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Role of miR-1 in regulating cardiomyocyte growth
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[ Abstract]  Objective  To construct and identify miR-1 adenovirus vector, and to analyze its effect on cardiac
hypertrophy. Methods The primers of miR-1 precursor were designed for PCR amplification, and the PCR products were
cloned into adenovirus shuttle plasmid pAdTrack and linearized by enzyme Pme | ; the resultant plasmid was co-transfected into
E. coli BJ5183 cells with adenovirus backbone plasmid pAdEasy-1 for homologous recombination. Then the recombinant
plasmid was identified, linearized and packaged into QBI-293A cells to amplify the recombinant adenovirus Ad-miR-1, which
was then used to infect cardiomyocytes. Real-time quantitative PCR was used to observe the expression of miR-1 and two
hypertrophic markers, the atrial natriuretic peptide ( Nppa) and B-myosin heavy chain (myh7), in cultured primary
cardiomyocytes. Cell surface area was analyzed using software AxioVision 4. 7.1 (Carl Zeiss). Results Sequencing and enzyme
digestion showed that the miR-1 recombinant plasmid was successfully constructed. Real-time quantitative PCR confirmed that
adenovirus Ad-miR-1 significantly enhanced intracellular miR-1 expression in cardiomyocytes and reduced cell surface area and
the expression of Nppa and myh7. Conclusion The adenovirus expressing miR-1 has been successfully constructed and it can be
transfected into cardiomyocytes to increase the expression of miR-1, thus inhibiting cardiomyocyte growth.
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] ; Real-time PCR mix 4 H Toyobo 2 ] ; TRIzol
) B Invitrogen 2% Al; pMDIST # Kk R & I H
TaKaRa A HE]; =@ W . 5B, S B0 A E 254
A W) 5 5-V-2- B SR T F Sigma 23 w5 [ 86 1 i
W B Amresco 23 #l ; AR DMEM T8 H Gibeo
N FREN N YT Pme | \Pac ] W H NEB A #],

1.2 miR-1 S RAMBER A HE AR
FW, miR-1 RE 05 I i 5 L 40 A 1 51, % miR-1
A AES 50 IUAN I A4 R AR L SCBRY S G R T
KA )5 .48 Pac 1 BU), B 30 kb A1 4.5 kb 4
ZW R EA RN A S BB 30 kb KA, W
miR-1 F R T 76 19 56 R 20 )5 51 22 PCR & 38 , 4R )5 e
e % 7 W 2% K pAdTrack., ¥ H 2 1E 1k )5 # 1k
BJ5183 J&AZ AT, AR 1S B4 Bk, 5 20 o ks 48 il
VIR AL IR 75 Y 293 A 4N, 76 293 A 40 i rh 17 0%
BEALRE RS — MU . #% 10 MOL TR, 2K
WYY 203 A 20, AR AT R I BE 0N TR R . & WAL
(CsCD % B b6 & g0 8k, A4k 5 099 35 I L 10
B B B I BB e 293 T 4, %6 06 B s T 34k
S A8 0 1 A R B L e R T

1.3 SLRA - SMmpessibid WAL 2dm SD
FL AL, JOHE A4 F BUO IE , D-hanks WVE% , £ %0 B
Jo SRR O WL L TR 2 O AL S IR A L DL 3 X 10° ~
5X10°/ml #M T 12 LA =M. & 10%FBS
) DMEM 85 72 W 15 7% 48 h J& , P LA G Il ¥ 5% 9% W
B35 24 h B B 1% 2L 50 MOT % 52 55 e .0 LN A
G WA T T B 0 5 G A i i 4 E LU E
MRUCR, R B RS R KR )
YIie P22 5y 23 il 5 A DG AR I
1.4 Sa&ETE PCR AWM HHT LN
20 M A RNA L 2o 39050 25 0 9 4 S 151 4 (5'-GGC
TGC CGA CCG TGT CGT GGA GTC GGC AAT
TGG TCG GCA GCC ATA CAT AC-3")  # 3#
miR-1, oligo-dT & # & mRNA, >k F] NanoDrop
Spectrophotometer M & D fH : Dago/Dage N 1. 8 ~
2.0, FI BN B B UK A B0 42 B RNA M i, AR
SN 3-wh R HIh B (GAPDHD N2 8, B (1)
FEH R miR-1. ANP (Nppa) . -MHC (myh7) . 2k
SYBR Green ( Toyobo) # 17 qRT-PCR, 5| ¥ ¥ 41,
GAPDH F. 5-AAC GAC CCC TTC ATT GAC
CTC-3',R: 5'-CCT TGA CTG TGC CGT TGA
ACT-3';miR-1 F: 5'-CAC TCC AGC TGC TGG
AAT GTA AAG AAG TAT G-3',R: 5'-TCT GAC

GAC CGT CTC GTG GAG TCG GCA ATT-3';
Nppa F: 5-CGG AAG CTG TTG CAG CCT A-3',
R: 5-GCC CTG AGC GAG CAG ACC GA-3';
myh7 F: 5'-GAG CCT CCA GAG TTT GCT GAA
GGA-3',R: 5-“TTG GCA CGG ACT GCG TCA
TC-3", RN ZH. 94°C 2 20 s,60°CIE k 20 s,
T2°CHEMR 20 s, 3 A 40 DEER, H YR
GAPDH /% 2 35,

1.5 BB mikaBRor A 4%LZER
FH 8 [ 2 15 min, 0. 1% Triton X-100 7] &% b4k #
Ja 5 %R A E F IR 2R 1 h, SHUNLsh & H T
PRIL0EE 1 7, PBS PE¥% 3 IR, N A %54 Alexa Fluor
555 (O FHRED W 0, YRk 5 58 40 38 5] 410 35 3%
A . AT R AxioVision 4. 7. 1 #4347,

1.6 A M4z B ¥ & A m miRNAs ¢ ¥2 X B
miRNAsF 2@ iF/EF RNA S IR E & 1k
(RISO) B — A4 BLHE 43, U0 mRNA 19 3" % E G
X, 512 7% mRNA R fif 58 B 61, DT 4
T IZE RS KL AEY U6,

T R AR O WL AN AR K A AL AT R
TargetScan , Bibiserve, Pictar 2% miRNAs#1 % [ 15 ] (%]
Sl RV A %o KRR miR-1 A 7% 7 400 35 I 3 A7 9930
B, ST FICECRR B & L4 A A RN, ZREE R
FE HO T S AE P i) v B LR ST 1 BE DR AT IS SR IR
1.7 Stz SCRA M BABIE U r+s &
7N ] SPSS 11, 0 B b 31, AT PR AHE A ¢ K
55 K 57K (o) R 0. 05,

2 5 B

2.1 miR-1 T RXRBERAMHE GFRWME 1
friam: L1.L2.1L4.L6 155 30 kb f1 4. 5 kb 4~ F
B EAM ;M L3 A L5 KW 30 kb &4, MR H
TR, 293A HMILL 1.5 X 10°/ml Y% B 4% Fh T
60 mm A 40 ARG 35 L, 5 40 M 4 15 95 LAY 70 %4 22
F . RN TR Lipofectamine™ 2000 45 £k L 1)
B pAd-miR-1 F PN, 7~9 d J5 H BLANAE W AR
ZN (CPE) 1 40 it 35 2 40 il 5 5 19 80 %0 LA 1, I i
PUA R A RERRE, AR, B R 3 AR,
WCHRUR UG 9 R TR, 5 45 O Ad-miR-1, K 293A 41
B F R B2 00 W AN Ml A, A7 B 5 il
WG g | 0 e Ko Rl I R L CsCLA B B0
Al AL KR TR R 10 % Tk R RS B AR RS L e e
2937T 4iifiL, 2 d J5 W B4k (5 G 40 i 19 /& 43 1L i
MR R FE 2 310",
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Fig 1 Construction of miR-1 recombinant

adenovirus plasmids
L1, L2, L4, and L6 groups showed two fragments of 30 kb and 4.5
kb, suggesting that the recombinant plasmid was successfully con-
structed; 1.3 and L5 groups had no fragment of 30 kb, suggesting

there was no recombinant plasmid

2.2 miR-1 ¥ & A B R A R AT I 2 8 0Y 3 g
AFE M AR miR-1 54 R T % 50 MOIT %
JE R L B SR 0 LA 48 b, 996 O R i sk
5 G AN LY BT o B0 B B Y AR, SR IA 2
JT7R . EE 2 B 7 B R 0 A0 UL 40 LA R Y

B e s e, A K 2 B0 LA T DL SR 98 O 3
i 2R IR AE 514, L GAPDH S 2 8 R
SYBR Green %Y T miR-1 & %5 3 6.0 UL 40 g vp
miR-1 ik
FURTHE T . miR-1 AY 1 38 15 IR

K 7K (P<<0. 05)

AT qRT-PCR K&l , 7€ miR-1 Z&PE$" 14
FERE R =0 L4 e
$1 miR-1 B3Rk
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Fig 2 GFP expression in cardiomyocytes
infected with recombinant adenovirus

Original magnification; X100

2.3 miR-1 st me k@B Bh MHEK
miR-1 FHMREE 1% 50 MOI 7 B % Yu i*%%ﬁﬁ o AL
i f 48 h, Z R W B E &, vt K L F 5 H

AxioVision 4. 7. Hfﬂﬁlﬁéﬂﬁéﬂiﬂﬁi%ﬁi E’Jﬁrﬂco 2
HWANE 3 s . F £ IE miR-1 J5 O LA i 1% 2 i
W (P<<0.05),

®

3 I RIE miR-1 330 AL B 5% T AR B9 2 0
Fig 3 [Effects of miR-1 overexpression
on surface area of cardiomyocytes
Surface area change of cardiomyocytes infected with recombinant ade-

novirus miR-1(B) or adenovirus vector(A) for 48 h. Scale: 10 pm

2.4 miR-1 s SMEREHREHGHw  HWHEK
miR-1 2 i % #5 50 MOT 3 B 55 e 55 3% 19 .0 1L
40 48 h, TRIzol #£ B RNA, oligo-dT Jz #% 5%
mRNA,GAPDH » N Z M, kM SYBR Green X}
Nppa fil myh7 17 qRT-PCR ¥ , 25 F Wi 4 fis .
P F IR miR-1 GBI WU D0 LA L ANP & pMHC
Y 2 PR Gk i (P<<0. 05)
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Fig 4 Effects of miR-1 overexpression
on hypertrophic cardiomyocyte marker

* P<<0. 05 vs Ad-vector; n=6, r=*s
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(twinfilin-1) ,RasGAP (Ras GTPase-activating pro-
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3 4t it
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I SR I 7KOF- P8 48 i DR 38 3k 1B 4 T AT o N3
R KL 30 % By FER £ L, IREHwBH LR,
miRNASTE 4 M1 A4 K b X T 5 R v R ¥
FEEAMEH AR miRNAs R & B KA Fp L B 72 1 &
T T, B R T RE K I AT BE 2 5 B0 R B 1
AN AR MR A JE miIRNASH) — 4> B Z
fE L0 BE K 3D Bk b i miRNAs % 35 3% © 2 40 #r s
AT L0 R s B R 2 B9 R miR-1, let-7, miR-
133.miR-126-3p, miR-30c J& miR-26a, ifi zh ik i %
ik £ 1 J& miR-145, miR-125b, let-7, miR-125a,
miR-23 & miR-143, HALAFF 2 miR-1 7 L4
ZLOUD AL, BB D 45 5 1 AT . miRNAsTE A [H]
H AU A ) 22 35 32 78 miRN As7E A [ 20 40 1) 28 31 3
REEAN—FEM . O T O WLE R IR miR-1 7] g
VR AL IE T 4% miR-1 (1% A& R 80 3L ], A BF 5
A miR-1 B 5 RN 41 5 Be by 3 20 A 2 . % Ad-
miR-1 5% Y 15 7% 1 K BUC WLA0 I L 38 33 9% % 0 %8 7]
T, Ad-miR-1 7€ 50 MOT YL BT L 5 Y0 WL AH
24 h, BA] L& (0,58 S B 1 36 L O Bl A ) (8] i) 4E
SOOI B AN W B R, 38 I S0 P8Ok 2 B PCR K
W& A Ad-miR-1 F Y 48 h J5 . miR-1 [ £ ik &
B T L i LA & B0 UL A0 AR 2 e AR U
O JURE JEE B G L B 8 T ANPL B-MHC %5 1 56 A
SEUH R RO WUIE R B bR G T T, AR ST 4G
RWIR, i £k miR-1 B85 B ANP,3-MHC 19 % 4]
Nppa.myh7 ik 8 R, 3278 miR-1 760 AL
JIEJEE e o A IR AR L AR JE S AR R] DL
—HWRAWGE . AR R 5 BT miR-1 780 WLIE
JE R LRI T —E ARG,

FEmiRNAsHF 5T, H 035 P % i o 2 ik 9 H A
Yy oh BE A 56 B, miRNAs i o 300 41 =5 6% i J A
mRNA DT 6] B8 3% 2o B ok & AR . FR AT At
WG B . & B Twi-1, RasGAP, Cdk9,
Rheb.fibronectin,Mef2a.,Gatad ¥ 7] & & miR-1 A9
WERIL , fEJR LA g b IRATE A Lucifer-
ase LA B 0T B30 75 6F Vs A 1) S 5 P R A7 50 00F

B AHESE H R miRN A STE U JIE 95 19 & 2E %
J& L R S A U 45 O U AR I A K T Y R
o, BfiE X T miRNAsYEFHL ] & miRNAs 1%
R Z R R A i — 2 IR AT AT T i S A
e 0 S DR 2 8 TR 4 R0 485 1 B A 5 2 4R s B — AN BT I
K-, miRNAsH] G W R 5061236 10 8T 10 A= 1) 2 b
AR I RO AN W] BB 2 4 N R (YR T BRIt — b
BT

[Z % X #K]

[1] Weber M J. New human and mouse microRNA genes found by

[2]

[3]

[4]

[5]

(6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

homology search[]J]. FEBS J,2005,272:59-73.
Chen J F,Mandel E M, Thomson ] M, Wu Q,Callis T E, Hammond S
M, et al. The role of microRNA-1 and microRNA-133 in skeletal mus-
cle proliferation and differentiation[ J . Nat Genet,2006,8;228-233.
Sayed D, Hong C,Chen I Y, Lypowy ], Abdellatif M. MicroR-
NAs play an essential role in the development of cardiac hyper-
trophy[ J]. Circ Res,2007,100;416-424.
van Rooij E,Sutherland L. B, Liu N, Williams A H, McAnally J,
Gerard R D, et al. A signature pattern of stress-responsive mi-
croRNAs that can evoke cardiac hypertrophy and heart failure
[J]. Proc Natl Acad Sci USA,2006,103:18255-18260.
Wang K,Long B, Zhou J,Li P F. miR-9 and NFATc3 regulate
myocardin in cardiac hypertrophy[J]. ] Biol Chem, 2010, 285:
11903-11912.
Feng B, Chen S, George B,Feng Q,Chakrabarti S. miR133a reg-
ulates cardiomyocyte hypertrophy in diabetes [ J ]. Diabetes
Metab Res Rev,2010,26:40-49.
Callis T E,Pandya K,Seok H Y, Tang R H, Tatsuguchi M, Huang
7 P,et al. MicroRNA-208a is a regulator of cardiac hypertrophy and
conduction in mice[ J]. J Clin Invest,2009,119:2772-2786.
Voellenkle C,van Rooij J,Cappuzzello C,Greco S, Arcelli D, Di
Vito L, et al. MicroRNA signatures in peripheral blood mononu-
clear cells of chronic heart failure patients[]]. Physiol Genom-
ics,2010,42:420-426.
Fleissner F,Jazbutyte V,Fiedler J,Gupta S K,Yin X,Xu Q,et al. Short
communication: asymmetric dimethylarginine impairs angiogenic pro-
genitor cell function in patients with coronary artery disease through a
microRNA-21-dependent mechanism[J]. Circ Res,2010,107;138-143.
Hoekstra M, van der Lans C A, Halvorsen B, Gullestad L,
Kuiper J, Aukrust P, et al. The peripheral blood mononuclear
cell microRNA signature of coronary artery disease[ J ]. Biochem
Biophys Res Commun,2010,394:792-797.
Zhao Y ,Samal E,Srivastava D. Serum response factor regulates
a muscle-specific microRNA that targets Hand2 during cardio-
genesis[ ] |. Nature,2005,436:214-220.
He T C,Zhou S,da Costa L. T, Yu J, Kinzler K W, Vogelstein
B. A simplified system for generating recombinant adenoviruses
[J]. Proc Natl Acad Sci USA,1998,95:2509-2514.
Lewis B P,Burge C B,Bartel D P. Conserved seed pairing often
flanked by adenosines. indicates that thousands of human genes
are microRNA targets[ J]. Cell,2005,120:15-20.
Alvarez-Garcia I, Miska E A. MicroRNA functions in animal de-
velopment and human disease [ ] ]. Development, 2005, 132;
4653-4662.
Wienholds E, Plasterk R H. MicroRNA function in animal de-
velopment[J]. FEBS Lett,2005,579:5911-5922.
Cheng Y,Ji R, Yue J,Yang J,Liu X,Chen H,et al. MicroRNAs are
aberrantly expressed in hypertrophic heart: do they play a role in
cardiac hypertrophy[J]? Am J Pathol,2007,170:1831-1840.
Li Q,Song X W,Zou J,Wang G K,Kremneva E,Li X Q,et al.
Attenuation of microRNA-1 derepresses the cytoskeleton regu-
latory protein twinfilin-1 to provoke cardiac hypertrophy[ J]. J
Cell Sci,2010,123:2444-2452.,

[AxHmig] HELE



