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RNFS8 promotes DNA damage response through the ATM/CHK2 axis and affects
cisplatin resistance in endometrial cancer cells

Cai Feifei, Yang Tingting, Shao Yang, Ma Xin, Qiang Ping, Zhao Fang, Xi Xingshu (Department of Obstetrics and Gynecology,
Zhangjiagang Hospital Affiliated to Soochow University, Zhangjiagang 215600, Jiangsu, China)

[Abstract] Objective: To investigate the role of RING finger protein 8 (RNF8) in cisplatin (CDDP) sensitivity in endometrial cancer (EC)
and its possible mechanism. Methods: The expression level of RNFS8 in endometrial cancer tissues and its copy number variation profile
were analyzed using an online database. Lentivirus-mediated shRNA was used to stably knock down RNF8 expression in Ishikawa
cells, followed by CDDP treatment. The cells were grouped: sh-NC + solvent control, sh-RNF8 + solvent control, sh-NC + CDDP, and
sh-RNF8 + CDDP. An inhibition experiment was conducted using the sh-RNF8 + CDDP + KU60019 combination. CCK-8 assays, colony
formation assays, Annexin V-FITC/PI flow cytometry, Hoechst 33258/PI staining, WB, and y-H2AX immunofluorescence were used to assess
cell viability, colony formation, apoptosis, DNA damage, and the expression of proteins related to the ATM/CHK2 pathway. Results: RNF8
was significantly overexpressed in endometrial cancer tissues and cells. RNF8 knockdown reduced cell viability and IC,, inhibited colony
formation, and further enhanced CDDP-induced apoptosis. Meanwhile, the expression of BAX, Cleaved-Caspase-3, and y-H2AX increased,
while the expression of BCL-2, p-ATM, p-CHK2, and RAD21 decreased. Treatment with KU60019 further promoted DNA damage and
apoptosis, and reduced cell viability. Conclusion: RNF8 may promote DNA damage response and reduce the sensitivity of endometrial cancer
cells to CDDP via the ATM/CHK2 axis. Knocking down RNFS increases DNA damage and enhances sensitivity to CDDP.
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I ATM/CHK2 %l 4% DNA 451475 8 25 M 1Tt 20 EC 21
[l CDDP Uk , A A isfi B i 245 2 (AL T8 70 B

1 MR57EE

1.1 E&##

A EC 41 itY Ishikawa .HEC-1A .AN3CA & A\ 7k 4
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10% fis 2 1.7 (fetal bovine serum, FBS) F1 1%
- R H 32 E Gibeo 2 7], DMEM/F-12
1% 3% £ (SH30023.01) F1 MEM 5 7% 3£ (SH30024.01)
¥ B % [ HyClone 2 & , 0.25% /% i -EDTA
(25200072) }2 DAPI(D9542) 5  H 3 [E Thermo 2%
A] , Triton X-100 (T8200) , F Ifl i F & A (BSA,
AS020) ) H AL R K E R A R AR, — F L A
(DMSO, D2650) . CDDP (232120, 4l & > 98%) . %
i — % & ¥ (polyvinylidene fluoride, PVDF) J&
(ISEQ00010) It [ 3% [# Sigma-Aldrich 2 & , ATM 41
#ill77 KU60019(S1570, 46 & > 98%) ) H 5% [ Selleck
/A 7 , RNF8 shRNA (sh-RNF8) % [ff] 4 %} f# shRNA
(sh-NCO ¥ty 7 o [H b 3 BB R A R A A,
CCK-8 ik 77 & (C0037) .\ BCA & B & &k 77 &
(P0012) + RIPA % fi# i (PO013B) . 7 HI 3 il Mt 4,
(phenylmethylsulfonyl fluoride, PMSF) & [ i 411 il 77
(ST2573-5g) « Annexin V-FITC/PI # T- & I ik 7] £
(C1383S) . Hoechst 33258/PT XL 4% (S0006-100T) -
G B 58 N F 77 (P0126-25m1) JECL AL 2 & A Ik
% (PO018AS) 30 [ A [ il 38 = RAEME AN
WERAA

RNF8 $i {£& (ab70156, 1: 1 000) & RAD21 #i &
(ab992,1:1 000> 3 ¥y H ¥ [E Abcam 2 7] , ATM $i
1A (2873, 1:1 000) . p-ATM ( Ser1981) Ji 14 (5883,
1:1 000) . CHK2 #i 14 (2662, 1: 1 000) . p-CHK2
(Thr68) T4 (2197, 1:1 000) .y-H2AX (Ser139) Hii
A& (9718, WB 1: 1 000, IF 1:200) . BAX i &
(5023, 1: 1 000) « BCL-2 #i 1& (15071, 1: 1 000) X%
Cleaved-Caspase-3 PL1A& (9664, 1:1 000) ¥4 H 3£
CST A7 , B-actin $1 & (66009-1-Ig, 1:5 000) \HRP 5
1E 1 2E % 1gG (SA00001-2, 115 000) & HRP Axic i
* $1 B IgG (SA00001-1, 1: 5 000) ¥ I [ 3
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M S hE J [ 41 K] % (The Cancer Genome Atlas,
TCGA) ¥ J# (https://portal. gdc. cancer. gov/) N #iz
Jii J% BC ] RNA-seq %14 £ 48 F1AH B2 IG RS B . 2R
F TIMER 2.0 7£ £¢ T. H (http://timer. cistrome.org/) 73
HT RNF8 7£ EC iR 41 21 5 1 4L 2R a) (1) 22 S Rk
fifi 6 4% 1 A log,FC| > 1 H. P < 0.05. % cBioPortal
*F- & (https://www.cbioportal.org/) ff] OncoPrint #5173
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Ishikawa. AN3CA \hEM15A & T DMEM/F-12 1%
Fi3 HEC-1A B T-MEM 535 3, %M 78 10% FBS I
1% -85 55 RIR AW 1E 37 °C.5% COAE iR 55 7546
Yeris 9% . 4% 48 0.25% fi% B -EDTA ¥4 1k, 1% 4%
P 2103, difiote H 1318 B T e, L%
15 80%~90% HARFS R Uiy H T 5256
1.4 shRNA 1% J% & & 4 #) 3 RNF8 42 € Sk A2 A

# ) N RNFS ) shRNA 1897 55 J0RL K B 14 %o &
18 975 15 J0RL , 23 9130 N sh-RNF8 Hil sh-NC, fi J] #44
B 42N pLKO. 1-puro. sh-RNF8 # i #1 [71] \ RNFS [
shRNA K ik J7 51 , JL ¥ /5 %) A7 T RNF8 mRNA %
i X 25 1 285 & 1 305 fi , GenBank % %5 A NM_
003958.3. sh-RNF8 I 3 J¥ %] 4 5-TGGAACCTT
TAAGGGTCTATT-3', Jx X % J¥ %] N 5'-AATAGA
CCCTTAAAGGTTCCA-3'. shRNA # ik #E i # ¢
H|\ R IR FEH TTCAAGAGA KB FE 51 [ 6] HANF 41
Je RNA FEEEEITZ 155 TTTTTT 4 k. BT R
18 3 5% sh-NC 8 77 A 88 7] A\ 28 © %0 2k R | L 7
shRNA J7 1], . 1E LEE ¥ 5118 5'-CCTAAGGTTAAG
TCGCCCTCG-3', Jx X % J¥ %1 N 5-CGAGGGCGA
CTTAACCTTAGG-3'.

U85 2E K Tshikawa 41AE , L 1.5 x 10° N/ 4L 4%
Pl 6 FLAR - FRATEIC A B IX 50%~60% B , By
8 ug/mL polybrene ] 58 4= 5 77 4k , I 4% MOI = 10
TINAH R 5 B BORE , SEFR NN 10 pl/FL. &G
12~16 h J5 B i e a3 etk . KL 48 h 5, K H
WEMS R R AT R E BRI I . O BT AT R S B
TR M2 S5, 435 BL040.51.2.3.4 1 5 pg/mL
WA 7 25 AL FE A S L Ishikawa 41 il 7 d, i %€ 2 pg/mL
SN RE A% 2% BB A 0 A JE% e T R 1) BB A AT AR
B, IE A2 5 A PL 2 pg/mL ME RS B K O SE R ik 1~2
J& , B2 AR B 0 BRGH 4 30T, SRS A e m & A
M. PA 1 pg/mL MR W R 2 4E FF 5 5%, WB VL R E
RNF8 2 [ T 1 > 70% J& A7 CrFf I F 5256

(D IR/ (44D : @ sh-NC + #5715 R4 . %
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S 4 A7 BH 1 X B shRNA 1612 995 2 J5 0N 25 fR f7
0.9% NaCl ; @sh-RNF8 + ¥ 71| % l& 41 « #a & F ik
sh-RNF8 J& II AN 2544 £ 0.9% NaCl; @) sh-NC + CDDP
Y B S B I R B ShRNA [ 18 9% 35 )5 i A
8 umol/L CDDP 4t # ; @ sh-RNF8 + CDDP 4 : 2 &
15 sh-RNF8 J5 JI A 8 umol/L CDDP 4b# .

()3 525643 2H.(3 41) : D sh-NC + CDDP 4 : 5%
ST BT ShRNA FI1E95 835 I 8 umol/L CDDP
AEFE, TN ZEARFL DMSO {4 KUG60019 FrI7E 75115 R 5
(2 sh-RNF8 + CDDP 4 : 27 %12 sh-RNF8 J5 /A CDDP
AR, FEIN N SEAARFR DMSO 1F A KU60019 I 71X HEE 5
®) sh-RNF8 + CDDP + KU60019 4 : 4 5 # 34 sh-RNF8
J&i LA 10 pmol/L KU60019 TiiAb#E 2 h, A 8 pmol/L
CDDP XA 4L 7 24 he
1.5 CDDP & ATM 47 4] 7| KU60019 B 4] 5 4m fie. 25 25
pOgid

CDDP UL 0.9% SAL VI ECHL A 5 [l e ok B S 56
F 8 pmol/L , 24 h; 715 5 B SEEG FH 0~32 pmol/L 4 5
(0.1.2.4.8.16.32 umol/L) ,24 h. ¥ 75X} 18 Ry 2544k
#10.9% FALEN

ATM 1l 71 KU60019 LA DMSO FL il 10 mmol/L
B, A IR 5 B 45 10 wmol/L o ££ i 24 1 i b 22
2 h, BfiJ5 5 CDDP B4 24 ho ¥ 77 %6} 1 4 & DMSO
BARTR P H< 0.1% M5 973
1.6 CCK-8 %4 EC g An st 4 & %

BB R T 96 FLAR (5 x 10°AN/AL) , it R B
Ab HZ0 M J5 B FL NN 10 pL CCK-8 TAE ¥k ,37 °C kb
HE 1~2 h, T 450 nm AL 520G % FE (DI . vH S AHXY
A5 = (D sy =D /(D =D i) X 100%
HIE = 3INFARZIL, ML EE =31,

1.7 L& ik 52 3546 ) RNFS &K 3% 4 CDDP 3t EC
i K ARG 5h AE /) B9 %R

BUH: F0 5256 43 20 A 3 1) Ishikawa 28 Mo 3E 4T 5 B
TE RS o F 2 LA 500 AN/FLIKI % B B2 b 6 FLAR
R WG BE I 4% 43 4148 B 8 umol/L CDDP 525447 0.9%
NaCl 4b B 24 h; B f5 55 465 5 56 45 55 75 B 4k L 4 9%
10 d. R 4% 2 5 H % [ 5E 15 min, 0.1% 45 b 55 4%
415 min. JEBEIFIET R . LIS > 50 N 4H R
YL e N TR, 2 AR N B R,
AT F R R . AN e B TR R = % AbEE4H e
R 5 /ox0) R 2 v 2 > 100%
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WAL i B SIZ 6 73 2 b 22 S 1) Tshikawa 41 g , PBS
Vel , 1% 18 Annexin V-FITC /PT Y T k6 I 771 £ i3 B
F I Annexin V-FITC A1 PI 4% ¥ 8t /2 B 15 min.

B J5 A58 FH R A M DCR R AN D T 1 x 104 F A,
FlowJo B AF 43 M B T2 % . B H T2 % = [(Annexin
V-FITC'/PI" 41} % + Annexin V-FITC/PT 4 it $5 )/ &
For 40 B K] > 100%.
1.9 Hoechst 33258/P1 3¢ £ % &, 44 ) 4m i 78 1=

W 05 S 56 4 Ak 38 )5 1) Ishikawa 2, PBS
ek, ¥ B 4K IR 34T Hoechst 33258 5 P1 44 fh,
Pt WAL FEALE > 10 M LET /4, Bt > 100 4
J/ZH 50, T PTRH 2R (%) = PIRH 1441 B B0 5 4
HI%L x100% o
1.10 y-H2AX %.7% 3¢ & ik 4 M Ishikawa %8 & DNA 43
15 B AR

4 T0 TR 40 FRTE - T 85 IR AR P, 2 Ishikawa 4]
Ff Aol B B A K T ATME U086 751 36531 52 56 23 2H Ak
B, 75 R RE IR, PBS VRIR 4N , 8 FH 4% £ Rk
[ %€ 15 min, 0.2~0.3% Triton X-100 i# % 10 min, 5%
BSA #} ] 30 min; #$T y-H2AX —H1(1:200)4 °C [
REE A, 26 AR 1l 3 BT S = H1 (11200 = i N
1 h, bl f5 FH DAPL & Je2i % . {8 HBOGILRE BT
BeX A&, Image) JAF 3 M- P Y5 50 %
1.11  WB &  &- 40 28 i o RNF8 B AH % & B i & 34

WCHE - AR BE2H Tshikawa 21 2 , F 2 PMSF ] RIPA
ZUEIAEVK BN 30 min, 12 000 x g 2.0 10~15 min
JaU s BiG L BCAVE E B E HIKRE. HL20~30 pg i
FIRE i 28 8%~12% SDS-PAGE %3 B Ji5 # #% 2 PVDF
JE, %3 5% BSA £ A1 1 he 40 50N —$T (RNFS.
ATM.p-ATM.CHK2.p-CHK2.y-H2AX.BAX .BCL-2.
Cleaved-Caspase-3.RAD21) F 4 °C Jx i i %7 , TBST
e J5 I\ HRP A5 i f P, =i M 1 h. ECL
k22 k6 R Tmage] A 70 AT 265 K FEAH
1.12  RT-qPCR # /Il RNF8 mRNA % ik A F

K F RNeasy Mini Kit #2505 RNA , i 8 il & 4y
EIGRE TSI RNA W . mRNA K0 e FH 30 2 7% i
70k RNA [ 5% % cDNA, 3548 SYBR Premix EX
Taq 47 RT-qPCR , [ N 5% 11 : 95 °CHUAZME 305,95 °C
AP 5 5,60 °CiB K 34 s, IESHAT 40 MEH . 51
%1 : RNF8(IE[f] 5'-ATGGGTGCGAGGTGACTGTA-3',
S [H] 5'-GTTGTCCATAATTGTCCATTGGC-3") , ¥ # K
& 137 bp; ACTB ( IE [f] 5-CTCGACACCAGGGCG
TTATG-3', J2 [fi] 5'-CCACTCCATGCTCGATAGGAT-3") ,
PHKIE 114 bp. LLACTB ANS:, K 21X S A
HEAT B BRI
1.13 %its i

28 114 M1 K F GraphPad Prism9.5 % 4F 317, Bt
HRIIMATEE > 3 IR Uy £ s RoR.
PR 2H 2 D) B AR B SO ¢ A5, 3 2H &% DA 1 bR
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R (P <0.00), anfBE bt  FLE 6 5 Sk B |
FF 240 o 5 i g8 \EC 2% . TIMER 33 20 #r 7 (B
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N
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A : TCGA ¥4 FE 43T RNFS AE L AR I mRN A FRIA /K ER, 4L AL RS R A0 41, i (R IR 4L 48T
B:TIMER 2.0 54 3§t RNF8 7F EC 1 [#]2214;C:OncoPrint 737 RNF8 7EAS [F]#% T 48 R 7 T 1Y mRNA £k 7K F

HIEHHALHEL,"P<0.01,""P<0.001,
1 RNFSEZEBRECHHMFTIEAELR
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A, B 25
5 20
B Pl
® Wo1s
: :
% M (x10%) fuf
z " 10
£ RNFS | s——— | 5 £
% z
4 4
E 0.5
Practin ~ @2
& F &
S o8 2 A8
S ¢

A:RT-qPCR ¥l A [7] EC 4l (Ishikawa .HEC-1A . AN3CA) & hEM15A §1 RNF8 mRNA %% /K1 ; B : WBiZ A I AS [7] 4 i £
RNF8 i %k 7K F. 5hEMISA ML, P <0.001,"P<0.01.
2 RNFS87EA[E EC AR T HIRIE

2.2 RNF8 & 1&3% 7% CDDP *t EC 20t i& 71 64 341 4E )

I 3 1895 75 /5 sShRNA £ 52 m ik RNF8 )& , 55
sh-NC 414 Lt , sh-RNF8 41 RNF8 mRNA Fl £ (4 £ A&
KT 15 5 2% R B (I 3ALCB, UUER 2K > 80%, P <
0.01), $&7~ RNF8 @ {R AR B i Bl M) o K sh-RNF8 B}
sh-NC 20 il 73 51l 25 - 15 751 6f B Bl AS [R]#k E CDDP (0
1.2.4.8.16.32 umol/L) 4h £ 24 h, CCK-8 45 (]
3C) 27K, 8 umol/L CDDP 1] [£AI Ishikawa 41 i i 77 ;
7E# [7] CDDP # i '~ , sh-RNF8 + CDDP £ 48 Jifl 77 3%

A B
15 15
ﬁ o 210
® #®
: :
Z *kk z
0 — 0
sh-NC sh-RNF8 sh-NC sh-RNF8
D
sh-NC + 7 75 % sh-RNF8 -+ ¥ %} sh-NC + CDDP

F I ZKT sh-NC + CDDP 4(P < 0.01) . F&E-J M
£k iE— 0 R B, RNF8 mfK A% CDDP 17 &-
I il 2% AR A 7%, L IC, IR T sh-NC 4H (3.05 umol/L
vs 10.69 umol/L, P < 0.001) , $& 7x RNFS @ fik 1] 1 5
CDDP UM . 5 225250 K H 8 umol/L CDDP £y
AR EE . v B SE G (] 3D) f 7, sh-RNFS8 +
CDDP 4 7 [ %1% sh-NC + CDDP 43 /> (P < 0.05),
$&7x RNF8 i 1% AT 2k — 35 Hil §5 CDDP 4b 2 Ji= 21 it 1)
S A

-@- sh-NC 10.69 pmol/L
-m- sh-RNF8 3.05 umol/L

HIAFEE %

sh-NC  sh-RNF8 0.5 1.0 1.5 2.0
log, [CDDP/(umol-L1)]

150
sh-RNF8 + CDDP

3 )4 X

. ﬁ\*‘@ GF o

Cx‘f’% $X‘f’£\‘;0x Q%X
& &

s T
&

A:RT-qPCR Il RNF8 mRNA i /K F s B: WB VARG Il RNFS & [R5 7K F ; C : CCK-8 A AN [R]94< i CDDP 4b B J5 4 i 7% 77 5
D: o BT RSB AG IHE HAE A BE /7. 55 sh-NC + %7 R4 LE ,"P < 0.05,""P < 0.001; 55 sh-NC + CDDP 41 AH L, “2P < 0.01,
B3 RNF8:{KXiE5E CDDP X EC ZRpEE93EI{E A

2.3 RNF8 &% 4 CDDP T4 i EC %m i /8 =
Annexin V-FITC/PLR it A I 25 5 (B 4A) &

75 »sh-NC + CDDP 41 T~ % 45 sh-NC + ¥ 71 % {21

3% JH 5 (P < 0.01) ; /£ CDDP 4 R, sh-RNFS8 +

CDDP 4 12 Z 3t — 0 5 T sh-NC + CDDP 41 (P <
0.01). Hoechst 33258/P1 G- tiufi il 45 J (K 4B) 52
FHAF , sh-NC + CDDP 4HFE T2 Z 85 sh-NC + 3 751 %
HEZETHE (P <0.01),sh-RNF8 + CDDP 4H I #;
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sh-NC + CDDP it — 3 F (P <0.01).

WB il 25 5 2 75 (R SA) , sh-NC + CDDP ZH %%
sh-NC + #7116 12 24 BAX . Cleaved-Caspase-3 £5 [13
it Fif,BCL-2 %15 Fif (%) P<0.01);7£ CDDP 4b B
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