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Abstract: [ Objective] To investigate the role and the potential target of miR—92b—3p in angiotensin II (Ang- II ) —induced
mouse cardiac hypertrophy. [Methods] Ang— II - induced cardiac hypertrophy models were established in adult C57BL/6 mice.
AgomiR-92b-3p, the cholesterol-modified miR-92b—-3p mimic, was delivered to increase the level of miR—92b=3p in mouse myocar-
dium via tail vein injection. In the present study, three groups of mice were used in the animal experiment as follows, the agomiR—
negative control (agomiR—NC ) +saline group, the agomiR—-NC+Ang— I group and the agomiR—92b—3p+Ang— I group. A cell model
of cardiac hypertrophy was also established in Ang— Il —induced neonatal mouse cardiomyocytes in this study Luciferase activity was
assayed after transfection using a luciferase reporter assay system. The expression of Myocyte—specific enhancer factor 2D ( MEF2D)
and hypertrophy—related genes atrial natriuretic peptide (ANP) , cardiac muscle a—actin (ACTA1) and B—myosin heavy chain
(MHC) at mRNA and protein levels in Ang— Il —induced hypertrophic myocardium and cardiomyocytes were detected by qRT-PCR
and Western blot, respectively. [Results] The expression of ANP, ACTA1, B—MHC were markedly increased in Ang— Il —induced

hypertrophic myocardium and cardiomyocytes. Dual luciferase reporter assay revealed that MEF2D is a potential target gene of miR-
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92b-3p. And miR-92b-3p can reduce the expression of MEF2D at the post—transcriptional level. Functionally , miR-92b-3p mimic,
consistent with MEF2D siRNA , inhibited cell size increase and protein expression of ANP, ACTA1 and B—MHC in Ang—Il-treated

mouse cardiomyocytes. [ Conclusions] MEF2D is a novel target of miR-92b-3p, a target gene of miR=92b-3, which mediates the ef-

fect of miR-92b=3p on attenuating cardiomyocyte hypertrophy.
Key words: cardiac hypertrophy ; miR-92b-3p; MEF2D
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fectamine 2000, Trizol , 1% 4% S i 7 &5 . 4xSDS load-
ing buffer (Invitrogen, Carlsbad, CA) ; 2 X SYBR
Green Mix, RNAase free water (TaKaRa, Japan) ;
miR—92b-3p mimic. MEF2D siRNA ( J7 M| 8i f# ) ;
BCA % 11 7€ &t i 77 & (Thermo Scientific, USA) ;
SDS-PAGE %t 152 i, 55 &7 (Thermo Scientific, USA) ;
$HT GAPDH. ACTA1, anti-Rabbit, anti—mouse FT A&
(Protein Technology, UK) ; $it ANP #T{& (Bioworld,
USA) ; JLB-MHC BTk (Sigma, USA) ; & [ Marker
(invitrogen, USA) ;PVDF JI& (Millipore, USA); ECL
& G (Millipore, USA) ; DMEM/F12 41 g 1% 77 &
(Gibeo, USA) s 5 2L Y Jift 2F 1fiL 75 (Gibeo, USA)
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A Agomir—negative control+saline 4 , Agomir—nega-
tive control + Ang— I 41 , miR-92b-3p Agomir +
Ang- 11 20 (BEH 8 H) o SRR bk i 4 1y 75 =X
420 nmol Ay Agomir—negative control Al miR-92b—
3p Agomir 7E 2 J&] PN 4% 4 /1 [a] ] B, 4300 i A/
LA
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Table 1 Primers used in qRT-PCR assay

Gene Sequence (5= 3") Product size /bp
MEF2D F, CCTCCTTACCAGCCTTCAGT; R, CAGGGATGAGGTTGCTGAGA 198
GAPDH F, CAAGAAGGTGGTGAAGCAGG; R, CCACCCTGTTGCTGTAGCC 200
miR=92b=3p RT, GTCGTATCCAGTGCGTGTCGTGGAGT ; CGGCAATTGCACTGGATACGACGGAGGCCG 66

F, GTCCGCTATTGCACTCGTCCCGGCCTCC; R, GTGCGTGTCGTGGAGTC
U6 RT, GTCGTATCCAGTGCGTGTCGTGGAGT ; CGGCAATTGCACTGGATACGAC 160

F, GTCCGCGTGCTCGCTTCGGCAGC; R, GTGCGTGTCGTGGAGTC

3 d [ SPF 44l CS7BL/6 FL B0 i (20 7L B/,
AL AR 12 LA ) , L) 2.5 of L IS AR 11 B Tl i
B AR o3 5 4 B o L B0 L 4R B (neonatal mouse
cardiomyocytes, NMC ) 5 Jl{ £F 4 40 Jo ] 7 B 3okt i
ANTRI A Ao, WO 1 3 R b UL o e
Pl FEETT 1 % WAL B A 19 12 FLAR A F
A 100 /L i 4 L3 2 100 U/mL 75 55 Z 1 100 mg/
mL 5585 2 1Y DMEM/F-12 8555 5, & T 37 C A
I1EU5% COBEFRA T R 3. Wi 24 hm , 4 —
WOt a3 R HE B RE R 7 48 ho I 10 nmol/L
145 55K ZE - 11 (angiotensin— 11 , Ang— 11 )ALFINMC
i 4 B AR KA AY . 4351 100 n mol/L negative
control , miR—92b—3p mimic Fl MEF2D siRNA &b 2
NMC,24 h /5458525,

1.2.3 FITC-REZIMK(FITC-phallodin)f & KFNMC
Fh7E confocal MLH, FoE B K a7 LR 58
PBS 7 Y, JiTA 500 WL 1) 40 of/L 1) £ 58 1 is
VIR 2, TP 2 mg/mL A H &R W R 2 B
FHS , BE IR & 2 9K, K S mine #f 10 we/mL (%)
FITC A5 1Y S 28 2R K Y 8} 37 “CIFE & 40 min, H]
PBS %k 2 YK, F 1l Hoechst33342 J I3 & , i ¢
37 CIEH 40 min, F4 confocal MLEH0T %5 —A
30 L By e S K B R R i 2k Bk R b e AR A
O BB T W 2K F-actin B 4 (05 SR 40 46
J3 o

124 %8 &% PCR 4 M MEF2D #= miR-92b-3p
#9 & & F Trizol 3 57 $2 B0 ILAR 48 FT NMC &L
RNA. HU1.0 wg &L RNA, fITA 5 A8 33 % 553857 4
wL (386 5% S 050 &), H oligo (dT) 15 FI random
primers 335 4% 5% tH cDNA FH 46 1 2 % 2 ) mRNA
Ko B 1.0 wg B RNA, Fl miR-92b-3p 4 53 1Y
RT 5| #3005 55 ) cDNA JH T4 71 miR-92b-3p 7K

S, 43 5 F GAPDH i1 U6 1 4 46 10 2 % JE X
miR-92b-3p LIRS IR, TE vii A7 Quanti-
tative PCR System (Applied Biosystems, Carlsbad,
CA) AT PCR O FZE SR 43 Hr o DL 272 ikt 5
MEF2D il miR—92b-3p [ #H X ik K- o AT
JHPCRGIWIFHINER 1,

125 Eafpitdkmn&a ks IWEON
FRASFI AL BES B9 NMC, A RIPA 2 24, vK
R Z#, F 4 9C 10 000 xg B0 10 min, B3 ik
B, IF A A 4x EREZE W, 95 Tk
10 min fifi 85 FAE VRIS, BT -80 CIRAF# . HH
FES AT R N T B IS FL K, 28 L i 28 SR —
SN (PVDF) B I, JH 5% i 5 W3k i 2 h,
HRAEEE 70— F 0 i R/ BT, 43 B AR R ) 1

Pranti—-ANP (1:1 000) .anti-B-MHC (1:1 000) .an-
ti—ACTA1(1:1 000) . anti-MEF2D (1:1 000) , anti—
GAPDH(1:5000) 4 CHF &I . TBST RS , &
FXIR BT HL(1:5000) 4 CHFF 2 h, ECL & ¢k
& 5, N Tmage] SXPEUEFT UG 50 HT

1.2.6 &KX FBEIR % K A 5% 15 55 4E miR-92b—
3p 5 MEF2D 3 UTR 9 £ &40 S BEN1E ]
WS, 43 MM EAL S miR-92b-3p I AE LS & 7
S MEF2D 3°UTR = 41 i ki pGL3-MEF2D-770-
777 Ko A 45 A Y 5 58 AR 1) T 4L R pGL3-
MEF2D-770-777-MUT., HEK293 4l its ( £ Jitd % J&
20 1 x 1004 /4L, 12 FLARO) % 4% 200 ng 52 Tk,
50 nmol/L. miR-92b—3p mimic A X 10 ng pRL-TK
(FRIKMGF RGNS RETRL) . Y5 24
h, 5 5 kB2 2R i (flrefly luciferase, FL) M
9 G K i (renilla luciferase , RL) SR EE , P ffrad
R FE O H (FL/RL) 28 46 7T 2 Bt miR-92b-3p 5
MEF2D 3°UTR &5 & 1IRE ST -
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FHLE , Ang= 11 #ETE 5 L /D RO LA it 35 i AR
4K (1=6.557, P=0.0028; K] 1A) . Western blot 2£
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B 1 B), A & M miR-92b-3p 76/ BUE S
O LT 7K T B 2 B AIK (1=4.355, P=0.0024; 4]
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Ang— T HEF5 S 04 /0N B LA e 2 i ARG K ([
2A) . Western blot 35 5 25 W W7, 38007 FRO AL
H miR-92b-3p /K, BE B & 0 i Ang— T1 98 13/
B L AT SR AR DG 2 11 A R A3 m (K1 2B ) .
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A': WGA staining showed that the cell size of cardiomyocyte was significantly increased in the myocardium of the mouse Ang-II infusion mod-

el. B: Western—blotting results revealed that the hypertrophy—associated proteins, including ANP, ACTAI and B~MHC, were markedly increased in

the myocardium of the mouse Ang—II infusion model. C: qRT-PCR assay revealed that miR-92b-3p was significantly decreased in the myocardium
of the mouse Ang—II infusion model. Data are shown as mean+SEM, 1)P< 0.05, 2)P<0.01,3)P<0.001 vs healthy control. n=8.
1 miR-92b-3p 7/ RIEE O AL T iE R E
Fig.1 Down-regulation of microRNA—92b—3p (miR-92b—3p) in the hypertrophic myocardium
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A: The WGA staining revealed that the increase of cell size of cardiomyocyte in mouse myocardium in response to Ang— Il infusion, which

could be reversed by enforced expression of miR—92b-3p. B: Western—blotting results showed that the increased expression of ANP, ACTAI and B—

MHC in mouse myocardium in response to Ang-II infusion, which also could be reversed by over—expression of miR-92b-3p. ANS: agomiR—NC+sa-

line, ANA : agomiR—-NC+ Ang— Il , A9A : agomiR—92b—3p+Ang— 1. Data are shown as mean+SEM, 1) P<0.05,2) P<0.01,3) P<0.001. n=6-8.
E2 /RO ALH miR-92b-3p B 7K F BEHD I Ang— I FEE 5 S 690 LB R 2 R
Fig.2 Phenotype of cardiac hypertrophy of a mouse Ang— Il infusion model with enforced expression of miR—92b-3pt

B 5 38 K (1=5.928, P=0.0041) , i3 % X miR-92b-
3p AJ S A Ang— 11175 5 19 2L 5O L4 At 3% 1
BN (1=4.317, P=0.0125) (& 3A) . Western blot
LI R B R, 5 HAMEL, Ang— 1T 4L B
NMC H Il J5EAH 2¢ 45 11 ANPACTA1 FIB-MHC &
B, Mt 255 miR-92b—3p 1l B & 41 il
Ang- 11 1% 5 B9 NMC 1 ANP  ACTA1 FIB-MHC 3%
ISHEIN(EI3B) .
2.4 MEF2D 2 miR-92b-3p £ F$B & FE R I8IE
H T Mirdb 042 & (www.mirdb.org) DA Jz Tar-
getScan— Vert (www.targetscan.org) £ J? 51| ﬁ’ *ﬁ £
7%, MEF2D 3’ UTR [ 700-777 58 3 7] g & miR—
92b-3p W TEMI LS G 0 i (B 4A) o UG FR TR
5L R S e 25 R s, 25 4 miR-92b-3p mimic
55 41 JfkE pGL3-MEF2D-770-777 J& , FL/RL {i
BB A ge it 2% 22 5, 4 5 Y miR-92b-3p
mimic 5 & 4 fi B pGL3-MEF2D-770-777-MUT
J& , FL/RL A B2 & A Ge it 5 22 7 (1=3.182, P=
0.0335; K1 4A) . qRT-PCR Al Western blot £ il &5
SR, B0l O WL M miR-92b-3p AY7KF-
J& , MEF2D ) mRNA Fl 8 1 K- 2 BEAR (1=3.233,
P=0.0319;1=4.249,P=0.0132; K1 4B) ,

2.5 miR-92b—3p 5 MEF2D X 1» AJL 48 Bt BE X i
Al

9 MIIBE I 3% 15F miR-92b—3p 5 MEF2D X .0
JUL 4 AEL AL K A 52 1, 4334 100 nmol/L miR—92b—
3p mimic Al MEF2D siRNA #4 J¢ A Ang- Il i 519
NMC, FITC- Y% 2 ¥ ik 44 (4 Fll Western blot 25 5 i
7N, 38 miR-92b-3p 58 /> MEF2D (1) 7K - — 2
PEID ] Ang—11375 5 19 2L B0 JUL A i 2 T AL K
HE AR SE 8 1 & MEF2D 1 F 283k (K5) .

3 i %

AR L, miR-92b—3p 7F Ang— II #E 1115 S0
ZIN BB P20 UL FP A8 22 T8 7KF dd 25 ARG i FRAT T
I AAIE S miR-92b-3p 78 0> AILAE JE 2 3 0 L %
IRARR B PR (AR SRR ) . A RHGE 18
P 32 v B R A1 JE I miR-92b-3p 1 3235
KF-BET T AT B & B, U634 i b
miR—92b—3p 7K1 i 14 i AT 58 AN 2 ok U8 70 ILAE
JEE R O Lo FRATT3E i R K T S miR—-92b-
3p agomiR ¥ 5 2, LA /b BRLC UL H B miR-
92b-3p 7K, HAE 5 miR-92b—3p Xf Ang- 11 5 3
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A : FITC-phalloidin staining showed that the increase of cell size in Ang— Il —induced NMC was significantly suppressed by over—expression of
miR-92b-3p. B: Western—blotting demonstrated that the up—regulations of ANP, ACTAI and B—MHC protein in Ang— Il —induced NMC were also
reversed by over—expression of miR-92b—3p. Data are shown as mean+SEM, 1)P<0.05, 2)P<0.01. n=3.

B3 gm0 AL B 5 miR-92b-3p BB H Ang- 11 % S 890 AILAE K 380 R
Fig.3 The suppressive effect of miR—92b-3p on expressions of ANP, ACTA1 and 3—MHC in Ang- Il -induced mouse

cardiomyocytes

miR-92b-3p 3'..CCUUUGAGAUGUACAGUGCAAUA ..5'

I | 047
770-777 of MEF2D 3'UTR  5'.. CCUCCGGCCCUGCUCACGUUAU ... 3'
770-777 of MEF2D 3' UTR-mut  5'...CCUCCGGCCCUGCUCUGCAUAU ... 3' - E 034 =5
é =
E0q L Z 021 D
a 2
157 2 1) 5
= = 0.1
= =
1.0 D - £
é E 0.5 4 0 :
L5
E 051 = ku
0 ' ' 0 T

pGI3—promoter pGI3-MEF2D-  pGI3-MEF2D- NC miR-92b-3p mimic NC  miR-92b-3p

B
770-771 770-777-MUT

A': The dual luciferase assay demonstrated that miR—92b-3p significantly reduced the luciferase activities through binding the site of 770-777
of MEF2D 3'-=UTR. Data are shown as mean + SEM, 1)P<0.05 vs pGl3—promoter vector control, n=3. B: qRT-PCR and Western—blotting showed
that the mRNA and protein expression of MEF2D were significantly decreased in miR—92b—3p—modified NMC. Data are shown as mean+SEM, 1)P<
0.05, 2)P<0.01. n=3,

54  miR-92b-3p 7E¥E /57K T ] MEF2D By R 1%
Fig4 MicroRNA-92b—3p (miR-92b-3p) negatively modulates MEF2D expression

PN ITIN; (WY : 155 =1 P £ 5 A s 2 ai B )| B2 A N = W 755 19 /I B UL 8 AR R 3 K B SR AH DG 2R
WA L H miR—-92b—3p 7K F X Ang— I 75 5 19 /)N Bl ANP  ACTA1 MIB-MHC &35 . F L, TATH AL
O LR AL K A 52 m . FRATTAS 45 2 & 3, miR- i IE 55 miR-92b-3p REGE 41 .0 WL , HA L
92bh—3p — 5P b AE A4 PN R A S i 2 i Ang— 1T IRV iaKAEIAE



826 R AR (B 222 ) 5538 4%

canNe 3 miR-92b-3p+Ang— I
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ANP ACTA1 B-MHC MEF2D

NC+ miR-92b-3p si-MEF2D
ku NC Ang— 1 +Ang- 1 +Ang— 1

17

—— . . w— | ANP

40’42————
.

223 | — D N - - | B-MHC
56 |.— - —‘ -l MEF2D
36|- j—] --|GAPDH

ACTAL1

Western blot results showed that the up—regulated expressions of

ANP, ACTA1, B=MHC and MEF2D by Ang—II in NMC could be re-
versed by miR=92b-3p mimic and MEF2D siRNA, respectively. Da-
ta are shown as mean + SEM, 1)P<0.05,2)P<0.01. n=3.
B 5 iz B0 AL AR 5 miR-92b-3p 7K T B HI
Ang-IIESHOALE R R EY
Fig.5 MicroRNA-92b-3p (miR-92b-3p) inhibits
hypertrophic phenotype of NMC

AL 41} 3 5% + 2 (myocyte enhancer factor 2,
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