGCAGTGTTCACGTTAC 350
PTPNI11 Exon 12 F GCTCCAAAGAGTAGACATTGTTTC 250
PTPN11 Exon 13 F CAACACTGTAGCCATTGCAACA 356
PTPN11 Exon 14 F ACCATTGTCCCTCACATGTGC 260
NF1 Exon 35 F GGATTGAAGTAGACATGGTCCTG 373
K-RAS Exon 2 F GATAGTGTATTAACCTTATGTGTGAC 169
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o #HE 45 % {H 3.9 x 10°/L (5 [ 1.0~12.0x 10°/L) , HbF
17.8% ( {5l 1.09%~87.8% ) . 9 1 & JL #4744 4b
21 —RRIRREFE GM-CSF & SO PRS2 86, 2 BHPE. 13 # LtT

14 4] JMML & Lo, 5B 116 (79%) , %«
341 (21%) , B 2 &l 3.7:1; Wil 4Rk
20% (Jul0.6~6.0 % ) 5 LI 40 & o
RAEREY 5 B, Ko fl, nzuk 3 Fl, e
36, K R ZE I i a5 3, RIS 1 B, 10 Bl
JLWIIZ I 300 6 9k 0 485 b K5 1L 461 AT D O
i K, SE AR 3.2em ({5 H 0.9~9.0cm) ;
9 5 /LB E P K, SRR 3.6 em (3 [
1.3~9.0 cm ) . Hb 8.6 ¢/dL. (JE[ 4.5~11.1 g/dL.) ,
WBC 21.6 x 10°/L ( & [l 10.4~41.5x 10°/L) , PLT
41.0 x 10°/L ( [ 9.0~191.0 x 10°/L ) , B4 41 ffd

¢.1508G>T, Gly503Val

/\ /\

/\\ | / vr

¢ f

¢.226G>A, Glu76Lys

r /\ \ \ AN . A
/\\ / // / \ // J \f\ Iy \ FaVAYAVVAVAVN /\i/’\ AL /\ /\v/\\/\ / \/\ /‘\/ /\/

Jetr ki, 5 FIRIY AR s S,
3 Bk 7 S RER S, 1B 8 ke =k,
1 B8 2 e AR T S0
2.2 JMML RETEFEK ML RS

14 gL, PTPN11 FERRAE 4 9] (29% )
A Exon13 1%, Exon3 1Y 5 2 A8 ol 45 LR 725 ; N-RAS
FEHR A 3] (21% ) , N Exon2 fi 578 o%, Exon3
it g 1L 7% )t H B PTPNT 1T K-RAS

RAL; 6] (43% ) HBILARKI BN H LR, ksl

FINGASFEIN 1) 8 191 £ I LIELAI P P an sl 1 iz

¢.226G>A, p.Glu76Lys

, f

\¢WAwﬂ\m\

A

c.181G>T, p.Asp61>Tyr
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/ A AN / N P
\ /ﬂ \/\ \ \v/ \ /\ / \ VANAY

B

¢.35G>A, p.Glyl2Asp

C

c.183A>C, p.GIn61His

D

c.38G>A, p.Glyl3Asp

[ /N A )
AR N LA R ANIATIW
VARV RVAYAY.VAVATAVAVAVAVAVATATA!
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PTPN11 J&[H Exon3 155875 ;

8 5l IMML g8 )L3RZ=E [F DNA Ml &

H

I

A: UL, 5, 3%, PTPNIL 3 Exonl3 fi%84%5; B: [BJL, 5,25,
C: BJL, %, 2%, PIPNIL KK Exon3d 45 58725, D: HJL, %, 3%, PTPN1I [ Exon3 4%

AR B UL, L, 4%, N-RAS JE[H Exon2 58745 F: UL, H, 12/, N-RAS LA Exon3 55 X 28745; G: L, %, 12, N-RAS
F Exon2 EHZEAE; H~I: #£JL, B, 3%, HERAME] PTPN11 EH Exon3 55 X878, T ERKF] K-RAS F:[A Exon2 45

BB L SR MR FA SR
JMML EF 223 2 )LIGREHE R FUS 2

AWFFE A PTPNTL B 8 A8 58 WL, R
RASH 4 BIERILE R BYE, POAER 2.5 % (VLR
2.0~3.0 %) , WM& B B2 W AL 2 1.0
AH GERF 03~2.041H ) 5 4 B ILY R
FREEMIZOIML . il . R B AR

2.3

Sh Ji i Hb 8.3 g/dL ( Ji5 [l 45~133 g/dL) , HbF
17.3% (51 5.19%~29.5% ) , WBC 3141 31 x 10°/L
(UMl 16.9~41.5x 10°/1) , AL XT(E 5.7 x
10°/L (38 Fl 1.2~12.0 x 10°/L) , PLT it %t 24.7 x
10°/L (5 H 13.0~41.0 x 10°/L) ; Hirh 3 {6 g L3
TTU R & BCR/ABL @il JERRGIN, 25 5% B 7 il
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GREEBIIME, L HIRI 7 S A RE, 2 4] 1370, S UL 2 AR 25 Al 226G>A, 7R ET6K

YRR IE H; IGRILES A& B0 PTPN 11 3 [ %8
AR LR U R, EE R S, 4
PEATHERG G, R, YRR B, R
2 BB LH I A, 1 R LD D RE Rk
BETT A, 3 H1LAETS, 1 BRI . & 42 N-RAS
SEH AR 3 BIEILR, B 26, Lo,
2.0 % (JER 1.0~4.0 %) , WA 2
W eh 57 B[R 13.7 S H (JE 2.0~36.0 1 H )
2 R BB B 4 B RLTE K29 APl Hb 9.7 o/dL
( J& Bl 7.5~11.1 g/dL.) , HbF 7.8% ( 7 Fl 1.4%~
17.0% ) , WBC 1 % 18.8 x 10°/L ( & [l 12.3~28.5 x
10L) 5 3 BB LI HEAT Y 6 K K BCR/ABL il &5
FEPRR, 255 Bonml A L YRR, 1 B
BHPe R R WA 7 Sy B, 2 flge
AR S, IR ML & B N-RAS FE[H 58748 /)
U tE RN, BEVT =4, 1 0B ILER R W
W @R, 2 B JLIET. K-RAS &3 PTPN11 3
o AE B Lo B, 3%, MR B2 W
PEHE R 3 A H s IR FT A, T Wik R
W ZE M, AFRAN R 2 em, AME M WBC T4k
10 x 10°/L; b B L3237 A M AR A 2 1l 20 i B8
M, BEVIEA MG IER

3 iTtit

JMML J& 7% UL 1 JL 2 o B P ot i 1 200 it 5%
PR, ZRATERGIL, RERIEFEFHE,
SHALST 25 I i 2%, BUG AR, P E
JLAEHE . IMML 2848 JE RGN T g, R b4
VG RIS W B TR 5, IR R IR 5 A8 BE PR 2R A
511 R RRAE 22 [ F9 A S P % 4 /= it PR 2 W v
R, FNBEE TS MOk B A RGRIT T R A B
M7, BRI R JMML &9%55 NF1, RAS,
PTPN11. CBL % 48 5| 2 () RAS/ {2 41 M 73 24 5
(‘mitogen ) TEALIYEE FIILHEG (MAPK ) 38 554
5 PO HH PTPN1 /& JMML Sl WA 28 A8 LA
K2y 35% () IMML (LA PTPN11 R4 sz 79,
2 B gt | 37 1A TR 1 2 I ol TR g 2 11 SHIP-2,
Z 54K HF RIS @, W2
RN, AN G, s K. FETCRER T
JMML SB# RN PTPN1T RARF A TAMNE T 3. 4.

FE, HEA & EREEE, TSR ILFAE
YT GM-CSF EA7 & FEUSE, H K Bak3 2
it 22 5 Ak A 400 L PR A R AR T AR IR g
14 (9] B LHEAT T IMML 5 WL AR BL G, Hedp
4 B EJLIH B PTPNTL 2845, 5 29%, Hi 2 fil &
JLGEAR A R UL 226G>A

JMML F8 & X7 B il 22, 5 3L R &l 1
YRS AR S H AT ME— A SR T U 1 T
ORI 40% e BE A RIS &, HH
T3 120 R P A BR DL R S HE R RO, R
T BB R S AL R i T AN AR AL 2
SERBIF LI, 5T IMML BB H & kA,
Matsuda % " X ilfi PR E 47 W E2 438 3 9] N-RAS 5§
K-RAS 5278 JMML (8 LI AR 15 2F R 2218, JF3K
1R B0 1 R G5 Flotho 25K IR EE & B 12 44
B2 Wy IMML B8 LA S5 17 38 I T 20 M B A
Bl 3 4F, 5 01 RAS 2878 () s L3RS K 2%
fige ", BFIY K BLRE RS RIS [ & LB A (1) IMML %5 191
— R A IS R RN, P12
ML/ >33 x 10°/L, HbF JAK " 8 A B 58 4l
B MwmeImE AR, ol S8t B ILB AR
(0S) , LHFMALER (EFS) W B, 4
WEFEXF 14 4] IMML B LEF7 58 A8 SE RGN , %)
GRARIIY TG R FRAE . TS SEAT ARG B, B
5ER I, PTPN11 AL R AHI 5T i i LAY 2R AR B
RIS, (5 BB IIEY 29%, 5 SCHRIRE 25 - —
361 219% ) BILHPE N-RAS 28728, 1411( 7% )
LR i AE A PTPN11 o K-RAS 78, A fifF 58
14 Gl B R 2 T, B LR 37:1,
JE PTPN11 28748 LR B, hAi4Es 2.5 %,
=T RAS K TERAZF K &L, PTPN1L & ILY]2
PLT H i 80h 24.7 x 10°/L, 1fif HbF i, “FX{E
H17.3%, HAESCERIRGE Y AT A R F R, b
RIS K B, e 2i o ) TR B 1 AR 4R 4 I R A G
R K a oy A, Hidgy 3 G ok e b, J ]
W WBC B, M s ok, ghmil sz
W B, BEVT RS, 3 BB JLISET, 1 6
IR, R PTPN11 S8R KRB X RS, 9
Tk EHGE, BUEA R, N-RAS RAFG] P 4F i
2.0 %, PLT Hp i 50k 35 x 10°/L, HbF B B % T
PTPN11 58748 /8L, MLdim Bl i i e 2e 12, Mk
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s B 12 W Hh SR R 13.7 4~ H o K-RAS & f:
PTPN11 2845 (8 )L i T4H232 [a] Mo I35 1 i T 20 i %
M, BEOREWKE, mMEIER, HhT R 5
GRAR A B KA D, L 5l RS K &
AR Tt — AL,

PTPN11 J& JMML o5 {5 v fi 8 UL 98 A8 S Y
WP A A1 1 WBC 345 S A A i 4 {3 1
PLT B A%, pofm it i, Fie AR, @il
LW AR R AT T A A A . N-RAS 28285
i1 i e G245, F 439 9 s ok JEE , I IR -
AT ASEE, MRS B E IR TR, B4t
G AR LR A AR BB /D, T B4 s 461 Bt — 2
S5 SHT
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