TR R Chin J Biotech 2011, August 25; 27(8): 1206-1214
journals.im.ac.cn Chinese Journal of Biotechnology ISSN 1000-3061
cjb@im.ac.cn ©2011 CJB, All rights reserved.

HATIESHAEEST

33K T 40 B A = | Bk sh O LA AR 55 = A 1k

RE%, REE ¥, ThE
AL BB JCE S22 5 B0 FATN T B ABFGEsh 0, B 712100

W OE: AT RAFES M aEFRT @G MRS e h 2k, AR KTaRAMTT R, L 5-2eF
(5-aza) A=# A % C (Vo) AHHFFA, st FART @peH ey £IEik (EBs) #HATH T, A LE KA. RT-PCR. #
H AR AR NS I A oS L F AR LR AN, BRET, EHFRT @M R EER P Do Lo e
FHFA, 10d BEP LR PR G @ICE, t4AKE A I 0.1 mmol/L Ve 47 5 umol/L 5-aza Bx&F AN FFRERS,
% 33% . KRR AL R BTSSP I R m e E RE G a-actin A L5 E G Tnni3, RT-PCR A 3k3h - lamfe A ,
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Differentiation of porcine amniotic fluid stem cells into the
beating cardiomyocytes

Jiahuan Chen, Yulei Wei, Sha Peng, and Huayan Wang
Shaanxi Center for Stem Cell Engineering and Technology, College of Veterinary Medicine, Northwest A&F University, Yangling 712100, China

Abstract: The aim of this research is to find an effective cardiomyocyte-induced method derived from porcine amniotic
fluid stem cells (pAFS). For cardiac differentiation, the cells were formed embryoid bodies (EBs) firstly, then cultured in
induced-medium including 5-azacytidine (5-aza) and vitamin C (Vc). We detected the specific markers of cardiomyocyte by
immunocytochemistry, RT-PCR and transmission electron microscope. The results showed that some embryoid bodies beat
rhythmically after 10 days of induction. Furthermore, analysis of t test revealed that the percentage of beating cardiomyocyte-like
cell clusters was highest (33%) when induction using 0.1 mmol/L Vc and 5 pmol/L 5-aza. Immunocytochemistry analysis
demonstrated that cardiomyocyte-like cell clusters expressed a-actin, Tnni3. RT-PCR analysis also illustrated that ThX5,
Gata4, o-MHC and Tnni3 were expressed positive in cardiomyocyte-like cell clusters. Especially, we observed basic structures
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of myocardium, such as myofilament, glycogen granule and so on by transmission electron microscope. In conclusion,

5-azacytidine and vitamin C could promote differentiation of pAFS into myocardium.
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T B AN 2L 20 0 0 FUL A0 P B o e 2, 0 WL L
PRI S5 B 2R AE AU, B0 IR W4l 67 5k
IhAERR, RA SRV B L AP, W
0 LA M 7E B0 S Tl B A B A, 0 i 45
IR T 2 BT TR ) — S MERE . A RS ARIE 2 G
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. AT R E R 5-AMH (5-azacytidine,
5-aza) F1 (8%) 4kl % C (Vitamin C,Vc) 5 pAFS
O LA 3k, Il i SO Yt . RT-PCR
75 LB SEROR ST AR B T Bk SO LR AT
B AE ST — 1 pAFS )0 LA 43 Ak i A3 300 12 o

1 mRE57E

1.1 EFZERKFA

o-MEM. PBS. fi4:fiLiE (Fatal bovin serum,
FBS). A4k (Gibco /AH]), MMM . 5-aza.
Ve, HHE B4 % (Sigma 22 ), Trizol (Invitrogen
o), REESHRR A Taq B (Fermentas A H]), —
¥t anti-a-actin (Sigma 2 A)), —$r anti-Tnni3
(Abcam A H]), ZEIOERIC BT Fite 5 A5
PRIC T cy3 (bt By 0 A W RH A BRA A
1.2 pAFS B9 B1E5

MR ZE ) N JE R F 5 R A, A il 250 %8
J& , ETCTE IR MR K, BT R B LA T,
1 500 r/min B.0> 10 min J5 % L, F WP PBS
(100 U/mL HFHE+100 UmL R R) HEEEHIKE
O, W RE 2 WK AMEERE ACM B
(a-MEM+10% FBS+2 mmol/L &% BE+100 U/mL
Ha R +100 UmL 45755 K) . 4iii7E 38 C . 5% CO,
FIFRIER 5~12d Ja, WL AHRE, K3 80% i
TN R, RIEHE 2 RAEAC—k MM, At
¥rrh EECRH P10 = PIS R4,
1.3 ZEE{K (Embryoid bodys, EBs) HIFZRK

¥ pAFS 4t 1x10%/mL %5 Ji 3 Fl 31 H 4%
3.5 cm RYIAENMGEE SR B SR LA (UESH 3 0 K), T
38 C. 5% CO, AR FE, & 6 h/NOHE
SEWRAT, IR Z R R AL G RE . RERE 1 d,
P . B 9R 3d R, XIE U 2SR AR AT 5
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1# ACM+0.1 mmol/L Vc. 2# ACM+0.1 mmol/L
Vc+10 umol/L 5-aza, 3# ACM+10 umol/L 5-aza. 4#
ACM+0.1 mmol/L Vc+5 umol/L 5-aza-d 1 5# ACM+
5 pmol/L 5-aza, LA #L ACM B3R AE J %t B4
FE O JLAn D S B b, SR T AOR [A] 19 155 5
F: M, 7E EBs BIEEiSR 5 d ¥ EBs
WARAE R DA, fEEIE T EBs A ARTTFES]
FICH, Kb LS, 4 EBs FRRIE AR 3.5 cm
RN BE WG SR, ARSI R R, PR 8 57
WA 3R 1#~B# 5 U, AREBIR R SR 2d
5, THAL WA T PRIR RO, GRS, 4
F4 B 5% 1 EBs T 48 fLAR h i BE R 57 (2~3 1> EBs/HL)
I PR O JULZR B 75 VR B 46 D i BB SR ACML, X
TRZN —ECRH ACM BEFRMEs 7%, S8 A=t
EBs 7457 ACM iR I &7 iR, TH 7K, 5%
EBs % A 48 fLMEERE Rt bE IF (2~3 A/4L), ULif
B FROE ol bR 14~5#55 A S . MAFBS
W 2 d J5 FE U, AN R RS IR ACM Rk
SATIRE S SR . PR AT ER
3 W Mty B M RNEE R R PR T
oI Bk S A AR AR I, e I AN A 2 L) A3 Ak
ORIk o R i Ni =% T S (R R e 1 [0 e
Fr, TEANC RIS SO NI Bk sh i | Bkshfrss
WpI), AR ] S T 5 Ak sh 4 1] o & EBs

#1 RATATRE PCRIIMFTI
Tablel Target primers used in this study

BE M 3o TR Bk sh 467 1 40 i B 157 S
g, e IR ERTE O . Bksh 4 A BT i L BiAE 3
ANPIST I SEES P AT ST . B SR B EORT b o 22
Fr, M R IETT AT .
1.5 SR

Xof & A Tk 8 1) 20 PR AT e g
KA, AL 4% 2R FEEFEE 10 min
J&, PBS YU 31K, SRJGHE 0.2% Triton X-100/PBS
digb T 10 min, T PBS PE¥ 3K, AHK 5 min,
SRJGTE 5% FBS/IPBS M EH/] 0.5 ho A 1: 100
BBy —¥t (a-actin, Tnnid) 4 CIFE K, K
PBS ¥E#%, RJGMA FITC 5 cy3 Fric iy — 41
(1:200) 37 CH#E 1 h, % Hochest33342 (5 pg/mL
PBS) J4t% 1 min J5 7550 WA B WG RE,
1.6 RNA #Z2Bl#A RT-PCR

WO BE B 3% 10 d Bkl .0 LAE AT, 4 TR
Invitrogen 23w Trizol iR Ui W] 45, filide & RNA, Jf
PRI RNA ST S E , AssolAggo HLIE I TE
1.8~2.0 Z[h], VLAAFEEA) RNA 4, ol Fas
. HU5 ug RNA T4 200 U M-MuLV S5 5 EEry
20 UL SRR R R R B Sk o 20 pL G SRR B
F PCR Kl o Azl O AL 20 b 45 S5 e 1 ik PRI 45
Tbx5, a-MHC. Tnni3, Gata4 4, Ll B-actin N
Z:, RT-PCR W AEHZH R . 95 °C 28 5 min;
94 ‘C721: 30s, 55 Cilk 455, 72 Citfi 455, dt
11 35 MR ; 72 ‘CHEfH 10 min, PCR ¥4 1.5%
i W G FL K A AT O BRORE . SRR SR FH I 51 4 L
%1,

Target control gene Primer sequence (5'-3") Size (bp) Tm (°C)
ThX5 TTGCTGAAACCGAGAATGGGCGCTCCTTGAGGTTGAAAAG 250 55
a-MHC AGAAGATAGTGGAACGCAGGCATCATTGAGGTTGTCTTG 147 55
Tnni3 GAGTGAGGATCTCTGCAGATGATGTTCTTGCGCCAGTCTC 130 54
Gatad CTGTGCCAACTGCCAGACCAGGCTGACCGAAGATGCGTAG 437 55
p-actin TACGACTGGCATTGTGCTACGACTGGCATTGTGC 360 55
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1.7 EBEUE

EBs WiBER: 3% 10 d J&, BEHCHEMEBk 3.0 N4
Ji A W 4R T 1.5 mL B0t 1500 r/min B0
10 min 52 B, HAEBE/NOIA 3% 1% 1 f &
W, K B0 T R 18 200 AT T 0% 2 5 DU 2 K 2
LS, SETIE S GBI, LS A M N B
454

2 HEREp

21 ¥ pAFS RS BERRFSHK

IR A B I A et 5~12 d B RlRE 3%,
LA SRR A BT A5 32 B0 R 2 1 R N 2 SR AT A
A (K 1A). BEE ERRECE N, 28 K4 i 8
Wi > BTN R, BN R R4 (& 1B),
2k AN A B 2 T AT A A X R £ A R
IF] 5 200 9 5% pAFS 4 i

B 3% pAFS i %5 5 35 809% L Eit,  FH I
UG A BN BE R 5 R LB VR BR 9% 24 h, PP
IR (EBs) RFRE/)N, Z5MHAS . EBs &
SR T d IR, LGS, SilEE (K 2A). #
EBs % 2 BESE IR ML 45 5%, 24 h f5 EBs NEEA:
K (& 2B), 5~7d )5, WiREAEK R EBs JA FlE 1K
mKRIEAME, Ao EHsEER (& 2C),
FEFR4y EBs JE AT & BT H B0 40 20 B O 4i
JuseRErl (& 2D). X7 S o0 0T ) 40 i 1] 547
WER I, Refg B AR O LBk S LS . Al A
BRI M 20 K /min~110 K /min K45, H kH

53 40 L A1 Bk s 4R AR FE 60~90 Ik /min, BN T
60 /min 5T 100 UK/min Ak 41 i AT LA
o Bkl 20 M AT RESE R 2Lk Bl 9 d A
2.2 Vc/5-aza 3t pAFS (&) ALZHAE 53 4 B $2 0

# pAFS AHIFERSNRERS H A o1k Ry O WLRE Bk
AN, H A AERCRARMK, N 5.5% . 435I H] 5-aza
Ve kb EERY EBs, YJREFS BT MRk Sh i 4R AT
LBk 3l 2 A A 5 e S A AT S v %) LA B R
o ANE R EBs BRI IR I Z W BE S IR B B AL
WL S, #6& B 0.1 mmol/L Ve 5 5 pmol/L 5-aza
BRA AL PR 5 S R s A, AR T Mk Sl Y 20
WA 23 ik 309 AL, IX R BTANACC ILZS- S 9 14 1
(] X6F O JUL 200 L PR 35 5 o0 A ROR IR 3 . D)
4k, 0.1 mmol/L Vc 5 5 pmol/L 5-aza B¢ 5 iA S 407
AR Bk B 40 i A BT S A A T T 5 pmol/L
5-aza HUMPE T, WMEZEZRKEE, BV
Ve 7E pAFS [0 LA 5 il B b R A AR &
F/EA . WE 3 iR & B, 0.1 mmol/L Vc 5
10 umol/L 5-aza BE &5 F:41, Bk 2 40 i A i o 5 43
b, BRSO R4 2% 0.1 mmol/L Ve 5
5 umol/L 5-aza Bk &5 T4 WAL, KB 5-aza 1Y
WREEIE S0 pAFS [0 LAH I 43 Ak i) B 22 R R
(# 3A. B). [FIWFGET451~17 S 2H 40 i A1 p 2Lk 5l
], & B 0.1 mmol/L Ve Ab B 2H 41 fits 14 45722 Bk 5h
WL (5 d ZeAq) Ab, A s b BHZH (% 4 i A 45
SLO BRSNS RIFSAE 9 d 2247 (&1 3C. D). M
AN 7] B[] B im A7 5 00 % 288 iR A4 45 22 8k 2l s ] 7Y

Bl ¥FKTHEBESBEEF

Fig. 1 Morphology of isolated pAFS. (A) pAFS cells in P1 (50%). (B) pAFS cells in P15 (50x).
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Fig. 2 pAFS cells form embryoid bodies and differentiate into cardiomyocyte like cells. (A) EBs cultured in suspension for seven
days (50x%). (B) EB cultured in adherent dish for 24 h (200x). (C) EB cultured in adherent dish for one week (200x) a lot of cells come
out around EB. (D) New cell clones formed during the inducing process (4x).
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Fig. 3 Statistical analysis of beating cardiomyocyte-like cell clusters. (A,C) The inducing medium was added when EBs were
cultured on the ultra-low attachment culture dishes. (B,D) The inducing medium was added when EBs were cultured on the adherent
dishes. 0: ACM; 1: ACM+0.1 mmol/L Vc; 2: ACM+0.1 mmol/L Vc+10 umol/L 5-aza; 3: ACM+10 umol/L 5-aza; 4: ACM+0.1 mmol/L
Vc+5 umol/L 5-aza; 5: ACM+5 pmol/L 5-aza.
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Fig. 4 Immunocytochemistry and RT-PCR analysis of induced cardiomyocyte derived from pAFS. (A) Cytoskeletal protein a-actin
(200x). (B) Cardiac troponin Tnni3 (200x). (C) The expression of cardiomyocyte specific markers detected by RT-PCR.

Journals.im.ac.cn



1212 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

August 25, 2011  Vol.27 No.8

&P, 0.1 mmol/L Ve Zb P4 7E EBs I BE B B
IS5, 40 AR5 L2 Bk 2 i (8] 22 . EBs &7 B
BOMAGEFR 4P R 3 ds A, 7E 10 pmol/L
5-aza AbFRAL, EBs WHEE R BN A T 412 Ltk EBs
IR BOINAGE SRIAL, A0 A 5k Bk sh it e e
7B EFBE (P<0.05), MiHAK AL ILH KR
PRFF LB Bl B[] 22 5 A8 1 35
23 HIERK. PCR ML

S R 75 434k B4 Bk B 4 B AT 2 7 A 0 LA
ME 54 Fhnid, X Bksh4n il A 2547 T a-actin Al
Tnni3 & [ REZERICIE, 45RBRFES 17 d
Jo B 4 L A 5 B o-actin A1 Tnni3 B (B 4A1.B1),
MR EBs 2 RIMERY (K 4A2, B2), M54
PEBEEh B A A R B RNA, 84T RT-PCR
45 0L R B A Bk 3 A 0 e 1A e 6% 2 k0 LA e
WIFRICHE A ThX5 1 Gatad, [a]i L AE Ak F .0
WL 45 7 5K 9 FE R a-MHC 1 Tnni3 (& 4C)., jxgbzh
SAEH] pAFS 245 5 0] 26 R U IURE 4
2.4 ESTHEERNER

Xof 7 A Bk 2 1) A0 B A R A T O S L BSR4
SRRV KT 40 S o0 Ak R Bk a0 L0 i AT 5
AU RNEFAE WL 22 . BEIERL B b S 2548 (8]
5A), {HZ25IEH 0N S B I A i, A& 0L E]
HIMWE e Z RN G454 (8] 5B), B3I
A SIS A5 2 Y Bk 2 40 i A AL T WLUR B YR
BB,

-~

5 E5REEN

3 itk

DRV Jie T 240 B A ) 7 S5 T 4 A 1l AL A i
ORI R C A IRIE , (2 A KT 4 0 L
YA S b B IGE IR AR £ . 2007 4 Chiavegato 55
3 N ZE K A0 AT LA 5404k R L4 i), 2009
FEA B E G AR R K AR IR Y iPS 41MEiAE S
SRR 0L, TSET pAFS a0 AN RIS S
A BIBIE R AR WA il o AR 1O LA IS 5 e i
SE 2 R H Y, e E S 5-R
P B LA A oY PR Ay AT s g 0 P
MR mER LM s A, AR YRR DT BR L P 2 P
b, PREFRIKIETE, R A] B e e L PR (1 3% ik
P A AR HR, 5 N TR
R = 1 1 e 1! o s RN 1 RS0 s S
AR, ARG T A 25 T 5-aza ] 404k
I 1 oA

2009 A7 B AR 4R F C RERS (2 IR iR T 40 i
O LA A AT SR ATFERF S b, R 5- UMY
JESFIEE, WA T 4L CIESHEEART
N, BAERIAEA 2 C 7E pAFS
] 0o UL 20 375 5 3 Ak 0 5 R b R 5 B (R R AR
o FEFRATHE T 5-aza F1 Ve ARG 7 Ak
T, D WUEEBkSh EBs I H 43 Lo ZESCE T RATA B,
MM AEE R C 85 5-aza BIBES B S RERS AL AT
TR T T IR, I B 208 U5 A 1 Bk 3

Fig. 5 Transmission electron microscope analysis. (A) Experimental group (30 000x). (B) Positive control (50 000x).
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UM IA . fH 45 b B2 Bk 2 40 A AT 7 A0 B A SR A
Ay HANTE, Hidr 0.1 mmol/L Ve 5 5 umol/L 5-aza B
GE SR BR S 5 Lk 33% , W3 & TR
HHY 5% . YRR T pAFS [a].0 LA AE 431k 1) —F
AR, FRUEN 744 R C 7E0 A5 557
it e HEWEN ., X451 EHE
S RE — 3 R GEA F C RO AN IEIA S 5
A R TP o LA 7 2 — 2P ST

TbX5., Gatad ZI[HIfF1EE MM EAEM, 78
N i-a= o e o R (R e D E a8 S A =
MRIE . a-MHC W LERE HERE, 0.0 WeHs,
TEC LA B 2 08 5t B rh G Akl B-MHCP281, Tnini3
S UV, A AL A AL 4 T i et A v ke o 2
55/ IO pAFS 43k B4 71 1 Bk 3 20 i 141 75 k4 7
RT-PCR Zr#rit}, fEfE R .0 L4074 bR ic 5k A
TbX5. Gatad; BUFIH b7 PLFA iy Co AL At 45 S M 10
FHH a-MHC | Tnni3. a-actin HAMEEIREH, 7E0
LA A e e 2k P27 st Xt pARS 44y
AT A B 5 AR W 4 Y R IR R A T S e O e (5
R a-actin S PHVERIK, BHHF WMES P, 15
S AR Bk S Al A B L R EOR AE S5 R
MARA Z MNUVNGESFE45, uhBl G EES S35 5%
10 d ByBksh 4 A e ab T UL B B9 R4 . % B
X — B R fif BT BE R T 5 S 0 A I (] I A 8
Ko Bz, TEARPEHIRATX pAFS (a0 AL ALY
PR AU TR RS, HF T pAFRS L ILAH
S —FA RO, Nz pAFS RiEEE, 5T
AR, A B R R B VR I 1 200 A0 1) 8 Jo 1 24 M By
FAR PR . L, X pAFS Mo fbiids Ll &
Z 515 Hm R e A8V 40 o1 1 B 55 5 1

i b, AUISCRM RO . RT-PCR. & 4
L S e £ R RGN T pAFS 7E 5-aza fll Ve is 3 4
PR A U R BE S A0 AT, IR pAFS £
7SR Lo S O R A B . SE it o0 i o 4#

ACM+0.1 mmol/L Vc+5 pmol/L 5-aza B &5 S 4110
W RRCR IR E] 33% . ARBFFEHL T pAFS [0
JULZH L A %) — oA 3505 S 0 1 o
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