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WE B4R Fus RNA 26-% 9 (Fus) %0 & 3% 20 103§ s a9 bushl . T3k 83t MTT S50 WL5R Fus #8358 29 1 Hela 3§
#8936 ; KA RT—qPCR = Western FP ZEMIRA N- LEEAEAS B 10(NAT10) 2 Fus &K 69306 ; A RNA S J& i€ 2 3 (RIP)
#iml Fus mRNA 69 % 44 0L ; 3838 RNA 4852 5230 9L 58 NATI10 #F Fus mRNA #8469 % v s IR T A 415 & 5 B 4F PACES 71
M Fus mRNA L84 ac'C 1544285, #ME4AA Fus mRNA b ac'C 15412 5 09 5 A A fe % X A 4G EGFP 4R4E Rk, #1 8 EGFP-
reporter 5 ¥ Fe LA RIP(ac’C—RIP)# € Fus mRNA _E& A& ac'C B-4045 & ; UG 18 i #6480 52 3 A NAT10 A5 Fus %48 4%
MG G W oh . BE R Fus 123 E H % Hela 29 1038 78 (1,=14.06, 1445, =5.74, 3 P<0.05);Fus & & 4= mRNA 84 F ik KF [
NAT10 A& ik 38 Ao d 3 49 (ty100=10.71 s tyn-ario=13.17 s tugimo2=7.65 , ¥ P<0.05); RIP 52 & 2& R 42 7 Fus mRNA 5 NAT10 % @ ]
A AR ZAR A (1=4.20,P<0.05), EL NAT10 3¢ & ik 4m f F Fus mRNA BA £ % ac'C 154K -F (1=30.62,P<0.05); % $b, #a s+ T &,
PRt B8 4m A ,NATI10 i & A 28 i Fus mRNA #9482 M3 2 (P<0.01) ; A 3L Fus mRNA 49 925~939 53| ¥ ¢ JLm&vg A ac'C 15
ARAL B PRSI 28 R B NATIO A3 Fus 1R2EE HU 20 BL49 36 78 (1=9.67.6.71, P<0.05) . 8518 : Fus mRNA 4% NATI0 fELK £
ac'C 154, Fus FE KP4k LB, 9k MRt & Z0 % an et 32 78
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Fus promotes cell proliferation by ac*C-maodification in cervical cancer cells

JIN Ze—yuan, LI Yong—mei

(Department of Pathogenic Biology , School of Basic Medical Sciences, Tianjin Medical University , Tianjin 300070, China )

Abstract Objective: To explore the mechanism of Fus RNA binding protein(Fus) in the promotion of cervical cancer cell proliferation.
Methods : The effects of Fus on cervical cancer cell proliferation were observed using MTT assays. Western blotting analysis and
RT - qPCR were used to detect the influence of human N -acetyltransferase 10 ( NAT10) on expression levels of Fus. RNA
immunoprecipitation assay (RIP) was detected the enrichment of Fus mRNA. RNA half-life assay was conducted to determine the effect
of NATI10 on the stability of Fus mRNA. Based on the searching results of the possible ac’C—modification sites on Fus mRNA through
PACES bioinformatics software ,the EGFP reporter plasmids containing the possible wild—type or mutant ac*C—modification sites were
constructed. EGFP-reporter assay and ac’C—RIP assay were used for the identification of ac*C modification sites on Fus mRNA. Lastly,
the effect of NAT10 mediated Fus on the proliferation of cervical cancer cells was observed by rescue experiment. Results: Fus promoted
cell proliferation of Hela cells (1;,=14.06, t,z_n,=5.74 ,all P<0.05). The expression level of Fus protein and mRNA was increased with
NAT10 expression( txaro=10.71, tynnaro-1=13.17 5 tan_xario2=7.65 , all P<0.05). The results of RIP experiment indicated that there was an
interaction between Fus mRNA and NAT10 protein (1=4.20,P<0.05) ,and Fus mRNA in NAT10 overexpression cells had a higher ac*C
modification level(1=30.62, P<0.05). In addition, the stability of Fus mRNA in NAT10 overexpression cells was higher than that in vector
control cells(P<0.01) Furthermore , cytosine in 925-939 sequence of Fus mRNA was ac*C modified site. The rescue experiment results
showed that NAT10 mediated Fus to promote the proliferation of cervical cancer cells (1=9.67,6.71,both P<0.05). Conclusion: Fus
mRNA can be ac*C modificated by NAT10,which resulting in the enhancement of Fus expression and the promotion of cell proliferation
in cervical cancer cells.
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N, BN mRNA FAAER K ac'C &1 LA
Wi AE 4 mRNA f 52 IR g LB, Fus RNA
2t 4 % H (Fus RNA binding protein, Fus ) J& —
RNA 551, 2 55550477 .RNA 3535 RNA %
iz \DNA B OVHEb7 ) 0 A5 i BT, Fus m3RiA S
RN RN AR A L e ol 1 ]
WAFAE IR Fus 787 20008 H A9 /R FIBIL R i A I
o AWFIEXS N-L Bt AL 10 (NAT10 ) 7R B S
MR XT Fus mRNA Y acdC B A1 08 2R 958 4 it 354
FERIVE S LI E T T 40T

1 #R5FE

1.1 s NE SR Hela I H ATCC
MM . DMEM $535W0F Opti-MEM 3532334 [
GIBCO BRL,EGFP.GAPDH .Fus Fii&¥iy [ K
SR HARA PR F NATI0 HLiRIE [ Abcam
(P . Lipofectamine® I [ Invitrogen.

1.2 £EF%

1.2.1 40fidE3%  Hela 403 & A 10% FBS,
100 1U/mL 75 %% & F1 100 pg/mL 4% %5 £ () DMEM
BRI F5  7E 37°C . 5%C0, MR RIS FRAh hiE 3
122 pEFEFRE DL Hela /g mRNA 4%
S cDNA SHAMIES T PCR, PCR 27 A - TAS Y »
95°C 3 min, 2514 :95%C 15 s,iB K :57°C 15 s, fEfH
72°C 2 min, fHFF 35 I, FRLEH : 75°C 5 min, B2
4°C. HTBENRVEEE RS UK E PCR =9 i H
2647 ,NATI0 [A1Y& 3.1 kb 4547, Fus [ 1.5 kb 4%
L IE BT pCD3xFlag—KBE Hl peDNA3xFlag
kb ARG AP 2P Al RT-qPCR
F1 Western E[J370 56 E k7 A5 R4 o

123 mFERR . BTSN Fus F1 NAT10
) shRNA 5147, 7 95°CiB K 5 min, iR Kk =#) =il
FE 2 h, FR ISP A pSilencer 2.1-U6 neo
tkrp, AWy 60IA, i RT-gPCR Al
Western E[J38 56 1E R A 201 .

124 Z0fsEYe  FEYLET 1 d SEATANMOEEAC, FE YLt
HRREETE T0%/ A7 Fe gL Bohii 5 Lipofectamine™™ [}
e — 0 1 pg:0.8 pLe FH Opti-DMEM 1532
TiEge BEYLIS 6 h Hoe SR IR IR AR B % L AE g
36 h iU RNA #5204 48 h ISOBGE FIAES .

1.2.5 Western EJIRSEEG I SxEEH _FFESE il
FIZR FTRE S KIS 5 min, —20°CYKE 5 min, B L
FE Y 20 /RS, HJE 100 V L HL YK 90 min,
FER 350 mA F5A5 90 min, K 8K FAF4ENS] PVDF R I
LSS, F 5% Blotto ¥ PVDF JIs 28 i 1 A
2 ho—HUHY LB 535 4 : NAT10(1:2 000 ) | Fus

(1:200) .GAPDH(1:5 000) .Flag(1:2 000). —#i
A HCA K« 23 R —HRP(1:2 000) . “E41 L-HRP
(1:2 000), N ECL fb22 &G, W =% rh H g
I R AT B R BT S, g R R,
GAPDH ik W NS EH,

1.2.6 RT-qPCR 5255 FH Trizol 24740 , I FH 5L
15 (5: )4 RNA, oK 2 BEUTIE RNA, BT 2
J7 RNase—Free Water &5/ RNA, M%E RNA ¥ /5 K
0D260/280, H1 0.75 wg RNA PEAT005E 5% S0, 195
S S8R HiSeript 1T Q RT SuperMix for qPCR 33
e Sp AR R MR ) HEA T, MR R ) 5 S Iy AR 7 4%
VB T HRME . B 1 L RT P24 qPCR, I
R Z A :2xSyber Green 7.5uL.1 pL RT /2%,
iF qPCR 514145 1 wL.DDW 4.5 pL, BikEfl 3 N
Lo PG LightCycler480 [ HEATREIN , 2 W A2 A -
TR :94°C 10 min, 281 94°C 30 s 1Bk 56°C 30 s,
FEAf 72°C 30 5,40 MER . qPCR 5IWFHIILEE 1.
1.2.7 RNA ¥ Ui 3E 5L 55 (RIP) i ] Magna
RIP 57 & (Merck Millipore )% BB Ui BH-F EA 75256,
H AT HE R 1 — 0 — G (12524 1) Fh 4, I
1 Flag HUARF ac'C Pk, HL 2 pL RIP UIHE Tk
) RNA #4730 4% 5%, it RT-qPCR #4773 &5
Mro qPCR SIYFHNILE 1,

1.2.8  RNA PREHASCEG 20 A% Yexd BETORLAT NA
T10 £ FGAFRE 30 h [ T25040 3], 1T 1 pg/mL i
LLHEE D IAEEE 0.2 4.6 h, EHEYE 36 h J5—itt
SRR TR RNA il RT-qPCR #5475 5507,
B-actin fE NS HE

1.2.9 EGFP-reporter SC50 g SCRI A S 24 M
¥l PACES il Fus mRNA (Genbank:NM_004960.4)
H ac'C BN, JFARIE TN B A7 s B 5 s
A H ac'C B S B DNA Fr B ¥ Ko 5878 67 5
1R Ben 1), 808 KOS f5 fi A EGFP Al X T
Ui, FEE Fus 1Y ac'C 18Mi EGFP IR 44 514551
AR 1o PRk 5% Y HeLa 40, i EGFP
DGR JE M E BRI Rt . B pCD3xflag—-NAT10
Y pEGFP-Fus—ac'C it 5 FTH (0.5 pg:0.5 wg)Hek
A Hela 4,48 h J5 2% B4 T Kl EGFP
PeGERE . I % Fus mRNA _F /Y ac*C A7
Ko DA b SEu A 21 (W] i A% QLS5 5 1Y pRFP-C, DA
RFP DGR EEARE AT 2 4 R N 2
1.2.10 MTT 5258 ML 4y 48 h 5 Krdm i fk
TFORIFMEATIIEL, 7 96 FLAR P AEFLFRA 5 000 44
M, HAELLS ANEIL, TE 37°C.5%C0, #HTHE
3. 48 h J5ALINA 10 wL MTT X5, 37°CHEHE 5 h
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Ja , FEEBE IR, BFLINA 100 pL DMSO, 120 1/min
PR FREEHRY 5 min, FHEEAR G 570 nm 3K
IR o

1.3 Sits4 LR EE 3 K, MW Graphpad
Prism 8 . Image J S5 B4 EA T80 04 o IES 00
AR BE A L “xes " B, 2L 18] LSRN Stu—
dent—t K556, P<0.05 NAG I FER

2 &R

2.1 FusRETHFmMWIZIE 1L AE Fus 1Y
i R IR K A TR ) A R0 L S5 R R IR, Fus A3
P& 3k Mo B I 5K AE mRNA (& 1A, 1, =11.92;

tan - rw=14.22, 3% P<0.05) F1 8 H 7K V- (E 1B) #1]
RO Fus IR 4K, MTT SCE0 45 R Wow , i
Feik Fus 7] LA Hela 20 B8 A 345 68 1 oA 1 4%
(1=14.06,P<0.05) , T i % Fus 23 HeLa £ (1) 3%
FEBESI T 0.3 £i5(1 1C,1=5.74,P<0.05)

2.2 Fus mRNA # %% & M % NATI0 A4 4
NATI10 1o 3L W}, Western E[J 35 25 H- 2 0 Fus 2B
FRIRAKETHE (F 2A), qPCR 25 8K 1 Fus mRNA
F 3K 7K F Ctnno=10.71, P<0.05 )t 8 134 5 1M 24
NAT10 ik AT, Fus 7E 8 F K F-F1 mRNA 7K
(tarosarion=13.17 s tanowmo—2=7.65, ¥ P<0.05) Y395
PE (K 2 B), 4k, RIP SC8645 B 7R , Fus mRNA 5

NAT10 £ A AFFEA BAEH (B 2C,1=4.2, P<0.05) .
RNA 228 B S50 RG 25 5 i 7 1 #35 NAT10 A BH
1 FEHK Fus mRNA AY2E 501 (&] 2D, P<0.05).

2.3 Fus mRNA ¥4 NATI0 A~FiBA45 69 ac'C 1%
AR g R A Y5 B I PACES!™ 3l 75 )
Fus mRNA AELE AT RE & A ac*C &AM 1Y motif,
Iy T 748~762 Fi1 925~939, FEAE M A
T3 ) A X P 5 B N i B AR 28 AR AV
() EGFP 245 34K (& 3A). EGFP-reporter SLH545
RBIR, 5 EGFP 75 BRI ALAH L, 925~939 {7 A5 1Y
AFIZA Y EGFP 2G5 B2 W 38 Ain , 177 5 A8 (R ZH 1Y
EGFP 2G5 B W B AIK,  BPAE R R AR (R 4 1Y
EGFP 1A 7KF HAT B I 2 53 (1=42.75, P<0.05) ; Ifij
AT 748~762 [ EFHRIL] 558 AR RILT 1) EGFP %%
e JE I B 22 5% (¢1=0.60,P=0.61) (& 3B.C).
ac’C-RIP S8t — Ui, 78 NAT10 335 Hela
A0 Fus mRNA 925~939 J¥31| FAETE ac'C &4
P E NN (8 3D,1=30.62,P<0.05) .

2.4 NATI0 4% Fus 3t & H R mAe gz ok
RS2 IS Fus X7 NAT1O {2 32F 2 %5095 4 it 434 7
(s, 5N, Mg Fus 0] B B P06 20k
NAT10 X HeLa 40 L34 58 () A2 E/E H (& 4,6=9.67 .
6.71,3J P<0.05).

®1 519F7I
Tab 1 Sequence of each primer
EILZEAS 1975 (5—37)
Fus—sense GCGGGATCCATGGCCTCAAACGATTATAC

Fus—antisense
shR-Fus-Top
shR—Fus—Bot
NAT10-Frd- (Kpnl)
NAT10-Rev— (EcoRI)
NAT10-shR1-Top
NAT10-shR1-Bot
NAT10-shR2-Top
NAT10-shR2-Bot

CTGCGCTCGAGATACGGCCTCTCCCTGCGATC
GATCCGTGACCGTGGTGGCTTCAATACTCGAGTATTGAAGCCACCACGGTCACTTTTTA
AGCTTCAAAAAGTGACCGTGGTGGCTTCAATACTCGAGTATTGAAGCCACCACGGTCACG
GCGGGTACCATGCATCGGAAAAAGGTGGAT

GCGGAATTCTATTTCTTCCGCTTCAGTTTC
GATCCGCAATTGTACACAGTGACTATCTCGAGATAGTCACTGTGTACAATTGCTTTTTGA
AGCTTCAAAAAGCAATTGTACACAGTGACTATCTCGAGATAGTCACTGTGTACAATTGCG
GATCCGATCCAGACTTTGGTGGTCTGCTCGAGCAGACCACCAAAGTCTGGATCTTTTTGA
AGCTTCAAAAAGATCCAGACTTTGGTGGTCTGCTCGAGCAGACCACCAAAGTCTGGATCG

Fus—ac4C-748-Top
Fus—ac4C-748-Bot
Fus—ac4C-748—-Mut-Top
Fus—ac4C-748-Mut-Bot
Fus—ac4C-925-Top
Fus—ac4C-925-Bot
Fus—ac4C-925-Mut-Top
Fus—ac4C-925-Mut-Bot
NAT10-qPCR-Frd
NAT10-qPCR-Rev
qPCR-Fus-Forward
qPCR-Fus—Reverse
qPCR-B-actin-Forward
qPCR—B-actin—Reverse
Fus—925-ac4C-qPCR-Sense
Fus—925-ac4C—qPCR-anti-sense

GATCCCGGCGGLGGLGGCGGE
AATTCCCGCCGCLCGCLCGLCGG
GATCCTGGTGGTGGTGGTGGG
AATTCCCACCACCACCACCAG
GATCCCAACAACACCATCTTG
AATTCAAGATGGTGTTGTTGG
GATCC TAAGAATACTATGTTG
AATTCAACATAGTATTCTTAG
GGGATTGGCCTGCAGCATA
GGCTCCATGACCACATCCTT
TCAATCCTCCATGAGTAGTGGT
CACGGTCCTGCTGTCCATA
CGTGACATTAAGGAGAAGCTG
CTAGAAGCATTTGCGGTGGAC
ACCGTGGTGGCTTCAATA
CTTGAAGTAATCAGCCACA
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Fus-acdC-748-WT CGGCGGCGGCGGOGG

4r!
X
Fus-ac4C-T48-Mut TGGTGGTGGTGGTGG % 3
53
Fus-ac4C-925-WT CAAC;IUI\CAC(:ﬂml"lr *5
2-
Fus-ac4C-925-Mut TAAGAATACTATGTT E
14

<

C
pEGFP-C +
T48~TE2-WT -
748 ~762-Mut -
925~939-WT -
925~939-Mut - - - -
NAT10

1 o4
1

== LEGFP-C+NATI10

B ) EGFP-Fus—ac'C-748~762-WT+NAT10
= pEGFP-Fus—ac'C-748~762-Mut+NAT10
= pEGFP-Fus—ac*C-925~939-WT+NAT10
= EGFP-Fus—ac'C-925~939-Mut+NAT10

- oG

=3 anti-ac’C

1 A PACES R 35 7 Fus mRNA -4 ZBEALAL 5 3 B . C: EGFP—reporter SEBGWLEEAE NATI0 5 Fus [ EGFP R 45 Bk 2L 45 Yt Hela 400
1, Fus mRNA _EAS[R] 20 A A 5 B AR R 28 28 R ) EGFP 286 R IA I ;D s ac'C —RIP SZIRIGIE ac'C {7 45 sns: JoGEH 24 X5 #P<0.05;

##P<0.01;##*+P <0.001
E 3 Fus mRNA tZEK AL AR FESIRIE
Fig3 Prediction and validation of ac*C sites on Fus mRNA
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Fig 4 NAT10 promoted Fus-mediated cell proliferation in Hela
cells
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Fus mRNA FF7E7E NAT10 /311 ac'C BT, A
1M Fus 23k A, SR EEr S0 40 i 5

Fus J& T FETTET ZEFI5K% , &—FPZ2 JJ6E DNA,
RNA 454 & A", Fus AE B L5 microRNA .

circRNA il IncRNA £54 312 5 RNA #55 UE M,
WAl L5 # mRNA % 3’ UTR 4547845 mRNA 458
PEFNEIES, Fus S8 238 5 M0 20 B3 58 2 () £F
TEFY)LE ., B, Fus 50K RNA cireSPARC 45
A TG STAT3 {5538 B R 45 B I &k,
Fus 1 A] DA7E K 4% RNA Has_circ_0026628 i T
5 SP1 mRNA MHEAEH, JFEEK SP1 mRNA 5%
W, SP1 4k 1fij fi &% Wnt/B—catenin {55538 i i € F 45
B & B, Fus 38 1T LLE S FE E MAPAK]T mRNA
PE 1 5 9 2 Jr, ARHFSE 245 R W Fus T DA SE S
G AIAE . X5 Fus 7EHAB IR RS AL
Faah A —2

ac'C JE—Fh Rk A XS B AL 22 A 1 , acC
B2 mRNA 2 B2 s H EE, S i
FIBHPEHERAPERY, ac'C 5 2R A28, Wi
DHUEEFERE A R e 5105 i BEAH G ONATI0 & —
FIEH T ATP A9 RNA ZBESLEEAL0E, Az
HifiEfl mRNA &2 ac'C B O AN CHERE> . CA
SCHRHRAE NAT10 {7 E S0 40 B 5>, Ao 1
JEUERH T i # ik NATI10 7] F+ i Fus 76 mRNA Fl#E
H7K PRy RIA, Had 3Rk NAT10 B i Fus
mRNA ) ac*C &1 K, I H A& B Fus mR-
NA FRE M. SR, ZEH FIH PACES Ik Ft i A
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