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Wik IRF2BP2 X 2 1t 58 2R 1 I 48 i 3% 7 1 B2 ) LAk B 5
J L ket 4, 5KoKF 2, BHEHRE
CZER R B 1 MEEBE UL, T M 2340005 2 S5 K Z2F ) L2 B2 R g Rt 75
215000)
RE B HKRTMERNET 244558 (RF2BP2) X AML 4 B35 it 520 & 7> T4l
. H¥E fH CRISPR-Cas9 A%t REAN AML 4Hffi#k Kasumi-1 F1 U937 il
IRF2BP2, Western blot f il IRF2BP2 25 F PR3 . M RS CCK-8. £LIKTE
256 AT AN B AR I 4 B e 7, RNA-Seq #ill U937 4 ik IRF2BP2 il i 2 AT xs}
Sz R, B E AT (GSEA) FRI H il FHLH, Western blot Kl T 2 5
HRIE . MR FDIERRER AR (CUT&Tag) %3¢ IRF2BP2 & (A B #E &, AR
BEHNA¥EER (GV) WM ITHNIIEEES. &R SXRAM, @l IRF2BP2
Ji, CCK-8 =i AML 43652240 (P<0.05) ; IRF2BP2 i k4140 B & 7% Kok >
(P<0.05) . Gy #IELBIGER: (P<0.05) 5 7F U937 4k -FRilk IRF2BP2, 7253k [K i 3% &
EF 5 MYC M5 5B, B 5T MYC. CDK4 fil CDK2 12 A £ IA/K Tk IRF2BP2
FR R T A AEH] IRF2BP2 H4R{E U937 4l iUtk i 4T CUT&Tag S5, IGV AIHLAL 73 #r
B8 MYC J& 3l X IAA 7 535 MG ST a5 IRF2BP2 Jd i ¥ ) 4% MYC 5210 AML
18 ) 300 40 L
R SERER M IRF2BP2; Hesgififs: AMAuIYSE; 4HMHH: CUT&Tag: MYC
HENRE RT2
SCHRAR GRS A

Investigation of the impact and mechanism of IRF2BP2 knockdown on the
proliferation in acute myeloid leukemia cells
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Abstract Objective To explore the effect of interferon regulatory factor 2 binding protein
(IRF2BP2) on the proliferation of AML cells and its molecular mechanism. Methods The
CRISPR-Cas9 gene editing technology was used to knock out IRF2BP2 in human AML cell lines
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Kasumi-1 and U937, and Western blot was performed to detect the knockout efficiency of
IRF2BP2 protein. Cell morphology was observed using a microscope. Cell phenotypes were
analyzed by CCK-8 assay, colony formation experiments, and flow cytometry. RNA-Seq was
performed to identify differentially expressed genes between the IRF2BP2 knockout group and the
control group in the U937 cell line. Gene Set Enrichment Analysis (GSEA) was conducted to
explore the downstream molecular mechanisms. Western blot was used to detect the expression of
downstream differentially expressed genes. The Cleavage Under Targets and Tagmentation
(CUT&Tag) technique was applied to identify the direct targets of the IRF2BP2 protein, and the
corresponding binding signals were visualized using the Integrated Genomics Viewer (IGV).
Results Compared with the control group, after knocking out IRF2BP2, the CCK-8 experiment
showed that AML cell proliferation was inhibited (P<0.05); the number of colonies in the
IRF2BP2 knockout group decreased (P<0.05), and the proportion of G1 phase was prolonged
(P<0.05); in U937 cell lines, knocking out IRF2BP2 resulted in significant enrichment of
differential genes in MYC-related signaling pathways, and the protein expression levels of
pathway molecules MYC, CDK4, and CDK2 decreased with the downregulation of IRF2BP2;
using IRF2BP2 antibodies in U937 cell lines for CUT&Tag experiments, IGV visualization
analysis showed a significant increase in signal peaks in the MYC promoter region. Conclusion
IRF2BP2 affects the cell cycle and proliferation of AML cells by targeting and regulating MYC.
Key words acute myeloid leukemia; IRF2BP2; transcriptional regulation; cell proliferation; cell
cycle; CUT&Tag; MYC
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FIML R 2 5 fr LB R ¥ 30%, Horbr 15%~200% 0y 2 MEfE & F L (acute
myeloid leukemia, AML) , FHF SR RAUML U Z BRI M AE . (et L+,
JLE AML WTEA T RERSEE, BArKAFRAR 70%0, B2, (U R R EE
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VR R AR R R FEE AR, S 5RINAE. T8, B3%. WTSRMN,
BRI, e VR I gl bR 4 e 11155 22 A B (¥ A o IRF2BP2 5 ML R GE Rk R &1,
WFFE s AE IRF2BP2 2 DRl R4 /1 B A6 IR v A 0 o~ 400 0 e 4 0 %% s [R5~ (ETV6. FLIL,
IKZF1 #1 RUNXL) FakHghn, IRF2BP2 J: Rl mibhk ity AN BRAETEA H Ak T8 1o A g BB
IRF2BP2 R I 1o 52 1) 48 ik S 7 et 21y 1 L8 4 A 1 o 00, AR 9 B FE i — B4R 7 IRF2BP2
7E AML H ) R R LA

1 MRl ETE

1.1 FERFEEE  IRF2BP2 itk (£[EH Sigma A7), £5'5: HPA027815) ; Him-3-
WEmR i A8 (glyceraldehyde-3-phosphate dehydrogenase, GAPDH) #ifk (3:[H Abcam A&,
15 : ab128915) ; MYC Huk . 4 iu J& H 2 1 46 i 14 B 2 Ccyclin-dependent kinase 2, CDK2)
YU 2R 1 M B 4 (cyclin-dependent kinase 4, CDK4) ik (iR =4y
HAGRAT, 5. 67447-1-1g. 22060-1-AP. 66950-1-1g) ; fiG4-1fLi% (fetal bovine serum,
FBS) . RPMI 1640 #5734 (L EM AR HGR A A, 5. VC-FBS-500.

VC-LM-1640-500) ; H-#E&H R MR G, 4% 2 RP R, SpEge o (Ligs
= REMBARER AT, $#5: P1400-100. C1052. P0099. C0131) ; MycoAlert Kit £l
A& (it Lonza A7), $%5: LT07-318) ; CCK-8 ikil& ( LIEMHEEAMEIEARA
"], $85. K1018) ; HE[AI BT AL il 9256 (cleavage under targets and tagmentation,

CUT&Tag) 7% FastPure Cell/Tissue Total RNA Isolation Kit V2 (55T M AL M RHEL
WARAF, $85: S602. RC112-01) . Ml & B OHl (& E LR K /RBHE A F,
45 X1/XAF Pro) ; DNA B A% 43 B (G2 s H A 97 A F), L5 : ImageQuant 800) ;

Bfs 524 (EEBIRLAR, #5. Typhoon) ; SERfEHR PCRAX (L% AR, WE

LightCycler® 96 real-time PCR system) ; it/ HrX ([ Ul ve & PERFFA R A F], H5-

CytoFLEX®) ; fi#tr{X (BioTek Instruments, %5 Synergy H1 Hybrid Reader) .

1.2 gOfaEsR AZRBE R MR A0 ik, B45 HL60. MV4-11, U937, MOLM16. Kasumi-1.
HEL. NB4. MOLM13 HI K562 1ok T-H E R = e 4SO P, S A IRE SR % . 4

HI/EEH 10% FBS 1 1% 5-4#£%5 % ) RPMI 1640 K;9E3EihiE3% (37 °C. 5% CO, 4% 77
F) 5 SRR I AR 5 X A A AT SR A G 1 RS o

13 BRBEAE I CRISPR-Cas9 iR, 1. IRF2BP2 FasE ribr Manfurk, w5k

Kasumi-1 A1 U937 4 &4 Cas9 #k A, M4 5 2% i 14 /5 1 ] sSgRNA-IRF2BP2 JE#E [ Xt HE



BERYL Cas9 1M, AR EHFURR (L) . MR SIMEE: sgIRF2BP2-1# (sg-1#) :
5-CGTAGACTTCGTCA-TCGAGA-3' . sgIRF2BP2-2# ( sg2# )
5-CCAACG-GGTAGCGCCTCCAAG-3'  ; sgIRF2BP2-3#  ( sg-3# )
5-GCGGCAGT-CGTGCTACC-TGT-3',
1.4 JHMAFESES: (6 CCK-8 I EANMIAAG %, 4 sis 2H 5 s HEZH i) 40 M A 2E AN R 1)
96 fLARH (F:£L 2 000 MEHAE/200 uL #FR D), FPAE S KA TR 2. 4. 6 d I\ CCK-8
W7 20 uL, AHARIEFRAGAIFE 3 h, BEAROCRLIN 450 nm ARG EE,  DAVE ARG R .
15 EERELE  FILHIRE (1.2%M 0.7%) , mEKEM KR, BREOS 2xEFHR.
20%Jif 4 MLIE FIEE R 25 11 2>RPMI 1640 [5R5E . TIZHRER: H4 1.29% 010 35015 B Ht I A1 45 s
PRI TR 06 1R A, 6 FLRR LN 1.5 mL, W8 T FREfk; EERR: % 2x
BRI 0.7% M B IEBESER S AT 78 /MR & 5, I\ 100 pL 4 g8 (5 000 /M4HAD .
¥ 6 FLBUBN 37 T CO 3G 77481, 4 2 RINAKT 100 pL 4 sz 774k, ST HUE H 4%
E N D T R N SR
1.6 UMK e ani A ROR &, ISR G, TIVA Y PBS BEERE I 75% L BF
FEES R (4 T) . 2 RAGHTA K PBS Wik g, BEjmAYtl, 7£5E et
% E 15 min. AT SO AT AR AR A WISERG, A Flowjo (V10D B o3 #r A .
1.7 Western blot &Il HIEBKRE  HAREMWEIT 4%~200% TR HE KT8, 4
Ja % %) 0.45 um PVDF fi, B 7E 7 5%/ IE W5 TBST (1XTBS, 0.1% Tween 20) H17 i
TiEE 15h, ETHMS TPt (IRF2BP2. MYC. CDK4. CDK2. GAPDH) 1 4 °C##K
EER, —HUKE 1:1000; % 2 REMC—HUFFIRES —40 (1:5000) 1h, E.
1.8 RNA-Seq FI¥#E ab 3 SREZH AL A T RNA, RNA-seq K35 118 R 1 R B0
FENE REARBIRA R 7 R0 55— 00 5 RNA W55 cDNA RSO, 55 bt
SERUE AR cDNA SCREBEAT ARG AN g , A8 R SV B H LU 1 23 G R 51 3o i S 1
BOF M T s I, RS TR R K (BT O A B R R S B, I3 — L B4
H B EERO , K DESeq2 70, %€ 1 27 RIAHEEH (P < 0.05 1 Logel|fold change| >
0.5) , ZRFIEBHFERE AT GSEA.
1.9CUT&Tag  #i4 CUT&Tag lifl&r, UdE 1<10° 4> U937 4iiffl, ConA HikiwdE, BE/S
MR 1:100 B —HiL R E LK (4°C) , BJE S NI Palg-Tnp, KAEA ) DNA
HAT A BARIEER A, EAL (lllumina ~F &) W7 . {8 Bowtie2 (v2.4.4) ¥R CUT&Tag
##55 UCSC hg38 ZH B KA LLxT, SHEEN: -p4-q-x, #Hid MACS3 (v3.0) fELLF



SHR RPN I (DLEE#RR) « -FBAMPE, -ghs, -B, -q0.01, LLJ%--SPMR.

1.10 EHRERAZBEESR (integrated genomics viewer, IGV) AI#4L  4TIF IGV #fF,
TH BB SE B % "Genomes” — "Load Genome from Server”, &5 %H K R A hg38, 7E44
REERIN B R 4, RIS EE, HIE 5%,

1.11 HRERRBEEBE ST EHAELAERS T HEABEZA Chitps://www.xiantaozi.com/)
1 Kaplan-Meier Plotter Chttps:/kmplot.com/analysis/) 4341 IRF2BP2 £ j i Al % HE 2H ) 3 0A
R RSHERLR.

112 Gt bsE AR AT 3 IR UL R E G RAIE, B b & B T 2 2
f8iH] GraphPad PRISM 9.0 X fF ok, A7 AEAS ¢ Ao 80 [ 35777 22 70 Wi FH ok L e 4 ) B ol
Z 5. P<0.05 NZEFA SR L.

2 8%

2.1 IRF2BP2 7ERBHFHIRIE XX AML TS KIS EESERER (B 1A,
IRF2BP2 7£ LAML EFEHFHREEHE & T IEFA 4 (P<0.001) ; {H IRF2BP2 . ik
FILH AML BEMTELZE R (P>0.05, & 1B) ; & BIREAS & M BV I [R] ) 520 ]
%, Ft)5fH Kaplan-Meier Plotter T E 41 f7s 224570 S_at ¥4+ =381 IRF2BP2 )
AML s N TS B2 (P <0.05, & 1C) 5 {8 H Western blot o il A~ [7] %8 2 (1 155 41 i ik b
IRF2BP2 & [ IIZFRIE/KT, 455 E/RIAE MVA4-11, U937, Kasumi-1 F1 NB4 itk rh 13
KRR (B 1D) , HE: AML-M3 4Hitk NB4, 15355 FH At S A% 40 it/ 5 W 40 B 3% 25 1 U937
FIALEN 1% 22 1) Kasumi-1 20 f ke 4T 3E— 25 50



B 1 IRF2BP2 fEMEHHIRIE RN SR AR (AML) FUE IR

Fig.1 The expression of IRF2BP2 in tumors and its prognostic impact in AML
A: IRF2BP2 expression in pan-cancer VS normal controls; B: Prognostic significance of IRF2BP2 expression in
AML (TCGA dataset); C: Prognostic relevance of IRF2BP2 expression in AML (224570_S_at dataset); D:
IRF2BP2 protein expression at different myeloid leukemia cell lines; *P<0.05, **P<0.01, ***P<0.001 vs Normal
group.
2.2 WER IRF2BP2 Xf AML 413858 SRV T R AT I IS Western blot 455 iR,
sgIRF2BP2-1#. sglRF2BP2-2#41 sgIRF2BP2-3#4AE1E Kasumi-1 Al U937 ik i A &k w4
IRF2BP2, H.Hh sgIRF2BP2-1#1mifr 2% i im (B 2A) o« SXTRBAAM L, % IRF2BP2 5,
CCK-8 ‘&7~ Kasumi-1 Il U937 4Hfigtkrh sg-1#4H (t=16.01. 18.07, J P<0.001) #iI sg-2#4H

(t=9.48. 16.59, ¥ P<0.001) ZHMIHGFEE AR HIES 6 RZEMH], (& 2B) o HLELMK

W on (B 2C) , IRF2BP2 i FRL4E7E K>, Kasumi-1 Zif ik T sg-NC 41H1 sg-1#41 1
FETEH ) 627.33245.65 Al 157.67+17.39 (1=16.652, P<0.05) , U937 itk sg-NC 21
1 sg-1#2 I SE7% B9y ) 571.33438.07 1 163.00426.21 (t=15.302, P<0.05) . 4HfEfH %
Hr s (B 2D-2E) , IRF2BP2 i@ifr 440 Gy 3 EL I 4B, Kasumi-1 ZH i+ sg-NC ZH A1 sg-14#
4 Gy HIELA 73 51 9 34.90%42.65% A1 41.13%42.70% (t=2.856. P<0.05), U937 4 fitu §1 sg-NC

Y AN sg-1#4H Gy WIEL1 73 751y 33.13%42.14% 411 41.13%+1.18% (t=5.673. P<0.01) .

& 2 B IRF2BP2 J§ AML 41 Bk R R As



Fig.2 Phenotypic alterations in AML cell lines after IRF2BP2 depletion

A: Western blot validation of IRF2BP2 knockdown efficiency; B: Proliferation rate of AML cells after IRF2BP2
knockout measured by CCK-8 assay; C: Colony formation capacity of AML cells upon IRF2BP2 depletion
analyzed by colony formation assay; D-E: G phase arrest in AML cells upon IRF2BP2 knockout.

2.3 Wk IRF2BP2 JG FIEEERIHA i/l CRISPR-Cas9 RLLfE U937 Ak ik
IRF2BP2 J5 1T RNA-Seq, 45 B x7 maik B Bl 1857 4>, i 2092 4~ (P <0.05
A1 Logelfold change| > 0.5 ) , GSEA J5JH—4b'E %437 (normalized enrichment score, NES)
BN MYC_TARGETS_V1 i#i#%, MYC. CDK4 fll CDK2 53t [KJ& T2 73 A (& 3A-3B) ,

HEAKFHFESE IRF2BP2 A FRIM FiE (K 3C) .

B3 U937 ZBfrb Rk IRF2BP2 J5 T fZEF I2s ik
Fig.3 Downstream gene alterations in U937 cells after IRF2BP2 knockout

A: RNA-Seq analysis and Hallmark gene set enrichment analysis of differentially expressed genes post-IRF2BP2
knockout; B: Volcano plot illustrating significantly differentially expressed genes (|LogzFoldChange| > 0.5 and P <
0.05); C: Western blot validation of representative differentially expressed genes.

2.4 IRF2BP2 EEHF RIS & MYC BB X (1] IRF2BP2 iR 7 U937 4tk it AT
CUT&Tag 5E55, IGV AIAAL 73 HT R 75 MYC 5 3l 7 X 3 A7 42 2. 35 015 5 W8 Tt =7, W] IRF2BP2
HEALMNEBAR RS . LA 4,



B4 1GV LS ITER MYC BRI TRBEERZNESEFR

Fig.4 Elevated signal peaks in the MYC promoter region revealed by IGV visualization analysis
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IRF2BP2 /& IRF2BP ZEP R A —>, HARPAA IRF2BP1 Al IRF2BPL. #5:4]
A IRF2BP2 £ — MK T T M58 7 2 Cinterferon regulatory factor 2, IRF2) %% 5%
SN 7, J5 R IUHAE 2 Fh N JShhiig b iz ik, T8 AN E ARG 5 14 5 g AR AR
H, IFEARRIE IRF2 AR b R DR, S S50, fsET: . AR, #UE
RN EE, R pAa s,

YNBSS RF, IRF2BP2 (A S 2w iE R 4. HEEH XK. Yao
etalPU I, B E#E T IRF2BP2 & M A H LR BUK, K IRF2BP2 T 1] B Je 4 g
ARG, TR, 1R L — 8 Ffi#54k Cepithelial-mesenchymal transition, EMT) ; fE[
Jls iR 40 g Coral squamous cell carcinoma, OSCC) 1, IRF2BP2 [ ik 5 Hbk 45
FeAOR, UiBR IRF2BP2 il 7 OSCC 4Rk 6% . EMT Mg B S sk =), TifE AT
FEAAEh, ik IRF2BP2 J5 il 540 Hippo i % i M i 4 i Ba i, 4875 7 IRF2BP2
FEFFE Th RO I AR FH Y, LLRRFFE 8, IRF2BP2 78S A 25 g vh K A R RORE, ACHIF 9T
WL EERR IRF2BP2 J5, KL AML 418 58RI AL 76 T8 e 71355240, IRF2BP2 Al g2 AML
i g L A

YEN IRF2 [I45& 8, IRF2BP2 1E 480E I b A FE EE A6, Fang et allOF 71 2% B AT
ARy E IRF2BP2 R/ SRR AR R T AR 1 o JBR 5 FRARPUA R, HH I, I 3RIL IRF2BP2
VU 25 G AR T /0N B A B (1 9 OB o 1 L5 240 D BT T B S5 1) S L 4 ., Ellegast et all i 3,
IRF2BP2 j& NF-«B /3#) TNFo {5 5 S RBIE R 7, 2 AP0 RO SRl -5 25
AML 415 T2, IRF2BP2 7 AML HRIE(L AR, ARBFFE RS H 3.

Ellegast et al®iF B, IRF2BP2 Jf it NF-xB /1% TNFo {5 5B S S BFET:, A0
FEEREY], FiFR IRF2BP2 5, MYC_TARGETS V1 & i i 58 i1 & S50 %, MYC
e HE AT, A AML 2R MR R SRR, SR R



PIms, pE g SRR, MYC AT DU R0 M A0 HERE, RRBIRTE Gu/S M, e ml DdE I
V5 ML JE AR OC B 1 (il CDKs. cyclins %5) 1361k, HEBh40MA G #13EXN S #, {21t DNA
B2 I35 . Hu et alt™Viid i @ ke84 5 40, 90 UK AT AE ) (BIM-1 Al
BIM-2) , @I XA A T MYC #1 BCL-2, #5'3 AML 20/l A4 Go/Gy HH J SR A T
AW FEAR W ER, MYC. CDK4 F1 CDK2 & H/KFFf IRF2BP2 bR T, AML 4l
JESIRBEIRAE G dl. 5 JEH] MYC 1£ AML F s e, ASiE 78l 8@ id CUT&Tag
SIS E MYC 2 7508 IRF2BP2 [ NIFHE s, IGV ATRAL A A 2 7s MYC J3 31 [X 5k
AAERE BE ST R, KUY IRF2BP2 AR B A AR A E 4 &, IRF2BP2 ilid %
MYC 52 AML 4l

gi b, AHFFCIERA IRF2BP2 JEIT#E [ % MYC 520 AML 40 AN 40 fu b i, )5 4%
K e AML B FBEAR RIS 1R A X IRF2BP2 3 — B4R 78, NRAHIHLAE AML HI2 77 B B2 it
R .
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