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[(HZE] BW 845 DUX4ICH G L B RAMEM A0 T 1095 (B-cell acute lymphoblastic leukemia, B-
ALL) (I REEIE, SAIZA A s 12 W SRy r e b . 3% IdE 2020479 H—2024 4% 4 J i) = B}
KEEWHE AL )L BT 0 DUX4-IGHFRA 1Y) B-ALL SBULAIRIR ORI b 200 20 B LI IR RS &L S5
FRESGRIT RO . SR A IS B B-ALL L, @i 5 st 4l 2646 1 17 6 DUX4-IGH @A) (5.4%) .
HAp 52 64 H GER: 22101 HE12% ), JORERAZ IERZAL, RS JLER . WBCITEL.
HINHKZ R, W1sh 1561 (88.2%) EILVENNE . MRIHAYT RN, R Sak e E 76, e 106,
H BT R 38 N A (JEFRl: 34~43 4 A), KBEVIBIRIASS A, B 17 f1 4 MRD RRLeBitk, JTodd
TFo 18 DUX4-IGHGMATE L B-ALL HVE UL, 541 e BE R S AR ) DUX4-IGHI A, X B-ALL BRS #E
Sy R IE VR HA HEME . DUX4-IGHRA S FIAYT RO KA, (MRS RAT
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Clinical characteristics of DUX4-IGH fusion B-cell acute lymphoblastic leukemia in
children
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Abstract: Objective To study the clinical characteristics of DUX4-IGH fusion B-cell acute lymphoblastic
leukemia (B-ALL) in children in order to inform the diagnosis and treatment of this subtype. Methods Clinical data of
children with DUX4-IGH fusion B-ALL treated at Women and Children's Medical Center, Guangzhou Medical
University from September 2020 to April 2024 were collected. DUX4-IGH fusion was identified by transcriptome
sequencing, and clinical features, laboratory findings, and treatment outcomes were retrospectively analyzed. Results
Among 315 children with B-ALL, 17 DUX4-IGH fusion cases were detected by transcriptome sequencing, accounting
for 5.4%. The median age was 5.5 years (range: 2 years and 10 months to 12 years). Chromosome karyotypes were
mostly normal. Based on age, white blood cell count, and central nervous system involvement, 15 patients (88.2%) were
classified as low risk at initial diagnosis. After evaluation of treatment response, 7 patients were low risk and 10 were
intermediate risk. The median follow-up was 38 months (range: 34 to 43 months), and the longest follow-up was 55
months. Minimal residual disease remained persistently negative in all 17 patients, and all patients remained event-free
during follow-up. Conclusions DUX4-IGH fusion is relatively common in pediatric B-ALL. Transcriptome sequencing
enables sensitive detection of this fusion, aiding precise subtyping and prognostic assessment. Early induction response
is suboptimal, but the overall prognosis is favorable.
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TE2CME R EL 40 i H I (acute lymphocytic
leukemia, ALL) 1% i B HAETE 2RI 40 M o+ 1ot
gty , JUHOE B RZKUM ALL (B-cell ALL, B-
ALL), BEAZR YIRS 5 LR R,
o S o A L 2 8L L IRIT IR PUG
FIWTA BB B R4 T B Uk
PR E S A L, REEE 50 RPN
e BB, R AR AR, ok
G TR o FhRabs g B, AH G 4 AL
FEABAG T B P L . RSP & 4
(double homeobox 4, DUX4) #H g4 By Horpr—
FH VLRGSR DUX4HE G RlE AR ARl A X
AHFFIRZAL . DUX4IE R F8 TR K & 1R &
W, fRfl 2 AR R 4 AR S B AR 2 HE
REBAARMMLALL T, DUX4EIN R R 0Tk
. SRMITE ALL Hf, BRI T AL DUX4 LK 1Y
D4Z4 ¥ A M OA M ¥ Bk o #E OBE A
(immunoglobulin heavy chain gene, IGH) ¥, H
IR TAE RIS, 5 [ DUX4 1) 5%
gk U BRI R R, DUX4-IGH 7T DA%,
H I — R F ERG WSS — AN 7, M
S HERH ¥ FA (ERG alternative transcript,
ERGalt) 3, ifi ERGalt U1 7T 5 30 40 ffd % M 4%
e BAE20024F, TE DUX4-IGH G R I Z T
St. Jude JL B Bt (4 AT 5% 2 3 3k 381585 7 20
R —FEAFETEF RIS R H R, K
FE SR “novel subtype”, [HJEFEUL AR ETEAFAE
s AL 2 S AN . BSR4, ERG
Y A3 R L S ERGalt Y FETERLIA Ry 2 It 41 iR
MRFEME G2 0 . HR20164F, HAAKI
27 I AIF 0 5 30 3 A TR 1) S50 A 2 s 2H N s 4
ORI T X RS

14Nk, DUX4FRG R fEF [ JL# B-ALL
MR R A AR R AL AT O 58 B BN 1 Bk =
BT R B . AW BESE T DUX4RG B A
TEFRATEESF o0 L B-ALL FP Y 2 AR 5 I R R
fib . SRR KRR . H 20204F 9 HkE,
FA TS O RHE R R eyl 273 B2 Kl B-ALL
M, BRI G 9 R A A AL
(fluorescence in situ hybridization, FISH) . [ Ifil 5 43
ol 5 DR VRO A L IV R A s U A A
GrATAh, R R TR S I . IR FRAT R YT R
o3 3 7 Sy 2 D PP 4G 4 19 17 491) DUX4-IGH 5 B-
ALL & AT 1 RBE A, Hsanh .

X 26 5

1 #BEETE
1.1 HRMK
H20204F9 A&, FA1BS7 .o g e &y
R ARRE £ RIS Wi A B-ALL I Hffi i v [ L 26 98
FEVMEZL (Chinese Childhood Cancer Group, CCCG)
-ALL-2020 J5 %8 " ARSI 315 AR, BRI TS
SGLANAEAZ AL . FISH Bz 1 I 43 o 5 R O
ARG A, R I VR e 98 4 e R PR A S A K
SRS Y o 3l B S 2 R 3RS Y 17
DUX4-IGHF & o BF W NEF THA KRR
BT RIS B 04 e ) =4
1.2 XWERSE

P I 40 O 9 3R L O A L 0N R R O
(minimal residual disease, MRD) Wil | % o {44 A1
SrM . FISH. L 43 & SN E Ve A . 42
S 2 A PRI AR S 43 BT R 4 P s LN 14 el iU 26
KR T
1.3 MmikEESXERETRSH

BAFRBRMT : (1) e aiip s Zai,
i DNA. (2) X BHFEA DNA AT B A SC
PR E A DI AR, e 90 4 A0SR T i 04 2 TR
i i 47 (Nimblegen Sequence Capture ith F
Roche) . (3) K H] Hlumina HiSeq X10 &8 &= il ¥
O BB = Pyt AT I R, P X0 R B 500~
1000 7€ . (4) AEWAE B o R A8 o3 M 5 %
GATK. SAMTools. SIFT. PolyPhen2. LRT;
MutationTaster; Fili5 508 i S50 % [ A TS FI g%
JAIAS o R IO R H B R R DNA
1.4 HXANF

B A BE R AN RNA, SR H Ribozero
(77, BRZ S RNA FPAYEHER RNA, SRS #E4T
Wik S HANDNA, LUH AN DNA it , 1 56
[lumina 2> 7] TruSeqstranded mRINA SRR AR A&
Fay S SCHRE N Y (9 SO o 3l 1 56 [ Tumina 23 7]
Hiseq x 107571 5 X 52 K 5 FEAS () RNA #1745
SRAKPREI B S 2H 0 PP 7T L3 A RNA ZKF- 1Y
BERRG . RRE TR S DL SRR R GRS . SR
A= A 22 T 1 G i A TR 5 74 LR PRl 5 1 L
TR o 3# A STAR R4 XY 7 B
UCSChg19 2% LR 20 5 % ] MuTect2 8447748
SR, A0 FE BRRE o ORI . SNV R B
#1, ] FusionCatcher 5 {4354 T BRI Bl G F5000 5 HEXF
S5 0R A VEP B 04T T e B o0 A, TR
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£ ¥ % A Clinvar, dbSNP,
genomeAD . ExAC. COSMIC %5, il i #6358 5
KB DUX4 5 F R, 5 A% DUX4H K a4 5L
Wi, BEAFAE DUX-IGH AL . AR 351 H A1
RO R By 1A KA B 2 e M s i L
7= 2NN /o5
1.5 SFHitESHh

K HI SPSS27.0 F b kAT ge it o b . ARIERS
AT TR A (O EEIEE) (M (P,
P | Eow; THEBORHERE A R (%) &R
7N, PR AR F Fisher 8 UIHER L . DAXU

1000 genome

P<0.05 NESA G FE L.

2 #R

2.1 EARIGRYFE

FE 315 B & B-ALL 3l i 2 s 4L
Mrak & B0 17 6] DUX4-IGH G A5 1) . Herp 4k 12
B, sl AR RS 6N GER . 2%
10MHZE12%) . HAAMNE I WBCIT4L7.7 x 10°/L,
B TV 25 A G I H (57 J5 4 40 S EE 61 85.5% 1 8l
WAL ARG R . YTREA A ML 17 4]
DUX-IGHEA BAYE B-ALL S {6 PRAFAF W3 1,

#1 DUX-IGHFRM B-ALLIGEKR R R = E
I T iﬁ% Eﬁf% N iﬁ R IET EREZEEIER | AR
B1 12% i 12 7.7 69.5 1 com-B  47,XX,+21,+mar, NRAS, PTPN11, FLT3,
inc[4)/46,XX[16] GNBI, IKZF1
B2 s5%640H & L1 5.3 76.0 1 pro-B 46,XX[20] FLT3, PTPNI11, CHEK2
B3 4% 114H &« 12 49 91.0 1 pro-B 46,XX[20] ERG, PIK3RI, NCORI
B4 3%84H A 12 8.2 65.0 1 com-B 46,XY[20] TBLIXRI1
B5 7% 5 12 32 90.0 1 com-B 46,XY[9] ASXLI, CTCF, ERG
B6 7% L2 12 6.3 93.0 1 pro-B 46 XY[1] NRAS., KRAS, ASXL2,
SETD2
B7 4% 1140H 4 L2 28.9 85.5 1 com-B 46,XY[4] U2AF1, PIK3CD. CTCF,
MEDI2, SOS2. ERG
BS 5% 81 H £ 12 3.1 76.0 1 pro-B 46,XY[2] NRAS. ZEB2. FLT3
B9 45310 H e 12 28.3 90.0 1 com-B Joor 24 KRAS, FLT3. CBL
B10 9% g 12 3.2 87.5 3 pro-B 46,XX[20] KRAS, CXCR4, ZFP3, CTCF
B11 2% 101H 5 12 25.0 89.0 1 pro-B 46,XY[5] PTPNII, FLT3
B12 3%61H B 12 7.0 75.5 1 pro-B 46,XY[2] DDX3X, MGA, NCORI,
ERG-AP001422
BI3 7% L2 12 3.0 46.0 1 pro-B 46, XY[9] ZFP36L2, TBLIXRI
B14 4% L 12 13.7 76.0 1 pro-B 46 XY([8] ERG-AP001422.3
B15 8% L 1.2 13.2 85.5 1 Pro-B 46, XY[6] PTPN11 E76K. IKZF1
B16 5% L] L1 20.1 89.0 1 com-B 46,XY[14] =
B17  6%71H % 12 23.0 76.5 1 com-B 46,XY[14] ASXL2. TBLIXR1 ASXLI ERG

KDM6A

B

2.2 REFYFHIE

A 1 22 € T e A R SR I M 2K s 4 A ) B
A, THR. AR, VS T AHSSHTR ER
0. DUX4-IGH 595 %1 CD19, CD79a Jz CD22
RFRIN, CD20ANFRIL, K¥#4rCD34 B, CD10
AFRIRTRIEACHAL, ML IgM B AE Wi (cp)
HIRAPE, eI A pro-B 8 common-B.

: [CNS] RMA RS "THETIRMARRARZ R, BIA PIRME RGRIEBR AR,

23 HERSFREFERE

DUX4-IGH i A% B IGHR o IE W AR, (A
LB (B1) Kl i 358 45 40 M A7 7 47, XX, +21,
+mar, inc [4] /46, XX [16]. FISH } 43 fhEh4&
Fe R ¥R, Ak BCR-ABLI, MLL % i |
ETV6-RUNX1, TCF3-PBX1%F4G ., 2 sas iR
WA MR ERE 2 AL A W3 2, 76 17 Bl
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WIS AR S AR sl &b, BB S A . TERWBHME AR, R AR TR T A K

PTPNI1, FLT3. PIK3RI, PIK3CD, NRAS,
KRAS; % 5ti8¥ 5. %% . TBLIXRI. CTCF,
ERG. ZEB2, ZFP3., TBLIXRI. IKZFI. MEDI2,
SOS2, U2AFI. DDX3X. MGA, ZFP3612; 3
PP A S FE N SR . ASXLI, ASXL2, SETD2,
KDM6A, NCORI1, Forff & St 28 22 04 10 ]
B S DR LR S B 1245, Fe s AL A B
HIAE 441,

HTARGEH 19K (D19) MRD FAME S5 3 4)
2 WBCKFE (JEBRRKF10x 107L) . JEA4rH]
(L1af12) ., R (pro-BE com-B) . fEREZRAE
FEH/G A SR GBS A C R, REA

RAR) JERAGEFRE L, [ Fisher HUIHER %
K TG, AR, #P0.05, 257
TegeitE L.
24 BITFERWEER

£ 20254E4 7, 17 B E TR AL U ] 38 4
A Gull: 12~5540H), 13 FIE 58 Wi 4 )7 72
(B1~B13) . MRIEHILHE WBC AL, 484 . PRI
L, W A RfEA (156)) Kfad (24)).
5% (29%) D19 MRD B4 (<0.01%) (B3, B7.
B8, B10. B13). i T &Ml 45 Rt 2 2% %N
100%. it A7 /B L5 5 9% i 45 R 56 46 K (D46)
MRD #JJ1H:. 17 BIEEB LT EFEES

%R2 DUX-IGHRERBIEKRESERMRD 58

Gis  WZfERE R D19 D46 R iEHE (H) THf i
Bl IR IR 0.15 <0.01 42 -

B2 LR IR 0.71 <0.01 52 AFAE IKZF1 HE PR R 4360, FLEF 19 R MRD R4
B3 LR LR <0.01 <0.01 55 -

B4 LR IR 8.24 <0.01 50 %519 K MRD>1%
B5 LR LR 0.20 <0.01 48 -

B6 LR LR 0.47 <0.01 43 =

B7 LR LR <0.01 <0.01 41 -

B8 LR LR <0.01 <0.01 41 =

B9 LR IR 5.51 <0.01 38 4519 K MRD>1%
B10 IR IR <0.01 <0.01 36 =

B11 LR IR 483 <0.01 36 %519 K MRD>1%
B12 LR IR 0.08 <0.01 35 FEER
B13 LR LR <0.01 <0.01 34 -

B14 LR IR 2.82 <0.01 31 %519 K MRD>1%
B15 LR IR 12.94 <0.01 26 19 KX MRD>1%
B16 LR IR 5.42 <0.01 17 2519 K MRD>1%
B17 LR IR 3.45 <0.01 12 219 K MRD>1%

E: [LR] %G; [IR] fE; [MRD] flvh&fEw. —~ATHE.

3 it

AR R A AR AE ALL H ) A 2 48
N T — R Tl 55, XS w AU
F & TXFALL &R HLHI A B, ARk % R
(ER G TR L T AL, BHarE N E R &
(AR - AR A B R v B 22 e v 0 N B
L0 A (AR T B A A 1 8 e e g A
B R AL (2018 4R ) ) M 0. Heskdlil
J7 X A S R ARG Hh DL e ek i RIS T
AHIGE A H AR P H AN 315 1] LEE RIS ALL

oM, S 17 LB DUX4-IGH
Rl P AR AE P 2 K38

{0 DUX4 VL K IGHFER YA Ak,
W23 M7 AR BEAS H DUX4-IGH S . {E DUX4-
IGHRW G I BIUART, — AR ERG I 55
JEIEZE ALL BB A PEARAE . (RN ISR KL L &
M, eI BAT MR A B E # A ERG
5 H S DUXANLT 45 F110 5 Y (e R R v i o
KiIX B DAZA IR R N . IEH RS E 11 2
1501~ D4Z4 W ER, Hl A Fumhn, YeiiRit
TEBEHERE, DUX4FEIRTUER . 181 5 P LR
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WUEFEA RAEH, D4Z4 ¥4 DU/, DUX4 18
WLAR S8 ek ot BRSO T . IGHE A TR
MRS, HEA T 1450 Ak, AR KA K
1000~2000 kb, H V., D, J3FhIEH R B4 HE
JEIE. T7EB-ALLEHEH, A& DUX4IMYL
kR BEREALIR A 14 5 3L Ak IGH NS, 551
DUX4-IGHR A FEH =4, IF H DUX44 0T
Coi &, TE IGH A 3T s TR LK 7w
ik . 7E NOD-SCID /MR AR, 7 B 241 it #H 24
o Hp it 263k DUX4-IGH @l & T S 2CEPE (A s 1 &
AP DUX4-IGH RG] e S B0h I T 56 R i
Feak, ol I F UL st 14 R 4 B A A 7 U
] RE AR TR T RN AR IR 22—, Rk
ShA BRI B i 25 35 R kit — 2L BIE
ZATAEH A T DUX4-IGH il 55 R il 5
s ML K 1 B S Dong 45 3@ 1o 4 AT
DUX4-IGH-DNA W) 52 22 257, e BR800 5K 3 R+
X DUX4- 12 51 o€ 4 (DUX4 responsive element,
DRE) (1% f& B-ALL [ 1L & A= (1) — > sk =R
o AN, 3240 DUX4-DRE #H B AE FH 38 T
ERGHEREMESYH:, X WA N & DUX4-ICH A 5
BRI BHPE 19 9 I8 H EE ) R T i o 7E 2022 4
Zhang 5 Y J Li 55 2 A A — 25 & B DUX4 [5] Y5
B LEFY IR HD1-HD2 n] 8 3 i ML 44 IR ) i ke 8
LA FIAE B DRE AV o SHEH B, AMY
DUX4-IGH A7 B JE PR AR e 13 5 E 4 S
FH 172 (RAG12) FRE BB DRE-DRE {7 5
A, iV (D) FEEHMBUESTHE, W
ERGalt. CLECI2Aalt Fl C6orf89alt ', DUX4 &
HEALL (5 B-ALL B % 1 4%~8%., WF55ik K DUX4
FHES AR RN A G, HAKRERR
I 2 ARG DUX4-IGHTRE R (5.40%) ,
SR ERIELS R —2 2, X 17 BERE S, R
CCCG-ALL2020 J7 28 R UL T MRD 48 % 1) 73 )2 R
J7, 124 (71%) D19 MRD K % F¥E, 7 )
(41%) D19 MRD>1%. {Hif5 328 fift 45 H 5¢ & S it
FH100%, B 245 T A E] MRD RRLFE, TG
BRAAF . AWFFFE TR 7 MRD BHM: R &
(71%) , 5 St. Jude ffF 57 45 B (100%) ¥ 3 A
—3.
ARG BE VTR, &6 B AR AL, X
KIS M HE s B M TR — DB, 25 LA,
BTS2 N L ALL IR R 22 vhoo R 28 10300 1
PRI th DUX4-IGH il 695 850w 22 1 B b 4

i, DUX4-IGHH R A VE R )L B-ALL —JSFFIE
PR HE WA G 5, (HARGIAE FLIE
R4 R B, DUX4-IGHRE 1 S S 67
JVRAE, D19 MRD ZK-~Fff, {H D46 MRD n] %%
B, SARTUS R, SR, ASBIFGE A B gy [m]Ji
PEOHT, FEAREAR, HREUII R, TR
Wi 70 J AR AR A . SRS TR Y RAEAR B I IE K
BE ] AR SIS .

HETRBEN: FHE R THELSAT. B
BE; HMLFE, TEBATHREBRE, ER2Fy
My IRARIR, AR T LFOME, FIT 58

Pl bR FR . PRV F R SR,
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