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B 33 K MRD Y IKZFIL JEpIRIA 1L a8
aPE B bk CL AN T v 2k A7 5K 1) 53 i)

ULF AREE Fmw AR kAL EH

(WéplEErRRA, #d K 410007)

[(FWE] BB OHIEFEME 33 RMUNERE (MRD) 5 IKZF1 SEHEEXF L2 B ke 4ni e
M (B-ALL) AEAFRIGEM . ik DS —Ir BT iRA9 508 2 G2 HLAT SE BBV {5 B W 152 69112 B-ALL &
XS G2 o R FH T AN A ALY 755 33 K MRD, 430 3 4: 4R PR A0 <107 35 >4 MRD A4 60 i) ),
10 < MRD<10™ 35 MRD 1/&41 (55 %) , MRD = 10~ 4 MRD & /&4l (37 %) , i 45 RT-PCR #& M1k
SYRTFTA LI IKZE B J0 TS i 33 K MRD & IKZF1 JEPBINT B-ALL B LTCE & LE AR 2R 0 500
£ R 152419112 B-ALL LA 7 Ry W IKZF JEF AL, 1K1, 1K2/3, 1K4, 1K6, IK8, 1K9 il IK10, Hh
130 713535 TKZF1 S Y)EEW A | 22 Bk TKZF1 FEH e WA, e 26 7 (17%) BILE L, LiEfa
BILE kFhm (P<0.05) , MMitrfa. PadE LRBNERITFEIFE L (P>0.05) o IKZFI HEHDIRRERL 1A
PR FBLE) BT E K T IKZF S FE R8T A MR UL (P<0.01) o MRD #5fE. HfE. mfaE LMl s
IR RAEFFFRSNN(94.2+£2.9)% . (86.7 £3.8)%H(56.2+4.5)% , —HIZEFINHGIFE X (P<0.05),
IKZF1 JE R Dy e BH P UL 5 4E TC R & AR AR M T O RE S B PH M £ L (P<0.01) o MRD #RfE4] IKZF1
FEP T AE R B M R LB T 5 4E 0 & AR AR S I RE B I R B M LI 24 S RGeS X (P>0.05) ,
fe 2 RN s fa 2 b IKZ K] PR D g B0 AP S LA Tt 5 AR TC 8 R A A3 34 e T U Re s J I B PR £ L ( P<0.05 ) 6
5% IKZF1 SR DI BEB WAL PHPE Y B-ALL SJLE &R, JRHIEMITES 33 X MRD = 107 1) IKZF1 A1)
ReB R BH: B-ALL &L [FESHRILREIZRER, 2018, 20 (7) : 538-542]
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Effects of minimal residual disease level on day 33 of remission induction and IKZF1
genotype on the survival of children with B-lineage acute lymphoblastic leukemia

KUANG Wen-Yong, ZHENG Min-Cui, LI Wan-Li, YANG Hai-Xia, ZHANG Ben-Shan, WU Pan. Department of
Hematology, Hunan Children's Hospital, Changsha 410007, China (Zheng M-C, Email: mincui@sina.com)

Abstract: Objective  To study the effects of minimal residual disease (MRD) level on day 33 of remission
induction and IKZF1 genotype on the survival of children with B-lineage acute lymphoblastic leukemia (B-ALL).
Methods A total of 152 children with newly-diagnosed B-ALL who had complete remission after the first cycle of the
chemotherapy and had complete follow-up information were enrolled in this study. According to the MRD detection by
flow cytometry on day 33 of remission induction, they were divided into three groups: standard-risk (SR) group (MRD
<10™*; n=60), intermediate-risk (IR) group (10*< MRD <107; n=55), and high-risk (HR) group (MRD >107; n=37).
Nested RT-PCR was used to determine the IKZF1 genotype of all children before chemotherapy. The effects of MRD
level on day 33 of remission induction and IKZF1 genotype on the recurrence-free survival (RFS) of children with B-ALL
were analyzed. Results There were 7 common IKZF1 subtypes in all the 152 children with B-ALL: IK1, 1K2/3, IK4,
IK6, IK8, IK9, and IK10. Of the 152 children, 130 had functional subtypes of IKZF1 and 22 had non-functional subtypes
of IKZF1. During the follow-up period, relapse occurred in 26 (17%) children, and the recurrence rate was highest in the
HR group (P<0.05). However, there was no significant difference in the recurrence rate between the SR group and the IR
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group (P>0.05). The cumulative recurrence rate of the children with non-functional subtypes of IKZF1 was significantly
higher than that of those with functional types of IKZF1 (P<0.01). The predicted 5-year RFS rates in the SR, IR, and
HR groups were (94.2+2.9)%, (86.7+3.8)%, and (56.2+4.5)% respectively (P<0.05). The 5-year RFS rate of the children
with functional subtypes of IKZF1 was significantly higher than that of those with non-functional subtypes of IKZF1

(P<0.01). There was no significant difference in the predicted 5-year RFS rate between the children with functional
subtypes of IKZF1 and those with non-functional subtypes of IKZF1 in the SR group (£>0.05). However, the predicted
5-year RFS rate of the children with functional subtypes of IKZF1 was significantly higher than that of those with non-

functional subtypes of IKZF1 in the IR group and the HR group (£<0.05). Conclusions

B-ALL children with non-

functional subtypes of IKZF1 have a high recurrence rate, and the recurrence rate will be even higher in B-ALL children
with non-functional subtypes of IKZF1 and MRD >10" on day 33 of chemotherapy.

[Chin J Contemp Pediatr, 2018, 20(7): 538-542]
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MRk B 4 B ML 9% (acute lymphoblastic
leukemia, ALL ) J& JL2E % WL Mo, b B
20l ALL (B-ALL) 45 JL# ALL (¥ 80%, B4
RITHHEL, 80% 24 nl KT A= A7 M ELATS
A7 15%~20% ) B-ALL & %, X 5K N 5% 8 A
11575 20 it B 407 5% B3 9 ( minimal residual diseas,
MRD) A% ", 78 ALL BB ZR77H, MRD
RSER o JE N EEARR, Al — NS S
SR, WA 33 K J& MRD W I % 55 22t [i]
A E L (R PMELL ( Chinese Children's
Leukemia Group, CCLG ) ALL-2008 75 % f %5 33
K MRD {E R &R 53 20— D 280, %5 33 K
MRD FH 4 /& B-ALL & JL i &5 f& B % 70 IKZF1

( Ikaros family zinc finger 1) &K I 4iASEE 1 Tkaros

JB THEHE DNA 255 ARG, S 5P EREY,
REMERE AR E, 2RERGERT L
T W55 s I Tkaros JE R A & 454 DNA Y N %t
4 ANVEHRE, DLUSIE L RIKR) C ¥ 2 M PEfESS
o IKZF1 2N 55 8 AN T, 0] 10 AL
A, HA N A 20 3 MHEE5 A (1KI-
IK3) A fe5 DNA IE# 45 & 1M E & L #H e, |
I TKI-TK3 BNy S DALY, iy Al S0 7 Syt
PEBUTE] Tkaros S M 1A, RIVZHE B G E L TKZF1
SLR DR ER A WA )Gk 5 L ALL FilE A RAH
S, T IKZF1 HEP R 15 S 26 33 K
MRD Xf B-ALL JLE FU BP0 A H0H . AT
T B F R A (reverse transcription-
polymerase chain reaction, RT-PCR ) KL #E
B-ALL {3 IKZF1 B AL e ik, I i =X 4
JEAKIE 33 K MRD 7KF-, LIEIS 33 K MRD
L2 IKZF1 FEA IS T A A B

1 #ARSHE
1.1 HRIH

W S 0 Fe 4 )L B IR B i v N B 2012 4 1 A
£ 20154 6 A% Iy RALTT IS B % H A
STEB VR B 152 BilR1i2 B-ALL B35 19I5 K 7%
B, B EREMMIE S e Y5
e o F Y2, W ITROE . B
Y& LR I2 W S sicheife ) ™, JF4 CCLG-
ALL-2008 J5 &3R97 9. Hh 53 88 fil. 4 64 i,
PR 625 4 BEVI#ECE 2017 4E8 H 1 H,
PR E] 35 (14~68 ) AN H , FfTiHATE 2 4™
RPN T, 26 B K. TEREAIR N L
Z%f#( complete remission, CR VA — IR KR ]

AHFFE RIS B LE K B R
1.2 Faf, maEREM MRD &

ua K A R DA MRD &S0 2 i o v R
Ik BE2E R I T 58 . fE I B 4 41 2 IR CCLG-
ALL-2008 J7 % “ b I LIS 33 K MRD /£ A &
B 43 2 WA HE % B8 I 41 L <107 354 MRD
Frfael (60 %) , 10™ < MRD<107” 24 MRD 1%
44 (55%1), MRD = 107 ) MRD &G4 (3761 ) .
1.3 &3 RT-PCR #ill IKZF1 ERE LR K%

W AR Ak T BT B BE S AZ AL, ] TRIzol
PRI RNA, 008G 585 i cDNA . | ] Primer
Premier 6 5 14 % 11 PCR 51 ¥, 51 ¥ & W Z 6
% [ Invitrogen 2~ # 58 M. W Z M K GAPDH
51 ¥ b % 5-GAAGGTGAAGGTCGGAGTC-3',
T % 5'-GAAGATGGTGATGGGATTTC-3', §"
B R B K B 226 bp, IKZF1 JE [ & 50 PCR 3]
Yy RE W% ¥ 18 IKZFL Br A7 WAL, Ah 518 b U
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5'-ATGGATGCTGATGAGGGTCAAGAC-3', T it MRD /K482 42 KR EWHE S, L MRD & 15
5'“TTAGCTCATGTGGAAGCGGTGCTC-3'; N Bl ¥ BLE KB EE (P<0.05) , TMitsfa. TadaEk

| i 5'-CCCCTGTAAGCGATACTCCAGATG-3', F
i 5'-GATGGCTTGGTCCATCACGTGGGA-3', & —
4 PCR LW AK 2 20 ul, H5H5 2 x GoTaq Green
Master Mix 10 pL. ZMj_E- 3 AR g5 49 1.5 pL.
¢DNA 1.5 pL. ddH,0 7 uL, ddH,O £ B 74 % #E
PCR 45 F: 95 °C 48 ¥ 5 min; 95 C 42 1 30,
60°CiH &k 30s, 72°CHEMH 30s, 35 MEFJE 72°C
FEAH 7 min, 4 CZ 1k . B — % PCR Y-
W7 0.5 ul 5 9.5 ul ddH,0 IR &, M g HE
1.5 uL #1755 — 4 PCR. %5 % PCR WA ZR N
20 uL, {335 2 x GoTaq Green Master Mix 10 pL, #p
M b9 AR 1 4% 1.5 ul, 55 —% PCR &7 14 7™
¥ 1.5 L, ddH,0 7 uL, J ddH,0 fi B 7 %F BE
PCR 45 F: 95 °C 748 ¥ 5 min; 95 C A2 1 30 s,
60°CiH &k 30s, 72°CHEMH 30s, 35 MEFRJE 72°C
FEA 7 min, 4CEIERN . BURLY W1 2% 31

EVEEERS UK, A S A USSR A BT, FLUK
FEIEA TR TSI %5 7 TKI-TK3 S D REE A
k=2 IKI-IK3 A DI REERJC A . F 3R S0
U2 TR B2 22 R 50 i 6 A
1.4 Fi=ZEHH

K SPSS 19.0 AT B ab # . THECFORE

DI T 20 (% ) Ferm, 4 HLRER T 7 K
K Kaplan-Meier J7 35 ¥FAl L 5 4F 0 8R & A AF
TR EEAAR A FEECR A log-rank R34
P<0.05 WZESRAGI#E L,

2 #HR

2.1 B-ALL EJLH IKZF1 EETRHFRIE
152 5] B-ALL & LY IKZF1 F R AA 7 FhE
A ( K 1) . IKI (945bp) . IK2/3 (684bp) .
IK4 (558bp) . IK6 (225bp) . IK8 (390 bp) .
IK9 (135bp) FIIKIO (95bp) , FFZudii %
WESZ, 130 ) (86% ) JLEE B-ALL B # ik IKZF1
DIfe iy, 22 4] ( 14% ) ik IKZF Ifgsk e
22 IKZF1 E R A K % 33 X MRD 5 B-ALL
152 51 F LRt U5 W 8] &2 % 26 1) (17% ) , H
W 25 kLI E] R 28 (6~62) N H . B

540~

RNERLGEI¥E X (P>0.05) , WE 1,
Ik IKZF1 FE P D ek WAL 1) LB &%
T 2IA IKZFL I RE A L ( P<0.01 ), WL 2,

600 b | -

400 b C — :

300 bp —— [

200 bp ===

100 bp s - -
1 2 3 4 5 6 7 8 9

B 1 &z PCR 7i%#&iM B-ALL )L IKZF1 EE X
SEIEMR VE: MUK N marker, 51, 8 VKIH 945 bp 4b (4]

St KL W, 55 2 DK 684 bp AR 1) 1 265y TK2/3 T4,
3 YKIH 390 bp Kb R A 1K WAL, 5% 4. 9 JKiti 225 bp AbY
) 5 515 TK6 TR0, 565 5 . 6 DK 558 bp A 5 A% 4 TK4 W70,
7 ¥k 135 bp AL 4 IKO BT, 9 il 95 bp AbAYIT i 4%
AR IK10 A

#1 MRDKEX B-ALL BILEXKIME (6] (%) ]
215 n 8k
MRD #5185 60 3(5)"
MRD 1 55 7(13)*
MRD 7 f& 37 16(43)
7 AH 9.41
P1A 0.0021

H: azn5 MRD Sf@tbig, P<0.05.

R2 IKZFAEETRXB-ALL 2ILEREE [ (%))
215 n =53
IKZF1 Tyhey & 130 11(8)
IKZF1 YjReit R 22 15(68)
V! 473
Pl <0.001

2.3 MRD gl 4% IKZF1 EEE3S B-ALL &
L5 EXEREBTRNZM

152 ] B-ALL 8 LS4 & & K L A7 RN
(82.5+1.8) %, 533 K MRD #pfa. HfE Flws
fELHIN 5 AFTCE KRN (942£29) % .
(86.7+3.8) %Al (562+45) %, =#H[a]H %
SEG I E X (P<0.05) ; #ik IKZF1 3K 1)
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BEV AR L S T E K AT [(89.6 £2.7 )% | ERAEGHFE X (P<0.01) . WE 2,
T RIRTIREE R WA A BIL] (31.3£3.9) % |,

1.0+~
""" TKZF 1 BE[K D HETF RI21
0.8+
& 06 L"——muu?:mzﬁﬂ & 0.64 '
T e H '3 IKZF 1 ST RE B A2
® 041 o 049 i
= R
0.24 0.24
0 T T T T T T T O T T T T T T T
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
AR CH ) HAERFE ()

B2 MRD Z4ERE IKZF1 EETAER B-ALL BIL 5 EXLEXREFRNZ

24 MRDERASAEESIKZFMIEFHREBEAXN T  FESEITHEX (P=0.058) ; FfEHKkEEHE
B-ALL BILELE £ £FRTN K TKZF1 FE DI RE A i 8L S A B8 R A A%
B RALIT 45 33 K MRD #5 1 2 i 3k IKZF1 [(953+22) %, (67.7+26) % | TRiAIAE
FH R Dy RE VY sk Dy RS W A () UL 5 AFJEE R AR BRA T RIR L[ (58.3+3.2) %, (143+£1.5)% ],
RN (96.4+2.5) %F1 (758+3.6) %, 2 ERAEZIT¥EX (P<0.05) . WHE 3,

10— IKZF1 S D HE I 2 1.0 ==—+ IKZF 1 $E P S AE 17 2 1.0 4==
T P ;
H b SER T AL
g - IKZF1 e Y
0.8 1 | IKZF1 S 0-8 1 Ly 08
H ¥ R TS TR o
& 06 & 06 Lo dhiscains & 061
H Y H
4 X O - )
™ 04 0.4+ o 0.4 i
VIKZF1 HE K 3 RERR AL
R R R !
02 1 02 0.2 5
0 — T 0 — T T 0 — T
0 10 20 30 40 50 60 70 A 0 10 20 30 40 50 60 70 B 0 10 20 30 40 50 60 70 C
HAERTE () HAERFE () HAERTE ()

B3 MRDBMHAESE IKZFI EFEREBEAYF B-ALL BILEEEZEZMFM  A: MRD#RfE4l; B: MRD
ifE4l; C: MRD W&l

3 it S 33 K1Y MRD B & %5 (05 2%
Mo Pui % MRS BOR, TEE S SIS MRD FTE

VAR, JLEE B-ALL FY7 SUBASH R Kt iy 382 19l ALL " 6 1] (1.6% ) %%, i MRD BH¥%
BELERESECAIT R R EEFEN, REJIL 691 FEE 20 (182%) &k, wHHH% )
#ALL (23 E LR N 15% Lif " ABFFEB-ALL - G55 33 K MRD = 107 J& B-ALL L 5 4E L F
(23 E AR N 17.1%, B-ALL (IFEE R FWER AR REE RN EEN R, Hik—
FEAT AR T k. MRD WEIUAEJLEE ALL 9970 SEBRIP AL R 5 33 X MRD 51 A F L9 & 15 43
PSRN D7 T HA EZME, ¥ MRD 5IAZNE  ELFESIEIT ™7, XIBeB % B R A 33 K MRD
SERATZ R — M 2R R, REF i VR SG IR I o AT A N s B Ay, BB L™ H e
FIWT ALL Bl . fRAkitr . e o, () & AR B YN, (A5 KR IR LR, Vora
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L PR R BE AL RS o, 5 45 R
MRD<0.01% F1 MRD 4 0.01%~0.1% 1) & # 5 4F
EFS 235 fy (87+1) % F1 (74+4) %, *f MRD
PRV B 3 R T SRR YT O R AT BCE Pl o A
FEMRAE S 33 K MRD /K-F-i#47 B-ALL f& 1% 73 )=,
ERE VAN =9 V=2 8= i 1y [ LS RV R

IKZF1 5 PR 2 5 bk B 40 M & 8 A G Y E 22
SR, gt e IKAROS B 1, 2536 1l 24 g
otk d, JCHAEWRE R G kT 5 I il
HE SRR 1,

VAR SR R LRy 2 & ALL JLEEAETE IKZF1 3
PR () 2 TR AS 1T IKZF] SR ok 5848 3R
e M e AL RS RE B AL IR, 0 TK6 S5
Fak, IKZF1 HE PR 2R gk 502 ALL il 5 A R
£ WF5T B TKZF] 5 K 2 BE IV 5 ) Bl 2k 5 i
N ALL RI5 & S 56 M, #/ Mt deE M Hil
IK6 WA (IKZF1 B H DI REG A ) iR I8 AIAE
L B-ALL FilJ5 AN R WAra&, 5 B-ALL B k%
YIRSG, AR s, FFEAE IKZF] HER D Re sk o
IR LAY B THE & 5T IKZF] 3 K Y680 2 BH
BIL, H5ETLRE LAAFFBBAL, 5 CHAE A
Bl EER, MRD H)5 402 TR A TT BN 25 1
B-ALL &%, {HAA# 5 MRD g i th e
%o Wik, BRI MRD #5432 R EATEEIE R
W B E A R o ASBIETORTS 225 33 K MRD
FUIKZF SR BVER A, A B P % T L B-ALL
TR ZAEAAR N ILFE T m, 258 ER, H 33K
MRD F5 1 20 H AE 7E TKZF1 52 K T GE 0 % 2 LAY 5
IO KA AR D Re i A AL M AR LY 22 S
TG X, PRaEAME AR AFE IKZF1 3
HTIRE 7 LI 5 AT Z AP R m T OhE
ST PHPE )L, 4578 TKZF1 ShBER S W B-ALL
LA R A7 TR 7K MRD W& & R AR i, fils
e 22, A B EHOR BRI T S .

M2, ¥ MRD BE4 IKZF1 BLH 6k 34T ALL
TS 48 )2, TTRE A B-ALL HULAMARIL IR 5
B ZAKYE
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