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(FE] BB XSTAAEAUR AL LI s (IMML ) B LTI R S 5L R S 5 40T, e R A

JERXK R, Fik IE 15 BIIEIRIZ I IMML BLRIG IR POR, SR AR Jr ik 6 T IMML 5 L5828 JE A G
YIJIJO LR IS B IMML LT B By 6.5:1, KW 19 (2~67) H, 1101 (73% ) 8ILNy 4 % LI AR,
HRAERIENK . BN, FTA BILYA IR SRR 2 bk, 18 i S 40 s >1.0 x 10°7/L. &L Tk
F WHEARM FLA9] 190~7% | 15 BB AR 20 + SIHEARIIHS <20% | B 0GB + SIHERARZ AN 19%~10% . 10 61l 67% )
BILIIMLTE A F (HbF) 5 TAIN AR IEH(E, B 62.5%. 15 Fl#E LRI Ph Ye @ik, Hirp 1 flfi7E 7 5
YeatRB e 15 48 L BCR/ABL Bl 5 3L R Y B, 5 6 (33% ) Rl E] PTPN11 248, 4 6 (27% ) NF1
FeZes, 341 (20% ) CBL FEKZAE, 341 (20% ) RAS JER S8, 4 1 FlATH T4 AsAtioh, AR T
FAkIr. 15 6] JMML BJLIBEDTIN Ry 18 (1~48) A, BET 8 4 ( Hirb 4 {55 PTPNI1 A8 L, 3
B2 NF1JER AR L, 10010y RAS BERZRAE B L) , A0 7 0. A4E PTPN1T JERI AR LTS fe 22, i
HEE feim o CBL J2 NRAS SERE 2828 119 (B LTS AHXS 4547 . HbF KPS A A 2 A ¢ (r=-7.21, P=0.002) .
518 JMML LR A8 KT 55 AHOG, fE7E PTPN11 SRR A8 W5 e 22, AT CBL 2 NRAS KL 5875
i B LI 54T [ hELARILRIZE, 2019, 21 (4) : 365-369 ]
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Clinical and genetic analyses of juvenile myelomonocytic leukemia

ZENG Min-Hui, HE Xiang-Ling, YANG Ming-Hua, ZHENG Min-Cui, WAN Wu-Qing, ZOU Run-Ying, CHEN Ke-
Ke. Department of Hematology and Oncology, Children's Medical Center, Hunan Provincial People's Hospital/First
Hospital of Hunan Normal University, Changsha 410005, China (He X-L, Email: hexiangl@163.com)

Abstract: Objective  To study the clinical and genetic features of juvenile myelomonocytic leukemia (JMML)
and the association between genotype and prognosis. Methods The clinical data of 15 children who were diagnosed
with JMML were collected. Next-generation sequencing was used to detect common gene mutations of JMML. Results
The male/female ratio was 6.5:1, and the age of onset was 19 months (range 2-67 months). Of the 15 children, 11 (73%)
experienced disease onset before the age of 4 years, with abdominal distension and pyrexia as initial symptoms. All
children had hepatosplenomegaly and superficial lymphadenectasis, with a number of peripheral blood mononuclear
cells of >1.0x10°/L and a percentage of juvenile cells of 1%-7% in peripheral blood smear. The percentage of bone
marrow blasts+juvenile cells was <20%, and the percentage of monoblasts+promonocytes was 1%-10%. Of the 15
children, 10 (67%) had a higher level of hemoglobin F than the normal level at the corresponding age, with the highest
level of 62.5%. All 15 children had the absence of Philadelphia chromosome, and one child had chromosome 7 deletion.
All 15 children had a negative result of BCR/ABL fusion gene detection. PTPN11 gene mutation was found in 5
children (33%), NF1 mutation in 4 children (27%), CBL mutation in 3 children (20%), and RAS mutation in 3 children
(20%). No children received regular chemotherapy, and one child underwent hematopoietic stem cell transplantation.
The median follow-up time of 15 children was 18 months (range 1-48 months). Among the 15 children, 8 died (among
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whom 4 had PTPN11 gene mutation, 3 had NF1 mutation, and 1 had RAS mutation) and 7 survived. The children with
PTPN11 mutation had the worst prognosis and the highest mortality rate, and those with CBL or NRAS mutation had a
relatively good prognosis. The level of hemoglobin F was negatively correlated with survival time (»=-7.21, P=0.002).

Conclusions

In children with JMML, the type of gene mutation is associated with prognosis. The children with

PTPN11 mutation often have a poor prognosis, and those with CBL or NRAS mutation have a relatively good prognosis.

[Chin J Contemp Pediatr, 2019, 21(4): 365-369]
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o A R ORL B A% 48 MY 1 Il 9 (juvenile
myelomonocytic leukemia, JMML ) J& —Fj 5= UL 9 1
I RS EME, DORLR M A% R 5 1S A SR
RN FERE, AU RMERRAMAER
S A BN AR S 2R B IE (myelodysplastic
syndromes, MDS ) Il 3% 5 ¥4 ¢ 95 1) 45 AiF 1
JMML 7E 0~14 % JLER KR HR LN 1.2/10°, &L
MR A 2%~3%, 60% £ 2 % LAN &, Bk
Z T4, IMML [ &R AL N Ras {5538 i
4 0 M3 AR AR TR A DGR R RS, R BB AT:
AL 240 B X6 A — e 240 £ i il e DR v R UK
M Ras 1, 1EAKAY Ras-GTP 454 Raf-1 7]
KGR | A BR (Ser/Thr ) 5 H I EEEK [,
T LTS 22 B4R NG AR AR H B ( mitogen-activated
protein kinase, MAPK ) {5518 [ . 2R & 4= b6
AR Ras 3 # L UESE 228 0 R A L, RE
B ) 25 AT R R, K IMML S
Jila) e AN A 2 ROy 15 4] JMML 5
1], NG5S B LI PR B BE R 22 R i, R BE PR Y
SHEINP S
1 #ZBERE
1.1 MRIEK
4R 2014 4F 1 H 2 2018 4F 1 A I 1a)i1 /e 4
NREERE . g KRS B . Wm0 L2 B B
R rb R A HAE — R B I RI2 WY 15 51 JMML £
JLRIGIRBERE, GRS . M. EERIRIAAE,
PAKMH AL, MLTEA F (HbF) | ANEImE A
R4 A4 Yk BCR/ABL @il & 3% I i
745 )R IMML 2 Wi #7545 2016 4F WHO il & H)
JMML 2 Wibrif "o 15 6 IMML 2L 5 13 4]
226, B BIh 6.5:1, KIFAERE N 19 (2~67)
DAL 1141 (73% ) BIL4 5 LINER

I K Bt 2 2018 4F 5 H 30 H | Fifi i it 7]
18 (1~48) T™H.

1.2 ZRAFERDN IMML REEE
JIT A 9 (32 R A B sl AR il 6~8 mLL ( EDTA
Prst) , 4°CIAFE, 72h NFEFT DNA $2 5 R
ZARIF (Ton PGM P4 AT ) A5 PTPN11 .
CBL. NF1, NRAS, KRAS %t A, i i Coverage
Analysis /45 Variant Caller 43517 3L K 31 H
XF B 97 A
1.3 FHitFEHHR

K SPSS20.0 B A AT EUR AL B, THEFORE
R g G B e, THECR R R (%)
FR, ARG . HbF KOV 5 AR A7 B ] A DG PEE
Spearman A CPEREE . P<0.05 /R 2 55 H Gl
P

2 #R

21 ERYFS
DU RK . &8 Wi, m s E o8 E KA
AR B 2 B R 7 (47%) . 56 (33%) | 2
(13%) . 16 (7% ) o P BILSA R (5
FEREAP K 6 B, 5 40% ) FRFMELLE PR (H
% 05~4cem) , 401 (27% ) HILA Bz Ik 1S
2195, 20 (13% ) BILA 4 ThnnESE
22 XWEREMNHS

15 1] JMML £ L2 i 4 A [) 72 B 22 1M
FEERIM B (7%) , HERIM T F (47%) ,
RSN 7 H] (47%) o WIZH AT k%
H93% (14/15) | /IS /D &A% 67% (10/15) .
M40k 38.70 ( 7.76~74.55 ) x 10°/L( Z%14:
3.69~9.16 x 10°/L) ; Ifi/IMITECH 30 (8~229) x
10°L ( Z%4H: 101~320x 10°/L) . 15 il ILWIL
A AP I BAAZ A4 1.0 x 10°/L, FAAZ LA A4k
6.54(1.31~23.96 ) x 10°/L( Z%{H: 0.16~1 x 10°/L) .

15 6 F L AN A I % R 40 FE 40 A L ] A
1%~T%. FIT7E B L 1 B8 200 B S 196 A 305 BR 2 W
TR, JRUAANAE + SDHEANAE LB <20%, DRlh iR
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¥ + BIHERAZ AR LR 19%~10% 9. 12, 14 K 3| PTPN11 3K & 45, PTPNI11 %

1045( 67% )i JLI) HbF #=5 FH R A5 04 1E 5 {8
T 62.5%,
2.3 FtaFZBRERGNER

15 BIRJLE N IEHAZRL, YR UL Ph ek,
Hrp 1 Bk 7 S5 EfRER,

15 i JL BCR/ABL @il & SR FAYE . K

3] PTPN11 5% NF1 5% CBL & RAS 3L 248, L
PTPN11 FE [ 58 A8 K R fe i (54, 33% ) , H

YN NFLSERZEAE (441, 27%) , CBL 2%
I RAS JEHI 2848 (45361, 35,5 20% ) . bl 5. 6.

PR 2R 748 B 7 o5, £ AL T Exon 3. 13, i1l 9 Z%F
SE CHRBIT R AR IE M T4 ( hematopoietic
stem cell transplantation, HSCT ) & i 5 [A] s Aa: ) 2]
ASXL1 B G5 As  fgfi 1. 2. 10 K 5|
CBL JER AR, FEAR i FELAE Exon 8 FIZHLEY
YIE a5 B 3 JB LA I3 NF1 AT SETBP1 4 A
RAR, B4, 7. 11 KE] NF1 FER R4S, NFI
e R AR S A T 7E Exon 4, 10, 22, 23, 30,

I 1 8 K i F1) KRAS 3L R 48, gl 13, 15 K

RO,
NRAS JEPI AL, RAS 5 45 B A1 Exon 20 WK 1.

F1 1561 IMML BILWEFRRTIEREETTER
Jpithil RAFER  HNETF /I NET BIHR/ BRAT RN R GREAFATY EEB(A) 4R
1 CBL Exon 8 c.1111T>C Tyr371His 4% X RAF (4if) 31 HAT
2 CBL IVS8-2 IVS8-2A>G BIUINE YRR (4G 31 HAE
3 NF1 Exon 12b ¢.1933A>G Met645Val &5 SUBAE (4:65) 12 BET
4 NF1 Exon 4b ¢.581T>C Leul94Pro 4% L 3RAF (44 11 A7
5 PTPN11 Exon 3 c.226G>A Glu76Lys b SLBRAS (24 1 T
6 PTPN11 Exon 13 ¢.1508G>T Gly503Val &% 2748 (4:4) 24 BeT
7 NF1 Exon 23 ¢.3916C>T Argl306X  TCXRAE (Z4E) 39 BT
8 KRAS Exon 2 ¢.34G>T Gl2¢ FEBRAS (F447) 22 JeT:
9 PTPN11 Exon 3 ¢.226G>A Glu76Lys 4% X278 (Z245) 18 A7
10 CBL Exon 8 ¢.1150T>C C384R X GEAR (2B 19 HTE
11 NF1 Exon 10b ¢.1435G>T Glud79Ter  JCNZAE (41F) 7 BT
12 PTPN11 Exon 13 ¢.1508G>C Gly503Ala 4 L7AE (24 ) 7 BT
13 NRAS Exon 2 ¢.35G>T Gly12Asp A URRAR (Fh 10 HEAT
14 PTPN11 Exon 3 ¢.226G>A E76K HEGAE (AE 2 BET:
15 NRAS Exon 3 c.182A>C GIn61Pro HEGRAE (2B 48 A7
24 BITEREWESH JMML 2 Wi B 45 88 5 A8 78 I JC A Gt (r=

PR E]) 18 (1~48) ANH o 15 BilhaET= 8 il
(JRAEEN 53% ) , £E06 7 B, WLEE 1~2,
TRBEEFEBNXR

*2 ERE=E: [ (%) ]

SRAZHLIA n AT BT
PTPN11 5 1(20) 4(80)
CBL 3 3(100) 0

NF1 4 125) 3(75)
RAS 3 2(67) 1(33)

-0.45, P=0.089) . HbF /K F 15 1 77 1] 5 47 4 ¢
(r=-721. P=0.002) .

5 BilfFAE PTPN11 S A8 iy 8 Lrp 4 3BT,
He 1 Gl Fsi2E 1 ASAET, ZEBJLTI4E A
e (4 H 100 mg/m®) KA (4 H 50 mg/m?)
b7 Hogx 3 BT XHE L HRHAYT s Bl 9 #hi2
1A H G B BRI A 46 A B s 5578 2 EBE &R E
M (M5) , %2 PERE R F I 7 UL 4 547

( FLAG+HAE+MidAC ) J5 7T DNA H AL F5 b
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R (M PEfbEESE H 20 mg/m2 , EZESd) B
HSCT 697, BAE)E VARG . A BERrEe i
CBL 2748 B L 3 fl, Forp 1 il 7 336 MRG Y7,
A 2 BT XIE SCRERYT, BT R R B A
W, I KAAERTE] 31 AN, B 1 i i 2= ek
X FR R 45/ 4 BIFFTE NFL 5248 (2 AR
AT IEERE, fEA 1 R e R ) L (38
LT XRE S REIRYT ) AT 3 4, S5 1 BlRETT &R
Bk B WG . RAS RAERY 3 fl B L (KT
1657 ) 1 KRAS 5878 [BLERZ IS 22 S HAET,
2 5 NRAS 2748 LM A3 , e B A7) 48 4~ H o
3 iTfig
AR, JLBEOEME IR R 2T
e LE R FEAETRNZ —, UK TILEE
ARFET A E LR R SRR R 6.9/10 7,
e o Y RS & 9 Rl 5.68/10 J i JMMIL
RRGFL R 1.2/100 J7 P ARA GRS 4 45K
IR X IMML 3t 15 4], Ah5H L0324 0.3/100
Ti, ARTSCHRRIE, PTRES AR 2 Wi R A 5%
A3 15 B IMML SBULIRIR SR, R Y B oL
S L I K AT RER A, AT AR T
A0 JE I B 40 L >1 x 10°/L M2 HbF FHiss, {28
JFE + A HEAAE <20%, FEHERR MDS | #4320
WE LA 2 A AE . Wiskott-Aldrich 2550228905 )5
75 & JMML AT gg, /3583 PTPN1L, CBL.
NF1. NRAS Fl KRAS Z&748 5 AN DL BB 287
W SCEE 2 M AR BT 14 1) IMML B2 LA I IR
R, 16 8 Bl LA I E] 4 FhELH 58 AR, IRt
FFWG 50T, (HARAIE] CBL 3R 2848, A5
Z s 15 B BRI 2 28 AR L, i i
I RAF A, &R 5L 6 % 45 R 0 HbF /KPS 1)
FHOEME K 5 R LR AL S5 TS O R, i JMML 1
Y IEIRYT RSB AT T R HMKE . 90% (1) IMML
% TP f£ £ PTPN11., CBL. NF1. NRAS. KRAS
FER A U ARBE g E) 5 41 (33% ) PTPN11
FERRAS, 4] (27% ) NF1 FEH A8, 3 4] (20% )
CBL KK 5748, 2 f] (13% ) NRAS K&K 5728 K 1
% (7% ) KRAS % [A % 75, PTPN11 4 3 Sre [
U5 2 SRR B s R PR IR B (SHP-2) , 4y
- PN G5 F8) PR A7 AR B P o T 2R e g v, R

FER AR (R FEEALT Exon 3 F113) A&
ORI B, M2 2 Ras 18 B0 3o B 5 4k 1,
Tartaglia 55 " #fF 57 & WA 77 76 PTPN11 3£ R 2845 1Y
JMML LA, A8 AML B9 ) . A
WFoEFET- 1Y 8 1l 4 1A PTPN11 JEH%RAE, &5
SCHRARAT

Sakaguchi % "' 4} 16 JMML & JL A & ) 5|
BMP4, CDKN2B, CALCA £ RARB 3 [X i1t #4 H1 &
1k, BA T EALAY IMML LR 5 4E S A 1A
. 1M Locatelli %5 ™ & 3 EAG PTPN11 £ 848 Y
W ZAFAE B B4k, fAAE CBL 3 PR 2845 11 45 141
DA sl Y SRR BEAIR, P EAT PTPNTT SR
AR IMML SBULTS 825 . ABFSEK IS PTPNT
BRI A8y 5 s )L 4 IFET, CBL KPR 28728 HY
3G LT . L, DNA S H L2 IMML
M BUG A RRNEZ—, XTS5 LT
FEE, DNA H A0 il ) il 77 A0 78 43
) 2 T TR T R o X L AT [ R )
() %5 JMML 8 & B fh 47 HSCT 50% 1Y 34 #% R Mi
5, Flotho %5 " i H 7 UMb PG At 352 + rp 2550 1k
SR HSCT, ¥t mHan@s . BRI L%,
I, JMML # JL5E 3% BMP4, CDKN2B. CALCA I
RARB BEK ) DNA HUEABAGIN, X5 T DNA H3EfL
RSB RR R mlA YT RN B A TR R

AWFFEAETE CBL Bz NRAS HE[H 2728 1) L4y
PG, e P2 iRiE B CBL ) NRAS £ [H
AR IMML F8 35 1 Je AH X 924 sl i R AR 7T A
Rk, ABFETE 1] NF1 3 58728 i Lok
Kz SETBP1 B H =42, Il 12 A5
BT, Sakaguchi 55 1 Stieglitz %5 245 I8 249 15%
[ IMML 2 JL4k % SETBP1 Fil JAK3 5&[H 9875
PR R A A2 MU 5848 5 LR R PG A O

JMML (36 97 45 2 1 5 — R i, R 2
HSCT LW AL AE 2 10~12 41~ H, HSCT A
SR H AT IMML ME— B9 HR 36 7 vk, BB (i 1T
50% IR A, ABFIEAT HSCT 3397 19 1 4l
BILFIZIE 18 N HANAATE . BiE IMML 43 Fistfs
2 e FBAE AR ABRA,, IRIT IR H 552
BT, AR "% DNA B 3Rk 5% 5% il 1 61
R T IMML 8 LG YT UG 7 B AR . Ras 15
538 B AT REAE g IMML VAT B 5. A P o 3
A A 2 25 1P S8 A B0 Ser/Thr 25 11 38 A 17 BEL

ﬁ
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1F Ras {5 53 Bt BG4k, i DU e 7 i T
RhoGTP [ifj M 117 & #2410 46 I g g VE L 12 28 3 22
B ) 25y % IMML A — @ 8508, MEK i 57 %
JMML F720 TG AR P B AE A T

Zi LRTIR, IMML ) AR BUS AN R, BILTH
Joi 5 e R 9 AR H AU OC, IMML AR LAR 8 11 PR 45
By Tt G AR AT 4 2 23R, XA TR
PTPN11, KRAS, NF1 5748 1) i g U LS Rt
172 WRARIGT PR3 HSCT R EE TS .
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