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[Abstract]  Objective To determine the molecular characteristics and clinical features of patients with
nucleoporin 98 (NUP98) fusion gene positive acute myeloid leukemia ( AML) and the impact of coexistence of
NUP98 fusion genes and other prognosis-related genes. Methods  Samples of bone marrow or peripheral blood
were collected from the adult patients with de novo AML and myelodysplastic syndrome (MDS) in our hospital from
July 1st, 2014 to March 1st, 2017. NUP98 fusuion genes and their karyotype were detected by PCR. The AML
patients with chromosome 11pl15 rearrangement or NUP98 fusion genes were studied as the research group and the
remaining AMLs in this period as the control group. Meanwhile, the control AML group was divided into low-risk,
medium-risk and high-risk groups respectively. Through comparison, analyzing the hematological characteristics,
CR rates, the frequency of coexpression with other prognosis-related genes, and over all survival were done between
these NUP98 fusion gene positive AMLs and control. Results A total of 197 AML patients participated in this
study, including 16 (8. 1%) having NUP98 fusion genes and the first case of positive NUP98-topoisomerasel
(TOP1) fusion gene. The NUP98 positive AMLs were mainly M2 and M5 in FAB classifications. Fms-like tyrosine
kinase-3 (FLT3)- internal tandem duplication (ITD) (FLT3-ITD) occurred [31. 25% (5/16)] and mortality
£80.00% (4/5)7 of the patients with NUP98 positive AMLs, higher than control group Coccurred: 9. 95% (19/
181), mortality; 42.11% (8/19) , P<C0.05). The CR rate of the study group induced chemotherapy was 78. 57 % ,

higher than the control group and the middle, high and middle rick control group. The median overall survival (OS)
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and leukemia free survival (LFS) of the patients with NUP98 positive AMLs were 13 months and 5 months,

respectively. Conclusion NUP98 fusion positive AMLs have high level of coexistence with other prognostic-related

genes, especially FLT3-ITD . leading to poor prognosis. short survival.
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Table 1 Primer sequence information

Fusion gene

NUP98-HOXA9

Primer sequence (5'-3")
Forward: TCTTGGTACAGGAGCCTTTGG
Reverse: GGGCACCGCTTTTTCCGAGTG
Forward: TCTTGGTACAGGAGCCTTTG
Reverse: TCCAAAAGCCACTTGCTTGGC
Forward: GCCACTTTGGGCTTTGGAGCCCC
Reverse: ATCAGCCTTAGCACTTTTCAGGTC
Forward: GCTGGACAGGCATCTTTGTT
Reverse: CCGTTTCCGTTTCTTCTCTG
Forward: CCAAGCACCAGTGTATTACTGC
Reverse: CCCAGGAGGTGGGAGTCTAT
Forward: CCACAGTCCATGCCATCAC
Reverse: TCCACCACCCTGTTGCTGTA

NUP98-NSD1

NUP9Y8-TOP1

NUP98-JARID1A

NUP98-PHF23

GAPDH

NUP98: Nucleoporin98; HOXA9: HomeoboxA9; NSD1 : Nuclear
receptor binding SET domain protein 1; TOP1: Topoisomerase 1; JARID1A:
Jumonji. AT rich interactive domain 1A; PHF23: Plant homeodomain finger

protein 23; GAPDH ; Glyceraldehyde-3-phosphate dehydrogenase
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Table 2 Coexistence of prognosis-related genes and fusion genes in

AML patients

NUP98

Co-expressed genes fusion gene Case
FLT3-ITD NUP98-HOXA9 3
kit NUP98-HOXA9 2
CEBPA double mutation NUP98-HOXA9 1
MLL NUP98-HOXA9 1
EVI1 NUP98-HOXA9 1
CBFB-MYH11 NUP98-HOXA9 1
AMLI1-ETO NUP98-HOXAY9 1
DNMTS3A deletion mutation NUP98-HOXA9 1
FLT3-ITD NUP98-NSD1 2

ckit: c-kit proto-oncogene protein; CEBPA. CCAAT/
enhancer-binding protein alpha; MLL: Myeloid/legume leukemia
gene; CEBPA. CCAAT/enhancer-binding protein alpha; EVII:
Ecotropic viral integration site 1; CBFFMYH 11 Core-binding factor
subunit beta-myosin heavy chain; AML1-ETO: Acute myeloid
leukemia 1-eighttwentyone; DNMT3A:. DNA ( cytosine-5 )-

methyltransferase 3A
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14 ffil F235 CD13,13 fi|F23k CD34, 4 ffil# ik CD64,
2 il Fk CD14 Fl CD36., B 3 il #£ ik CD7.1 35
413k CD19 41 J5 & B Ah, T H & ik B & it it 2 7
FRIFO TS AML R

2.6 ARAEMBABERKETRESHE
2.6.1 CR Fs Wl 16 fil 8 H d 14 FliE2Z
TARUEALYT .5 9 B (9/14,64. 29%) 15 K% S k47
BIAR CR. 575 2 #1491 F 2.3 Wik S AI7 5 3k CRL &
CR F(78.57% ,11/14) & F X B 4L op (1) 15 fE 41 (8/
26,30. 77 %) fE 4 (44/99,44. 4 %) J s AML %}
MR (84/181, 46.4%0) . ZF WA G L (P<
0.05); 5MKfE4l CR % (32/56, 57. 14%) ik, 24
REGITFE L.

2.6.2 HmRraExFsiemolin MEARE
RB BT FE WA EE T NUPIS ARG 5
P55 FL e il 6 PR 900 3 R AR 23k 13 fAif LSBT AR
76.9%(10/13 ) s K 5 5 3 FLT3-1TD %75
(31.25%,5/16 ), 58 48 & & F % 41 58 A4 R
10.49% (19/181 ], P = 0. 007) , {& F X B 2 v 11y
G HRAEF 73.08%(19/26,P=0.035), &I
FLT3-ITD RSB 5T 41 8 # FET- % (80. 00% .4/
5 ) i ok R rp B R AE A (42, 11 %6,8/19 D),
W54y NUP98-HOXA9 filt 4 3% I FH M AML g
Fo kA FLT3-1TD #3355 % 2k 25.00% (3/12),
FET-H 66.67%(2/3) .1 NUP98-NSD1 fit & 5 A
PR 2 ] AML B # ¥ &4 FLT3-ITD 3Kk,

JENPM]1 .CEBPAZLAS , 246 F 3% Y 55 i 8] N AE T,



o5 4 1 & M N NUP9S @il G 5 FH M AML B8535 09 i R R sl A W) % e A1 579
£3 16 % NUPIS G & EE A AML(E 1 4] MDS) 5& M9 Il5 K A #
Table 3 Clinical characteristics of 16 patients with NUP fusiong gene (including 1 MDS)
Number of
 NUPY8  FAB ] o induction 08/ LFS/
No. Sex  Age Type Type Karyotype Mutations chemotherapy month month
before CR
7 M 19 NH M4 Normal ckitD816 1 12 5
9 M 34 NH M1 Normal CEBPA double 1 18 17
mutiation
18 M 52 NH M1 46XY,t(7;11)(pl5;pl5) FLT3-ITD,.EVI1 2 7 5
34 M 45 NH M5 46-47,XY,+8,t(9;11) (p22; MLL-AF9 1 18 17
q23)
35 M 32 NH M4EO  46,Y,t(X;16)(ql3;p13)[7]/ CBFp-MYHI11 1 50 42
46XY
57 M 49 NH AML  Lose FLT3-1TD Lose Lose Lose
72 M 60 NH M5 45,X,—Y,t(8;21)(q22;q22) AMLI-ETO, 1 13 5
c-kitD816
195 F 45 NH M2 47XX,t(75;11) (pl5;pl5) 1 3 0
196 F 42 NT M2 46XX,t(11520)(pl5;qll) - 4 0
197 M 56 ND M5 46XX.,inv(11) (pl5;q22) - 4 0
B7 M 26 NN M4 47XY+8 FLT3-ITD — 7 0
B10 M 72 NH MDS  Normal —
B16 M 53 NH M1 Normal IDH2/R140, 1 17 16
DNMTS3A deletion
mutation
B20 F 15 NN M5 Normal FLT3-ITD 1 8 5
B28 F 35 NH M2 Normal FLT3-ITD 1 14 13
B51 F 51 NH M2 46XX, +1;3der(1;22)(ql0; 3 49 9

q10) ;del(5)(q22;q35)[20]

H: NUP98-HOXA9;

NN: NUP98-NSD1; NT

: NUP98-TOP1; ND

: NUP98-DDX10; IDH2 .

Isocitrate dehydrogenase 2; c-kit, CEBPA,

EVI1,MLL, CBFg-MYH11, AMLI-ETO, IDH2 and DNMT3A note the same as those in table 2
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