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Research of Mouse Induced Pluripotent Stem Cells Differentiate into

Cardiomyocytes in vitro

Xiong Tinglin', Zhang Lisha', Liu Tao'*, Wang Haoyu', Zhao Chaomei',
Zhou Zhenyu', Zhao Xia®, Yang Liang’

(‘Department of Cardiology, Nanchong Central Hospital, The Second Clinical Medical College, North Sichuan Medical College,
Nanchong 637000, China; *Chongqing Key Laboratory of Neurology, Chongqing 400016, China)

Abstract To observe the effect of vascular endothelial growth factor (VEGF) and vitamin C on the
cardiomyocytes differentiation of mouse induced pluripotent stem cells (iPSCs) in vitro. Embryoid bodies (EBs) was
generated from iPSCs by direct suspendsion culture, with VEGF and vitamin C as inducers, natural differentiation
without any inducer was negative control group and 1% dimethyl sulfoxide was added as positive control group.
Cells were observed under inverted microscope, and the time of beating embryonic bodies appeared and numbers
were recorded and the differentiation rate of cardiomyocyte was calculated. cTnT expression of cardiac-specific
protein was detected by immunofluorescence and f-MHC mRNA expression of cardiac-specific gene were detected
by RT-PCR. iPSCs showed colony-like growth on feeder layer cells in the presence of leukemia inhibitory factor (LIF).
Undifferentiated iPSCs expressed Oct-4 and alkaline phosphatase (AKP). Compared with the natural differentiation
group, dimethyl sulfoxide, VEGF and vitamin C all improved cardiomyocytes differentiation rate of iPSCs (£<0.05).

Cardiomyocytes derived from iPSCs beated spontaneously and expressed cardiac-specific protein ¢TnT and cardiac-
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specific gene f-MHC. VEGF and vitamin C can promote iPSCs into cardiomyocytes.
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differentiation; cardiomyocyte

41 i fig 43 A0 k0 UL AR B, AHAE A L i
PRIR ) . By 8 A) 78 5T 41 iid (mesenchymal stem
cells, MSCs) 7% 2y 343 25 S RAMGIAY 14, {1 H Hif
WA HE IR B RsMSCs i LAk o A 5e 8
DIRE )OI i, S AE IR ZR ™M . RG240 i
(embryonic stem cells, ESCs)H A5 4 G 0 (L1, nl 4
WA =AW Z KRR BIAN L, RSP SRS W] 404k A 0
RS AN B oo AN B O S A0 P B EC A A 2
RO L2 40 ™. AHJE G40 T A a7 —
ELAFAEAS o e HE e SAe B

2006%F, Yamanaka %51 )24/ {0k 126 i [A] 9 126
4N SESCs % REVE % VIAH K (3L [N Oct-4 Sox2.,
c-MycFUKIf4, 5 e AT i 100 55 58 5 AN 2/ B
JE 2 B 4T 4 21 Bfd (mouse embry-onic fibroblast, MEF)
AT R B 2T 4k 41 i (tail tipfibroblast, TTF), Jik Zj Hs
MHERENZREAR—FF 20T 40
(induced pluripotent stem cells, iPSCs). iPSCsTiE7E
MAIEA . AERKER A REMAREY LAY i
T4 T7 ) SESCsAE W AL, [ N B2 KX H41PSCs
BB WA/ R, R WHiPSCsH A5 FIESCsAH AL ) 4=
AEME. WFFCR W], 42 SRCHMIVEGF il LL ¢ i ESCs
ARG 5344 Sy o UL L ) 2 0, H s R 22 1AL
2SR . SR M ST — o R,
PR T H B MImARE . B, ASLE 32 2O 5
T YL RCHIVEGEX] /) BLiPSCs 44346k 0 JUL 4
M5 AR, DA . — P s R A kA5
iPSCs b A O JULAH M 1) 5256 7325, ARk 4 i s
FEVE ST IR IR T — 8 B At

1 MRl5R*

1.1 #8l

1.1.1  @@fesrtezhdy SRR 1 (GFP) 4 Jk
Kl (Oct-4) /I B K5 BIIPSCs kR H i [ B2 Bt 5 )
WAL s T AR . 5242135 R I/ Bl B R P
BERZ ) o it

1.12 EEX5 AL S FEBEDMEM., Jifi 2 137
JiE £ 1 B (Hyclone 2 7)), AE 06 fF 2 LR — HI LM
(Sigmaswl); B-3iE LIECRHETBDA A 225445 3%

induced pluripotent stem cells; vascular endothelial growth factor; vitamin C; induced

C(Roche’s 7). VEGF(Invitrogen’s ). 4E4E 2 C(L
I AR A AR AT B2 W), AL 49 R (LIE,
R A WA BR 23 \)); BCIP/NBTHS A4 1R
Pk 5 AR B G s RAEWE AR FRT), K5
[FcTnT—$i. TRITCHx ic [ % PL - %¢ b — Pi(Santa
Cruz/A ). Trizol. W% . Tapik £ lf(TaKaRa
/3 H]), RT-PCR 5| (Invitrogen/s ), S1000™ Thermal
cycleri¥i ¥4 5% 2 4t (Bio-RadA 7)), Gold view(Genview
o)), (BB BB, 2 B (Olympus 2 7)),

1.2 A%

1.2.1 o~ REBE A 4T 4 48 i,(mouse embryonic fibro-
blast, MEF)%d 7 & & 4 %- 13 5K LB/ B
TELWAIE T, BUb AR, 22353k, By TUE. P,
PBS 7 /3VE G BT A1 mmx1 mmx1 mmAk /N2,
L0.05% Wi 7137 °CA&AF 4620 min, 2% 1171k,
W _E B, 1000 r/min 0S5 min, 5% 3, AMEF
R IR FE(FREDMEM, 10% FBS)HL k40 i, #2520 T 1%
FRINL, B 137 °C. 5% COL 5 F-4H 55 5%, B R,
R M 2B K 22 80%~90% T, 448, HUEE3-44CMEF4
i, FE IR EE 10 pg/mL2 54 %7 22 CIIMEF £ 7R 3L AL #E
2 h, PBSUEBRS XSG AR 2, 2 R A MR AT .

122 iPSCs#y3F At iPSCsH N AR IRAET
Jehl U IMEFFR 240 I, Br 37550 7710% FBS.
0.1 mmol/L -5k £, 1 000 TU/mL LIF. 0.1 mmol/L L-
A 2 W B S 1% AE 0 75 24 HE R [ DMEM-HE; 77 2,
HT37°C. 5% COL ML BB F-40 R 55 9%, 1~2 d
e — R FHO.05%JBl W A AL A, 4t o B i e b
FEBT AN ST MEF 1 5% 2 40 i (1) 55 FR AL, /i) 5
W E 3 L CR FH 22 S B v 2 pil 2 AL IR MEF 1] 97 2
i), FFERh BB IMEFH R 241 i L.

1.2.3  iPSCs#4 #5584 B4 (alkali phosphatase, AKP)
*e B804 KW KiPSCs 4t fitd, PBSTLIS R
BN IE 54% 2 58 W [8] 32 15 min, PBSTEVR3IX,
%5 min, R 45 BCIP/NBTH M i 2 B b (038 7 4 13t
B PO MC S e TR, IS & TR sS40, =
I RE G 15 min, AR R OEE, G d B
PBSYEGR 2R 211 N

1.2.4 B ik H| & DRI (embryoid bodies, EBs)VA &
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#1 RT-PCRFTASI¥F5I
Table 1 The sequences of RT-PCR primers

H fHE R F7I(5"—~3") BKIRECC) 19K/ (bp)
Target gene Primer sequence(5'—3") Tm(°C) Primer size(bp)
p-MHC F: act gtc aac act aag agg gtc atc 54 430

R: ctt cag agt cat caa tgg agg ¢
p-actin F: ata tcg ctg cge tgg tcg te 58 517

R: agg atg geg tga ggg aga ge

%S EBs®) s Lm0 SERG AL, 430N
HARME, . VEGFALFI4E 4 3 C4ls
H AR 20 i F 2 A 85 95 25 0 2 BRLIFIiPSCshs 77
F (= HIDMEM, 10% FBS, 0.1 mmol/L B-3i 3 Z.l%, 1%
TR ILNR), HA BB N 1% L
. 20 pg/mL VEGEAI1x10* mol/L4E 4= 22 CIK)iPSCs
SR TR 0.1% BRI Ao B A K I RiPSCs, il
FSCR A HRR, B T I RHE SR IL37 °CL 5% COLYiF
B1 h, DL BE 2L BRMEF, W ECZH Rk i B 3
100 mm4H B35 7R ML T BI85 97, BEILIIALT0 mL
)2 BRLIFiPSCs) 72 2, B 137 °C. 5% COH% 57,
B R R WO EBsELI UL BT 1EEBsIVi BE, RERRT a5
Pk, FRE59ES do B R7 5975 dINEBsTEMAAL
22 IR R IR T o6 LIS IR (12440, 4
AN FiRaRh AR IR A, LR % 4 (541501 EBs)
Z AL LIRS S0, R R T e — kG 7k
1.2.5 1 E M TR sk sh oL (TN
A8 BB N I SEBs E KRG i, I W80 s 4N
M35 230 BRI R), GBI EBsE L, (O LA 21k
K= Z I EBsBU/EBs . 50x100%.

1.2.6 @i esm gk HPBSTE G
3K, ARG 4% 2 R I AE 245 R 1 230 min,
S J5, PBSYE3 IR, SR 5 N I3 f M1, 35 4130 min
J, JAFZ T 35 A 22T, n N FIPBSH: B
(1:100)[¥1cTnT—4it, 37 °CHFE 2 hJ, PBSYE3WK, A
FHPBSHFE(1:100) [ TRITCHRC %6 e 9, 37 °Clif
H1~2 hfi5, PBSUE3IR, 5o Pride KA v DL %
St BB A .

1.2.7 RT-PCRAR M| & L4F 14 3 B f-MHC mRNA
B9 &A1 MRNASK FHTRIzoR B, 43 Y (1)
RNATRAFAE-80 °CUKF - cDNAI A B FIRNAiso
Plusi¥i #4538 71 £ L 2 S1000™ Thermal cycleri¥fi#% 5%
R N T H-MHCIH N (13215, PCRE F Ax e
(125 pLy SEAA R, I G414 94 °CAE 30 s, IR K

30s, 72 °CHEM30 s, FAFHA30K . p-MHCLL S N2
(B-actin)[¥15 W) 751 Jo 1B Kl S W2 1. PCR™“H) H
2% 55 T ACEE s FELUK 43 125 4% 7 I FH Gold view 12 £,
45 H R H Quantity oned I HL VK ACEAT 45 43 i A
HmAb B

128 %it54®  fIIHSPSS17.04 v KA 1T4:
20T, TE LR LI B bRt 25 (vks) R . R
PR 285 25 43 AT LA 5 40 1RO LA PR 43 A 3 1 2
7, P<0.05K R ER AR .

2 H#R
2.1 iPSCsHEASMBREE

/N ERAPSCSTE A 77 40 Mo b A VRIR . B 1)
AT B A0 ) S bR A, &t o ] P i HE 1) 3,
FRFITEASA G X 4y, TG R(EI1A) . GFPH 3
K (Oct-4)/IN AR IRIPSCSTE 58 0 A B R ge, &
I 55 2 AR I TR AR R 4 (5 40 (41 (1 1B),
F B Oct-44 [ 7EIPSCsH Bl FH PR R ik R L
iPSCsH AKPH: (0 5 P, s A K R 0, 1 AKPYL
O BAPERIIPSCs AR K B 2T 4k 4l U AN (B 1C) o
2.2 iPSCsH b i3RI S FENE

Z:BRMEFFRE IR SRR FILIF . 48505 difek
TR G, iPSCsE AL M TE K /NAS—EBs, AR 1]
Mo FE—AN35 mmH 577 ML K2 0] JE 100~200
ANMAUEBs(E2A). Bl 7RI I, EBsARZ i
R, > EEBsH B & . W EE S, EBsEi T A, 76
AME MG ERFETEAS A, B RS, IS
X3, FIN A AN EBs JR) i IR AN, SR ER, £940~80
Umin(E2B).  BEA 5340 R AL I, 5 21 I 80
(EBSZ i 1 2, .80 X 3kt B Wi 4 22, 76704k (1) 26
1420K, 541 DL 50 EBsBUA 21 5 g, 3550 [X 4
(IFEAR BRI, BriE—3, £920~307%/min(E12C).
2.3 FZHOAMES L ER LR

RIS T 5 5 700 1 B 4R 20 64, JLEBs H
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50 pm

A: iPSCs{EMEF E 2 50 K B iPSCs L9 BAEE MR AR AT C: iPSCsIAKPHA .
A: iPSCs colonies on inactivated MEFs; B: iPSCs showed green fluorescence under fluorescence microscope; C: alkaline phosphatase staining of iPSCs.
Bl iPSCsEEMBRETE
Fig.1 Morphologic observation and identification of iPSCs

A: BIFHTFRMEBs; B: /- (LB 8 R IMIEEEEBS; C: 73645 14K M EBs.

A: embryoid bodies in suspension culture; B: adherent embryoid bodies on day 8 in differentiation culture; C: embryoid bodies on day 14 in differentiation culture.
B2 iPSCso LT 12 B S I ER
Fig.2 Morphology changes during iPSCs differentiation

50 pm

50 pm

50 pm

A LI TaT S 5L Y (; B: 4l UL B DAPLRL B I (4 C: P ARIEBIKI &0 e
A: iPSCs-dirived cardiomyocytes were stained with anti-cTnT; B: nuclei were stained with DAPI; C: merge of A and B.
B3 e et AT R IEE B c Tn TR RIAER

Fig.3 Specific protein ¢TnT expression of cardiomyocyte was detected by immunofluorescence

U BE PR 575 10K A4 48 7 EBs H B3 50, i — F 0
41, VEGFLFI 425 ZCUL oy Bl fE S6 R SE6 R Al
TR IS MEBs. EMERE15~21R, %41 H
I 465 20 1 40 e A IR 380 vy 0, LA 496 200 1 40 e A 2
KILBE . AL . VEGFAL R 44 ZCAL 1)
Lo JULAH 53 A 22 1) W 2 5 T FL AR A0 A L(P<0.05), T
VEGF41 5 4 /4= 22 CAL 1] (1) 0 LN B 43 A4 2% G HE (2
7= 57(P>0.05)(1.32).
2.4 iPSCsiES A LAY L ALAE R TnTEHRIFRIE
HAR A e 5 A5 T o AL AE 0 A B2 1R
WA AT S e DR (8, D BAMBE NS, I3k

1 A O U S M B I T TR IE P, 405
(KIBARI3C), RIA MM Z LR IEE. AN
FIDAPLHL t, n] UL 3 A0 4 ot DA S LAt 40 i A 35 4%
PRl (3B AI3C).
2.5 AEIFSHEBONFFFEEEL-MHC mRNA
BIFRIZLER

IR TR 2R I 25 3 4L 4t v, 38 0] A
B-MHC mRNA[P) 35, T 07K % B4k WK 1A
VEGFA. 4R CAH. H AR 4 A — H RS
S (K B-MHC/B-actinIX [ LA 43 51 70.98+0.05 .
0.96+0.11. 0.62+0.11. 1.14+0.07. FilZ43#Tal %1,
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BRI -

TP BAZH B S T VEGFAL. 4 ECH L
RO, 2 5 Si vk 2 7 L(P<0.05), T VEGF4l
L4 R CULZ MBAT 35 22 5 (P>0.05)(Kl4)

R2 BES LR LR (=3, X+5)
Table 2 Compare of differentiation rate of
each group(n=3, x+s)

g U7} TE7 (%)

Group Differentiation rate of cardiomyocytes(%)

Natural differentiation group 6.39£2.01

Methyl-sulfoxide group 57.0743.22¢
VEGF group 46.26+1.18"
Vitamin C group 44.001+3.20™

*P<0.05, 55 [ AR IMEALATLE; °P<0.05, 5 — I (KALAH LL; P>0.05,
5 VEGF4IAHLE .

*P<0.05 vs natural differentiation group; *P<0.05 vs methyl-sulfoxide
group; “P>0.05 vs VEGF group.

<— 500 bp
<— 400 bp
<— 300 bp
<— 200 bp
<~— 100 bp

[f-actin
p-MHC

1:VEGF4; 2: 4i/E3C41; 3: AR 4 SR 50 —H WP
f4L; M: marker.
1: VEGF group; 2: vitamin C group; 3: natural differentiation group; 4:
blank control group; 5: methyl-sulfoxide group; M: marker.
[El4 RT-PCR#&M|S-MHC mRNARYRIE
Fig.4 RT-PCR analysis of f-MHC mRNA expression

3 i1t

CMULAN A — PR 2R A i e, o IS AR B3
PR 22 S ECO LN MBE TS, oI LT 4R 4 28 4E
A EEEE A WSS T 40 R AR T A7
EST ARG LA B — . A AN AN e
JE RO WU SR GF @l . s i 8 DL S AS B 27 4
TS 2 e AT R A R 43 4 17 SR [RIiPSCs
FRINAR P T WG4 L FH RS AT T I A7 AE ) i
e R A T T8 7 e A

TE A5, iPSCsTEMEFH 35 2 41 Jid FILIF A
FERISAET, SREER D ARAS, AW, 2 5o rf
A, B FIE DO LT Y B R AR (9, AKPHfE 5
BRI AHES R (KiPSCs A Oct-4)3 5 1 RN
SOUOLERAMMBR, KEEEOTIER Y Oct-4111 £
k. Oct-4FZAEARE T M KIE, XHF4Efrt A
T BN, 5 2 RErEAT O, AKP

T LRI () 4 f v 2 A8 v, T o AT 4
s P B R, JeBRLIF)S, iPSCsRIJT 4h 43 1k,
EBsfit 3t AW IESCs FIPSCs Al o 44 1 (1) % & i 72,
XA B A Bh 2 Ok B 2L,

P AL T 4 I e o JUL AN B 23 A 1) T VAT AR
Z, WHLAE SR LTRSS, TS S5
WM B, IR 5 14548, B T 5k i F %
SOV RHE B RS AU, S A A
G BAT RN, BRHIILN ] . 4E AR KO N T
(P4 22, R Al AL 2% 5 5 0 b, B0 2 42 mT 4,
DRI, K FH X b 7 6485 3 2 A= A (10 UL 40 i K
CLG B T-40 MOIm R N FTF R U5 564l . Takahashi
VAT R, 4EE RCE E R IR T4k
R HEE O UL IR, AR B Y R CIK T
() e T 28 v, H R T 22 1%10 mol/LEL F
INF, o WLAH L 3 A2 R LB 2 Tt 5. VEGF 2 BA i
A ) S RN R O, AR R E NS
M A . WM, 7RG K E F W VEGF &3
2 SELO LB FEY, ChenZES I VEGFE S IR JIE T
0 17 Lo UL AN 1) 24K, R BLVEGF e $E iy O URE 5
Al F- WieTnT. Nkx2.50 85 [ 3R &, 4 VEGFIK
20 pg/mLIN, fEREE T A ] ARG DL B4 ie,
A5 R 20 ug/mLEIVEGFAI1x10™* mol/L i) 4/
FCE A 7, ML XFHPSCs 24k 0o WL AT 2 1)
FFEH . g5 R, IR 44 ZCRIVEGF
REE FiPSCs L LA M 7 fh 26, g5 T 2% A0 4.
TEIPSCsa) LA L AL I R rh, R Bf Bif A 0 UL
N i RE 5 M B (1 cTnT LA By 57t 1 5 IR B-MHC ) 3
ik, IR 1 S HE RIKSP %858 T iPSCs At il 434k 11
KWL . AW BRI, %515 S0 L
0 e S P DR B-MH C A 308 5 45 AL O UL e
e B ROR R — 2L

VEGF ] 5% 4& £ #Flt-1. Flk-1F1Flt-4, VEGFif
I 51K — W R 2 A 4 O RAEAVE T o Flk-1/2 5
S RPN B 4T R 41 1 3R TR AR 2 4, ot i
J2 1 41 M 1 36 T RS G B BT R W, Flk-17E 0
JE 3 A R B EL A W 4 D e 1R 0 JUL P A 43 A I,
Yamashita®5 UK H — AN Z4E B IR R A5 TR FE 4l
ESCs4l i /- L IFIk-1+40 i, FRR55%, i B+
A LG L, I8 ST Fk-1+40 g S ESCs 40 i 7
A R RO JUUAH AR B o SR AT RIRE IR 7%, nl BA R
I MiPSCsH 75 5 Y S ESCsU/Ca UL ZH i 280 i) L L
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A0 Y. FATTHE A A S5 b, VEGF ] fig i 43
RIS L2 ARFIK-145 65, BOis B 5 1% Sl i,
MmO O VR PR S R, TR 2EIPSCs i /L
JULAH ML 234, ARG Ry — 20 (R S B0 5T

YA ZRCHE A e T 40 1R Co LA P 234k 6 1)
FARHLE H 5 e AN 28, (H 5 Esteban 25 HF 5T
RN, o ZECRT AR 1 BSOS 4 i T 4
T2 iPSCsHIRCE, A AT] & B YE A 2 CHF g A i 72
tn] DU pS3FE KPR, JF Hoaskdz T 40 i
PEZHERE, BARIAE S 4k R CMBT AR I
KKK R AL 0 L0 G T 40 A% 0 e 5%
A -FNanog ) 3Rk H EEZAEH, g4 #=Cnl fgfeidt
S E 1 PR T PR AR TS R, DT A g R R v
fEHE T IX PR T4l A retE IS R ek . BRI,
FAVHE MIAETPSCs [ oL L 434k (0 E R, 4 it
DA MR B 2 IR, 4R R CREZE IX
Pl B2, (E1HPSCsit PEFE i, bR F A T4 fu 4> g
PEIEDR ()28, SR 3 b B A 2 1)
ARET A S 5k, M & gE ) UL 4 i 4k
(A OB, B IR . 8 T A A1 PR,
AWFFEFEAR BT A MHEAT B IR 0T

AICFHERIET A RIS 1 442 22 CRIVEGF. B
MACEBsERFR AN RIS 1] s5I0 155357, KHPSCsa) L
VLA M 3 Ak 2 PRI BRIEZ A0, WA LA N A2 K
BRI ) R AHIE S Al e (i sl itk . 3%
IR S R DR R B 1 JE TR ) T UL P, R BB A
LN MR e R B 5SS,
A 5344 0o JULH 5 B AU ) 22 e 1. A
AR BB O LN L TR AR T A 1S A
ST R BN G T B S N 25
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