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EZPIRE, 5 AT AR 5-RIF 41 (3 umol/L) JRF % Bk F41(800 pg/ml) & HL IS5 F40, IR 2 & A B840 48 it 2 e
3% P62 fn i 693 IR I, R A A m e N A A S S A SRR, 34 14 d. R e R AL AR ] dm M R A S ILILAS B8 T
(cTnT) &L, %95 6P i A A 2w A cTnT . 7E 4L %) B F 2( ATF-2) e IL2m A3 7% B -F 2C(MEF-2C ) &1k , 5 i & 8 Al bk X2
B A AR A 4a L cTnT A= 4% 5 B -F Nkx2.5 . GATA4 mRNA &k . 2R . R #1145 CSCs, b >97% . 5% O3B (cTnT 2 H)
YA, & 4l gm e cTnT 2 A%, cTnT ATF-2 MEF-2C % & 4% ik #= ¢ TnT \Nkx2.5 .GATA4 mRNA 4% ik 343 3% (P<<0.05), 5 5-%
JOF S, B S IKiE 54149 1 cTnT \MEF-2C & & & A #= cTnT ,GATA4 mRNA # ik 3% 3% 3% (P<<0.05) , B A3 F- 4. 4m e,
¢TnT.ATF-2 MEF-2C % & % ik #= ¢TnT.GATA4 mRNA % ik ¥ 38 7% (P<<0.05), #5b: HE % Bk 7T 4848 13 3% 7% Nkx2.5 . GATA4 .
ATF-2 MEF-2C 4 #& 3 B F 69 & 3iA k3% -§ CSCs 618 MLém i o4t
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Study on the Mechanism of Differentiation from Cardiac Stem Cells into Cardiac Cells Induced by Cornu
Corvi Polypeptides

WANG Yanling', HUANG Xiaowei’, LI Zhe', HE Lu', XU Yan®, QU Xiaobo®(1.Basic Medical College, Jilin Uni-
versity, Changchun 130021, China; 2.School of Pharmacy, Changchun University of TCM, Changchun
130117, China)

ABSTRACT OBIJECTIVE: To explore the mechanism of differentiation from cardiac stem cells (CSCs) into cardiac cells in-
duced by Cornu Corvi polypeptides. METHODS: CSCs were isolated from SD rats, and cultured to P3 generation after identifica-
tion and then divided into blank control group, 5-azacitidine induction group (3 umol/L), Cornu Corvi polypeptides induction
group (800 pg/ml) and combination induction group. Except blank control group was cultured with culture solution containing 3%
FBS, other groups were cultured with culture solution containing relevant derivant for 14 d. The expression of ¢TnT was deter-
mined by immunohistochemical method; the expression of c¢TnT, ATF-2 and MEF-2C were determined by immunoblot assay;
mRNA expression of ¢cTnT, Nkx2.5 and GATA4 were detected by RT-PCR. RESULTS: CSCs were prepared successfully with puri-
ty>97%. Compared with blank control group (¢TnT being negative), ¢TnT of induction groups were positive, and the protein ex-
pression of ¢TnT, ATF-2 and MEF-2C and mRNA expression of ¢cTnT, Nkx2.5 and GATA4 were all increased (P<<0.05). Com-
pared with 5-azacitidine induction group, the protein expression of ¢TnT and MEF-2C and mRNA expression of ¢TnT and GATA4
were decreased in Cornu Corvi polypeptide groups (P<<0.05); the protein expression of ¢TnT, ATF-2 and MEF-2C and mRNA ex-
pression of ¢TnT and GATA4 were all increased in combination induction group (P<<0.05). CONCLUSIONS: Cornu Corvi poly-
peptides can induce differentiation of CSCs into cardiac cells by promoting the expression of Nkx2.5, GATA4, ATF-2, MEF-2C
and other transcription factors.

KEYWORDS Cornu Corvi polypeptides; Cardiac stem cells; Cardiac cells; Differentiation
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1.1 I%=5

{81 2 588 ( H AR Olympus 24 ) ; Biofuge Primp RAIGIE 25
DAL (P2 5 Heraeus 23 H) ) 3 VDS $EIR %14 % 56 (F# M Pharmacia
3] s DTS-3E A S DML EE FEOHL ) s R E
it 5% X Sz (PCR) 39 4% ( 5 [¥ Bio-Rad 23 H) ) ; Syngene Bio
Imaging System ,BD FACSCanto Il =4 AE(Y (3£ [E BD Bio-
sciences A ) o
1.2 #m5ilH

I Z K (KR P BE 2R 252 B A i, #1t5: 20150417,
48 >97% ) 3 5- R MTF (b R ifg fep s 13500 BRA AL it
5 : B1412007, 4l )& : >98% ) ; i 24 1L (FBS) . RPMI-1640
(£ Gibeo 23 Al , #E2:10099-141 . 31800-022) ; Ji 2 11 il (26
Sigma 2\ w41t '5-: T0303) s LK Bl CD45 Bt A 4 A= 4
R F c-kit TR 5 AL 52 I 1 2 (ATF-2) HiR  LA0 kg5 R 1
2C (MEF-2C) $ii & ( 2% [# Biosynthesis Biotechnology 2 7l , it
5 1 bs-0522r . bs-04130r . bs-0518r . bs-0672r) ; Hi. K Kl JULJILAS
HEAT(cTnT)Prik p-Wsh 2 A (B-actin) ik (8 = KAEYH
ARAT R A, 5 : F19064 ., A0208) 5 Trizol i 71 ( 22 [ Life
Technologies 23 &l , L5 : 15596-026 ) 5 333 %% 53857 4 ( H 4 Ta-
kara 2\ A, 35 : RR037A) ; cTnT . Nkx2.5 . GATA4 mRNA PCR
514 (P E gAY TRARA ) ; kR (BCA)EA
R G ARCEWEARAGRAA,#S
0020160129 ) ; HUAR i S (L ¥ (HRP) bRic 19 2 ht RO yE Bk AR
M1 G(IgG) (H+L) (dbat &t A AR A /L 5 . TH-0031) 5
PVDF fii (3£ [& Millipore 23 A , #it*5 : IPVH00010) ; 3 5 fb 24 &
Ye(ECL)iR 7 (2% [ Biosharp 24 7], #1t5 : BL520A) .

1.3 ¥

T EHOH A Wister KEL10 2, & K fit 6~8 g, ik
KSR sy oo AL, A )7 VF AT IE % - SCXK ()
2013-0001,

2 FHik
2.1 CSCsHIH&

CSCs 4y 8 K525 TS RE R 4 B ik 1K
O BERMIE BT, TR BULME . SR 0.25% R A1 0.19% 1)
T 764 T Pl A 5 A 72 ] O JULAH 2 R b v, 20 2] 50 ml
REFRMN, F 37 °C 5% CO, F IR 7 i , BHHUAMII CEM K%
TR (7 FBS | L-A AL | p-5i 5k £ B ) DMEM K: 559 ) 3 ml
Jo  HREERE SR . B 2~3 d I — RIS S 4N
MBS ER A O . SR A AR XS CSCs R 1t 3=
TR 4 o-kit A1 CD45 HEA TR /BT, LASERE CSCs 2%

2.2 CSCsHIfER1EsH

U IR AH A 355 3NG4 97T, 1 0.05 % JR B £k
YA, Fl CEM K5 3R 2 E TS AL SO o K TH A 40 R 0
Jii i CEM 35 5 W il ) A R A i, 2 R 8 A B 2N, & T
37 °C.5%CO, F4REERFE 55 2~3 d 30— R IR W, WA i
A RKAIBATESAR . AR P3ARRI AT T8 .
2.3 L LHRE LA c-kit F1 CD45 PR LM AR &t

iz 3t 20 A0 M55 AT B8 RS | K s 7 1 T A 4 i 5 e
c-kit Fl CD45 HURMES 745 45 [ Nt 72 5 i AR R 2% v ik (PBS)
Ve 3 WG, A3l S R 28 6 (FITC) MEE L& 1 (PE) b
OB PEOEHUAR , 2RI E 60 min; 5 PBS/Azide W& ¥E 4 . 1 000
r/min(Z.02F4 15.6 cm, F[E) .06 min)5, 7 EiE, 2% %
R e, A0 ISRz c-kit A1 CDA45 FH 4 4n %,
I L
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24 SESHKH

P3 X CSCs £ R AL , il vk oA 10° mi " (74 440 it %
T, A3 AR L A 33 R 19 12 FLATAE S 37 1 FL P AN
50 ml SR TR . RRAN I BE J5 43 A 24, 43 5 s X
R 5- R 5340 (3 pmol/L) | FEEFZ2 K5 5:4H (800 pg/ml)
RHIAEFH . oS A A 400 H AN 3% FBS 15 5%
TN, FEA A AL AR & FH I 2580 F1 3 % FBS (5 F-9, BR4H 3
AL, T 37 C 5%CO. FHREERGFF, FEfR 2~3 dffe— k5 5%
W, TEBIE BB T ISR AT A2, 12 FLAN RS 7Rk
R ANREES R 3 d ), SeyE b e o, HoAr S S B R TR
14 dJF B4
25 REANEER c-kit.cTnT Rix

24" R 557 14 dJE 0, PBS ks ik n 4% £
BB, 235 [ % 30 min; PBS 1§ PE S , 5 UK N B [ 5 15
min, 56 AN TFL s Z S5 R 0.5 % 5 £, — B SR It ik
(Triton X-100) , % 1R & 20 min, f 41M00E ; i 0.3 % H.0, %8
TR 20 min, BEWT P R 5 A LL P 0495 1 5 N FBS %
B 20 min, £ A JER DA SE S5 AN T T HLAIEF 60
min, 56 MHURPTAR MRS A G I Ui & 60 min, 56 G
FRIUAR RS S R4S & U0, PBS Ve 3 YK, BN 4, 6- — Pk Kk-2-2
JLW| W (DAPD YR e 3 min, MMM AT o, B A 58
6B N LA R A0 S c-kit B cTnT K35 F 0l . c-kit 5%
cTnT 2235 FHM: 9 41 I G 5t B 2 (2 , R A BAMUSE &
Xt B E AR BT 5 78 A HT o
2.6 IZELTER AR cTnT ATF-2 F1 MEF-2C EE X%

2,47 N B9 14 d IS M 2R, Inas w22 vh i, A
TR 45 40 I A73% , 4 °CF 5 000 r/min 250> 30 min, I3 FH
BCA 4 [ a1 60 2 PV ), F R AR B 1 mg/ml
TR ENT oM o 43 5 W BB 45 () 155 I 2K 1R 5 50 pl +
1.5 ml BP & rp , IS AR ()b R 2% vl ik, 3% /K Hh 3% 8 5 min,
3000 r/min 50> 10 min & , B P A8 (T T e SR
- 5 T 0 T Iz 5 e (SDS-PAGE ) HA, Tk 43 15 (43 5 IS vk Ji
10% , MR AR RS HR BE A1 4% , 76 100 V [¥1E FE T HL 9k 100 min) . H
UKZE U K SDS-PAGE Ji N B RIS R 2T A 2 B 1, A
10 ml B, BRI —PUFE A SN 2 hy VR
VB 5 U, PR M RLS A —BUS, I 50 W 10
ml, 2545 SOV 1 hy FVESRIREEE 5 UG |, # ECL 5 A 1 B #%
1:1 HeBITR A 5 I A BN 242248 SO0 2 min, 2 IR TR 14,
T 2 A I e [, R S BSOS C R R, T
e A% F G A 45 5L, L) B-actin M N2, LA ¢TnT ., ATF-2 Fl
MEF-2C [ H 11 457 (10 W' 5 AH N 1) P 2 45 (R IO
B EUAEAE A AR AR R 7285 SR 2T -
2.7 RT-PCR%#7 ¢TnT .Nkx2.5 .GATA4 mRNA Fi%

T 5E 4 8 Trizol IR FERVEAR 7 SR U I PN B RNA 5 SR
J T8 Ao 0 SRl mRNA B 5%k cDNA (FUN 4547 37 CI
60 min, 90 CHFH 5 min )5 , vKiF FAGEE ) s B PCR 2
NP H B FE . SCE b T B9 AT R T 40 N
¢TnT J: K FiES 18 5" -ACCGGGCGTTGGAAATAG-3' ,
TE51 ¥ 5" -CATAGTGCGGGCATAGGG-3' , F= ¥ K/ Ry
180 bp; 4% 53 B F Nkx2.5 B[ (1 15190 5’ -GCTACAAGT-
GCAAGCGACAG-3' F Ii# 51 ¥ B 5'-GGGTAGGCGTTG-
TAGCCATA-3', 77 K/INJy 184 bp; GATA4 B (1) 15 1910
5 -CGAGGGTGAGCCTGTATGT-3', Fi5 14} 5 -TGCTGT-
GCCCATAGTGAGAT-3', P /NHy 281 bp; Hhs-3-wma it
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S (GAPDH) AN 2, EiE5I4H 5 -TGGTGAAGGTCGGT-
GTGAAC-3', Fiif 5% N 5'-GCTCCTGGAAGATGGTGAT-
GG-3', WK /NH 231 bp. PCR S i B R UNT « & 264
%519 F JC DEPC 7K Fii B M 10 pmol/L, LA 10 x Taq i buffer 5
pl (dNTPs(10 mmol/L)IFK 2 pl, HAYEER BT 494 10 pl.
N2 514545 5 ul . cDNA ¥ 5wl Taq B 3wl I, 4K
YA E] 0.2 ml PCR W48 1, LA DEPC /K £ 50 ul, s5 80 25
LG94 CTRASYE 5 min, FE9 14 30 MIGER (TEIR 2514 : 94 CAF
1 min, 56 °CiE K 1 min, 72 CIEA 2 min, fzJ5 72 CHEK 10
min) . %7 EB 1 2.5% BAIEHEIKEEHL k6 PCR ™4 4347 , il 1t
BN R RGN IR B . DB IS N ZS WK
FEHZ HZRom H I SE R 2 5 22 AN P 9 mRNA Kk i
2.8 HFItFEFIE

N SPSS 17.0 J it AT S8 T 24 A i Ab B o 336 B R
Hix + s 3R, RS ZIr 2000, B E A T ek g6 . A
K #fEa=0.05,P<<0.05 F/R 27 A Gt X,
3 #R
3.1 fHREmES

DL SRR BRI AE A BT F2 0 2 d 5 (8] B 0 s R nl ILa0
ML AL A A, B s R A . 9oy
o 25 R, PO I PLAC AN AR Y c-kit PHVE AT AR 4 /0, 4R A K
/NRTEAR Y CSCs B A s A4 2 P3RS , 2«4l bk /L
B I 45 3 4 BE R T A CSCso AN [R) 15 35 B ] 18 27 AR VR 10
CSCsTEAAAR LI 1,

POfR P11Y P21t P31

Bl AREEFERBEFEFERXE CSCs FAFZT{L (x100)
Fig 1 Morphology of CSCs with different generations after
culturing for different periods (x100)

3.2 CSCs#fifEF

PORANME c-kit FHEARME 5 47> .CDA5 BRYE4R A & HuAH
T2, B 2E AN AL AR BN, c-kit BH 4 41 B 7 H A 3
s B P3ACHT, K E AN A c-kit BHYE , 1 CD45 BHE: 21 i
AN I e 5 249 2.7 % DL 20k 4 RAZ AR 15
Faifh i CSCs. CSCsAfifEF /e R F 1,

F1 CSCsEHENMER(x+s,n=3,%)
Tab 1 Purity of CSCs cells(x+s,n=3, %)

g1} c-kieBIPEANI G HE CDASPHEEAEIE S Z2diii i ke
PO 325413 2169425 73.85+42
P14 105123 6.67+22 82.55+3.4
P24 55.84+2.6 247+1.1 40.23+2.7
P34 97.33+3.9 123413 136+1.5
3.3 ¢TnTHRE

o3 UG IR He AR, 455 S AL AN Y4 BH B A9 ¢ TnT FHYE:

Fik(P<0.01), Horb 5-EUHITF V5 5 4L FREHE 2 K6 AR
A2 B AT i . 45 LA T T 22k S ¢

- 4782 - China Phatmacy 2016 Vol 27 Mo, 34

TR LA 2,

e

ol

fa ‘g" 4

e e

BN R
S-RMITF 54

Lad

a

L2 41 retor
B2 JALMATnT Rk RIE R E (x200)
Fig 2 Immunofluorescence diagram of the expression of
¢TnT in CSCs(%200)
34 ¢TnT .ATF-2 MEF-2C EH¥*i%

Ejos (o B4 L, 455 S L A0 ¢ TnT , ATF-2 I MEF-
2CHEMRIBIEM(P<0.05), 55-AMITIHEFA LI, EH L
KI5 AL 4 cTnT \MEF-2C 4 [ F2ak 0% , 515 - 41 4 i
¢TnT . ATF-2 MEF-2C 2K 1 #5358 (P<<0.05) . 4$4H CSCs
il i cTnT . ATF-2 \MEF-2C 25 [ &35 1 HL Tk 1] L IET 3, 46 0 45
R 2,

ZEMIE SR K RS
il Uik W] 4

Fraclin e e— o— o—

CTNT e — — —

ATH e c—

MEF-2C e e—

B3 £&%H CSCs 0l cTnT ATF-2 MEF-2C EA R ZEHE
kE
Fig 3 Electrophoretogram of the protein expression of
¢TnT, ATF-2 and MEF-2C in CSCs
*®2 FLACSCsHAE cTnT ATF-2 MEF-2C & A K& A&
#R(x+s,n=3)
Tab 2 The protein expression of ¢cTnT, ATF-2 and MEF-2C
in CSCs(x +s5,n=3)

A3 ¢TnT/B-actin ATE-2/f-actin MEF-2C/p-actin
2 XTI 0.065 £ 0.009 1.343£0.025 0.051+0.011
SSEMAESE 042840.024° 1.857+0.015" 0.13340.016
BHEZIKFETH 075810013 1.549£0.012* 0.331£0.019*
et 1.246£0.032**  2.975+£0.038"*  0.796+0.018""

T 52 P AL H AR, *P<<0.05;5 45 5- AU TR A S 4l i, <
0.05

Note: vs. blank control group, * P<<0.05; vs. 5-azacitidine induc-
tion group,"P<<0.05
3.5  ¢TnT Nkx2.5,GATA4 mRNA &i%x

525 (X R H A, & 15 S 4141 ¢ TnT \Nkx2.5 . GATA4
mRNA KA (P<0.05), 5 5-RMH 54 L, EHZ
JRS 5 4 R A 175 414N L cTnT . GATA4 mRNA 26 15 34 3
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(P<<0.05)., %% #H CSCs 4l Jity cTnT.Nkx2.5.GATA4 mRNA 3
TR HL UK R DL 4, K25 3R W22 3

ZHMME SR K g
il A e 4

GAPDH

cTnT

Nkx2.5

GATA4

El4 &4 CSCsZAAfl cTnT Nkx2.5 . GATA4 mRNA RikHIE
ik
Tab 4 Electrophoretogram of mRNA expression of ¢TnT,
Nkx2.5 and GATA4 in CSCs
®3 HLACSCsHMAE cTnT Nkx2.5 . GATA4 mRNA KX A9
MER (x+5,n=3)
Tab 3 mRNA expression of ¢cTnT, Nkx2.5 and GATA4 in
CSCs(x+s,n=3)

éﬂ%’ﬂ ¢TnT/GAPDH Nkx2.5/GAPDH GATA4/GAPDH
25 U AL 0.073+0.015 0.158 +0.058 0.213 £0.021
SSAMTASE  1.133+0.022° 0.804 +0.028* 0.83240.019"
EEZMKIETH  1.584+0.055 0.796+0.017* 0.698 +0.054*"
KAETA 1.721 £0.046** 0.805 +0.037* 0.122£0.043**

L Sas A BRG] g, P<<0.05; 5 5- A TS S 4L i, P<
0.05

Note: vs. blank control group, * P<<0.05; vs. 5-azacitidine induc-
tion group,“P<<0.05
4 g

TR P ST AR TR R N 20 50 TE S0 T3 AR Ao LA
LB 98 2 7 NI 22 i S AR (1800 T 52 95 v o 0 0 L S S g
A7, AR BOONEDIRERY 258 s [FIET, i 0 LA BRE5 R4 1)
JR IR O LA B ) AR BB DT 0 AT R il — HL i B2 40, 0 1)
120 S S DTN i 3 e B 2 9 N O & O S s
PR B 28 38 1o Al Ay e T DA 2 000 JUL 200 B v B84 4, a0F T
B BIPRIZ 0 D BE B D7 VAR WG A B, e s [a) 8, BEE
AN RS ALY 7 B WF T A TG ARG PR S e i R i SR A BA
0 MR 1 AR MRS ATIG Y 7 R AT RE . T A M2 ok R B i
N HEA Z im0 b iERE AN , 7R Y SR S5 AT ) 253
Z A4, CSCs TERS A G AT LAS3 AL B Ay O WILAH i i
SEELC ILEH 2005 46 52, TR =LA O UL AR I RS AR VA T 1T
N A 58 4% 52 I, S O LA B RS AR RO LA 20 T R A L
o FAHT S T4 —

CSCs [u].L> LA i 53 fb 4 25145 Nkx2.5 . GATA4 Fl MEF-2C
SE IR Y B S R T 12k R 8™ cTnT 40 T A 30
FIX A GATA4 I Nkx2.5 2551 s, , H. GATA4 [k 2T
cTnT Fik , X — &5 AR /Rl 1o O J U S L IR (0 2 S )i s,
AN AT O NLANIE A FE R, 5 U e 2 B () T 40 i s &
R, 22 0B 8 1) 70 5T 40 VR IG T A 45 O LA i 43
B, ARG N 5- AU AR 2 K5 S CSCs 14 d, 45537
YR 5= T I RE T 2 K5 3 8 ¢ TnT ., ATF-2, MEF-2C .
Nkx2.5 Fl GATA4 KK B B3 (P<<0.05) ; M EH 2 ik 4
1 5- A MR A cTnT  Nkx2.5 . GATA4 mRNA )ik 5L
T—FE(P>0.05) . XU B REE 2 RN 5- Ut 2 IR A4
NS cTnT Nkx2.5 . GATA4 KR A RVE R . 1M 5-FUE &
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