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[Abstract] Objective: To explore the effect of IncRNA CASC2 on hydrogen peroxide-

induced cardiomyocyte apoptosis and oxidative stress and its possible molecular mechanism.
Methods: Cardiomyocytes H9¢2 were divided into eight groups: control group, model group,
model+pcDNA group, model+pcDNA-CASC2 group, model+anti-miR-NC group, model+
anti-miR-217 group, model +pcDNA-CASC2+miR-NC group, and model+pcDNA-CASC2+
miR-217 group. Real-time fluorescent quantitative PCR (qRT-PCR) was performed to determine
the expression levels of CASC2 and miR-217. Tetramethylazolium salt colorimetric method (MTT)
was used to assess cell viability, and flow cytometry was applied to evaluate apoptosis. Levels
of malondialdehyde (MDA), lactate dehydrogenase (LDH) and superoxide dismutase (SOD)
activity were assessed by ELISA. Dual luciferase reporter experiment was carried out to detect
the relationship between CASC2 and miR-217. Results: In cardiomyocytes treated by hydrogen
peroxide, the expression of CASC2 was decreased, the expression of miR-217 was increased, the
activity of cardiomyocytes was reduced, and the rate of apoptosis was elevated. In addition, SOD
activity was decreased, whereas MDA and LDH levels were elevated (all P<<0.05). By contrast,
overexpression of CASC2 or inhibition of miR-217 expression increased cardiomyocyte activity,
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decreased apoptosis rate, enhanced SOD activity, and reduced MDA and LDH levels (all P<<0.05).
MiR-217 reversed the effects of CASC2 on cardiomyocyte apoptosis and oxidative stress induced

by hydrogen peroxide. Conclusion: Overexpression of CASC2 inhibits cardiomyocyte apoptosis

and oxidative stress induced by hydrogen peroxide through targeting miR-217.

[ Keywords]

O LA B3 405 5 22 ot LGS 00 118 2 A R e
A, A 5 0 LA LA T S AR A % DDA
6K E 4% RNA (IncRNA ) 7 2 5 8 45
O LA 4545 B4, LncRNA 98 5 Bk A v B [ 2
(CASC2) i FT /N RNA (miRNA ) -144-3p/
AKGEIERE M 1 CAQPL) flr, Wi/ il b f A id T,
MO 2R B TR AR 2 R A NS
J¢ HK-2 40 rf, CASC2 Rl LA i 40 o 1% 4, #0
il PR o . AR TR AR B, R S
45145 1, CASC2 i i miR-133b/ XSk HERE 1 pl
(FOXP1 ) Sl 15 N /NER 2R B M () 155 . 4 e
AR BRI T BRI R CASC2
ELAT P 40 B 0 T AL N B IR A AR 43 1Y
Ve BP9 &M, mA% miR-217 ] Y42 HOc2 41 i
O ILERAR / B2 A0 ), ol R A AR 2 R
AAE TR Lo . I8 miR-217 AN E
B T 19 HOC2 AHadi £ U, T AR Y T AR
7R miR-217 5 CASC2 H 2 A . A5
PRI CASC2 fig 53 £ 45 miR-217 52 0aL L4 A
PHT RSN
1 M#R5FZE
1.1 ##

HOc2 4 I F J0 8 kil A= PRl A B 7
DMEM #5532 560 A g Ak 2= R AT IR A R 5 i
AALE . DUH S A MR ik (MTT) K754 .
PHT- RN &0 A 2 RME AR A BR A W
SERF O TR A S Y (qRT-PCR ) 1255 £
F AR R il A Py AR AT BRA 5 A A B AL g
(SOD) k5 & . N (MDA) ik & . FLEf
2 ( LDH) R G0 A e o A TR 58T
1.2 et 554

FH] DMEM K; 773685557 HOe2 4y, BOHEUE K
W40 M IT 41, AEAY (Model ) 4H: FH 300 pmol/L
i A b A Ab B HOC2 41 Jiid. Model+pcDNA 41 .
Model+pcDNA-CASC2 41 : # %5 % /& (pcDNA ).,
i %35 CASC2 # & ( pcDNA-CASC2) 4 5l Y
% H9c2 40 i3 J5 T FH 300 pmol/L 1 48 1k & 4k B,

CASC2; miR-217; Cardiomyocytes; Apoptosis; Oxidative stress

Model+anti-miR-NC 21 . Model+anti-miR-217
2H 2 F 30 ) 4 % BE (anti-miR-NC ), miR-217 11
Y (anti-miR-217 ) 435l % G 2= HOc2 4 il J5 7
300 umol/L i 4 AL &b FH . Model+pcDNA-CASC2+
miR-NC 2H . Model+pcDNA-CASC2+miR-217 2 :
¥4 pcDNA-CASC2 43 % 5 miR-NC., miR-217 3t #%
YL 35 HOc2 41t J5 5 300 pmol/L i3 & fb S AL #E,
X HEALH  IEH RS HOC2 I . 454 M A % 48 he,
1.3 gqRT-PCR# M CASC2#4»miR-217 ¢ ik K-F

2 B4 2H 410 it s RNA, 2 B8 30 5 53 ) &
4l cDNA 5 4z, LA cDNA 5 # % 2¢ )6 5 ik
F & UL PE AT PCR, AR 2638 7K H 2722 341
B, CASC2 #1 miR-217 43 5l UL GAPDH #1 U6 &
W 2, CASC2 L i 51 ¥ ¥ % i 5-TACAGGAC
AGTCAGTGGTGGTA-3', FiiF5| ¥ F %] K 5'-AC
ATCTAGCTTAGGAATGTGGC-3' ; miR-217 I
W 51 ¥ ¥ % K 5-CGCAGATACTGCATCAGG
AA-3', TUE5I 9 ¥ 5 A 5'-CTGAAGGCAATGCA
TTAGGAACT-3',
1.4 MTTAM 28 i 38 74

YRR 48 h, BEALIA 20 uL MTT #& , 9%
F4hJEmAZHETHM (DMSO) )W 10 min,
FHBGHR KN 490 nm AMKHIOEEE (OD) fH.
1.5 AR Laie AR 4a fe

4 i 55 5% 48 h, fill A 10 uL Annexin V-FITC ,
5 UL PI, EEEHEE 10 min 3 F 20 SOG40 g
1.6 Western blotix#-m|Bax. Bcl-2%& & & ik K -F

PR HUAH AL S AR, 8 1 50 L 2R AR
HEAT 10% 1 o8 il 112 B - SR TN M4 Tk Jhg ok G H
¥k (SDS-PAGE ), % PVDF i, M5 /i Bax .
Bel-2 —41 (FfE1 @ 800) 4 Cidi, IMA =
ISR 1 h, AR & 5650 5%, UL GAPDH A
N2 BT 88 1 5l IR EEAEL
1.7 XA & a leSODE . MDAS S Foi%
Fxi& P LDH/AK F

YIS IR 48 h JiT WSCHE 45 20 A M K A i s 7 1



* 310

=l prCa AR 24 2022 4F 9 55 49 #4555 5

Int J Cardiovasc Dis, September. 2022, Vol. 49, No.5

T, PR & UL BRI 40 SOD %1 . MDA
AR LDH K.
1.8 A ZBIRE =1

4 53 CASC2 1) Wf A= /1 (WT-CASC2) F1 %
AF R (MUT-CASC2 ) w6 K B, 405
miRNA X Hf (miR-NC ) Fl miR-217 & %% Yt &5 .0,
JULARA H , $2 BEEBA AR I 2E 6 RS M, DA K
IO CEBHR A FEH TR A S R, RO UL
PR BRI
1.9 it o

HH SPSS 20.0 # il A5 it2= 8, fF A IEA
A3 AR THR PR + RN, WI4LiE] b
BEORH ¢ k056, Z2 40 0] HLBCR B R 28 2250 # L 4
6] P 9 L5k FH LSD-1 K 56 P<<0.05 M2ERH 4

NES-9'8

2 R

2.1 CASC2xfit B Ak & iF F-49 S l2m fL i 45 44
EAD)

% RELHAR G, Model 4.0 ILAH L b CASC2
mRNA k7K F-H1 Bel-2 2 13815 K FFEAK, miR-
217 1 Bax 5 [H KRB IK Ty, O LA 3 1
SOD JHPEFEAE, TR . MDA &1 LDH /K77
i (P 1)<<0.05); 5 Model 20 #1 Model +pcDNA
ZH A0 I, Model+pcDNA-CASC2 4H > AL 41 M rh
CASC2 mRNA A7k V-l Bel-2 B2 1 3Rk 7K F-
Th &, miR-217 Fil Bax 8 [ 2% 35 7K V- FEAIL, O L
MG VE . SOD WG PEFHm, THT-% . MDA & & il
LDH /KR (P $#7<0.05), WK1, F 1, F 2.

AL0" X R 2 Al10* Model4H
% %
104 103 %O}%
_ 10 _ 104 R
~ E ~ 3 é?’ ,%?’
1] 1] ) Q
10 10 Qc’ Qc'
= = R X X
0 = i %"f’% b@}'/ b?} b&
10 T llllll‘ TTT IH‘ T Illlll‘ TTTIm 100 T IIIIII| T Illlll[ llllﬂll TTTII >\': @0 @O @0
10° 10" 10° 10° 10 10° 10" 10° 10° 10
Annexin V-FITC Annexin V-FITC Bax | - —-— -
A10° Model+pcDNAZ Al0* Model+pcDNA-CASC24H
104 102
3 E Bel-2 o — —
| 10°3 _ 1075
=9 C [ =
10' 10"
. _ GAPDH
100 T llllll‘ T IIII1I| IIIII|I1 TTTIm 100 - - - -
10° 10" 10° 10° 10* 10° 10" 10° 10° 10*
Annexin V-FITC Annexin V-FITC @

e ARSI ARSI 4520 O LA A T-3% ;. BZs Western bloti: KM 45200 LA i HP Bax . Bel-245 FH A5
E1 cASC23tit | W EiFS A0 A0 E T AR 0E

#£1 FEACASC2FRIEITODAAAECASC2. miR217TEBATHEEARIEWEM (n=3)

43eH CASC2 mRNAZ A K miR-217k 7K Bax# [ kK Bel- 285 AR BKF-
of B4 1.00+0.01 1.00+0.01 0.1640.01 0.8740.07
Model2H 0.1540.02" 2.9940.13" 0.69+0.05" 0.2340.02"
Model+pcDNAZH 0.15£0.02 3.0540.13 0.6940.05 0.2240.02
Model+pcDNA-CASC24 0.91£0.06"% 1.33£0.07° 0.26+0.029¢% 0.6840.06"
F 592.795 361.475 171.200 137.892
P <0.001 <0.001 <0.001 <0.001

I SXIRAME, PP<0.05; SModeldltikL, “P<0.05; S5Model+pcDNAZAAH, ©P<0.05



[ FRC LR 2 s 2022 4 9 H 5 49 5 5 1 Int J Cardiovasc Dis, September. 2022, Vol. 49,No.5 311 -
£2 CASCEEHSFSONMAMODE. ATRRELMHMZM (n=3)
e ODfH PHT-2R/% SOD/U » L' MDA/nmol * mL"' LDH/U - L"

Xt B 1.15+0.08 8.21+0.36 263.91£16.80 125.57410.87 350.38+£19.63
Model4H 0.58+0.03" 24.3241.10" 89.11+6.79" 379.74420.61" 903.00440.99"
Model+pcDNAZH 0.5940.03 2430+1.14 89.6946.78 383.13£21.99 900.64+51.03
Model+pcDNA-CASC24H 0.97£0.079% 13.3240.76%¢ 182.18£11.9199 167.67+11.51%%  473.91+£23.33%%
F 73.855 244371 164.298 193.379 189.812

P <0.001 <0.001 <0.001 <0.001 <0.001

e SXEAAELL, PP<0.05; SModeldlM, ©PP<<0.05; SModel+pcDNAZIAHIL, PP<<0.05

2.2 CASC2#zwmiR-217 WT-CASC  5' AUAUAACAAAGCCAAAA------r--- UUUAUGCAGUA 3'

CASC2 Fll miR-217 f#1F B 4N TR 75,

miR-217 3

|
AGGUUAGUCAAGGACUACGUCAU 5

DL 2, miR-217 5 WT-CASC2 %4 gL (1.0 L 41 MUT-CASC 5' AUAUAACAAAGCCAAAA---------UUUCCAAGCAC 3'
HZO R BHEFEFEAT, 1 miR-217 15 MUT-CASC2 B2 CASCLRImIR-ZITHEINES)

SEAe T 14 LR I € 6 38 i 1 G 35 Ak, L

2, #£3. %3 miR-NCZmiR-2175WT-CASC2EMUT-CASC23£
2.3 FpHmiR-2175 it BAL Sk 569 L2 BLAR BN ARSI REE L (n=3)
15 BAC R B e il WT-CASC2 MUT-CASC2
5 Model 41 Fil Model+ anti-miR-NC £ #H It miR-NC%] 1.0240.08 0.99+0.08
Model+anti-miR-217 ZH.0 L4 g b miR-217. Bax miR-2172H 0.13+0.01" 0.9540.06
A RIBIKERRAL, Bel-2 & HRIBKFETHE, O t 19.120 0.693
JILAH BTG T, 5 TR A, SOD & T /KFEF 5, P <0.001 0.527
MDA 5 #F11 LDH /KR P $4<<0.05 ). LK 3. W SmiR-NCHL, VP<0.05
#z4, £S5
B w\&&
SR
q;;{\‘/ q,'&\.\\'
&J@ & &
Model4H Model + ariti-miR-NCZH Model + ariti-miR-2174H ° SRS
10" ode \104§ odel +ariti-mi “1045 odel +ariti-mi @ V\ @
103_: 103_2 Bax " e e
102 10°4 i
3 E Bl | S St —
10'— 10'
104 10 GAPDH = e =
10° 10°
Annexin V-FITC Annexin V-FITC Annexin V-FITC - N

T AT AN ORI 4% 2L O LAT I T2 B/ Western bloti K4 410 AN 1 Bax . Bel-274 14 F2 A5 .
E3 #IHEmiR-21731 3 S SiF SA90 A4 BEA T B9S2

miR-217. Bax fEHFEAAKFETHE, Bel-2 £ikKF
REATG, JCo UL BT PERREAR , PR T Tk, (O LA M
SOD {fi P /K- fik, MDA % 4t. LDH KV T+
(P#<0.05), WKl 4. F£6. £,

2.4 miR-2177Ti# # CASC2xtid R AL AiF F49
WS L 4m RELAR G 69 R

5 Model+pcDNA-CASC2+miR-NC 2H # L,
Model+pcDNA-CASC2+miR-217 £H .0> JL 41 it



* 312 FEFR O M2 2022 4E 9 %5 49 545 5] Int J Cardiovasc Dis, September. 2022, Vol. 49,No.5
S50 g5
O IE
& FoF $oF
Model -+ pcDNA- Model -+ pcDNA- X @0?:-9 @0;9
\ Model# ,  CASC2-miR-NC#l . CASC2-miR-21741 0 C
A10' 10" 5 10" 5
103_; 103_: ]03_: Bax - — —
- 102—; - 102—; = [10°2
10'4 10'4 103 Bel-2  — — —
100_0' X, TN TR TON 10 L ML W nL 10
10° 10 10° 10 12 10° 10" 10° 10 12 107 10" 107 10° 10" GAPDH | st s s
Annexin V-FITC Annexin V-FITC Annexin V-FITC '@
T ARSI I A5 40 O AR A T3 ;. B7s Western bloti R i 45 2H.0 LA IE i Bax . Bel-245 FAFRIATE I
El4 miR-2177#EF CASC23tid &4 S5 S A0 A28 AA TR 22
F4 WMHmMiR-2173 T EU S FSHONMAMEMIR-217RATHAEARIENZME (n=3)

| miR-217 Bax Bcl-2
ModelZH 3.05+0.13 0.70£0.06 0.23+0.02
Model+anti-miR-NCZ 3.03+0.16 0.71+0.06 0.2340.02
Model+anti-miR-21741 1.1440.08M? 0.2040.01"? 0.76+0.06"?

F 221.491 104.836 191.523
P <0.001 <0.001 <0.001
. S5Modeld AL, P<<0.05; SModel+anti-miR-NCZHAHLL, “P<0.05
#5 WHEmiR-217X T EU S FSHOANMEMEODE. BATERAKEHNZEM (n=3)

i ODfH JHT %% SOD/U - L' MDA/nmol * mL" LDH/U « L"
Model4H 0.60+0.04 24334122 89.60+6.86 382.87418.40 907.27443.76
Model+anti-miR-NCZH 0.59+0.04 2436+1.36 90.86+7.23 384.10420.66 906.53+46.95
Model+anti-miR-2174f 1.1040.06"? 10.23+0.70"? 239.964 1549 136.21+11.20"? 412.52+18.98"®
F 112.544 156.139 299.239 206.491 163.688
P <0.001 <0.001 <0.001 <0.001 <0.001

e HModeld A, PP<<0.05; 5Model+anti-miR-NCZAAALL, PP<0.05
F6 miR-217A[HECASC2HEEHKFSHOMAMmIR-217FUFTHXEARIENFN (n=3)

il miR-217 Bax Bcl-2
Model4H 3.074+0.17 0.70+0.06 0.22+0.01
Model+pcDNA-CASC2+ miR-NCZH 1.34+0.09 0.26+0.02 0.69£0.05
Model+pcDNA-CASC2+miR-21741 2.84+0.13"? 0.59+0.05"? 0.32+0.02"?
F 147.378 72.600 183.900
P <0.001 <0.001 <0.001

F: SModeldl#L, PP<<0.05; SModel+pcDNA-CASC2+miR-NC4IAH L, “P<<0.05
£7 miR217AIHFECASCQ2H TN RIFSHOMMAMODE. ATERENMHMEM (n=3)

e ODfH PHT%/% SOD/U « L MDA/nmol « mL” LDH/U - L
Model4H 0.58+0.03 24.2841.20 89.77+6.92 385.824+20.61 900.81445.47
Model+pcDNA-CASC2+ miR-NCZH 0.99+0.07 13.4040.78 181.83+12.84 169.68+12.22 473.45+14.79
Model+pcDNA-CASC2+miR-21741 0.63+0.04"? 22.224+1.05"? 95.344+7.09"?  348.79+20.20"%  857.48+32.69""
F 60.851 95.406 91.171 122.439 148.436
P <0.001 <0.001 <0.001 <0.001 <0.001

H: HModeld AL, ©P<<0.05; 5Model+pcDNA-CASC2+miR-NCZHAHL, PP<0.05



[l BRI E 24 a5 2022 4F 9 H 55 49 45 5 18

Int J Cardiovasc Dis, September. 2022, Vol. 49,No.5

*313 -

3 g

W 5% 2 B o S Ak & ] 1 A 20 R B A bl 3,
AL U Rk, AR SEEG R it A Ak &AL
PO UL A ST Y, 45 T % RO LA A 1
A, JHT- T8, SOD WG PEFE(E, MDA &4,
LDH /K ¥ 7} . SOD. MDA, LDH 2 % 1k )i 1%
HSEH T, HoKFE R w s E e n g 4 1, -
IG5 R AT g7 O U A A AR

fifF 5% $} 18 CASC2 i i I 45 miR-194-5p/ [ 55
-1 (CAVL) Btz /)N BN A A A v g 4005
SRYMEAG Y, CASC2 i AT 3 i miR-9-5p/ i3
S AL S B IV 52 Ay Al e A LT
AR T, AR R A S i A i s
ABFFEH, o EAE SIS S0 LA R CASC2 =ik
FEA, 1 2635 CASC2 Ja U LANBEYS P, T 5%
WA, SOD JEM:FHE , MDA it . LDH /K[,
TR FRIK CASC2 w] il Ak S5 10 LA
PR T AR ALY

WEFE & B, 80 ) 32 08 £ O JIE TP ) miR-
217 FERKERE N, miR-217 Al BEC WUAE K F.0
Tifepne U Ml miR-217 0] AR 4% B3
L BT L LA o MDA B 5 A%, SOD 37 4 4%
Tt R E miR-217 AT 1- 3 -4- R LA e
BT (MPP") i A9 A 4 B4 e 5 SH-SYSY
AT AR R U ARBESE R, i A AL A
SHLO AN miR-217 FE3AKSF-THET , 1] miR-
217 Fe ik A i) 2k AU Ak S0 5 O LAt 0 T
AALNI . AR LB, CASC2 HU[a) 4 miR-
217, miR-217 A%k CASC2 it E AL &iA SO
JULAR A T R A RS

Zi BRrk, 53 # ik CASC2 il i3 # [7] miR-217
Pl i A A O LA I T B AR R

s % ¥ W

[1] B, o, BEHAEN, 5F. TR REAE ST T
HoL AN KL iR [D]. I ARG L AS R 2K, 2016,
32(3):308-313.

[2] XURh, e, WA, SR NIAR DGO L % SNF- « B
15538 B OC R I WFIE BRI, W m B2 % B = 4k, 2018,
38(3):275-282.

[3] R, SR, 3K K. LocRNASHTAY.C 0 HRG 2
AEYIBRICYIN]. BRI S SR, 2018, 31(9):1277-1278.

[4] Peng H, Luo Y, Ying Y. IncRNA XIST attenuates hypoxia-
induced H9¢2 cardiomyocyte injury by targeting the miR-122-
5p/FOXP2 axis[J]. Mol Cell Probes, 2020, 50:101500.

(5]

[6]

(71

(8]

(%]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Li H, Shi H, Gao M, et al. Long non-coding RNA CASC2
improved acute lung injury by regulating miR-144-3p/AQP1
axis to reduce lung epithelial cell apoptosis[J]. Cell Biosci,
2018, 8(1):15.
Wang M, Wei J, Shang F, et al. Long non-coding RNA CASC2
ameliorates sepsis-induced acute kidney injury by regulating
the miR-155 and NF- k B pathway[J]. Int J] Mol Med, 2020,
45(5):1554-1562.
Zhang XL, Zhu HQ, Zhang Y, et al. LncRNA CASC2
regulates high glucose-induced proliferation, extracellular
matrix accumulation and oxidative stress of human mesangial
cells via miR-133b/FOXP1 axis[J]. Eur Rev Med Pharmacol
Sci, 2020, 24(2):802-812.
Li Y, Fei L, Wang J, et al. Inhibition of miR-217 protects
against myocardial Ischemia-reperfusion injury through
inactivating NF- k B and MAPK pathways[J]. Cardiovasc Eng
Technol, 2020, 11(2):219-227.
Rao G, Zhang W, Song S. MicroRNA-217 inhibition relieves
cerebral ischemia/reperfusion injury by targeting SIRT1[J].
Mol Med Rep, 2019, 20(2):1221-1229.
Yao Y, Fan X, Yu B, et al. Knockdown of long noncoding RNA
Malat] aggravates hypoxia-induced cardiomyocyte injury by
targeting miR-217[J]. Adv Clin Exp Med, 2019, 28(6):719-728.
VRPN, SEASEG. TR A K AT H, O, T 200 LR ML 453 1) £
FERBFFE[I]. AR 25 44K, 2018, 13(11):1544-
1548.
5, ARk, XIEMT, %, NRF2UER B8 2175 T 000 L
HOC2 A [ S8 A NSRS RE R[], v g BEL2E PR
i, 2019, 35(8):1359-1364.
Ji L, Liu Z, Dong C, et al. LncRNA CASC2 targets CAV1
by competitively binding with microRNA-194-5p to inhibit
neonatal lung injury[J]. Exp Mol Pathol, 2021, 118:104575.
Li F, Dai B, Ni X. Long non-coding RNA cancer susceptibility
candidate 2 (CASC2) alleviates the high glucose-induced
injury of CIHP-1 cells via regulating miR-9-5p/PPAR vy axis
in diabetes nephropathy[J]. Diabetol Metab Syndr, 2020,
12:68.
Nie X, Fan J, Li H, et al. miR-217 promotes cardiac
hypertrophy and dysfunction by targeting PTEN[J]. Mol Ther
Nucleic Acids, 2018, 12:254-266.
Xia K, Zhang Y, Sun D. miR 217 and miR 543 downregulation
mitigates inflammatory response and myocardial injury in
children with viral myocarditis by regulating the SIRT1/
AMPK/NF « B signaling pathway[J]. Int J] Mol Med, 2020,
45(2):634-646.
Wang M, Sun H, Yao Y, et al. MicroRNA-217/138-5p
downregulation inhibits inflammatory response, oxidative
stress and the induction of neuronal apoptosis in MPP™"
-induced SH-SYS5Y cells[J]. Am J Transl Res, 2019,
11(10):6619-6631.

(¥ A5:2021-09-23 15191 :2022-06-13 )

(AR - WIERRT)



