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[(fWZE] BHH WI5ERNALGGEAZAY %A U(hnRNP U) 46 2088 R F1 s (AML)
R RE S BORHLE . FiE BT HARE (GEPIA) FIAS rhu i e hnRNP U 75 AML 3% K fe
JFREXT R 3R A 1 ; 3 4 Chioportal 47 2 T 2k Beat AML FHE4E (158 4]) , 4% hnRNP U FRiA/KT-
A3 R 2R (89 1)) FIR KL (69 1) I X W ZH I PRAFFAF 164 T LA ; 26 4% hnRNP U 55334 1) Kasumi-1
HIMOLM-13 418 £ , # ik haRNP U J 38 1 CCK-8 A6 100 21 Jifd 144 5 € 71 , #1] FH Annexin V -APC/7-AAD
UK I AN P8 A 0, 30 5 A T DNA 25 b (P () K60 200 6 0145 A K v AT i i A 3000 240
JAE Y5 I B BE 1457 IS hnRNP U X A AML 418 28 A= 90247 0 520 5 1) FH Western blot I/ 5% ik
{fk hnRNP U 5 %} DDR (DNA Damage Response ) il £ [ cleaved-PARP . p-H2A X kAU . &R
iz I & I hnRNP U 78 AML 13634 , AML F 2541 J& 1 82 AZ 20 i 7 hnRNP U mRNA £k 7K
- 4 35 5 TR X BB (0.031540.0042 % 0.0195+0.0006, P < 0.01) ; @hnRNP U &5 Fe3k 40 i o7 K i 4F
%4 56(2 ~ 87) 4 ,hnRNP URFRIAZ i B Ii4FHEh 65(8 ~ 85) %, hnRNP U 5 RIAHBALFTR A A K
I L (£ = -2.681,P=0.007) , A5 I FLT3 2748 LL 45l B 55 () = 4.069, P = 0.044 ) ; Qi ik hnRNP U
J& Kasumi-1 . MOLM-13 A58 3240 , AR T30 0 57 , 4R 75 T2 RE 7 vsissss , 200 R S BEL 7 G/ ML,
S5XHRA i, 22 R AE G FE X (PE <0.05) ; @K hnRNP U #] 5| 2 DDR# % I cleaved-
PARP .p-H2A X FEHZ1A FiH, 4518 hnRNP U7E AML & 2635, @i hnRNP U J5 Al 4] AML #9 %
Az i EPT RE S o TG DDR G i & A5 1E
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[Abstract] Objective To investigate the clinical significance and pathogenesis of heterogeneous
nuclear ribonucleoprotein U (hnRNP U) in acute myeloid leukemia (AML). Methods The expression of
hnRNP U, an RNA binding protein, in patients with AML and healthy controls was compared based on the
Gene Expression Profiling Interactive Analysis database and the data of the center. The Beat AML Dataset
(n=158) was downloaded from the cBioPortal database. The hnRNP U expression level was divided into
the high-expression group (n =89) and low-expression group(n =69), and patients’ clinical characteristics
were compared. The effect of hnRNP U on the biological behavior of human AML cell lines was studied by
Cell Counting Kit-8 assay to detect cell proliferation. Annexin V-APC/7-AAD antibodies were used to
detect cell apoptosis. DNA content (PI staining) was quantitatively analyzed to detect cell cycle changes,
and colony formation experiments were performed to detect cell cloning formation ability after hnRNP U
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knockdown in Kasumi-1 and MOLM- 13 cells. To study the effect of hnRNP U knockdown on the DNA
damage response (DDR) pathway proteins of cleaved- PARP, immunoblot analysis using p- H2A.X was
(DPan- cancer analysis showed that hnRNP U was highly expressed in patients with
AML, and the expression level of hnRNP U mRNA in peripheral blood mononuclear cells was significantly
higher in patients with AML than in healthy controls (0.0315+0.0042 vs 0.0195+0.0006, respectively, P <
0.01). @The age of onset was 56(2-87) years in the high-expression group and 65(8-85) years in the low-
expression group (#=-2.681, P=0.007). Moreover, the high-expression group had a higher proportion of
combined FLT3 mutations than the low-expression group (y*=4.069, P=0.044). (3 Compared with the
negative control, hnRNP U knockdown inhibited the proliferation (P <0.001 and P <0.001), promoted the
apoptosis (P<0.01 and P<0.001), decreased the colony formation ability (P <0.001 and P <0.001), and
arrested the cell cycles in the G»/M phase (P <0.05 and P<0.01) of Kasumi-1 and MOLM- 13 cells,
respectively. @hnRNP U knockdown could increase the protein expression of cleaved-PARP and p-H2A.X
on the DDR pathway. Conclusion hnRNP U is highly expressed in AML, and hnRNP U knockdown can

conducted. Results

inhibit the occurrence and development of AML possibly through the activation of the DDR pathway.
[Key words] hnRNP U; Leukemia, myeloid, acute; DDR pathway
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FH 3¢ [H Proteintech /A 1] , St A PARP(95428) ik
DL R APt N p-H2A.X (9718S) HL AR [ 35 [ CST
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SuperMix Plus il & #47 A0 X & s K I, LA B-actin
N Z:, P 278 g hnRNP U KK B9 ARG 263k
i, 8 5t PCRGIWIF A ANER 2 s o

5. Western blot 451l hnRNP U . PARP | p-H2A.
X M 57K 481 FH RIPA 85 P 20 4 20 i
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HETE e 7, %8 B[] B B FL A 10 pl CCK-8 17,
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(YA TR BE

7. Annexin V-APC/7-AAD X G (0 35 K6 0 41 it
FT K I IR ZH (shscramble ) .shhnRNP U#1 .
shhnRNP U#2 2 ) Kasumi- 1 1 MOLM- 13 4f Jitt ,
1 300 r/min &0 5 min(ELHLEARE R 207.8 mm) , 5
N e AR A TR & U B AR B I Annexin
V-APC/7-AAD HL & W bRic , a5 b i X4l
A SRS 00 A B0 T LR S AR s B O T 4 A
YNAEAY 4 e TR A R TR

8. PT Y& o 3 A ) 24t it 5] 1 < Yic £ shscramble |
shhnRNP U#1 . shhnRNP U#2 #4H A9 Kasumi- 1 #
MOLM-13 Zfifi, 1300 r/min #5.> 5 min (Z.O MR
$9207.8 mm) , 5% L3 o b A AELASORS N 24 e S
191, FH FlowJo 73 AT 4 /1 A T 40 il DNA &5 5437 o

9. EVEIE B S < K 0.66 % 1) Bt g A 1 AN 2%

RPMI 1640 (A 2 x50 42 38 120 % 19 1 4F 117 ) 55
FEBR A, B IR AR B3 mUim A 6 fLEc . 4l
BT, ARALIERP 3 000141, K556 577 2 JE
IEREGTE N & SR G i

10. 48 1 2% 4k # . fiff ] SPSS 25.0, GraphPad
Prism 9.0 /AT A AT Ge it 24 o A il D . S5
A 3, TR ORI A bRl 25 FOR TR
BT AT 2R K86, AP & IE S50 A 1Y
R IR IR 35 , R PR F R 5 K 36, A OGPk
H Pearson tHE REEK /R, P<0.05 RnE R BHA S
NES-3'8

#H R

— hnRNP U 7£ AML 3 th ki ol o0

1. hnRNP U ik /K-F-1Z %5347 - #| 1] GEPIA 7E
28 U4 2 (http://gepia2.cancer-pku.cn) 43 AT U 5% A9
33 P i Jeg 20 40 5 9 55 1E 5 41 204 hnRNP U mRNA
FARAKE W E 1 s, 455 578 hnRNP U 78 AML
H A T A AR LR IE A2

2. hnRNP U 7 AML & & ' £ 35 - I WF 5%
hnRNP U 7£ AML (& 1 1 3k 15 00, WA 75 K
=7 B0 TR 55— = o MV R % o P I 2 B 5 — B i =
BEIMBARF20214F 11 H 1 HZ 202242 H 11 HIGAR
26 151l AML £ 5 IR FEAS , 27 44 it BRE X BE 5 1 8 1L
WREAS 43 25 3 A1 8] Il B2 240 L (PBMIC) 5 £ iR
RNA, K5l hnRNP U ()28 7K, 25540 &1 2 i
hnRNP U 7 AML 35 H 1) mRNA 23k 7K - &g 3 5
T4 B % PR (0.0315+0.0042 % 0.0195+0.0006,
P<0.01), HBCLA 36 AML H 8 J2 1 4 il i g
H 1) PBMC IR 4E 3 F , i & Western blot 32 £ il
hnRNP U [ £ 13235 , 45 5 .78 hnRNP U £ AML
AR T B 1 R IA KT TR R (51 2) .

%1 hnRNP U fY shRNA T-3LF51

ElE R

BIYIFHI(5'—3")

shhnRNP U#1 1E[]5 |4
shhnRNP U#1 JZ [1]5 |4
shhnRNP U#2 1E[1]5 |4
shhnRNP U#2 %[5 |4y

CCGGCAGTGCTTCTTCCCTTACAATCTCGAGATTGTAAGGGAAGAAGCACTGTTTTTG
AATTCAAAAACAGTGCTTCTTCCCTTACAATCTCGAGATTGTAAGGGAAGAAGCACTG
CCGGGCAACTGTGAGACTGAAGATTCTCGAGAATCTTCAGTCTCACAGTTGCTTTTTG
AATTCAAAAAGCAACTGTGAGACTGAAGATTCTCGAGAATCTTCAGTCTCACAGTTGC

R2  EMDSEEE PCRAGN hnRNP U Fik5 | 9751

HEA ERF P (5'—3") BB Fs(5'—3")
hnRNP U AAGTATAGCAGAGCCAAATCTCC CATTGTAAGGGAAGAAGCACTG

B-actin CCATCATGAAGTGTGACGTGG

GTCCGCCTAGAAGCATTTGCG
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1 GEPIA % haRNP U LRI 7E AR g 20 rh it 35
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hnRNP U mRNAZA 7K

AML ( 26 ) X RRZE (2745 )

1~3:AML K ;4 X IR S
SRS FR A I (AML) £35S fa Bt e A0 ) i B4~ A% 40
M- hnRNP U mRNA 3k (A) MR A #RiA(B)

2

— \hnRNP U 5 AML Ilfi RAFAE B AH S

i# 73 cBioPortal 2% 41 % (http: //www.cbioportal.
org) | #k Beat AML £ 4 I PRAT B S B
S HEFTECH T U BB AML 6 RNA WP A

151 LA Ko TG 25 ) BB E S J5 75 3] 158 151 AML (8 3%
Bdi , = B hnRNP U R3A K40 4 5 2Rk 41 (89 i)
LR 4L (69 4il) , 3 5 Hb 3 hnRNP U & & 184 Al
IR A 1 I RAFFAE , & B0 hnRNP U 15 ik 4148
hnRNP U{RFAH AR TR, HGIF FLT3 58748 [
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1. hnRNP U 7€ AML 48 ifd 52 1 223518 B - A6 il
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H Kasumi-1,MOLM-13 4l i (1Y) hnRNP U %5 H 7K F
i 55, U937 F1 OCI-AML3 il il Y hnRNP U ZE [
KRR 3) , R EER Kasumi- 1 iIMOLM-13 4]
MIVE ST hnRNP U 7E AML et Uk T HA,
2. I H B hnRNP U B4 2 < SR 72 h
J&i GFP 85 [ T A6 56 Y Lo (9 20 i i 2258, FH e =G
JHLASCAGE ) GFPFH A4 210 B (5 43508 200 L %) L 4] B Ay Jek
P R, MY JF 2 h, NEEF KB E, S
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91.14% ,MOLM-13 4fi it i) shhnRNP U#1 , shhnRNP
U#2 4 R AR S5CR 0 5 K 86.25% F168.91% 5 2K
IK3EH %, 5 shscramble 20 A ., Kasumi- 1 40 i 1
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7. # & hnRNP U X} 4 i DNA #5473 )i % (DDR )
0 PR FE M < F F Western blot 5461 & i, Kasumi- 1
F1MOLM-13 40 ifg 7/ hnRNP U J5 PARP 3§ L] AT
A, Rl p-H2 A X EE A T (9) .

Wit

AML S B UL I 2R GE S | I &
T, BA R 122 GRS s 7. Baj
NZEXT AML 1 & L A 58 205 4 B 2
H 22 R R AH BR800, IR BUR R R AML
KA R TEr AL, S HOF B2 Wis S AR YT
A HA Em AR IR X

hnRNP U J& 3T JUAR A5 52 ST 0 i Rg AH DG A
FENL T NG AR 1q44 0105, A 14N T,
HL7E HeLa 4 e & 1, i 5L P 4 1 8 (1 o] DL
7B fEE X (Scaffold attachment region, SAR) DNA
S FEEG, I B o SRR A X A (Scaffold
attachment factor A, SAF-A)"™', hnRNP U J& T %A~
P — WA SR R — B, R e AR S
TP e e R YL (0 5T 3D 45 F I A0 A — S B 43
T R a] DL i R S S S A R kL
“BE G PE” ™ hnRNP U 92 5 Xist E AR E 455,
P Bl Xist 8 B 7E XL AR I, ufl X LR
TR I, hnRNP U X 2 55 20 i 9 A A i sh Y
HATABEATERBEN . fE06HE RNA R AT &
J&i , hnRNP U 551555 8 RNA , 795 Y 66 i 844 DL &
JH DR B 5 T PR R A o A B B SR R ) Rk
] 5 hnRNP U 76 8 %% RNA £ &t " 2 5 ik
mRNA ELEPEBT) 1 A 2253 2400 72 17 RNA
T Mz 5 RNA RS 1456 a5 5
BiE Ay SR kT EZENEN.
hnRNP U %) 58 3Rk 5 Z R i) 4 A A e B
AN R0 AR DG, BE SCERAGE 7R A

1 2 3

S e— g— | PARP

— s | cleaved-PARP

 — —— A H2AX

B-actin

Kasumi-1

DIS3L2 i it CSD £ #4345 55 HNRNP U, /1 3 H
I Racl = £ AHEAE AT, AT A= Raclb 55 42 744
T, £ 3 s 1 i 5 75 ' 98 h hnRNP U S oF 5
HPSE 1Y) RNA 25 & 2 i#f H 5 20 85 11 £ e A6 p300
FERGSR T LA EAE A, T 80p300 /51 EGR1 J
UG, IR I PR 35 AT 2 A R 0 M
T 2O A BRI MR, hnRNP U 2 2F 40 ffg 2%
T HNF4A-AS1 5 CCCTC Z54 H T CTCF 454,
T 2 ol 201 200 B8 200 it ) A= R R 28 Y . 24
Rk FEIME R GE R, JLHAE AML H, hnRNP U
PR Y 2f B RGE R D . ARSI o BRI
hnRNP U 7E AML 19115 R 2 & 30 hnRNP U 553
K5 2 B hnRNP U 1K 35 35 41 & 0 40 i 31 5L (P =
0.007) , HHE 4 5 & F FLT3 75 (P=0.044) . H:
H1, FLT3 %€ 48 J& AML & fi i 38 45, X 2 7 FR AT
hnRNP U & %35 5 AML & A4 & JEAH CHE , (H &
FHSEMEAT T 2L — 2L AL BT o

ARG ARSI BESE S, & I Ik hnRNP U
[ ek 23 AML 20 s g, fe b HL 08 T, Bk 40
T T 303 64 TE 5 HEA T, #2718 hnRNP U 15 #6348 AT 38 5 A
HE AML 28 Jif 384 56 DA AR 2 5 99 = 2 P 18 Tt 24
LEMEMETR R . Western blot A6 i & i &% I hnRNP U
J& AT 515 PARP 8Y UJATE 3G I, p-H2A X %
kT, DDR US55 T MUK I DNA 54751
TSI 20 6L PN R L ) AN [ e S T R Y
BT | Cleaved-PARP Hl p-H2A. X 7 [ J& DDR i f%
RO >, LSRR S R N AT S AR S
18 fin A1 DNA #5345 B 5 38, X 4 R 3R AT X
hnRNP U & #34 () AML 7] 3 i3 25 7 ¥ 4 M5 K g
I 207 2595 |2 hnRNP U 235 T, M5 i
DNA A FE N, 15 5 AML I g8 710 A 2

Zi E Rk ,hnRNP U 7 AML W i £k H 5
AML [ 54 % EAE 36 T AML B 812 8 36

1 2 3

— — w— | PARP

cleaved-PARP

p-H2AX

A S S | (-actin

MOLM-13

1: %82 ;2 : shhnRNP U#1 41 ; 3 : shhnRNP U#2 21
9 Western blot {4678 Kasumi-1 FI MOLM-13 41 it FF## ik hnRNP U J& DDR 38 %25 11335751k
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hnRNP U 7E AML #1175 5 DDR S i i HARBLH] , 45
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