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[ FE] BV AR Popde2 XAz KB ILAR MG AR M HALH, 3% B th AR IS 268 0.7 .14 RRRULODIEH S, DOE =
AL S-SR A BEHBE Y (qRT-PCR) Ao IEZHZUH Popde2 mRNA F6A 500, 4388 AR 0~2 d SD K BUSARC LA i A A 2T 4
4iiffd, qRT-PCR 4  Popde ZKJ% mRNA ZE LA AT L Popde2 mRNA 7E0 LN AT 2 40 A 22 25 15 10 5 R BRI AR L AL
YA B YL BT FE /N3 RNA(NC 41) il Popde2 F557H/N T3 RNA (si-Popde2 4H) ,EdU 5258 Ki67 Y Ao jlL 4N A4
FH , S PEDE SR C AL A S5 2B S L h 2B 1 (actinin) FILC AILESEE 9 2(TNNT2) #55 , qRT-PCR KEEE %L /N4 RNA J5 O
JLAAA Popde2 S %% 5% HF TBX20 , TBX5 mRNA K3k | MR Ki67 mRNA ik 1HAL, Western blot #25 Akt M iR fk
Akt AR, 5RO Popde K% Popde2 mRNA 7.0 LA R 5 55 (P $<0.01) , HLBEH A5 KA N Popde2 #ik
BT+ (P $<0.01) ,Popdc2 mRNA 760 AN 335 5 T AT 4R IAR (P < 0.05) ; @5 %] BEAHAH EL , UTEK Popde2 FI A i AR,
OHLAIHE DNA &A% (P < 0.05), FFHm Ki67 P CULATEECRE (P < 0.05); @qRT-PCR B/RITHEK Popdc2 A I ii%E s F
TBX20(P < 0.01) .TBX5(P < 0.05) ) mRNA ik, Tk Popde2 f2#E Ki67 A mRNA ik (P < 0.05) , Western blot 45 5 /R UTER
Popdc2 AIHE#E Akt 25 IR 1L, AKI308 (P < 0.05), Aki473 (P < 0.001), £5if:Popdc2 ik T i AT BiEid i 8 15 5 S X ik K
Akt 2B BRI AL HERT A2 R BUO LR L4, Popde2 A AT BEIN N /O R 5 8 52 AT AR 16 P A
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Proliferation of neonatal cardiomyocytes by knockdown of Popdc2 via Akt-phosphorylation
Wei Feiyu',Lv Li’, Ma Fangfang', Zhou Lei'*

(!Department of Cardiology ,the First Affiliated Hospital of NJMU ,Nanjing 210029;’Biotherapy Center of Yunnan
Provincial Tumor Hospital ,the Third Affiliated Hospital of Kunming Medical University ,Kunming 650118 ,China)

[Abstract] Objective:To explore whether and how the knockdown of Popdc2 with siRNA produced changes in the proliferative
activity of neonatal rat cardiomyocytes. Methods: Postnatal of 0,7,14 day of Sprague Dawley rats cardiac tissue was prepared,qRT-
PCR was performed to detect the Popdc2 relative mRNA expression level. Neonatal rat cardiomyocytes and fibroblast were prepared
from the ventricles of Sprague Dawley rats aged 0~2 days,qRT-PCR was performed to detected Popdc family member mRNA
expression level in cardiomyocytes and Popdc2 mRNA expression level in cardiomyocytes and fibroblast;negative control (NC)and
Popdc2 small interference RNAs (si-Popdc2) were transferred into neonatal rat cardiomyocytes, EAU incorporation assay and Ki67
staining were used to detect cell proliferation, qRT-PCR was performed to detect the Popdc2,TBX20,TBXS,and Ki67 relative mRNA
expression level, Western blot was used to test the total Akt and phosphorylation Akt protein expression level. Results:This study
showed that Popdc2 mRNA expression level was the highest of Popdc family member in cardiomyocytes(P < 0.01). The expression
was continuely increased after postnatal (P < 0.01),Popdc2 mRNA expression level was higher in cardiomyocytes compared with
fibroblast(P < 0.05) ; EAU incorporation assay showed that knockdown of Popdc2 promoted cardiomyocytes DNA systhesis(P < 0.05),
immune staining showed knockdown of Popdc2 increased the Ki67 position cardiomyocytes number(P < 0.05),qRT-PCR showed that
knockdown of Popdc2 upregulated transcription factor TBX20(P < 0.01),TBX5(P < 0.05)),and proliferation protein Ki67(P < 0.05)
mRNA expression level, Western blot showed that knockdown of Popdc2 significantly increased phosphorylation of Akt protein level,
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BLRTG4F  Popde2 Fik T RGE L Akt BERR AL AL 8T A K B O LA PR3 5 +939.

Akt308(P < 0.05),Akt473(P < 0.001). Conclusion; The present study demonstrated that knockdown of Popdc2 produced a significant

increase in the proliferation of neonatal cardiomyocytes,and may via Akt phosphorylation and regulate cardiac transcription factor,

suggesting that Popdc2 may become a therapeutic target for cardiac repair and heart regeneration.

[Keywords] Popdc2; cardiomyocytes; proliferation; Akt; transcription factor
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RIR UM SR 5% R F- TBX20 W] 9815 IR AG LG
JLC LA 3G 56 TG 20 B Rs S M) R mT it i A
S U UL L 185 5 It A /N B BT RIS 0
FROE®, TBXS XM RIG.OIER T 2 XEE, HIEZ
SRR T B h 2B TBXS SR 2450

Popde HER GG ST IR 11 S5 5 BEORSF Y
DR BT, | Popdel (X4 Popl BVES) .
Popdc2 ( X 44 Pop2) .Popde3( X 44 Pop3)3 A~ i b2 #4)
B BFFE R, Popde 3R ZIRAE ZFPZH 2334 1T
TEONEF B BN Z R B = HATRT Popde 28
WRAIFSE £ Z4E T Popdel, Popdel TE/NEEBSHL
e RE Sz L OIE S RE LB RS
2IRHEEMVEH, Popdel TESER MRS A FRBG &
HHRIRRAIZ Rk, H AL ik & e A RSP
1% PUIGAE B85 Th &2 B Popdcel 28748 1415 Popde K% 3
ARSI REVE T LA ES HA N
J& ,Popde JE R ZE LT HT, Popde2 TR UZ R IR
RS R, S R T MBI aE . &
Popde2 JER NG ONER B bzt 2 B 07 35T
2 Popdc2 ik & BB St IR ONER BB ILE T
BREASS TER/ N, Popde2 FER F ik il S8 (L S
REAENESE T T YIRERERT " (EARCHER&, &T
Popdc2 (CIERE DI RE AOMFSE B 1 R WARE . A<
TR A RNA TR 755K Popde2 e WA A
FEIR RTINS Co LA B 5 A R BT R FHBILAR

1 #RF7EE

L1 A
EdU (¢10338, Invitrogen 2y Fl , 3¢ [ ) ; Lipofec-
tamine™ 2000(11668-019, Invitrogen 2 &) , 3 [ ) ; il
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fifg (P1750,Sigma 23w, 3¢ [ ), i Ji i (L.S004176,
Worthington 23 ], 3 [ ), AL LA 2 4L Percoll
Y2 W (p1644 , Sigma-Aldrich 24 7] , 26 [ ) ;RNA $2
B £ (74134, QIAGEN 23], f [ ) | J 8t s )
£ (A360,TaKaRa 2~ A, Ki% ) ,SYBR (4367659, ABI
vwl, ), qRT-PCR SN 5 |9 B 5t 42 B0 i 2 )
A W Pt Ki67 (ab66155, Abcam 23 ), 92 [H ) | Hadi
L WL #5 2 H (cardiac troponin T,TNNT2 #i &
ab8295, Abcam A ] , JL[H ) ; BT Sarcomerea-actinin
(A7811,Sigma-Aldrich A ], £[HE), HPT GAPDH
(1A6, Bioworld A ) , 25 [F ) ; fdi i Akt (4691, CST
o D), RPTEERR 1L Akt308(9275,CST 23 Al
KM, RYTHERRIL Akt473(9271,CST A H], 3EH);
G e P A ENE 4T (Jackson A H] , 3
); DMEM . RPMI-1640 JG24F i3 5555 i 57 Al
4% (Gbico 4], M) ;Popde2 /NTHE RNA F B
(Invitrogen 2y /), [§);96 L PCR J Wi ff . =5
(ABI AT, 35[E);SDS-PAGE %5 Bic it ) & &
RS v [ Rl 3 2 KA R il F A TR
B,
12 Fik
1.2.1 #4EXRRAR S IIEF

0~2 d 19 SD K B3 2 B A0 LA L 0 i 2T 4
Yiif1,0.7 .14 d 79 SD KE T BLONEH S, HRg
BIESLR sh Pt BT 4 Bt R R 2R 5L
S HEZE B ot RO AR B 2l Ak S IS
BRI AL OB 1 mm® 1/MiFER FH0.06% 1%
.0.04% 1% JE 1T 144K 30 min 4% 1/6 5064 7%
R R AR TR, B O IR A I DT, R Rk
PR 2 A dBIE A 58 A, i AN M, A TR R
MLH, & F 37°C 5%CO, K546 2= 35 EE 30 min
alifb.C LA, O LA L 208 percoll 4325
B3, B [ %5 5 percoll 432V , T840 it B & fin
AR 2,3 000 r/min, 8.0 30 min, 40 15>
32, LR ME YR | )2 2O LA A | 5
TR I 20 A B b R AR A WG UL A S
36 h G IRIE,
122 qRT-PCR # M mRNA K%k ik
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B 0.7.14 d SD KEAEAHEZL0~2 d SR L
YU FN AT AELRME . 5 5/ N THE RNA 5 AL
4, RNA 2 HUAGR G420 RNA, 2040/ AT ULy
FEEEGN RNA 752 FI4EE , 500 pg B RNA %
S cDNA (SRR A 10 pl) . BIYIF I 1,

&1 TEPCRETASY
Table 1 Primers of real-time PCR

T
A BT (5—3") St
R KJE (bp)

Popdel _E3i: CCATTGTTGCGGGACGATAAC 139

7 : TGATTGTCAGAAGGCTTGGCTAAC

Popdc2 L] : AGGCTGGTGGAGTCCTCA 189

Tl : AGCTGTGTCCCCTGCTCA
Popde3 [ : GATACATCTCCCGCCTGTTTTCTG 190
Tl : ATGGGGTGATCTGGACAAGTCTGG

Ki67  F3i#: TGGACGACCAGCTGTTTTGA 160
% : TCGCAGTCAGGTTTCCTTCC

TBX20 Fii#:CCTCCAGGCTCACTGACATC 175
. TCACAACGTGGTAAAGAAAGCAA

TBX5  F#:CAAGGCAGGGAGGCAGATGTT 175

Fi#.GCAGGCTCGGCTTTACCAGTT
GAPDH 3% : GACTCATCGTACTCCTGCTTGCTG 180
Tt GGAGATTACTGCCCTGGCTCCTA

K SYBR ¥:7E real-time PCR 7900 ¥ 47 7E &
PCR 43, SOWAA R :cDNA 1 pL, Eil#514 0.5 pL,
TS 1¥ 05 wWL,SYBR 5 pL. 7K 3 uL, K &1,
95°%C 1 min— 95°C 15 s— 60°C 60 s— 95C 15 s—
60°C 15 s— 95°C 15 sin, % 2~4 4 35~40 PMER, LA
GAPDH NINZ SR 24 Ik Gt 4k,

1.2.3 -F4# RNA(siRNA) 453

A LA 3.5%10° 4~/mL [ 25 B BE b 1% SR M
UL 6 h ARG IE R SR 3E, 42 B i) 156 i
54T siRNA #55%  siRNA Fl Lipofectamine % 1:1.2
Fef 53 5 FH TG ML opti-MEM ke, ZRANRE] G %
R E 20 min, BHEGWZEE A S A B R 5L 3
FEMTIFIEAT 12 h JF T A R & 1%)6 4 10
TR, HA Nikon Z&GHEIE MG WA ik
K (Cy5 POEHRIL) , qRT-PCT #5:1l Popde2 mRNA %
IRRMTTER AR
1.24 SZRERIELEE

ey /NTHE RNA S5 89 JE ARG WL i A 7 v
PBS ¥t 3 il , 4% 2 5 H E[E 22 20 min,0.2%Triton X
-100 I 20 min, 109% 111 2F M3 B 1 h, AR 75 22
IMA—Hi%bt Cardiac Troponin T, [T Sarcomerea-
actinin ARic LR S PR BT B 2R NL22 8 1, St
Ki67 b sy R M, 4°CF R %, 'k H PBS %k 3

i, ARYE BN, —HUE T 1 h DAPL JL 40l
1% 10 min, DS GRS,
1.2.5 EdU 3547 s pedg sh

YHHfL A% G si-Popdc2 24 h J5 A 10 pwmol EdU,
RLEHETE 24 h, 4% 2T P EEE 2 20 min ,0.2% Triton
WEHEE 15 min, 10% L =E MG 1 h, A 100 pL
Click-iT® f2 W IR A 30 min, DAPT J44HfI4% 10 min,
FRALBEHLIEE 20 ST, OGN E DA R
1.2.6  Western blot ¥ % Akt #8810 Akt & &
KF

B 6 FLERFRA P RAC O LA, AT Y PBS
VRN, FEFLANA 80 WL 25 4R T (25 1 B 1
I WL HIR PMSF) , $2BCEEE 1, BCA BRI
PV, HBOMH [] B it S A 14T SDS-PAGE HiiK ,80 V
20~30min, 120 V £J 90 min, 300 mA ¥2¥4E[) 120 min,
PR ENE) PVDF B, 1 5%l R W 3 i 3 P 1
h, AR Akt BERRIL Akt —BT,4°CIBF 330, Wk H
TBST Yl 3 Wk, iR HE—HUn AR A — 5T, TBST ¥
f& 3 ¥ ,ECL & G E ChemiDoc™ XRS+ System
(BIO-RAD) 5% , | Tmage A FEDCHE TR BE(E 74T
13 %it#FF%

AW EE 3 IR, BIRED 3 A R
SPSS16.0 GETHR i A T8 o3 A, BT A 45 i FH 124
+ PRIfEZE (X = 5) om0 1 Student ¢ K 358l
TR TR AT, P < 0.05 WA
RZERAE it eE L

2 5 R

2.1 Popde F kAL JRAK s W2 i & ik Fo Popde2 £&
th A 5 LA 2R A AL

X} Popde2 FRik/AKF-iE A4, 45 - & B Popde
K 3 A WG, Popde2 AY mRNA 760 LANIE A
e (B1A), HBE B AR AR 5 RES
Popdc2 B mRNA FKikZ Wi, 55 0.7.14 K mRNA
FEIRAEAM 3R 0997 +0.149 2.340 + 0.319.7.852 +
0.943(P <001, 1B), H. Popde2 7EJEACL LA
B E T A4 (21178 + 10.870 vs 1.082 +
0.209,P < 005, 1C),
2.2 Popdc2 /> F . RNA %% % 3¢5 fLm it Popdc2
PR LA

N THAE si-Popde2 S5 YRR K400, i
PEGHENE BB S Yy /N4 RNA R 85%LA
ARG (CYS) ARid (8] 2A) ,qRT-PCR 4%
IR 3 F/NTHEEEARREA UM H] Popdc2 ik (il
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201547 H BT Popde2 F3A TS Akt SRR TL AL HERT A K BLC ILZM s .041-
FIPEXT HRZH (1.081 + 0.210)AH L, 55 1 SREEDIBRZE  TBX20,TBXS5 mRNA &k & Akt & & & 4% 0

35%(0.656 +0.067,P < 0.01) %5 2 Z-BEITER %A 3|
68%(0.322+0.033,P < 0.001) 5 3 SBEUTERRIAF
80%(0.212 +0.109,P < 0.001, [ 2B), HE#H 2.3
SREET IR 2500
2.3 Popdc2 > RNA #% 3 x4 L am o3 5869 3% v
FH EAU Je @A 41 i DNA A AT Ki67 e {n
FORI 4 AT 22 53 4K S I A RSG5 RE T, EdU %5
R, SXTRRAAH EL DTER Popdce2 RAIfEHE DNA A%,
(8.345% + 1.120% vs 3.577% =+ 0.302% ,P < 0.05,
& 3A.C), -1 Ki67 FHEC LA £ (7.814%
+ 1.301% vs 4.072% + 0.204%,P < 0.05,% 3B D).
2.4 Popdc2 T RNA #3258 flm e 4t K B F

XF R 0 AR JS U JUL 20 6 B ) o U 2% 5 PR
VARG, 25 5 7R F I Popdce2 Fiknl 8.0 Es%
s H - TBX20 K TBX5 ik, TBX20(3.281 + 0.951
vs 1.046 + 0.176,P < 0.01) TBX5 (2768 + 0.873 vs
0.831 + 0.078,P < 0.05) , fE JEHEFE T )i Ki67 mRNA
ik (22676 + 8.072 vs 1.355 + 0.414,P < 0.05) (A
4A), R T 2B AL, 4D Popde2 J2 AT HE
T2 HL) Ak {55 B AL LA G 5, West-
ern blot 253 /R UTER Popde2 WIAEHE Akt £ MR
1k ,Akt308 (1.328 + 0.070 vs 1.003 = 0.058,P <
0.05),Akt473 (0.942 = 0.033 vs 0.365 + 0.045,P <
0.001, & 4B) .,

A P <001 B <001 “ a0
SRRl — oo . 107 " P <001 407 P <0.05
‘%‘ 4l < UM _\é N %
= T X %) 301
# ] R &
- < <
< = | z 2
ma 2 = 4- P<0.0 ]
1 e o -
ENE =S g o 210
=% =
=0 . . — < : : : o = .
Popdcl Popdc2 Popdc3 0d 7d 14 d T 44 AL U4

A HE R BUFEA O ANIE Popde 801 mRNA 235, B AR R 0.7, 14 KRG AEZHEZ! Popde2 19 mRNA 3635 ; C.. 342 K SRR O LA A0

FEFAEAN I Popde2 1) mRNA 221k,

B1 XARORELAZ Popde2 1 Popde % mRNA Fik

Figure 1 The mRNA expression level of Popdc2 cardiomyocytes and fibroblast in the postnatal rat cardiac tissue
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Figure 2 The transfection efficiency and knockdown effect of Popdc2 siRNA in cardiomyocytes
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A F5 Y Popde2 /NTHE RNA O WLANAE EAU Y 8 DAPT A7 ic 41 I A% (5 €5) , EAU Fric B A sUZ0 A (21 €2) 1 TNNT2 A5 ic 0 LA i (2%
);B: F& Y Popde2 /N RNA SO ILAN MG 98 Y Y €6, DAPT FRicd AUAEAR (5 €2) , Ki67 Aric 2L Bi 4l (21 €2) F1 Actinin FRic L LA AE

(4%(8) ;C: Popde2 /T RNA ARFRLCLANMEF EdUCHLANMEE 3 L s D Popde2 /T4 RNA AbHRLC LA H Kio7w0 AL T 20 Ll s 51
PEXTHEZE (NC) LLEE, *P < 0.05,

B3 EdU sLIEF0 Ki67 RE R ER N Popde2 /N FHE RNA 30 BL4H A1 58 50

Figure3 The proliferation effect of siPopdc2 on neonatal rat cardiomyocytes by EdU incorporation assay and Ki67 staining

A 307 B .
onc 2.0 One
204 MW si-Popdc2 W si-Popdc2
B 18 1.51 x
59 5
61 1.0 T
Z 4 '
g E0.57
2
0 0.0
TBX20 TBX5 Ki67 Akt308 Akt473 B Akt

B Popdc2 /NTHE RNA JRACCULAINE, A %5 5% T TBX20 FIl TBXS FIHGFEHTE Ki67 mRNA FEik78 1k B, B Akt 25 A FITERRIL Akt 51455

IRZEA; SRAPEXT IELH (NC) Fe#, *P < 0.05, **P < 0.01, ***P < 0.001,

B4 ERONBIES Popde2 /N FHE RNA 55 REF TBX20, TBXS, H3E E 5 Ki67 #1 Akt B AR IEHM

Figure 4 The cardiac transcription factor of Tbhx20,Tbx5, proliferation protein Ki67 mRNA expression level and Akt

protein expression level by the knockdown the Popdc2
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BTG4  Popde2 Fik T RGE T Akt BERR AL AL 8 A R BLC LA P4 5 <943

S A B LA AR S | AR SE g0/ N O, A N
LR AR, R S SCHRHE O LA 1 2 J5 2k 22 14
(VIR et =B YA E S e Y R S S ER T RIINIREAS
ANHREL, RELEG AT A 07,14 d Z25%5
AOFEA , BB Popde2 WIFRIEBESE A KA IE ==
% UL TBAR I

ZFPEER  ZAGE T S5 A RO WLAE M
FARIIEY , i RIXF WA A cyclinD K, JEHE cy-
clinD2 A7 S AR O LA AR 0, B O
s haefe 2 >, B G i %35 GATA4 TBX5,
Mef2C \ TBX20 5% 55 K AT A2 i Ji7 A7 0 L4
L B | A T T A 40 2 A s LA
Ji>=7 ) Popde ZIETEZ AL h Ik (HTEOHER
H AL iR e, $E78 Popde KIGXT LR B
BAEERER] Y, AU FH AT L,
Popde 7E 46 K 14 % 0] b i 453 28 5 1) [B] P 2 21 1 3R
ik, HEE DR i 2 IR AR G M0 PR 1 08 DU AT S8 5 vh
KIL Popdel LIREZEAEI! Popde ZEHG AL FELED)
AEVE T |30 /r B0, Popde2 1 RGO IER &
AL AR G FE DR, 7O LA i e 1k FLAR S
HAR M PUER Popde2 ik 23 FHURE 0 IR i .0 EFN
HANUE B RS AFREER BN, FJiPopdce2 %
pZ] K 5 5 A By N WL N2 11 7 O S 2 N1 K
o, [RIEHA AT b 8.0 IS 5% Rl F- TBX20  TBXS 3
ik, AN, T Popde2 AT G Akt {5538 B HE
Akt 8 R

BENR AL 3 it 2 G B(PIBK/ Ak 55
PR —RAMNE S8R, S 5HEA R G5
Ak % Z Rh 4 i T RE 15 2520 IGF1/PI3K/AKT FiI
GSK3B/B-catenin i i 1T I8 1500 ILAH M35 58 -7 0
W3 J5 B BE 52) TBX20 20 F & B ek i 5%
T, & T &REFZK K TBX Kk 2 —,
TBX20 5 # FRik & F B KO RS, 7EA
FAE KM R NP 5K MO WL AR & B TBX20 3
[A g AR 32330 - TBX20 W] #F BMP2/pSmad1/5/8 #ll
PI3K/AKT/GSK3B/B-catenin {55 5 i F& e k5 4= 1
BRAF/INBRUC JULAH I35 515 TBX20 7E BMP10 %% 3[4
B R A IR AE BMP10 JH15 D E BER B iR B E
Y, TBX20 4258 58 BMP10 i 32F 00 JJLZH i 38658 347
TBXS J& 0k & i B 55 Sh—AS 8 A T, Tt
555 5 P AH ELAE 2R [R5 0 & &, TBXS 5+
PR T BT R M ] R B LA S R O s
BE RN AR

25 Lk, Popde %5 K 55 H Popde2 780 LA

Ju 23k fe e HLBE 2B FS R BG5S N Rk B i s
Popdc2 3R 3K T 4 AT fig 4 1o 18 15 #% 5% [H ¥ TBX20,
TBX5 F&ik L K Akt 85 F B R AL AR 203 2 R RO
WLAHMIREE , Popde2 A AT e A O U 5 1852 i
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