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WE: BH# HHEUD RNA(miRNA/miR)-138-5p  Kelch #2 & (1 (KLHDC10) 7E 6 48/ 4 (H/R) 0 ILAH A HOC2 Hr 3 L 4
TIIISHRE N —HMPEFE R . AR 201845 H £ 20194F 12 H , #57 H/R HOC2 4 IR A 5 TF 5 55 35 (19 HOC2 4 Ty % A
ZH . F miRNA B M5t I8 (miR-con) .miR-138-5p #4814 (miR-138-5p mimics) . i F 14 %8 # 4K (peDNA-con) F1 KLHDC10 i £2 ik
A& (peDNA-KLHDC10) AS [R] &b 38 J5 75 A B H/R HOC2 4 o S H 2 S d 390 7 53 2R g S5 B (qRT-PCR) 8 1 o B
(Western blotting ) K 41 g H' miR-138-5p .KLHDC 10 . U} i3] % 14 D1 (eyelin D1) GAHE R FI -3 (cleaved-caspase-3 ) i)
TRIKF 5 2025070 B (CCK-8 ) 125 Rt 2 40 0 ARG 00 240 A P 70 AR08 1 5 L2 s 28 Tl i 1 56 81 i 400 R0 00 240 e 1) 2 )16 35 Ikt
P &R R4 TR, H/R HOC2 4 miR-138-5p (193 A 7K 7 B i B#AIK [ (0.34+0.03) 11 (1.00+0.11) J, KLHDC10 ff) 3%
ROKOF I TE AN AT R 3 R [ (62.0346.20)% L (100.04+10.05)% 1, P8 7= 3 W 35 T i [ (28.16+2.82)% 1 (7.22+
0.72)% ], [} 14 cyclin D1, 3 cleaved-caspase-3 3R H K (P<0.05) . i &k miR-138-5p A KLHDC10 n] B i 42 i3k HY
R HOC2 20 A7 , ¥ il 1=, F 3 eyclin D1, T I cleaved-caspase-3 AU 2 FH /KF . miR-138-5p B & 3111 ifil 4= Y KLHDC10
HOC2 4 g %% % Z W 1 , I 7 ) P45 HOC2 41 g v KLHDC10 2 [ 7K - 5 3 28 3% KLHDC10 7] 3% % miR-138-5p % H/R HOC2 4
LA AETS MR TR AR S . 8538 miR-138-5p AT #E H/R HOC2 4 i i 4235 L M T, ML =2 — 4 i) 7 KLHDC 10,
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Effect of miR-138-5p on proliferation and apoptosis of hypoxia/reoxygenated cardiomyocytes
by regulating KLHDC10
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Abstract: Objective To investigate the functions of microRNA (miRNA/miR)-138-5p and Kelch repeat protein (KLHDC10) in the
proliferation and apoptosis of hypoxia/reoxygenation (H/R) cardiomyocytes (H9C2) and their relationship.Methods From May 2018 to
December 2019, H/R H9C2 cell model was established and conventionally cultured H9C2 cells were used as the control group (NC
group). H/R HIC2 cells were treated with different treatment methods: miRNA negative control (miR-con), miR-138-5p mimics (miR-
138-5p mimics), over-expressed empty vector (pcDNA-con) and KLHDC10 over-expressed vector (pcDNA-KLHDC10). Real-time fluo-
rescence quantitative reverse transcriptase-polymerase chain reaction (QRT-PCR) and Western blotting were used to detect miR-138-
5p,KLHDC10, cyclin D1 and Lysed cysteine aspartic proteinase 3 (cleaved-caspase-3) expression levels; cell counting kit (CCK-8) and
flow cytometry were used to detect cell survival and apoptosis. The double luciferase reporter assay was used to detect the luciferase ac-
tivity of the cells.Results The H/R group was Compared with the NC group, the expression level of miR-138-5p was significantly re-
duced [(0.34+0.03) vs. (1.00£0.11)], the expression level of KLHDC10 was significantly increased, the cell survival rate was significant-
ly reduced [(62.03+6.20)% vs. (100.04+10.05)%], and the apoptosis rate was significantly increased [ (28.16+2.82)% vs. (7.22+0.72)%]|
in H/R H9C2 cells. Meanwhile, the protein level of cyclin D1 was down-regulated and that of cleaved-caspase-3 was up-regulated (P<
0.05). Over-expressed miR-138-5p or inhibited KLHDC10 could significantly promote the survival and inhibit the apoptosis, up-regu-
late cyclin D1, and down-regulate cleaved-caspase-3 protein levels of H/R H9C2 cells. miR-138-5p significantly inhibited the lucifer-
ase activity of HIC2 cells in wild-type KLHDC10, and negatively regulated the KLHDC10 protein level in HOC2 cells; overexpressed
KLHDC10 could reverse the regulatory role miR-138-5p in the survival and apoptosis of H/R H9C2 cells. Conclusion miR-138-5p
could promote the survival and inhibit the apoptosis of H/R H9C2 cells, and one of the mechanisms is to targetedly down-regulate KLH-
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TR A ER A ZSBE T B R A R A
—, HABYF 0 B Z R D WL PR R T
H2 O IUFSRE e e R T 5 A g — 25 40 LA A 7
FHECERBU , i O LA T T2 0 LA i Bk S
5248 (HY/R) 2o LA i P8 7 63 405 1 AR S4B
I, ASBIFSE T 2018 4F 5 H 2 2019 4F 12 A LA B4/
52O LA B R IF SR X 42, BR324/ RNA (microR-
NA, miRNA/miR) -138-5p Al Kelch & & # 1 (Kelch
repeat protein, KLHDC10) 7E 6480 & 400 L AH L v 11
TEDIRE R —FH Z M EH R
1 #BEFE
1.1 ## D ALATIE HOC2 W [ L i v B2 e 41
L 5 KR 5L DMEM W I il ZE 58 2B R A R A
Al ;pYr-MirTarget AR A VDB E A RS F
S iR & B B A Y TR PR | 5 5
Af o S A 396 A SR SR A 6% S VL (qRT-PCR) I £
W g e AR W s A i ARG & (CCK-8)
W 17 H A [ A0 5 5 BEE AR 1 V-5 B LR 2
2 (Annexin V-FITC)/BUE P IE (PT) 3G 8 745 I
TR B A P A R AR R A BR S ] 5 Multi-
scan MK3 4> FH 2 Z DI Ge B A (8 [ _E A )2
IS BR 2N 7] s EPICS-PRO-FILE I 37 2 20 A3
32 [H Coulters
1.2 Ak
121 @mpeegszd b om K HOC2 IR A
10 %M1 2F 1L 35 A1 19 WBTAY DMEM £5 325675 37 °C.
5% ZAA Akt i R R A0 M SR A TP AT R R B4R,
S KRR 1 5 3857 H/R HOC2 40 i AL Aic
S H/R 4. 1E 8 5537 1) HOC2 4l f b i A X BE 4 .
FH 3~5 % DNA 55 ik it 1) B 0T AARE DL 25 20 41 il
B YL 2 H/R 4 408 : H/R+miRNA BH % X} B8 (miR-
con) 2 (% Y% miR-con) . H/R+miR-138-5p 4 [ #% Yx
miR-138-5p %481 %) (miR-138-5p mimics) | . H/R+/)N
T4 RNA BH A X} B8 (si-con) 2H (%% 4 si-con) . H/R+
KLHDC10 /M T4 RNA (si-KLHDC10) 41 (%% 4 si-KL-
HDC10) . H/R+miR-138-5p+id #& ik 25 4 {K (pcDNA-
con) 21 (4% YL miR-138-5p mimics Fl pcDNA-con) .
H/R+miR-138-5p+KLHDC10 11 3 ik #; 1& (pcDNA-
KLHDC10) £ ($£44 %% miR-138-5p mimics Fll pcDNA-
KLHDC10) , 5% Y« 4 h )5 , #h 70 8 B SR Ak e 5 2 &
48 h, qRT-PCR#fINFL Y N 5 it AT hnic, T Ie 2L
M SEIR I o 5 A IR B JU g AR 2R, ) o 46 o
Kol DNA | BUAR#% Je S5 S5 AT FORT G e, 208

Myocardial reperfusion injury; MiR-138-5p; KLHDC10; H/R H9C2; Cell survival; Apoptosis

BN YR MR, AT TR 205 .

1.2.2 qRT-PCR %% Fi& RNA #2055 & R 0
o LRSI ) 0 R RN I 39 7 sl R) & e vk 1
W H 4 B H 4N DNA (eDNA) %72 % . FH qRT-
PCR {71 £ K I ¢cDNA H' miR-138-5p Al KLHDC10
) mRNA % i& /K F . miR-138-5p IE [f] 5] 4
ACACTCCAGCTGGGAGCTGGTGTTG , JZ [ 514 GT-
GCAGGGTCCGAGGT; U6 IE [1] 5] ¥ CTCGCTTCG-
GCAGCACA, JZ 7] 5] ¥ AACGCTTCACGAATTTGC-
GT; H il & -3- 9% IR Bt &0 i (GAPDH) 1E 7] 5| 9
ACACCCACTCCTCCACCTTT, & [ 51 %
TTACTCCTTGGAGGCCATGT., KLHDC10 5% |
T A w6

1.2.3 & G ¥ i 3% (Western blotting) B 77 22K
NP 240 P 248 AL 1 B B BBO (1 mL/10 em®) 72
o1 AR BCR R . A F AR RIS By E
A7 2 boE R B - SR TR A TR A B K FRL Uk (SDS-
PAGE) , Il A % 5 i Marker, HLUKZE )5, U1 F
H A EE AT B b 1 2 1 e RS 7% 22 3R A
TG (PVDR) B L o P 2.5% A AE W 1 i
AT E AL EE 1 b, I A —PUE I (1:500~1 500
s e ) PR I B i % (4 °C) L 7EIR A 41 (1:1 000
i g ) 37 CIE T 2 he  FH R SR 3R] 60 % Rt i
TRt 458 UL B-NIshE 1 (B-actin) W NS,
PR TR OCHE B 4R A A 1 D1 (eyelin D1) (TR ALME
KA I3 (cleaved-caspase-3) 5F H B & 1 K E 5
WS KB I B E RS 8 R IR KO

1.2.4 CCK-8 523 I 75 AN 0 40 A 10 /L&
T 96 FLAH, FEIIA 10 pL i) CCK-8 ¥ , 7E 37 °C..
5% ALY RE IR A6 N 4 b, 25 S 7E bR
b K AR B A R B (AL,) o ANIEATIE R (%) N
(1—A o/ A s ) X100 %o .,

125 AKX R %% # H Annexin V-FITC/PI
LS R T G D ) A I A AR R T T A
{14) 441 it 9 ¥4 ) s TR 2% b R V5 R (PBS) VB 4 3 0
FHZE G 2% il 27 A, R J5 A Annexin V-FITC
FIPLAS 5 WL, Y B2 7 25 o 147 3t =X 20 e SRl
ST TS . P9 TF K Annexin V-FITC BHPE4H
i HER 5 PTRHPEANIE R 2 Al

1.2.6 MK K FEBRELAREN EZE TR
starbase T %] () miR-138-5p 15 KLHDC10 2 [i] ££7E
() 4545 o7 15, 3 miR-138-5p v & 19 KLHDC10 3
e % X (3"UTR) F B, B I 5 B %8 24K pYr-Mir-
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Target, F4 98 E R B4R 15 FL R 2Rk . K HOC2 41 g
BRBILEEL 50 %UWEMM . K miR-con . miR-
138-5p 5 B /4 A1 (WT) KLHDC10, %8 7% 4 (MUT)
KLHDC 1043 5 354 e 25 HOC2 411, #%1c A~ miR-con
ZH WT 40 8 . miR-con 4 MUT 41 g . miR-138-5p £
WTZHM .miR-138-5p 4L MUT 4l . 5 Y25 ok, 1
I 20 RO A, WSO 200 L A1 i R 40 R A
FU 1 A A K O 3R WA I, D A ¢
FBEE M WO PN B 9 0 R BRI, D
PEICTR BN o &5 R LA K B2 G 2R Tl 05 1 Ay
WS, 1 B9 E T TE TE 5 3K OO R B 1%
PEIEF R FEA B A R B3 P

1.3 SFir=ZEHE A PEMS32 BTS20,
GraphPad Prism 6.0 #E47HH OCEE 09 1 Fr 23, 11
OB x + s ROR, P 2B LU R R 1t 7 AR AR ¢
oL, 22 20 (A1 B L AR FH B8 3R 5 2 43 B Fl SNK-
q K%, L P<0.05 % 2 A geit 2 m Lo

2 R

2.1 H/R H9C2 4 fg FA miR-138-5p 1 KLHDC10
B RIEKFE HRATX A, miR-138-5p 1Y
mRNA ik K 8 3 FEAIK, KLHDC10 ) mRNA Fl2E
FFRIB7KF- 2 2 T (34 P<0.05) , L3R 1.

F1  H4E/E A (H/R)HIC2 40 miR-138-5p Fl Kelch
T A (KLHDC10) & 5728k x + s

wE KLHDC10 KLHDC10
2051 N miR-138-5p

WHL mRNA H
oyt 3 1.00+0.11 1.02+0.10 0.33+0.03
H/R 3 0.34+0.03 2.86+0.28 0.86+0.09
i 10.03 10.72 9.68
P 0.001 <0.001 0.001

2.2 B FIEmiR-138-5p 3f H/R 43 ) HIC2 757 iF
ROBATRBEXEARENEM H/RATXHEA,
miR-138-5p mRNA ik 7K i FFEAIL, eyclin D1 4K
F1 42 IR 7K 5 35 FAIG , cleaved-caspase-3 25 1 ek 7K
- 5 2 T 20 A R SRR AR, M TR

= Jt & ; H/R+miR-138-5p 41 F H/R+miR-con 41 ,
miR-138-5p mRNA cyclin D1 85 [ 40 J 7716 54
H Tt 5, cleaved-caspase-3 85 1 AL IR TR 2 g 3%
FEAR (45 P<0.05) . LI 1. %2,

TE 1—B LBl 2 M (B-actin) ; 2— 1% L B K 26 11 -3 (cleaved-
caspase-3) ; 3—4 i JE W H FH D1 (cyclin D1) 54— B84 ; 5—H/R 4
6—H/R+miR-con 41 ; 7—H/R+miR-138-5p 41 .

1 2 AR ENE AN i 2838 miR-138-5p X Bléal/ 2 L (H/R) AL FR )
HOC2 4l cyclin D1 ,cleaved-caspase-3 & [ 3¢5 1) 521

2.3 {K %X KLHDC10 3 H/R 4 12§ H9C2 77 i&
ROBATRKREXEAFRENFM H/R+si-KLHDC
20T H/R+si-con ZH , 20 ML 775 3 b 25 T+ =i [ (83.45+
8.35)% It (61.86£6.15)% | (1=6.25, P<0.001) , Zi Jffd
FAT R B EFRACL (11.72+1.16) % . (28.01+2.81)% |
(1=16.07, P<0.001) ; KLHDC10 1 cleaved-caspase-3
IR 0 REAIC, eyelin D1 & RN B E T, W
Kl2.%3.

5 6
4 - —
3 -
2 - —
1 - —

T 1—B LB 2 1 (B-actin) ; 2— 1% L bk K 4 11 -3 (cleaved-
caspase-3) ; 3— 21 il J& 1 25 A D1 (cyclin D1) ; 4—Kelch F & H
(KLHDC10) ; 5—H/R+si-con 21 ; 6—H/R+si-KLHDC10 4 .

2 A ELE AL 3 A KLHDC 10 X B4/ 40 (H/R ) Ab B
Y HOC2 #H fiti /' KLHDC10 . cyclin D1, cleaved-caspase-3 & 1321k Y

Al

F2 [FFRIE miR-138-5p XA/ S (H/R) AL B HOC2 A A7 1% % JH T2 .miR-138-5p .cyclin D1 . cleaved-caspase-3 £& []
RKIBMFEMW /% + s

20 51 BEUE AEFER% LI T%/% miR-138-5p cyclin D1 cleaved-caspase-3
it I 3 100.04+10.05 7.22+0.72 1.00+0.10 0.7220.07 0.40+0.04
H/R 3 62.03+6.20" 28.162.82" 0.32+0.03" 0.32+0.03" 0.96+0.10"
H/R+miR-con 3 60.08+6.04 27.12+2.70 0.3520.04 0.3020.03 0.94+0.09
H/R+miR-138-5p 3 89.43+9.01% 12.42+2.74% 0.88+0.09% 0.65+0.07% 0.50+0.05%
il 18.55 57.01 72.56 49.41 45.98

PAH 0.001 <0.001 <0.001 <0.001 <0.001

1 eyelin D1 4 JE 15 H D1, cleaved-caspase-3 G AL K2R F -3

D5 X IR T, P<0.05. 25 H/R+miR-con 41 FLEE, P<0.05 .,
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&3 RFKIE KLHDC10 X8R4/ A (H/R) A B HOC2
4 KLHDC10 ,cyclin D1 . cleaved-caspase-3 85 [ 5 1)

PALVEN

Eicl cleaved-
21 541 " KLHDCIO  cyclin D1

WAL caspase-3
H/R+si-con 3 0.84+0.08  0.32£0.03  0.95+0.10
H/R+si-KLHDC10 3 0.42+£0.04  0.62+0.06  0.52+0.05
i 8.13 7.75 6.66
P{E 0.001 0.001 0.003

7 KLHDC10 A Kelch & 5 4 , eyclin D1 408 JE % A DI,
cleaved-caspase-3 AT LR B -3 .

2.4 miR-138-5p # 5] KLHDC10, i 3= KLHDC10
RIFRIE LAY B L L DR T A star-
base Tl miR-138-5p Al KLHDC10 fit 45 & X 2 , UL
3. miR-138-5p 21 T miR-con 41, WT KLHDC10 ¥
HOC2 41 ifg ¢ it 25 i 0% 1 4 35 B I [ (0.31+0.03) Lt
(1.00+0.11) ] (¢=10.48, P<0.001) ,MUT KLHDC10 ]
HOC2 41 it 9 )t 2 B 76 1 AR fb AN K [ (1.06+0.12) b
(1.09+0.13) ] (1=0.29, P=0.784) . miR-138-5p ] i}
17 18] P 45 KLHDC10 2K 11 2 35 /K F- , miR-138-5p 41
KLHDC10 2% 5 (0.32+0.03) i F miR-con £ (0.84=+
0.09) (P<0.05) , HiL miR-138-5p (anti-miR-138-5p) £
KLHDC10 235 £ (1.14+0.11) & T B P XF 18 (anti-
miR-con) 21 (0.87+0.10) (P<0.05) (F=45.31, P<
0.001).

2.5 i %% KLHDC10 7 ¥ # miR-138-5p X H/R
SHEMHICQ2EFR ATRHEXEARIENS
Mg H/R+miR-138-5p+pcDNA-KLHDC10 41 F H/R+
miR-138-5p+pcDNA-con 41 , 4il il £7 1if 6 & 3 B AIK
[ (65.13+6.51)% . (89.43£9.01)% ] (1=3.79, P=
0.019) , 20 il I} 1= % 18 3% b 5 [ (34.20£3.42)% [t
(12.49+5.28)% ] (1=5.98, P=0.004) ; KLHDC10 #II

cleaved-caspase-3 75 [ ¢ ik /K 5 2 1, eycelin D1
HAFRIKACE WAEREAL, W4,
3 iTig

miRNA J&E—FHIEGR IS5/ RNA 207, Fil 5 A
FE PP I, AL O WL B P A
EATEAT T 53387 % B miRNA 760 UL A3 Hh i 4
FHM AR . miR-138-5p J i 1 76 0 ULk 1fi, 7 78
TR R K BRI — S B B9 U) HE miRNA™ . miRNA
FEAE ) i A A, O IR SRE s BEOR ST . a2
Aok AR NEE R A b 4 s a2 000
miRNA, 3 H H ih# i 60% (1) 2 115 2 15 3% 1 %2
miRNA A" miRNA 7EZ R v & 15 f 8
s AR AR . PEHRE , miR-138 (9 2K 2 O
JUE L 5t i /8 0 5 1) DG B R 3R Tang 55 FE
WFFE 48, miR-138 7 M e 1l P {3 200 Jif A 78 v
R e ot VB Y A USSR rh 8 LA R AR D R AR
Ab miR-138 ] 3 o3 ¥ ] Ji5 £ 11 2 0 doke o #0132
YRR A E R AR E o R, Mao 55 HEF 5T
H & B, miR-138-5p A] 1 K 4% A 4 A% RNAKLE3
S SCRNAT B B AR TR AR |, 38 2k 1 757 0 RS B
WHEF 1256505500 LZE R 41 iR R T
P X UEH, miR-138 78 i i P 7 i 453 405 A0 L
PO BT EE N DIRE . X BB 5 T S
BMGARR LA R T MY & AR EE R
7R, miR-138-5p 7E H/R HOC2 4 i i) 22 35 7K S
SR AR, ook 26 3k miR-138-5p H A i #F H/R
HOC2 40 i3 4 , Pl PR T AR YEH . Bbah, £
S T RS ' 2R il 4 A 5 PRSI 0 ik 5 E
T miR-138-5p 1] {15 KLHDC10, 3X 7] i 5 miR-138-
5p BIVE FIMLEIA ¢ . miR-138-5p 7E B 1fi 7 3E 1 0
JULAGE 3 v 0 0 A )RR AL AR TR AR ZOBs R0 il 4
PRI TR YT SR HEHT A 1) o

|KLHDC1 0-3'UTR-WT 5'...UUUCGGUAUACCUAUAACCAGCA... 3'|

[T

[miR-138-5p 3' ... GCCGGACUAAGUGUUGUGGUCGA...5'|

[KLHDC10-3'UTR-MUT 5'... UUUCGGUAUACCUAUACUGUCUA... 3'|

B3 AR A starbase T Kelch 8 & 8 (1 (KLHDC10) 5 miR-138-5p A4 & X 3,

R4 FFEIBEKLHDC10 AT L miR-138-5p X ik 40/ & S (H/R) AL B ) HOC2 41 i Hh KLHDC10 .cyclin D1 .
cleaved-caspase-3 £ FHFEER + s

20 31 GiV=R/€14 KLHDC10 eyclin D1 cleaved-caspase-3
H/R+miR-138-5p+pcDNA-con 3 0.55+0.06 0.66+0.07 0.50+0.05
H/R+miR-138-5p+pcDNA-KLHDC10 3 0.80+0.08 0.40+0.04 0.86+0.09
e 4.33 5.59 6.06

PE 0.012 0.005 0.004

¥ :KLHDC10 M Kelch R & 11, cyclin D1 A E & D, cleaved-caspase-3 R AR A -3 .
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SN F A R B R R G mEAER, R
1) 9 14 441 i R 7 T A A o Al — ) 4t
FLWMSIE TR O WL FRAESE ™ Kelch K%
HAERAE S B T ER &2, KL-
HDC10 /2 Kelch 2 0 1 — 01, K5 A TE R
i i AR P VR AR B S S 2 1R KLHDC 10
e 0 WU TP 9 F B2 5 miR-138-5p =Z [H] /4 3¢ &
WA 48 . Yamaguchi % iE , KLHDC10 76 4> &
P R IE N 2% A A (ystemic inflammatory response
syndrome, SIRS) /s B B Hfv 3% 3K 5 5 T &, #il ik
KLHDC10 % SIRS /)™ RS 1 2 30 4 AR 9 28 M PR+
R, #1278 KLHDC10 J2& Y5 56 41 fifg 265 8 7 4 e 3]
50, w] {2 B TNFoo o5 5 B9 SIRS A9 & i o X B W
KLHDC10 ZEAIUAR A9 58 1 S g v o 9 SC s fs . T
J& IR KLHDC 10 78 Sl 48/42 00 LA Y
BTN T B RS VE o SAE O LR I P
VETE I R S A A O UL I P A T
T A6 05 2 B H ARRE AN S AN 5 A A0 L
YRR T RER AT o 45 AW I (1) S50 45 R 5 Rk
SEAAIFT A . KLHDC10 78 H/R HOC2 41 it iy # ik
K 5w TF R, B B KLHDC10 BA {2 #F H/R
HOC2 20 34 , I A T-AEH o BRibZ b, i ik
KLHDC10 3% % T miR-138-5p 7E H/R H9C2 4l fifd rf
B34 T AN TR R

25 LTk, miR-138-5p g 2 it 420 52 4800 L4 i
B FE AR T, FEHLH] 5 M KLHDC10 AH2¢ ,
O WU 1R 7 35 BS L il . AR AR Z
Aib Sy S 25 ST ARAE B PR R RN PR A R T B IE
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