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miR-10a-5p reverses cisplatin resistance in bladder cancer T24 cells via
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Abstract Objective To investigate the effect of miR-10a-5p downregulation on cisplatin (DDP) resistance in bladder cancer T24 cells
and elucidate the underlying molecular mechanism. Methods Quantitative real-time PCR quantified the expression of miR-10a-5p in
the cisplatin-resistant bladder cancer cell line T24/DDP and its parental cell line T24. T24/DDP cells were divided into control , inhibitor
NC,miR-10a-5p inhibitor, miR-10a-5p inhibitor+si-NC, and miR-10a-5p inhibitor+si-Apafl groups. Different concentrations of DDP were
administered for 24 h. Cell proliferative activity was detected using the MTT assay, and the drug resistance index was calculated. Apop-
tosis was analyzed using flow cytometry. The protein expression levels of Apafl,cleaved caspase-9,cleaved caspase-3,and cytochrome
C (Cyt C) were analyzed using Western blotting. A dual-luciferase reporter gene assay confirmed the target binding relationship between
miR-10a-5p and Apafl. Results The expression of miR-10a-5p was significantly higher in drug-resistant T24/DDP cells than in parental
T24 cells (P < 0.05). Compared with the inhibitor NC group, the miR-10a-5p inhibitor group exhibited increased T24/DDP cells sensitivity
to DDP, decreased drug resistance index, and elevated apoptosis levels. The protein expression levels of Apafl,cleaved caspase-9, cleaved
caspase-3,and cytoplasmic Cyt C proteins were upregulated in the miR-10a-5p inhibitor group compared with the inhibitor NC group (all
P < 0.05). The DDP sensitivity of T24/DDP cells was reduced in the miR-10a-5p inhibitor+si-Apafl group compared to the miR-10a-5p
inhibitor+si-NC group , accompanied by an increase in the drug resistance index and a decrease in apoptosis (all P < 0.05). The double-lu-
ciferase reporter gene assay results confirmed that Apafl was a downstream target gene regulated by miR-10a-5p. Conclusion miR-
10a-5p knockdown targeting the upregulation of Apafl reversed DDP resistance in T24/DDP cells.
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Jii% e %52 (bladder cancer, BC) 2 %% & & UL (1% Wb
VR 2GR R I R IR T B — 2R AT
254, %A (cisplatin, DDP) 1] L) [ KBCE| & AY 5L
T AU, FAb 7 25 90 0 300 4 PR A 1 4 7= A i 24
P, SERFIBITBORAE S IMRNA (microRNA,
miRNA) J&—2& iy N U5 8 DX 2 5 1 JE S A FRAE RN A
O K22 AT R, 58 35K 5 I
MEVEHERRA 5. miR-10aEmiR- 10551 2 — £
FEmiR-10a-3pHimiR-10a-5p 24~ B B4 H 7, miR-
10a-5pi BEORSF, )12 2 5BCM kK A K . YANG
2 DU % B0, miR-10a-SprE BCH # i 41 41 h i 3
K, I 55 I PR R AE A RS R T 2 WA
. KOHLER%: ™ B 5% 35 W, 5ZmiR-10a-5pif ¥ (1
DNAJT 81 i Y 5646 AT 1 A BCAY 2 W38 14 4 b s
¥). VEERLAZEHISE iR , miR-10a-5p7E R % | %
TR LR Rk, kK5 IR K b 2 s BT
TIAH 560 SR 1T, miR-10a-5pe: 75 2 5 Vi #BCAL YT ifit
24 HH S B o 08 T 8 1 EEONS BRLF1 (apoptotic
protease-activating factor 1, Apafl) 1E & 41 Jg 8 1= )
B W R RAR A T R R, 2 S
VR4 e R 0 B O T T 251 L YUANZE T BF g R
W, 70 BRApaf 1 A AT [ AIRBCAH S X DDPAL I 1 5
JEME S SR IT, miR-10a-5p 2 75 T 3 48 $1 [7] A paf 18 45
NI I DDPIN 2547 1 i — 25 WF 5% o AR ST AR
miR-10a-5p (I 5 5 20 DD P 24504 1Y 52 ) A
B, B 75 AT I R DDPT 2548 HE A 4% i T8 e
LUy

1 #REFEE

1.1 FZRRHS R

N T IO s 240 ML RRT24 00 15 v (] M8 3% 55 ) R
FR 5 B D388 M B i 245 240 B AR T24/DDP F AR I
AR HEIFRE ™ s MeCoy s SAREFRIE Opti-MEM
FrFREE R4 S A AR R F 38 [ Gibeos H 5
IE 14 1% (methylthiazolyldiphenyl-tetrazolium bromide,
MTT) K il i 751 &0 5 98 EIMCEZ F] ; lipofectamine
6000™%% YL i 51, Annexin V-FITC/PIZH itd i 746
TR L A A A 1 A T A il R
B R N & R R BECLA AN R & FMIBCA &
FE SR & BRI = RAEYE ARG RAF;
MirX miRNA RT-qPCT TBH1GreenTB Green® Premix

Ex Taq™ &7 & [ H A< TaKaRaZ\ 7 ; miR-10a-
Sp#il i 47 \miR-10a-5p# 48 ¥ A Apaf1 -1 4 51 ki K
LR o By ey DUIE A= R () A5 PR 42
5 Apaf IHTIK  Cyt CHIA  cleaved caspase-9PTIA
cleaved caspase-3P1 /& I H J= [Eabcam’A 7] ; GAPDH
Fi A&  Lamin B1HT 4 FIHPRAEG 7 10 14 111 °F Hi HeleG
(H+L) —Hill A i = A Y R A PR AT
1.2 FEUR

COYEFE4 (FU5-CCL-170B-8) W [ HTINPEESCOL
], 28 W (RS NIB610-FL) W [ 7 3 ACGHHG
2By A RS | B AR (5 HH3400) 14 [ 5
PerkinElmer/\ ) , 5% B %2 fr PCRAY (7Y 5-CFX96) I
B SR A A B 2= i (1) A BRA AL e BB &R
4t (A5 Tanon-5200) 14 5 F il KEEFHEA TR AW .
1.3 ik
1.3.1 A8 3% R H % 10%06 4 1L 7 FIMcCoy s
SASEL IR I JRT24/DDP M EART2440 L, &2 935
W M E T37 °C 5% COB5F-A 1 3% . 5 40 o
A B K 51909% A, 1 FH0.25% I Bl 3 AL T80 AL 20 it
IFHEAD 2 SRR T TR 22505 .
132 AUHERE YL TN o 20 - F2 HES x 10°/FL 0 25 B Xt
Az K AT24/DDPAN i 42 b 6L Ak Hh 35 R i 1
fifi FHLipo6000™%% %t i 51| FOpti-MEMK; 57 3 2 B
Ut B B R AT A Y S0 40 f 53> % B inhibitor
NCZH .miR-10a-5p inhibitorf .miR-10a-5p inhibitor+
si-NCZH FImiR-10a-5p inhibitor+si-Apaf14H . %% 412
hJ5 SR (0 58 G TR AL AR FR48 hE W A4
ML TR 2554
1.3.3  SEAf R S PCREGIM A miR-10a-5pF1Apaf 1
mRNAZGR K- AL AN ITIE , iInA T mL TRI-
zoliE I R 4 M P RN A B 4 FH 2066
JE RNAZE IR SR FH 308 5 55 1050) S0k RN A
i S WcDNA, 43 3] 2% FAMirX miRNA RT-qPCT TB
Greenizt 7] £ FITB Green® Premix Ex Taq™ I 3255
& XmiRNAMImRNA AT 5 5 & EPCRY”™ 1Y . & H]
2788 I L U6 FIGA PDH R P 23445 4H 40 i rp
miR-10a-5pfllApafl mRNAXFF 5 519551
T :miR-10a-5p, 1E [],5 -CGCTACCCTGTAGATCCG
AA-3’ 51,5 -GTGCAGGGTCCGAGGT-3" . Apafl,
1E1],5” - AGGAAAAAGTAAGAAATGAGCCCAC-3 5
F21i],5° -TGTCCTTACACTGGAAGAAGAGA-3" . U6,
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1E[,5”-GCTTCGGCAGCACATATACTAAAAT-3" 5
J 16,5 -CGCTTCACGAATTTGCGTGTCAT-3"
GAPDH, 1E[],5 -GAATGGGCAGCCGTTAGGAA-3” ;
J2I],5”-CCCAATACGACCAAATCAGAGA-3" %
REAAFR95 CHAEYES min,95 CAEME 55,60 °C B
k30 sF1 72 °C HEM30 s, ST T40MIEIR

1.3.4  MTTIEAG IS 20 A0 M 78 164 Fi2 B4 x 107741
(R85 B, W5 T e I 19 4% £E1 T24/DD P4 i 12 b 29651
Hir, [E] B E AL (OGS R FREL), TR A
1B I A [R] #e EE (0,0.25.,0.50,1.00,2.50.,5.00
10.00.,20.00.,40.00 mg/L) HJDDPALE B 4 20 24 fif124 h
Jo, WO BE SRR, 11 B £L N A20 pL MTT (5 ¢/L) %
W, ARSLREFR4 b, FERE IR, L AIA100 wL DMSO,
B TR 88 1 LA300 t/minfZ %10 min, % JH EE R
K490 nmAb SR (absorbance , A) {H , H33E F 5125
FCTHOA A AR 7 V5 o 20 O PRSP (%) = (Ageppq—
Az g A g = Aggasg,) X 100, H3 4 40 i 184 5 <35
AN (half maximal inhibitory concentration,
ICy) i} 2545 8=1C5, (T24/DDPAH Y VICs, (T244H 1),
WG E= 1Cs, (T24/DDPHIE )1Cs, (T24/DDPZH i+
miR-10a-5p inhibitor), T244H Jifl f1)1Cs, A (1.30 +0.14)
mg/Lm o

1.3.5  Annexin V-FITC/PTXL 4t 2% 4 9 28 20 i A A4S
45 2 AN U8 T2 Fi2 BES x 1O°/FL IR % B, 85 e e
J& 19 & 2HT24/DDPA il 42 22641 Al H , fin A A [+
WP (0.1 mg/L) DDPAL #4541 41 124 h, 43 5 Wi 5
1 x 1041 g, T A200 pl. PBSEE &, F5-43 % i A5
pL Annexin V-FITCIFRUFI 10 pLAL P BE (propidium
iodide, P1) Y4, /0 1R 2], T4 CHROGKA/F FIE
15 min, 381 Y A ARG I 25 2 A AR T

1.3.6 R G R B A 5L R S5 K EmiR-10a-5p 5
Apaf 1B 5C F + 43 0K 5 A miR-10a-5p 28 5 0 5L
() Apaf1%F 4= # (Apafl-wt) FIZEAERY (Apafl-mut) F
Bedi A G ER WS B pmirGLOYY 15 8] Apaf1-
wtFlApaf1-mut/5$7 . R Flipofectamine6000™#4% YL,
FIFOpt-MEMEEF= 52 FRULHT A5 A T L 5% 448 h
Ji s R PG AR AN 53 5311 A 000 45 25 240 A 2 oK o 7't
Bl G (B AN B O R OO AR, LA
HER MR NN S TR A SR BHE 1
1.3.7  Western blotting I AH SCHE F1 335 W AE A4 2
SRS A AU, 553 40 B I A RIP A i 5 12 A e

R T T Apaf1 . cleaved caspase-9Ficleaved
caspase-34 17KV, 77— #3732 K SR A 1T
K Cyt C2E R IA 7K >k FIBCA R A 3070 &
RN AE R B2 B30 pgfE 1 B IR S BE I  He
TR BEAL B K55 5% B G A 05 Hp B h,
A Apaf 174 (1 = 1.000),Cyt CHLHR (1 1.000),
cleaved caspase-9PiI& (1 : 1000).cleaved caspase-3
Pk (1 : 1000).GAPDHHLIA (1 1 000) FlLamin
B1(1 : 1000) Biik,4 CHEHE SR, in AHPRAEG bR
IR 2RI (HAL) 3T (1 & 5000), = i 57
A1 h, IMAECLB MG , K FHImage AT 73 4
A R, IR B 198 B AR R IAIKF,

HAGAPDHN B H NS, Lamin BUNEHEHN
=

=Zo

14 Gttt

K HISPSS 26,048 THRAA-HEA T G015 B, 585 LA
X + 53878 o 22 A [A) FL R T B IR 22 7 2293 A, 24 1]
FLASR G . P<0.05 M RH Gt FE L.

2 #R

2.1 MHZGRET24/DDPAI L HmiR-10a-5p# ik /K

SEAE EPCREG R BIR , 524401 (1.02 + 0.03)
A, T24/DDPAH il HmiR-10a-5p# ik /K - (16.73 +
1.49) JH (P <0.05) .
2.2 FiAmiR-10a-5pFik X T24/DDPfi 254 (1) 5§

SR E HPCREE A W, 5% HRA (1.01 £0.04)
Flinhibitor NC41 (1.02 + 0.02) #H [t , miR-10a-5p inhi-
bitorZH T24/DDP4H il FmiR-10a-5p& ik 7K - (0.12 +
0.02) FEA% (P < 0.05), $2 7°miR-10a-5p inhibitorf% 54
o MTTZE SR 7R (K1), Fifi % DDPAL 3 v & Tt 5
miR-10a-5p inhibitorZH T24/DDPZ il 1 58 1% 4 %5 %} 1
ZH Mlinhibitor NCZHFEAE (P < 0.05) ; 5 X%} FRAHIC
(11.14 mg/L + 0.56 mg/L). Mif 2545 %% (8.57) Flinhibitor
NCZHIC,fE (11.20 mg/L + 0.26 me/L). i 24545 %% (8.62)
Fe# , miR-10a-5p inhibitorZ1C,{H (4.12 mg/L + 0.19
me/L) M 2454650 (3.17) BEAIK , i A58 2,70,
2.3 Fi#miR-10a-5pF ik X DDP%E & F T24/DDP4H
LA T 5 )

T ARSE R (K12) 7, 0 me/L DDP-Tiih,
miR-10a-5p inhibitorZ1T24/DDP4H i i T~ % (17.48% =+
1.01%) %inhibitor NC41 (5.31% + 0.68%) Ft & (P <
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0.05) ;1 mg/L, DDPTiiiHs , miR-10a-5p inhibitorZH T24/
DDPZH g I 7= 3% (34.08% + 2.82%) #%inhibitor NCZH
(6.03% + 0.32% ) J+i (P < 0.05) ;150 mg/L DDP
THLEL, 1 mg/L DDPT1-1ii 7 inhibitor NCZHT24/DDP
YA T TC AR (P> 0.05)

—+— Control
1.0
—s—Inhibitor NC
0.8 ——miR-10a-5p inhibitor

A490 nm

DDP/mg- L™

*P < 0.05 vs. control group;#P < 0.05 vs. inhibitor NC group.
E1 TiEmiR-10a-5p3 %X T24/DDP 4R Kt 58 & 1 iy 24
Fig.1 Effects of downregulation of miR-10a-5p expression on
the proliferation activity of T24/DDP cells

2.4 FEmiR-10a-5pF Ik X T24/DDPAH i H £ A7 14
P TR AR DGR I R IR AT 15

&
‘;)Q
Cleaved caspase-9 - 10 000
Cleaved caspase-3 - 17 000
e |- 1500
Lamin B1 - 66 000
GAPDH _ 36000

Western blottingéﬁ% (®13) 7~ , Hinhibitor NCZH
FE#2 , miR-10a-5p inhibitorZ] T24/DDPAH il Fp Apaf1 |
cleaved caspase-9 ,cleaved caspase-3 & Jif i1 H1Cyt CHE
FIRIAKFE TR (P < 0.05) o
2.5  miR-10a-5p5 Apaf I {7 7E ¥ [0 4547 15

Inhibitor NC miR-10a-5p inhibitor
07000 07 T 022
a 0.39% 10° 13.16% .11%
a
A= = 10
ED = &0
=) 10° {0 02-4
10'91.94:20% 1.86% 1019 {79-40% 2.33%
10 10 100 10° 10° 107 100 100 10° 10%
FITC-H FITC-H
S
10T 0o 022 10" 7021 022
10° 40.56% 4.229% 100 16:97% 32.26%
(=W
a 5
2= 10 = 10°
% =0 = 16
g .
= 0" Q2% CoQ2-4 10° 10Q2-3 Q2-4
1019] 93:27% 1.95% 1 |37.91% 2.85%
| 107 100 100 10° 1077 10 10 100 10° 10%
ITC-H FITC-H

Annexin-FITC

E2 TiAmiR-10a-5pFkiAXtDDPF 5 T T24/DDP 4 ALE T K%M
Fig.2 Effect of downregulation of miR-10a-5p expression on ap-
optosis of T24/DDP cells exposed to DDP

[ Inhibitor NC
B iR-10a-5p inhibitor

Relative protein expression level

B

A, electropherogram of protein expression in T24/DDP cells; B, histogram of protein expression in T24/DDP cells. *P < 0.05 vs. inhibitor NC group. Lamin

B1 was used as a nuclear protein reference.

E3 TimiR-10a-5p& &%t T24/DDP4RAEH Apafi, Cyt C. cleaved caspase-9#ficleaved caspase-3%& H Fi%k 7k F 49 840
Fig.3 Effects of downregulation of miR-10a-5p expression on the expression levels of Apafi, Cyt C, cleaved caspase-9, and cleaved

caspase-3 proteins in T24/DDP cells



£ 452 -

HREERRESR H54E
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T 45 3R B 7R , miR-10a-5p 5 Apaf 1 2 [RIF7 46 H AN
S5 LR (EIAA) o WU 3 BT A B 8] S 0 4
(K14B) .71, Apafl-wi+miR-10a-5p mimicsZH 3 5% ¢
Je T2440 B v 7 Y 28 il 7% 1 AR 4K T Apaf 1 -wi+mimics
NCAL % TR (P < 0.05) ;Apafl-mut+miR-10a-5p
mimicsZ IEFE L 5 T24 40 i H 7 6 2R BG4 -5 A paf 1 -

5 uaugcaggcugugccuCAGGGUa 3’

[T

3> guguuuaagccuagauGUCCCAu 5°

Apafl

miR-10a-5p

A

mut+mimics NCAAALY, 22 R TCGE 1245 L (P> 0.05)
[F] Fsf, S B 22 FEPCRZS 2R 7R , miR-10a-5p inhibitor
T24/DDPAH ifl 1 Apafl mRNAZE ik 7K F- (7.28 +0.69)
inhibitor NCZH (0.99 + 0.03) A FLHH 2. T (P < 0.05) 5
Western blottingZ5 5 2 75 ,miR-10a-5p inhibitorZf T24/
DDPAH L H Apaf1 £ 4 #35 7K F- Sinhibitor NCALAH L
WETHE (P<0.05,F3A)

15 [ Mimics NC
= Bl iR-10a-5p mimics
E
=
<
¢ 1.0
7
g
&
£
¢ 05
SR
= %

j

<

o=t
0.0

Apafl-wt Apafl-mut B

A, binding site of miR-10a-5p to Apafl ; B, relative luciferase activity in T24/DDP cells. *P < 0.05 vs. mimics NC group.
E4 miR-10a-5p5Apaf1 KI¥B1E X &
Fig.4 miR-10a-5p relationship with Apaf1 targeting

2.6 Apaf1FE PRI ER AT HilmiR-10a-5p I I8 X T24/DDP
M M DDPIf 24 Y 5 VR H

Western blotting4% 5% (€|5A \5B) & 7~ , miR-10a-
5p inhibitorZH T24/DDPAH il Apaf1 £ F K 35KV 5
inhibitor NCZHAH L6 . 3 JH 5 (P < 0.05), TiimiR-10a-
5p inhibitor+si-Apaf1Z41T24/DDP4H s H Apaf17E 11 3%
% 7K - 5 miR-10a-5p inhibitorZH FlmiR-10a-5p inhibi-
tor+si-NCZHAH [ i 2 FEAIK (P < 0.05) . MTTEE R (8
5C) 7w, i DDPAL RV B 715 , miR-10a-5p inhibi-
tor+si-Apaf1 21 T24/DDPAH g 34 5 1% 14 4¢miR-10a-5p
inhibitor HlmiR-10a-5p inhibitor+si-NCZH J} 5 (P <
0.05) .jinhibitor NCZHICs,{E (11.10 mg/L + 0.42 mg/L)
AHH , miR-10a-5p inhibitorZ T24/DDPAHAEIC s, fE
(4.24 mg/L + 0.16 mg/L) [# % ; SmiR-10a-5p inhibitor
21 (4.24 mg/L £ 0.16 mg/L) FlmiR-10a-5p inhibitor+si-
NCZHICs,fH (4.16 mg/L = 0.21 mg/L) #H [t , miR-10a-5p
inhibitor-+si-Apaf 120 T24/DDPZHMIIC.,fF (8.10 mg/L +
0.45 mg/L) 1.
2.7 Apaf1FE F TR #ilmiR-10a-5p T 3 XTDDPZ
#& FT24/DDPAI R T 1175 SVE

20 9 T A 25 2R (J&6) /R, 0 mg/L DDP

i I}, miR-10a-5p inhibitorfH T24/DDPH il Ji - %
(16.39% + 1.12%) inhibitor NC4 (5.71% + 0.61%)
AH EE A 2 T (P < 0.05), TiimiR-10a-5p inhibitor+si-
Apafl ZHT24/DDPAHHLIA T2 (8.95% + 0.23%) HjmiR-
10a-5p inhibitor+si-NCZH (15.21% = 0.95%) #f 1t . 3
B4 (P < 0.05) . 1.0 mg/L DDPT i i, miR-10a-5p
inhibitorZH T24/DDPAH ML 175 (32.79% + 2.57%) 5
inhibitor NCZH (6.30% + 0.44%) #f Lt . & T+ & (P <
0.05) ;miR-10a-5p inhibitor +si-Apaf1£{T24/DDP4H it
JHT-% (18.95% = 0.83%) 5 miR-10a-5p inhibitor+si-
NCZ (30.71% + 1.89% ) #H ELBH i FEAIK (P < 0.05)

3 itig

miRNA 5 Z i JHogE i A & J G R % 1), 7E 1A
¥ BCANMEIEHY T LA L DDPTiR 257 J7 1 & 457 5%
BEVEH

LINZ: 5 5% 4% 38 , miRNA-3257EBCAH il £ Al
BCA LU IR IR , LR H A nT M HI BCAN A 5 -
FEAR 40 i X DDPAY IR 250 L SR 1T, miR-10a-5p-5 5% /bt
JADDPi 24 J2 75 4 5 H Fi v AS Wi AT 50 45 0
7, miR-10a-5p7E A % Bt DD P 24 41 i £ T24/DDP
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Hh 3R T R FmiR-10a-5p3 32k AT 1)1 i T24/DDP
2 RS GRS 1 L AR FEDDPI T (0 4R L JH T, TR T

©

z

g

S & 2

s ¢

:oé &\& &\&\ %

S RO RS :

PN AS =

S ATy g

& Ny ¥ 2

© & aw
RS

9]
=
]
=}
jus]

36 000

miR-10a-5p ] #4581 T24/DD P4 il % DDP s , (5
BRI 1 A B

Inhibitor NC

—=— miR-10a-5p inhibitor

0.8 —— miR-10a-5p inhibitor+si-NC
—— miR-10a-5p inhibitor+si-Apaf1l

"0 10 20 30 40
DDP/mg-1"

A, electrophoresis of protein expression in T24/DDP cells; B, histogram of protein expression in T24/DDP cells; C, cell proliferation activity of T24/DDP
cells. *P < 0.05 vs. inhibitor NC group; #P < 0.05 vs. miR-10a-5p inhibitor group ; &P < 0.05 vs. miR-10a-5p inhibitor+si-NC group.

E5 Apaft EEFIBAFN T EmiR-10a-5p3ki& X4 T24/DDP LM AiE 78 i 14 F11C #9751
Fig.5 Effect of Apaf1 gene silencing and downregulation of miR-10a-5p expression on the proliferation activity and ICs, in T24/DDP
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Fig.6 Effect of Apaf1 gene silencing and downregulation of miR-10a-5p expression on apoptosis of T24/DDP cells
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