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[ ABSTRACT ]

Cardiomyocytes ;

Aim  Promoting cardiac regeneration is therapeutic strategy to be developed urgently.

Cell Proliferation

In present

study, we investigated the effects of overexpression of microRNA-99a(miR-99a) on cardiomyocytes proliferation of neonatal

mice as well as its potential mechanism. Methods
99a(LV-miR-99a).
( EDU) assay.

myocytes. Results

in miR-99a over-expression group than in the control group (P <0.05).

significantly higher than that in the control group ( P <0.05).

cardiomyocytes proliferation.
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Cardiomyocytes of neonatal mice were infected by lentiviral-miR-
Cardiomyocytes proliferation were identified by thiazolyl blue ( MTT) and 5-ethynyl-2’ -deoxyuridine
Western blot was used to assess the protein expression of Erk1/2 and its phosphorylation levels in cardio-

MTT assay and EDU assay both showed that cardiomyocytes proliferation were significantly higher

The phosphorylation levels of erkl/2 was also

Conclusions miR-99a overexpression can promote

This effect may be partly mediated through activation of erk1/2.
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1 #MRETE

1.1 3RIEzHhY

C57BL/6 /N, M B X E AL K F 304 L3 o0
# 4,
1.2 ##

fit 4 i 7% ( Gibeo ) 5 1 #% DMEM %5 7% % ( Gib-
co) ; JEE A BE(1:250) XK R & A 8 1 (Gibeo) ;5-
B SR o5 wE AZ H (BrdU) (Sigma) 5 o F B
(BX51 &) (Olympus) ; 7% ot & 4% %% (Imager Al )
(Zeiss) ;EAU %#.7% 7 H 3K 7 & (Invitrogen ) ; miR-99a
A 2 B K 19 4 2 ( Genepharma Shanghai) , [f 1 xf &
B B . TTCTCCGAACGTGTCACGT,
1.3 #FENROIERS B 4 RIEsH

ZHRXH[8,9] k., A ~2 RANRBA
AT, T5% TERE HIEE 8 s i R BUH A E, A Uk
HBSS Eh#ik , ThEABRNEHFAL N, AR
AW ARSI RAT 1 mm® WA F, % T HBSS, i
N 0.125% 4 EDTA #y R8s, K45 4°C H B 7 ( <
24 h) WM, BT HEEE, in N3 S5 T4 b i R e 1
W, E 37CERABIER 120 o/min, 1157 B 10
BHERERENRLAFHPIHA(H 10 min) , fm N\
10% FBS #y DMEM 3 M b fopg B e 11, 4%
=P EH AN AR LER,2 ke/min, &
55 min, B & BV, A4 E F Am N DMEM 1%
$10% FBS AR FRIFEE K4 A8 M4
ERETHEFT NELRDLF A 37C 5% CO, , 187138
FE TR 1.5 h {8 Ak 2 4 20 L TEBE | b B0 L 281
ViR N N I R S O N R S
WK E M NIRRT (RE S x
10°%cells/L) (T4 £ R B AR LWL NH K ),
0 Jio, B 35 45 4E 37°C 5% CO, , A% F T8 5 24 h,
24 /NEJE R4 0. 5% Fa4F i By DMEM 35 7 3
1.4 SEBRRESHNIGE

FH P %t P2 9% 7 ( LV-scramble) [ GFP. 46, 7% %
% B ( green fluorescent protein) | 5 miR-99a /& #

(LV-99a-GFP) H Genepharma /3 14 2, ¥ J& K 3%
FHY 4 E T4 0.5% FBS DMEM 3544 A
A B B 4 & % (multiplicity of infection, MOI) #y 2 41
18 % & Bk ( 0.20.,50.100 & 200) #m N\ H: 3 3t o
R, T 24 h JE E#4H 0.5%FBS B3 5%~
., BB 48 h 5o Bl KL B s W& GFP &
& e 2 L B S 8 7% Ok BB RO R 48 B AR U miR-
99a B JF # E & £ MOI {2,
1.5 E4HA

FRGAERIEFR 24 h 5, Lo N2 4,48
FLA% M HY R 4 B (MOT) 50: 1 Am N\ 18 ik 5 %
7 D IE % T P8 % . LV-scramble ; @miR-99a & %t 41 .
LV-miR-99a, 24 h J&, % =8 %3 PBS wW ik 2 %,
FHH B4 0.5% ik 4F i B DMEM 4k 483 5% |
1.6 RT-PCR I&iF miR-99a ZE MR K B & R iE

WS B 4l x B O\ Trizol, A #
RFHETHM, N5 mLEP &, RGE L
BIZLEV 15 s, £18# E 10 min; m N\ & B 1/5
W@, BIZUE S 15 s, £ i # & 10 min;12 kr/min,
4°CH 8 15 min, ¥ FE KA E (4400 pL) £ —
FATICH 1.5 mL EP & F i N E KA R B, I
538 4, £ B # F 10 min; 15 kr/min,4°C & & 10
min, 7 _E%, MmN 1 mL %4 89 80% Z & ( DEPC-
H,0 B #)) % %% K RNA VLK — K., B4 L8,
NIE YRR B DEPC KA RNA, 55°C & 4 (& %
10 min, # 2| 89 RNA % & T - 70°C %k 4 %k &
i

WAL 48 A mRNA 89 microRNA 4 5 4 K % % .
K F ABI /8] #y Taqman 15 #F F1 Takara /A 7] 3 4%
kB AMV K # F% RNA, R M & .5 10 min,
42°C 1 h, 7 £ 2 min, Z 3 & € & PCR(stem-loop
quantitative real time PCR) : %% | Takara /A & f Taq-
man L F & PCR X7 &,

Lo PCR KB 4 #:95°C 30 s, A2 F 4
95°C 5 5,60°C 34 s, 3£ 40 MEIL,
1.7 Western blot ¥ HMEH ERK1/2 REF
B BEER Lk T

FEH S0l REC N AR, RERSET2h B
F 0. 125% Wy i B 08 16, K & 40 B, PBS 3t % 2 K (
1500 r /min,5 min) , 5% F RIPA 3% 24 ## 20 fg, | fn N 28
ML ZL 5 (1 mmol/L PMSF 1% %& & Be 14| 7)) |, %
I BCA KA &HTEAEE, FILEF20 pg & &
B8l g0 LSRR R, 10% + = b R R 4 K W % B
P 5% X P 3K (SDS-PAGE) 12 1F # ok g, BUH B iR
T4°C 100 V & HTH#E2 h, 45 KD H
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37CH W 1 h, 7o 2 ¥ JE 5 A Al B f B B — 40 %8 )
ERK1/2 #01K (bioworld ) , p-ERK1/2 414 ( Cell Sig-
naling Technology) ,4°C It , 7o 27k & J& o N AR
it At 4 B¢ (horseradish peroxidase, HRP) #5iC % J§
% — 3 (bioworld) , £ MR IF & 1 h, Ik J5 Im N AR
T4 b 4 B 1 7K 8 R 4 (Millipore /2 3] ) F B % 7 B
K MEAMPLE G &AW REFN, HBRKRE XS
MEAGI T EELENEEM,
1.8 MEMEIELE L E ARG IE AL 1

K ek TE(MTT, LA /A E) ) e 3
M S, BRI 3 x 10° M
B E 96 FUMR, L Am N 150 wL 4 0. 5% FBS ty
DMEM ¥ % 3 %24 h E/AA w3 £ L, pH
TAWNBBREFRA R, FAMAN EERE 12D
B AR L33 AR NREERE, FAK4NE
FL,12 h F 4 0. 5% fé 25 o7& 49 DMEM 35 5= 2k 4k 4
TIEMH R ,36 h o, B#IEHRIL(HF100 pL) , 4
FLFE AN MTT % 50 pL,37C 4 & H 4 h &1k
B, NORFILN EE, AN 150 pL = § 3
I A ( dimethyl sulfoxide, DMSO) , /& 3% 5 min, & 25 5
My 75 - v A | FF B AR DUAE 490 nm 4L 2 A-FL K B
(optical density,OD) &,
1.9 ALZARE DNA & Rl

% BRI &K EDU %5 3K 8 2 4 s A o
AL48 f DNA & i 1§ W, B % 24 h &, # A 50
pwmol/L EdU 3 £ & 48 h,4% % % ¥ B H = 15
min,0.2% H A % & 10 min, PBS # 3% % % ,0. 5%
Triton X-100 % 1k %1 f, , PBS % %, Apollo ¢ & K jI
OB F 30 min, B UK PBS v ¥, Hoechst # ¥
# 10 min,0.5% Triton X-100 ¥ 3% 3 %k, M Jg &%
HRMET KB

MOI 20 : 1

2. RERFEHHIHIE

MOI 50 : 1

1.10  ZEitEaiE

P8 %4 x £ & 7, BLA SPSS 17.0 41t
R E B, KA FAEARL B R Bk,
P<0.05 H ZRARITFENL,

2 # R

2.1 DAAEEE

PRAI 8 5 1 /N BRLC 2 LA L A O 2 W U
REAS UL B0 LA JL 4 2h B . K552 48 h 5, 4
4% Z B IE B NG T a-actin O LR 5 PR G
o, A LR A BB N (BT 1) . 7 (8 DAPL
LR A A% 5 W5 5K a-actin 26750 JULAH A B B 45
1, Sk it g O WM SRR &Ik 95% iy o

B 1. #FHEMROINAME a-actin B

Figure 1. a-actin staining of neonatal cardiomyocytes
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WAIERISE, MOL 2y 50 B, ¥ Y08 0 86% 247 .
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Figure 2. The efficiency of lentiviral delivery identified by flow cytometry
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Figure 3. MiR-99a expression in both group was assessed
by TagMan RT-PCR
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2.4 ERK1/2 EERIERBEERL KT

MG TEIRYL 72 h J5 , LV-miR-99a J& YL 4H 40 g N
ERK1/2 BY#HR 1k 7K ¥ % LV-scramble 2H #H 1 25
(2R K38 5, X IRALAG 2. 05 %5 ( P <0.05; &
4).
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Figure 4. The protein expression of ERK1/2 and p-ERK1/2

in both group was assessed by Western blot

2.5 miR-99a Xt FL 5RO AIL4H AR EE 58 A %4 i

L MTT 4G DU 20 e84 58 25 5 % B, LV-miR-99a
YL WLAE B 72 h 5 5 28 05 3 S5 e 6 B (LV-
scramble ) £ H, OD ELBH & 3 i, S X BEZH 19 1. 25
f%5( P<0.05;85),
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Figure 5. The proliferation of cardiomyocytes was identified
by MTT
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2.6 EDU ®BERXDH

26 W R T AT UL X B ZH (LV-scramble) 5
miR-99a #4 Y44 (LV-miR-99a) EDU FH: 40 i 5 41
& AR AT R, X IR BRIP4 R 10 4>
/100 40 M, miR-99a 18 55 75 S8 e 25 BH 1 40 it
B 16 A~ 40 /100 A~ 40 i, 5 X 40 A0 B, LV-
miR-99a 4119 EDU BHM: 20 e £ Bl W35 (P <0.05;
Klo),

3 it i

RSN NIRRT, AR
AR, R A RIS AT R A T
— N, PRSI I L IR S 20 LA B A
FHERE, WEAE O R VA R I A K A Y
KA C A BIHE Y ok N 2808 i & W ik 5
B M C 4560 2440 0 DNA A9 JEFRIESE T AL
WLEA A T BBk AE, 55—t Kajstura 251 %t
P e g s JOE SR A (1 U ) YRS B e s
AT O BEfR H R 98 DNA A RE R, 1dU A D3
A HH AR DNA 1 I 4 OGS, iF
FEH RIX I AR O DNA & &£,
B2 BRI Y AR AR T 5 TR A TR B IR S8 2R R A
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6. EDU ®E 53540 AL4H A DNA & 5
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Figure 6. DNA synthesis of cardiomyocytes was assessed by EDU immunofluorescence
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REMREZIEH, . FTLA, FRAT T 2t — 40 M AR 5 o I
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AMEFE /N B A 52 & BT, miR-99a 1 L)
0 e D /A B LA 6 I UL 40 M 00 7 484 o ) e
e AN SO DR Y INAEIE A, T HE R AT
AL 0 O LA A 336 B v S PR AR S 3R
AN e 15 35 2L RO LZH M B 75 7 ke W€ miR-
99a 1=y 7 I8 AR A X Co UL AN i 38 B 7 A= 52, LB
FE DNA G B2 41 I FE Al i) fe e v 2 — , 5K
55 R A EdU Kl oo WLAR B DNA A aRiEd, 8T
HERR O LA A % DNA T A 677 40 JifL 43 24 (1 7]
e, SIS TR SR T MTT w2 [a) 5200 52 .0 L2 i 43 5
bt ISR R, 5 X IR A, miR-99a % Y
AL LA DNA A 5 40 i 2 38, SE s 7
miR-99a AJ DL 1 4541 #E 0 LA i 2 24 A2 .00 JUL 4
ik

RN R SM S0 ¥4 % ] MEKI-ERK1/2 {5 53
% AU R 8 X o JUE S5t 0t A7 0L T 0 AL 240 S 1) 95
Tl PR S ERKL2 (/N K R B
R P R B R 0 B AR MO LR R
(lengthening) , &1 &35 MEK1 (1) /)8 U O fiE & A2 1)
O PERE R (width increase ) , Ff HL X A ) .0 P4 B JE S
— AP B IS /N BB O D BE R R TR
HFIE] B HERS | AT SR AR a3 RN 37 A
AERLC LA, 4 ERKL/2 J5 H R PEIE K | ik
MEK1/2 J& D LA R3S R ) R, Ras RGEH
T FECOE LR DUIRE N R A D EEMW R T
£ 430 1% , i Ras-Raf-1 /5 MEK1-ERK1/2 il &%)
PTG A0 JOF FE AR AV, BEAE A BT 5Ttk

W JUR G 400 B I 4% 7 9 UL AN i ERK/2 A9 3%
T ] A s s e

TEA S FATT A BH = 35 1Y miR-99a A LA
P aE L RO LA L 34 5, AR S 200 i 8 1% 3 %
H BT A B8, Turcatel 251" 2 36 miR-99a ] g 18
LA TGF-B 3 B A2 1k /1N BUFL AR L B 40 ffa 348 7
MAEFRATHMFFE H Western blot 25 5 B /R 7E 5 R ik
miR-99a # ,p-ERK1/2 FiA/K-F- B 3w, X HR
miR-99a 53 35 Al 8 1 I F ERK1/2 55 %0 N 4
T PR PR LM G A

SR EE IR R miR-99a I 18 0 ) FE R S0
FIEZEIR BTG T7 A T i — A0 A B LA, R miR-
99a £ 1 gt 1 At 0o HL AR B384 58 B A 1 30 2
Fa) R O HE 235 ) R A O U ) B B4 A R 72
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